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EFFECTS OF JUVENOIDS ON THE XEUROENDOCRINE SYSTEM OF THE FLESH FLY
SARCOPHAGA CRASSIPALPIS (DIPTERA)

Samir M. A, ABOU-HALAWA
Received August 31, 1879

Abstract: The effects of active juvenoid (isopropyl 11-methoxy-3,7-11-trimethyl-2,4 dodeca-
dionoate) on the neureondocrine system of the flesh-fiy Sarcophaga erassipalpis Macquart have
been studied, The observations indicate clearly that juvenocids not only inhibit the development
and differentietion of the adult’s neurcendocrine system, but they also mterfere with the synthetic
function of the cells causing @ serious reduction in their activity. The results show also that at
least part of development and metamorphosis has oceurred in complete absence of endogenocus
metamorphosis hormones. In other words, it was possible to creste an adult insect without
functional neurcendocrine system.

INTRODUCTION

Pflugfelder (1939) in Dixipus was the first to study the effects of juvenile hormone
(JH) on the endocrine system by implanting the corpora allata (ca} and observing
its effects on the recipients. They found a compensatory reduction in size of the
host ca. Similar observations have been reported by Doane (1961) in Drosophila
and Ozeki (1961) in carwig Anisolabis. Novik and Rohdendorf (1959, cited
in Novak, 1966) coneluded that the reduction in the host ca was due to a high con-
centration of JH in the haemolymph which inhibits the function of the recipient’s
gland, i. e. by a feedback between the hasmolymph titer of JH and growth of the
ca (cf. Slama et. al., 1974}

A considerable progress in the knowledge of the action of JH has heen made sinea
the hormone was isolated (Roller et. al., 1967; Mayer et al., 1868). Most of these
studies were concerned with the effects of JH or its analogues on the development
of external structures. However, a few papers have been devoted to the effects
of juvenoid on the internal organs.

Williams (1958), Gilbert & Schneiderman (1959) observed activation
of prothoracic glands after application of cecropis extracts to Saturniid pupae. It
appeared that the extracts could prevent degeneration of the prothoracic glands
(Gilbert, 1962). Further, Krishnakumaran & Schneiderman (1963, 1965)
demonstrated that the observed prothoracotropic effects of the cecropia extracts
were indeed. associated with juvenile activity, since positive responses were obtained
with series of synthetic juvenoids (see papers and reviews by Novik et al., 1966;
Radwan; 1974; Sldma et. al., Novik, 1975).

An intensive work to demonstrate the effects of juvenocids on the development
and metamorphosis of higher Diptera was made by Srivastava & Gilbert (1968),
Srivastava et al., (1969), Bhaskaran (1972), Sehnal & Zdérek (1976) and
many others. The results were rather identical either by application of juvenoids
on the last instar larvae or when they were applied at any stage during the whole
period of postembryonic development. In all cases a block of metamorphosis (i. e..
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Table 1. Histological changes in the median neurosecretory cells i normal and treated

nsects
Average No  Average surface area Estimation Density
of cella of the cells of the nueler  of neurosecretion  of nucleoh

Second category 19 4 4 280 80 3 0.3
Normal newly

formed pupae 22 4+ 1 500 140 5 1.1
First catogory 254 3 270 50 3 0.4
Normal newly

formed pharate

adult 28 + 2 480 164 i} 0.5
Normal adult

(before emergence) 26 | 2 560 80 5 1.4

producing superlarvae or larval-pupal intermediates) were never obtained. The
treated insects were always developed to defected adults. The defections ghegin in the
tip of the ahdomen then gradually spread forwords until the thorax and head in the
most defected specimens.

In an attempt to understand the direct eause for such morphological abnormalities
caused by juvenoids, it was neccessary to study the effects of juvenoids on the
internal organs, Unfortunately, the effect of JH or its analogues on the ns-system
has not been as yet examined m Cyelorrhaphow. Diptera, Therefore, the experiments
were designed to study the elfects of juvenoid on the ns-system as well as on the
other endocrine glands. The aim is to find out the reason(s) for the inhibition of the
development 1n some of adult structures caused by juvenoids, In other words,
juvenoids affect directly these organs inhibiting (either cartly or completely) their
developments or are their effects indirect, i. e. via the neurcendacrine system.

MATERIAL AND METHODS

Ap mentioned in the previous papers {Abou-Halawa, 1981) the most nctive juvenowds were
found to be sopropyl il-methoxy-3,7-11-trimethyl-2,4 dodecadionoste. All experimentas were
carriod out using this active compound in 1ts highst concentration (1. e. 10 pg}). The methods
used for histological studies have been described m a separate paper (Abou-Halawa, in print),

RESULTS
A) EFFECTS OF JUVENOIDS ON THE NEUROSECRETORY SYSTEM

The histological picture of the brain in such defected insccts reveals five categories
which differ remarkably according to the degree of defection and the stage at which
the juvenoid was applied. The first three categories were obtained by applying the
compound to the last larval instar (few hours before pupurium formation) while
the other two were obtained by applying several doses of the juvenoid during the
wiole larval development (Abou-Halawa, in print). Not less than six brains were
examined for each category.

Histological changes in the median neurosecretory cells (mnsc) of the
first category

According to the classification of Sehnal & Zd4rek (1976) the insects of this
category belong to score (1). They appear as adults with incomplete rotated genitalia
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in males or slightly defective ones in females. In extreme cases, an abnormal 5th
sternite with 4th and 5th tergites were ventrlally opened or 5th to 8th sternites were
not fully developed. These insects were taken from puparia, i. ¢. they failed to emerge.

The brains of such defective aduits differ remarkably from those of the normal
untreated ones. The morphological as well as histological studier indicate clearly
that they corresponded to the brains of newly formed pharate aduits (4 1/2—5 1/2
days after puparium formation), i. e. juvenoids inhibit the development and differen-
tiation of the brain at early stages of pharate adult development. Histological stu-
dies on such defected brains showed clearly that the synthetic activity of the mnse
had been reduced drastically. A small amount of neurosecretory {ns-) material in the
form of diffusable granules could be observed in majority of the cells. However,
in some of them bigger granules could be seen and in very rare cases stained clumps
were present (see Vig. 1 a). The density of nucleoli was very low being 0,4 -4 0,02,
indicating that the majority of mnsc had no stainable nueleoli (Fig. 3). Furthermore,
the nucleolus (if present} appeared small, faintly stained and not attached to the
nuclear membrane. The average number of stainable cells was rather high (25 4 3
cells) while the cellular and nuclear volumes were relatively small,

As mentioned in the previous papers (Abou-Halawa, in print), the insects
belonging to this category appeared externally as normal fully formed adults except
some defections in their genitalia However. they possessed an incomplete developed
brain, 1. ¢ the differentiation of their brains was inhibited at early stages of pharate
adult development. A comparison between the histological plcture of the mnsc
in such defected hrains with these in both normal newly formed pharate adult and
in normal fully formed adults (just before emergence) is included 1n Table (1). It
is evident from the table that a remarkable difference in the histology of mnsc
exists between those in defected brain and in the brains of normal untreated insects.
For example. the amount of material in the perikarva (by estimation) is about half
of those in new lv formed and fully formed adults. The same is applving on the cellular
as well as nuclear volumes which are smaller in the treated insects than in the normal
ones. The nuclealar density of treated insects dropped to about 28°; of that in normal
fully formed adult. This represents the leve] at which the synthetic activity of mnse
had been decreased.

Histological changes in the mnse of the second category

The brains of this category were found in insects belonging externally to the same
score as in the previous category. However. the insects represented the extreme margin
of this score having frequent defects of the last abdominal segment. None of them
(as in the first category ) succeeded to emerge.

The morphological as well as histological studies on the brains indicate clearly
that they correspond to the brains of newly formed pupae (2-3 dave after white
puparium formaticn), see Fig. (2a, b) A comparison between these cells and the cor-
responding ones in normal . untreated” newly formed pupae and fully formed adults
iz representing alse in Table (1). From Fig. (3). it is clear that a steep and gradual
reduction in the average number of stainable cells as well as in their nucleolar density
begins. However. the amount of ns-material seems to be the same as in the previous
category. Tn hoth a small amount of materizl in the form of diffusable gtanules
were almost present. Table (1) indicates clearly that the synthetic activity in the
cells of treated insects had been decreased. The size of the cells and the amount of
‘neurosecretion were reduced to ahout half of their normal values. The nucleolar
density to a very low level of about 219, of that in normal adults,
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Another comparison should be done between the mnse of this category and those
of normal newly formed pupa. The data which are also ineluded in Table (1) clearly
show that juvenoid almost inhibits the synthetic activity of the mnse. The average
number of cells was as low as 19 4 4. Cellular and nuclear volumes as well as the
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amount of neurosecretion were ahout half of the corresponding figures in normal newly
formed pupa. Furthermore, the reduction in nucleolar density was very high in com-
parison with those in normal (being 0.3 in the former and 1.1 in the latter). These
observations indicate clearly that, not only juvenoids inhibit the development and
differentiation of the insect’s-brain, but also they interfere with the synthetic function
of mnsc causing a serious reduction in their activity.

Histological changes in the mnse of the third category

According te the classification of Sehnal and Zdarek (1976) the insects of this
category belong to the score (IV), The most conspicuons morphological effects arve
the undeveloped genitalia and the lack of sclerotization in the last abdominal seg-
ments. Indeed, it was rather difficult to recognize (either morphologically or histologi-
cally) whether the brains of these defected insects correspond to larval, pupal or
adult brains. The difficulties were mainly due to a high rate of degeneration which
accured in many parts of the brain and was often visible as high vacuolation (Fig. 2¢).

Histelogieal studies of this eategory indicate that the mnsec show a gradual degener-
ation, The nueclei lose their definitive structure due to deformation oceured in their
membrane. The eytoplasm of majority of cells stains uniformely reddish and the
elementary granules cannot, so far, be observable. The average number of stainable
cells as well as the density of nucleoli were drastically reduced (Fig. 3).

Histological changes in the mnse of the fourth category

The brains of this category and of the proceeding one were taken from insects
which were severely affected. This was carried out by applying several doses of active
juvenoid during the whole larval development (Abeu-Halawa, in print). The main
characteristics of these defected adults were that the development of the external
structures have been arrested at various stages of differentiation. The eyes remain
vellow as in the middle period of pharate adult (6 1/2 days after pupariation) and
a few bristies were present on the head. The thorax was partially developed with
fewer microchaetae and the abdomen was entirely undifferentialed.

Histological studies on the mnsc of this category (included in Figs. 3,4 & 5). These
indicate that the system was in the last step “just” before complete degeneratoin.
The average number of the mnse which could be detected by the specific PAF-stain
was only 7 + 2 cells, This represents about 27%, of those in normal fully formed
adults. In another words about 73% of the cells have been degenerated. Furthermore,
the remaining few cells possessed a very low level in the density of their nucleoli
(less than 0.2) and the amoant of neurosecreation was at the mimmum level. These
results indicate that the majority of mnse have been degenerated and the remaining
cells were, without doubt, non-functional.

Histological changes in the mnsc of the fifth category

As mentioned before the brains of this category (as in the previous one) were taken
from insects extremely defected by applying several high doses of the juvenoid.
Histological observations on the brains of these insects revealed clearly that the mnse
have been completely degenerated. 1t was difficult to find such cells by the most
gpecific stains for neurosecretion: PAF-stain (Fig. 6a) and Heidenhein's stain (Fig. 6b).
However, the cells which considered as nse by their position in the pars intiercerel?ralis
were very few (one or two cells). These cells were without ns-material in their perikarya
and they were without nucleoli (Fig. 6 a). The results which indicate that such in-
sects have no ns-system.
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1t is to he noted here that the insects of this category as well as of the previous ones
were living at the time of autopsy (2 days after the emergence of the eontrols).
This view is based on several facts: (1) Some insects were movable at the time of
dissections; (ii) Preliminary experiments were done to determine the time-need for
these defected insects to die. The results indicated that they were alive for three
days after the emergence of controls, thereafter they died in the fourth and fifth
days.

Onge further point should be mentioned here, viz the photographs represented for
each category. These photographs were the typicals found in the majority of the
examined brains. At least three brains out of six (i. e. 509 of the specimens) should
be similar and representing the typical for a given category. The remaining were
almost found as intermediates between the different categories. Some of these in-
termediates belong to the previous category, the others to the proceeding one. The
data in the curves and tables represent the averge of the whole brains examined
in each category,

B) EFFECTS OF JUVENOQIDS ON THE RING-GLAND

The general histological picture of the ring-gland in treated specimens reveals
three categories. The classification was mainly based on the presence or absence of the
chromophile cells in the corpus cardiacum (ce) and on counting the number of R-cells
in the ring-gland. It has been observed during these studies that individual variations
were high, that in similar defected insects belong to the same score possessed greately
different ring-glands. For this reason not less than 12 specimens were examined in
each experiments and the total number was 75 ring-glands. The photographs provided
represent (as in the case of the ns-system) the typical for each category i. e. the major-
ity of glands examined.

Histological changes in the ring-gland of the first category

The ring-glands of this category were found in the less defected inseets (scores
I & 1I) by applying juvenoid on the last instar larvae ready to pupariate. Histological
studies indicate that the differentiation of the ring-glands was inhibited during early
stage of insect metamorphosis. The view is supported by couating the number
of R-cells. 1t has been found that the average number of these celis (counted in
14 specimens} was 240 4- 13. By comapring this figure with data obtained by the
present author in a separate paper (in preparation) concerned with the histological
changes occur in the ring-gland during the normal postembryonic development, it
seems possible to conclude that they are similar to those in normal newly formed
pupae (36 —60 hours after pupariation). However, the histological studies show a great
differences. The most conspicuous ones occurred in the peritracheal glands and could
be summarized as follows:

1) The cell membranes clearly appear in the normal newly formed pupae while they
are deformed in the treated ones.

2) The perikarya of the R-cells are very large in the normal as seen in the big spaces
between their nuclei. However, in the defected glands the nuclei are very con-
densed possesing a very narrow cytoplasmic areas between them.

3) The nuclei are regular in shape, appear either spherical or oval having a conspicuous
nuclear membranes; but in the treated insects the nuclei of R-cells are irregular
in their shape due to a deformation occuring in their membranes.
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4) Most of the cells in normal untreated insects contain one or two (rarely three)
nueleali which stain intensively with basophilic dyes while they are almost absent
in the glands of this category. The chromatine granules were scattered in the
nuclear sap of these defected glands.

These observation clearly indicate that R-cells in these defected glands are non-
funetional rather than that their synthetic activity has been decreased.

Histological changes in the ringgland of the second category

The ring-glands of this category and of the proceeding one were taken from insects
treated with repeated high doses of juvenocid. They were extremely defected and
belonged to scores V. & VI according to the classification of Sehnal & Zdirek
(1976). Genersl morphological observations as well as histological studies on the
ring-glands with their adjacent structures as the aorta and proventricules indicated
that these organs succeeded to complete their differentiation uptil adult forms, The
average number of R-cells was 140 + 15 which may 'rougly’indicate that the stage
at which their differentiation was inhibited in the last two days of adult development,
i. e. 2-days before emergence (Fig. 7h).

Histological studies on the R-cells of such defected glands indicated (as clearly
seen in Fig, Th) that the cellular as well as the nuclear membranes were deformed.
The nucleoli in the majority of them were absent and when present (in very few
cells) they were small and faintly stained with basophilic dyes. The observations
which indicate that these cells (as in the previous category) seem to be non-funetional.,

It iy clear from the same figure that the ca seems to be still active. No deformations
could be observed in the nuclear membranes and the whole gland is sheathed by a well
developed connective tissues. Furthermore, the histological data indicate that the
nuclei are fairly large (their average surface area is 96 4 8 (42) possesing a big and
clear nucleoli. The density of nuclecli was alse high. This indicates that the majority
of ceils have nucleoli, i, e. the cells of the ca (unlike those of the R-cells) are still
functional. The view is further supported by the presence of the extracellular vacooles
between the above mentioned two glands. This vacucle which is clearly seen in Fig.
7b represents a reduced volume from the corpus allatum after a stage of active release
a detatled account of such vacuoles will bepublished in a separate paper,

The third constituent of the ring-gland, i. e. the ce could be hardly seen most
probably due to the absence of the chromophile cells which were undifferentiated.

Histological changes in the ring.gland of the third category

In many points of view the ring-glands of this category are rather similar to those
in the previous one. As mentioned above all were taken from the extremely defected
insects obtained by applying repeated doses of active juvenoid.

Morphological and histalogical studies indieate that the differentiation of these
glands was inhibited during adult development. However, minor differences occur
in the number of R-celis as well as in the presence of chromophile cells. The average
number of R-cells was higher than those in the second category being 180 4 9 cells
indicating that their differentition might be inhibited at younger stages of adult
development. By comparing this number with those during normal development
(in preparation) it seems possible that they correspond to a stage of 4-days before
adult emergence.

The similarity between these glands and those in the second category was mainly
observed in the histology of R-cells. Both possessed a deformed cellular and nuclear
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membranes as well as no clear nucleoli could be observed. These observations
indicate that such cells are almost nen-functional. The chromophile cells which never
seen. beofore (in the treated insects) are visible in the glands belong to this category.
Fig. 8b indicates that such cells succeeded to differentiate but they failed completely
to be functional. Their nuelei are hardly visible due to the disappearance of their
membrane and neither the nucleoli nor any of chromatine material could be seen in the
sections, The effects on the ca seem to be smaller; ome of nuclei in this gland are
still elear, relatively large and contain basophilic big nucleoli. However ,the nucleolar
density was very low being 04 and indicate that the synthetic activity of these
glands had been drastically reduced. Furthermore, the collagenous connective tissues
sheath which enclosed the corpus allatum and separates it from the neighbouring
R-cells seems to be deformed (Fig. 8a).

DISCUSSION

The foregoing experiments indicate the drastic histological changes induced in the
neuroendocrine system and the extent to which such active compounds are inter-
fering with the function of this system. Although only small defects oceurred in the
external structures (see Abou-Halawa, 1981) the internal organs were seriously
upset by juvenoids. Most of the emerging flies posessed non-functional endocrine
system and in the extreem cases appeared even a complete degeneration of this
system. In other wards, it was possible to ereate an adult insect without functional
endocrine system. This interesting and, indeed, unexpected results clearly show that
at least part of development and metamorphosis oceurred in complete absence
of endogenous metamorphosis hormones,

No available information concerns the effects of juvenoids on the ns- system. With
regard to the other endocrine glands, there are very few ones dealing with their
effects on the prothoracie gland and on the ca in some insect groups but nonein
higher Diptera. Gilbert et. al., (1959) and Williams {1959) observed activation
of prothoracic glands after application of Cecropia extracts to Saturniid pupae.
Moreover, Krishnakumaran & Schneidermann (1963, 1965) demonstrated
that the observed prothoracotropic effects of the Cecropia extracts were indeed
associated with the juvenile activity, Similar observations are described in the work
by Badwan (1974) on cockroaches. The same have been observed in Sarcophaga
and it was interesting to observe that the only larval structure preserved after
application of juvenoid is the R-cells (the corresponding component to prothoracie
gland in the other group of insects). All the larval structures (hoth external and
internal) have been degenerated in the due time except the R-cells which did not
complete their degeneration. The amount of the cells preserved was found to be
in relation with the dose of juvenoid applied and consequently with the degree
of defects, More cells were preserved in highly defected insects and vise versa. The
ability of juvenoids to prevent degeneration and breakdown of the prothoracic
glands is a widespread phenomenon associated with extralarval or extra-pupal moults
(Sldma et. al., 1974). However, in higher Diptera such phenomenon was not appli-
cable and hence it was impossible to get extra-larval or extra-pupal moults after
treatment with juvenoids. Zdérek & Slama (1972) were able to induce extralarval
moult by applying high doses of eedysoids but not with juvenvids, The reason for
this is still uncertain. Due to the great diversity of insects, there are conflicting
reports with regard to the role of hormones in controling the metamorphosis of in-
sects. According to Noviak (1966) who reviewed the problem in many insects, the
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metamorphosis can only take place when the JH concentration falls bellow its
effective concentration. A similar statement was made by Wigglesworth (1970).
In higher Diptera it has been found that development and metamorphosis can exist
in the presence of high concentration of exogencus JHa and in absence of endo-
genous metamorphosis hormones.

