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Zoologischer (arten Praha

ZUR WEITEREN KENNTNIS DER ZENTRALASIATISCHEN CHILOPODEN

Ludsk J. DOBRORUKA
Eingegangen am 18. August 1977

Abstract: The description of a new species Monot biug krali sp, n. is given. For the
first time the male of Bothropolys (Probothropolys) lutulentus Verhoeff, 1930 was found and
deseribed. Further, notes on Lithobius giganteus Bseliwanoff, 1881 and Bothriogaster signaic
{Kessler, 1874) aro preeented.

Mein Kollege und Freund, Herr Josef Kral, hat von seiner Tourist-Reise nach Zentral-
asien (Usbekische SSR und Kirkisische SSR) ein klsines Material von Chilopoda mitgebracht,
das sich — obwohl es insgesamt nur 20 Exemplare umfasst — als hichatinteressant erwiaz, Sei
meinem Freund mein herzlichster Dank fiir die Liebenswirdigkeit erwiesen]

R

Die Chilopoden-Fuuna Zentralasiens ist haupsichlich dadurch sehr interessant,
dass sie einerseits Verwandschaft mit der mediterranen, anderseits mit der nearkti-
schen Fauna aufweist. Darauf hat schon Attems (1904) und Verhoeff (1930)
aufmerksam gemacht und die neuesten Arbeiten bestitigen es eindeutig. Leider ist
die Chilopoden-Fauna Zentralasiens trotz ziemlich vielen bisher veréffentlichen
Arbeiten sehr wenig bekannt und deshalb ist jeder weitere Beitrag zu derer Kenntnis
sehr wiinschenswert, da er stets die Kenntmis der Chilopoden Zentralasiens um
neue Aspekte auf die Entwicklung und Zoogeographie dieser Gruppe erweitern kann.

Monotarsobius kralt sp. n.

(Abb. 1—-4)
Derivatio nominis: Ich nenne diese neue Art zur Ehre meines Kollegen und
Freundes, des bekannten Halticiden-Spezialisten, Josef Krdl, Praha.
Loecus typicus: Kirgisische SSR, Ala Archa, 8. 7. 1976 Kral legit.

Holotypus: 1 3, No. 1762/1I1, Evert. in der Kollektion des Nationalmuseums Praha, ~
Paratypus: 13, No. 1763/II1. Evert. in dersolben Kollektion, aus der Lokalitét Chimgan
(Usbekische BSR), 3. 7. 1976 Kral legit.

Weiters Material: 1 &, beschidigt, aus Chimgan (Usbekische 8SR, 3. 7. 1976 Krdl legit.

Diagnosis: Tarsen 1—13 ecingliedrig, Antennen mit 2021 Gliedern. Ohne
Ozellen, Toméswdry-Organ gross. D15 (02-310 V15 01320-1, D14 10110, V14
0131-20. Klaue des 15. Beinpaares einfach. Koxalporen klein, 2, 2,2, 2. 9-Gone-
poden mit 2 -} 2 Spornen und dreispitziger Klaue.

Descriptio: Linge 8 mm (Holotypus) bis 8,5 mm (Paratypus). Farbe rostbraun.
Antennen mit 20 (beide 33) oder 21 (%) Gliedern. Ozellen fehlen ginzlich. Témds-
wiry-Organ gross (Abb. 1) Koxosternum der Prehensoren mit 2 + 2 schwachen
Zahnen, vor welchen lateral ein sehr kurzes Porodont steht (Abb. 3). Plectrotaxie:
D1 00011, V1 00111; D14 10110, V14 beim Holotypus 01320, V14 beim Paratypus
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Monotarsobius krali sp. n.

Abb. 1 — Kopf latral, mit Téméewdry-Organ; Abb, 2 - Kopfform, dorsal; Abb. 3 — Koro-
sternmum der Prehensoren; Abb. 4 — $-Gonopoden.

Bothropolys (Probothropolys) lutulentus Verhooff, 1930.

Abb. § — Koxosternum der Prehensoren; Abb. 6 — Beine des 14, und 15, Pasres und das leizts
Tergit; Abb. 7—11, Sternit; Abb. 8 — J-Gonopoden.

Bothriogaster signata (Kessler, 1874).

Abb. 9--38. Sternit mit beiden Gruben und mit Porenfeld,

T
01310. Der DCA zwar klein, aber dentlich auggebildet. D15 beim Holotypus 00210,
beim Paratypus 00310, V15 beim Holotypus 01320, heim Paratvpus 01321. End-
klane einfach. Die Schleppfiisse des & ohne jede Struktur, Femur etwas verdick:.
Die Koxalporen klein, 2, 2, 2, 2. 2-Gonopoden gedrungen, mit 2 + 2 kurzen Spor-
nen, Klauenglied mit 3 langen Borsten. Klaue mit 3 Spitzen, dorsal mit einem
starken, dunklen Dorn (Abb. 4).

Discussio: Durch die kleine Antennengliederzahl errinert die nene Art anf drei
blinde mediterrane Monotarsobius-Arten, M. catacasphius Verhoeff, 1937, M. sphin
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Verhoeff, 1941, und M. hauseri Dobroruka, 1865. Von allen diesen Arten unter-
scheidet sich die neue Art durch die Plectrotaxie und durch die Grosse. Aus Asien
ist nur eine blinde Monotarsobius- Art mit 20 Antennenglieder bekannt, u. zw. M. coeci-
genus Myioshi, 1956. Bei dieser aus Japan stammenden Art, ausser der ganz anderen
Kopfform, sind die @-Gonopoden mit nur 1 - 1 Sporn und die Gonopodenklaue ist
einspitzig. Bei der neuen Art sehr interessant, dass auf dem 14. Beinpaare der DCA
vorhanden ist, welcher aber auf dem 15. Beinpaare fehlt. Durch den Dorn auf der
Dorsalseite der Gonopodenklave errinert M. kralf sp. n. auf M. lencoranicus Za-
lesskaja, 1976 oder M. sectilis Zalesskaja, 1976. Beide diese Arten, die aus der
Aserbejdschanischen SSR (Lenkoran) stammen. sind aber nicht blind und unter-
scheiden sich in vielen weiteren wichtigen Merkmalen.

Bothropolys (Probothropolys) lutulenius Verhoeff, 1930

{Abb. 5—8)
Dis Art wurde von Taschkent nach 2 29 beschrieben, das & blieb hisher unbekannt. In un-
serem Material befindet sich ein topotypisches ¢ (Aktasch, Teschkent, 4. 7 1976 Kral legit),
80 dass wir jetzt die Beschroibung dieser Art ergénzen und erweitern kinnen.

&, 18 mm lang, strohgelb. 20 Antennenglieder, 14 Ozellen in 3 Reihen. Koxo-
gternum. der Prehensoren mit 5 + 5 Zihnen, die inmeren sind kleiner. Porodont
nahe den lateralen Zihne stehend, ziemlich stark. Mediankerbe tief (Abb. 5). Die
Koxalporen am 12. Beinpaar: 9 in 2 Reihen; 13. Beinpaar: 13 in 3 Reihen; 14. Bein-
paar: 9 in 3 Reihen; 15. Beinpaar: 7 in 2 Reihen. Plectrotaxie: D14 10311, V14
rechts 21331, links 11331 (VCA fehlt). D15 10310, V15 21320. Auf den Koxen sind
¢s VCA und VCM. Auf dem 4. Beinpaar Femur mit 2 Furchen, Tibia abgeplattet,
auf dem 15, Beinpaar Prafemur und Femur mit 2 Furchen, Tibia abgeplattet (Abb, 8).
Alle Tergite ochne Zahnfortsiitze, 15. Tergit tief und scharf eingekerbt. 14. Sternit
dicht und lang behaart, dieselbe Behaarung zeight auch der Kaudalrand des 13. Ster-
nites, Die Sternite 2 bis Il mit zwei abgekiirzten Paramedianfurchen auf dem
Hinterrande (Abb. 7), die schon Verhoefl in der Originalbeschreibung hervorhebt.
&-Gonopoden kurz, knospenfdrmig, mit je 3 langen Borsten (Abb. 8).

In der Originalbeschreibung — ohne Kenntnis des 3-vermutete Verhoeff (1930),
dass B. lutulentus moglicherweise mit B. deserforum Lignau, 1929 identisch sein
kann. Zalesskaja (1975) meint, dass B. desertorum ein nomen nudum ist, da Lig-
nau niemals die Beschreibung verdéffntlichte. Das ist aber ein Irrtum. Lignau
(1929) verdffentlichte zwei Beitrage iiber zentralasiatische Chilopoden, u. zw. im
Zool. Anzeiger B5. Im ersten Beitrag. 8. 1539— 174, ist auf der 8. 174 bloss der Name
und Lokalitdt angefuhrt, aber in dem zweiten Beitrag, 8. 204—218, ist auf den
Seiten. 210—211 eine Beschreibung mit Abbildungen gegeben, der Name B. deser-
torwm Lignau, 1929 ist also ohne Zweifel walid. Aus der Beschreibung geht hervor,
dass B. desertorum Lignau, 1929 eher mit B. ghilarowi Zalesskaja, 1975 verwand
ist, als mit B. lutulentus Verhoeff, 1930. Beide erstgenannten Arten haben auf den
Beinen des 14. und 15. Paares keine Furchen. In der Originalbeschreibung von
B. lutulentus Verhoeft, 1930 musste ganz evident bei der Bezeichnung der ventralen
Plectrotaxie der Beine zum Fehler kommen, welchen Zalesskaja (1975, S. 1323)
fibernommen hat. Meines Wissens besitzen ja alle Lithobiinae ventral am Trochan-
ter mindessten des 14, und 15. Beinpaares einen Stachel {(VTrM),

Lithobius giganteus Sseliwanoft, 1881

Uber die Variabilitit dieser interessanten Art habe ich schon frither geschrieben
(Dobroruka, 1960, 1970). In dem neuen Material (8 33, 7 29), der aus Ala Archa
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stammt und deshalb mit dem von Lignau (1929) untersuchten Material fast top
typisch ist, haben wir wieder eine grosse Variabilitit, haptedchlich in der Zahl dor
Endklauen und in der Zahl der Zihne anf dem Koxosternum der Prehensorm
festgestellt. 5 Exemplare haben 2 Endklauen, fiinf ) Endklaue, bei 3 Exemplaren
sind einerseits 1, anderseits 2 Endklauen vorhanden (2 iibrige Exemplare sind ohns
Schleppfiisse). Koxosternum der Prehensoren ist meistens mit 2 <4 2, doch vierma|
mit 4 4 4 Zibhnen versehen, Diegse Variabilitit ist vom Geschlecht, Grosse oder
Alter der Tiere nicht abhangig. Bei einem £, das 42 mm lang ist, wurden Antenne
mit 18 Gliedern festgestelit, die tbrigen Exemplare haben immer 20 Antennen
glieder. Koxalporen in der Anzahl 3—4. Alle Tiere aind einfarbig dunkelbraun.

Bothriogaster signota (Kessler, 1874)
(Abb. 9)
Ein 2, Aksaj, Alma Ata, 11. 7. 1978 Kril legiv. 135 mm lang, mit 111 Beinpasaren.

Die Sternitgruben sind suf den Sterniten 36. bis 46. entwickelt. Sie sind fas
rund und sehr gross, ungefihr so breit wie die Porenfelder. Die Hintergruben stark
entwickelt {(Abb. 9).

Schon Lignau (1929, 8. 183) fand die Variabilitit in der Griisse und Form der
Sternitgruben bei den Exemplaren aus Taschkent und Gook Tepe und bei einem
Exemplar stelite er sogar solche Sternitgruben fest, die fiir B. megalocycla Attems,
1911 (Syrien, Paldstina, Anti-Taurus) charakteristisch sein sollen. Das bestitig
auch unser Exemplar. Es wire also sehr wiinschenswert die beiden Arten zu ver
gleichen, da sie vielleicht konspezifisch sind.
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Department of General Zoology and Animal Physiology,
University of J. E. Purkyns, Brno, Czechoslovakia

THE EFFECT OF COOLING ON THE CHEMICAL BLOOD COMPOSITION
OF GALLERIA MELLONELLA PUPAE (LEPIDOPTERA)

Milan MAREK
Received November 9, 1877

Abstract: Exposure of G. mellonelle pupae to 4° C induces profound changes in respiratory
metabolisn and in ecomposition of the hemolymph. Papae kept at 30° C consumed in average
649 mn3 Osfgfhr. After a continuous exposure of pupae to 4° C for 26 days the oxygen con-
gurmnption was 38.8 mm3 Oz. The hemolymph volume was reduced by 29, over the first 3 days
and by another 8%, after the further 4 days of cooling. The osmotic pressure of the hemolymph
increased by 499, during the 7 days of cooling. The protein content was 63.56 mg/ml. Cool-
-treatment of pupas for 7 days resulted in an increase of proteins by 32.5%, and of 12 free amino
acids by 769, i.e. from 1232.6 mg% to 2170.28 mg%,. The share of free amino acids in the
osmotic pressure of the hemolymph of control pupsc was 24.89%,. During the cool-treatment
their contribution to osmotic pressure rose by 189%. The content of tarbohydrates decreased
from 11.14 mg/ml to 1.73 mg/ml during the cooling period. The content of free fatty acids was
also congiderably diminished due to cooling. The glycerol content inereased by 8.59, over the
first half of cooling and by 21.59%, over the second half. The level of uric acid inoreased by 1009,
over 3 days of cooling and by 24.59% during the next four days.

INTRODUCTION

It is known from literary data that low temperature reduces the metabolie pro-
cesges in insects to minimum (Prosser and Brown, 1962). Some species are more
or less able to acclimate to rather unfavourable conditions, depending on the or-
ganism’s adaptibility (Lozina-Lozinsky, 1972). Adaptation to low temperature
involves changes in several body constituents.

The aim of our study on cool-treated pupae of Galleria mellonella was to explore
in detail how the cold affects the general metabolism and, in particular, the metabo-
Lism of substances which are of imporfance for the adaptation to coolness.

As reported in a previous paper (Marek, 1970, a temperature of 4°C induces
synthesis of a “cooling protein” in the hemocytes of G. mellonelle pupae, Experiments
described recently (Marek, 1978) showed that anorganic cations are not the main
factors responsible for alterations in osmotic pressure in the hemolymph and that
other metabolic substances must be involved. The results obtained in determining
some of these substances are described in the present paper.

MATERIALS AND METHODS
The stock oulture of Galleric mellonella was reared on artificial diet at 4° C and relative
humidity of 809, in darkness (Baldsz, 1968; Sehnal, 1966). In addition to pupae kept under

the same conditions we used also pupae (1—7 days old) cooled in an ice-box at 4° O and 100%
rolative humidity for 7 days.
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Measurement of cxygen consumption

The consumption of oxygen was measursd in groups of 18 pupa® of both sexes using the
Drastich respirometer at 30° an 4° ¢, Readings were taken every day at the same tims for
26 days. The values of oxygen consumption obtained at 30° C and 4° C were oxpressed in terms
of normal barcmefric pressure and 0° C temperature, For further particulars on respiromeiric
methods see Drastich (1924) and Janda (1957).

Analyeis of the hemelymph

Hemolymph for chemical analysis was collscted from pricked pupae in siliconized eprouvettes.
A small amount of phenythicurea was added to the eollected hemolymph,

The amount of hemolymph per pupa was determined according to Richardsoen et al. (1931},
using the method of weighing.

The content of carbohydrates in the hemolymph was determined with the anthron methed
following deproteination (Tanda, 1974), and the amount of uric acid with the method deseribed
by Homolka (1969).

The content of the total proteins was determined with the biuret method according to
Wannemacher ot al, {1965).

The levels of individual free amino acids were estimated by eolumn chromatography on ion
exchangers (Chromex KB-62}. Amino acids in eluates were detected with ninhydrin.

The osmotic pressure in the hemolymph was determmed by freezing point depression uith
a Knauer-semi-micro-osmometer. Value of At° was ealculated to doubly destilled water. The

.pesults were expressed in mmOsm ( iﬁgﬁ
it Glycerol was estimated in 10 pl of hemolymph colorimetrieally at the wave length of 410nm
/using smmonia acetate and isopropanol with acetylaceton to Tovarek (1974).

The lipids from the hemolymph were extracted using the ehloroform-methanol mixiuar

{2 :1 vol.) aecording to the modification deseribed by Folch et al. {1957). The fats rectifisd
' chloroform were further separated chromatographically on an activated thin layer of silics gel
8H Spolans (5—30 1) with 5%, of plaster. The detection of the lipids was carried out by spraying
the plates with a 109, solution of phospho-molybden acid in ethanol. Heating of the plates
‘to 60° O made the lipid fractions stain blue dark (Poledne, 1968},

RESULTS

' Measurements of oxygen content

The average oxygen consumption in } to 7 day-old pupae of Galleria mellondia,
.-8. throughout the l-adult transformation was 649 mm? Osfg/hr when measued
at the normal breeding temperature. When the temperature was lowered (after 1hr)
during the measuring to 4 °C, the Qs consumption remained constant at 54.2 mn?
for 5 hours. Nearly the same consumption namely 53.5 mm?3, was observed also
after 12 hours of adaptation to 4 °C. After 48 hours of keeping the pupae at 4°C
the consumption dropped to 46.3 mm3 Oy On the Tth day the consumption vas
40.3 mm3 Og. It is clear from the results that during the first 5 hours there was
a decrease in Oy consumption by 594.8 mm3. During the following days the cm
sumption decreased only by 14.3 mm3 Og. The Oz consumption. estimated for 26 days
of culturing at a lowered temperature was 38.3 mm?® Og/hr (Fig. 1).

Changes in the composition of hemolymph

The volume of hemolymph. The volume of pupal hemolymph decreased durng
the first 3 days of cooling from 15.1 mg to 14.8 mg, i.e. only by 29%,. After another
4 days, the volume decreased by 1.2 mg, i.e. 8 ¢, Thus, during the 7 days of onl
treatment the volume of hemolymph was, in tota] lowered by 1.5 mg, i.e. by 10%
(convered to 100 mg fresh weight, see Table 1).

Osmotic pressure. The osmotlc pressure of pupal hemolymph increased fiim
497.8 to 744.9 mOsm, i.e. by 49.5%, over the 7 days of 4 °C treatment, the increse
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Fig. 1. Oxygen consumption in cold treated (at ¢° C) and noncooled (at 30° C) pupee.

over the first half of cooling being 205.8 mOsm, i.e, 41%,, and that over the second

half 41.3 mOsm, i.e. 89].

Free amino acids. Under the influence of cooling, the content of free amino acids
in the hemolymph increased from 1232.6 mg9%, to 2170.29 mg%,,i.e. by 76%, (Table 1).
Quantitative changes were investigated in 16 free amino acids. In normal pupae the

Table 1. Changes in body weight, oxygen consumption aud hemolymph consumpiion induced

by cold treatment.

Control Cooled pupae  Cocled pupae
pupae at 4°C at 4°C Balance
for 3 days for 7 days
Cotal weight of pupas in mg 100 97.3 95.1 —4.9
Tensumption of oxygen
et mm3{G/hr 649 40.7 40.0 —608.6
Proteins at mgfm} of hemolymph 83.5 41.5 44 —19.6
Free amino acids at mg9)
of hemolymph 1232.6 — 2170.3 +937.7
Uric acids at pg/ml
of hemoclymph 132 264 296 4164
Carbohydrates at mgfml
of hemolymph 11.1 8.2 1.7 —9.4
Content of hemolymph
at % of weight body 15.1 14.8 13.6 —1.b
Glycerol at mg %, of hemolymph 64 89.5 83 +19
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highest concentration was found in proline (263 mg®%). Second was serine with
threonine (264 mg?, each), whose chromatographic separation was poor. Histidine
took the third place with 136 mg%,. Next in order were lysine (98 mg9%,), arginine
and glycine (90 mg?%,) and alanine with valine averaging 59 mg9%,.

The 7-day cooling treatment brought about an increase in the content of 12 free
amino acids in the hemolymph. The highest increase was found in alanine (the
concentration rose by 244 mg9%,), proline (179 mg?9, increase), lysine (189 mg?/,
increase) and glutamine (119 mg%, increase). Due to cooling the content of tyrosime
decreased by 14 mg?%,, that of glyecine by 28 mg?%, and that of threonine with serine
by 33 mg?% (Fig. 2, 3).

wy Phoapholipida forigin/
i 1,2-diglyceridea

1,3-diglycerides
@ fatt acida
i

j triglycerides

A £

Fig. 4. Chromatogram of hemolymph lipids in pupae kept at 30° C (A) and in pupae cooled
at 4° C for 7 days (B).

The overal share of free amino acide in osmotic pressure represented 24.8%.
After the cooling, the increase m the amino acids content by 76% hrought about
a proportional rise in their participation in the overall increase of osmotic pressure
in the hemolymph, i.e. by 43.6%,.

Proteins. The protein concentration in the hemolymph in normally cultured pupae
was 63.6 mg/ml of hemolymph. During 3 days of cooling the concentration was
reduced to 47.5 mg/ml, i.e. by 259, and on the 7th day of cool treatment it dropped
to 44.0 mgfml, i.e. by 7.5% (Table 1).

Uric acid. The level of uric acid in the hemolymph of control pupae amounted
to 132 wl/ml. On the 3rd day of cooling the hemolymph contained 264 ug/ml of
uric, and on the 7 day 296 pg/ml. This indicates thet uric acid content increased
by 1009 increase during the first half of the cooling period and by another 24.5%,
over the second half of the cooling period (3th—Tth day) — see Table 1.
Carbohydrates. The concentration of carbohydrates in the hemolymph decreased
from 11.14 mg{ml to 1.73 mg/ml over the cooling period. A slowly proceeding de-
erease in carbohydrates by 2.97 mg/ml, i.e. by 26.8%, toock place during the first
3 days, and somewhat greater decrease 6.44 mgfmi, i.e. 57.89, during the next four
days (Table. 1).

Glycerol, The content of glycerol in non-colled pupae was 64 mg in 100 ml of
hemolymph. During the initial 3 days of cooling the level of glycercl rose very
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slightly to 69.5 mg%,, i.e. by 8.5%. On the 7th day of cooling a value indicsting
an increased synthesis or release of glycerol was determined; the estimation was
83 mg%, of glycerol in the hemolymph, which corresponds to a 309, increa i
glycerol over the 7-day cooling period (Table 1).

Total lipid. Using chromatography on a thin layer of silica gel and plaster, we
succeeded in separating the fats present in the hemolymph into several fractions
among which the greatest changes due to cooling were found in free fatty acids
As seen from Fig. 4, these fatty acids considerably decreased owing to the ol
treatment. The other fractions (phospholipids, 1,2-diglveerides, 1,3-diglycerides and
triglyceerides) remaind almost unchanged (Fig. 4).

DISCUSSION

As a result of the ahsence of thermoregulation, invertebrates greatly depend o
the temperature of their environment. A reduction of the intensity of physiologial
processes in insect tissues takes place quite lawfully under conditions of lowersd
temperature. As g rule, however, this reduction of biological activities does not
occur simultaneously in all tissues, because not all the cells of the organism are
equally sensitive to alterations in environmental temperature (Baldwin, 1949,

Evaluation of oxygen consumption is a very important indicator of the univemsiy
of physiological processes and thereby an indicator of the adaptation of the mga.
nism to low temperature. Koshantchikow, 1935 and Lozina-Lozinsky, 194
and 1955 state that adaptation is achieved when the respiratory metabolism ceases
to fall and remains more or less at the same level in spite in the prolonged exposure
to low temperature,

Similary, in our experiments with pupae of . mellonella a sharp decline of oxypn
consumption occured during the first three days of cooling being followed I
a steady level lasting vntil the 26th day (i.e. the last day we measured respiratun).
It follows from the present results that within 3 days the pupae became adapted *
to the temperature of 4° (.

Our determinations of organic substances in the hemolymph are on the whole
in agreement with the data given by Baldwin, 1949. This author concluded tha
the content of these substances changes under the influence of environmentl
temperatures.

