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Taxonomy, description, redescription, Coleoptera, Carabidae, Reichelina, Orientoreicheia gen n., Oriento-
reicheia caucasica rousi subsp. ., Palacarctic region

Abstract. Orientoreicheia gen. n., type species Reicheia caucasica Fleischer and Orientoreicheia caucasica rousi
subsp. n.are described, illustrated and differentiated from related taxa. 0. cawcasica caucasica (Fleischer) is
redescribed, Notes on the taxonomy of the subtribe Reichelina are given.

Jeannel (1957) revised the genus Reicheia Saulcy and the related genera. A subtribe Reichei-
na Jeannel, 1957 has been established in his monograph for two phyletic lines based on the
genera Reicheia and Trilophidius respectively. The phyletic line of the genus Reicheiz includes
three groups of genera. In the "genres égéidiens" the pronotum is provided with a praebasal
groove, the posterior part of pronotal discus is flat and the median line of pronotum is connected
with the praebasal groove in the middle. In group called "genres tyrrhéniens" the pronotum lacks
the praebasal groove and the posterior part of pronotal discus is globose with an abruptly termi-
nated median line. In addition to these two groups of Mediterranean genera Jeannel also separa-
ted the group of "genres africains" with outer elytral striae lost entirely.

Basilewsky {1980) established a new subtribe Reicheiina, for the Jeannel's "série phylétique
de Reicheia”. According to Article 1I(f} of the International Code of Zoological Nomenclature
(Third Edition) Jeannel (1957) remains the author of the subtribe Reicheiina sensu Basilewsky
(1930). Recently some new species and genera of the subtribe have been described. More
importantly Basilewsky ( 1980} and Sciaky (1985, 1989) demonsirated that the characters given
by Jeannel for the distinction of his three groups of genera are not reliable.

Basilewsky (1980) presumed a very old (possibly Jurassic) origin of the subtribe, due to its
present relict, discontinuous range, which includes some parts of the Mediterranean regicne and
high Afrotropical mountains. Due to their ancient origin the genera of subtribe retained a homo-
genous general appearance and they are difficult to distinguish.

Consequently, it is at present impossible to establish groups of genera characterized by
morphological and phyletic features within the subtribe Reicheiina and the same conclusion was
reached by Sciaky (1985) . :

Reicheia caucasica was based on one female described by Fleischer (1921) from the vicinity
of Sukhumi (Abkhazia, West Caucasus). Jeannel (1957) classified this taxon as incertae sedis,
because he was not able to examine any specimens and the original description is insufficient.
Nevertheless, Jeannel included the species in his group of "genres égéidiens". Through the
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kindness of Dr J. Jelinek (Department of Entomology, Nationat Museum, Praha) we were able {o
examine the holotype. In addition, we have also studied 39 specimens of Reicheia ceucasica
originating from the collections of P. Bulirsch. R. Rous and B. Zvari¢ from 7 different localities
in the west Caucasus. In our opinion, this species must be classified in a new genus

Orientoreicheia gen. n.

TYPE SPECIES. Reicheia caucasica Fleischer, 1921
DESCRIPTION. Body rusty yellow-brown, antennae, mouth parts and legs yellow, Length of
body, 2.00-2.55 mm.

Head relatively large, frons with oblique impressions and with a short lengitudinal keel be-
tween them in some specimens. Eyes strongly reduced, perceptible only as a small, oval unfa-
cetted field (in the original description of R. cawcasica wrongly "augenlos" = eyes absent} (Fig.
2). Antennae relatively long, second antennomere as long as the third and fourth together, fifth
to tenth nearly square( as long as wide), ultimate longer than wide. Ultimate maxillary palpome-
re long, hatchet-like (Fig. 3).
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Figs 1-4. | - Orientoreicheia caucasica rousi subsp. n., pronotumn and elytra; 2 - head, lateral view; 3 -
maxillary palpus; 4 - Reicheidius frondicela (Reitter), maxillary palpus (after Jeannel, 1957). Scales in mm.
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Pronotum subcircular, smooth, microsculpture faint and irregular, lateral border entire,
extended from the slightly protruding anterior angle to the connection with the median line at the
base of pronotum as a praebasal groove (Fig. 1). Median line becoming slightly deeper ante-
riorly, markedly so towards the base. Distal tooth of protibia slightly bent outward in dorsal
view, distal spur of almost equal length, curved slightly. Ventral little tooth of protibia obtuse,
but distinct, dorsal one indistinet, very obtuse.

Elytra glchose, almost oval (Fig. 1); base often with distinct granula near parascutellar setife-
rous puncture. Shoulders rounded but distinct, Lateral margin very wide, extended al base
almost to the beginning of the fourth stria. Lateral border of elytra connected with the very
distinct basal border in moderate obtuse angle. Elytral striae distinctly punctate and, only at the
apex and laterally, are they not impressed clearly, inner striae at base very slightly shortened.
First stria entire, second o seventh not visible on the distal third or half of elytra. Intervals
almost flat, third, fifth and seventh with a row of setae;one row of longer setae in the lateral
margin of the elytra.

Aedeagus as in Figs 5-7 (left lateral view).