From the available information, it seems as a fairly firmly established fact that
hormones are the master of insect development and metamorphosis. In their absence,
growth, moulting and metamorphosis will be inhibited. Exzamples; Williams
(1947, 1948) and several athers (cf Wigglesworth, 1970) have shown that a stage
corresponding to natural diapause can be induced by the removal of the brain, the
source of activation hormone (AH). Scharrer E. (1952) has shared this view point
and attributed the natural diapsuse to a temporary interruption of the activation
hormone (AH) production. The same was reached bv Novik (1966) who has shown
that larval and pupal diapause is due to the lack of AH and (therefore) the moulting
hornone (MH). In this connection it is important to refer to the work of Okasha
(1965) who attributed the failure of moulting of Rhodnius at 36 °C to the absence
of brain hormone. Also the work of Thomson (1965) who believed that the failure
in the development of the ovaries in the sugar-fed flies is due to the absence of brain
hormone which did not realese and store in the nse. Zdérek (personal communica.-
tion) after reactivation of diapausing pupae by ecdysterone and acetone believes
that such compound stimuiates the nse to release the AH i, e. such compounds break
diapause and reactivate the insect indirectly via the ns-gystem.

Although there was no direct evidence to support any one of the above mentioned
suggestions and due to the absence of information concerning the effects of juve.
noids on the neurcendocrine system in higher Diptera, the present author was in
accordance with these opinions. Therefore, it was theoretically believed that the
defections caused by juvenocids in adult structures (both external and internal)
should be also an indirect effect, i. e. via the neuroendocrine system. Furtheremore
and due to the classification of nse to different groups (according to their topogtaphy)
and to different types (according to their stainability) it was also theoretically
believed that juvenoids variably affect the development of adult structures through
their ¢ffects on some groups (or even cells) of the nse, However, the experiments
represented here (which clearly show that development and metamorphosis in the
flesh-fly Sarcophaga crassipalpis Macquart has oceurred in absence of endogenous
metamorphosis hormones. This may throw some doubts on the previously men-
tioned suggestions; at least in such cases.

On the basis of some other work on the neurcendocrine system by the same author
that will be published separately later, the present author is in full accordance with
the old statement of Williams (1942). He stated that'*. .. at least in these cases,
hormones are the serfants rather than the master of development the ultimate result
is determined by the ability of the fissues to react”’. The same conclusion have reached
by Okasha (1965}

With regards to the mode of action of juvenoids in higher Diptera, it seems tempt-
ing to suggesh that these active compounds act directly on all adult structures (both
the external and internal; euqally on the neurcendoerine system), Thus {somehow,
most probably by inhibition of the synthesis of specific proteins orf and synthesis
of RNA) they cause either partial or complete inhibition of their development. This
suggestion is supported by the fact that juvenoids act at a very low subcellular
level (Sldma et. al.,, 1974). Oberlander et. al., (1965, 1966) detected slightly en-
hanced rate of RNA synthesis after application of juvenoids.
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From the previous work (corcerned with the effects of juvenoids on the external
structures as well as in the internal ones Abou-Halawa (in print) and on the basis
of the results deseribed in this investigation , it can be safely stated that the internal
organs are more sensitive and more seriously affected than the external structures.
In the extremely defected insects they look as a typical adult wath drastically deffected
internal organs. This (as it was suggested in the above mentioned paper) should be
due to the time difference in their development. Tt is common knowledge that the
imaginal buds of the external organs are present and could be easily seen during
larval life. These structures begin their differentiation very early and at a very high
rate at the end of the last larval instar. However, the internal organs of adult insects
differentiate after complete degeneration of the corresponding larval structures very
late during metamorphosis stages, It has been found that juvenocids affect the de-
velopment of these structures according to the rate of their morphogenesis; the
earlier in development are the less affected and vice versa. The same conclusion was
reached by Srivastava et. al., {1969) and Slama et al., (1974).

On the basis of the present work it remains, however. a question for further
research to find why the Cyelorrhaphous Diptera react to juvenoinds in a completely
different way than the other insect groups.
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COMPARATIVE STUDY OF DAPHNIA ATKINSONI AND DAPHNIA ULOMSKY1
(CRUSTACEA, CLADOCERA)

Tgor HUDEC
Received Mareh 19, 1980

Abstract: Author describes distribution, variability and biclogy of Daphnia atkinsoni
Baird, 1859 in Slovakia. The study ia focused on the differentiation of Daphnia athkinsoni and
Daphnia ulomskyi Behning, 1941. Following characters were studied using the populations from
Slovakia and Jugoslavia: dorsal ridge, antennules and rostrum, antennae, shell-spine, numbear
of setae on endopodites, pestabdomen.

INTRODUCTION

While working on Cladocera in Slovakia we observed a large variability of Daphnia
atkinsoni. The variability covered many characters. Our samples had either typieal
characteristic fastures of Daphnia atkinsoni or their characters reminded Daphnia
ulomskyi.

The variability of Daphia atiinsoni is known for a long time {Wagler, 1936,
Johnson, 1952a, Brooks, 1957). According to literature Daphnia athkinsoni occurs
more or less in all Europe, except its northernmost regions with the exception of Ice-
land (Hrbacek. 1978). Outside Europe it occurs in N. Africa, S. E. Asia. Less
commonly it is found east to central Asia and Siberia (Johnson, 1952b),

The geografical distribution of Daphnia ulomskyi is more limited. Its ocourrence
is confirmed only in Transkaukaz, Krym (Behning, 1941, Manujlova, 1964)
and Macedonia (Petkovski, 1970). More information about biology and taxonomy
of Daphnie ulomskyi is given by Petkovski (1970), but the variability of this
species has not been studied yet.

MATERIALS AND METHODS

Slovakia: Muzla, shallow-pools in field, 16. 4. 1956., Palarikovo - Selice, shallow-pools on
a pasture near a road, 17. 4. 1956., Pastoves - Bielovee, pool on a plough, 15. 4. 1956., Dolny Bar,
shalow-pool on & pasture near a village, 8. 5. 1953., Malé Levére, pool near a village, 23. 4. 1955,
Malé Ciky (near Surany villege, little shallow pool on a pasture near & well, 17. 4. 1956., Sikenitka-
natron pool near a field, 14. &. 1956., TopolIniky, a rural shallow-pool in a field. 5. 4. 1955, P'ri,
beta, wide ditch near a road, 29. 4. 1956., Cilistov, shallow-pool near a flood barrage, 25. 4. 1956,
Tekovské Luzany, deep ditch in & field, 12. 4, 1954., Vlkas, shallow pool on & meadow in a flood
region of the river Zitavs, 21. 4. 1969, Surany — Palérikovo, large shallow.pool on a plough,
22. 4. 1969, Surany - TvrdoSovee, ditch in a field under willow trees, 22. 4, 1969., Palarikovo,
ditch near a willage with quit watter, 22. 4. 1969., Palarikovo, wide ditch near a willage joining
a large shallow rural pool, 22. 4. 1969., et 14. 5. 1970., Nové Zamky - Komoda, periodical swamp
full of Carex sp. situated under willow trees with rotting leaves on its bottom. 23. 4. 1969.,
Dulovee, rural shallow-pool, 24 4. 1869, Chotin, shallow-pool with a mire.sandy bottom, 24. 4,
1969,, Marcelovd, rural shaliow-pool, 24. 4. 1962., Bué, rural shallow-pool, plantless with a sandy
bottom, 24. 4. 1969., Cenkov - Muila, large grassy shallow-pool on a pasture near a road, 24. 4.
1969, Tza, shellow-poll, 15. 4. 1970, I2a - Komarno, little shallow-pool on a plough, 15. 4. 1970,
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Chotin, shallow-pool on a field path, 15. 4. 1870., Zeleny Haj, (near Hurbanovoe}, shallow pool
on plough, 15. 4. 1970., Martinovee, shallow-pool on plough, 15. 4, 1970., Jarovce, & little shallow
rural pool. 17. 4. 1970., Léb, shallow-pool on a field, 18, 7. 1970., Vajnory, shallow-pool on
a field, 19. 4. 1970. , Senec - Bladkoviéovo, flooded ditches, 20, 4. 1970., Palarikovo, wide ditch

10,':], 2ab- AR 4 0, mm

Figs. 1— 6 Daphnia atkinsons la — female from Oko#, 1b — dorsal plate, 2a - female from Pa-
Yarikovo, 2b — dorsal plate, 3a — postabdomen of female from Okoé, 3b — terminal claw, 4 — ma-

le from Okod, 5a — postabdomen of male from Okoé, 5b — terminal claw of male, 6§ — rostrum
of fernale from Okoé.
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Table 1. Measurements of . athinsoni '

29 Okoé Polarikovo Mralmo- Nové Zamky
X 4 8« -Skopje
Total body length {mm) 2,25 + 0.49 2.06 - 0.23 2.20 + 0.20 2138 4 0.35
Length of spine (mm) 0.42 £ 0.07 0.96 = 0.22 0.31 + 0.09 0.34 1+ 0.11
Total carapace height (mm) 1.15 L .28 115 4+ 0.4 1.49 4+ 0.29 1.22 4 0.13
Length of head (mm) 0.453 + .13 0,487 + 0.085 0336 - 0.043 0.386 + 0.108
Length of rostrum (mm) 0.0096 4+ ¢.001 0.0115 £ 0.003 0.0088 + 0.003 0.0069 + 0.00]

near & villege joining a large shallow-pool, 13. 5. 1970., Palarikevo, shallow-pool thinly covered
with Carex sp., 13. 5. 1970., Paldrikovo - Selice, a large shallow-pool in a field, 13. 5. 1970,
Rastislavice, large shallow-pool in a field, 13, 5. 1970, Balka, shallow-pool, 17. 5. 1979.. Drahiigv,
large shallow-pool with plantless bottom in a field, 2. 8. 1970., Hurbanovo, shallow-pool near
a village, 14. 4. 1067., Nové Zamky, shallow.pool, 17. 4. 1967. (fig. 18)

The material from the following localities was analysed in more detail:

Okoé, May 6. 1955 — there occurred individuals of Dephnia aibinsoni with a well-developed
dorsal ridge but we have also found many transitions of forms towards Duphnia wlomskyi
with less or very little developed dorsal ridge.

Palarikovo, May 13. 1970 — all the individuals we examined were very sirmlar to Duphnic
atkingoni var. bolivari (Richard, 1896) as found omnly in South Awerica. All the individuals
have relatively high head with a well-developed dorsal ridge as well as more strongly developed
spina.

Nové Zamky, April 14. 1967 — the individuals found had features very similar to those of
Daphnio ulomskyt.

. Jugoslavia: Mralino - Skopje, April 2. 1970 — individuals deseribed as Daphnia ulomskyi
(Petkovski, 1970).

The study of variability is based on the following characters: body dimension (measured ae-
cording to gré.mc k-Hu#ek, 1862), dorsal ndge, antennules and rostrum, antennae, shell-spine,
number of setae on endopodites, postabdomen, bionomy. The number of mesasured individuals
of each sample was 13,

RESULTS AND DISCUSSION

The description of Daphnia atkinsons is not given because it agrees with that given
in literature (Johnson, 1956b).

The form of the head and dorsal ridge (Figs. 1, 2, 7—8).

The form of head in all females (with summer eggs as well as with ephipium) depends
on the size of the dorsal shell ridge and plate, If the plate is well developed then the
head is like in Daphnia atkinsoni (Okot, Paldrikovo). I denticles on the plate are
not developed. the head shape resembles that of Daphnia ulomskyi (in most specimens
from Slovakia).

Althogether we have found two types of the dorsal ridge:

A) with well-developed dorsal plate — as it is with the typical individuais of Daphnin
atkinsoni. This dorsal plate often reaches up to 1/3 of the head width and it is lined
with denticles. The thickness of the denticulation changes from ecase o case and
is often interrupted. (Figs. 1, 2, 8)

Table 2. The number of setae on endopodites

Trunk limbs of pairs Mralino-Skopje Polarikovo Dkot
2nd 1215 15—18 11—-15
3rd 47—59 48 — 69 45— 60
4tn 37—43 3845 3340
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B) with the dorsal plate typical for Daphnia wlomskyi — the plate is very narrow
and inconspicuous, It is reticulated polygonally (Nové Zimky, Mralino-Skopije).
Always without denticles (Figs. 7a,b).

There exists a series of transitions between both the types of the plate. The thickness
of one branch of the plate varies from 1/3 (Daphnia atkinsoni) to 1/8 (Daphnia
ulomskyi) of width of the head. The same also applies to variability of the male dorsal
plate.

Figs. 7—11. Daphnia atkinsoni. 7a — female from Mralino - Skopje, 7b — dorsal plate, 8a —
— fomale from Qko#, 9b — dorsal plate, 3 — female from Oko, 10 — male from Mralino - 8kopje,
11 — antennae.
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Antennules and rostrum — one of the distinetive features in the Manujlova’s key
(1964) is the shape of the rostrum and the position of antennules of both the species:
. Rostram peints downwards, the antennules are distant from its end (Daphnia

>
-‘-..\ Az
} X
: =i /2 N
‘fg'”'* o ‘é /’(
) it ——— ~
g 7. A G 4
i3 N
72 R
= o >3
i & i “ “
’ o L
] NN
e

14

cﬁ‘:’y .
{ C_, 0,05 mm G05mm

121315 —— 14—

Figs. 12—15. Daphnia atkinsoni. 12 — 1% male trunk hmb, 13 — 1¢ femsle trunk hmb, I4 — 28a
female trunk Lmb, 16 — 5 female trunk hmb.
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atkinsoni; rostrum raised, the antennules are nearer to its end and they point forward
(Daphnia wlomskyi).” (Fig. 6)

According to our measurements the distance of antennules from the end of rostrum
cannot be used for the identification. The length of the rostrum of the ephipial
females from Slovakia and Jugoslavia with sclerotinised carapace is more poin-
ted than in parthenogenetic ones (Table 1.) The position of antennules depends on
the length of the rostrum.

Figs. 16, 17. Daphnia athinsoni. 16 — 37 fomale trunk limb, 17 — 41* famale trunk limb.

Antennae (Fig. 11) — small spinules covering antennae vary in thickness and in
form within one population. Spinulation is not related o the development of the
dorsal plate because 1t can also occur on the individuals with a very little developed
plate. Therefore it has low taxonomic value.

Shell 1s denticulated along its margin. On its ventral side the spinules oceur along
1/3 of the length( on the dorsal margin the spinules reach to the basis of the dorsal
plate. Dorsal ridge carrying the keel with spinules on both its sides.

If the spinulation is well-developed also on the dorsal plate, they also oceur on
another ridge laterale along the sheil (Fig. 2a).

Shell-spine — when compared with the rest of the body the spine of all the observed
individuals is rather short and relatively thick at its basis, The populations from
Slovakia and these from Jugoslavia (with poorly developed dorsal plate) have a similar
shell-spine. On the other hand the populations with a well-developed dorsall plate
have their shell-spine a bit larger but not as a rule.

Tt is the population from Palirikovo that serves as an exception. Their shell-spine
resembles that of Daphnia atkinsoni var. bolivari. According to the illustration in the
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Manujlova's key (1964) the shell-spine of the South American variety is straight
while the individuals from Paldrikovo have a bent shell-spine (Fig. 2a). The population
from Palarikovo had its sheli-spine twice as long than that of the other populations
observed,

Trunk limbs (Figs. 12—17) — the 1%t and 5t pairs of the limbs of females and
males was observed (neither in their shape nor in the number of setae). Limbs of

Fig. 18. Thstribution of Daphnin athinson: m Slovakia.

2rd__4th pajrs do not show any essential changes in thair shape either{ even in
different localities. The nurmber of setae an exopodites of 37 and 4th pairs of the limbs
is constant {6) but there are individual differences in the number of setae on en.
dopodites (Table 2).

Postabdomen (Figs. 3a, 3b) — it is of the same build in all populations studied.
The only difference ig in the number od small spines on the distal line of postabdomen.
The description of postabdomen is identical with those already published (Sra-
mek-Hugek. 1962, Herbst, 1962, Manujlova, 1964, Fléssner, 1972, Behning,
1941, as well as in papers by Johnson, 1962b and Petkovski, 1970).

We also observed a cluster of fine bristles at the bases of the terminal claws of the
individuals with a well-developed dorsal plate — the character that has only been
stated with the Daphnia wlomskyi individuals up to the present.

Neither the postabdomen of the males showed any expressive variability — whether
the male had a well-developed dorsal plate or not.

Colour — in individuals with a thick carapace above all those with ephipium
this is bright yellow-brown.

Bionomy — allthe individuals collected from the territory of Slovakia were found
in the temporary shallow pools (puddles ditches, shallow-pools on fields and meadows)
between the beginning of April and the beginning of July. In the autumn they did
not occure in our samples. According to our collections as well as data found in
literature, they are typical representatives of temporary waters. They occurred
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in the samples either as the only representatives of Cladocera, or most often accom-
panied by Daphnia magna and Moina brachiata. They occurred much more reraly
with the following species: Daphnia similis, Daphnia pulex, Daphnia curvirostris,
Daphnia longispina, Ceriodaphnia reticulata, Certodaphnia laticaudate, Simacephalus
expinosus, Scapholeberis nurita and Chydorus sphaericus.

The distribution of the species is mainly restricted in Zitny ostrov, in the lowland
parts of the rivers Vih, Nitra, Zitava, Hron and Ipel. We have also found this pecies
in lowland of Zahorie, and once in the East Slovakia lowland.

DIFFERENTIATION FROM CLOSELY RELATED SPECLES

In the area of the distribution in Slovakia the species Daphnia atkinsoni can be
misidentified with Daphnria similis and Daphnia magna.

The most distinetive features of morfology of Duphnia atkinsoni opposite to
Daphnia similis are: 1) Dorsal ridge of the carapace and its extension into the head
ghield (these struetures can be adequately investigated only in dorsal view). 2)
distance of antennules from the end of the rostrum.

Daphnia atkinsoni — 1) The extension of the dorsal shell ridge into the head forms
a dorsal plate It may by wide 1/3 to 1/8 of width of the head. 2) Antennules are hear
the end of rostrum and sensory setae protrude over the rostrum by their whole length.

Daphnia stmilis — 1) The extension of the carapace into the head in either about
as wide as the rest of dorsal shell ridge or narrower. 2) The distance of antennules
from the end of rostrum 1z longer (2—3 lenth of antennules) and senzory setae never
protrude over the rostrum by their whole lenth.

Daphknic magna iz the next one of subgenus Ctenodaphnia which lives in Czecho-
slovakia. This species is easily distinguished by the shape of dorsal margin of its
postabdomen,

SUMMARY

The study is centred on the comparison of Dephnria atkinsoni and Daph.iia
wlomskyi. Following characters were studied using the population from Slovakia
and Jugoslavia: the dorsal plate{ rostrum, positicn antennules in relation to rostrum.
spinulation of antennae, the number of setae on endopodites. mainly on 3th and 3th
pairs of limbs, postahdomen. cluster of hairs at the basis of the terminal claws.

1t is apparent that Daphnia atkinsoni and Daphria wlomskyi belong to the same
species and according to the law of priority the name of Daphnriz atkinsoni Band,
1859 should be used.
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Noﬁl ON @ROWTH OF THE BROWN TROUT (SALMO TRUTTA M. FAKIO)

Jaroslav POUPE
Recoaived March 10, 1980

Abstract: 112 specimens of the brown trout, Salmo trutta morpha faro, angled in 13 localitiss
in Bohemia, were studied with regard to growth. Seale methed wae used. Broad ranges in
rate were observed both among individual localities and in specimens from the same part of the
stream. Generally, the growth rate is evalusted as fast.