In insects a reduction of water content in tissues is o common preventive po-
tection to coolness. Prior to diapause, insects lose up to 10— 179, of water (Bodine,
1921, 1923 and Pavne, 1928, 1930).

Glycerol present in the hemolymph of diapausing pupae is one of the substanes
which are of importance for their increased resistance to cold and frost. Wiggles
worth (1965} reported that the glycerol content was increased by 2009 in Hys-
phora cecropia during the diapause. Also in our experiments the content of glycerwl
in the blood of G. niellonella pupae increased by 302, as a result of cooling. The
glyeerol of the hemolymph is derivead above all from the carbohydrates, primanly
from threhalose {(Asahina, 1968; Lozina-Lozinsky, 1972 and Némec, 197)
Lozina-Lozinsky, 1972 states that glycerol is synthesized in the hemolymph of
Monema flaviscens prepupae if the environmental temperature falls to 20° C. dc
cording to this author, the optimal temperature for synthesis stimulation 1s 10°C.
At 0° C only a minimum of glycerol is synthesized in diapausing pupae. Wilheln
et al., 1961 report that the accumulation of glycerol in the hemolymph occurs s
in pupae kept under anaerobic conditions. This conclusion is in agreement with
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observation of Wyatt, 1981 who, experimenting upon lesion in Hynlophora cecropia
pupae, determined a decrease in the glycerol content and an increase in oxymmn
consumption.

In our present experzments we confirmed that chilling of . wellonells pupae
causes a rise of the blood osmotic pressure (Marek, 1978). Marcuzzi, 1956 suggested
that maintenance of appropriate values of the osmotic pressure depends to s great
deal on the content of carbohydrates in the hemolymph and that carbohydrates
can be replaced by free amino acids. These findings may to some extent help us to
understand the mechanism of aminoacidemy.

Aeccording to Usherwood, 19693, a high acidemy is characteristic property of
insect hemolymph, in particular of the hemolymph of endopterygotes. The content
of free amino acids is as much as 50 times higher than that found in vertebrate serum
{(Wigglesworth, 1965; Wyatt, 1961: Gilbert and Schueiderman 1961 and
1’Helias, 1970). For the most part, 1§ to 20 amino acids take their share in this
high concentration. The physiological significance of free amino acids has not yet
been fully reconciled though both quantiative and qualitative investigations have

already been carried out during varions phases of insect development (Florkin,
1944; 1959). Florkin, 1959; Chern, 1966 and Corrigan, 1970, established that
the concentrations of free amino acids do not change enough to be related to deve-
lopmental changes in the organism.

In our experiments we started from the assumption that free amino acids might
be of great importance for the resistance of insects to cooling (Ushatinskaya,
1957), and this assumption was proved right. The quantify of free amino acids in
the hemolymph exceeds after the 7 days of cooling by 769, that found in normal
pupae. It seems that the adaptation of non-diapausing . mellanelly pupae to cool
conditions is accompanied first of all by an increase in the content of free amino
acids. It is possibly the hydrolysie of hemolymph proteins that gives rise to these
amino acids, as suggested by the great decrease of hemolymph proteins during the
period of cooling. This is also connected with the increased content of urie acid,
which is a product of protein metabolism and secondarily enhances the adaptation
of the insect organism to coolness by inereasing the osmotic pressure, as reported
also by Ushatinskayva, 1957 {Table 1).

However, not all free amino acids are of equal importance for the adaptation of
the organism. Cooling caused a decrease in the contents of glycine, tyrosine and of
the threonine -+ serine fraction. It appears that increased contents of alamine
(Somme, 1967), proline, lysine and glutamine are essential for the adaptation to
coplness.

The increase of alanine content in the hemolymph may be related to the decline
o i the general metabolism in cooltreated pupae, a phenomenon observed by Hod-
kovd and Kubista, 1972 in isolated muscles of Periplanela americana which were
kept under anaerobic condition with carbohydratic substances reduced.

The lowered content of non-esterified fatty acids in the hemolymph of cooled
pupae suggests that these may be metabolized into carbohydrates or glycerin
(Ipatowa, 1971). the latter being necessary for the adaptation to the cold.
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Abstract: A survey of the endoparasisic helminths (5 species of Digenea, 2 Cestoids,
2 Acanthocephals, 4 Nematoda) found in 225 pike (Esox lucius L.) from the Macha Lake fih
pond system, N. Bohemis, is presented. In addition to data conecerning the incidence and -
tensity of infection and the occurrence of these helminths in other fishes of this locality, fi
most parasites also the seasonsal changes in the abundance and maturation, and the preforses
to the various rize groups of this host are deseribed. These guoestiong are discussed in the e
noction with the helminth life oycles and ecologieal conditions in the loeality,

The Macha Lake fishpond system, as understood in this paper, consists of tw
large ponds mear Doksy, northern Bohemia, founded in the fourteenth century
The larger pond (350 ha) called Macha Lake is a well-known recreation site nota
for a shallow, well-heated water the summer temperatures of which are keepyg
up to some 25° C; similar conditions are in the smaller fishpond Biehyng (270 hs
which serves as the natural reserve. Both the fishponds lying in the height of 274n
are established on the Bfechyné Brook (the Elbe basin) flowing first through the
fishpond Bfehyns, connecting it with Mdcha Lake by its 2 km long section; fishs
get into this ,,canal” from both the fishpond Bfehyné and Méicha Lake. The ichthv.
fauna is represented mainly by carp, bream, tench, eel, pikeperch, perch and pik;
some other unimportant cyprinids (e.g. rudd, roach and others} are present ton
Both the ponds are being fished out in the intervals of 7—8 years (Mécha Lake
last in autumn 1976, fishpond Biehyné in spring 1977), but they cannot he emptis
completely.

MATERIALS

Most fishes were eollectad using the electrie fishing machine in the “ecanal” batwesn th
fishpond Bfehynd end Mécha Lake (Fig. 1), only a small number of them was cbtained from
fishermen during fishing out of Macha Lake. In 1978, regular monthly samples of 10— 17 spes.
mens of pike were examined and this materinl was completed by dissections of pike in th
various seasons m 1966, 1975 and 1977; a totel of 225 pike was examined. At the same tum
also other fish specios of this locality were examined for helminths; these will be surveysd u
anothor paper. During dissections of pike, attention wes paid to endoparasitic worms onlf,
although some ectoparasites were present as well: Tetroonchus monenteron (Wagener, 185]),
Piscicola geometra (Linnaeus, 1761), Ergasilus sieboldi Nordmann, 1832, Argulus foliaceus (Lin-
naasus, 1758) and 4 nodonta sp. glochidium.

SURVEY OF ENDOPARASITIC HELMINTHS OF P'TKE
Digenea
1. Azygra tucii (Miller, 1776)

This typical stomach parasite of pike is frequent in the locality; its overall in
cidence in E. lucius was 409 (intensity of infection 1—19), while in individual
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monthly samples it ranged from 13 to 899/ . Fig. 3A shows that in 1978 the incidence
distinctly increased in April and then again in September— December. It appears,
however, that this fluctuation is irregular and independent of the season; it is sug-
gested by the fact that in April of the following year the ineidence was only 139,
The fluctuation of incidence is apparently caused mainly by changes in the food
composition of pike, i.e. by the choice and availability of the forage fishes which
are the main source of 4. lucii infection. Analysis of the state of maturity of trema-
todes from individual months did not indicate any significant seasonal changes in
pike of the size examined, but the mature trematodes containing eggs as well as.
young specimens stifl without eggs occurred in pike throughout the year.
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Fig. 1. Map of the Mdcha Lake fishpond system showing sampling sites.

According to Odening (1976b) it is necessary to distinguish between the primary
infection of 4. lucii via freely swimming cercariae (possible only in pike at most
3 em long) and the secondary infection acquired from forage fishes including pike
(paradefinitive or postcyclic host): with increasing age, pike are more and more
exposed to secondary infections. While primary infections are subjected to seasonal
changes, new secondary infections are acquired in the course of the whole year and,
accordingly, no cyclical changes in the incidence or maturation of this trematode
ean be expected. It has been confirmed by Odening's studies (1976b) and by our
observationas.

1t is obvious fom Fig. 4A that the values of incidence and mean intensity of
infection increased with size of pike to reach their maximum in fish longer than
50 cm; it is due to the fact that as pike grows, its consumption of forage fishes
increases which results in the gradual concentration of these trematodes. Similar
results were obtained by Gorbunova (1936) studying the infestation with 4. luci
of the various age groups of pike {from Lake Konchezero in the Karelian SSR.
“Tn this locality, three species of fishes were found to be tho subsidiary hosts of
Azygia lucii: occasional juvenile specimens (without eggs) were recorded in Perca
fluviatilis (incidence 8.49%, intensity 1) and Anguille enguilla (incidence 5.2%,.
intensity 1) and two young trematodes containing a small number of eggs in the
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uterus were found 1n 1 out of 2 Stizostedion lucioperca examined. Considering the
secondary infections in pike, these fishes, particularly perch, are along with sml
pike an important source of infection with A. lucii,

Intermediate hosts of Azygia lucii are various species of water snails of the
families Planorbidae, Lymnaeidae, Physidae and Valvatidae {Odening, 1976a).

2. Phyllodistomum folium (Olfers, 1816)

According to Pigulevskij (1953), Ph. foliwm is a specific parasite of fishes of
the fam. Esocidae, whereas the trematodes reported under this name from cyprind
(e.g. Ergens et al., 1975) represent an independent species, Pk. dogieli Pigulevsky,
1953; however, Bychovskaja-Pavlovskaja et al. (1962} consider both the
species identical. We found Ph. folium in pike only, while it was lacking in cyprinids.
Since any reliable comparison of these two forms has never been done, for the time
bemng we feel inclined to the opinion of Pigulevskij; also Yamaguti (1971) listed
both these species as independent.

In the locality Ph. folium is a common parasite of pike, being found mainlym
the urinary bladder, less often (mostly young forms) in ureters and mesonephrs
Overall incidence was 28.5%, intensity 1—369 (average 44) specimens per fish
Monthly values of incidence exhibited certain fluctuation; the curve of incidens
(Fig. 3C) shows two distinet drops — in spring time (April—June) and lesser one
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Fig. 2. Range of sizes of pike in samples from 1975 —1977; maximum length of Bedy (-.- .-}
minimum length {««----- }» average length ( )

in sutumn (September—November). These variations of the incidence may be
sociated with the seasonal changes in the availability of the invasive larvae o
Ph. folium. The state of maturity in the individual monthly samples of trematods
did not reveal differences indicating any seasonal changes in maturation; throughat
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the year occurred the worms 0.6—1.3 mm long containing only a small number of
eggs in the uterus, as well as the fully gravid specimens 1.2—3.8 mm long. Tt sug-
gests that recruitment of Ph. folium in the fish host occurs all the year round.

Distribution of Ph. folium in pike population (Fig. 4C) indicates the prefe-
rence of this parasite to the fish with body not exceeding 40 cm; i pike 40 to
50 cm long a marked decline of the incidence was recorded while the mean intensity
remained approximately equal to those in the preceding size groups; i pike longer
than 50 cm this parasite was not recorded at all. It may be associated with the life
cycle of this trematode and the way of infection of the definitive host: so far it is
not known. Accerding to Pigulevskij (1953) this parasite develops in bivalves.
It is probable that, as in several congeners, fishes acquire infection by feeding on
the freely flowing sporocysts containing encysted metacercariae or, if any, on the
second intermediate hosts {arthropods) which may be included in the life cycle;
an unequable distribution of Ph. folium infections in pike population suggests the
first way. Great differences in the intensity of infection are even among pike of the
same size group; while a great number of fish are without infection, the worm load
of infected specimens 13 usually very high, representing often up to several hundreds
of parasites.

3. Bunodera luciopercae (Miiller, 1776)

. Pike is only the secondary, transitive host of B. luciopercae acquiring infection
with these trematodes while feeding on their obligate definitive host — perch; ap-
perently the worms can survive for some time in the pike intestine. B. luciopercae
was recorded in pike with length of 20—32 em; overall incidence was only 5.7%,,
intensity 1—20 (average 4) specimens. The trematodes containing eggs were found
only in the period from December to April, one juvenile specimen was recorded in
July. Accordingly, the incidence of B. luciopercae reflects the seasonal changes in
the oceurrence and maturation of this parasite in the obligate definitive hosts, such
as described e.g. by Ljajman (1940) and Cannon (1972); according to Ljajman
(1940), in pikeperch of Lake Seliger in the USSR new infections oceur at the end
of July and in August, during the winter months eggs develop in the trematodes,
and after oviposition in March—May the worms are passed out from the host.
Cannon (1972) believes the increased water temperature is the prineipal factor
responsible for hiberation of the host from infection in summer months,

The obligate host of B. luciopercae in the locality is Perca fluviatilis and possibly
also Stizostedion lucioperce; in perch examined (body length 6—33 cm) the incidence
was 6.29,, intensity 1—4 trematodes per fish.

The life cycle of B. luciopercae involves two intermediate hosts: the first inter-
mediate hosts arc some small species of bivalves (Sphaerium, Pisidium), as the
second intermediate host serve various plankton crustaceans (Widniowski, 1958;
Moravee, 1969, Cannon, 1971)

4, Tylodelphys clavata (Nordmann, 1832) — metacercariae

Specific identification of diplustomulid metacercariae is very difficult and prob-
lematic; precise identification of species can only be made as a result of oxperimental
studies, but no such feeding experiments have hitherto been performed with meta-
cercariae from fishes of this locality. Regarding the papers of Vojtek (1974},
Kennedy (1975) and others, we consider all the metacercariae found in the humour
of the eye to be 7'. clavata and those parasitic in the lens as 1) spafhaceum; however,
it cannot be excluded that the material also involved other species.
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Metacercariae of 7. clavale are frequent parasites of pike in this locality; the
comparison of samples from the individual months showed no substantial change
in the infestation of pike with this parasite in the course of the year. The overal
incidence in E. lucius was 2579, intensity 1—150 (average 8) specimens, Clear
differences are, however, in the infestation of the individual size groups of piks;
the incidence and intensity of infection reach maximum values in pike longer they
40 em, while in the fish less than 20 em in length hoth the values are very low
(Fig. 4D).

The first intermediate host of 7. elavata is the snail Lymnaea ovate (Niewis
domska, 1960): as second intermediate hosts serve various species of fishes, u
Czechoslovakia largely those of the fam. Percidae and Cypriniddae {(Vojtek, 1974
In the locality the metacercariae of 7. clavata were recorded in addition to pike als
in Perca fluvigtilis (incidence 41.69%,, intensity 1—50), Rutilus rutilus (incidence
23.5%,, intensivy 4—200), Scardinius erythrophthalmus (incidence 11.9%, intensity
1—12), and Leuciscus cephalus (in 1 examined fish 63 specimens were found). De
finitive hosts are the grebes, mainly Podiceps cristofus, and some other waterbirds.

-

5. Diplostomum spathaceum (Rudolphi, 1819) — metacercariae

The metacercariae of D. spathaceum located in the lens of the eye were only
recorded in one case in pike 50 cm long (incidence 0.49,, intensity 12 specimensj
As the main hosts of these metacercariae in the locality were found various cyprl.
nids Abramis brama (incidence B0.494, i_ntensit-y 2—54), Rutilus rutilus (incidengcs

%, intensity 2—42), Leuciscus cephalus (1 specimen found in 1 fish examined),
Tinca lince (incidence 7.8%,, intensity 1), Cyprinus earpio (incidence 50°,, intensity
119}, and Gobio gobio (incidence 87.5%, intensity 2-—30).

As first intermediate hosts of D. spathacewm are reported snails of the genus
Lymnaea, dominant definitive hosts in Czechoslovakia are the gulls (Larus ridibus
dus (see Vojtek, 1974).

Cestoidea

6. Priaenophorus nodulosus (Pallas, 1781)

Al'bho‘ugh there are records of T'. nodulosus from several other predatory fishes
in the literature, pike was the only definifive host of this tapeworm found in the
locality in question. The overall incidence was 51.59,, intensity 1—54 (average )
specimens; incidence in individual months ranged from 20 to 100%,. Fig. 3D shows
that in spite of considerable fluctuation of the valies of incidence and intensity,
the rate of infection was highest in the period from the late spring until December
with a conspicuously high intensity of infection in August; this increased infection
during the summer and autumn is largely due to newly established parasites, as
suggested by a great share of plerocercoids in the intestines of pike in these months
Also Ergens {1966) found distinet cvelical seasonal changes in the intensity o
T. nodulosus infection in pike of the Lipno reservoir ((3SSR) when it attained its
maximum always in the period from the end of spring u,n‘ul the helf of summer

It is obvious from Fig. 4B that in thig locality the infestation of pike with T. ne.
dulosus increased with the body size of the fish. It is associated with the local con-
ditions and then mainly with the choice and availability of forage fishes; these
relationships may be quite different in other localities as found, for example, by
Chubb (1963) in Lake Llyn Tegid in Great Britain.
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Any detailed analysis of the worm samples from individual months was not
performed, only the shares of the tapeworms containing eggs and those still without
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eggs were followed; this comparison indicated that the mature worms containmg
eggs were present in the locality only from October to April, while the juveni
forms and mature tapeworms lacking eggs cccurred throughout the year. It con
firms the observations of several earlier authors (e.g. Scheuring, 1929; Miller,
1943a; Chubb, 1963; and others) on the seasonal maturation of this serious parasite
of pike. According to Scheuring (1929} new infections occur in pike in May—June,
according to Izjumova (1960} from May to August; we observed, however, that
although the plerocercoids are present in the intestines of pike mainly during sum-
mer, they occur less frequently as well in winter. Also Chubb {1963) observed thst
new infections in pike oceur throughout the year; since, however, according to ths
author, the number of worms in pike is approximately constant at all times of the
year, he suggests that there is a dynamic equilibrium between gain and loss of the
worms. Scheuring (1920) presupposed the existence of the so called superinfection
immunity limiting the number of maturing 7'. nodulosus specimens in the mntestine
of pike.

Two intermediate hosts are required for the development of T'. nodulosus: the
first one are various copepods (Miller, 1943b) in which the larva attains the stag
of procercoid, the second cone are some fishes (largely perch) in which the plern.
cercoid develops, being located mainly in liver. In the given locality the plerocer
coids of 7. nodulosus were found in all seasons exclusively in the liver of Peras
fuviatilis (body length 8—33 em), the incidence heing 25%; and intensity 2—3
plerocercoids per fish; it confirms the data of Chubb (1964) that there is no seasonal
periodicity in the occurrence of these plerocercoids in perch.

7. Proteocephalus percae (Miiller, 1780)

The obligate hosts of P. percae are perch and some other members of the fam
Percidae. Pike acquires infection of this parasite while feeding on perch and, ae
cordingly, serves as oniy a transitive host. In the Mdacha Lake system this parasie
was recorded in 13.39% of pike with the intensity 1—96 specimens. Fig. 3B show
that it was found only in the period November—April; the values of the i
cidence and mean intensity of infection varied greatly in the individual months,
reaching their maximum in April. Specimens containing eggs in the uteri wen
recorded in April only. Tt is obvious that infections of this parasite in pike follow
its seasonal occurrence and development in the obligate host — perch. Seasoml
changes in the occurrence and maturation have been reported for many Proteocephs
lus species {e.g. Wagner, 1917; Hopkins, 1959; Molnar, 1966; Kennedy au
Hine, 1969) in which the egg production oceurs always in spring and early summer
and new infection by the next generation either overlaps the old one or there s
a gap, sometimes as much as several months, between the loss of adult worms and
the appearance of the new generation (Kennedy and Hine, 1969).

The only recorded obligate host of P. percae 1 this locality was Perca fluviahily
in which this tapeworm was found in the period from October till April with the overll
ineidence 35 49, and infensity 1—8 specimens per fish. It may occur as well m
Stizostedion lucioperca. The development of Proteocephalus spp. requires one inter
mediate host — a copepod, in which the larva attains the stage of plerocercoid.

Acanthocephala
8. Acanthocephalus lucii (Miiller, 1776)

This acanthocephalan iz a frequent intestinal parasite of pike of this localty,
overall incidence in B. lucius was 63.59], intensity 1-—53 (average 6) specimens per
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fish; the incidence in individual months ranged from 46 to 100%,. The maximum
infestation was found in April—May; in June it began to diminish and the lowest
values of the incidence and mean intensity of infection were reached in summer
months July and August: during autumn both the values again gradually increased
(Fig. 5). Tt is obvious from Fig. 7 that the mature females of 4. Jueii containing
eggs were present in pike almost throughout the year (not recorded only in Decem-
ber), but their share suddenly increased in spring (May—June) and then again in
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Fig. 4. Variation of incidence ( ) and mean intensity of infection {------- ) of Acantho-

cephalug lueit in pke in 1076.

autumn (September—October). Tt indicates that in this locality 4. lucii has not
two distinet generations per year but its occurrence and maturation show partial
seasonal quantitative changes, these being apparently evoked by the water tem-
perature and availability of the intermediate hosts. On the other hand, Komarova
(1950) found distinct seasonal periodicity in the oceurrence and maturation of
A. lucir from perch of the River Dnieper when the worms perished after laying
eggs in summer and infection with a new generation of the parasites appeared only
at the end of autumn. In the Mdcha Lake system the loss of adult 4. Iuciz in
June—July is evident from the sudden decline of the incidence and intensity of
infection as also from the share of gravid females in samples; besides, dead, macer-
ated acanthocephalans were often found in the intestines of pike examined during
that period Nevertheless, the total loss of gravid females did not oceur and, on the
contrary, their share in samples strikingly increased in autumn and decreased again
in winter. These changes can be explained so that the parasite does not exhibit
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any distinct annual cyele in this locality but the recruitment and loss of the worms

+take place continucusly and are between sach other in a certain dynamic equilibrium,
The same was observed in several other fish acanthocephalans (e.g. Chubb, 1964;
Kennedy, 1967).

In addition to pike, A. lucii also parasitizes Perca fluviabilis (incidence 68.79,
intensity 1--156) and Anguills enguilla (incidence 35.1%,, intensity 1—17) in the
locality; in both these hosts the females of 4. lucii are able to produce eggs. In one
case two juvenile A. lucii females were recorded in the intestine of Cyprinus carpw
(incidence 129;). While it is possible to assume that the main source of 4. lueit
infeotion in perch and eel are the intermediate hosts — isopods Asellus aquaticus,
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pike of the size studied serves apparently only as the secondary host of this parasite,
acquiring infection by feeding on perch.
As follows from the comparison of the incidence and intensity of 4. lucii infection
of the individual size groups of pike, the maximuin infestation was found in pike
with body shorter than 40 ¢m, whereas the larger fish were less infected (Fig. 6A).

It is apparently associated with the choice of food: while the smaller pike feed
largely on small perch, numerous in the locality, the big pike prefer larger-sized

cyprinids — mainly bream.
In the intestines of heavily infected pike, hyperparasitism of A. lucis was fre-
quently observed when the specimens of this species were attached to the strobilae
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of Triaenophorus nodulosus or Proteocephalus percae; in penetrating deeply with
their probosces into the body segments they cause a serious damage to these
tapeworms.

The intermediate hosts of 4. Iuedi — water isopods Asellus aguaticus — are very
frequent in the locality, mamly in the bottom vegetation near the shores of both
the ponds. In March 1977, 46 specimens of these invertebrates from the fishpond
Biehyné were examined and the acanthellae of A. lucii were found in 3 (10.89)
of them with the intensity 1—4 specimens per isopod. This high infestation of the
intermediate hosts corresponds to the considerable degree of infection in the host
fishes.
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Fig. 7. Monthly chenges in oceurrence and state of matunty of Acanthorephalus Tucii in pike
in 1976. The data are expressed as percentages of the total number of acanthocephalans found
Per month: males (unsheaded), females without eggs (hatched), and females containing mature
eggs (blackened),

9. Neoechinorhynchus rutli (Miller, 1780)

Occasional findings of not fully mature forms of this parasite of cyprinids were
recorded in pike from November until April (incidence 2.29,, intensity 1}). The
main host in this locality is Abramis brama (incidence 25%,, intensity 1—13), less
often it occurs in Scardinius erythrophthalmus (incidence 2.3%, intensity 13) and
perhaps also in other cyprinid fishes. Pike serves as a secondary host acquiring
infection by feeding on cyprinids; yvoung forms of N. rufili cannot apparently ma-
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ture in this host. ¥. rutilh was recorded in pike 24—60 (average 36) cm long, i.e. in
rather larger specimens in which, in this locality, the share of cyprinids in food is
distinetly higher than in smaller-sized pike feeding largely on small perch,

Nematoda
10. Esocinema bokemicum Moravec, 1977

This specific parasite of pike has been described by the author (Moravec, 1977)
only recently. In this locality it seems to be rare and up to now only three speci-
mens were found under the serosa of the arbladder of pike — one gravid and one
juvenile females in January 1976 and one male in May of the same year; body
length of the infected fish was 20—54 em. Tt is probable that this parasite, like other
members of Skrjabillanidae, parasitizes largely fishes of the older age groups (see
Tichomirova, 1975a).

The life cycle of E. bohemicum is not known but may be similar to that in other
members of this family (Skrjabillanus, Molnarin) developing in branchyurids (Adr-
gulus spp.) as intermediate hosts (Tichomirova, 1970, 1975b; Rudometova,
1974); during sucking of the infected branchyurid on fish the infective larvae of the
nematode leave its body and penetrate actively through the skin into the organism
of the fish (Tichomirova, 1975b). In this locality only the species Argulus folin-
ceus (L.) was found on various fishes and it apparently serves as the only inter-
mediate host for all the skrjabillanid nematodes occuring there.

11. Philometra oblurans (Prenant, 1886)

The life history and. oceurrence of Ph. obfurans in this locality has been dealt with in
detail in a separate paper (Moravec and Dykovd, 1978) It can be concluded that
gravid and suhgravid females of this pathogenic parasite are found inthe blood system of
pike throughout the year, whereas the male and the mature female inthe vifreous body
of the eye were only recorded in September; the incidence of Ph. obturans imindividual
monthly samples ranged from 8 to 3897 (reaching maximum values in April—July and
again in October—December mm 1976} and the mtensity of infection was 1—4 (most
often 1) nematodes per pike. Gravid females containing larvae in the uter: were
present practically throughout the year, differing thus from other members of
Philometra whose gravid females occur only within 1—2 mouths in the vear, mostly
in spring. Apparently it is due to the fact that, in addition to the intermediate host
{various copepods), there are zlso reservoir hosts (forage fishes) involved in the life
cyele of Ph. obturans; the latter are the main source of infection in pike, making it
possible to gain new infections throughout the year.

As reservoir (transport) hosts of Ph. obturans larvae were found in the locality
Perca fluviatilis and Scardinius erythrophthalmus in which the invasive larvae of
this nematode are located in the vitreous body of the eye; in the first host the in-
cidence was 10.49, with intensity 1-—7 larvae, in the second host only 3 larvae
were found in one case (incidence 2.49%

12. Camalianus lacustris (Zoega, 1776)

The nematode C. lacustris is an intestinal parasite of perch-like and some other
freshwater fishes (Moravee, 1971). Pike, being only a secondary host, becomes
infected while feeding on the primary definitive hosts (e.g. perch) or the reservoir
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hosts of larvae (various small fishes), but the nematodes cannot develop furthe
in its gut; apparently the mature €. lacusiris survive only shortly in pike, as sup
gested by the relatively low degree of intensity and also by the fact that no female
of C. lacustris containing larvae were recorded from this host. Totally it was found
in 45.7% of E. lucius examned, with the incidence in individual months ranging
from 15 to 75%, and intensity of infection being 1—16 (average 3) nematodes. Fig. 68
shows that in the locality only pike not exceeding 50 cm in length were infected,
while in larger fish the nematodes were not recorded. It is due to the fact that smal
perch — the main source of €. lacustris infection in this host — are eaten by smalla
pike, while big pike largely feed on cyprinids (bream); However, in other localitie
these relationships may be quite different.

According to Izjumova (1960) the highest incidence of C. lacustris in pike of
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Fig. 8. Monthly changes m cccurrence and state of maturity of Cumallanus lacustris in pik
in 1978, The data are expressed as poroentages of the total number of nematodes found pa
month: third-stage larvae {obliquely hatched), fourth-stage larvae (perpendicularly hatched)
wales (unsheaded}, juvemla females without eggs (stippled), and fernales containing eggs (long-
tudmally hatched),
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the Rybinsk water regervoir in the USSR appears in spring; Ergens (1986) reported
the maximum values of the incidence and intensity of infection of . lacustris n
the same host from the Lipno reservoir (CSSR) to occur in the summer months.
Our observations in the Médcha Lake system indicate (Fig. 3E), however, great
variations of both these values during the year, showing i summer (July) the
lowest degree of infestation with this parasite. According to Tornquist (1931),
in Sweden . lgcustris exhibits a distinet seasonal maturation; new infections in
fish take place in summer, during autumn and winter months the nematodes grow
and become mature, and only in the late spring and summer the parasite larvae
are released into the water and the mature worms perish. Similar seasonal changes
in maturation have been observed in the North-American species C. oxycephalus
(Stromberg and Crites, 1975). Our observations in pike do not confirm, how-
ever, any sharp seasonal dependence in the maturation of ¢. lacustris, although
certain quantitative differences were found. Fig. 8 shows that the fourth.stage
larvae were present in all seasons as weil as males and young females, whereas the
females containing eggs were not recorded in January-March and in July; gravid
females contaming larvae were not found in pike at all. In the primary hosts (perch)
the gravid C. lacustris femasles containing larvee occurred practically throughout
the year including the winter months. It suggests that in the locality new infections
in fish take place all the year round, although the warm seasons from spring until
autumn are apparently more favourable for the development of this parasite than
are the winter months,

In addition to pike, C. lacusiris was recorded in the locality also in Perca fluvia-
tilis (incidence 73.8%,, intensity 1--20), Stizostedion lucioperca (in 1 out of 2 fishes
examined, intensity 17) and Anguille anguills (incidence 40.5%,, intensity 1--235);
the latter fish serves probably as only a secondary host for this parasite.

Intermediate hosts of 0. lacustris are various copepod species (Leuckart, 1878;
Kuprjanova, 195¢4; Moravee, 1969b; and others) which are, beside reservoir
fishes, the main source of infection for the definitive host. It was proved exper-
imentally (hitherto unpublished) that the invasive larvae of C. lacustris acquired
from the intermediate host did not develop in pike.

13. Raphidascaris acus (Bloch, 1779)

This pathogenic parasite was found in the intestines of 16.49% pike examined
with the incidence in individual months ranging from 0 to 429, and the intensity
being 1—63 (average 8) specimens per fish. The distribution of infections was not
equable within the pike population but was strongly influenced by the host sizes.
Fig. 6D indicates & distinet inerease of the degree of infestation in pike with the
increasing size of the host; the conspicuous increase wus recorded in pike longer
than 40 em. It is associated with feeding habits of pike in this locality; hig pike
prey largely on bream and cther cyprinids, these being the principal source of
R. acus infections, whilst smaller pike eat here mostly minute perch.

It is obvious from the curve of ncidence and mean intensity of infection (Fig. 3F)
that in 1976 this parasite was recorded in pike in all months except for July — October,
with the incidence showing two peaks — 1n March—Apn! and again in November.
This variation is evidently associated with the development and seascnal maturation
of B. acus in the defimitive host. Engagev (1964) documented that E. acus occurred m
pike of the River Amu-Darya delta in the Soviet Central Asia in two generations per
year — a mass generation in early spring and a less numerous generation in autumn.
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Also Suprjaga and Mozgovoj (1974) found in pike and perch from Krasnodar
District in the USSR two generations of this parasite — the first from the end of
February until the heginning of June and the second from the end of August until
October. On the contrary Malachova (1961) in the Karelian 88R and Moravee
(1970b) and Zitfian (1973) in Czechoslovakia recorded oaly one generation of
R. acus when these nematodes in dependence on the temperature conditions of the
loeality became mature either from May to the half of June or as late as in mid-
summer (July —August). Our observations of the occurrence of B pous in pike of
the Méacha Lake system confirm seasonal maturation of this nematode and show
that it has only one generation here. During November only numerous larvae 2 to
8§ mm long were present in pike, while in December—January some larvae have
already sttained the length of 10—15 mm; in Febrnary—April slso young males
and females were present in addition to larvae, but gravid females occurred only
in May and at the beginning of June. Beside the gradually maturing specimens all
the samples from November until June contained also minute larvae {2—6 mm};
their presence indicates that new infections take place throughout this period. The
absence of K. acus from pike in July—October is probably not only due to the los
of nematodes of the old generation but it might result as well from the increased
water temperature, which is known to cause that some intestinal helminths leave
the host (e.g. Kennedy, 1967; Cannon, 1972); it is suggested by the fact that
neither the larvae of R. acus were recorded from pike in these months, although
also in this period pike feed on eyprinids in which the invasive larvae of this parasite
are present throughout the vear. Of course, also the possibility should be taken int
account that the degree of R. acns infestation in pike in July —October was very
low and, therefore, was not recorded in samples. The absence of E. acus from the
definitive host in summer (August) was also found by Moravec (1970b) who had
followed the seasonal dynamies of this parasite in trout of the River Bystfice in
(zechoslovakin; in spite of the completely different ecological conditions in the
locality in question including the range of definitive and intermediate hosts, the
seasonal changes in maturation of R. acus were similar to those in pike of the Mdcha
Lake system and also the period of R. acus egg-production was the same (May
and the beginnig of June). According to Zitfan {1973) the oviposion of this
parasite in the colder water of the Dobsind reservoir in Slovakia takes place only
in July and August.

In addition to pike, also eels (A. anguilla) were found to serve as the definitive
hosts of R. acus in this locality; altogether two advanced larvae {length 10 mm)
and one male were found (incidence 5.3%, intensity 1—2}. It was not recorded
from perch and pikeperch, which are the known definitive hosts of 2. acus in other
localities.

Pike and eelg were found at the same time as the intermediate hosts of . acus
in 2.29¢ E. lucius were found the larvae of R. acus located in small cysts in the walk
of stomach and intestines (intensity 1—6 specimens), exceptionally the cyst was
found on the gill arch and, in one case, an wnencysted B. acus larva was present in
ovary; in A. anguilla the encysted larvae of R. acus were recorded only once in the
stomach wall (incidence 2.69%,, intensity 27). More frequently the encysted and
unencysted E. acus larvae were found in the liver, abdominal cavity and gut of
cyprinid fishes: Abramis brama (incidence 609, intensity 1—10), Scardinius erythro.
phthalmus (incidence 14.3°%, intensity 1—2), Tince tinca (incidence 5.3%. intensity
1--2) and Cyprinus carpio (incidence 12.5%,, intensity 7).

Accordingly, the main source of R. aecus infection for pike is bream not only
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because of its high infestation with larvae of this nematode but also because in the
Jocality bream is the dominant fish species, becoming frequently a prey of pike.
PBream is according to some authors very receptive to R. acus infection resulting
often in a considerable mortality of these fish, as found for example in several lakes
in the USSR (Osmanov, 1954; Bauer and Zmerzlaja, 1972, 1973). It may canse,
however, mortality in other species of the intermediate fish host too (Zitfian,
1967). The nematode R. scus is considerably pathogenic also to the definitive host
and may be the canse of the mass mortality of the fish; such a case was deseribed
by Carrara and Grimaldi (1960) for rainbow trout in Italy and similar case was
observed in brown trout in Czechoslovakia (personal communication of Prof. J.
Yojtek).

Intermediate hosts of R. acus are mostly various species of fish while a number
of invertebrates (mainly larvae of Chirenomidae and Oligochaeia) serve as the re-
servoir hosts of the preinfective larvae (Moravee, 1970a}; according to several
authors (e.g. Suprjaga and Mozgovoj, 1974) also invertebrates function as inter-
mediate hosts for R. acus.

CONCLUSIONS

It is apparent from the given survey that the fauna of the endoparasitic helminths
of pike is relatively rich and includes 13 species; most of them (11) parasitize this
host as adults and only 2 species as larvae. Analysis of the parasites indicates that
these species can be roughly divided into four groups according to the degree of
their host specificity: 1, strictly specific species oceuring only in pike (Phyllodisto-
mam folium, Esocinema bohemicum and Philomelra obturrans}, 2. species parasiting
mainly pike but occuring also in other fishes {dzygia lucii, Triacenophorus nodulosus,
Raphidascaris acus), 3. species for which pike is a subsidiary obligate host (T'ylo-
delphys clavale, Thplostomun spatkacewm), and 4. species developing in other fishes
than pike which survive for some time in the gut of pike after the original host
was swallowed and digested (Bunodera luciopercae, Proteocephalus percae, Acantho-
cephalus lucti, Neoechinorhynchus rutili, Camallanus lecustris). Tt follows from the
comparison among the individual groups that more than one half (7) of the species
found belong to the parasites for which pike is only a subsidiary or transitive host
(groups 3 and 4), while only 3 species may be considered as strictly specific for
pike. A relatively large number (5) of the helminths of group 4 is not surprising in
this predatory fish, because facultative parasites form usually a substantial part of
the parasite fauna of pike in other localities (e.g. Gorbunova, 1936; Ergens,
1966; Ergens et al., 1975; Rauckis, 1974; ete); of course, their quantitative and
qualitative composition depends on the given ecological conditions, mainly on the
present ichthyofauna and the sghare of the particular fish species in pike’s diet.

Although the average lengths of pike examined in individual months do not
exhibit any substantial differences (Fig. 2), there are distinet differences in the rates
_ of infestation of the various size groups of the host with individual parasite species.

However, these comparisons conecern only 8 most common species, Whereas it was
not possible to make any comparisons in 5 remaining species (B. luciopercae, D. spa-
thacenwm, P. percae, N. rutile and B, bohemicum) due to their rare occurrence in pike.
The differences in rates of infestation of the individual size groups of pike are both
qualitative and guantitative: while in pike with body length of 20850 cem all
8 parasite species were present, in pike shorter than 20 cm one species (Ph, obturans)
was absent and in pike exceeding 50 em were ahsent 2 species (Ph. folium, . lacustris).
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Quantitative differences concern the mmeidence and mean intensity of infection of
these helminths and, according to relationships between these values and the body
size of hosts, 1t 18 possible to distinguish three main groups of the species: a) species
with the mmcidence and mean intensity increasing along with mcreasing of the host’s
length (Azygra lucw, T clavate, T nodulosus, R acus), b) species m which both
the values decrease with mereasmng of the host’s length (FA folwm, partly Acanthe
cephalus lucwi), and ¢) species 1. which both the valves first mnerease until a certam
size of pike 18 attained and then ge again down (Ph obturans, O lacustris) All these
growth changes i the helminth fauna are associated with the way of development
of each parasite and the source of infection for pike Such changes found m some
species seem to be possibly of a more general vahdity, for example mereasing rate
of infestation with mnereasing of the host’s sizes 1 A2ygia lucw and R acus, because
their circulation 1n the environment 1s strongly influenced by canmbalism in pike,
a gimmlar case 15 T clavaie infecting pike by a chrect penetration of cercariae mto
the host's eyes However, the majority of the found changes 18, more or less, of the
local importance, because they are deterrined by conerste ecological conditions
the locality, mainly by the food composition of pike

It was observed in this locality that the diet of smaller ptke {(up to 40 em m
length) was mainly represented by perch (749,), while the share of cyprinids (largely
roach and rudd) was the rest (26°;) On the other hand, in the diet of large pike
exceeding 40 cm prevailed cyprimds (mamnly bream), representing some 609, and
the remainder was formed by perch and pike, 1n the stomachs of the biggest pike
(60—72 em) only cypruuds were found Tt 15 associated, to a certamn extent, with
the fact that i these fishponds emptied i mntervals of 7—9 years the larger perch
represent only a small part of the present fish, while small perch are, mainly 1n the
inflowing canals, very frequent, the latter are, however, eaten by smaller pike
whereas the bigger pike requiring a larger sized prey feed largely on the domiant
bream and other cyprimds The decreased umpoertance of perch m the diet of large
pike was observed as well by Balagurova (1962) in Lake Syamozero in the USSR
It explams for example a sharp increase of the incidence and mean sntensity of
R acus mfection m large mke (Fig 6D) when the source of mfection are cyprimds
and, on the other hand, a decrease of these values in Adcanthocephalus lucn, C o
eustres and PE obturans (Fig 6A—C) the mfection of which 1s acquired from perch
Although the source of infection of Azyqua lucie and T rodulosus 18 also perch,
there 18 no dechne but, quite reversely, an increase 1 the degree of infestation of
large pike, 1t 18 probably due to the gradually mcreasing canmbalism of pike (sec
ondary mfections) as well as to the fact that alse eyprimds may funetion as reservor
hosts of these parasites Such relationships may be, however, qute dafferent in other
localities

It 18 known for many fish helminths that their occurrence in the host and often
also their maturation are subjected to seasonal changes, despite the high practical
sigmificance of such data the present knowledge i this respect 1s considerably m
complete Qut of the parasites recorded m pike from the Micha Lake system the
geasonal changes i occurrence and maturation could be considered i 10 species
only (except D spathaceum. N rubsls and £ bohemscum with rare oceurrence),
however, owing to & lmited number of the fish examined also the data concerniy
some of these species are rather of orientation only Out of 10 these species, 7 (4w
guz lucw, Ph fohwm, T clavata, T nodulosus, Acanthocephalus luct, Ph obturams
and C lacustris) were found 1 pike thronghout the year, except for T noduloss
and T clasala these spectes did not exhibit any distinet seasonal changes in matu
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ration and their adult forms containmg mature eggs or larvae were recorded during
all seasons On the other hand the maturation of 4 species (B luciopercas, P pereae,
T nodulosus and B acus) 1s strictly seasonal, when these become mature only n
winter and spring months and after the oviposition 1n the spring the worms of the
old generation perish, during summer months, before new mfections are estabhished,
these parasites may be absent from the host, as found in P percac and R acus

There 15 no doubt that some of the recorded helminths have negative effects on
the health condition of pike of this locality, resulting from therr pathogemeity
agomnst the host, their numbers and preference to certain age groups of the fish;
as the most important parasites from this view are T'risenophorus nodulosus, Philo-
metra obturans, Acanthocephalus lucn, Phyllodistomum folim and Tylodelphys cla-
vata which, 1 the case of unswitably changed conditions (e g 1 composition of fish)
may be a serious danger not only for pike but, at the same time, also for other
breeded valuable fishes As confirmed by our observations, the presence of pike
the locality mfluences considerably also the helminth fauna of other economically
important fish species (perch, puseperch, eel, bream, tench, carp) which become
erther intermediate or reservoir hosts of larvae for the helminths maturing m pike
(T nodulosus, Ph obturans, B acus), or subsidiary hosts of the adult forms occurmg
mamly m pike (Azygra lucn, R acus), in the locality pike have also considerable
epizootological significance for the transmission and mamtamance of those patho-
genic non-specific parasites which attack predominantly other fishes (e g Acantho-
cephalus luci, N rutile, B luciopercae, P percae, O lacustris)
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NOTES ON AGE ANT» GROWTH OF THE BLEAK, ALBURNUS ALBUBNUS
(PTSCES : CYFRINIDAE)

Ota OLIVA

To the memory of Professor G. V. Nikolskij, DSe. (1911~ 1877)
Recewved October 21, 1977

Abstract: Age and growth of 87 specimens of the bleak, Alburnus alburnus (Linnaeus,
1758) from the several water bodies of Czechoslovakia was studied using scale method. Com
paring results obtained with ancther data of native authors it seems to be probable that the
growth of the bleak 1s better in large rivers and riverine lakes than in small rivulets. Bleaks

of the age 6 + were recorded.

TSTRODUCTION

The review of literabure about the growth of the bleak was given by Chitra-
vadivelu (1971). During last 20 vears T have collected 4 samples of scales from
bleak in several localities; the material remained unpublished, but existing relatively
little knowledge of growth of this species, belonging to common, “coarse fishes”
made me present my results for print.

MATERIAL AND METHODS
The study of age and growth of bleak is based on following material: 21 sp. from the Vranoy

valley water reservoir, southern Moravia, situated on the river Dyje (24.--27. V. 1957); 8
from the cmnal “Uierna voda” in the swampy area of the so-called “Br” at Bratislava, the

40k

20k

| 1 i |
3] 20 50 06 150 200 250 3L, mm

Fig. 1. Body/scale radmis i bleak, Alburnus alburnus. dr sq = diagonal radius of the seals,
3L, mm = standard (body) length m mm.
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¥5g. 2. Relationship between the total length (TL) and standard longth (SL) in bleak, Albwrnus
afurnus.

imundation area of the river Danube, western Slovakia (25. 6. 1957) 3 sp. from the back-water

“Rehdkova bouda” near the village Celdkovice (21. 3. 1854), 55 sp. from Slapy valley water
reservoir (summer 1958).
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Tig. 3. Relationship between weight (g) and body (standard) length (SL mm) in bleak, Afburnus
cdburnus.,
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Table 1. Growth of Bleak, Aurnus alburnus, from the Slapy valley water reservoir

Ave. body Ave. woight
Age Nr.of  lengthat the at the time Average back-calculated lengths
group spec. time of capture of eapture {in mm)
{rmm) {grams) 1, 1y 1a 14 15 1a
I 1 141 75 v - o~ - - .
II 3 163 67 83 1456 - - — —_
min. 155 63 78 92 - - — -
max. 167 76 83 153 — — — =
I 29 171 86 71 129 159 -— - -
rin. 152 58 48 92 135 — - =
max, 187 120 106 153 176 - — —
v 10 131 102 69 120 147 170 — —
min, 163 64 60 100 123 140 - 2
max. 195 135 88 147 176 186 — =
v 10 179 104 87 98 116 141 161 —
min. 155 88 48 62 79 98 101 —
max. 194 140 82 182 136 1656 181 -
VI 2 179 105 61 8 110 125 147 168
~ min., 178 105 58 81 96 120 141 162
max. 180 105 63 90 124 135 153 174
alltogether 86 spee. grand ave. of caleulated lengths: 74 121 142 153 159 168
rinimumn veloes 4% 82 79 a8 101 162
maximum values 100 153 176 178 181 174

Table 2. Growth of Bleak, Alburnus alburnus, from the Vranovskd valley water reservoir

Ave. body Average weight

Averags back.calculated

Aga Nr. of length at the at the time lengths (in mm}
group spec. time of capture of capture

{mm} {grams) 1 1 1z 1 s

1 2 113 22 68 - - - -
min. 112 21 66 — - - —

max. 114 23 0 — - e —

I 3 143 48 6 126 — - —
min. 137 45 59 - - - —

max. 152 51 80 - — —_ s

T 12 154 57 73 122 143 — -
min, 144 42 59 102 133 — -

max. 163 66 B7 138 168 — —

w 3 156 61 86 183 134 148 —
min. 152 &4 &l 100 132 146 —

max. 162 70 i 119 138 154 —
¥ 1 — 152 60 ad 67 123 141 147
alltogoether 21 sp. grand ave. of caleulated lengtha: 69 118 140 148 147
minimum values 61 100 123 146 147
maximum values 87 138 165 154 147
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Table 3. Grosrkh of Bleak, Alburnus alburmma, from various Czechoslovak localities

No. . Average back-calculated lengths (in mm)
Author/year ap. Loeality
. L 1l o ls 15 1§ kB g

Chitravadivelu, 108 river Labe near

1971 Dé&in 48 75 96 115 128 142 151 —
Chitravadivelu, 18 Rivulet Stropnioce,
1871 south. Bohemia 49 68 74 - T _
Chitravadiveln, 43 River Ohie, _— e — ==
1871 K. Vary 50 83 - - —_ e o
Chitravadivelu, 76 River Viiava,
1871 Méchenice 52 78 84 105 135 181 — —
Chitravadivelun, 21 River Vitava,
1971 Prague-Podbaba b4 87 110 — - — = —
Author 8 ,.CHerna voda*,

river Danube 60 86 — i —_ - = =
Vostradovsky, 1066 77 river Labe near

Détin 82 88 108 120 132 139 147 153
Author 21 Vranov valley

water reservoir 69 118 140 148 147 — — —
Author 556 B8lapy valley

. B WRLr Teservoir 74 121 142 163 1590 168 — —

Author 3 Back-water

.Rehdkova bouda™ 85 -~ — — — — —~ =
Cihaf, 1961 14 Slapy valley

water resorvoir , 91 125 152 172 187 207 — -
Vostradovsky 1863 159 Lipno valley

WaLer reservoir 93 132 148 — - — = ==
Alltogether 563 specimens, mean: 60 119 120 140 181 170 161 163

total length, mean: 72 143 144 188 181 204 181 188

Three selectod scales from the row below the lateral line above the msertion of ventrals in
direction backwards to anal fin were used for study from every specimen and average valued
obtained were used for construction of graph (Fig. 1) demonstrating body scale relationship.
Einar Lea’s nomogram was used for the back-calculation of lengths and respective annuli with
& correction’s factor 20 mm, using values obtained from 84 specimens from 4 localities (natural
back-water Bezodnice, canal Cierna voda, Slapy and Vranov riverine lakes). The relationship
batween total and standard length is evident from Fig. 2, the value of TL/SL = 1.20 and re-
maing constant. For itg construction 76 specimens from two last cited localities were used. Body
length{weight relationship shows Fig. 3.