INTRODUCTION

The brown trout is planted very intensively in the Czech Socialist Republic. E. g.,
in 1976 only, according to fishery statistics of the Czech Anglers’ Association, 1, 145,
612 specimens of yearlings and older specimens were artificially planted. The turn-out
of the trout planted in that year ranged in various anglers’ districts from 13 to 85%,,
the average was 269%,. Better results for long-term perieds have been noted in southern
Moravia (56%,); here it has been as much as 1209 in some districts (Dyje 14). The
smaller legal size here (23 em of total length) plays certainly an important role. The
smallest turn-out is observed in western Bohemia (139%,), where apparently some
limitations in angling influence (e. g. angling using only artificial fly on the river
Otava). Statistical data do not differ among trouts reproduced by normal, natural
spawning from those planted artificially. With regard to this fact the values of
“returned” fish must be lower. In this contribution I wish to bring some material
which could help increase the turn.out from trout streams.

T - T v T T T

T T
15 5§ 10 15 20 25 30 35 40 45 50 cm 55

Fig. 1. Body/seale relationship at the time of seale formation. Dots — actual values, crosses —
averages.
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The growth of brown trout was studied in Czechoslovakia recently by many authors,
¢ g. Balon(1959), Kirka (1964), Libosvarsky, Lusk, Krédl (1971), Leontovyd,
Vostradovsky (1974). From non-Czechoslovak authors the works of Hale and
Smith (1955), Ball (1961), Fish (1963) should be mentioned.

MATERIAL AND METHODS

Seale samples were collected from 1867 up to 1977, Alltogether 145 samples were obtamed,
for age determination scales from 112 specimens only were used. The rest represented regenerated
scales. Localities were as follows: the brook Janovieky potok, tributary of the river Sdzava,
district Benefov; the brook Jevansky potok, tmbutary of the Sdzava, district Prague-Hast;
the brook Kaédk, tributary of the river Berounka, distmct Beroun; the rivulet Kocaba, tributa-
ty of the ¥ltava, distriet Piibram; the brook Konopistsky potok, tnbutary of the Bazavs, distr.
Benedov; the river Ohfe below the mverine lake Nechramicks prehrada, district Chomutov;
tha river Tichd Orlice, tmbutary of the Labe, district Usti nad Orhiei; the brook Petroupimsky
potok, tributary of the Sdzava, distriet Benedov; the brook Suchomastsky potok, tributary of
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Fig. 2 Total lenght/weight relationship; dots — actual values.

the Berounka, district Beroun; the brook Btép4novsky potok, tributary of the Sdzava, district Be-
nedov; the riverme laks of the niver Uhlava, distyiet Klatovy; the brook Zahotansky potok,
tmbutary of the Berounka, distr, Beroun; the nver Vltava above Prague, distriet Prague West,
These localities represent sll kinds of waters mhabited by the trout in this country.

Dunng anglng I wsed lures dead fish and artificial fhes. Secales were removed following the
method desgribed by Leontovyé and Vostradovsky (1974) and presented in envelops; adl
necepsary notes were made 1n the field. Scales were than studied in laboratory using Zeiss Lese-
gerat magmfied 17.5 times. The annuli were noted on oral part of the seales the evaluation of
back caleulation or growth was made by use of Lee’s method (Fig. 1); the relationship between ST,
{body or standard lenth) and TL (total length) and weight 18 demostrated 1 Fig. 2 the relation-
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ship between average prouwth and average incremente 1n single age groups 18 shown 1n Fig. 3.
w108
Fultons condition index K = —j5— was calculated for single age categories. Convermon factor

for relationship between the total and standard lenth was calculated for all age categories and
the average value determined.

I 1 |

1 10 20 30 40 m 50

Fig. 3. Relationstup of the total length to the standard length, Dots — actual values, crosses —
averages.

RESULTS AND DISCUSSION

The body length at the time of scale formation was ascertained graphically as
25 mm, The correction factor body length /standard length ranges between 1.10—1.27,
increasing in small fishes; the average value is 1.156. In 42 specimens cursory study
of food was performed; the digestive tract contained small invertebrates, only in
7 cases fish rests were ascertained, and in one female (weight 1.8 kg) 3 voles and one
gudgeon {Gobio gobio).

Concerning the body length at the time of scale formation there are considerable
differences in the data given by various authorities (e. g. Frank 1959, Leontovy¢-
-Vostradovsky 1974 and others). Studying this problem by observing trout fry
from hatcheries using 80 specimens T noted ranges between 16—35 mm. These ranges
correspond alto with the extreme values found graphically. The length/weight
relationship was studied with regard to those of the body length/weight and the
total length/weight. Graphical illustration seems to be better for quick calculation.
The calculated weight average corresponds to sizes slightly overlapping the legal
size of 256 em (TL}. A small number of specimens from smgle localities prevented
me from reaching more precise conclusions concerning thew growth. The fastest
growth seemed to be manifested in trouts inhabiting the brook Janovicky potok,
a bad growth appeared in trouts from the brook Stépanovsky potok. These results
coineide with those of Frank (1959). Kirka (1964), Leontovyt — Vostradovsky
(1974}, Lohnisk ¥ (1963). However, I cannot exclude that my results were influenced
by the selectivity of the gear used. The growth of trouts under natural condi-
tions was almost identical with trouts reared in special rearing “‘trout brooks”. In
some cases the legal size for angling was reached in the second year of life (according
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to private communications of trout breeders, not verified by me personally). This
refers to the brook Kosovy potok (near the town of Thbor), the tributaries of the
rivulet Choty#anka (Benefiov district), the brook Lomnd near the town of Jablunkov
(Moravia), the tributaries of the rivers Malse and Svarcava in southern Bohemia,
the brock Jeitédka, the tributary of the river Jizera (Liberec district).

40

cm

1 2 3 4 5 6 7 years

Fig. 4, Average annual increments. A — average calculated body length, B — average increa-
ments of body length. By dots represented calculated bedy lengths reached to the posterior
margin of each annulug, All material summanzed.

The growth of brown trout is strictly dependent on ecologiecal condition of the
given locality. Important factors are the number of specimens planted, the basic
primeval population of the trout, the number of hiding places, the number of fish
gpecies which can represent either food, or competition for the trout, and the methods
of fishing. The same results were demonstrated by Libosvarsky (1973). Trout
population in most places of its occurrence can be influenced by suitable use of
fishing regulations. The lowering of legal size from 25 cm of TL to 23 cm of TL in
south Moravian fishery district caused the apparently greater turn-out of trouts’
Members of angling society in a given district wish to restrict angling with regard
to the angling activities of other organizations that, in their opinion, reduces the
number of fish in their district, and in this way they suppose to protect trout in their
own angling district. [t was really observed on some breoks often visited by anglers
that the final number of trout caught by way of electrofishing in autumn for the
rearing purposes is about 110 of the expected number. Anglers believe that this
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Table 1. Summary of back-caleulated growth and age class distribution
m alf examined trouts (112 ap.)
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I 3 155 184 160 149 117
120 140 — 90
220 250  — 158
I 37 200 20 170 170 102 180
140 192 — 90 147
235 260 — 123 204
I¥ 38 233 266 210 1.34 101 184 213
1580 210 180 §5 128 153
2786 206 270 131 203 255
v 27 a60 338 360 145 110 176 242 284
230 260 190 7 125 170 214
570 610 1000 165 200 335 570
VI 5 579 414 980 191 112 190 268 327 370
265 300 250 91 145 185 225 265
475 510 1430 131 231 385 415 454
VII 1 266 300 9250 133 72 132 176 202 248 266
VIII 1 410 450 — — 54 141 138 255 3605 3454 382

112 243 2381 298 1561 104 173 227 294 342 311 382

converted to the total length {(TL) in mm 132 204 260 330 380 3489 421

caleulated weights in g 44 87 145 384 522 422 @40

fact is caused by incomplete registration of the eatches, but they do not take into
aceount the normal fish mortality and meortality brought about by wounds caused
by haoks in smaller individuals returned into water. Through angling only a part
of normal trout production can be obtained (see Libosvirsky et al. 1971).

In 1978 the water reservoir Yéttkovice at Kopiivnice (the angling distriet Lubina
3 A), 22 ha of the surface area, was opened for angling. In autumn 1977, about 8000
vearlings and two-year old brown trouts were planted there. In only two first days
of the subsequent spring season {1978) more than 2000 specimens of brown trout
were angled. No fish of under-legal size was registered. The angling pressure was
demonstrated by over 500 anglers, who all captured 4 trouts, according to fishing
rules.

This example is reported as a demonstration of the angling pressure on trout
Ppopulation, under special conditions.
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Table 2. Comparison of own results with sefectod data from another localities

Locality 1 1z i3 14 1s ls 1;
and author L Lo Lz Lis Ls Ls Ly
Hineov potok % 89 92 112 136
Kirka 1969 63 80 106 129 157
Nebeskd Rybna 62 120 153 174
Lohnisky 1963 71 139 177 201
Biela Orava 73 129 199 212 .
Holsik 1969 84 149 230 245
Piimda 77 140 182
Frank 1962 B9 162 210
Svratka 83 129 158 238 301
Pehiz 1968 06 149 206 275 347
Loudka 81 153 177 185 225
Libosvarsky 1868 105 177 204 225 257
Hubenov-reservoir a6 233 275
Vostradovsky 1974 111 269 317
Orava-reservolr 102 181 324 402 509 613 703
Holsik-Bastl 1970 118 209 374 462 B85 708 812
author 104 173 227 204 3432 311 382
132 204 260 330 380 349 421
Kli¢ava-reservoir 08 ind 318 407 451
Frank 1959 126 212 367 470 521 ¥
Louéka-lower part 112 1589 184
Lihosvaraky 1968 129 183 M2

Libosvarsky 1971, 1973 proofed angling can exploeit only a part of available
production from the trout stream. It seems necessary that some limitations concerning
brown trout angling should be relieved within the limits of the present regulations.
In this way the interest of anglers could be increased and the price of anglers’ licenses
iowered. As an example of a district where the angling pressure is low, because
it is situated far from larger towns. is a part of the river Vlitava near Kamyk (Vitava
15). Here during 1972—5 the considerable number of 56,000 specimens of various
salmonids was artificially planted, and during the same period from 9,680 brown
trouts only 160 specimens were captured. Alltogether only 345 salmonid fishes were
angled, nearly half the number being represented by the brown trout.

This part of the river Vitava situated among two dams of the neighbouring valley
water reservoirs is visited only by a few anglers from the town of Pfibram; most
anglers here are not interested in trout angling. T suppose, that the trends to limit
the number of angling persons and the number of fish angled and to increase the
minimum legal size of fish are hindering factors in the advance of angling. As regards
salmonids 1 recommmend to permit to one angler more than four specimens
during one excursion, to visit the trout broak more than 3 times per week, and last
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but not least, that the minimum legal size be lowered from 25 em of total length
(TL} to 20—23 em of TL.

When the breok Petroupimsky potok was fished using electric current, from 560
trouts only 20 specimens overranged the legal size and only one specimen was"the
“trophy fish”. It is commeon in larger anglers’ districts, such as are common on the
river Moravice drainage or on the rivers Blanice Vodnansks, Orlice and Betva, that
during & one-day trip the angler catehes, among 30 trouts, only 2-3 specimens having
the legal size.

Recently most drainages were enriched by the planting of yearlings of the brown
trout and, simultaneously,also by specimens two or three years old. Therefore the
gize of population is not dependent only on the number of native trouts in the brook.
The trends to the artificial increase of the front popuiation have the opposite results —
the lowering of cateh resulting from the decreased growth of overfished trout streams-
due to the lack of food.
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SUMMARY

1. According to the structure of scales the growth of 112 brown trouts from 13 localit-

ies in the Czech Socialist Republic was ascertained.
2. The average body length at the time of seale formation was graphically determined
to be 26 mm

3. The relationship coefficient between the body length (SL) and the total length
(TL) is 1.158 for specimens over the legal size, (25 em of TL), it decreases with
the increasing grouwth.

4. The growth of the brown trout is very rapid, but considerable differences were

found within one locality and among individual localities.

5. Fvery trout stream must be treated individually from the anglers point of view.

6. The minimum legal size of 25 ¢em TL seems not to be profitable from the anglers’
point of view, and its lowering to 20-23 ecm TL would be advisable.

. Other limitations concerning the angling for the brown trout based on valid
official regulations conecerning the number of excursions permitted to one angler
for fishing in brooks for brown trouts, the number of specimens ecanght, ete.,
must be used or relived according to the angling pressure and the actual status of
trout population in a particular stream,

|
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GENITALIA IN THE ORDER EPHEMEROPTERA
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Abstract: Literary data and data obtained by the study of more than 20 specimens showing
gynandromorphismus, intersexuality or external genitalia teratology are summarized. While
head and thorax show the bilateral type of gynasndromorphism, abdomen exhibits a mosgic-like
distribution of male and female portions; exceptions are described in detail. Genetically con-
ditioned gynandromorphism is considered to be either spontansous (early loss of an X chromosome)
or connected with polyspermy and starting of parthenogenetic embryogenesis. Gynanders are
most frequent in the families Baetidae, Heptageniidee and Leptophlebiidae (large number of
apecies, high degree of sexual dunorphiam). Intersexuality is caused by parasitic worma of the
family Mermithidae, Parasitation is connected with the masculinization of females (10—40%)
and at least partial castation (75— 1009, ). Intersexes vecur only in the family Baetidae. External
gonitalia teratology is conditioned either genetically (vccurrence of supernumerary forceps on
sternum VIII) or by a relatively very high ability to regenerate loss of genital or even 1-2 prege-
nital abdominal segments in larval stage.

Mayfly specimens (mostly adults or subimagoes) having both male and female
secondary sexual characters were first mentioned many years ago (Lestage, 1922;
Bengtsson, 1928 and others). Since then several tens of such specimens have been
described in 5 mayfly families. These individuals called “‘anomalous or monstrose
gpecimens”, “hermaphrodites’”, “intersexes”, “sexual mosaics”, “‘gynanders or
gynandromorphs” ete. actually represent three categories of departures in the
arrangement of secondary as well as primary sexual characters: true gynandro-
morphism (male and female parts of body normally developed, only exceptionally
reduced in size, evenly or unevenly distributed), interzexuality (male and/or female
parts of body intermedially developed, always unevenly distributed) and external
genitalia teratology (deformations or unusual location of foreeps and penis lobes).

Previous publications mostly represent descriptive morphological studies of
these phenomena. Only little attention has been paid to factors causing gynandro-
merphismus and intersexuality and to a relatively higher occurrence of these
specimens in some families. In the following paragraphs morphological characteristics
of these specimens are summarized and an attempt to analyze the nature, causes and
distribution of these phenomena within the taxonomie groups is made.

MATERIALS AND METHODS

The following specimens showing atypical distribution of male andjor fermale secondary sexual
characters or atypical arrangement of external genitalia were studied:

Baetis alpinus (Pictet), adult: Czechoslovakia, South Bohemis, Vitava riv., Ovesna, 23, . 1853
leg, 0. Winkler (specimen No. 1); B. alpinus (Pictet}), adult: Czechoslovakia, North Bohemia,
Tepla riv., Teplitka, 12. vi. 1055 leg. V. Landa (No. 2); B. fuscatus (L.), adult: without any data,
leg. M. Btragkraba (No. 3); B. fuscatus (L.), adult: without any duta, leg. M, Stragkraba (No. 4);
B. fuscatus (L.), adult: Czechoslovakia, South Bohemia, Lugnice riv.,, Bechyns, 4. viii. 1973
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leg. 1. Soldan (No. 5); B. fuscatus (L.), adult: Czechoslovakia, Central Bohemia, Sdzava riv.,
Stiibrog Skaliee, 25. 1x. 1978 leg. T. Boldén (Neo. 6); B. muticus (L }, adult: Czechaslovakia, Contral
Bohemma, Bojovsky brook, Machenice, 23. v. 1960 leg. V. Landa (No. 7); B. muticus (L.}, larva:
Czechoslovalaa, Central Boherma, Zahofansky brook, Davle-Libiice, 5. x1. 1977 leg. T. Soldén
{No. 8); B. rhodun: (Pictet), adult: Czechoslovakia, SBouth Moravia, brook, Chithské Kamenice,
28. vun, 1957 leg. V. Landa (No. 9); B. rhodani (Pictet}, 35 larvae: Czechoslovakia, Central Bohe-
mua, ZahoFansky brook, Davle-Libfice, 5. — 19.x1. 1977 leg. T'. Soldan (No. 10); B. rhodan: (Pictet),
subimage, 2 adults, same data (No. 11); B. vernpus {Curt.), subimago: Czechoslovakia, Central
Bohemia, brook, Obofidtd, 20. vi. 1960 leg. V. Landa (No. 12); B. vernus (Curt.), adult: Czecho-
slovakia, South Bohemia, Vydra riv., Tumerova chata. 17. vin. 1076 leg. V. Landa {No. 13);
Baetopus sp., adult: Mongoha, Chovsgol, Tesin) gol riv., 14. vin. 1967 leg. Z. Kaszab {No 14);
Centroptilum luteolum (Mull.), adult: Czechoslovakia, Central Bohemia, Radotinsky brook, C1
kénka, 10. v1, 1976 leg. Z. Padr {No. 15); Rhithrogena semacolorate (Curtis), adult - Czechoslovalkia,
Central Slovakia, Soliskova vods stream, VaZec, 15. vu. 1873 leg. T. Soldan (No. 16); Habrolepto-
ides modesta (Hagen), subimago: Czechoslovakia, South Bohema, brook, Komidrov, 21. wv. 1949
leg. V. Landa (No. 17); Hobrophlehin louto Etn, adult: Bolgana, brook, Novo Pamdarevo, 30. vi.
1978 leg. T. Soldén (No. 18); Ephemerella ( Ephemerelln ) wgnata (Poda), subimago: Czechoslovakia,
South Boherma, Luzmice niv,, Tédbor, 9. viu. 1975 leg. J. Vilimova (No. 19).

All the materal studied 1s preserved m 759 aleohol and s deposited mm collection of the Tn-
stitute of Entomolopy, Czechosiovak Academy of Sciences, Praha. Legs, wings and genital seg-
ments of speeirnens dissected were transferred directly into Canada balsam with Cellosolve, Fresh
material, when available (specimens No, 10, 11 and 18) was dissected 1n physiological saline, fixed
with Boumn {Doboscque-Brasi] modification) and embedded 1into Paraplast, Sections of thickpess
4—6 pm cut on a microtome (gonads) wers stamed with Mayer’s haematoxylin-eosn.

Both control larvae of Baetis rhodani and larvae infected with parasitic worms were kept
to the adult stage 1 normal aquarium at & temperature 15 4+ 17 C and 18 hours hght day. Water
was changed dealy and occasgsionally aerated.

RESULTS
Morphological characteristics of gynandromorphs

The head of mayfly gynander is either male or female without the occurrence
of the opposite sex charaeters, or male and female portions are bilaterally symmetrical,
No case of mosaic-like distribution of characters has been reported so far. In the
Baetidae male characters on head are usually conspicuously manifected by a normally
developed turbinate eye. There 18 either left turbinate eye (Grandi, 1962; Berner,
1949: Landa 1949; specimens No. 2, 5. 7, 15 — this case seems to be more frequent)
or right turbinate eye (Berner, 1949; Bugg, 1954) present. In gynanders of the
family Leptophlebiidae there is also bilateral gynandromorphism in structure, colour
and zize of compound eyes (Daggy, 1944; specimens No. 17, 18). Of course, there are
further differences in the arrangement of antennae, cceli and in colour patterns
of head apparent especially in the Baetidae {sce detailed description by Landa,
1949}, Rarely (specimens No. 3 — Figs. 1, 4) eertain male struetures (small, modified
turbinate eye) oceur on the female half of head. If the head shows bilateral gynandro-
morphism, the male and female portions are always clearly distinguishable, no head
portion of unclear origin have been reported. The specimens with male head oceur
only in the Baetidae (males with ovaries — specimens No. 3.4). This cases are probably
extremely rare. no such individuals are mentioned in literature. On the contrary,
specimens with solely female head were found in other families (Siphlonuridae.
Heptagemidae. Leptophlebiidae. Potamanthidae, and Ephemeridae) These specimens
of course, have typical female eyes (Spieth & Tde, 1939; Bengtsson, 1928;
Grimeland, 1963: Berner. 1957; No. 16). Some authors report the eves of these
gynanders “‘somewhat larger”, e. g. Spieth & lde (1939) for Stenonema terminatum,.

Apart from several exceptions, the thorax of mayfly gynanders 1s mostly bilaterally
symmetrical (including legs and wings) in the specimens of the Baetidae or predomi-
naltly female in other families where the gynanders occur. The tendency to mosaie-like
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distribution is not so pronounced than that in abdomen although there are some
cases indieating or resembling mosaics (No. 16). Bilateral distribution of characters
and colour patterns (borders between male and female portions mid dorsal and mid
ventral lines) is the most frequent case. Male portion of thorax can be either on the
right hand or on the left hand (Bugg, 1954; Berner, 1948; Landa, 1969; Spieth &
& lde, 1939 specimens No. 2.5). Bilateral symmetry on thorax occurs only m
specimens with bilateral symmetry on head. Thorax symmetry can be of the opposite
type than that in head. Male half of thorax on the right hand and male half of head
on the left hand oceur in specimens No. 2 (ef. Landa, 1949). Thorax symmetry
is always longitudinal. Entirely femmale thorax was found by Grandi (1966) in Baetis
and Spieth & Tde {1939) in Polemanthus, and in our specimens No. 1, 17, 18, 19.
Also Bengtsson (1928) and Grimeland (1963) report female thorax in Amelefus
gynanders. Entirely malo thorax was found by Spieth & lde (1839) in Stenonema
and in our specimens No. 7, 15 (also specimens No. 3, 4 — males with ovaries-belong
here). As far as the thorax of gynanders is concerned. there are two cases worth
of our attention. In specimen No. 16 (Rhithrogena semicolorata — Figs. 6-9) there
are maie prothorax and fore iegs while meso and metathorax with wings and middle
and hind legs are not distinguishable from those of normal female. Judging from the
colour patterns, the only case of mosaic-like distribution of male and female charac-
ters is known in Heragenia (Berner, 1957). Although there are rests of bilateral
gymmetry in distribution of spots on the ventral side of thorax and on legs, mxture
of male and female patterns indicates colour mosaie.

The pregenital abdominal segments of gynanders show mosaic-like distribution

of characters in most specimens studied (Landa. 1949; Berner, 1949, 1957; Spieth
& Ide, 1939; specimens No. 2, 5, 7. 15). No case of symmefry in distribution of
secondary sexual characters has been deseribed. Mosate-like distribution of these
characters is apparent only in species having sexual dimorphism in colour patterns
since there is no dimorphism in shape of abdominal segments. In many specimens
there are areas of unelear origin showing transitory types of colour patterns between
males and females (cf. Landa, 1949: Ko, 5 — Figs. 1 —5). Nu case of gynander with
predominantly male characters was deseribed. Either female segments or segment
portions are prevailing (Berner, 1949, 1957; No. 15, 18) or male and female portions
are approiximately equallv presented (Landa. 1949: Bugg, 1954; No. 5). The
horder hetween male and female portions of abdomen are usually not constituted
according to abdominal segments. one segment can consist of hoth male and female
portions. Mosaic-like distribution of charactors oceurs currently in the Baetidae. rarely
in the Leptophlebiidae (cf. Spieth & Ide. 1939) and the Ephemeridac (cf. Berner.
1957). Entirely female pregenital abdominal segments in gynanders are referred by
Bengtsson (1928) and Grimeland {1963} in Ameletus and by Grandi (1966)
in Baetis. We found these conditions i specimens No. 16 and 19, Entirely male
pregenital segments were found by Spieth & lde (1939) in Potamantius and in
our specimens No. 3, 4.

Gynanders of mayflies, with some exceptions. always possess at least reduced
forceps and/or penis lobes. Contrary to pregenital ones, the genital and postgenital
segments often show a tendency to bilatelar symmetry in arrangement of male and
female characters. The following cases were observed as far as male external genitalia
are concerned: (i) both gonopodes are normally developed (Landa, 1949; No. 15, 18),
penis Jobes present or absent; (ii) both gonopodes are present but reduced in length
or in number of segments (Daggy, 1044; Bugg. 1954; No. 1, 3, 5, 16, 18, 19). Except
for the Baetidae (penis absent), penis can be normally developed {(Spieth & Ide,
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1939 — Paraleptophlebia; No. 19), reduced in size or completely absent (No. 16);
(iii) bilateral symmetry occurs in male external genitalia: either left or right gonopode
(reduced or normal) is present (Berner, 1949 — Pseudocloeon; Berner, 1957;
Spieth & Ide, 1939 — Stenonema; No. 2, 4, 17). Penis (if present) is normally
developed (Spieth & Ide, 1939) or one penis lobe is lacking (Berner, 1957)
In the Potamanthus gynander only one penis lobe but both gonopodes are developed
(Spieth & lde, 1939). Reduced penis lobes in Ameletus gynander with forceps
lacking are described by Grimeland (1963); (iv) all male external genitalia are
lacking (Grandi, 1966; Berner, 1948 — Heterocioeon). Female external genitalia
are either lacking or normally developed in gynanders with fomale pregenital segments
(ef. Grimeland, 1963}. We found reduced female openings also in specimens No. 3, 4
where pregenital segments were entirely male. Reduced openings (posterior margin
of sternum VII not produced) were observed in specimens No. 16. Vestibulum was
considerably reduced as weil.

The postgenital segments (tergum X, paraprocti, epiproct and cerci with para-
cercus) always show bilateral symmetry (ef. Landa, 1949; No. 5) or they are entirely
male (cf. Spieth & Ide, 1939; No. 3, 4) cor entirely female (cf. Grandi, 1966,
No. 18, 19).

Gonads of gynandromorphs

Since no true gynander was studied in the larval stage, gonads are described only
in adults where testes are atrophied and empty and dilated oviducts are filled up
with the eggs. In all specimens studied at least reduced gonads are present. As with
the external characters, femal features prevail in internal organs as well — ovaries
or their rests were found in most specimens. We found fully developed ovaries only
in specimens No. 3 and 7. In remaining specimens with eggs in the abdominal cavity
thera woere only reduced oviducts and reduced number of eggs present (No. 1, 4, 7,
16, 18, 19). However, previous oviposition cannot be excluded in specimens with
normally developed openings. On the other hand. dilated oviduct usually reach only
to abdeminal segments I1 or HI (Ne. 4, 7, 18) so that ovaries are apparently reduced.
Also Spieth & Ide (1839), Berner (1849) and Grimeland (1963) found eggs
in the abdominal cavity, In these specimens male ducts are sometimes present
(No. 3, 4, 7, 16, 19} but they represent only ductus ejaculatorius and shght posterior
portion of was deferens. Seminal vesicle and rests of testieular follicles were never
found (ef. Landa, 1949). No spermatozoa were observed on sections {No. 7, 16}
Similar conditions were found also in specimens without eggs in abdomen. Reduced
seminal vesicles were observed in specimens No. 1 and 15 but their content could not’
be studied because of poor preservation.

Codreanu & Codreanu (1931} described larva with both funectional testes
nad ovaries: *‘, .ponades formées de follicules produisant des spermatozoides en
quantité massive et communiquant toutefois avec des oviduetes typiques...”.
Judging from external characters, this specimen might belong rather to intersexes,
despite absence of parasites. We studied similar specimen of Baetopus (No. 14).
Altough the ovaries were normally developed and male ducts present we failed to
find seminal vesicles and spermatozoa or rests of testicular follicles.

Morphological characteristics of intersexes induced |by mermithid
parasitism

Contrary to gynanders, the individuals showing intersexual arrangement of
somatic characters represent predominantly females with intermediarly developed
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male characters. As far as the intersexes are concerned, no case of symmetrical
arrangement of characters was observed in our material The occurrence of male
characters is restrieted to head and last abdominal segments (especially sternum IX).
In typical intersexes, the thorax including wings and legs and abdominal segments
I.VIII is always of the female character. The below description concerns intersexes
induced by a mermithid parasitation.

Figs. 1 —5: Gynandromorphism and intersexuality in the Ephemeroptera. Gynander of Baetis
Juscatus (L.), specimen No. 5. 1 — whole specimen, dorsal view. 2 — abdomen, lateral view.
3 — last abdominal segments, ventral view, 4 — head, frontal view. & — fore leg. Scale A (Fig. 1):
2.5 mm. Scale B (Fig. 2): 3.4 mm. Scale C {Figs. 3-5}: 1.7 mm.

Intersexual individuals nsually possess a pair of turbinate eyes between normally
developed female eyes. These turbinate eyes are by 1/2—2/3 smaller than normally
developed ones in males. Although they are of the same colour as those in males,
they are differently shaped, usually much more rounded. Light ring, present in some
Basetis species is always lacking. In our material we found these conditions in most
Baetis intersexes studied (specimens No. 6, 11, 12, 13). Male turbinate eyes of in-
tersexes are usually of the same size (No. 13, 14) but sometimes one eve is larger than
remaining one (No. 11}. Alxo Codreanu & Codreanu (1931) and Tiensuu (1937)
described similar cases. Development of one reduced turbinate eye is probably very
rare; we found only three {emale larvae (No. 10) having the analgen of either only
left (2 cases) or only right {1 case) male eye developed. Contrary to reduced male
genitalia, which can be studied solely in adults, growing turbinaté eyes are well
visible under the cuticle of older larvae.
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Intersexual individuals are characterized also by considerably medified forceps
present on the posterior margin of abdeminal sternum 1X. Similarly to those of some
gynanders, the forceps are often only one-segmented and much shorter than forceps
of normal males (No. 11, 13). The same case is mentioned by Tiensuu (1937). In one
specimen of our material (No. 6} the foreeps are remarcably reduced and only forceps
base resembles that of normal male.

Gonads of intersexes and infected specimens

As it has been mentioned above, the occurrence of intersexes in populations of some
Baetis species iz evidently connected with infection of larvae by larvae of parasitic
worms from the family Mermithidae. In order to study the effects of parasitation
on host gonads we dissected several hundreds of larvac of Baelis rhodani of which
163 larvac were parasited (mermithid larva present in body cavity of host larva).
Of these, there were 151 female larvae (92.64%) and only 12 male larvae {7.369).

The dissections of male larvae revealed that all the larvae were castrated (none
of them with intersexual characters on head or abdomen). These larvae had died
before the subimaginal moulting started. No rests of testes were found. Among 151
infected female larvae (the mortality in laboratory less than 1095), there were 35
larvac (23.2%,) showing intersexual characters. These individuals exhibited full
castration again. Histological treatment of last abdominal segments (VIL-[X)
enabled to recognize rests of oviducts not distinguishable during dissections. No
ovaries were found in abdominal cavity of any larvae filled up with coiled mermithid
larva. Rests of oviducts completely disappear in adults (No, 6, 11) so that castration
caused by mermithid larvae in larval stage results in complete sterility of adults,

Infected larvae, which do not possess intersexual characters, represent various
degrees of reduction of gonads. Some ovarioles and even those forming previtellarium
were found in several specimens while in the others they are havily damaged. In these
cases germinal and follicular cells are indistinguishable, ovarioles are filled with
degenerating tissucs containing lysed cocytes with pyvenotic nuclei and they do not
form any egg chambers. In most specimens infected the vitellogenesis does not start
ab all, vitellarium as well as previtellarium are disintegrated before starting of yolk
seeretion.

The ovarioles number cannot he ususlly stated because of resorption of ovary
as a whole hut it is undoubtedly strongly reduced. Some ovarioles of some specimens
infected can probably give rise to several eggs, despite resorption of rest of ovary.
The eggs are then present in abdominal segments of adult females without intersexual
characters. In spite of the oceurrence of some eggs, these individuals are practically
sterile because the total fecundity is reduced to 0.5—1.0%, in comparizon with centrol
females fecundity. In six adults, which have nndergone mermithid infection in larval
stage, 13, 29, 36, 41 and 68 eggs respectively were found.

After the mermithid Jarva leaves the body of host mayfly larva, the mortality of
mayfly larvae will remarkably inerease. We managed to rear te the subimaginal and
imaginal stages only 14 larvae of which 4 were intersexes. Remaing larvae quickly
died probably of & secondary infection.

Teratology of external genitalia

Apart from teratology of external male genitalia described in many specimens
of gynanders and intersexes and discussed in respective paragraphs, there are some
cases of atypical acrangement of forceps which are evidently not connected with
atypical arrangement of secondary sexual characters. These cases are mentioned
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Figa, 6—14: Gynandromorphism and intersexuality in the Ephemeroptera. GynanderJof
Rhithrogene semicoloratu (Curt.), specimen No. 16 (Figs. 6, 7, 8, 9); intersex of Baestis vernus
(Curt.), specimen No. 13 (Figs. 10, 11, 12, 13, 14). 6, 10 — whole specimen, dorsal view. 7,12 — last
abdominal segments, ventral view. 8, 14 — fore leg. 9-hind leg. 11 — abdomen, lateral view.
13 — head, frontal view. Scale A (Fig. 6): 3.3 mm. Scale B (Figs. 7—9, 12-. 14} 1.6 mm. Scale C
(Fig. 10) 2.5 mm, Scale D (Fig. 11) 3.0 mm.
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in literature only in males, no cases are known as far as relatively less known female
external genitalia are concerned. There are two distinet types of teratology in male
external genitalia: supernumerary forceps and deformed forceps on the hind margin
of sternum IX (in nermal position).

Supernumerary foreeps were observed posterolaterally on hind margin of abdominal
sternum VIII which may be arranged similarly to tergum IX iIncluding a pair of
sclerites near the basis of forceps. In addition to supernumerary forceps normal
forceps on stornum 31X are present. Codreanu & Codreanu (1938) describe two
specimens of Baetis alpinus (Table 1) having supernumerary forceps: there is either
a pair of gonopodes or only right gonopode on sternum VIII. All supernumerary
forceps are of the same length as normal ones and normally segmented. We observed
a specimen of Baetis vernus (No. 12) having a reduced left gonopode on sternum VITI
This gonopode is by 1/2 shorter than the normal one on sternum IX and its basis
is not modified at all.

We found several cases where deformed or reduced forceps were present in the
genera Baetis and Cloeon (family Baetidae}. Forceps are usually only one- or two-
-segmented and always differently shaped. Basal segment, which is characteristic
in normal males, is never discernible in these individnals. Foreeps reach only 1/3—
—213 of the normal length. En all the cases investigated the whole segments IX and
X with paraprocts, epiproet and cerci are smaller and less sclerotized than in normal
males. In all these cases both gonopodes. although of different shape. are present.

Teratology of male external genitalia has been observed only in the family Baetidac
so far. That is why we have no data concerning the teratology of penis. The opeunings
of ducts in cases studied are uwsually unaffected, openings are present only on the
hind margin of segment IX (specimens No. 12}. In specimens with deformed foreeps
the duct openings are only slightly modified (more membraneous} and never inter-
rupted. Gonads (testes) of specimeuns investigated were always normal.

Habits of gynandromorphs and intersexes

There are only several data concerning the habits of gynanders and intersexes
during the emergence and mating flight. These specimens are mostly identified
in fixed material so that the habits and nature of gynandromorphs and intersexes
can he only indirectly deduced.

The typical gynander of Heferoclueon curiosus deseribed by Berner {1949) was
coliected in the female swarming (about 50 specimens collected) from 1.45—3.30 p. m.
where no males were present. Females flew over the swiftest part of the river occassio-
nally dropping down to the water. The second gynander described by Berner (1949)
was caught together with males and females but at the time of collecting the specimens
were not flying in swarms but individually with males rising and falling in the manner
typical for the Baetidae.

The specimens No. 5 and 18 were behaving as males when collected. They were
present in male swarms containing about 1000 (No. 5) and 100 (No. 18) males re-
spectively. Also the gynandromorph of Rhithrogena semicolorala (No. 16) was collected
together with about 50 males in swarm which was individually entered by unfertilized
females. Landa (1049) reports his specimens behaving as males as well. On the
other hand the gynander of Centroptilum luteolum {No. 15) was caught tfogether
with about 10 females during the compensatory flight before oviposition.

Masculinized females, which have undergone a mermithid parasitation, were
always behaving as typical females when collected. They were usually caught in the
female swarm (No. 13 and others). Completely sterile intersexes are present in female
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swarms as well (e. g. No. 11). The intersex of Baetis fuscatus (No. 8) was found even
ovipositing on submerged stones together with normal females. With the exception
of higher sensitivity of the latter to temperature and oxygne content no differences
between habits of normal and masculinized larvae of Baetis rhodani (No. 10) were ob-
served. Infected larvae mostly do not molt and exhibit much higher mortality than
those in controls. Specimens showing teratology in male external genitalia always

behave as typical males.
DISCUSSION

As it is apparent from the above paragraphs, there are three distinet categories
of deviations in the arrangement of secondary sexual characters and copulatory
organs in the Ephemeroptera. However, the distinetion between these individual
categories (gynanders, intersexes, external genitalia teratology) seems to be rather
arbitrary. In classifying our material we followed these principles: (a) specimens
with both male and female parts of body mostly normally developed were considered
as gynanders; (b) specimens showing predeminantly female characters with funda.
ments of turbinate eyes and reduced forceps, and especially those where previous
parasitation could be detected, were considered as intersexes — masculinized fe-
males; (e) specimens with only male (female) somatic characters normally developed
and copulatory organs differently developed were called “teratology of external
genitalia”. Although there are undoubtedly some difficulties in applying these
principles, e. g. apparent gynanders sometimes possess “‘intersexually” developed
characters or reduced forceps, this classification enables to separate true inter-
sexes and gynanders. Agnew (1979) believes that genetically conditione inter-
sexuality does not exist and that “sometimes the gynanders have been erroneusly
reforred to as ‘intersexes™. If such cases do exists within the Ephemeroptera, they
are indistinguishable from gynanders having some characters intermediarly deve-
loped. On the other hand, masculinization of Baetis fomales caused by parasitation
represents true intersexuality and at least this type of intersexuality is proved in
mayflies, Some earlier authors regarded also these individuals incorrectly as
“gymandromorphs” (cf. Agnew, 1079).

Asit is obvious from Tables I and IT, both quantitative and qualitative presentation
of gynanders, intersexes and external genitalia teratology are irregular within the
mayfly families. If these phenomena are analyzed, we can find several remareable
aspects:

(i) The occurrence of gynanders and intersexes is restricted only to Europe and
North America with the exception of one specimen (No. 14) from Mongolia. This
phenomenon can be simply explained by the fact that detailed treatments of mayfly
fauna have heen made only in these Holarctic regions. Faunistical study is always
connected with sampling of great numbers of specimens where the probability of
gynandromorphism or intersexuality detection is much higher, Apart from some
individual findings, gynanders were always canght among several hundreds of
f:pecimens (cf. Berner, 1949, 1957; Landa, 1949, and others). We found the spec-
imens No. 5, 16, 18 among numerous normal individuals in swarms as well. There
13 no doubt that gynandromorphism is not restricted geographically and further
specimens will be found also in the remaining biogeographical regions. However, the
occurrence of intersexes depends on the distribution of parasites causing masculinizz-
tion of infected females (worms from the family Mermithidae).