RESULTS AND DISCUSSION

That the growth of bleak depends upon the source of food supply is evident,
but it is interesting to observe the large ranges in single years of life in fish species
whose life is not stationary, as e.g. in pike (Esox lucius), for details see Oliva
(1968); on the contrary, bleak lives in shoals, solitary specimens being never met
with, kéeps to the surface from spring to autumn, does not migrate and is designated
as typical pelagial planktonofagous fish (sometimes feeding also on insects, eggs
and fry of other fishes, especially the larger specimens. These characteristics are
repeated in practically the same words by many authors, e.g. Hamilton (1843),
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Smitt (1895), Berg (1933, 1949), Jenkins (1042), Staff (1050), Dyk (1956),
Muus & Dahlstrém (1967), Nikolskij (1971), Holtik & Hensel (1971).

The apparent wide ranges in back-caleulated growth in single age groups are
clearly wisible in Tables 1 and 2, especially in age groups where more specimens
were examined, but also in grand averages and fheir ranges summarized in both
tables below. In the Slapy riverine lake the differences are apparent in maximum
snd minimum values joined with calculated lengths Iy upto lg. This phenomenon
geems to confirm the opinion about the existence of slow and fast growing popu-
lations of the same species 1n one lake and their mixing due to shoal mode of life
of bleak, but further studies of this problem are necessary. Maximum age of
6 + (Slapy reservoir) or b 4~ (Vranov reservoir) was ascertained, in the last example
accompanied by the starvation of growth in the last year of fife.

SUMMARY

87 specimens of the bleak (Alburnus alburnus) from 4 localities in Ozechoslovakia,
mostly from the Slapy and Vranov riverine lakes, were examined for age and growth
studies. Maximum age of 6 4 years was recorded. Wide ranges in single years in
caleulated lengths were cbserved, due probably to the simultaneous presence of
slow and fast growing populations in the same water body. The data compared
with growth determination on further 516 specimens from another 8 Bohemian
localities, based on the studies of other anthors, show that only in 1 case fish of the
age 8 4 was recorded. The growth of the bleak is better in closed water bodies
than in rivers.
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NOTE ON THE GROWTH OF COMMOX BARBEL, BARBUS BARRBUS
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Dedieated to the 80th annwersary of Prof. Dr 8. Hrab& DSo.

Abstrast: The growth of Common Barbel, Burbus barbus (Linnaeus) was studied from the
scales of B1 specimens collected during 19521976, Three samples (ome from Polend) wer
eompared, the growth was observed to be modorate.

INTRODUTION

Although the Common Barbel is a very popular fish species in Czechoslovakia,
the literature on its growth is scant, the only available reference being that of
Fochman {1955) concerning the growth and food of the barbel in the river Svratks
(tributary of the Morava, the Danube drainage).

Later Hochman and Jirdsek (1960) studied the growth of the barbel in the
river Dyje, Havlena (1964) contributed to the knowledge of the growth of the
barbel in the rivers Cernd and Bield Orava, Bastl, Holéik, Kirka (1975) brought
the growth data of the barbel from the river Turiec, and the last important con
tributions to this problem are those of Pefidz, PozZarovd (1973) and Pedds
(1977). Therefore an attempt has been made to study its growth using scales.

MATERIAL AND METHODS

Representative scales, collested from the middle part of the body side of barbel, were washed
in water and examined under the seale projector (Carl Zeiss, Jena, magmfication 17. 5.), Later!
scale radiuz of only one selected scale of each fish was read. The anuli were racognized by clear
merkings,

When plotted against the body length the seale radius gave a straight line relationship with
the intercept at 15 mm which was used as a correction factor for back-caleulating lengths usug
Lea’s nomogram.

RESULTS AND DISCUSSION

Results are presented in Tables 1—3. From Table 1 it can be seen that barhd
lives mor than 13 years; the body length at this age varies from 470 to 540 mm
The oldest female cited by Hochman (1955) measured 550 mm (body length),
age 17, the oldest male reached only 266 mm of body length at the age 12 (Hoch
man, l.c.).

1) Department of Zoology, Panjab University, Chandigarh, Indis. .
?) Department of Biology, Somani College, Bombay, India. This works 13 & part of studies n
Prague supported by UNESCO course on the modern problems in biology.
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The ranges of calenlated body lengthe presented in Tables 1—3 clearly demon.
strate periods of unequal growth of barbel. Since the sample is drawn over a number
of years such variations can be easily accounted for (Tables 1—2), but the same
phenomenon can be observed in Table 3, where the material was collected during
one summer in 1952. Thus it is evident that barbel does not maintain the same
growth rate from year to year and the ecological conditions play a great role in de-
termining good or bad years of growth.

Hochman (1953) proved slow growth of male barbel, when the recent angling
statute permits catching of barbel above 40 cm of total length (= 331 mm of stan-
dard length); the oldest males found 1 his material from the river Syratka, reaching
243 mm of body length in 8 years, which is 267 mm of total length = 1.18 body
length according to our data), could not be fished out. The statute length 40 em
(total length) is reached by the barbel from the rivers Berounka and Sizava, after
finishing 8 years of life (Table 4) and by the females of barbel in the Svratka in
10 years of life, and by the barbels in the river Dmester after 8 years {males) or
7 years (females, see Opalatenko, 1966); in the river Dyje neither males nor
females of legal size were found (Hochman, Jirdsek, 1960), In the rivulet Ro-
kytnid (Pendz, 1977) males of legal length were not found, while females reached
this size after 12 yeary, Similar sitwation could be seen also in other localities
(see Table 4). Therefore it seems necessary to shorten the legal size of barbel, which
wounld permit better angling exoploitation of this species. Peifidz, PoZdrova
(1973) and Pefidz (1977) recommended as the legal size for angling 30 em of total
length (about 246 mm of body length); this proposition can be agreed upon.

There was a lack of newly revised data concerning the maturation of barbels
from Czechoslovak territory. Dyk (1956) stated the third or fourth years of life,
Zukov (1965) 4 years in females (body length 30—35 cm) and second year of life
in males (8.8—15.6 cm of body length); the data of the latter must be attributed
to barbels in the river Neman (USSR). With regard to these data the results of
Pendz (1977) seem to be very important. According to his findings the males
reach sexual maturity much earlier than females; some were sexually matare to-
wards the end of the first year of life, the majority in the second year, the females
were mature on the average, about three years later.

With regard to the results of Hoehman (1953), the occurence ot females older
than 15 years is probable (see also Pendz, 1977); the oldest male (13 years) found
by Petidz, Poidrové (1973) measured 328 (body length) or 397 mm (total length),
respectively. The oldest female (15 years) measured 515 (body length) or 605 mm
(total length). The weight of the oldest male mentioned was 560 g, of the female
examined 2400 g.

According to Berg (1949), the maximum body length is 8085 cm, the weight
up to 4 kg, exceptionally up to 10 kg. However, in the river Salzach at Laufen in
Austria a barbel was captured in 1853 weighing 12.75 kg. The record barbel canght
while angling on the British Isles weighed 8 kg and was caught in the river Lea
in 1880. In 1888 one was caught in the river Thames, weiging slightly more than
Tkg (Travis Jenkins, 1942} According to Zukov (1965) the maximum length
is 90 cm and weight up to 10 kg,

The largest specimens of barbel registered in this couatry in recent years were:
in 1974 — 72 em (TL), 5.58 kg, the river Svratka; 84 em (TL), 5.57 kg — see Anon.
1974, the river Labe at Usti; in 1976 — 77 em (TL), 4.7 kg, the nver Radbuza;
74 em (TL), 4.5 kg, the river NeZarka, see Anon., 1977. Apparently, the angling
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Table 2. Growth of Barbel, Barbuse barbus, from

Ave. body length

No. of Age at the time of Average back-oaleulated lengths
apeaq, group eaptura in m,
ranges in brackets L I Iz Iq
1 I 127 Bl 127 — —
1 v 190 75 106 140 163
4 Vi 209 85 92 127 158
(190 — 240) (56—81)  (77—120) (112—151) (142186}
1 Vi1 2156 58 91 129 163
3 VIII 243 62 97 128 148
(235 260) (55—66)  (85-—-105) (114—138) (138—186)
1 X1 340 58 85 110 151
Average 65 a7 127 155
Armual increments 32 30 28 26

pressure nowadays causes the diminishing of large specimens of barbels; unfortu-
nately the scales of such giant specimens are not accesible for age studies, therefore
we are not informed about their age studies, therefore we are not informed about
their age. The reading of scales in barbels showed that scales in specimens abave
50 mm of body length are eliptical, in specimens of body length they are circular.
The smallest specimen examined, body length 34 mm, the river Befva at Lipnik,
20 (8) 1950, shoved 4—8 circular lamellae on its scales in lateral field, in larger
specimens, body length around 50 mm, we have found 14—16 circular lamellae and
the scales showed caudal prolengation. The lateral radius of scale in specimens of
34—35 mm of body length measured 0.25—0.30 mm, so that the scales develop

Table 3. Growth of Barbel, Barbus barbus, from the

Ava. body length

No. of Age 1mn mnm Average back-calenlated lengths
spen. group at the time
of capture 11 1z 1z 14
1 I 127 7G —_ — —
1 111 1B5 107 1486 176 -
4 v 268 99 148 184 213
{250 --292) [(B4—108) (146—150) ({152--191) (198 —228)
i3 VI 321 90 147 177 217
(303—327) (78~ 98) (125 155) (173—186) (206—236)
3 Vi1 376 102 156 196 225
{366 —385) (86 —-109) (154 —158) (188-—-207) (223231}
b VI 411 99 149 183 226
(405 —426) (23 ~112) {140--164) (170187} (204—244)
1 IX 440 107 146 174 204
2 XI 560 96 160 100 260
(95— 97y (159--161) (188--192) (227--293)
Average 47 150 183 218
Annusl increments 53 33 35 38
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the river Mordvks, drainage of the river Qdra, 1952

{in mm), ranges in brackets

Is ie Iy lg I lie Iz

190 — — — —_ - —

184 206 e = e — —
(169—221) (182 240)

181 176 215 — — P i

179 200 224 242 - — -
(175—181) (178—209) (310—238) (230--260)

177 206 241 272 294 3256 340

181 203 226 249 294 325 340

22

apparently, before the barbel attains the body length of 30 mm. The use of cor-
rection factor 15 mm for back-calculation of body length seems to use to be justified,

were collected also by the semior author. Thanks are also due to Ing. J. Vostradovsky, C
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for critical reading of the typescript.

river Dunajec, Wisla drainage, southern Poland

Se.

in mm, ranges in brackets

15 1g 1z Ig 1y lig I

243 - — - =5 o e
(232 248)

251 298 — —_ - — —
(236—263) (291 -313)

206 316 366 - — —_ —
(252—288) (303—323) (344 -367)

247 314 357 386
(242—278) (293—328) (346—365) (378—392)

242 293 350 390 432 — -

308 367 398 422 470 502 539
(266—351) - (337—307) (376—420) (400—444) (465—475) (492—511) (532—545)

266 311 360 392 448 502 539

5b 49
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SUMMARY

The growth of Barbus barbus has been studied from 61 specimens, using scales
Lateral scales radins was used for reading of anuli. Correction factor of 15 mm
was used for the back calculation of lengths (body lengths). Body length [ scale
length relationship was found to be linear.

Back-calculated lengths show that the barbel grows relatively fast before the
formation of the first annulus, the growth rate shows considerable ranges within
the same year class, and also from year to year. Ecological conditions play a great
role in determining gonod or had years of growth. Fish of 13 + years have been
recorded, though the growth rate is relatively slow. Conversion factor: total length ==
= 1.18 body length (in the specimens from the river Mordvka).

LITERATURE

Aponymus, 1976: Vyhodnoceni soutdfe o rekordni tlovky ryb v roce 1974, Rybdfstei, 10 :
232234,

Anonymus, 1977: Vyhodnoceni soutéze o rekordni dlovky ryb za rok 1976, Rybdfetvi, 7—38 «
164 — 168,

Bastl, T., Holgik, J., Kirka, A., 1975: Tehthyologioky vyskum karpatakého oblika. 6. Teh-
thyofauna chréneného ndleziska hlavétky v rieke Turiec. Acte Rer. Natur. Mus. Nat. Slov.
Bratislava, 221 : 181 —233,

Berg, L. 5., 1049: Ryby presnych vod S85R i sopredelnyeh stran. 2. Tzd. A. N. S88R Mosk-
va—Leningrad, 469 —825.

Dyk, V., 1956: Nade ryby. 4. vyd. USAZV, Praha, 339 pp.

Havlena, F.. 1964: Prispevok ku &tadin veku & rastu mreny Barbus barbus (L.) z povodie
Oravskej Gdolne] nddrie. Zool. listy, 13 (4) : 321 —3286.

Heckel, J., Kner, K., 19568: Die Stisswasserfische der oaterreichizchen Monarchie mit Rieksicht
suf die angrenzenden Linder. Leipzig, 388 pp.

Hoechman, L., 1955: Prispévek k pozndni riistu & potravy parmy obecnéd {Barbus barbus (Linné))
v fece Svratoe. Sh. Vysoké dkoly zemédél. o les, fakulty; #. A. I1. Brao: 147—159.

Hochman, L., JTirdsek, J., 1960: Zhodnocent riastové intenzity produkénd rozhodujicich druba
ryb v parmovych Gsecich reky Dyje. Sb. Vys. skoly zem8dél. o les. fakulty F. 4. Brno: 75—92,

QOpalatenko, L. K. 1866: Usaé Barbus borysthonieus Dyb. Verchnego Dnestra. Vopr. Ich-
thinlogii, 6 (3) : 446 — 453,

Penidz, M. 1977: Populations analysis of the barb, Barbus barbus, from some Moravian rivers
{Czechoslovakia)., PFir. prace CSAV, 10 (7) : 1—30,

Pendz, M., Pozdrov4, H., 1973: Rist parmy obecné, Barbus barbus (L.) v fece Oslavd. Shor.
nik Pﬂrodwéd. ki, zdpadomor. muz. Trebit, 9 : 55 —64.

Starmach, K., 1948: Wiek i werost brzan (Barbus barbus) polawianych w Wisle w okolicy
Krakowa. Prace rol.-lesne, Polska Akademia Umiejetnosei. Krakow.

Travie Jenkins, J., 1842: Tha fishes of the British Isles, both fresh water and salt. 2rnd Ed.,
London, 408 pp-

Zukov, P. L, 1965: Ryby Belorusii. Minsk, Nauka i technika. 414 pp.

Awthor'a addrese: Doo. Dr. 0. Oliva, CSc., Department of Syntemntw Zoology, Charles
University, Viniénd 7, 128 44 Praha 2, 088R.

207



VESTNIK CESKOSLOVENSKE SPOLECNOSTI ZOOLOGICKE
Svazek XLIII — Cislo 3 — 1979 — Str, 208—219

" 'Begirksmuseum Tachov

pig ESELLSCHAFTEN DER VDGEL IM ZERSTREUTHN ¢RUN
IN DER ZZONE DES NATURSCHUTZGEBIETES ,,ANENSKE RYBNIKY“
BEI MARIANSKE LAZNE (MARIENBAD) '

_ Pavel REPA
Eingegangen am 2. August 1977

Abstraoct: The bird community of a study plot of 40 ha in a farmland (10 ha of small wood
and hedges and 30 ha fields and meadows) was investigated by mapping of territories. The
density of bird population was 77.4—280.2 pairz/10 ha in different types of small woods and
bedges, 11.5 pairs/l0 ha in fields and meadows and 87.2 pairs/10 ha in whols investigated plot.,

EINLEITUNG

Bei der komplexen Durchforschung der Vertebratenfauna des Naturschutzge-
bietes ,,Anenské rybniky™ bel Maridanské Lézné (Kreis Tachov, Siidwestbihmen)
in den Jahren 1971 —1974 machte ich einen Versuch, die Avifauna kieiner Remisen
und Baumgruppen in der Nachbarschaft beider geschiitzten Teiche quantitativ zu
bewerten, Die Angaben iiber die quantitative Bewertung der Nistsynusien der
Vigel in diesen kleinen Nichtwaldbestanden von Biumen und Striuchern (z. B.
Peitzmeier, 1950, Czarnecki, 1956; Foksowiez, Sokolowski, 1856; Turdek
1958, Dircksen, Héhner, 1963; Werner, 1965; Schmidt, 1967—68; Gro-
madzki, 1970; Kdéhler, 1972: Sfa.st.njr, 1973) sind sowohl in der tschechoslowa-
kigchen als auch in der auslindischen Literatur wesentlich seltener vertreten als
die analogen Angaben iiber verschiedene Waldtypen. Dabei bilden verschiedene
Abschnitte des Nichtwaldgriines ein bedeutendes Landschaftselement und sind von
grosser Bedeutung fir die Avifauna jedes Gebietes. Die Erwebung moglichst zahl-
reicher Angaben von diesen Standorten wire auch aus dem Grunde nétig, dass
diese kleine Baum- und Gebiischkomplexe infolge der Intensifizierung der Land-
wirtschaftsproduktion in der offenen Landschaft gegenwértig in hohem Mass Ii-
quidiert werden.

In dem untersuchten Abschnitt der Schutzzone des Naturschutzgebietes ,, Anen-
ské rybniky” gelang es mir einen Landschaftsabschnit aufzugangen, der in Siid-
westbShmen bis unlangst iiblich war, der aber in der Gegenwart verschwindet. Auf
etwa 40 ha Agrarlandschaft sind hier 17 verschieden grosse Bestinde des Nicht-
waldgriines von etwa 10 ha Gesamtausmass (d. h. 25 ¢, der Gesamtfliche des Ab-
schittes) zerstreut. FEs geht um einen der letzten Landschaftsreste mit so hohem
Anteil an Nichtwaldgriin in der Agrarlandschaft in dem Gebiet des Kreises Tachov.

Els ist mir eine angenehme Pflicht Herrn RNDr. Karol Bfastny, CSe. aus der Institut fir
Landschaftsskologie der 8SAV fiir das durchlesen des Manuscripts und wertvolle Hinweise zu
danken. Fir die Ubersetzung in dis deutsche Sprache bin ich Herrn RNDr. Otto Winkler aus
Prag zu Dank verpflichtet.
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BESCHREIBUNG DES UNTERSUCHTEN GEBIETES

Geographische Lage: Siidwestbdhmen, Kreis Tachov, etwa 12 km 8 von Maridnsks Lizns,

unwoeit der Stadt Pland u Maridnskych Léizni 40°50/ n. B., 12°40" 6. L. Orographisch gehért der

Absohnitt in den Bereich der Tachovskd brazda-Senke, die einen Bestandteil des Bshmerwald-

-Bysterns bildet.

Beehdhe: 510 m,

Klimatische Bedingungen: Durchschn, Jahrestemperatur 6,9°, durchachn. jAhrliche Nieder-
nge 609 mm, Anzahl der Tago mit Schneedecke 81, Jahresdurchachnitt der relativen

Luftfeuchtigkeit 77,5 Y5, jahrlicher Sonnenschein 1700 Stunden,

Abb. 1: Schematische Karte des untersuchten Gebietea.
Erklirungen: Dinne Linie — Teiche
Gestrichelte Linie — Grenze sinzelner Abschnitte der Biotope
Kleine Buchstaben mit arabischen Ziffern entsprechen den Bezeichnungen im Kapitel
s, Beschreibung des untersuchten Gebietes .

Bodenverhéltnisse: Bodenarten-vorwiogend Braunerden, hier und da illimerisierter Bodemn.
Bodentypen-sandig-tonige und tonig-sandige Biden.
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Charakter der umliegenden Landschaft: Ebene Gegend mut nherwiegenden landwirt-

schaftlich ausgenutzen Flachen (mehr als 80 9, Ackerboden, dauernde Rasenbesifinde simd nur

geringfugig vertreten). Arme Kiefernwalder bedecken nur etwa 1/3 der Gesamtflache. Haufig

kommen kleinere Feldteiche vor.

Charakter des untersuchten Abzshnittes: etwa 40 ha Felder und Wiesen mit zerstrou-

ten vorschiedenen Typen von Feldwaldchen und Gebuaschen, die etwa 1j4 des gesamten Ab-

schnittes bodecken. In der Mitte des Abschmittes befinden sich 2 Teiche (19 ha und 2§ ha).

Grésse des untersuchten Abschmittes: 42,47 ha davon 32,69 ha Felder und Wiesen und

9,78 he. Baum- und Strauchbestande.

Umgebung des untersuchten Abschnittes: Bebaute Felder (92 %, der (Grenzlinge},

Teich (2 %, Grenzlange), Feldwaldchen (8 %, der Grenzlange). Entfernung von dem nachsten

zusammenhangenden Waldkomplex 900 m., Entfernung von der nachsten Siadlung {Stadt

Planéd u Mar. Lézni) — 1 km, Entfernung von dem nachsten eimnzelstehenden Gebaude (St.-

Ann-Kloster) — 200 m.