() Gynanders are numerous in familiez containing a large number of species
(see Table II). There is direct correlation between the number of known gynanders
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Table 2. Ovourrenee of gynandromorphs, intersexes, and external genitalis teratology
within the families ;

No, of species  No. of specim, Total No. Degree
Family reported reported speciesin Europe  of aexual
{adults only) and dimorphism
No. 9% No. % North Ameries*)
A. Siphlonuridae 1 38 2 4.3 12 + 81 +
B. Bastidae 13 50.9 33 70.2 56 128 4+
C. Heptageniidae 4 15.5 4 8.5 76 + 152 4
D. Leptophlebiidae B 19.3 5 10.7 25 4 70 4
E. Ephemerellidas 1 3.8 1 2.1 10 4+ 85 + 4
F. Ephemeridae 1 3.8 1 2.1 6+ 13 -
Potamanthidae 1 3.8 1 2.1 1+ 8 +
Total 26 100 47 100 186 + 537

*) ealeulated from Puthz (1978) and Edmunde (1978)

and the number of species included. The most numerous mayfly families — Baetidae,
Heptageniidae and Leptophlebiidae — comprise more than 809, of known gynanders
and 1009, of intersexes while the occurrence of gynanders in families with smaller
number of species {e. g. Ephemeridae and Potamanthidae) is very low. On the other
hand, only three cases of gynandromorphism were detected in relatively numerous
families Ephemerellidae and Simphlonuridae. This phenomenon is probably due to
the fact that species from numerous families are more frequently collected and
by o higher probability of spontaneous gynandromorphism in these families. The
same reasons cause the higher occurrence in widespread and abundant species, Species
of the genus Baetis comprising most of gynanders studied belong to the most common
species in Europe and North Aunertea,

(iii} Gynanders are mostly detected in mayfly groups with high degree of sexual
dimorphism and nearly unknown in groups with sexual dimorphism only slightly
developed. There is again direct corelation between occurrence of gynanders and
degree of sexual dimorfism (see Table II). The highest degree of sexual dimorphim
(turbinate eyes, legs, wings, colour patterns, cerci) occurs in the Baetidae (most
of known gynanders), only slight dimorphism oceurs in Ephemeridae and Potaman.
thidae {only two cases of gynandromorphism). The high degree of sexunal dimorphism
undoubtedly enables easy detection of gynanders and intersexes while in other
families they can easily escape our attention. In the Hexagenia gynander described
by Berner {1957) male and female body parts were distinguished only according
to colour patterns, there were no somatic characters distinguishing males and females.

According to literary data and in our material we found three principal types
of gynanders: bilateral gynanders. predominantly females and predominantly madles.
Bilateral gynadromorphism is apparent solely on head and tharax {ef. Berner,
1949; Landa, 1949; Bugg, 1954; Grandi, 1966), abdomen of those specimens
always shows mosale-like distributin of males and females characters. Gynanders
with predominantly female characters usually pessess male eyes and some of male
terminalia (cf. Spieth & Ide, 1039: Daggy, 1944). Gynanders with predominantly
male characters are described for the first time (No. 3. 4). There are only slightly
modified external genitalia and eggs present in abdomen, no further female characters
occur. As it noted by Agnew (1979) there are two remarkable points within the
mayfly gynanders: male parts sometimes occur on both ¢ides of symmetry and some
body areas (e. g. colour patterns on abdomen) are atypical, neither female nor male.
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Gionads of gynanders are always either male or female but both testes and ovaries
are usually reduced in size and in ovarioles (eggs) number.

Although mayfly gynanders are known for more than 50 years and the origin
of gynanders in general became explained at the beginning of this century in
Drosophila, noattempts to explain this phenomenon in the Ephemeroptera have been
made. Only Grimeland (1963) reports that it is caused by , disturbance of the
X X-XY mechanism’. At present, when basic data concerning sex determination
in the Ephemeroptera have been published (Katayvama, 1939; Kiauta & Mol,
1977: Mol, 1978) the interpretation of mayfly gynandromorphism is presented by
Agnew (1979): “Gynanders arise from XX female zygotes with early loss of an X
in one cell line giving rise to subsequent male tissues (XO karyotype): there appears
to be some mixing (more so than in Drosophila) of cleavage nuclei during the syncy-
tial divisions because of the islands. While sex per se (as seen in gonads and secondary
sex characters such as eyes, legs and genitalia) is autonomous, pigmentary phenotype
is less so, probably because of diffusible substrates or produets”. This explanation,
although involving acconnt for anomalous colour patterns, cannot be applied for
species where another type of sex determination oceurs (XX /XY 33), e. g. in
Ecdyonurus or Ephemerella (cf. Mol, 1978). We believe that also further interpretation
of gynandromorphism in mayflies might be used. Spontaneous frequency of mayfly
gynanders seems to be relatively very high in comparison with that of other insects
(1.2—3.0 in 104 in Drosophile). In some mayfly families this frequency is higher
by at least an order than in Drosophila. The relatively higher frequency of gynanders
in Ephemeroptera may be due to parthenogenesis and polyspermy. Gynanders
of this origin have been experimentally evoked in some other insect orders. After
starting parthenogenetic embryogenesis (cleavage) some nuclei can be fertilized
anyway and can give rise to subsequent male tissues. The probability of fertilization
of these nuclei is increased by poly- or dispermy. Presence of males in parthenogenetic
population is necessary, With the exception of palyspermy, which has been discovered
only in the genus Baetis so far (Bohle, 1969) all these phenomena (parthonegenesis,
occurrence of males in parthenogenetic populations) are widespread within the
Ephemeroptera. Diploid thelytoky was described in nearly 100 species (Degrange,
1960; Needham et al., 1935 and others), tychoparthenogenesis is present probably
in all species. Males are often found in apparently parthenogenetic populations
(Needham et al, 1935; Landa, 1969). Moreover, diploidy in parthenogenetic
eggs is reached probably after oviposition.

In comparson with causes of gynandromorphism, causes of intersexuality are
more evident. Masculinized females have been found only in the genus Baetis, in
individuals infected with worms from the family Mermithidae (Nematoda, Enoplida).
Parasited larvae of several Baetis species are currently found (Murphy, 1922;
Degrange, 1960; Benech, 1972; Sukop, 1973) but only some specimens (10 —40
are masculinized and may give rise to intersexuval adults. Although mermithids
were found in other genera (e. g. Callibactis — Peters & Arvy, 1979) of Baetidae
and in other families (e. g. Heptageniidae — Muttkowski, 1929: Caenidae — Arvy
& Peters, 1979) no cases of intersexuality have been reported. Rubtzov (1977)
reports further 8 families of aquatic nematods parasiting in the mayfly larvae but
masculinization of mayflies and other aquatic insects (aquatic Diptera and Hetero-
ptera) is caused only by species of the family Mermithidae.

Contrary to gvnanders, development of male secondary sexual organs is restricted
only to turbinate eyes and external genitalia forceps. Although the maseulinization
of larvae is relatively abundant in infected population, the quantitative representation
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of these intersexes in adults is low because of high larval mortality. Our results
concerning the mortahty of infected male larvae (100%,) fully agree with those
obtained by Degrange (1960). He believes that male larvae do not represent
a sufficient food supply for the parasite larva so that the larva of mermithid destroies
also remaining necessary organs (gut, central nervous system) which results in the
death of the host larva. The same might be applied in the case of infection of younger
larvae. QOlder femala larvae are able to provide mermithid parasite with sufficient
amount of food (developed ovaries and large fat body are resorped). This explanation
could be accepted in the case of mavflies only. In other insects, e. g. in Homoptera-
-Delphacidae, feminization of males was described after mermithid parasitation.
Although no data concerning changes in neurosecretory organs of specimens in-
fected are available, the hormonal interaction hetween host and parasite and damage
of host CA and neurosecretory cells in brain can be supposed. Moreover, there are
considerable irreguiarities in moulting eycles or their suppresion in host larvae
infected. On the other hand, selective mortality, which is sexually determined.
cannot be explained by this way (sexual hormones are not prosent in insects and
their absence is supposed to be evidenced just by the existence of gynanders and,
mtersexes). The adult intersexes, apart from complete or nearly complete sterility
are slways behaving as typical females. Otherwise the behaviour of gynanders does
not probably depend on morphologically prevailing secondary sexual characters.
Destruction of gonads of intersexes and infected mayfly larvae shows typical charac-
ters of developing progressive sterihty. Contrary to gynanders, gonads are gradually
resorped and histological changes of both germinal and follicular cells can be compared
with those caused by radiation or chemosterilization (diffusing of nuclei and oocyte
ooplasm, pyenoses, break-down of follicular epithelium ote.). Contrary to some other
insects infected with larvae of mermitnids, infected mayfly females are nearly always
sterile, only exceptionally several eggs are developed. In some other insects (e. g.
bark-beetles) the fecnndity of females iz only shghtly reduced or unaffeeted.

As far as the teratology of external genitalia is concerned, there are two distinct
types of teratology in male copulatory organs; in females no cases have heen des-
ernibed so far. The occurrence of supernumerary forceps is undoubtedly caused in
embryogenesis and probably conditioned genetically (different segmentation of last
abdominal segments and their appendages). Supernumerary forceps can be either
normal in shape and length (Codreann & Codreanu, 1938) or smaller and
deformed (specimen No. 12). On the other hand. deformed forceps in normal position
are most probably due to a regeneration of lost appendages and respective segments
during larval development. Similar shape deformations can beobserved on regenerated
legs, gills and mouthparts. Oppenheim (1908) and Schmidt (1955) found that
regeneration of abdominal segment X or segments IX and X with respective ap-
pendages was usual after experimental amputation in Cloeon dipterum. Apart from
appendages and pseudocuticle, Tespective internal organs (fracheae. alimentary canal
and probably also terminal portion of vas deferens and vas efferens) are regenerated.
This regeneration oceurs in other genera of the family Baetidae and in other genera
a5 well,

As it is apparent from the foregoing paragraphs, the study of gynandromorphism,
intersexuality and external genitalia teratology in the Ephemeroptera can elucidate
not only special but also some general problems. Especially genetic analyses of wild
specimens, attempts of experimental induction of gynanders in connection with
parthenogenesis and hormonal interactions host-parasite in intersexes are worth
of our attention.
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QCCURRBRENCE OF LEIOBUNUM GLABRUM IN CZECHOSLOVAKIA
(ARACH., OPILTONIDEA)

Vladimir 3ILHAVY
Raceived Qctober 2, 1979

Abstract: The author has accomplished & revision of Leiobunum rupestre (Herbst) found
in Czechoslovalksa up to now and of some specimens from adjoinmg countrnes (Poland, Rumania,
Hungary, West Germany) considered as I rupestre, He has found out that L, rupestre lives 1n the
weatern part of Czechoslovakia and West, Germanta, whilst in the Carpathian part of the terriory,
na well as 1 Poland, Rumama and Hungary occura L. glabrum L. Koch, which 1s an older synonym
of Netima glabra {L. Koch) and Leiobunum #sceae Avram, Some ecologieal date and differential
disgriosis of L. ruprestre and L. glabrum are presented

In 1799 J. F. W. Herbst deseribed a species of opilionids from central Europe.
Opilio rupestris, which was in 1839 classed in the genus Leiobunum by 1. Koch.
Roewer in 1923 noticed that the specimens from Siebenburgen/Rumania/differ
somewhat from the other specimens in the armature as well in the colour patterns.
Due to this variability, there were formerly even some synonyms descibed (L. gracile L.
laeve, L, norveqicum — following Tullgreen 1908).

In 1896 L. Koch described Leiobunum glabrum from Tirol{Meran, 19 only). The
deposit of the type remains unknown. In 1910 Roew er separated this species as well
as other representatives of the genus Leiobunum which are characterized by the
absence or rows of tubercles on the coxae. in the independent genus Nelima: in 1923
thiz author gives following founds of “Nelima glabra’: Meran, Siebenbiirgen: Eisen-
stein, Venusberg: Schwibischer Jura: Urach.

On the basis of research on some voung specimens of Leiobunidae from Triglav
(Jugoslavia), Had#i in 1931 assumed that the Nelimo glabra was a synonym of
voung specimens of Leiobunum rupestre. Later some authors ("%ilhavf 1956, 1971,
Starega 1976, Martens 1978) accepted this opinion. When preparing my book
“Faune CSR-Opilionidea” 1 had at my disposal mostly only the young or badly
prepared specimens of “L. rupestre” from Slovakia. In figures 422 and 447 (p. 177
of cited work) a young specimen from east Slowakia (Vihorlat mountmn.a) is drawn
which I have designated as ““Leiobunum rupestre-Nelima glabra’”.

K olosviary mentioned long ago the species Nelima glabra currently from Hungary:
Menyhaza (Korosz ¥Fluss-Gegend) 1939: nérdlicher Tiszataal, Dombrad 601—605
Flkm 1965; Lonya. Tiszamogyoros, Matyus Endes-Puszta, Gergelviugornya 660 —
—698 Flkm Tiszataal 1967: Tnnundationsraume der Theiss 1955—1960: Dombrad-
-Komoré (Theiss) 1966. Kolosvary names this species also from Jugoslavia (Plitvit-
zaer Seen, 1939) and Rumawa (Transilvania, reg. Crisana, r. Gurahont, sat. Moneasa,
1963) — localities cited following the author

In 1968 Avram described Leiobunum tiscine from the unper flow of Tisza (Hun-
gary). In the original description, the figure of male holotype is badly reproduced
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Fig. 1. Repartition of Leiobunum rupestre and L. glabrum in Czechoslovakia

@ L. rupestra: Mananské Lazns, Kvilda, Boubin, Pravéwckd bréna (HEensko), Tiské skdly (Dédin),
Klicky {Novy Bor}, Michovo jezero (Doksy), Jedtéd, Hruba Skala, Rokytnice n. J1z., Spmdlerﬁv
Mlyn, Rychory, Holnd, 013 (Jindi. Hradee), Horni Smriné, Konédin, Mohelno (Tfebid), V1&i
kopec, Lamberk (Namé&3€ n. Osl ), Moravsky kras. () Fmdings not reviewed: Tremsin (RoZmitél),
Jevany, Kri, Kunratice, Pe)itin (Bratizlava) — Bartos. Kodice, Prefov (Kratochwvil).

O L. glabrum: Nové Mesto n. Vahom, Trentianske Teplice, Salov, Vratna dolms {Z1hna), Raj.
Teplice, Btub. Teplhee, Rohidge, Dobroé (Brezno n. Hronom), Cervené skala {Dobaing}, Gombasek
({Roznava), Vihorlat, Kamenica n. Cir

that the colour pattern of the dorsal surface of body does not fully correspond with
the reality. I had the possibibty to compare the puratypes through the courtesy of
Dr. 8. Avram. The exact description and the figures of the genital morphology make
the diagnose quite clear.

Martens (1978) in hus notice about the affinities of the Leivhunum rupestre (p. 410)
writes: “Moglicherweise verbergen sich hinter “rupestre” 2 Arten’” and holds the
view that it is necessary to investigate further into this question. Nevertheless he
admits the independence of species L. tisciae,

All these differences and discrepances made me revise all specimens accessible to me
of L. rupestre which have been found on the territory of Czechoslovakia np to the
present. There are some specimens at my disposal determinated as L. rupestre from
Poland, Rumania, West Germany and mentioned paratypes of L. tisciae from Hunga-
ry.

From Czechoslovakia I have 256 specimens altogether: 187 from Bohemia and
Moravia and 69 from Slovakia.

The results of my revision are the following:

1. Two independent species of the “ Leiohunum rupestre’” group live in our country.
In the western part of the territory, Bohemia and Moravia, lives mostly Leiobunum
rupesire (Herbst}), in the eastern territory, Slovakia and eastern Moravia mountains
Leiobunum glabrum L. Koch.

2. Nelima glabra is a younger synonym of Leiobunum glabrum L. Koch.

3. Letobunwm tiscime Avram is a synonym of Leiobunum glabrum L. Koch.
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Ad 1. On the territory of Czechoslovakia five species of Leiobunum were found:
L. rotundum (Latreille) — on the whole territory, L. limbatum L. Koch — only in the
western mountains of Bohemia L. blackwalli Meade in the western part of Bohemia
(the Vltava river forms roughly the eastern boundary of its Bohemian area), L. ru-
pestre {Herbst} which has been found, up to now. only in Bohemia and Moravia and
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Fig 2 Lewobunum glabrum, surface of the dorsal portion of cuticula on the tergstes IT—TIT. —
Fig. 3. Lewbunwum glabrum, surface of cuticula on the tergites IT—1T1, lateral portion. — Fig. 4.
Lewbtinum rupesire, surface of cuticula on the tergites I1—I11, dorsal portion. Seales = 0.1 mm.

finally L. glabrus L., Koch_ of which, on the contrary, most findings are from Slovakia
{it was found only once in the Beskydy mountains — not far from the Slovak
frontier). The natural boundary between Slovakia and Moravia are the western
Carpathian mountains).

Ad 2. In 1968 I pointed out that the rows of tubercules on the coxae of Leiobunidae,
especially in the genus Leiobunum. develop only when the animals mature, in the
last instar. That is why we cannot distinguish the generical appurtenance
of Leiobunum or Nelima before the last ecdysis. 1t seems probable that Roewer
in 1910, on the occasion of separating the L. glabrum in the genus Nelima worked
with not quite mature specimens or a specimen with few tubercles which he over.
loocked. This view is supported by the work of Avram, when describing L #isciae,
demonstrated a large variability in the number of tubercles ¢n the margins of coxae:
in her Fig. 2-A_ there are only two tubercles on the posterior margin of coxae IV,
all other coxae are without tubercles!

Ad 3. On the basic of all those data (descriptions. figures, repartition and comparat.-
ive research) | suppose that Leiobunwum fiscrae Avram is a younger synonym of
Letobunum glabrum L. Koch.

From all other species of Leiobunum living in our country the two species —

L. rupestre and L. glabrum — differ in the colour of trochanters which are nearly the
gsame as those of coxae while the trochanters of L. rofundum. L. blackwalli and
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L. limbatum are black or brown so that their colour sharply contrasts with the light
colour of distal parts of coxae,

The main differences between L. rupestre and L. glabrum are the following: constant
and very specific characterzation of hoth species is a quite different structure of the
dorsal surface of the abdomingl cuticula of adults. In L. rupestre the surface is cor-
rugated by very fine round granulations in the number about 150 on 0,01 mm?2. On
the cuticula of L. glabrum there are relatively greater tubercles (some of them are
subpointed) in the number of 5—6 on 0,01 mm?. These tubercles are extended at the
basiz in 3 —6 radial keels which give to them a star-shaped appearance. The structure
of cuticula mentioned 1s only on the dorsal surface, the lateral parts are finely granu-
lated with greater round tubercles {see Figs. 2—4).

The penes of L. rupestre are robust, the apical wings from the dorsal aspect on
their basal portion are widest. The penes of L. glabrum are relatively slim, the wings
are widest on their apical portion. Both the jointed ampnllae of receptacula seminis
of L rupestre are oval, the praedistal ampullae of L glabrum are nearly spheroidal.

The colour of adult specimens of both species. if they are dark.pigmented (mainly
of the males} is nearly the same and at first glance we can easily confuse them. In
the females and in young specimens of L. glabrum there are two characteristic
darker flecks on the fourth abdominal tergite extended laterally over the lateral
boundaries of the not very distinet saddie In the middle of the dorsal pattern of
most specimens of L. glabrum there is a padr of lighter round spots on each area, which
are situated on the fourth tergite medially of the romboidal flecks mentioned. In the
species L, rupestre these small spoots are only exceptionally present in some females.

From other countries of Central Europe 1 studied the specimens of L. rupestre
which I found in West Germany (Schwarzwald, Stubach) in 1966. All reviewed
specimens are identical with the ~pecimens of Bohemia and Moravia. I have at my
disparal also some specimens from Poland sent to me throush the generosity of
Dr. Starega (from Kazimierz Polny, distr. Pulawy) and Dr. Sanocka {(Krakow,
Cestochova) All specimens are L. glebrum. Similarly the specimens offered kindly
to me from Dr. D. Dumitresen from Rumania (Monts Cosial-Valée de Cerna) are
L. glabrum. ¥For this reason it seems necessary to revise all founds of L. rupestre.
mainly in the eastern territory of Kurope.

The biotopes of L. rupestre and L. glabrum are nearly sumilar: moist, shady localities,
very often the rocks in old forests. While L. rupestre seems to prefer the highlands,
L. glabrum lives alse in the low-lying biotopes (f. i. the areas of inundation of Tisza-
river). In 1968 T abserved an enormous number of juvenile L. rupestre in the rocks
of northern Bohemia (Tiské skily, Pravéickd brina, Prachovské skdly).

The localities of the two species see the map.

The occurrence of L. glabrum in England (Martens 1978 sub L. fisciae) shows
that the territory of this, for a longer time omitted species. is much larger than we
have thought,
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SOME ASPECT OF INCUBATION IN THE DOMESTICATED ROCK PIGEON
{COLUMBA LIVIA F. DOMESTICA)
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Abstract: Eggs of Moravian Strasser Gelb were followed up for weight lose during natural
meubation. The weight loss dynamics was evaluated separately for normelly hatching eggs,
eggs with dead embryo and unfertibzed eggs. Correlations between total weight loss and certamn
characterstios of eggs were calculatod,

INTRODUCTION

The object of thiz study was to evaluate the course of natural incubation in the
dotnestic pigeon by means of measurement of egg weight loss.

The weight loss in eggs is almost entirely due to diffusion of water through the
shell (Romanoff and Romanoff, 1949). Drent (1974} described the relationship
between total water loss and hatchability. At the same time he indicates the following
three critical factors which influence optimum for embryonic development; the
gaseous environment (Og, COs, H0), the thermal environment. and the position
of the eggs in & nest.

In ornitholegical practice, estimates of the stage of egg incubation are based on
measuring air cell size at candling (Otryganjev, 1953, Veselovsky, 1954, Pikula,
1969},

The present paper describes these methods in their application to the domestic
pigeon.

MATERTAL AND METHODS

Egg weight loss and some candled egg characteristics wore studied during the natural in-
cubation of elutchez of 10 Moravian Strasser Gelb pams, averago age 2.5 years, in the course
of a reproductive seazon. A total of 130 eggs were laid; the fertilization and hatching rates were
84.21 and 63.169%, tespectively. Nest temperature during incubation varied m the range of
34— 39" C. Levi (1974) mives values of 36.1—36.6° C as the temperature optimum for artificial
hatehing of pigeon eggs.

On the days of being laid the eggs were weighed with an accuracy of 0.05 g and measured
with a sliding caliper. Egg shape was expressed 1n term of the index width/length x 100 and egg
length wic
surface ares was estimated according to the formula for the generalellipscid area, _"nggt *—.Egih_

During incubation the eggs were weighed daily between 8 and 7 p.m.. The air cell size was
determined with a shding caliper as the circumferential diameter at coscopy.

In addition to the above parameters, the post-hatching weight (prior to first feeding) waa
taken m 21 squabs. The ratio of this value to the weight of the freshly lad egg constitutes the
coefficient of egg eontent utihzation by squabs.

Observation throughout the meubation period was completed in 76 eggs, which were divided
into three bame groups: (a) 48 normally hatching eggs; (b) 16 eggs with embryo dying during
wcubation, and (c) 12 unfertilized eggs. For some purposes, the first group was subdivided into

LT
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Table 1. Values of basic indices in first-laid and second-laid eggs

Waeight {g) Surface area (cm?) Shape (%)

firat acoond Srat secondd firat second
n 68 62 68 62 68 62
z 21.88 23.28 10.17 10.61 73.67 7297
[] 1,502 1.4689 0.494 0.45% 2.400 1.943
By 0.128 0.188 0.059 0.058 G.291 0.246
v .86 6.30 2.85 4.32 3.26 2.68
P < 001 < 0.0} = 0.05

two: one of 31 eggs with normally viable embryos and another of 17 eggs with nonviable squabs,
i. e. dying within a few days of hatching.

All data obtained were analysed statistically. Differences were tested by varience analysis and
t-test, The gize of the basic sample of 48 eggs is (with respect to the total egg weight loss by the
17th incubation day) representative enough to allow basic statistical values to be determined. The
sssesaments were made by estimating the least number of casea.

Weight Y
loss (%)
20+
/
/
15}
J
10
0 ,l | I i ! ——
0 3 6 9 12 1B 118
Days of incubation
L

Fig. 1. Dynamica of weight loss in 27 normally hatching egps {27 eggs with 1009 hatchability)
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Table 3. Mean values of ogg weight decrease on co itive inoubation days (%)

Eggs normally hatching* with unfertilized***
dead embryo**
Day % 8 Sx X X
1 .64 0.607 0,139 0.32 0.56
2 1.09 0.808 0.190 0.838 1.93
3 2.02 (839 0,204 1.75 1.29
4 2.87 0.825 0.198 2,32 3.31
b 3.91 1.008 0.658 3.42 412
§ 4.21 1.141 0.216 4.11 .47
7 5.24 1.109 0.268 4.04 6.26
8 6.23 1.455 0.364 5.66 8.43
9 6.77 1.437 0.338 6.30 10.11
10 8.01 1.738 0.506 7.56 10.27
11 8.84 1.803 0.451 7.61 12.50
1z 10.13 1.892 0.48% .88 12.12
13 10.26 2.210 0.503 9.57 11.72
14 11.51 2,068 0.451 10.19 15,77
15 12,31 2,210 0.536 10.60 13.83
16 12,95 2.509 0.535 10.34 15.85
17 13.63 2.442 0.504 14.02 14.93
18 15.85 2,625 0.618 12.50 16.38

* 27 eggs: the per-day numbor of eggs varied from 12 to 23
** 13 egps; 1 in the range of 412
*** 4ogpyininthe rangeof 14

RERBULTS

The basic index values for all the eggs laid are given in Table 1. As the mean values
indicate, second-laid eggs are larger than first-laid eggs (P < 0.01) but do not differ
in shape (P = 0.03). The individual egg groups are characterized in Table 2.

Normally hatching eggs displayed a striking acceleration of the otherwise steadily
progressing weight decrease on the last day of incubation, which corresponded with
the incipient eracking of egg-shell and consequent higher evaporation (see Fig. 1).
This rather abrupt loss of weight was not observed in the other egg groups. The
total weight loss was therefore taken as represented by the 17th day value. As Table 3
indicates, the highest weight loss during incubation was recorded in unfertilized
eggs (four in number), In 27 normally hatching ecps and 13 eggs with dead embryo
the weight loss values were lower and mutually comparable. On most incubation days
the inter-group differences in weight loss were not significant (P > 0.05). The limited
numbers of eggs in the individual groups are due to the fact that only eggs that had
heen weighed on each consecutive incubation day were used for these comparisons.

Evaluations of total egg weight loss (day 17 of incubation) disclosed no difference
among egg groups incubated by individual parent paiers (F' = 0.46; P = 0.05).
Seasonal (spring. summer, autumn) influence was not significant either (F = L.75;
P > 0.05). Total weight loss was practically the same in eggs giving viable squabs
(X = 15.57 4- 3 x 0.336%) and those whose squabs died shortly after hatching
(X = 15.58 + 3 0.608%).

The only statistically highly significant difference (P < 0.01) was found between
the total weight loss in first-laid eggs (X = 16.39 +- 3x 0.488%) and second eggs
(X = 14.76 4- 3 x 0.285%,). This difference is attributable, possibly besides other
factors, to the following two causes: (1) first eggs are an the average lighter and
smaller than second eggs and (2) first eggs are laid two days in advance of second
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eges and consequently lose about 0.8 9, of their weight prior to commencement of
the incubation proper {laying of second egg). In rare instances the paronts incubate
already their first egg, which may account for the greater weight loss variability
found among first than among second eggs in clutches.

For the hasic group of 48 normally hatching eggs the total weight loss was ex-
pressed also in relation to certain other properties of incubated eggs. The correlation
coofficient valie r = —0.85 represents a negative dependence of the total weight
decrease on the weight of the freshiy laid egg. The dependence of total weight decrease
on egg size (approximate surface area) is characterized by the correlation coeffi-
cient value r = —0.4D0. The correlation with air cell size is low {r = 4+0.22) and
statistically not significant. The values of this correlation eoefficient is influenced
by the variable size and «hape of the eggs, which to a certain degree determine the
size of the air cell.

Evidence of a highly negative correlation between total weight loss and the coef-
ficient of ege contents utilization by squab is provided by the coefficient value
r = —0.60. Thus a high weight loss is characteristic of a low degree of egp contents
utilization by squah. This fact will probably also reflect squab viability. The mean
values of the egg contents utilization coefficient for 10 eggs with normal embryo
viability (X = 72.52 + 3 x 0.968%,) and 11 eggs with embryo nonviability (£ = 67.95
4 3x 0.854°;) differed significantly (P << 0.01}). This finding confirms that the
soefficient of contents utilization by squab is an indication of the biological value of
eggs and progeny.

The other statistical data characterizing the above relationships are presented
in Table 4. -

DISCUSSION

Common principles and problems on incubation of avian eggs were summarized
by Drent (1975), who studied the influence of environmental dimensions upon
embryonic development.

In the domestic pigeon studied, egg weight loss during incubation amounted to
15.57 %. The weight loss value for eggs from which viable pigeons hatched varied
within the range of 12.35 to 18.35 %,. In domestic fowls, Otryganjev (1953) found
a variation range of 8—18%, (mean value between 10 and 11%y} on the 18th day;
he also noticed that the extremely high weight loss values were associated with
chick nonviability. A similar observation was made by Cade (1977) and the finding
is also confirmed by the present results. Cade (1977) gives a mean value of 16 9
at defined temperature and relation humidity for Falco peregrinus. Drent (1975)
takes as optimum total water losss commonly 10—12% of the initial egg weight.

Differences (if present) in weight decrease between unequal species may be due
to the different relationship between egg weight, shell thickness, water conductance,
and total funetional pore area (Ar ot al,, 1974).

Egg weight loss may be variable even between closely related species. For some
species of the Falco genus this is explained by Schwarts ex Cade (1977) by o dif-
ferent submicroscopic structure of the egg shell dependent on ecological factors
extant in the respective habitat regions.

A higher weight loss by smaller eggs associated with their relatively greater surface
area (Romanoff and Bomanoff, 1949) and some relationship between weight
decrease and certain egg characteristics are indicated by the correlation values
calculated. However, these values are somewhat biased by the different weight losa
in first and =zecond eggs in clutches.

214



Another current method used for evaluating the course of incubation is candling,
which is applied not only to biological contrel of poultry hatehing (Otryganjev,
1953) but is also used in ornithological practice for determining air cell size in orden
to estimate the stage of egg incubation (Pikula, 1969). The methods based on iden-
tifying the stage of embryonic development via breaking one of the eggs in the clutch,
which have been developed to perfection by Mc Cabe and Hawkins (1946), Vese-
lovsky (1954} and Motl (1964), are not very suitable for application to nidicolous
birds laying only few eggs per clutch. For this reason a description of the characteristic
changes of eggs during natural incubsation may by helpful.

SUMMARY

1. The average weight loss in eggs from which viable and nonviable squabs hatched

was the same, amounting to 15.57%,. The limited material could no more suggest
a difference in the egg content utlhzatmn coefficient between viable (X — 72.539%)
and nonviable rquabs (X = 67.95%,) (P < 0.01).

2. The total weight loss differed significantly between first-laid (X — 16.399()
and second-laid eggs (14.769,) in clutches (P < 0.01).

3. Correlation values for total egg weight loss during incubation, on the one hand,
and weight at hatching, egg surface area, or coefficient of egg content utilization
by squab, on the other hand, were r = —0.65, —0.40 and —0.60, respectively.
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Abstract: Effect of tho temperature, intensity of infection and size of intermediate host
(Ostracods) on the larval development of six cestode species of the family Hymenolepididae
Fuhrmann, 1907 parasitic in water birds were studied experimentally. The temperature and
intengity of infection influence the length of larval development and size of cysticercoids. The
intensity of infection is also related with the temperature. No relationship was observed betwesn
the size of the intermediate host and the development of larvae.

The effects of the temperature, intensity of infection and size of intermediate host
{Ostracoda) on the larval development of cestodes were experimentally studied
in 1967 —1972 using the following species: Dicranctaenia coronule (Dujardin, 1845),
Digrehis inflata (Rudolphi, 1819), D. nyrocae Yumaguti, 1935, D. ransomi Schultz,
1940, Fimbriaria fasciolaris (Pallas, 1781) and Sebolevicanthus gracilis (Zeder, 1803).
The present study follows a previous one dealing with the effects of the same factors
on the larval development of 11 cestode species of the family Hymenolepididae
in Copepoda (Valkounovda 1980).

MATERIAL AND METHODS

The ostracods Delerocypria fosciata (0. F, Miller), Helerocyprie incongruens (Ramdohr) and
Notodromas monacha (0. F. Miller) have been used in our experimenta (Table 1}. They have
been found to serve as the only intermediate hosts of the class Ostracods for the studied cesatode
gpecies both under natural conditions of water biotopes in southern Bohemia and southern
Moravia and under experimnental conditions,

The breeding of crustaceans, eultivation of cestode eggs and course of the experimenta were
deseribed in 8 previcus paper (Valkounova 1980). The experiments were performed at the
temparatures of 8 —-10°C, 12—14°C, 18 -20° ¢, 24—26° C and 28— 30° C.

A total of 180 experiments were carried out, of them 20 experiments with eggs of one cestode
species and one intermediate host species, i. e., four experiments at each of the temperature

Table 1. Survey of cestodes and their intermediate hosts in our material

Ceatode Intermediate host
. coronula D. fasciata
H. incongruens
N. monacha
D, inflaia H. incongruens
D. nyrocae D. fasviata
N. monacha
D. ransom: D. fasciata
F. fasciolaris D. fasciatn
8. grocilis D, fasciata
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Table 2. Effect of temperature on intensity of infection

Cestode Temperature Intensity of infection
8] Oneospheres Cysticercoids
D. coronula 12-14 2—4 1-2
2 1
1820 -7 1—4
b 2
24— 28 3—18 1-5
9 4
D. inflata 1214 1-5 1-2
3 1
I8~ 20 2—9 1-3
5 2
24 - 26 2—-12 1-4
7 3
D, nyrocae 12-14 3-8 1-3
3 2
1820 1—10 1-4
8 3
2426 2—-13 1-6
9 &
D. raneomi 12—14 1—4 1-2
3 1
18-20 3—9 1-3
6 2
2428 3—12 1-4¢
10 3
F. fasciolaria 1214 1= 1;4
4]
1820 1-11 1—-46
95 3
2426 i 1-15 1-8
11 5
8. gracilis . 1214 2_4 172
2
18—-20 1—6 1-3
3 2
2426 1-9 1-3
5 2

Fraction: numerator = minimum — maximum value
- denominator = average value in round numbers

scopes. One hundred crustaceans were used in each experiment. They were put in 1-litre aquarium
containing the egge of the studied cestode species (50 eggs per one crustacean on an average).
Care was taken to keep aa many eggs as possible in the proglottids of cestodes, to prevent swelling
of their envelopes and their dispersion in various heights of water column, since the ostracods
live at the bottom of water reserveirs and feed on animal and plant remnants. Twelve hours
after the beginning of the experiment the crustaceans were transferred to 8-litre aquaris {en-
largement of the living environment, prevention of reinfections) where they were kept during
the whole experiment, During the development of the oncosphere into the cysticercoid the
orustaceans were examined microscopically first after 1, 2, 3, 4, 5, §, 7, 9 and 12 hours and later
when necessary, bui at lesst once a day. The ohservation of larvae inside the crustacesns was
difficult due to a poor transparency of their shells. A description of the larval development was
published in the paper by Neradova-Valkounovs (1971).

The results summarized in the tablss include only the experiments carried out at the tem-
peratures of 12 —14° C, 18— 20° ( apd 24— 26" C, i. e., 108 experiments, since at the temperatures
of 8 10° ¢ and 98— 30° C many of the crusteceans and cestode larvae died (40 —609). Of the
total number of 100 crustaceans used at the temperatures of 12— 14° C, 18- 20° Cand 24-28°C,
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Tahle 3. Effect of temperature on length of larval development

Cestode Temperature Length of larval development

(°C) {in days)

D. coronula 12— 14 26—31
1829 1721

24—26 11--15

D, inflata 12—14 25—32
18—20 ' 13—17

2426 9—11

D nyrocae 1214 27-31
18—20¢ 1519

2426 - 12—17

. ransoms 12--14 20—33
1820 : 19—23

2426 1216

F. fasciolaris 12—14 2432
18—20 15— 20

: 2426 14—17
5. gracilis 12--14 30-—32
18—20 17—-21

2426 13—16

1--15%, died (179, and 199, only in one case each). Of the dead crustaceans, 1 — 119, were positive
and 1—4%, negative to cestode larvae. Of the surviving crustaceans, 2—5%, were negative to
cestode larvae. The tables include the crustaceans which survived and were infected with cestode
larvae, i, e., 30%; specimens from each experiment.

RESULTS

Of the studied factors, the temperature and intensity of infection at certain tem-
peratures were found to influence the length of larval development and the size of the
cysticercoids. These relationships concerned all six species of cestodes, be it in a single
intermediate host species or in all intermediate host species simultaneously. The size

of the intermediate host did not influence the development of larvae.

l. Temperature

l.a. Effects of the temperature on the intensity of infection

The intensity of infection was directly related with the temperature (Table 2).
The intensity of infection with oncospheres and cysticercoids increased gradually

Table 4. Effect of temperature on length of larval development of D. coronule in various species

of Ostracods
Intermediate host Temperature Length of larval development
(°C) {in days)
D. fasciata 12—14 26—28
18—20 . 13—-21
2426 1214
H. incongruens 12—14 27-30
18—20 18—19
2426 11-14
N. monache i2—14 28—31
18—20 19—-20
2426 11—-13
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Table 5. Effect of intensity of infection on length of larval development at & given temperature

Costode Intermediate 12147 C 18—20°C 24.-92¢8° C
host T L 1 L I L
D. coranula . D, fascinta 1 26 —27 1 16— 17 L 11
2 18 2 11-12
3 20 3 i2
4 21 4 13
5 14
H. incongruens 1 28 —29 1 16 1 12
2 3031 2 1718 s 13
3 20 3 13
4 14
N. monacha 1 2730 1 17 1 11
2 3l 2 18 2 12
3 19 3
4 20 4 14
D, nyrocae D, fasciata 1 27 1 15— 16 1 12
2 29 2 17 2 13
3 b 1] 3 18 3 14
4 19 4 15
& 16
N. monacha 1 2930 1 17—18 1 1213
2 80 2 is 3 1213
3 11 3 19 3 14
4 15
5 16
6 17

I — Intensity of infection (cysticercoids)
L — Length of larval development (in days)

with increasing temperatare from 12 °C. The infection with oncospheres was maore
intensive than the infection with cysticercoids since the number of swallowed eggs
was always higher than the number of larvae capable of completing their development
(reduction of the number of oncospheres — see Valkonnova 1980). The influence
of the number of eggs and the length of their contact with intermediate hosts were
not considered due to standard conditions of the experiments (see Material and
Methods). At the temperatures of 8— 10 °C the initial intensity of infection was 1—2
oncospheres or one cysticercoid per host. At the temperatures of 28—30°C the
intensity of infection distinctly decreased as compared to the temperatures of
24--26 °C, maximum intensity being five oncospheres (two oncospheres on the
average) per host. The cysticercoids occurred either single or, rarely, two eysticercoids
per crustacean.

1.b. Effect of the temperature on the length of larval development

The length of the larval development was indirectly related with the water tem-
perature. With inereasing temperaturc from 12°C to 26 °C the time necessary for
the development of the eysticercoid gradually decreased from 33 to 9 days (Tables
3 and 4). At the temperatures of 8—10°C the larvae developed for 52—81 days,
at 28—30 °C for 30—35 days.

l.c. Effect of the temperature on the size of cysticercoids

The size of the eysticercoids was directly proportional to the used temperatures
of 12—-26° C. At the temperatures of 18—20° C the cysticercoids were by 50—70 um
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Tabls €. Effect of intensity of infection on the size of cyaticercoids at the temperature of 24 -26° C

Intensity of Cysticercoids of Cysticorcoids of Cysticercoids of
infection D. coronula D. nyrocae F. fasciolaris
in N. monacha in N. monacha in D, fasctata
{um) () (um)

1 219239 314332 140 — 168

2 184193 280— 295 144 — 157

3 156—171 240— 259 143155

4 135 —150 199219 143 —154

b 181--199 141 —152

8 158—174 140—150

7 139148

8 138 —147

larger than those developing at the temperatures of 12—14° C; at 24—26° C they
were by 30—50 pm larger than at 18—20° C. At 8 —10° C they were of almost the
size as at 12—14°C and at 28—30° C they were approximately of the same size
as at 18— 20° C.