Beschreibung einzelner Teile (kleme Buchstaben und arabische Zoffer, unter denen die

amnzelnen Biotope und deren Teile beschrieben werden, snitsprechen den Bezeichnung in der

Abb. 1)

a) Alt.;re gonuschte Baumbostdnde mut grésserer Fliche als 1 ha — 3 Abschmtte, Gesamt-
flache 5,46 ha.
1. Ein Waldchen aus Erlen, Espen und Pappeln muit Beimischung weiterer Geholzarten (Som.
mereiche, Fichte, Weide usw.). Baumhohe 20—25 m, Dicke der Stamme 14 —35 cm, Deck-
kungsgrad 75 9. In der Strauchschicht Weidenstréucher, stellenweise Schlehdorn u. a. Hohe
bis 3 m, Deckungsgrad 40 %,. Krautschicht sparhich, stellenweise fehlend. Flache 1,22 ha.
2. Verwildetor Park — mn dip Untersuchung nur ein zno Damm des Tewhes Valky Anensky
anlisgender Tail eimngeschlossen. Ein alter Bestandt it sehr bunter Artenzusammensetzung
{Berg- und Spitzahorn, Sommereiche, Fichte, Kiefor, Erle Espe usw.). Baumhohe 25 —30 m,
Dicke der Stamme 15— 60 em, Deckungsgrad 70 9. In der Strauchschicht vorwiegend
Hasel, Hohe bis 8 m, Deckungsgrad 30 9. Krautschicht sehr arm, zumest ganz fehlend.
Flache des untersuchten Teiles 0,58 ha. der ganze Park mimmt ca 7 ha ein.
3. BEin Mischwaldchen. Es besteht aus emnem sudlichen Tail, der von emem unternassten
Erlenbruch {Hohe 15—20) m, Dicke der Stamme 10—20 e, Deckungsgrad B0 %) mit einem
sparhichen Unterwuchs der Weirdenstraucher (Hohe bis 4 m, Deckungsgrad 40 %) und emmem
dichten Bestand von Carex sp. gebildet 1st, und aus einem nordlichen Teil, wo sich ein Iich-
tenwaldchen (Baumhohe bis 25 m, Dicke der Stamme 40 cm, Deckungsgrad 70 9)) mut
Beimischung von Laubbaumen, ohne Btrauch- und Krautschicht, befindet. Beide Teile sind
durch emen Bestand alter Eichen und Ahorne verbunden, der wom Damm emnes klemen
Tewches auslauft. Flache 3,66 ha.

b) Alters dis Flache von } ha mcht {iberschreitende gemischte Banmbestande — 4 Abschitis
Gesamtfliche 1,53 ha.
1—2. Bestiinde auf kurzen Tewchdiémmen, aus alten Biumen (Sommereiche, Bergahorn,
Fichte, Birke, Gememe Eberoscho, Weide 1. a.} bestehend. Héhe bis 256 m, Dicke der Stamme
30—60 om, Deckungsgrad 60 9. Die Strauchschicht besteht aus Hasel, Hagedorn, Him-
beerstrauch, Schlehdorn (Héhe bis 3 m, Deckungagrad 40 2)). Krautschicht sehr spdrlich,
Fliachen 0,25 ha und 0,74 ha,
3. Eme alte Weidengruppe in der Wiese (Hobe 30 m, Dicke der Stamme 50—70 cm, Dek-
kungsgrad 40 %,). Stranchschicht aus Weidenatrduehern (Hohe bis 2 m, Deckungsgrad 60 9).
Krautschicht sehr spdriich. Flache 0,39 ha.
4. Eme gemischte Remise m der Wiese. Alte Bdume (vorwiegend Fichte, Espe, Birke),
Hdhe 20 m, Ihcke der Stdmme 10—30 em, Deckungsgrad 75 9. Strauchschicht aus Hage-
dorn, Hasel und Rotem Hornstrauch {Hohe bis 3 m, Deckungagrad 30 2. Krautschicht sehr
sparlich. Flache 0,15 ha.

¢} Kleme Fichtenbesthinde — 2 Absehmite, (esamifidche 0,32 ha.

1—2. Fichtenbestance (Hohe bis 30 m, Dicke der Stamme 30 cm, Dackungagrad 90 2;) nut

emem Unterwuchs von Trauben-Holunder (Hohe bis 2 m, Deckungsgrad 20 %, ohne Kraut-

gohicht. Flachen 0,20 und 0,12 ha.

Junge klemme Laubbaumbestdande ohne Stranchechicht. - 4 Absehmitte, Gesamtflache 0,80 ha.

1-3. Espenbestande {Hohe 10 —15 m, Dicke der S8tamme 10 c¢m, Deckungsgrad 60 %), in

der Strauehschicht nur Himbeerstraucher (Hohe 1 m, Deckungsgrad 20 %), sparhich Unter-

wuchs aus Bronnessoln. Flachen 0,47, 6,12 unil (.12 ha.

4. Erlenbruch (Hohe 15 m, Dicke der Stamme 15 em, Dockungsgrad 70 %), chne Strauch-

schicht, sparlicher Unterwuchs aus Brennessein. Flache 0,11 ha.

6} Sumpfige Abschnitte, mit Weidenstrauchern sparhch bewachsen — 4 Abschnutte, Gesamt-
flache 1,67 ha.

d

-

210



Tab. 1. Zusarmmensetzung der Nistsynusie der Vogel in Abschnitten des Biotops

a — altere Mischbaumbestinde von mehr als I ha Flache

Untersuchte Fliche: 5,48 ha

Art

Densitat
iz Paaren pro 10 ha

Streptopeha turtur — TS
Faleo tinnunculus — BG
Cuculus conorus — BG
Asio otus — BG
Dendrocopos major — TS
Picus virrdwe — TS
Lanius collurie — T8
Loanius excubitor — TS
Parus major

Parus caeruleus

Parus montanus

Parue palustris

Certhia familiaris

Seita europaca
Troglodytes troglodyles
Prunelia modularis
Purdus pilagris — TH
Turdus merula — TR
Turdus phalomelos — TS
Erithacus rubeculs
Sylvia curruca

Sylvia communis

Sylvia atricapilia

Sylvia borin
Phylloscopus collybity
Phyllescopus trochilus
Carduelis chioris — TS
Carduclis carduelis — TS
Fringille coelebs
Emberiza curinella — TS
Pasasr montonus — TS
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Anmerkung: TS = Teilsiedler, BG — Brutgast
Gesamte absolute Densitdt: 260,6 Paar pro 10 ha
Bereinigte Densitat: 204,8 Paar pro 10 ha

Anzah] nigtender Arten: 31

Unternisste, je nach Jahreszeit von 10—30 9, iberschwemmte Abschnitie. Eine Baum-
sehicht fehlt. Die Strauchschicht besteht ans Weidenstréuchern (Hdhe bia 5 m, Deckungs.
grad 30--50 ©), Krautschicht aus dichtern Bestand von Seggen, Binsen und Gemeiner
Teichsimse. Fliachen 0,90, 0.25, 0,40 und 0,12 ha.
f) Landwirtschaftliche Flachen — % Abschnitte, (Gesamtflache 32,69 ha.
In die Zghlung wurden auch Vogel eingeschlossen die einsame Feldstrducher und Strauch-
gruppen bis zu 0,1 ha Grosse bewshnten.
1. Mahdwiese mit einsamen Strauchern — 8,00 ha.
2. Bestdnde mehrjdhriger Mengsaat — 6,45 ha.
3—8, Acker mut Getreidekulturen, von Rainen gessumt, mit einsamen Béumen und Striu-
charn, Fldchen 1,08, 2,20, 1,10, 1,10, 8,00 und 6,45 ha.

METHODIK

Die Feststellung wistender Paare fiihrte ich muitels der Methode der Kartierung von Nist-
hezirken durch (Ememar 1959, Et}satnjf 1974}, Die Aufnahmen wurden i.J. 1974 am 12,
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Tgb. 2. Zusammensetzung dor Nistaynusio der Végel in Absohnitten des Biotops
b — &liere gomischte Baumbestinds von weniger als 1 ha Fliche
Tatersuchte Fliche: 1,53 ha

Densitiit
Art Paarsn pro 10 ha Daominanz in Proaent

Streptopelia turtur — BG
Faleo tinnunculus — BG
Cuculus canorus
Dendrocopos major — TS
Dendrocopos minor — T8
Sturnus vulgaris — T8
Lanius collurio — TS

-
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1.3

1,6

1,0

0,2

1.6

1.6

1.6
Parus major 21, 5,3
Parus cocruleus 13,1 3,2
Parus montanus 5.9 1,9
FParus palustria 7.8 14
Stita suropoen 1,9 1,0
Turdus pilaris — TS 44,0 13,2
Turdus merula — TS 11,8 7.5
Turdus philomelos — TH 28,9 4,1
Erithacus rubecula ' 8,3 2,5
Sylvia curruce 22,3 5,5
Sylvia commaunis ' 17,7 4,3
Sylvia atricapilla . 58 14
Sylvia borin ) 11,2 2.7
Phylloscopus collybita . 17,0 4,2
Phylloscopus irochilue 22,2 5,4
Motacilla alba 6,5 1,6
Carduelis chloris — TS 20,2 4,9
Carduelis carduelis — TS 5,2 1,3
Carduelia cannabina — TS 6,5 1.8
FPringilla coclebs — TS 53,0 1,2
Emberiza citrinella — T8 17,6 4,3
Passer montanus — TS 6.5 1,6

Gesamte absolute Densitét: 413,8 Pear pro 10 ha
Bereoinigte Densitit: 280,2 Paar pro 10 ha
Anzahl nistonder Arton: 28

18. und 26. April, 5., 12., 17., 24, und 29. Mai, 7., 16., 23. Juni, meist zwischen § —10 Uhr, vol-
gezogen. Jeder Besuch dauerte 3 —4 Stunden. Bei 75 Paaren von den insgesamt festgastellten
287 Paaron wurde das Vorkommen bestitigt dureh den Fund des Nestea wihrend des Nisten:
oder spiter im Herbst, nach dem Laubabfall.

Die ermittelten Angaben der Abundanz wurden auf Densitit (pro 10 ha) und Dominan
{Palmgren, 1930} umgerechnet. Bei ,, Mischflichen*, die aus einer Mosaik verschiedener Besténd:
zusammengesetzt sind, kann geschehen, dass es nicht richtig ist das ganze Paar in jenen Be
stand einzurechnen, in dem es sein Nest hat, da= ein Nistbereich auch die benachbarten Besténds
einschliessen kann. Puchstein {1966) teilt daher beim Beziffern der Paaranzahl, die als Unter-
lage fiir die Berechnung der Densit#it dient, diese ,,Grenzpaare' unter verschiedene Bestiinds
nach dem Verhilinig ein, in dem Félle des Vorkommens in einzelnen Aufnahmen in beiden
{oder auch mehreren) Bestinden angetroffon wurden. Diese Methode benitste ich in einigen
Fiillen, wo es sich um Grenze zwischen zwei Typen der Baumbestinde handelte. Die maeisten
Fille in unserem QGebiet betraf jedoch die in Baum bestiinden nistenden Arten, deren Bersith
auch die Felder und Wiesen einschioss. Hier scheucht der Beobachter die Vigal bei Nahrungs
suche sehr fvicht auf, o dass ihr Vorkommen heiderseits der Granze in verscliedenen Aufnalimen
nicht so objektiv vermerkt werden kann wie es Puchstein (1986) an der Grenze zweier Baum
bestiinde zu tun vermochte. Das Ubergreifen einiger in Baumbestinden nistenden Arten durch
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Tab. 3. Zusammensetzung der Nistsynusie der Vigel in Abschnitten des Biotops
¢ — kleine Fichtenwildchen
(Hesamtfidche 0,32 ha

Dengitiit
Art in Pasren pro 1{) he Dominanz in Prozent
Corvus corone — BG 31.2 10,1
Poarus major 18,7 6,3
Turdus merula — TS 28,0 91
T. philomelos — TS 28,0 9,1
Sylvia communis 31,2 10,1
Phylloscopus coliybita 21,9 7.4
Carduelis chloris — TS 31,2 10,1
Fringilic coelebs — TS 1056,0 36,0
Emberiza citrinella — TS 9,3 3.2

Gosamte absolute Densitét: 304,5 Paar pro 10 ha
Bereinigte Densitit: 173,0 Paar pro 10 ha
Anzahl nistender Arten: 9

sinen Teil ihres Nistbereiches (Nahrungssuche) in die Felder habe ich durch Bezeichnung so-
genannter Ganz- und Teilsiedler und Brutgiste (sishe z.B. Dircksen, Hihner 1963) ersichtlich
gemachi, Als Teilsiedler bezeichne ich jene Art, die auf der untersuchten I'liche ithr Nest hat,
aber die Nahrung nicht nur hier, sondern auzch in benachbarten Biotopen sammelt. Die Brué-
giste sind Arten, die suf der beziglichen Fliche zwar nisten, aber ihre Nahrung auf anderen
Flichen suchen, oder Arten, deren Revier so gross ist, dass die untersuchte Fliche nur ein
kleines Fragment davon darstellt. Ausser der gesamten absoluten Densitét habe ich in den
Tabellen auch zog. bereinigte Densitiit angefiihrt, wo die Brutgéate nicht eingerechnet und die
Teilsiedler nur mit 60 9 eingerechnet werden.

Beim Vergleich der Synusien von Vigeln in verschiadenen Biotopen beniitze ich den Stren.
senschon Index und Renkonensche Zahl (siehe z, B. Pikula 1976). Den Sérensenschen Tndex

2e

berschne ich als pesed wo e = Anzahl der in beiden Sypusien vorkommenden Arten, und

a, b = Anzah] der Arten in einzelnen Synusien. Die Benkonensche Zahl wird ermittelt, wenn
fiir die verglichenen Synusien Paare der Dominanzwerte fiir jede Art (in der ersten und zweiten
Synusie} gebildet werden. Die gesuchte Zahl stellt dann die Summe aller kleineren Werte von
jedern Paszre dar.

ERGEBNISSE

Die Ergebnisse der Untersuchungen sind in Tab. 1—86 zusammengefasst, wo fiir
einzelne Biotope die Angaben iiber die Densitdit und Dominanz aller nistenden
Arten enthalten sind. In Tab. 7 sind analoge Angaben fiir den ganzen untersuchten
Abschnitt zu finden.

Die wesentlich héhere Densitat nistender Végel im Biotop b im Vergleich mit
Biotop a (sie besitzen eine analoge Zusammensetzung, doch unterscheiden sich
durch die Grosse der Bestinde) bringt eine weitere Bestitigung der allgemeinen
Regel, dass kleinere Fliachen der Bestinde eine hihere Densitat der Vogel aufweisen
als grossere Flichen derselben Bestinde. Da die Grisse der Bestinde von allen
weiteren Biotopen eher der Grédsse der Bestinde von Biotop b nahe steht, miissen
die Densititswerte mit diesem verglichen werden, wahrend Biotop & ausser Be-
tracht bleiben muss. Dabei erweist sich als geeigneter die Werte der bereinigten
Densitét 2u beniitzen, die von den Unterschieden der Grosse untersuchter Flichen
weniger beemnflusst werden. Aus dem Vergleich wird ersichtlich, dass Biotop b
(kleinere gemischte Baumbestinde) eine hichste Densitét aufweist; es folgen Bio-
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Tab. 4. Zusammensetzung dar Niatsynusie der Végel in Abschnitten des Bioctops
d — junge Baumbestiinde chne deutliche Strauchschicht
Gesamtfliche: 0,80 ha

Densitdt
Art in Paaren pro 10 ha Domipanz in Prozent,
Parus magor 42,5 15.0
Parus caeruleus 12,5 4.2
Parus montanus | 6.2 2.2
Turdus pilaris — T8 12,56 4,4
Turdus merula — TS 25,0 8,7
Turdus philomelos — TR 18,7 6,3
Sylvia curruca 32,7 11,4
Sylvia communis 3.7 1,3
Phylloscopus collybita 12,5 4.4
Phylloscopus trochitus C 11,2 4,0
Curduelis chloria — T8 8.7 2,1
Carduelis carduelis — TS 11,2 4,0
Carduelis cannabing — TS 21,2 7.5
Fringilla coelebs — TS 51.3 18,0
Emberiza citrinella — TS 12,5 4.4

Gesamte absolute Densitdt: 282,4 Paar pro 10 ha
Bereinigte Densitit: 208,56 Paar pro 10 ha
Anzahl nistender Arten: 156

tope d (junge Laubbaumbestinde ohne auffallende Strauchschicht) und ¢ (klein-
flichige Fichtenbestinde), und die weit geringste Densitit weist Biotop e {zer-
streute Weidenbestinde auf Nassgallen) auf. Ganz analog ist die Lage auch beim

Tab, 5. Zusammensetzung der Nisteynusie der Vigel in Abschnitten des Biotops
e — vernésste Abschnitte mit Weidengebiisch
Gosamtflache 1,67 ha

Densitids
Art in Pasren pro 10 ha Dominanz in Prozent
Parug major 3,0 4,0
Parus paluastris 3.0 4,0
Turdus merula — TS 6.0 8,0
Erithacus rubecula 6,0 8,0
Sacicola rubelra 3.0 40
Sylvig curruca 16.0 21,5
Sylvia communis 1.8 2.4
Phylicscopus ¢ollybita 4,8 6,4
Phylloscopus trochilus 4,2 5,6
Carduelis chioris — TS 1.8 24
Emberiza schoeniclus 5,4 7,2
Emberiza citrinelle — TS 19,4 18,2
Acrocephalus scirpaceus 6,0 8,0

Gesamte absolute Densitét: 77,4 Paar pro 10 ha
Bersinigte Densitat: 63,8 Pasr pro 10ha
Anzahl nistender Arten: 13
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Tab. 6. Zusammensetzung der Nistsynusie der Végel in Abschnitten des Biotops
f — Felder und Wiesen einschliesslich kleiner Strauchgruppen
Cesamtfliche 32,69 ha

Densitét
Art in Pasaren pro 10 ha Dominanz in Prozent
Perdiz perdix : 0.6 5,2
Vaneitus vanelius 2,4 23,2
Hallinago gallinage 0,3 2,6
Lantus excubitor — BG 0,3 2,6
Parus major — TS 0,3 26
Turdus merule 0,3 2.6
Erithacus rubecule — TS 0.3 2.8
Saxicola rubetra 0,3 2.8
Sylvia curruca — TS 0,7 8,0
Phytloscopus collybita — TS 0.3 2,6
Phylloscopus trochilus — T8 0.3 2.6
Motacilla alba 0.3 2,6
Alaude arvensis 4,0 34,7
Emberiza schoeniclus 0,3 2,6
Emberiza citrinella 0.3 2.6
Pasacr montanus 0.5 4.7

Gesamte abzolute Densitdt; 11,5 Paar pro 10 ha
Bereinigts Denaitdt: 9,9 Paar pro 10 ha
Anzahl nistender Arten: 18

Vergleich der Anzahl nistender Vogelarten in einzelnen Biotopen, nur mit einer
Ausnahme, dass die Artenzahl in Biotopen a und b so gut wie dieselbe ist.

Die Artenzusammensetzung der Nistsynusien verglich ich mittels der Sérensen-
schen Indexe (Tab. 8). Die grosste Ahnlichkeit weisen Biotope a und b auf, woraus
folgt, dass die Artenzusammensetzung der Nistsynusie der Vogel in alteren Laub-
mischwildchen durch unterschiedliche Grosse deren Flachen aicht allzu beeinflusst
wird. Von den iibrigen Biotopen steht diesen der Brotop d am néachsten, der jedoch
zugleich eine relativ hohe Ahnlichkeit mit weiteren Biotopen (¢ und e) aufweist.
Dies ist durch den Umstand verursacht. dass er von den gewohnlichsten Arten
besiedelt wird, die in allen Biotopen vorkommen. In den iibrigen Biotopen treten
zu diesen weitere Arten hinzu, die fiir den beziiglichen Biotop in gewissern Masse
{wenigstens gegeniiber den hier untersuchten Biotopen) spezifisch sind, und dadurch
werden die iibrigen Biotope untereinander mehr unterschiedlich. Eine verhaltnis-
missig hohe Ahnlichkeit der Felder und Wiesen mit den Baum. und Stranchbe-
standen wird durch die Arten verursacht, die in einsamen Strauchgruppen nisteten.

— ¥erfolgt man die Vertretung einzelner Arten, dann nisten Parus major, TuMus
merula, Phylloscopus collybita, Emberiza citrinella in allen Biotopen, d. h. auch in
Feldern mit einzel stehenden Striuchern. Sylvie communis und Carduelis chloris
nisteten in allen Biotopen, ausgenommen Felder und Wiesen, Sylvia ewrrucn und
Phyllascopus trochilus dagegen in allen Biotopen einschliesslich Felder und Wiesen
(einzel stehenden Strauchern), nicht aber in Fichtenwildchen. Twrdus philomelos
und Fringilla coelebs nisteten in allen vier Biotopen mit hohen Baumen (a, b, ¢, d),
Turdus pilaris. Parus coeruleus und Carduelis carduelis in allen Biotopen mit Biu-
men, ausgenommen Fichtenwildchen (a, b, d).
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Tab. 7. Zussmmensetzung der Synusie nistender Vigel im ganzen untersuchten Abschnity

Gesamifliche 42,47 ha

Denaitiit
in Paaren pro 10 ha

Dominanz in Prozent

Gallinago gallinago
Perdiz perdix

Asio otus

Faleo tinnunculus
Fanellus vanellus
Streptopelio turtur
Cucwlus canorus
Dendrocopos major
Dendrocopos mainor
Picus viridis

Clorires corone
Lanius collurio
Lanius excubitor
Parus major

Parus cacrileus
Farus montonus
Parua palusiriz
Certhia familiaris
Sitta europaen
Troglodytes troglodytes
Sturaus vulgaris
Prunella modularis
Turdus pilaris
Turdus merula
Turdus philomelos
Erithacus rubecula
Saricola rubetra
Suivia curruce
Sylvia communis
Sylvia airicapille
Sylvia borin
Piylloscopus collybite
Phyiloscopus frochilus
Acracephalus scirpaceus
Motacila alba
Alauda arvensis
Carduelis chlovis
Corduelis carduelis
Carduelis cannabinag
Fringilla coclebs
Emberiza schoenicius
Emberiza citrinella
Pasger montanus
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Gesamte Densitat: 87,2 Paar pro 10 ha
Anzahl nistender Arten: 43

Ich verglich einzelne Biatope auch sufgrund der quantitativen Zusammensetzung
der Nistsynusien der Végel (Dominanz). In Tab. 9 sind die Werte des Renkonen
schen Indexes fiir alle Paare der Biotope angegeben. Die grosste Ubereinstimmung
ergibt sich wiedernm zwischen Biotopen a und b, von den iibrigen Biotopen steht
wieder Biotop d diesen am néchsten. Biotop c ist jedoch nach diesem Index den
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Tab. 8. Sorensenache Indexe zum Vergleich der Artenzusammensetzung von Synusien
nistender Végel in sinzelnen Biotopen der Schutzzone des Naturschutzgebietes
,+Anenské rybniky"

Biotop A B c D E F
A XX 84 40 66 45 38
B XX 43 71 49 41
c XX 69 54 32
D xX 60 40
B XX 88
F XX

tibrigen Baumbiotopen {a, b, d} deutlich ahnlicher als die Nassgallen mit Ge-
biisch (). Wiesen und Felder unterscheiden sich diesmal deutlich von den iibrigen
Biotopen.

Vergleicht man unter einzelnen Biotopen die Zusammensetzung dominanter Arten
(iiber 5 %, Dominanz — Palmgren, 1930), dann ergibt sich, dass wiederum eine
gute Ubereinstimmung herrscht zwischen Biotopen s und b, denen wieder Biotop d
am nichsten steht. Weit unterschiedlicher sind die dominanten Arten im Biotop ¢
und insbesondere im Biotop e, Die Felder und Wiesen (Biotop f} beherbergen na-
tiirlich ganz andere dominante Arten.

Einige Arten zeiglen eine hohe Dominanz in mehreren Biotopen. Dhie Art Parus
major war dominant in allen Biotopen mit Ausnahme der Felder und Wiesen. Zur-
dus philomelos, Turdus meruda und Fringilly coelebs gehirten zu dominanten Arten
in allen Biotopen mit Béumen (a, b, ¢, d). Sylvie curruca war ebenso dominant in
vier Biotopen, sie bevorzugte jedoch Biotope mit Strauchern (a, b, e, f} und meidete
Biotope mit schlecht entwickelter Strauchschicht (¢, d).