2. Intensity of infection

2.a. Effect of the intensity of infection on the length of larval development at
a given temperature

The length of larval development at the temperatures of 12—26° C was directly
proportional to the intensity of infection. With increasing intensity of infection the
time necessary for the development of larvae became longer (Table 5). At the tem-
peratures of 8—10° C and 28—30° C the intensity of infection was most often one
cysticercoid per crustacean, therefore this relationship could not be evaluated.

2.b. Effect of the intensity of infection on the size of cysticercoids at a certain tem-
perature

The intensity of infection was found 4o be indirectly proportional to the size of
cysticercoids. At the temperatures of 12—26° C and increasing intensity of infection
the size of the cysticercoids decreased {Table 6). This relationship could not he
evaluated at the temperatures of 8—10°C and 28—30° C, since the intensity of
infection was one and, rarely, two cysticercoids per crustacean.

Factors
Temperature » Intensity
l of infection
Length izle
of larval of cyslicercoids
development
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CONCLUSION AND DISCUSSION

In Ostracoda, the length of the larval development aud the size of cysticercoids
of the six cestode speciesinvestigated are influenced by the temperature and in-
tensity of infection (Scheme 1), the intensity of infection being dependent on the
temperature.

The effect of tha intensity of infection on the length of larval development of
D. rangomi in the ostracod Cypridopsis vidua (O, F. Miiller) was dealt with in the

Faclors
Gen.eraily Not generally
valid valid
e it 7*-"-:!_
P e
Intersity i S diat
5 of iplermadi
Temperature ______ of infection .c....__.G_"..... hosi ) e
i G

- Y
lengﬂ; < Siza
of larval of cysticercoids

development

—>  Relationship generally vald for all studied cestode species
- — Relationship valid for Group T or Group II separately

paper by Rybicka (1457). According to this author, at the intensity of infeetion
1—18 larvae the length of larval development was not influenced (maximum in-
tensity of infection described by the author was 21 cvsticercoids, in one case 45
eysticercoids). In our experiments, the length of the larval development was influenced
already by the intensity of 3 cysticercoids (maximum intensity of infection 8 cysti-
cercoids): at the intensity of 1—2 cysticercoids this relationship was not always
distinet. Like in our results, the author observed a relationship between the size of
the cysticercoids and intensity of infection. However, the resuits of both papers
cannot be compared, because Rybicka gives only the length of the contact of
ostracods with cestode eggs (1—18 hours) and not the number of eggs used for the
infection. neither the temperature at which the experiments were performed.

The relationships between the studied factors and the course of the larval
dovelopment of cestodes in Copepoda are much more complicated (Valkounové
1980). The effects of the temperature, intensity of infection and size of the inter-
mediate host on the larval develapment in eight species of Copepoda were studied
using eleven cestode species. These were divided into two groups according to their
intensity of infection: Group 1 {maximum intensity of infection 4 cysticercoids) —
D, inflata, D. ransomi, Hicrosomacanthus compressa (Llutou, L782), M. paracompressa
(Czaplinski, 1956), H paramicrosoma (Gasowska, 1931), S. gracilis, S. krabbeella
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(Hughes, 1940), S. octacantha {Krabbe, 1896); Group I1 (maximum intensity of in-
fection higher than 4 cysticercoids) — 1) coronula, D.nyrocae, F. fasciolaris. Maximum
intensity of infection with cestedes belonging to Group I (4 cysticercoids) was
found both in experimental and natural conditions. This phenomenon was mentioned
only by Dobrokhotova (1971) in Bisaccanthes bisaceata (Fuhrmann, 1906). The
effect of individual factors on the course of larval development is valid either generally
for all eleven cestode species or for Group 1 or Group II separately (Scheme 2). The
temperature and intensity of infection affect the length of larval development
and size of cysticercoids, whereas the size of the intermediate host influences only
the size of the eysticercoids. The intensity of infection is dependent on the temperature
and size of the intermediate host (Scheme 2).

The results obtained can be summarized as follows:

a. The temperature is the most important factor influencing the intensity of in-
fection, length of larval development and size of cysticercoids of all studied cestode
species in Copepoda and Ostracoda. The larval development takes place in Copepoda
at the temperatures of 8—30° C and in Ostracoda at the temperatures of 12—26° C.
At the temperatures higher or lower than the given values the larval development
is distinetly prolonged or even stopped and the larvee die at a higher rate (40 —60°).
However, the optimum temperature for the development of cestode larvae in
Copepoda and Ostracoda is 24 —-26° C. At the temperatures of 28—30° C the develop-
ment of cestode larvae in Copepeda is more rapid (9— L7 days as compared to 11—19
days at 24—26°C), but the larvae die at a higher rate (9—119, during each ex-
periment).

b. The intensity of infection influences the length of the larval development and the
size of cysticercoids in Copepoda in the cestodes of Group 11 and in Ostracoda in all
the six studied cestode species. The maximum intensity of infection with eysticercoids
in F, fasciolaris was 37 cysticercoids at 24—26° C and 32 cysticercoids at 18—20°C
in Copepoda. and 8 cysticercoids at 24—26°C and 6 cysticercoids at 18—20°C
in Ostracoda. The intensity of infection is influenced by the temperature in all
studied cestode species in Copepoda and Ostracoda and by the size of the intermediate
host in Copepoda and cestodes of the Groupll.

¢. The size of the intermediate host influences the larval development of cestodes

only in Copepoda. In cestodes of the Group I it affects the size of eysticercoids and
in cestodes of the Group IT the intensity of infection.

The studied factors are not the only criteria producing an effect on the course
of the development of cestode larvae, particularly in nature where many other
mutually related factors (Valkounova 1980} are involved. Nevertheless, the tem-
perature, intensity of infection and size of the intermediate host remain the most
important ones. The effects of these factors observed under experimental conditions
are quite the same as in nature, only the average rate of the intensity of infection
is always lower than in the laboratory (the cestode eggs are more dispersed) and the
length of larval development may vary with great changes of the temperature
within a short period, or sometimes the development may temporarily cease.
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GROWTH AND AGE COMPOSITION OF THE POPULATION OF THE BREAM ABRAMIS
BRAMA (PISCES, CYPRINIFORMES) IN THE VALLEY LAKE OHL{K AND IN THE MINING
POOLS IN THE VIUCINITY OF TEPLICE (BOHEMIA)

Josef ZAVETA
Recerved February 14, 1980

Abstract: The growth of the bream (Abramas bramea) i the valley lake Orlik (Bohenma) in 1974
and 1976 was studied vsing structure of seales from 566 specimens In the ming pools 1 the
vieimty of Teplice (Notthern Bohommia), the growth of the bream was studied on 244 specumens.
The growth of the bream, studied by vther authers m 1872 and by the author of the present paper
mn 1974 and 1976 {the toral number of speeimens 1,355) w evalnated. Wo changes concerning the
length and weight growth have been found in the valley lake Orlik 1n the 1972—78 period. The
bream grows more slowly here than m other valley lakes in Bohenua.

INTRODUCTION

The bream Abramis brama (Linnaens, 1758) is an important component of the
Czechoslovak ichthyofauna. 1t is the typical fish species of the lower parts of streams,
backwaters and pools in inundation arsas. In our valley lakes it reproduces fre-
quently and belongs to very plentiful fish species. With regard to economiec and
angling points of view this species deserves our attention. In the catches of anglers
1n 1865—76 it represcnts, on the average, 14.79 of all fish (Tah. ).

In this study 1 examined the growth of the bream in the valley lake Orlik m 1874
and 1976. I evaluated also its grow th from the yvear 1972 till 1976. Besides. the growth
of the bream was investigated into in two mining pools 1n the vieinity of the town
of Teplice, for which no data had been available. Naiksatam {1974) and Maténovi
(1975) were the first to investigate into the growth of the bream in the valley lake
Orlik. The growth of the bream here was compared with its growth in the valley
lake Slapy. which is aleo situated on the river Vltava. From there. data on the growth
of the bream (Ciha¥ and Oliva, 1960; Poupé, 1971) are based on large numbers
of specimens examined. In the latter papers contributions of other Czechoslovak
authors are also mentioned, who had less numerous materials at their disposal, as
well as several papers by foreign authors.

General data on the fishing employment of mining pools are presented, e. g.. by
Sch ubert (1931). Tejcka (1946), Vdeclavik (1955), Flasar and Flasarova (1975).

MATERIAL AND METHODS

The materal of the bream examined was collectod from the lower part of the Orlik reservoir
near the village of Stédronin, where the river Otava flows mto the Vltava. The ufabty area of the
Orlik riverme lake 15 2,400 ha. For further detaila of the locality see Narksatam (1974).

The other part of the materal comes from the mimng pools in the viecmmity of Teplice, named
“Katerma” and “Modlany ",

The rmning pool Modlany has the average annual flow of 13.2 1fsec., the mimmuom flow being
4.2 lfsec Hoth data have been calcuiated. The crest of the dam is situated 197 m above the sea
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Table 1. Data of catches of some fish species in the valley lake Orlik during vears 19656 —76

Angling (specimens/kg)

yoars caTp bream mike white fish fishing sltogethesr
1965 5010/11604 5723/ 2553 1498/3291 T854%/17900 23400 446690
196G 619)14000 9748/ 3286 136013149 T6718/18152 25207 48301
197¢ 6795/17066 2671313500 90172579 12645] 7280 2000 B6900
1571 672:2/13814 27462/12441 184674799 19830( 8092 6600 63700
1972 3620/11707 149837 8504 875/1919 11850/ 4392 6400 57400
1973 10B67/20806 93949/ 6101 7032180 48413/ 9334 7600 80000
1974 81374714252 28774} 2046 12513196 22691 4896 6820 71100
1975 965917714 44142/13495 938/2478 16011; 3593 53730 62767
1478 914518323 49950/150088 9462521 28938, 5399 13533 87284

level. The maximal surface level 13 196.4 m, the tmmmal level 195 m above the ses lovel. The
munimal inundated area 1s 39.5 ha. The average mundated surface 15 60.4 ha,

The erest of the maximal level of the mining pool Katefina 13 194 m above the sea level, the
minimal level 15 192 m above the gea level. The mimimal inundated area 13 56 ha. (These data were
furmished by the District National Commttee of Teplwe, Department of the Woods and Water
Economy, Mr Groger).

The numerous material from the valley lake Orlik was gamed from the day’s and mght’s
semning between the last third of June and the second third of Seplember of the year 1976,
another part of the materal was acquired in June, 1974, The catch was performed using bag nets
and 1t was earred out by the Czech Anglers’ Association as & part of regulation and sconommeal
exploitation of fish population wn thig niverine lake,

Int the mining pool Kateiina breams were collected on July 28th and 29th, 1976, mnto gli nets
by the staff of the Department of Systematic Zoology, Charles Umiversity. The length of gill nets
was 30 m, depth 4 m, size of meshes 3 % 3 cm. The matenal waz immediately conserved in a 4%
solution of formalin. Scales from this matenial were taken on Qetober, 20th, 1977, The hreams
m the mining pool Modlany were collected using gill nets of the same dimensions on October
20th, and 21st, 1977 Gall nets were set in different places along banks and 1n free wster. Specimens
caught here were measured, scales were taken and afterwards they were returned nto the pool.

Tn all specimens the body length (longitudo corpors) was measured, in some specimens alsa
the total length (fongitude totahs). Specimens were measured and weighed by means of the
methods mentioned by Oliva (1959). Collected secales {after Oliva, 1848) were sxamined using
reading apparatus Dokumator DL T1, produet of the firm VEB Carl Zeiss Jena, using magnifica-
tion 17.5 (Pefidz and Libosvarsky, 1961). The sex and weight of the specumensz from the
mimng peols were not ascertamned. For determimation of age growth R. Lee’s (1920} method was
used with the correction to the body length at the time of scale formation, using E. Lea’s mono-
gram. For bael: ealeulation of weight the method of Rounsefell and Everhart (1960) was
used. The condition coefficient was calculated usmg Fulton's formula. Growth charactenstica
{Vasndcov, 1034) from relative growth coefficients were used,

RESULTS
1. The age composition

The valley lake Orlik. 119 breams caught in 1974 were analysed; 5 specimens (4.22%)
had regenerated scales. Length group 201—210 mm (32 specimens) had been pre-
vailingly represented. Specimens examined included the T1Ird —VIIth age groups.
The Vth age group was most frequent (48 specimens). The frequency distribution
of particular age groups in the material from the valley lake Orlik is demonstrated
in Fig. 1 {the material from 1974 white column). The sample from the year 1976
included 483 specimens. The growth analysis could not be carried out in 31 specimens
(8.49, of the total number). The sample included specimens from the Ist — IXth
age groups. The Vth age group (111 specimens) was the most numerous. The fre-
quency distribution see Fig. 1. The largest was the 221 —230 mm length group
(81 gpecimens).
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From the year 1974, 14 specimens from the ecatch were weighed. The average
weight of a single bream at the time of the catch was 190 g. The bream 240 mm from
the Vith age group had the maximal weight 245 g. The bream 190 mm from the T1Ird
age group had the minimal weight 140 g. 87 specimens from the catches in the year
1976 were weighed. The average weight at the time of the catch was 179 g. The bream
310 mm from the VIIth age group weighed 680 g. The bream 100 mm from the ITad
age group had the minimal weight 15 g

%
&0 -
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30]
2071
- 107 | ||

O ! 0w NV vV VoVEVILEX 10V v
AGE GROUPS

Fig. 1: The frequeney composition of age groups in the catch from the vallay lake Orlik in 1974
(white) in 1976 {black) 1n 9 of the total number.

Fig. 2: The frequency composition of age groups in the catch from the mimng pools Katefina
{black) and Modiany (white) in %, of the total number.

The mining pool Katefina. The growth analysis was performed in 184 specimens
from the total number of 189 specimens. 2.6%, of scales from this number were regener-
ated or damaged therefore they were not used. From catches in the mining pool
Katefina the length group 140—150 mm (61 breams) was most frequent The sample
included the IInd —VI1th age groups, the 1Vth group {105 specimens) was the most
numercus The abundance of partieular age groups in %, of the total abundance
is demonstrated in Fig. 2 (black columns).

The mining pool Modlany. 62 specimens in total had been acquired. the scales of
two breams were damaged and regenerated (3.2%,). The catch from the mining pool
Modlany included the 1TIrd--Vth age groups. The I11rd age group was most frequently
represented (36 specimens). The numbers in particular age groups see Fig. 2 (white
columns). The length group 180190 mm (15 specimens) was most frequent. The
above mentioned distribation of specimens into age groups does not correspond with
the actual status, similarly as their numeric representation. The size of specimens
in the catch was certainly influenced by catching methods used (gill nets, mesh size
in seines).
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Table 4. The comperison of weight growth (in g) of the bream in the valley lake Orlik

Year w1 We wa W Wa We W Wi Wy
1073 4.7 20 49 84 127 170 205 245 271
1974 3.2 15 51 68 131 1886 163 - -
1976 4.8 17 44 83 129 170 219 263 3056
average 4.2 17 48 88 129 167 206 254 288

2. The length and weight growth of the bream

For age determination, the scale structure was used. The correction was determined
from the linear relationship between the actual particular values of diagonal radius
of the scale and body length. For the material from the valley lake Orlik sampled
in the year 1974, this correction value represents 50 mm, but it was not used (see
discusgsion). For the material caught in 1976 the correction value was determined
as 25 mm, The results of the length growth from the catch from 1974 are demon —
strated in Tab. 2., the results of the length growth from the catch from 1976 are
demonstrated in Tabh. 3.

The weights of breams in the past years of life were caleulated from the length-
-weight relationship. Values from the year 1974 and 1976 are demonstrated in Fig. 3.

100]

BODY LENGTH cm

100

1000
WEIGHT g

Fig. 3: The relationship between the weight and the body length on the logarithmic scale. The
valley lake Orlik-the year 1974 {white), the year 1976 (black). The value 356 mm on the axis

representing the body length corresponds to the weight of | g.
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The value on the axis representing the body length corresponding to the weight of
1 gis 35 mm. Values of the weight’s growth are demonstrated in Tab. 4. The results
of the length growth of the bream from the mining pool Katefina are demonstrated
in Tab. 5. Results of the length growth of the bream from the mining pool Modlany
are demonstrated in Tab. 6.

1 E
£ 1o £ 5
w -
Z100 %
(] )
[(Va} 4+ [¥3] J
i80 EBO -
601 60 .
& | &
§ 40 54[} .
g2 32
0 & 8 T B 202 2832 0 4 8 T 1B 20 %

BODY LENGTH cm BODY LENGTH cm

Fig. 4: The relationship between the diagonal radma of the scale (magn. 17.5) and the body
length (1c) in mm. The valley lake Orlik 1n 1976. Correction 25 mm.

Fig. 5: The relationship between the diagonal radius of the scale {magn. 17.5) and the body Jength
{1e) in mm. Mimning pools Katefina and Modlany. Correction 17 mm.

DISCUSRION

The Lee’s correction used for back calculation of linear growth was determined from
the above mentioned body/scale relationship. This relationship is linear, as it is
apparent from Fig. 4. The value of the correction from the material from the valley
lake Orlik in 1972 was 30 mm (Naiksatam, 1974). Maténov4 (1975) found this
value to be 19 mm in 1973. In my material I found the correction value 50 mm col-
lected in 1974, while for the sample from 1976 it was 25 mm, For the combined
material from the mining pools Katefina and Modlany the correction value is 17 mm
(Fig. 5). For the bream from backwaters of the Labe in Central Bohemia, Oliva
(1958) found the correction 21 mm, Segerstrale (1932) for his Finnish material
16—18 mm. The correction 19 mm was used for our material from the year 1974,

Table 7. Length growth of the hream m the valley lake Orlik during years 1972—1978

year suthor 1 1z 1z 14 1 lg 1, 13 Iy
1972 Naiksatarmn({1974) b7 43 127 161 187 212 — — —
1973 Matdnova (1975) b4 93 129 158 184 205 220 235 244
1974 author 46 83 131 187 186 203 216 - —
1076 author 59 N 126 167 183 201 219 233 244
1972
to average 54 90 126 161 185 205 218 234 245
1976
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Table 8. The comparison of values of the index of the condition in the valley lake Orlik
in years 1973 — 1976

yoars 1 2 3 4 b 6 7 8 9
1973 — — 2.21 2.17 1.95 2.03 2.05 1.99 1.93
1974 - - 1.99 2.24 2.17 1.83 2.48 - -
1976 2.0 2.09 2.29 2,43 2.06 1.99 2,25 1.35 -

the value used also by Maténovd (1975) for her calculations from 1973. The high
value of the correction (50 mm) was obtained for a small number of breams of lower
age groups. Neither the values of correction 8 mm found in the body/scale relationship
of breams living in the mining pools in Northern Bohemia could be used for the
calculation of body lengths in the past years. The latter values do not agree with
the body length in the time of scale formation, as it was documented by Segeratrale
(1932) who studied this problem directly on the bream fry. Consequently, the
bream material from the mining pools was studied as & whole the mean values of the
diagonal radii of scales were determined, and the correction 17 mm was used. For the
analysis of the less numerous material it appears as more suitable to use such a value
of correction that was found on the same or neighbouring locality by another author
and that is supported by numerous scale material, In other cases 1t seems profitable
to use a correction value acquired experimentally. The length growth of the bream
in the observed period is given in Tab. 7. From the values cited it is evident that the
growth of the bream showed no serious variation. In the year 1874, the growth
of the bream accelerated in the third year of life. This may be due to & different type
of food relations, represented by the shift to the bentic food {Havelka, Roud,
Vostradovsky, 1967). The results of the growth of the bream from the valley
lake Orlik are based on numerous scale material from the whole period of observance
1972176 (in total 1,355 specimens). According to my results, the growth of the bream
is stabilized. This is evidently supported by catches using angling and netting, which
both until lately limited the overpopulation of the bream. The weight of all fishes
inhahiting the reservoir Orlik as caleulated on hectar per year is increasing: in the
vear 1968 1t was 19.3; 1969: 26.2; 1970: 23.2; 1971: 26.5; 1972: 22.7; 1973: 27.0;
1974: 24.0; 1975: 26.1; 1976: 36.3 (all in kg.ha-1). From the results concerning the
weight growth of the bream it is evident that it does not show any greater changes
over the whole period observed. The values of the index of condition for the observed
period are demonstrated in Tab. 8. Tt is commenly known that the value of Fulton’s
index of condition changes in dependence on the size and age of the fish specimen.
With increasing age the fish grows relatively more in the weight than in the length.
Index of condition changes in the course of the year and its larger value shows a better
condition of the speciemen. I can confirm these results, From the growth charac-
teristics, which are demonstrated in Tab. 9, it is possible to determine the period
of the growth and its intensity (Vasnécov, 1984). According to the giowth charac-

Table 9. Characteristies of the growth in valley lake Orlik mm years 1973—1976

years 1 2 3 4 B 6 7 8 £l
1973 29.3 30.4 26.1 24.0 19.9 14.4 14.3 8.7
1974 27.1 37.8 31.8 17.9 16.2 11.6 - o
1976 26.2 29.6 27.7 24.0 17.0 17.2 13.6 12.6
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Table 10. Characteristics of the growth in mining pools of the vicinity
of the town Teplice st North Bohemia

Locality years 1 2 3 4 ) 6
Modlany 3.5 346.5 32.8 25.9 =
Katefina 28.3 21.2 16.7 11.5 9.7

teristics it is possible to state that there were no changes in the growth of the bream
in the course of the period of observation in the valley lake Orlik. The growth of the
bream in the above mentioned mining pools in Northern Bohemia is different. From
the values cited it is evident that the growth in the pool Katefina is slower than in
the pool Medlany. This 1s evident also from the growth characteristios (Tab. 10).
The Modlany mining pool is still enlarging due to the overflowing of new areas
which presents new posgibilities of food for the fish. My results of the growth show
that the bream has not yet overpopulated here. On the other hand the mining pool
Katefina is older and does not enlarge now spontanecusly, its banks being stabilized,
and there are no overflows into new areas. The slow growth of the bream shows
that the pool may be overpopulated. The slow growth of the bream is demonstrated
algo in the growth characteristics. The comparison of the growth of the bream in my
localities, i. e. the valley lake Orlik and both the mining pools, with some other
Czechoslovak localities and localities abroad shows that the growth of the bream
in the valley lake Orlik is slower as compared with other valley lakes (Tab. 11).
Only under the Scandinavian, climatically worser, conditions the growth of the bream
is slower (Segerstrale. 1933). As an example of localities with a rapid growth the
bream from the Caspian Sea could be mentioned (Berg, 1949). Comparing the growth
of the bream in backwaters, the growth in the mining pool Katefina was found
slower than in the Labe backwater Poltruba (Oliva, 1958). On the contrary, in the
pool Modlany the growth of the bream is better than in the Poltruba backwater
and in the backwater Zofin (inundation arvea of the Dunaj, Naiksatam, 1973)
(Tab. 12,

In our country, the bream is economically of importance only in the valley lakes,

and at present it is being caught using aqglmg and netting, regardless to its size and
quantity.