DISKUSSTON

Ein Vergleich der ermittelten Angaben uber die allgemeine Densjtit einzelner
Bestandstypen mit den Angaben anderer Autoren ist nur ir vereinzelten Fallen
moglich. Ausser der Artenzusammensetzung und Struktur der Bestinde beeinflussen
die Vogelbesiedlung auch weitere Faktoren, wie die Art des unmittelbar benach-
barten Bestandes, der Gesamtcharakter der umgebenden Landschaft, die Seehéhe

Tab. 9. Renkonensche Zahlen zum Vergleich der Dominanz eingelner Arten
in 8ymusien nistender Vogel in Bictopen der Schutzzone des Naturschutzgebietes
Anenské rybniky™

Biotop A B c D E F
A XXXX 78,8 68,0 37,1 48,2 17,8
B XXXX 63,9 39,6 46,7 24,2
c XXXX 39,9 51,3 19,0
D XEXE 26,4 10,4
E XXXX 19,0
F XXXX
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und geographische Lage. Einen sehr starken Einfluss auf die Densitit iibt auch,
wie schon oben erwihnt, die Grisse der untersuchten Baumkomplexe aus (Dircksen,
Héhner, 1963). Es ist daher nicht iiberraschend, dass z. B. Grosse (1942) in
einem kleinen Laubhain, Czarnecki (19586) in einem Park in Feldern, Foksowioz
et Sokolowski (1956) in einem Schutzbaumstreifen in Feldern, Peitzmeier {1950)
in kleinen Wildehen, Puchstein (1966) in cinem Mischbestand am Secufer oder
Stastny (1973) auf Teichddmmen eine Densitit nistender Vigel fanden, die 150 Paar
pro 10 ha nicht iiberschreitet, d. h. kleinere Werte, als ich in den Baumbestinden
in der Schutzzone des Naturschutzgebietes ,,Anenské rybniky® festgestellt habe.
Alle erwahnten Bestinde besassen wesentlich grossere Flichen {durchwegs mehr als
5 ha). Iiine vergleichbare Angabe ist z B. bei Werner (1965) zu finden, der in
einem etwa 4 ha grossen Feldwildehen, desson Bestandszusammensetzung dem hier
untersuchten Biotop a dhnlich war, cine Densitat von etwa 150 Paar pro ha, d. h.
wiederum eine niedrigere, fand. Ich bin der Ansicht, dass in diesem Fall die Tat-
sache zum Ausdruck kam, dass das von Werner (L. ¢) untersuchte Wildchen einsam
in Feldern stand. Czarnecki (1956} untersuchte einen etwa 4 ha grossen, mitb
alten Biumen bewachsenen Feldfriedhof und fand eine Densitét, die der von mir
festgestellten Densitdt fiir Biotop a nahe steht (190 Paar pro 10 ha). Ahnlich auch
Dircksen, Hohner (1963) ermittelten in einem gemischten Wildchen von ca. 2 ha
Grosse eine ahsolute Densitit von 240 Paar pro 10 ha und eine bereinigte Densitit
von 177 Paar pro 10 ha, d. h, wiederum Werte, die meinen Angaben fiir Biotop a
sehr nahe sind. Dieselben Autoren fanden auch in einem 0,4 ha grossen Erlen-Pap-
pelbestand 278 Paar pro 10 ha (bereinigte Densitdt 167 Paar pro 10 ha), was mit
meiner Angabe fiir Biotop d, dessen Charakter diesem Wéildchen entspricht, in gu-
tem Einklag ist. Die Angabe iiber die Densitat der Vogel in Feldgebiischen [Gro-
madzki (1970), Schmidt (1970)1, unterscheiden sich deutlich von unserem Bio-
top e, da auch der Charakter des Bestandes unterschiedlich ist.

Interessant ist auch der Wert der allgemeinen Densitédt nistender Vidgel im ganzen
untersuchten Abschnitt (Felder und Abschnitte der Baum- und Strauchbestinde
zusammen}. Auf einem 40 ha grossen Abschnitt der Agrariandschaft, wo der Anteil
der Flichen mit Baum- und Strauchbestinden etwa ein Vieriel ausmacht, wurden

2 Paar pro 10 ha festgestellt, was den Werten nahe steht, die in verhaltnismassig
dicht besiedelten Waldbestinden festgestellt werden (vgl z. B. die bei Novikov
(1962) zusammengefassten Angaben}. 8o z. B. auf einer ctwa gleich grossen Fliche
des krantreichen Urwaldbuchenwaldes im Naturschutzgebiet , Diana bei Rozva-
dov stellte ich eine Densitdt der Nistsynusic der Vogel von 7689 Paar pro 10 ha
fest, d. h. keine 10 % wmehr (bisher unpubliziert). Dabei kann dieser Bestand als
der besterhaltene Rest der Naturwilder gewertet werden, die im ganzen Gebiet
des bohmischen Teiles des Oherpfilzer Waldes und dessen Vorgebirges vorkommen.
Die vorliegenden Ergebnisse heben daher die Bedeutung des zerstreuten Griines in
der Landschaft fir die Vogelbesiedlung in geniigenden Masse hervor,

ZUSAMMENFASSUNG
1, Im Jahre 1974 wurde in der Schutzzone des Naturschutzgebietes , Anenské
rybniky” bei Maridnské Lizné (Marienbad, Kreis Tachov, Siidwestbohmen) eine
Ermittlung der qualitativen und quantitativen Zusammensetzung von Synusien
nistender Vogel mittels der Methode der Kartierung von Nistrevieren vorgenom-
men. Es wurden 42,47 ha der dic beiden geschiitzten Teiche umgebenden Land-
schaft untersucht; davon entfallen 9,78 ha auf Baum- und Strauchbestinde und

32,69 ha auf landwirtschaftlich ausgeniitzte I'lichen,
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2. 17 Abschnitte wurden in 5 Biotopentypen ecingeteilt: a — iltere gemischte
Baumbcstinde, deren Flache 1 ha iiberschreitet; b — dhnliche Bestinde von we-
piger als 1 ha Flache; ¢ — kleine Fichtenfeldwaldchen, d — junge Baumbestinde
mit minimal entwickelter Strauchschicht, e — Weidengebischbestinde auf Nass-
gallen. Die Densitat und Dominanz nistender Vogelarten in einzelnen Bestands-
typen sind in Tab. 15, analoge Angaben fiir Felder und Wicsen in Tab. 6 und
die Angaben fir den ganzen untersuchten Abschnitt in Tab. 7 zusammengefasst.

3. Die allgemeine Densitit nistender Paare im untersuchten Abschnitt betrug
67,2 Paar pro 10 ha, was einen verhéltnismassig hohen Wert auch im Vergleich mit
den in Waldbestinden ermittelten Angaben darstellt. Dadurch wird die Wichtig-
keit kleiner Elemente des Nichtwaldgriines in der Landschaft fiir die Vogelwelt
nachgewiegen.

LITERATUR

Czarnecki, Z., 1966: Materialy do ekologii ptakow gniozdzacych w Srédpolnyeh kepach drzew.
Ekol. polska, A 4 : 397 —417.

Dircksen, R., Hohner, P., 1963: Quantitative ornithologische Bestandsaufnahme im Raum
Ravenaburg-Lippe. Abh. des Landesmuseums [, Naturkunde zu Mdinster in Westfalen, 25 (3) :
1—111.

Ensmar, A., 1059: On the determination of the size and somposition of & passerine bird popu-
lation during the breeding season, A methadological study. Var Fagelvdrld, Suppl., 2 : 1-114.

Foksowiez, T., Bokolowski, J., 1956: Ptaki w zadrzewieniu ochronnym pod Rogaczewem
w wojewodztwie Poznanskim. Elol. polska, A 18 : 307~ 350,

Grosse, A., 1942 Zur Vopelwelt des Kaujirsees und seiner Umgebung. Korrespondenzblatt
des Naturforscher-Vereins zu Riga, Posen 64 : 21 —25.

Kéhler, K.-H., 1972: Die Vogelwelt sines Bahndammes in Sommer und Winter. Orn. Mit.,
24 (12) : 2655 —259. .

Novikov, (. A, 1962: Die geographisch bedingten Unterschiede in der Siedlungsdichte der
Waldvégel im europiischen Teil der UdSSR und in den angrenzenden Lindern. Falke, 9:
376 —352 und 403—406.

Poitzmeier, J., 1950: Untersuchungen iiber die Siedlungsdichte der Vogelwelt in ldeinen
Gehdlzen in Westfalen. Nofur w. Heimat, Minater, i0 : 30 —37.

Pikula, J., 1976: Metodika vyzkumu hnizdni bionomie ptactva. MOS Prerov, SZN Praha.

Puchstein, K., 1966: Zur Vogelokologie gemischter ¥lichen. Vogelwelt, BT (6) : 163 —176.

Schmidt, B., 1967 —88: Vogelbestandsaufnahmen in Feldhecken in der Umgebung von Buda-
pest. Zool. Abk. Sinat. Mua. f. Tierkunde Dresden, 29 : 77— 84,

Stastny, K., 1973: Vyulit{ ptikd a saven pro charakterizaei hrézi Trebotislka z hledigks kra-
jinné ekologie. Kand. dis. préce na UKE (SAYV — pracoviitd Ridany, unpubliziert, 165 ppn.

Btastny, K., 1974: Navrh jednotné metodiky kvantibativnitho vyzlumu ptakil. Zprivy MOS
1974 : 13--21.

Turéek, F. J., 1958: Dreviny, vtiky a cicavee z niektorych pasov kriadin v poliach. Bisl. prdce,
4 (8) : 47—67.

Werner, J., 1066: Der Vogelbestand eines Feldgehslzes in Ostthiringen. Orn. Mitt, 17 (9) :
181 184,

Anschrift des Verfassera: RNDr, Pavel Repa, Zoologisehe Abteilung, Kreismuseum, tf. Mirn 447,
347 01 Tachov, USSR, R I : :

219



VESTNIK CESKOSLOVENSKE SPOLECNOSTI ZOQLOGICKE
Svazek XLIII — Cislo 3 — 1979 — Sir. 220-222

"Department of Zoology, Punjab Agricultural University, Ludhiana, Indie
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Abstract: In Ratus meliada (Gray) the left adrenal is aléays heavier thu
the right one. The correlation coefficient between the body weight and adreml
glands is statistically significant (n = 41, p < 0.01). There is a highly signihent
relationship between the duration of stress and strain, and intensity of overcrow
ding and decrease in adrenal weight.

INTRODUCTION

Adrenal cortical function in a number of species of mammals increases wih
increase in population size (Christian, 1963; Christian and Davi
1964; Christian et al, 1865; Ghosh et al, 1868). This effect has ben
attributed to the enhanced social interaction caused by an increase in the p-
pulation density (Bronson, 1965). Little is known about such adrenal s
ponses to crowding for wild rodents occuring in India. The present studys
related to adrenal responses to population crowding in male soft-furred fild
rat Rattus meltada {Gray).

MATERIAL AND METHODS

Four groups (I-IV) of laboratory reared male Rattus meliada (Gray) consiing
of 3, 6 9 and 12 individuals respectively, were overcrowded in a limited spc
of (40 x 40 cm) 1,600sq c¢m. The animals having approximately equal body-weght
and the same maturity status were fed equally. Three replications of each gmyp
were sacrificed after an interval of 4, 6 and 8 days. The right and left adrenals we
re cleared from the adhering materials and weighed on an electric balance. Simul-
taneusly, 43 specimens of R meltada collected from the fields were dissected, ther
adrenals removed and correlation between body-weight and paired adrenal waght
was calculated.

RESULTS AND DISCUSSION

In Rattus melteda (Gray) the left adrenal is always heavier than the rigt
ocne. The relationship between the body-weight and the adrenals is positwe
(Fig. 1). The correlation coefficient is (.457, which is statitically significant at
5% level (n =41, p<0.01). Similar positive relationship between the ade
nals and the body weight has been shown in field voles Microtus agresy
(Chitty and Clarke, 1963) and in Tatera indica indica (J ain, 1970, 1971

The statistical interpretation of analysis of variance reveals that there
a highly significant relationship between the duration of stress and strain and
intensity of overcrowding and decrease in adrenal weight at 5% level of s
nificance (Table I). The difference between the adrenal weight of Ist and IVt
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Fig. 1: Relatioship between body weight and adrenal glands.
Table 1, Statistical analysia
Group No, Duration of overcrowding
Intenmty of Adrensl wt. {mg) both right and left
overerowding four days mx days eight days Total
| FEY) 11.76 4 1.95 11.68 4 1.02 11.63 4+ 2.24 34.95
I1;q; 11.36 4 1.05 11.15 4 1.35 10.76 4 2.69 33.27
I 11.05 + 1.67 10.72 = 3.72 10.58 &+ 1.88 32.96
IV 11.26 4 4.27 10.30 + 1.71 9.72 4 0.84 31.26
Total 45.44 43.83 42.59 131.88
Analysis of variance
Source of variance D.F, B. 8. M. 8. E.
Between groups 3 24128 0.8043 211.8
Between duration of
overcrowding 2 1.5211 0.7805 200.01
Error 8 0.227 0.0038
11 3.0566
]
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groups after 8 days and of Ist and IIlrd groups after 4 days is also highly
significant. In all the 4 groups, the difference between mean adrenal weight
and duration of overcrowding after 4, 6 and 8 days is significant. This diffe-
rence after 4 and 8 days in groups Ist and IInd is insignificant, and in the
group IV it is significant at 5% level. Similar significant decline has been
reported in adrenal weights of overcrowded females of Meriones hurrianae
(Chosh et al, 1968).
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SPERMATOPHORES OF SOME ORIBATIDS OF THE PAMILY LIACARIDAE
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Abstract: Doscription, drawings and detailed dimensions of spermatophores and sperms

of 9 species of Oribatids from 4 genera of the family Liacaridae, laying of spermatophores, their
picking up by females and destruction by harmful agents.

INTRODUCTION

During laboratory culturing of the below listed species of Oribatel of the family
Liacaridae their spermatophores were gathered and observed, as well as the ways
of laving spermatophores in culturing cells, picking them up by females, damage
done and destruction of spermatophores by different unfavourable factors. The
structure of spermatophores of the following cultivated species was examined par-
ticularly: Lincarus coracinus (C. L. Koch, 1841), Liacarus subterraneus (C. L. Koch,
1841), Liacarus nitens {Gervais, 1844), Ligecarus xylariae (Schrank, 1803}, Dorycra-
nosus infissus (Gunhold, 1953), Doryeranosus moraviacus (Willmann, 1951), Xenillus
clypeator Robineau-Desvoidy, 1839, Xenillus tegeocranus (Hermann, 1804), Adoristes
ovatus (C. L. Koch, 1839),

MATERIAL AND METHODS

The examined spermatophores were obtained and observed during the cultivation of the
above mentioned species of Oribatids in Petri-dishes of 40 mm in diameter; these were covered
by a substrate composed of plaster of Paris and charcoal (mixture % : 1) at the bottom.

On this slightly wot substrate a piece of semi-decayed woorl, soil and other substrates were
placed, on which and in which postembryonal stages of the examined species were cultivated.
Spermatophores were transferred from the surface of these substrates and especially from the
walls of the eulture-dishes on the point of & preparatory needle into a medium propared in
advance and imbedded in permanent, slides.

Experiments were done with the following embedding slide mounting mediums: Swann,
Amman’s lactophenol, lactophenol aceording to Beer, glveerol, PVA lactophenol and lactic
acid. The most suitable was glycerol diluted with diatilled water from 1 : 25 up to 1: 10, and
Amman's lactophenol. Other mediums including undiluted glyeerol, were too thick and the
spherieal capsules of spermatophores were cracking in it, because of the prossure of the cover
glass, and especially because of the great difference of the osmotie pressure. Consequently it
was necessary to prevent guick evaporation of water from the drop of the medium on the slide.
In lactic acid the spherical capsule was dissolved, even if diluted.

Staining of some spermatophores was dons by adding a colouring matter into & drop of the
medium placed on the slide. Borax-carmine, congo-red, methylene-blue, methylene-green,
saphrarine and gray-blue ink of the mark “Gama’ for fountain pens were uzed. All the colouring
matbters stained the spherical capsules of spermatophores (except the methylene-green}. as well
as the central and lateral supports. The stalk of the spermatophore remained unstained. It
was stained only partially in pale green or pale blue by methylene-green, methylene blue and ink.

Among the used staining matlers most suitable wers borax-carmine, saphranine and ink.
Borax-carmine produeed intensive steining of sperms, colouring differentially the content of
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the spherical capsule including supports. It does not dye the stalk. It mixes wall with glyoerl
and with lactophenol sccording to Beer. In Swann and PVA-lactophenol it causes hardening
Baphranine does not dye so intensively and does not dye sperms at all. Sinularly congo-red,
which becomes paler later and then turns brownish. Methylene.green dyes well sperms m
a ahightly sour environment. Otherwise 1t staing, slightly indifferentially, the other component
of the spherical capsule and the stalk, and the apherical body remaina invisible. Methylene-biue
stains espocially, quite distinotly also the spermal ring, but not so much the individual sperms
and membrane with interior structures of the spherical capsule, except spherieal body. Black-blw
ink “Gama” for fountain pens stams, intensively and differentially, the spherical capsule, m
which the spermal ring with sperms and funnel are dyed dark blue. The stalk and the both
supports were stained pale green, the hiquid substance above the funnel became pale violsh
Spherical body remained eolourless.

The objects placed under a cover glass were immediately sealed with aceton lacquer and
observed, measured, designed and photographed by means of light microscope.

MORPHOLOGY OF SPERMATOPHORES

The nomenclature of the different parts of the spermatophore was taken from
works listed in the bibliography. A new name “funnel” is being used for the newly
discovered funnel-shaped body. The funnel has a basal insertion, most often at the
circumference of the lateral support, and sometimes it touches the central support
at the bottom of the tube-shaped part, so that it can lean upon it for support. Iis
upper part is enlarged in a funnel-shaped form and meets approXimately in the
equatorial level with the membrane of the upper hemisphere of the spherical capsul
and of its lower hemisphere also, separating them one from an other. The distn.
bution. of the individual parts of the spermatophore see in Fig. 1, comparison of
shapes and dimensions of spermatophores of the examined species is found in Fig
and Tab. 1.

The stalk of the spermatophore is enlarged on its base, which makes it pos
ible to adhere solidly to a larger part of the surface of the substrate; it becoms
progressively narrower in the upward direction. Its cross-section is usually triang:
lar with sunken walls and with oblong tops being Y-shaped or T-shaped. Contrary
to the sparmatophores of the family Damaeidae (Cancela da Fonseca, 196
the stalk of the spermatophore of the family Liacaridae is not bent in any way
under the supports of the spherical capsule and does not make here forms discoversd

R D =] W

Fig. 1A. Structure of a spermatophore of the family Iw
caridae (L. coracinug). 1 — base of pedicel, 2 — top of ped
cel, 3 — nb on the pedicel, 4 -~ lateral support, 5 -~ cenirl
support, 6 — spermal ring, 7 — funnel, 8 — membrane o
the upper hemsphere, 9 — spherical body, 6--% — spherl
capsule.

Fig. 1B. A part of the spherical capsule of spermatophoren
D. moraviacus.
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by the same author in Damaeus quadrihasiatus. Stalks of spermatophores are fragile
and easily break when dealt with; this, of course, is their function. They must
easily break off from the spherical capsule of the spermatophore, which the female
receives into her genital opening. By examination of the remnants of stalks, from
which the females took away spherical capsules, their breaking off was established
exactly under the lateral support of the spherical capsule,

The length of the stalks depends, in the first place, on the size of the species of
Oribatid. Shereef (1972) discovered in other groups of Oribatei that the length of
the spermatophore is in correlation with the length of the 1st and 4th pair of legs.
The established length of spermatophores of the examined species of the family
Liacaridae is shown in Tab. 1. But the length of the stalk is not in correlation with
the size of the spherical capsule of the spermatophore. Relatively small spherical
capsules in relation to the length of the stalks has L. subterraneus {index 2 —= 4.33),
while the shortest stalk in relation to the height of the spherical capsule is found
in 4. ovatus (index 2 = 1.12). '

The thickness of the stalk is a quite distinguishing trait, Relatively very thick
stallzs are in spermatophores of the genera Dorycranosus and Adoristes, very thin
are those of the genus Liacarus, as is demonstrated in Tab. 1 and Fig. 2.

The surface of the stalk of the genns Liacarus is completely smooth, it appears
transparent. In older specimens it may become mat, which is obviously caused by
the attached bacterias or algae. The very opposite is the surface of stalke in B, mo-
raviacus, which is remarkably covered with rough granulation and is opaque even
in the fresh stage. Less striking is the granulated surface of stalks in D, infissus,
X. tegeocranus, X. clypeator and A. ovatus. The granulation of the surface of stalks
does not change, even after the action of lactic aeid, in which the stalks do not
dissolve. This proves that this granulation is not caused by attached bacterias or
algae, which dissolve in lactic acid. The organic substance of the stalk is probably

Table 1 {Part 1). Dimensions of spermatophore:

Total length Length Diametor of pedicel
Spscies of spermatophore of pedicel
basal apical
L. coracinug 110.0—144.1 83.8—-110.0 4+.7—6.5 2.0-2.6
133.98 + 4.57 98.36 |- 3.44 5.51 ~ 0.19 2.25 + 0.08
L. subterraneus 260.0—286.3 208.0 -206.0 4.8—8.1 2.0-3.2
276.23 4 4.46 238.77 + 7.96 6.00 -3 0.32 1.98 + 0.22
L. nitens 185.0—230.0 154.6—107.8 50-9.2 2.1-2.8
208.99 4 6.45 169.62 -1 4.79 5.78 4 0.48 2.45 + 0.08
L. aylariae 192.0—250.0 125.0—203.0 3.9—6.7 1.6-—2.2
267.68 £ 6.41 163.95 £ 6.74 518 L 0.18 1,84 A Q06
D infissus 80.0-124.4 52.4—86.4 3.7—86.5 2.1—-2.4
109.71 + 3.06 73.17 + 2.87 441 4+ 0.28 2,20 L+ 0.04
D. moraviaeus 186.0—244.4 139.0-175.0 68— 10,4 3.4-6.2
215.16 + 8.62 152,97 + 4.77 8.54 4 0.38 4.31 4 0,22
X. clypeator 123.2-—-209.6 92.0-167.7 4253 2.1-32.7
180.50 L 7.92 142.81 - 5.77 5.02 + 0.09 241 - 0.08
X, tegeocranus 23042749 178.0—149.1 5.2-8.1 22—4.1
242.00 L 5,12 185.70 4 4.08 6.36 . 0.33 2.80 4 0.22
A. ovatus 62.9-79.8 34.1-47.1 5.0—6.6 2.4—3.9
T2.84 - 267 38.31 - 1.58 5.36 4+ 0,14 2.91 + 0.23
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chitinous. Stalks are only slightly dyable in alkaline and acidic staining substances.
Mostly they remain completely colonrless. Legg (1973a) in his histochemical exper-
imentation discovered lipids, polysacharid and proteins in stalks of spermatophores
of the pseudoscorpion Chihonius ischnocheles. Dates concerning the chemical com-
position of parts of the spermatophores of Oribatei are lacking in literature up to
this time.

Lateral and central support of the spherical capsule are not separated be-
tween themselves really, nor ave they composed of different organic substances.
They are inserted in the apical end of the stalk of the spermatophore. Lateral sup-
port has the form of a shallow, irregularly bounded plate, in which the base of the
spherical capsule is situated. Exceptions are in 7). infissus and in A. ovatus, where
the lateral support is reduced into 3 small apophyses (Fig. 10A, 10B). The hase of
the funnel, sometimes the spermal ring and always the membrane of the lower
hemisphere of the spherical eapsule, are leaning against the lower part of lateral
support. Central support is set very close to the lateral support, usually in its centre,
but it can be quite misaligned (Fig. 4D). Tt fills up the lower part of the funnel,
which can hold tightly to it (Fig. 1B). In 4. ovatus and D. infissus the base of the
funnel is always leaning against the central support, because the lateral support
does not suffice to support it (Fig. 2K, 21),

Central support of varioug species of the family Liacaridae is of different size and
shape (Tab. 1, Fig. 2) so that it can be used as a systematical character. Tt usually
becomes narrower to the top and turns into a rounded area, but in D. infissus,
contrariwise, it becomes larger on the top and ends with a globular point (Fig. 2E,
GA, 10A). Cross section of the central support is not always circular. Tt can be
triangular or flat; in this case the plane is indented at the edges (Fig. 1B). In L. nitens
a spirally coiled central support was also found (Fig. 10C). The top of the central
support is bent down sometimes (Fig. 9F). A great morphological variability of
this figure exists within the family Liacaridue.

of examined species of the family Liocaridae. (um)

Spherical capsule Central support Lateral support
height diameter height diameter height diameter
26.2—41.9 28.0—41.1 10.5--158.7 2.6—-5.2 1.6-2.6 6.5—13.6
35.46 + 1.29 34,87 4 2.36  13.22 £ 0.91 3.47 4- 0.27 2.30 = 0.09 9.43 L 0.73
49.7—81.0 46.0 —65.5 10.5—15.8 57—9.3 1.1-2.6 13.1--18.9
5516 & 178 5174 1 2.90 13.67 £ 0.58 7.76 026  1.69 + 0.16  14.65 = 0.34
33.0—52.0 29.0--57.6 12.8—17.5 34-5.4 2.1—4.0 10.5—18.3
43.8]1 + 3.46  48.41 + 3.12 15.25 4+ 0.48 4.78 + 0.22 2,96 + (.25 14.61 + 0.90
338—-47.0 31.5—46.0 11,0—21. — 3.4—8.1 24-—5.2 6.7—18.9
41.76 + .39  40.13 + 1.42 11.34 - 1.27 5.17 + 0.43 3.04 + 0.23 12,92 + 0.99
28.0—39.3 26,2—-39.3 10.6—13.1 3.7—8.2 1.3—23 3.4—85.5
3596 L 000 35281 1.20 1148 + 0.37 466 - 0.20 180 0.13 481 + 0.18
47.0--88.4 50.0—78.0 18.0 236 5.9—7.8 2.6-2.1 9.2--13.0
60,19 - 4,25 60.63 4- 3.61 20,91 L 0.92 6.59 + 0.29 2.63 + 0.19 11.02 & 0.48
23.71—52.0 28,0 _47.1 6.0-10.8 2.6—4.2 1.8—2.4 3.4—10.0
38.70 - 0.33 3717 = 1.680 7.60 L 041 3.64 | 031 2.08 -+ 0.04 7.66 4~ 0.40
40.8—75.9 49.6—73.4 5.4-13.2 3.9-56 21-2.6 7.8—11.8
56.30 = 2.09  55.05 4+ 2.20  7.42 £ 1.00  4.63 £ 0.27 233 L 0.08  0.43 4. 0.63
23.6—44.5 28.2.42.0 5292 2.8-3.8 1.3-2.1 4.0-7.8
34,052 250 3642+ 2.39 7604+ 0.67 3334015  1.64+ 012 6.08 4 0.43
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t Table 1.

Spherical body Bpermal
Speciea

number diameter height diameter

L. coracinus n 1 6.7—13.1 1i.6—-14.4 18.3—-21.8
8.3 + 0.74 12.00 + 0.86 10.90 4 1.08

L. sublerraneus §5—18 1.0—%.0 20.0-21.3 30.5--42.5
7 2.10 4 0.65 20.50 4 1.40 34.75 4 2.17

L. nitena 1 7.4-9.0 20.1--28.8 32.0--39.2
8.68 + 0.31 23.37 & 1.36 84.14 4 2.53

L. zylariae 1 4.1-14.8 15.7—23.5 18.3—36.7
12,19 + 0.76 20.10 + 0.97 32.15 + 3.10

D. infigaus 1 5.3—10.4 10.0—-13.1 21.0-23.5
7.87 +0.44 10.38 £+ 0,78 22.31 4 1.55

D. moraviacus 1 5.2—26.0 18.0—20.1 44.5 —52.4
15.92 1 4.02 19.18 + 1.83 49.13 + 3.72

X. clypeator 1 2.4—12.0 13.0--19.6 20.0-34.1
9.16 + 1.69 15.60 4 1L.158 26.24 + 2.05

X. tegeocranus 1 4.0 20.9 13.0—-23.6 34.1—42.0
13.90 + 3.07 15.65 + 0.93 39.30 4 1.80

A. ovaius 1 6.2—14.4 10.5—-15.7 21.0—-24.0
10.50 + 1.06 12.16 L 0.77 22,23 + 0.96

The lateral support is usually set at the end of the stalk in a discernible wrinkle,

During observation in lactic acid, in which supports do not dissolve, the same as
stalks, they seem to form a single morphological unit with the stalk (Fig. 9E—F,
10A—B). But in solutions of some staming matters a different composition of or-
ganic substances in stalk and supports is proved, because the stalk remains colourless,
while the lateral and the central supports are stained thoroughly. Since they do not
dissolve in the lactic acid as the other stainable parts of the spherical capsute of the
spermatophore, it is obvioug that the supports have a different chemical compo-
sition. from the stalk and from the remamning parts of the spherical capsule, and,
consequently that in the genital organs of male there exists a special gland which
is produeing them.
Funnel is thin on its top, around the perniphery of the spherical capsule, approxi-
mately in its equatorial plane, but at the bottom, around the central support, there
is quite & thick membrane, Atthetopitalso forms a boundary between the membrane
of the upper and lower hemispheres ofthe spherical capsule of the spermatophore, and
often it is contiguous with the membrane of the spermal ring (Fig. 1A—B). It seems,1n
view of Fig. 1B and 7F that the membrane of the funmel is a continuation of the
membrane covering the upper henusphere of the spherical capsule, and that this
funnel-shaped figure has been caused by the pressure of the spermal ring on the
lower hemisphere around the central support and by the weight of the contents of
the upper hemisphere. The spermal ring is attached to the funnel from the exte.
rior side, so that the funnel separates it from the central support.

The funnel of the spherical capsule is a soft membrane, stainable easily in acid
and alkaline substances. It dissolves easily in lactic acid. It is obviously semi-
permeable, in order to permit the material exchange between sperms accumulated
i the spermal ring, and the content of the upper hemisphere of the spherical capsule
of the spermatophore. In spermatophores of D. ¢nfissus 3 strong ribs are discermible,
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(Pact 2)

ring Funnsl
thickness total height height of tube upper diameter  lower diameter
6.5—7.9 14.56—31.5 13.0-18.3 27.0—47.1 6.0—-10.5
5,98 L 0.42 22.40 4+ 1.27 14.50 4 1,38 34,45 4 3.18 5.20 + (.22
10.4—18.5 31.4—31.5 20.0—21.0 40.0—60.2 10.6—21.0
12.28 + 0.74 31.50 -4 0,16 20.73 4- 0.28 48.22 4 2.76 15.21 4 0.53
10.56—15.0 23.5—31.4 13.2-23.6 34.0-37.0 10.5—13.2
11.16 + 0.561 30.11 + 0.35 20.67 4- 0.98 35.17 4 2.93 31.40 + 0.31
7.9—13.1 18.3—20.9 801956 28.8—31.5 6.3—10.5
10.66 + 0.83 20.44 - 0.84 11,96 1 1.16 29.51 + 1.89 8,15 4 0.15
5.8—8.00 12.0--156.8 8.2-11.5 23.56—-28.% 50— 7.9
7.80 + 0.21 12.92 4 0.77 11.10 4 0.37 24.80 4 1.37 7.52 4 0.30
10.0—18.3 15.3—381.5 16.3—21.3 52.0—55.0 9.2—-13,1
17.71 4 0.39 21.16 + 1.19 16.87 + 0.94 53.12 L 1,81 11.20 - 0.41
11.2--15.3 21.0—22.9 12.0—-18.8 21.2--35.3 5.6—11.0
11.34 & 0.56 21.85 4+ 0.71 1510 + 0.79 26.40 4- 2.30 7.80 + 0.26
10.56—-15.7 18.0--26.2 10.5--18.5 34.0—-54.0 7.8—11.6
13.30 4+ 0.71 23.40 4- 1.28 15.26 4 0.87 42.61 + 2.17 8.37 4+ 0.47
6.5-0.1 11.0—-18.0 10.5—13.1 23.5—-20.0 5.2—8.0
7.80 4- 0.24 13.56 4 1.04 10.81 + 1.15 26.40 4 1.82 6.42 + 1.15

which ramify from the top of the central support and are stiftening the funnel
(Fig. BE—F). In spermatophores of 1. infissus the top of the central support is
always surrounded by a thick substance, out of which the above mentioned ribs
proceed as its part {Fig. ZE, 5E—F, 6A). Similar thickness of the membrane of the
upper part of the funnel, noticed in a spermatophore of L. coracinus stained in ink
(Fig. 3A), is not connected with the central support, which always remains free on
the top. In other specimens of L. cora¢inus the membrane of the funnel appears
thin even under the same kind of staining.

Spermal ring forms a substantial part of the lower hemisphere of the spherical
capsule. It is completely enclosed in the capsule. Tn some cases it spoils the regular
spherical outline of the capsule of the spermatophore (Fig. 7F). It is a deformation
caused generally when fixing the slide.

Formation of sperms is always of the packet type (Woodring and Cook, 1962).
The sperms are generally accumulated in small packets of spheroid or ovoid shape
(Fig. 6A) which form together 3 spermal bags (Fig. 7B, 8K), disposed around the
base of the funnel into & contignous spermal ring. Spermal bags are covered with
a very thin, elmost indiscernible membrane, which is holding the accumulated
spermal bags together (Fig. 6C, 7F). Tt is impossible to find out whether they con-
tain, immediately after laying of spermatophores, already mature spermatozoids
or still spermatids. But the shape of sperm does not change even in older spermato-
phores. Woodring and Cook (1962a) were also unable to solve this problem with
the sperms of Ceratozetes cisalpinus. In addition to the sperms, epermal bag contain
also dark, small, round bodies (Fig. 4B, 4F, 5C, 6B, 6F, 7D, 8B). They are obviously
the remainders of cells nourishing maturing sperms.

The shape of sperms is thread-like (L. coracinus, L. sublerraneus, L. nitens, D. in-
Jissus), long spindle-shaped (L. zylariae), long cylindrical with oblong tips (X. cly-
peator), short cylindrical with oblong tips (X. tegeocranus, D). moraviacus), and ir-

229



Table 1. (Part 3)

ol )
' Sperms Index Index -
Species 1 2
+ number : size

L. ¢coracinus 28— 61 24.8-136.7Y x 0304 4.20—3.44 3.20—-2.82
3.78 Ak

L., subterraneus 240— 260 10.5—15.7 x 0.5—-0.7 5.23—4.69 4.85—4.18
; 5.00 4,33

L, nitens 250 —260 T.0—-10.0 x 0.2—-0.3 5.60—4.42 3.80—4.68
L 4.97 3.87

L. zylariae 180—210 8.1—14.0 »x 0.6—1.0 5.68—4.17 4.32—3.70
4,97 3.93

D. tnfissus 104210 8.0 -18.0 % 0.5 0.6 3.18—2.43 2,20 —1.87
' 3.07 2.06

D. moravincus 266 6.0— 8.3 x 0.5—-0.8 3.96 —2.76 1.98 —2.96
3.57 2.54

X, clypeator 230352 3.9— 5.2 x 0.6—1.1 5.24 —4.02 3.01-2.95
- 4.66 3.68

X. kegevcranus 170—230 13.0—15.0 x 1.2—1.3 4,63 —1.62 3.57—2.62
' - 4.30 3.30

A. evatua 238 1.0— 1.4 x 1.0-1.4 2.66—1.80 L.44—1.06
2.14 1.12

Explanatory notes

upper line = margimal dimensions, 1.6. mimmum and maximum dimension;
lower line = mean dimension - mean-root—sgquare error;

index 1 = total length of spermatophorefheight of sphaerical capsule;
index 2 = height of pedicsl/height of sphaerical capsule.

10— 19 mdividuals measured of each species

regular spheroid (4. opntus), as is shown in Fig. 3D, 4B, 4F, 5D, 6B, 6F, 7D, 8B, 8F.
It is possible to use different shape and size of sperms {Tab. 1) for the classification
of species within the family Liacaridae,

Inside the sperm an S-shaped up to a spirally winding, prolonged fibre, of a very
dark colour, is often perceptible (even without staining) (Fig. 5D, 6F, 7D, 8B).
Similar structure of sperms was found by means of an electronic mieroscope by
White and Storch (1973) on a thrombidiform mite Abrolophus rubipes. They
found out that the sperm of this species had a dark, thread-like nucleus surrounded
-with the agglomerates of mitochondrions, and peripheral sections filled with
smoothly walled reserveirs. Sperms of the family Liacuridee have also probably
a dark thread-like nucleus.

Spermal bags are fixed at the tube of the funnel and often they do not reach up
to its top, nor to the lateral support, and they do not fill the whole volume of the
lower hemisphere with the exception of the space of the funnel. Thus the space
between the membrane covering the lower hemisphere and the outside periphere of
the spermal ring also remains free (Fig.14, 2A—1, 3A. 6D). But in many cases sper-
mal ring fills the whole of this space (Fig. 1B, 4D, 6A, 6C—D, 7F). Dimensions of
the examined spermal rings are indicated in Table 1.

Spermal ring and sperms themselves dye well in all used staining substances
Sperms stain hest in boraxcarmine, slightly in methylene-green. The thin membrane
of the lower hemisphere also can be stained well. This thin membrane merges with
the Iateral support of the spherical capsule and with a thicker membrane covering
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the upper hemisphere of the spherical capsule at the point of contact with the
exterior edge of the funnel. The thinness of the membrane of the lower hemisphere
and its very little mechanical strength very often cause — during handling -
a rupture of the spherical capsule of the spermatophore, and spermal bags as well
as sperms are released. This, however, is due to the physiology of fertilization,

Spherical body is an approximately spherical figure floating in the liqud sub-
stance of the upper hemisphere of the spherical capsule. The dimensions of the
observed categories of spermatophores are indicated in Table 1, but these dimen-
gions are rather variable. In the spermatophores of L. sublerraneus it is usually
divided into several small bodies. .

It is obviously & gas bubble, as in some spermatophores, divided into two parts

by handling, it did not mix with the liquid substance of the upper hemisphere of
the spherical capsule, or with the slide mounting medium. However, it is neither
a product of material exchange of the spermatophore, since it is regularly found in
the freshly laid spermatophores, nor does 1t grow with the age of the spermato-
phore. Its composition and significance are still unknown. It stains slightly in
methylene-blue.
Upper hemisphere of spherical capsule of spermatospore is filled with
a liquid substance. in which the spherical body and small granules are floating.
A thin membrane covers the surface of the upper hemisphere. It is not yet known
whether it originates independently or by hardening of the surface of the drop of
the liquid substance. This membrane is very sticky on the surface. Whenever it
touched the glass wall of the cultivating dish while I was trying to separate the
spermatophore from the substrate, the spherical capsule of the spermatophore
always stuck to the glass, and broke when I tried to separate it. That is why foreign
bodies easily stick to the spherical capsule, for example fungal spores, and grow
into the capsule as a hypha (Fig. 3C). Tnside of the capsule there iz favourable
environment for hypha’s development. A new hypha uses the content of the spheri-
cal capsule as a nutrition substrate and develops quickly into thick or ray-shaped
mycelium. Spermatophores thus attacked appear like u stalked Heliozog, conidio-
phore or a spermatophore of a different animal group (Fig. 10E—~F).

The unstained spherical capsules of spermatophores of the family Ligcaridae are

almost transparent in the upper hemisphere in the freshly laid spermatophores.
Later on they are wlitish, almost opagque and have a smooth surface. The mem-
brane covering the upper hemisphere staing well in all the staining substances used,
with the exception of methylene-green and methylene-blue. The liquid substance
inside the upper hemisphere is also stained, but not as intensively as the membrane
of its surface. This Liquid substance serves as environment obviously enabling the
material exchange of sperms, and probably eontains also pheromones. The phero-
mones prevent the spherical capsule from being picked up by a female of another
species,
Morphological differences of spermatophores of examined species of
the family Liacaridae are shown in the enclosed pictures, especially in Fig. 2,
which is partially schematished, and also in the indications in Table 1. Some of the
more expressive characteristics were, for the purpose of determination, arranged
synoptically in Table 2. This helps to follow the distinctions among the spermato-
phores of examined species of the family Liscaridae.
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LAYING OF SPERMATOPHORES, PICKING THEM UP BY FEMALES,
HARMFUL AGENTS

Some males of L. sublerraneus lay spermatophores immediately after being taken
from the collecting containers under Tullgren funmels. as soon #s they come into
an environment with higher humidity, sometimes even several within a few minute.
Other cultured species start to lay them in the culturing dishes only, on the Tth upte
the 9th day generally. The same after the hatching of the male from the tritonyraph

Al examined species lay sperm&toplmrasiﬂn places most frequented by adult
mites, especially in the proximity of food, and preferably on a smooth substrate
This condition is best fulfilled by the smooth walls of the culturing Petri-dishes,
where the majority of spermatophores havg& been found. But no spermatophore has
been found on the cover of a dish. although adults are often dwelling there. Tt is
therefore surprising that in quite frequent cases, some spermatophores found on
pieces of semi-decayed wood are laid almost vertically, and the spherical capsule
is hanging down from the stalk fixed at the top. Their normal direction is upwards
from the surface to which they are attached.

The agglomerations of spermatophores are also very often laid on the plaster
-charcoal substrate, near the food (Pleurococous sp.) mostly, and near semi-decayed
wood on which adults are living. They lay spermatophores on this wood in the same
measure as on the plaster-charcoal substrate. Most spermatophores are laid on the
surface of the wood, but they are often laid also into holes and fissures. Less fie-
quently adults lay the spermatophores on the surface of semi-decayed treeleaves.
Very few have been found on Pleurcsocens, which the adult mites are eating. Ouly
in individual cases the spermatophores are laid on other smail objeets in eulturing
dishes.

X. clypeator laid spermatophores, in addition to the above mentioned places, on
notogasters of other adult individuals, one to two pieces, X. legeocranus only cx-
ceptionally.

X. clypeator laid 56 spermatophores, out of which 34 were laid on notogasters
of other individuals, in one day, This is caused by the fact that they are crawling
one over the other, if they are too many in the culturing cell. 4. ovatus lays his
spermatophores on the upper part of the wall of a dish, almost exchisively jus
under the cover. Spermatophores of thiz species are only exceptionally found
elsewhere.

I did not observe in detail the process of the laying of spermatophores. 4 adult
mites of L. sublerraneus, taken out of an almost dry collecting dish under Tullgrer
funnel and put into & humid dish with a plaster substrate and with glass cover,
laid 7 spermatophores on the plaster substrate within 3 minutes, while I was taking
out some mites from another collecting dish. Therefore I did not notice whether
they lifted up the posterior part of their bodies, as it is described by Pauly {1966}
regarding Belba geniculose. He distinguishes 7 phases during the laying of spermato-
phores and adds that the laying of spermatophores by Ligcarus tremellae (== L. sub-
terranens) is analogous with the laving of spermatophores of Belba geniculosa. The
fact that mites cultured in darkness were disturbed by handling and illumination
during observation was obviously the reason, why T was nnable to observe the
process of the laying of spermatophores later on,

According to my observations, the male of cultured species of the family Lis-
caridae lays his spermatophores on the above mentioned places either individually
or in agglomerations of three up to six, rarely up to 18 pieces in one lot, within
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short intervals of time. 4 males of L. subterraneus laid 63 spermatophores in one
day. The supposition that they lay spermatophores in aggregations within a short
time is proved by fact that these agglomerations of spermatophores were found in
contiguous straight or curved rows, one after another. Distances among thie sper-
matophores in one row are usually regular, most often about 3 lengths, minimaly
2 lengths of spermatophores. Sometimes these distances are longer, 1 —2 mm. There-
fore, the male must advance and leave the laid spermatophores behind him. The
shape of the row is influenced by the shape of the substrate on which the male is
laying them. For example, straight rows of spermatophores are found on the pine
needles, hecause the male can advance along its length only. The rows of spermato-
phores on a glass wall, on the plaster substrate or on the semi-decayed wood are
‘often curved archwise or spirally, because the male can change his direction.

If the row of spermatophores was spirally curved, or the agglomeration of sper-
matophores was composed of two or more rows, the distance between the adjacent
rows was equal to the width of the body of an adult mite at least, or larger.

 The laying of spermatophores by L. subterraneus and 1). moraviacus was observed
even in the absence of females. As for the other cultured species this possibility
remains a conjecture,

The laying of spermatophores is conditioned by & high relative humidi_t.jr' of air,
as has been proved by the immediate laying of spermatophores of L. subterraneus
after their transfer into a humid vessel. Optimum relative humidity of air for laying
is about 80—90%,. At the humidity of approximately 60%, the males of cultured
species have already stopped the laying of spermatophores, with the exception of
X. clypeator and X. tegeocranus. Their resistence to a lower relative humidity is
probably in harmony with their arboricolous style of life, In!a dry emvironment
spermatophores suffer from drying out of the content of spherical capsules. Their
capsules are shrinking and they are not accepted by females. In the case of the
relative humidity of about 60%; this happens even in the course of one day.

Picking up of spermatophores by females was not directly observed either, but
all spherical capsules were never picked up from the agglomeration of laid sper-
matophores. For example only § spherical capsules were picked up from the agglom-
eration of 7 spermatophores in D). infissus, in X. clypeator 6 from 11, in 4. ovatus
4 from 11. It certainly depends on the number of females, but because of the un-
developed genital dimorphism it was impossible to establish their number and the
number of males in the culture. 1t could be done only after they perished and were
suhsequently dissected or cleared and depigmentated at least. It was also proved
that females do not pick up spherical capsules from spermatophores older than
3 days. After that time spherical capsules change their colour into milky opague
‘and are often shrinking, if there is drier environment in the culturing dish, At
a higher humidity of air spherical eapsules are often attacked by fungal spores or
by air-myeelium from the fungi growing on the substrates in culturing dishes. When
the spherical capsule is picked up by the female, it breaks off from the stalk im-
mediately under the lateral support, as it could be seen on the stalks left after the
capsule was picked up.

Males and females of L. coracinus. L. sublerraneus and L. nitens eat the whole
spermatophores including stalks in the culture. The same has not been proved in
the other cultured species, but is not excluded. The same phenomenon was ob-
served in Belba geniculose by Pauly (1956) and in Scheloribates parabilis by Wood-
ring (1965). ;
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Spermatophores are eaten by a collembol Ongchinrus armatus also, as obsere
in one of the culturing dish with L. coracinus. Collembols got into the cultyiy
digh with the food for mitea by chance. Old remaining spermatophores are usuly
destroyed by moulds. Some epermatophores are individually destrayed even by
oribatids, when they are not moving carefully enough.

DISCUSSION

Stalks of spermatophores of the family Liscaridae differ from stalks of the fauily
Dumaeidae (Taberiv, 1957; Cancela da Fonseca, 1969; Shereef, 1972) ad
Relbidae (Pauly, 1952, 1956; Bhereef, 1972} in that they are not bent under the
spherical capsule, as it was already shown by Taberly (1957) in his drawing of
the spermatophores of L. coracinus, L. sublerrancus and X. tegeocranus. Straght
stalis appear also in the represendatives of families Oppiidae (Shereef, 19,
Ceratozetidae (Taberly, 1957; Woodring and Cock, 1962a, b; Rockett a
Woodring, 1966), Haplozetidae (Shereef, 1972), Hermanniidae (Taberly, 1%,
Baumler, 1970}, Galumnidae (Woodring, 1965; Rockett and Woodring
1966), Oribatulidae (Woodring, 1963), Euzetidae (Taberly, 1957).

In all spermatophores which were described and depicted up to now, the hae
of the atalk fixed to the substrate ia irregularly extended and their cross-section is
also probably triangular with hollowed walls (1.e. Y-shaped or T-shaped), whichis
the most advantageous shape from the point of view of firmness and materal
econcmy for a required beight of stalk. Woodring and Cook (1962h) say that
this cross-section is determined by the pressure of a still liquid material threugh
penial sclerites.

The surface of the stalk was depicted by Cancela da Fonseca (1969) in Dw
maeus quadrihastatus as covered with soft short hair. In the genus Liacarus the
surface of the stalk is smooth, in the genera Dorycranosus, Adoristes and Xenilu
it is slightly to noticeably granulated or tuberculous. Particles of the substrate i
often attached to the surface of the stalk, as they stuck to the matter of the slk
during the laying of spermatophore before it became rigid (Fig. 3F, 4C).