Table 11. The comparison of the growth of the bream in some valley lakes

KNumber
Loeality of 11 1z | ] 1, 15 1s 17 1 lg lig 1na
specimens
Orlik
2 average [972-76 1355 64 00 128 1681 185 203 2183 234 45 -~ —
lapy —
Poups (1964} 303 B5 135 179 219 249 288 320 370 404 425 446
Slapy — Cihaf
and Oliva (1960) 463 B0 126 165 196 216 242 303 340 383 412 —
Lipno —
Poupés {1971) 403 76 112 152 186 210 233 264 322 331 346 357
Caspian Sea —
Berg (1949) — 73 162 253 295 332 360 393 405 421 431 437
Haika Fjord Borga
Finnland-Seger-
atrale (1933) - 34 76 103 129 149 166 184 203 223 236 261
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Table 12, The survey of the growth of the bream in stagnant watera

Numhber
Locality of 1, 1z Is 14 15 lg Iy 1s

“ specimens
Mining pools
Modlany — author @0 483 96 138 176 204 - — =
Kateting — author 184 46 87 111 129 141 151 — -
Poltruba-backwater

Oliva {1958) 157 55 77 115 183 181 213 260 335
Danube-backwater £

Zofin 999 87 92 115 182 187 215 250 273

Naiksatam (1973)

The bream has big utility value which i= higher than that of the carp (Cyprinus
carpio) and tench (Tinca finca) — see Pokorny (1965).

The content of the fat in the flesh is larger than in other species. The bream can
be used ako as human food. Smaller specimens can be utilized industrially as food
in fur farms, in trout hatcheries, in Zoological gardens, and for the production of the
feeding flour (Havelka, Roud. Vostradovsky, 1967). The utilization of the
bream for fishery in the mining pools should not be underestimated. Besides our
valley lakes they are the most extensive stagnant waters in Northern Bohemia,
having the estimated total area of about 1,8000—-2,000 ha (Vaclavik, 1955).

SUMMARY

1. In 1974 the author examined the growth rate ir. 114 specimens, and in 1976, in 452
specimens of the bream, Abramis brama, from the valley lake Orlik. From the mining
pool Medlany 60 specimens and from the mining pool Katefina 184 specimens of the
bream weto studied.

2. From the valley lake Orlik growth data of other authers from yvears 1972—73
are known, hosed on 789 specimens.

3. From the growth of altogether 1,355 breams in the valley lake Orlik it is evident
that their growth is stabilized. The growth of the bream is slower here than ip other
localitics and deviations were ohserved in the period studied.

4. From the growth analysis of 244 breams from the mining pools Modlany and
Katefina. a bad growth was ascertained in the pool Katefina, while in the pool
Modlany the growth was found to be better.

5. With regard to the above-mentioned results it is possible to recommend the catch
of the bream in the valley lake Orlik regardless of the size and number, while controll-
ing simultaneously the age structure of the poulation.

6. The results of the growth of the bream in the mining pool Katetina support the
necessity of influencing the dynamics of the fish population throngh intensive
catching using all methads regardless of the size of fish and their number. As to the
mining pool Modlany, only the control of the growth of the population can be
recommended without any intensive interference of anglers and fishermen.
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REVIEWS — RECENZE

Harrison, G.: Mosguitoes, Malaria and Man: A Hustery of the Hostilitics since 1880. Nakl.
John Murray, Londyn, 1978, 314 str., 8,5 L.

Lofiského roku tomu bylo sto let, co francouzsky, v AlZirn plisobici lékaf Alphonse Laveran,
poprvé spatiil v krvi piivedes maldrie. Nebyl preni, kdo jej tam hledal, ale pozornost jeho pred-
chiided edlakaval vedy napadngjsi malaricky pigment. Jeho objev byl vodou na mlyn posmivans-
mu skotskému iékai Patricku Mansonovi, ktery stale ,,podetile” tvrdil, 3o koméii roznddi néktera
hdskd onemocnéni. Na jeho myslenky se mu podailo naldkat jen mladého anghckého lékats
Ronalda Rosse, diky tomu, Ze dulevni rozpéti tohoto muoie mezi basnikem a matemstikem mu
dovollo takove véc1 pochopit e pro nd se nadchnout. Ross pfenos ptadi maléme komdry skuteénd
objevil. Do véer se zapojl italsky Battista Grassi, jehoZz vétdl vmtini khd mu dovoll provést
fadu soustavnych & Ospénych pokusu s malimi lidskou. Nakonec mezi témito mu# vamkl
nesoulad a jediny Hoss vySel z toho s Nobelovou cenou. Do bdddni se piipojl Robert Koch
& mncho daldich. Toto vypravéni zaujimd velkou ¢4st koihy. Je to piibéh zndmy pz odjpnud, ale tu
pojaty mnohem aifeji; s koteny ze kterych vyrostl, s okolnostmi, které je) doprovdzely a které
je) dokreslu)i. Pouény priklad toho, jak komplikované se rodi hdské poznéni, kolik prosazujicich
se mylnych & kolik podeeiiovangch spravnyeh myélenck sto)i na podatku odhaleni pravdy a z4-
rovei piiklad toho, jak pravda 51z poznana se t&2ko dere napovreh pres nedivéru 1 hordi vlastnost:.

Kniha tim nekonéi. Li¢i ndm pozdé&jsi protikoma# akee a koneéné vyteieni toho, kam zihadnd
mizi malariéti sporozoits po vpuchnuti do hdského téla komdry. Te i v obdobi po 2. svétoveé
vélee, kdy hlavniom postavami tehdy byly dosud zZijici anghéti protozoologvé Percy Garnham
a Henry Shortt. Zavér knihy nda zavadi do Indie a Sri Lanky, kde se povaleéné nulionové posty
piipadu malane podaiilo sniZit pomoci DDT, na onéch 24(!) v r. 1964 ve Sri Lance. Naristajici
resistence komdri prot1 chlorovanym uhlovodikim 1 omezovéni v pouiivani DDT zadaly viak
vracet kiivku zose smérem vzhiiru,

Je to zajimavé éteni, doplnéné ve zvladtni ¢asti poznamkem o pramenech s daliimm detaily
& 1lustrecem:. Pokud )e recenzentovi znémo, nen: tato kmsha v Zadné nadi vefejné kmhownd.
Sté2r v rukdch soukromyci.

J. Chalupsky

Kean, B. H. — Mott, K. E. — Russell, A. J., Tropical Medicine gnd Parasitology, Classe
Investigations, Volumes I and LI, Cornell Umiversity Press, Ithaca and London 1978, 677 p.,
G0 §.

Every spemalist in the field of zoology sometimes needs or simply wishes to read communica-
tions 10 original versions. However, it may be very diffieult to locate them, and gquite often the
energy employed 1s totally wasted. In addition, language barriers may complicate things. As
regards parasitology, the publication of the above mentioned book has solved these problems.
All important papers on discovenes in parasitic protozoa, helminths and theiwr vectors are now
available 1n one publication at the reader’s fingertips. It contains communications by 200 authors
from the peniod 1650—1950, all in Englsh (translated where necessary). Several classic articles
by (zech authors — Lambl's on today's (Hardia (Lamblia) (1859), Jank('s on the first case of
human toxoplasmosis (1923) and Drbohlav's (with Boeck as the first author) on the cultivation
of Entamoeba histolyfica (1925) are included. This is a very usefull book , both mmferming and

irmg.
weplng J. Chalupsksy

Rozko&ny R. (ed),: KUH& vodnich larev hmyzu (Bestimmungsschlussel der Wasserlarven der
Insekten. 624 pp., 143 Taf., Academia, Praha, 1980°. Preis 95 K&s (tschechisch).

Der Bestimmungsschlussel der Wasserlarven der Insekten stellt das erste Buch in unserer
Literatur vor, in dem die Bestimmungsschlusse! fast aller, aus dem Gebiet. der Tschechoslovalkel
bekannten im Wasser lebenden Tnsektonlarven, enthalten sind.

Es entstand als Resultat der Arbeit von 15 Autoren, dis meiatens als Spezialisten iber die
betreffanden Insektengruppen bekannt sind. Insgesamt wurden die Schlussel fiir die 1m Wasser
lebenden Larven von 8 Insektenordnungen verfasst: Ephemeroptera (15 Famuhlen), Odonata
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(8 Familien), Plecoptera (7 Famlien), Heteroptera (11 Familien) Megaloptera {1 Famuhe),
Plampennia (2 Famben), Coleoptera (12 Famihien). Das Kapitel uber die Ordnung Hymenoptera
13t auf die Bemerkungen uber die Pupal- und Larvalparamten beschrenlkt,

Ewmzelne Ordnungen wurden nach emnem emnheithehen Schema bearbeitet : kurze Beachreibung
der Ordnung, Bemerkungen uber die Morphologie der Larven, Puppen und Fier, Biologie dec
Larven, Schlussel der Familien, Schlussel der Arten Jedes Kapitel st it dem Verzewchnia
der Haupthteratur versehen. Grosse Aufmerksamkeit wurde auch dem allgemeinen Teil de-
Buches gewidmet. Man findet hier ausfuhrliche Ausknunft uber die Morphologie der Ent-
wicklungsstadien der Wasserinsekten, uber die Klassifizierung der agquatilen Okosysteme, uber
die Nahrungsbeziehungen der Larven und uber die praktische Bedeutung der im Wasser lebenden
Insektenlarven, Auch der Bammlungstechnik, der Praparationstechmbk und der Aufbewahrung
des Materialy ist genuz Platz gewidmet. Ein Schlussel am Anfang des speziellen Teiles des Buches
ermoglicht die Bestimmung der Larven und Puppen m die Ordnungen. Am Endo der Publikation
fehlen selbstverstandheh mieht die Reguater der tschechischen und wiassenschaftlichen Namen.

Ihe meisten Bestimmungsschiussel ermoghehen cie Bestiromung der Larven bis n die emn-
zelnen Arten oder Artengruppen {Fam., Chironomudac) Dasg Buch st reich illustrert {143 Tafeln
muit 2319 Abbildungen). Obwohl die Mehrhert der Bilder von anderen Autoren ubernommen
wurde und der Stil der Zeichnungen deshalb micht emherthich 1st, wurden alle Illustrationen gut
gewahtl und dokumentieren ausreichend die Unterscheidungsmerkmale emzelner Arten. Die
Qualitat des Nachdrucks 1st bis auf die Tafel 45 auf der Seite 147 sehr gut.

Als pewisser Nachtell dieser Publikation kann man ansehen, Jdass neben den Schlusseln die
auf Grund eigener Vorschnungen der Autoren, die dann auch meistens mt Ongnalzeichnungen
versehen sind z.B. Trichoptera, Culicidae, Chirononndae, u. a., sind ber manchen anderen Gruppen
die dehlussel kompilationsweise anf Grund der Literaturangzaben, die mcht immer dem heutigen
Zustand der Kenntnisse entsprechen mussen, verfasst, Ber der Ordnung Ephemeroptera gelang
es lerder micht, die in der letzten Zewt veroffentlichten Funde der fur die Tachechoslowakel neuen
Eintagsfliegenarten, in die Schiussel emnzurethen

Ihese Nachteille vermindern aber kemeswegs die Bedeutung dieser Publbkation, die sich
zwerfelloa als ein modernes Hilfsmmttel, sowohl fur e Spezialisten — Hydrobiologen und En-
tomologen als auch fur die Studenten und Lawen, erweisen wird, Nech mehr als 25 Jahren vom
Erschenon des H. Bertrands Werkes uber die europaischen Wasserinaskten steht jetzt zar
Verfugung ein modernes Bestimmungsschhissel bemnahe aller muttellouropasschnen im Waaser
lebenden Insektenlarven. Eme neus Ausgabe m der enghschen, deutschen oder russischen Sprache
wiirde von den auslindischen Biologen sicher sehr hegrusst.

M. Tanner
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POKYNY PRO AUTORY

Véstnik Ceskoslovenské spolefnosti zoologicke uvefejfiuje plavodni védecké price
¢lenidl spoleénosii v rozsahu nejvySe 30 stran rukopisu, napsané v nékieré z kon-
gresovych tedi, a ddle élanky, hodnotici Zivotni dilo nasich zoologl, vyZadané redakci.
Prace autori, ktefi nejsou éleny spoleénosti, budou pFijimény jen vyjimeéné.

FormaAlni Gprava praci:

Rukopis (original a 1 kopie) mus1 byt psan na stroji s vétdinm typy obiaddek,
na strance 30 fadek, fadky po 60 Ghozech, bez vétsich oprav. Rukopisy, které by
neopovidaly témto formalnim poZadavkim, budou vraceny k pfepsani.

Hlavicka prace: 1. Nazev pracovidté, 2. Néizev prace (u pracl taxonomick$ch
v zavorce za nazvem systematické zatfazeni druhu nebo skupiny — napf. Ostracoda.
Cyprinidae), obojl v fefi, v niZ je prace psdna. 3. Jméno a piiimeni autora.

Wlastnl prace: 1. Velmi struény abstrakt, v rozsahu nejvyse 15 fadek, v angli¢ti-
né. 2. Uvoed do problematiky (struéné). 3. Materidl a metodika (u znim¥eh metod
pouze odkaz). 4. Vlastni ¢dst experimentalni nebo popisna. 5. Diskuse. 6. Zavér
7. Seznam citované literatury (mkoliv bibliografie!). 8. Adresa autora. 9. Tabulky,
texty k obrazkam a grafim. Cely rukopis je prubézné strankovan.

Citace praci provedte podle jednotneho vzoru: autor, rok, nazev, ¢asopis (mezi-
nédrodnimi bibliograficky¥mi zkratkarmm), rofnik, seSit pouze v ptipadé, Ze roénik neni
prabéiné strankovan, stranky. U kmznich titull nakladatel a musto vydani. Napr.:
Hrabé S. 1975° Second contribution te the knowledge of marine Tubificidae
{Oligachaeta) from the Admnatic Sea. Vést. &s Spoleé. zool., 39: 11—119.

Prepis cyrilice provedie podle mezindrodnich pravidel védecké transliterace
(nikoliv foneticke transkripce) — viz ISO Recommendation R 9. International System
for the transliteration of cyrillic characters 1. Ed October 1955 nebo Zekalle R.,
1964: Pedobiwologia, 4 :88—91, Jena.

Obrazky a grafy kreslete éernou tusi na kladivkovy nebo pausovaci papir v po-
méru 1:1 az maximalneé 1:2, u taxonomickych praci musi mt cbriazky méritko.
Obrazky kreslete pokud moZno tak, aby mohly byt vSechny stejnfm zplUscbem
zmenseny. Fotografie musi byt ostré, kontrastni, na lesklém papife QObrazky sestavte
do tabuli, které by byle mofno reprodukovat na &if1 strany (126 mm), nebo s textem
na celé zrcadlo (126 X 188 mm). Obrazky nebo obrazové tabule pribdiné odislujte
a v rukopise vyznadte misto, kam majl byt zalomeny

Tabulky jsou titény jako otevfené, tj. bez svislych linek V tabulkiach oddélte
vodorovnymi linkami jen zahlavi tabulky a dolni okraj. Tabulky protokolarniho
charakteru nebo opakujici udaje z textu, pfipadné tak velké, ze by je nebylo moZné
vytisknout na dvé protilehlé strany, nebudou phijimany.

V taxonomick¥ch pracich dodrzujte zésady, ustanoveni a doporufent mezindrod-
nich pravidel zoologickeé nomenklatury.

V rukopisu nepfedpisujte zasadné Zadné typy pisma, oznatte pouze tuikou
po strané ¢asii, které maji bt vysazeny petitem.

Priace zasilejte na adresu: Doc. Dr. K. Hurka, CS8c., vykonny redaktor Véstniku
Cs. spol. zool. Viniéna 7, 128 44 Praha 2

Redakéni rada
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Abou-Halawa 8. M. A.: Effects of juvenoids on the neuroendocring system of the flesh fly Sarco-
phaga crassipalpis

Fig. 1 a) Parts of sections m the pars intercerebralis to show the mnse in defected insects (belong

to the first category (640 ) b) In the normal newly formed adult (640 x ).
Fig. 2 a) Parts of sections in the pars intercerebralis to show the mnse in defedted insects (second
cabegory), (640x), b) In normal newly formed pupae, ¢) In defected insects (third category).

(640 ).



Abou-Healawa S. M. A.; Effects of juvenoids on the neurcendoerine system of the
flesh fly Sarcophaga erassipalpis

Fig. 4 a) Parts of sections in the brains of defected ingects (640 x ), b) The proceeding section to
show the median bundle with ns-material.

Fig. 5 a) Parts of section in the defectod brains bolong to the fourth dategory (640 ), b) In the
proceeding section to show the abnormal growth of the ocellar nerve.



Abou-Halawa S. M A.: Effects of juvenoids on the neurcendocrine system of the
flesh fly Sarcophaga crassipalpis

Fig. 6 Parts of sections in the defected brains belong to the fifth category (640 x ), a) PAF-stain,
b) Heidenhain's azan stain.



Abou-Halawa 8. M. A.: Effects of juvenoids on the neuroendocrine system of the

flesh fly Sarcophaga crassipalpis

ring-gland of defected insects (first category). (640 x ), b) Second category
ring-gland belongs to the third category passing through the ca (640 x),

Fig. 7 a) Section in the ri
Fig. 8 a) Section in the
b) Passing through the ce,

(640:x).
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