The height of the stalk and of the whole spermatophore is in correlation with the
size of the species of the mite. Shereef (1972) indicated that it is in correlation
with the length of the Ist and 4th pairs of legs. He is obviously influenced by the
drawings of Pauly (1952, 1956), who had depicted Belba sp. with an uplifted
hysterosoma and with raised legs of the 4th pair. Pauly (1956} says that an anal
ogous way of laying spermatophores as in Belba sp. he also observed in oribatids
with short legs, such as Liacarus tremellae snd Buzeles geminulum. Baumler (1970
made similar observation in Hermannie gibba.

The thickness of the stalk iz also very characteristic of the individual species of
the family Liacaridee. There are only a few indications in the literature regarding
the thickness of the stalk, but without any comparison.

Central and lateral supports (Woodring and Cook, 1962b) were earlier cald
by & collective name columella by Pauly (1956). The shape and size of the central
and lateral support of the spherical capsule is, in fact, very variable within the
family Ligcaridae, but it is different among other cultured species of this faml
and can be used for distinetion of their spermatophores. Schematic drawings of the
shapes of columella of some oribatids were presented by Taberly (1957) and after
him by other above mentioned authors.

The size of spherical capsule is not in correlation with the size of the species of
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mite. Small species have relatively large capsules on low stalks. In the family Lig-
caridae this is confirmed by the facts collected in Table 1 (index 1 and 2). Rockett
and Woodring (1966) depicted a spermatophore of Pergalumna omniphagous
within the frame of the description of a new species having an average length of
0.68 mm. Tts spermatophore has the spherical capsule as high as the stalk, and
relatively large. Similarly Shereef (1972) depicted a spermatophore of Oppia con-
color with a relatively large spherical capsule on a short stalk.

The former authors described and depicted the cluster of sperms almost as
a spherical or hemispherical formation, filling up almost the whole volume of the
spherical capsule of the spermatophore (Woodring and Cook, 1962a) or a sub-
stantial part of spherical capsule from the bottom (Pauly, 1956; Baumler, 1970),
or they did not depict them at all. Shereef (1972) depicted spermal ring in the
lower hemisphere of the spherical capsule of various oribatids, a funnel around the
central support and its connection with the membrane of the upper and lower
hemisphere, although he did not describe them. He also indicated the spheriecal
body. The structure of the spherical body of the spermatophore of the family Lie-
caridae is, in the main aspects, identical with the structure of the spherical capsule
of spermatophores of other groups described by Shereef (1972). But it does not
exclade the possibility that the thread.like outgrowths, standing up radislly from
the surface of the spherical capsule of Granuloppia sp.. are outgrowths of a parasitic
fungus which has attacked the spherical capsule. Shereef (1972) depicted this
spermatophore and called these outgrowths setules. Similar attacks of parasitic
fungi were not rare in my eultures (Fig. I0E—F). Moreover a conidiophore of
a fungus might also be mistaken for a spermatophore (Fig. 10D).

According to Pauly (1956), the shape of sperm was depicted for the first time
by Michael (1884) in Belba geniculosa. Michael indicated that it is stick-shaped,
2.6 pm long. Pauly (1956) confirms Michael’s observation in Belba geniculosa,
B. gracilipes and B. clavipes. Woodring and Cook (1962a) depicted sperms of
Ceratozetes cisalpinus as shortly eylindrical, rounded, with a spherical dark nucleus.
Similar shortly cylindrical shape of sperms were indicated by Shereef (1972) for
representatives of various families. He also indicated their size: length 0.8—3.0 pm,
diameter 0.5—1.8 pm.

A quite different shape of sperms can be found in the examined species of the
family Liacaridae. It is almost spherical in 4. ovatus, short- or long-cylindrical with
rounded tips (stick-shaped) in D. moraviacus, X. clypeator and X. fegeocrarus. In
L. eylarige it is long spindle-shaped, while in other species of the genus Ligcarus
and in D. inflssus it is thread-like. There is an S-shaped up to spirally cciled very
dark fibre, lying lengthwise in the eylindrical and spindle-shaped sperms. This fibre
is discernible even without staining,

Similar interior structure of sperms were discovered by Witte and Storch
(1973) in a thrombidiform mite Adbrolophus rufipes. They found out, by means of
an electronic microscope that its spindle-shaped spermatozoa possess a dark, thread-
-like nuecleus which is surrounded by clusters of mitochondrions (crista type), and
filed out with smooth-walled cisterns in the periphery. The spermatozoa produced
are covered with one of the three secretory products. Woodring and Cook {1962a)
were unable to distinguish in sperms of Ceralozetes cisalpinus if they are spermato-
zoids or spermatids, because the metaphase plate appeared as a dark line under oil
immersion. The same problem persists in sperms of the family Ligearidae which
1 observed under the same conditions.
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* Dafferent shapes of sperms exist also in various subfamilies of the family Bdellidae:
gpherical, ¢void up to stick-shaped, as indicated by Alberti (1974). Dark coiled
fibres inside the sperms of various shapes are also noticeable in various Pseudo-
scorpions (Legg, 1973b). No tail was found on any spermatozoid of oribatid mites,
but sperms of the mite Ornithodorus moubala (Ivodidge) have tails, as described
thoroughly by Breucker and Horstmann (1968).

Preference of smooth places for the laying of spermatophores was proved by
varioug authors mentioned above also for other groups of oribatid mites, bat wp
to present the laying of spermatophores on notogasters of other individuals, which
I observed. in X. clypeator and, to a lesser degree, in X. legencranus, has been not
mentioned in the literature.

Presence of females in the culturing dish is not necessary for the laying of sper-
matophores within the family Liaceridae. The same fact was found by Cancels
da Fonseca (1975) in Damaeus verticillipes. Shereef (1972) established that males
of Spatiodamacus subverticillipes did not lay spermatophores in the absence of fe-
males, while in other 15 species cultured by him, the presence of females was not
a required condition. Woodring and Cook (1862h) pointed out that the presence
of females stimulates males to a higher productivity of spermatophores.

The picking up of spermatophores by females is obviously directed with phero-
mones. The size and surface of the spherical capsule of spermatophores is not so
different in various groups of oribatid mites to be a leading factor in itself. Legg
(1973a) considers to be the source of pheromone attracting females of the pseudo-
scorpion. Chthonius ischnocheles a drop of liquid substance hanging in the middle
of the stalk of spermatophore. Alberti (1974) admits this possibility in the family
Bdellidae {Thrombidiformes), in which also the presence of females is not necessary
for the laying of spermatophores. In oribatids the source of pheromones could be
the liquid substance in the upper hemisphere, or possibly its membrane alone.

Woodring and Cook (1962b) indicate that females pick wp only the most freshly
laid spermatophores, no more than one hour old. In culturing dishes with L. core-
ctnus older spherical capsules were picked up by females, maximally three days
old. The possibility of preserving fertility of spermatophores depends to a great
extent on the environment in which they are Jaid. In a dry environment they are
quickly drying out and they are loosing the power of appeal for females. The above
mentioned anthors say that at the 509/ relative humidity of air the spherical cap-
gule shrinks in one day. At the high relative humidity of the air (i.e. 90—1009,),
which is most faveurable for expansion of fungi, spherical capsules are soon at-
tacked by bacteria and fungi.

Eating of spermatophores by males and females of L. coracinus, L. subterraneus
and L. nitens in my observations is confirmed by previous observations of Pauly
(1956) in the genus Belba, and Woodring (1965) in Scheloribates parabilis.

CONCLUSION

The present work studies the morphology and biology of the laying of spermato-
phores of 8 species from 4 genera of the family Liacaridae. During the experimen.
tation morphological differences of spermatophores and sperms of examined species
of oribatids have been identified and a determinative table arranged. Previous
findings by other authors were confirmed, namely that of the length of the sper-
matophore is in correlation with the size of the species of the mite. It has been
established that the size of the spherical capsule of the spermatophore is not i
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correlation with the size of the mite. In small species spherical capsules are relatively
larger than in large species of mites, and they are attached to very short stalks.

Biological differences in the laying of spermatophores of the examined species
are not considerable. Females pick up only freshly laid spermatophores. maximally
3 days old. It has been proved that laying of spermatophores is done in the absence
of females in 2 species, in others this phenomenon is possible. Laid spermatophores
were eaten by both males and females of 3 species, and this is not excluded within
the other species. Included is also information about the destruction of spermato-
phores by other organisms. The laying of spermatophores on notogasters of other
individuals in the culture is described for the first time,
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REVIEWS—RECENZE

Griffin, D. R.: The Question of Animal Awareness. The Rockefeller University
Press, New York; 1876, 2nd edition 1877; pp. 135; price 885 US Dollars; ISBN
87470-020-5.

Professor in ethology at The Rockefeller University, Donald R. Griffin, is known
as an authority whose investigations are coneentrated especially on gquestions of
the nature of animal orientation and communication. Many pioneer works are
associated with his name; they have ranged from hearing of fish to migration
of birds. However most famous is Dr. Griffin for his extensive work on the orients
tion of bats. He is the author of the modern conception of echolocation and that
was he who coined this very term. In addition to many scientific papers, Dr. Griffin
is the author of five books, two of which: Listening In The Dark and Bird Migr-
tion were awarded high prizes of The National Academy of Sciences. The fifth
in the sequence, the last so far Griffin's book: The Question of Animal Awarenes
has already achieved in a period of only one year its second edition and the
acceptance of it indicates that it has no debt to the wvalue of previous authers
bools.

In this little book, the author goes in for the questions of amimal communication,
he reviews and takes a closer look at methods and results of contemporary research
in this branch of ethology and physiology. The book is charged with verbatin
quotations of many authors. Thanks fo this fact the reader may draw his own
first-hand conclusion which would not be distorted by interpretation of the inter-
mediary — Dr. Griffin.

At the best analysed examples — the using of the sign language in trained
chimpanzees and the symbolic communication by honeybees, professor Griffin
shows and describes in details the versatility, complexity, and also the, to a certan
extent, symbolism of the communicative behaviour of animals. He concludes that
these as well as other communicative systems hold many basic properties of human
language though in a much simpler form. In the same time he asks many funda-
mental questions and tries to find an answer upon them. Is it language that sels
man apart from other animals? Are the animals capable of conscious behaviour,
have they mental images? The author states that all the available evidences indicate
that there cannot be any large dichotomy between the human language and animal
communication however more likely there are large quantitative differences -
namely in complexity of signals and in range of intentions.

Having confronted assertions of various authors, some of whom assume human
thinking to be inseparably connected or even identieal with the language while
others e. g strict behaviourists suppose mental experiences to be identical with
neurophysiological processes, and having analysed the results of many ethological
experiments, Griffin concluded that there must be qualitative evolutionary con-
tinuity (though no identity) of mental experiences among the Metazoa. Hence it
seems to be conceited to assert that the mental experiences are a unique atribuse
of a single species — Man. The author asks in the same time why scientists do
shy away from the concept of continuity in animal mental experiences, if they
accept biological evolution in animals?

The book is not illustrated. It is completed with an extensive bibliography and
indexes. It is excellently written. I suppose that the author may be rightly called
— because of his rich English — as Shakespeare of scientific style.

This little nevertheless exciting and interesting book may be recommended fo
zoologists especially to ethologists, evolutionists as well as to psychologists and
philosophers. H. Burda
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Trdvnicek M: Spermatophores of some oribatids of the family Liacaridae (Acarina:
Oribatet)

Fig. 3A—D. Spermatophores of Liacarus coracinus. A — Total length 122.1 pm. Overstained
with boraxearmine. B — Total view. Total length 186 pm. Tnternal structure of the spherical
capsule. Boraxcarmine. C — Total view. Total length 144.1 um. Damaged spherical capsule.
Tn the middle articulated fungal hypha, m the bottom thread-like sperms. Boraxcarmine.
D — Thread-like sperms. Size 28.8 —36.7 % 0.3—0.4 pm. Boraxcarmune.

Fig. 3E—F. Spermatophores of Liacarus subterraneus. E — Total view, the stalk 1s bend.
Diameter of spherical capsule 44 pm, 1ts height 55 pm. Spermal saes mussing, Boraxearmine.
F — A spermatophore without the base of its stalk. Total length 286.3 pm. Visible spherical
bodies, membrane of the upper hemisphere, funnel and loosed spermal sacs. Boraxcarmine,



Trdavnic¢ek M: Spermatophores of some oribatids of the family Liacaridae (Acarinm
Oribatei)

Fig. 4A —B. Spermatophores of Liacarus subterraneus. A — A spermatophore without the bes
of its stalk. Total length 282.8 pm. Sperms loosed from spermal sacs. Boraxcarmine. B — Sperm.
Bize 11.9—14.5x 0.9—1.1 pm. Dark thread.like nuecleus inside. Boraxcarmine,

Fig. 4C —F. Spermatophores of Liacarus nitens. C — Total view. Total length 183.4 ym. Pa
tially damaged spherical capsule. Cells of Pleurocoeccus sp. fixed to the stalk from substrat
Polychromatic methylens.blue. D — Spherical capsule without the upper hemsphere an
a part of the stalk. Diameter of spherical capsule 52.4 ym. Central support attached excentn
cally on the lateral one. Polychromatic methylene-blue. E — Total view, Total length 214.9 yn
Crushed spherical capsule. On the left & spermal bag, on the right loosed sperms. A sharp i
the pedicel visible in 1ts lower part. Congo red. ¥ — Thread-like sperms, Size 7—10 x 0.2 —0.3 pn,
Congo red.



Travnicek M: Spermatophores of some oribatids of the family Liacaridae (Acarina:
Oribatei)

Fig. 5A—D. Spermatophores of Liacarus xylariae. A — Total view. Total length 167.7 pm.
Visible mtarnal structure of ths sphorical capsuls. Boraxearmine. B — A spermatophore without
the base of the stalk. Total length 186 um. Y.shaped eross.seetion wvisible on the bottom of the
stalk. Partially crushod spherical capsuls, sperms expansioned from its lower hemisphere.
Boraxcarmine., C — A crushod spermatophore with loosed sperms. Height of eentral support
12.4 pm. Congo red. D — spindle-shaped sperms. Size 9—10%1.0—1.1 pm. Spiral-shaped nu-
cleus mside. Boraxcarmune.

Fig. 5E —F. Spermatophores of Dorycranssus infissus. I — Total view. Total length 104.8 pm.
Stammed with blue ink. F — Total view, spermal ring missing. Total length 110 pm. Methylene.
green.



Travniéek M: Spermatophores of some oribatids of the family Liacaridae (Acarina
Oribatei)
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Fig. 6A—B. Spermatophores of Doryacrnosus infissus. A — Spherical eapsule and a part of the
stallk, Thameter of the spherical eapsule 39,3 pm. Visible the upper homsphere with spherial
body, comnection of the membrane of upper hermmsphere with the edge of funnel, shape of eentral
aned lateral support, its connection with apex of stalk and sperms rolled up into spermal packets
forming spermal sacs. Methylene-groen. B — Thread-like sperms. Size 13—18 % 0.5 —0.6 pm
Mathylene green.

Fig. 6C—F. Spermatophores of Doryeranosus moraviacus, C — A spermatophore without the
base of pediesl. Total length 208 um. Triangular eross-geetion on the bottom of the stalk, ruggd
surface of the stalk, shape of central and lateral support, loosed sperms from spermal sac on
the left and partially on the nght. Boraxcarmune. D — A spermatophore with partially erushed
spherical capsuie. Total length 259 um. Loosed sperms. Boraxcarmine. E — Spherical capsul
with expansioned spermal sacs. Diameter of the spherical capsule 78 um. Spherical body and
funnel are wisible. Boraxcarmine. F — Stick-shaped sperms. Size 7.0—8.3x0.8—0.9 um
S.shaped and spiral-shaped dark nucleus imside. Boraxearmine.



Trdvnicek M: Spermatophores of some oribatids of the family Liacaridae (Acarina:
QOribatei)

Tig. 7TA—D. Spermatophores of Xentllus clypeator. A — Total view. Total length 167.7 pm.
Methylene green. B — Total view, spermal sacs expansioned. Total length 208 ym. Upper
hemisphere and spherical body and the funnel are clearly visible. Boraxearmine. ¢ — Spherical
capsule with supports and spermal sacs. Some loosed sperms visible. Height of spherical capsule
37.4 ym. Boraxcarmine m lactophenol by Beer. D — Btick-shaped sperms, Size 3.9—5.2x
% (.6 —1.1 pm. S-shaped or spiral-shaped dark nucleus mside,

Fig. 7E —F. Spermatophores of Xen llus tegeocranus. B — Total view, Total length 256.7 ppm.
Spherieal eapsule damaged partially in the upper part. Unstamed. F — Spherieal capsule and
a part of the stalk. Diameter of spherical eapsule 73.4 pum. Upper hemusphere drawn up.
Connection of its membrane with the edge of funnel 1s visible, conneetion of the membrane
of the lower hemisphers along with them. Spermal packets forming spermal saes around the ba-
sa of the funnel. Unstained.



Trdvniéek M: Spermatophores of some oribatids of the family Liacaridae (Acarina:
QOribatei)

Fig. 8A—B. Spermatophores of Xenillus tegeocranus. A — Total view. Total length 227 um.
One of the spermal sacs erushed, with some loosed sperms. Boraxearmine. B — Stick-shaped
sperms. Size 13 —15 % 1.2—1.3 pm. Spiral-shaped dark nucleus inside. Boraxcarmine.

Fig. 8C—F. Spermatophores ui Adoristes ovatus. C — Total view. Total length 65.5 ym. Ex-
truded sperm sacs and some loosed sperms. Boraxcarmine. D — Total view. Total length 68.1 pm.
Sperm ring is missing. Spherical capsule with spherical body, funnel, central and lateral support
are visible. Three ribs of pedice | are distinet too. Unstained. E — Total view. Total length
78.6 um. Loosed sperms from spermal sacs are visible. Boraxcarmine. F — Globular sperms.
Size 1.0—1.2 pm. Boraxcarmine,



Trdvnicek M: Spermatophores of some oribatids of the family Liacaridae (Acarina:
Oribatei)

Fig. 9. A — A spermatophore of L. subterraneus. Total length 275.6 um. Spermal ring is missing,
membrane of the lower hemisphere damaged. Unstained. B — A spermatophore of X. elypeator.
Total length 186.3 pm. Spermal ring is missing, loosed sperms are around the spermatophore.
Boraxcarmine. ¢ — Upper part of a spermatophore of D. infissus. Diameter of spherieal capsule
30.3 um. Central support surrounded with & dense mass protruding into 3 protuberances. Sperms
extruded from the lower hemisphere. Methylene.green. D — Extruded spermal ring, lateral and
central support, and funnel of a spermatophore of X. clypeator. Diameter of the upper part of
pedicel 2.2 pym. Methylene-green in Amman’s lactophenol. E — Pedicel and supports of the
spermatophore of L. coracinus, Total length 116.3 pym. Milk acid. F — Pedicel and supports
of the spermatophore of L. xylariae. Total length 178 pym. Milk acid.



Travnicek M: Spermatophores of some oribatids of the family Liacaridae (Acarll®
Oribatei)

Fig. 10. A — Podicel and supports of a spermatophore of D. infissus. Total length 814"
Milk acid. B — Pedicel and supports of a spermatophore of A. ovatus. Total length 7342
Milk weid. ¢ — A spermatophore of L. nitens. Total length 212.2 um. Spiral-shaped o
support, Congo red. D — A conidiophore of Aspergillus flavus, similar to the spermatophir
an oribatid mite. Total length 128 um. Unstained. & — An older spermatophore of L. rf"
attacked with Cephalosporium sp. Hyphas, conidiophores and conidiums are visible '_1'“
length of spermatophore 141.8 um. Boraxcarmine, I' — A spermatophore of X. clypei ¥
tacked with Fusidium terricola. Total length of spermatophore 174 pm. Saphranine.



POKYNY PRO AUTORY

Véstnik Ceskoslovenské spole¢nostti zoologické uvefejiiuje ptivodnl védecké préce
&lend spolefnosti v rozsahu nejvySe 30 stran rukopisi, napsané v nékteré z kon-
gresovych fedi, a dale élanky, hodnotiei Zivotni dilo nadich zoologh, vyZidané redakei.
Prace autori, kiefl nejsou ¢&leny spoletnosti, budou pfijimany jen vyjimeéna.

Formdlni dprava praci:

Rukopis (origindl a 1 kopie) musi byt psin na stroji s vétsimi typy obfadek,
na strance 30 radek, fadky po 60 uhozech, bez vétdich oprav. Rukopisy, které by
neodpovidaly témio formalnim poZadavikim, budou vriaceny Lk prepsani.

Hlavi¢cka prace: 1. Nazev pracovisté. 2. Nazev prace (u praci taxonomickych
v zavorce za nazvem systematicke zufazeni druhu nebo skupiny — napf. Ostracoda:
Cypridinidae), oboji v fe¢i, v niz je prace psiana. 3. Jméno a pfijmeni autora.

Vlastni prace: 1. Velmi stru¢ny abstrakt, v rozsahu nejvyse 15 radek, v angliéti-
né. 2. Uvod do problematiky (stru¢neé). 3. Material a metodika (u zndmych metod
pouze odkaz). 4. Vlastni ¢ast experimentalni nebo popisnd. 5. Diskuse. 6. ZAvér.
7. Seznam citované literatury (nikoliv bibliografie!). 8. Adresa autora. 9. Tabulky,
texty k obrazkim a grafim. Cely rukopis je prabeéiné strankovan.

Citace praci provedie podle jednotného vzoru: autor, rok, nazev, &asopis (mezi-
narodnimi bibliografickymi zkratkami), roénik, sedit pouze v pfipadé, Ze roénifk neni
prubézné strankovan, stranky. U kniznich tituld nakladatel a misto vydani. Napf.:
Hrabeé S, 1975: Second contribution to the knowledge of marine Tubificidae
(Oligochaeta) from the Adrialic Sea. Vést. €s. spol. zool., 39 : 111-119.

Prepis cyrilice provedte podle mezinarodnich pravidel védecké transliterace
(nikoliv fonetické transkripce) — viz ISO Recommendation R 9. International System
for the transliteration of cyrillic characters 1. Ed. October 1955 nebo Zekalle R.,
1964: Pedobiologia, 4 : 88—01, Jena.

Obrazky a grafy kreslete cernou tus{ na kladivkovy nebo pausovaci papir v po-
méru 1 :1 az maximélné 1:3, u taxonomickych praci mus{ mit obrizky méfitko.
Obrazky kreslete pokud mozno tak, aby mohly byt véechny stejnym zplsobem
zmenseny. Fotografie musi byt ostré, kontrastni, na lesklém papife. Obrizky sestavte
do tabuli, které by bylo moZno reprodukovat na 3ifi strany (126 mm), nebo s textem
na celé zreadlo (126 » 188 mm). Obrazky nebo obrazové tabule pribéiné oéislujte
a v rukopise vyznaéte misto, kam maji byt zalomeny.

Tabulky jsou tidtény jako oteviené, tj. bez svislych linek. V tabulkéch oddélte
vodorovnymi linkami jen zahlavi tabulky a dolni okraj. Tabulky protokolarniho
charakteru nebo opakujiei Gdaje z textu, pfipadné iak velké, ze by je nebylo moZné
vytisknout na dvé protilehlé strany, nebudou prijimény.

V laxonomickych pracich dodrzujte zasady, ustanoveni a doporuceni mezina-
rednich pravidel zoologické nomenklatury.

V rukopisu nepfedpisujle zdsadné zadné typy pisma, oznacéte pouze tuZkou
po strané ¢asti, které maji byt vysazeny petitem.

Prace zasilejte na adresu: Doc. Dr. K. Hirka, CSc., vykonny redaktor Véstniku
Cs. spol. zool. Viniéna 7, 12844 Praha 2. R

Redakéni rada