DIFFERENTIAL DIAGNOSIS, Orientoreicheia gen. n. differs distinctly from Reicheia Saulcy, 1862
by the course of the median line of the pronotum. Reicheia has a shortened median line and not
extending to the praebasal groove, which is interrupted distinctly (Jeannel, 1957) or indistinctly
(Sciaky, 1985, 1989) in the baso-medial region of the pronowm. However that of Oriento-
reicheia is connected distinctly with the praebasal groove, which is formed by the elongated
lateral borders (Fig. 1). The genus Reicheidius Jeannel, 1957, with a single species R. frondicola
(Reitter, 1881) from southern Dalmatia, is a close relative 10 the new genus. It differs from
Orientoreicheia by its greater, partly facetled eyes, the shape of maxillary palps (Fig. 4), the
markedly different structure of the median lobe of aedeagus, the different shape of parameres, its
less impressed, laterally, and, basally, more shortened elylral striae and by the finer basal border
of elytra. The last mentioned is connected with the lateral border at a very obtuse angle; this
connection lies (front view} distinctly below the level of basal setiferous punclures. The basal
border of the elytra in Orientoreicheia is more distinct and connected with the lateral border in
moderate obtuse angle; this connection lying almost at the level of the basal setiferous punctu-
res. Three other genera possess a median line of pronotum which is connected with the praebasal
groove. Typhloreicheia Holdhaus, 1924 includes species without eyes, with much longer elytra
which are bordered indistincily at base. Reicheadella Reitter, 1913 differs from the new genus
by the presence of two triads of setae along the median line of the pronotum. Speleodytes Miller,
1863 differs in its much longer body, longer antennae and longer hind tarsi. The latter two
genera have no trace of eyes. Orienforeicheia gen. n. is isolated considerably from all the known
genera which live more westward, the nearest being from the envirens of the Adriatic Sea.

Ovrientoreicheia caucasica caucasica (Fleischer, 1921)
Reicheia caucasica Fleischer, 1921: 145,

HOLOTYPE. Female, Caucasus occ., Abkhasia, Suchum env.. Dr. W. Eichler Igt.. in Coll. Nat. Mus. Praha.
FURTHER MATERIAL. SU, Abkhasia, Caucasus occ., Gumista vall,, 50-200 m, Achadara p- Suchumi, 2%.iv.,
3.7.1992, P. Bulirsch lgt., in Colt. Bulirsch and Hirka, 10 spec.; S, Abkhasia, Caucasus oce., Gumista Fluss, ca.
600 m, vi 1979, R. Rous lgt., in Coll. Bulirsch and Hiirka, 9 spec.; SU, Caucasus occ., Agrba p. Picunda, ca. 10m,
vi 1969, R. Rous lgt., in Coll. Bulirsch and Hiirka, 8 spec.; SU, Caucasus oce., Krasnaja Poljana, vi 1967, R. Rous
lgt, in Coll Bulirsch, 2 spec.; SU, Gruzia, Caucasus occ., Tschipschira Mt, vi. 1979, R. Rous lgt., in Coll.
Bulirsch, 1 spec.; SU, Caucasus occ., Gagra env., ca 50 m. vi. 1971, R. Rous lgt,, in Coll. Bulirsch, 2 spec.

Body length - 2.00-2.55 mm, mean of 33 specimens 2.30 mm. Holotype 2.20 mm, Gumista
(Rous) 2.00-2.35 mm (mean of 9 spec. 2.22 mm), Gumista (Bulirsch) 2.30-2.40 mm (mean of 10
spec. 2.37 mm), Agrba 2.15-2.35 mm (mean of 8 spec. 2.30 mm), Gagra 2.45 and 2.55 mm,
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Krasnaja Poljana 2.25 and 2.40 mm, Tschipschira 2.35 mm. Specimens from Gagra are the
largest.

Pronotum width/iength ratio 1.03-1.08 (mean of 32 spec. 1.05). Elytra length/width ratio
1.46-1.61 (mean of 32 spec 1.54); elytra width/pronotum width ratio 1.32-1.43 (mean of 32 spec.
1.38); elytra length/pronotum length ratio 2.14-2.24 {mean of 32 spec. 2.20).

0.5

Figs 5-7. Median lobe and parameres of aedeagus 5,6 - Orientoreicheia caucasica caucasica (Fleischer) from
Achadara; 7 - 0. caucasica rousi subsp. n., holotype, Scale in mm.

Both the length and the depth of punctation of the elytral striae vary in specimens from the
same population. Nevertheless, the punctation of elytral striae in specimens from the vicinity of
the river Gumista are shallower than that in specimens from Agrba.

Aedeagus (13 specimens examined) as in Figs 5 and 6.

DISTRIBUTION. Abkhazia, north west of the river Kelasuri (Bzybskiy khrebet, Gagrinskiy khre-
bet, coastal region).
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Orientoreicheia caucasica rousi subsp. n.

HOLOTY?PE. Male, Caucasus occ., Abkhasia, Jampal vall., Amtkel, 450-700 m, 30.iv.1990, leg. B. Zvari&; in
Coll.P. Bulirsch. PARATYPES. 3 males, 2 females, the same locality, in Coll. National Museum Praha, B. Zvarié
{Most) and P. Bulirsch; one female, the same locality, Teg. P. Bulirsch, in Coll. P. Bulirsch. All specimens were
found in a limited area under dead leaves in the litter of a deciduous wood.

Body length. 2.2-2.4 mm ( mean of 7 spec. 2.3 mm), Pronotum width/length ratio 1.05-1.06
(mean of 7 spec. 1.05). Elytra length/width ratio 1.54-1.61 (mean of 7 spec. 1.57); elytra
width/pronotum width ratio 1.35-1.40 (mean of 7 spec. 1.37); elytra length/pronotum length ratio
2.25-2.30 (mean of 7 spec. 2.28).

The length and punctation of elytral striae vary similarly as in the nominotypical subspecies
and are similar to that found in specimens from the vicinity of the river Gumista.

Aedeagus (3 specimens examined) as in Fig. 7, its apex bent downward distinctly in lateral
view

(=)
1

Fig. B. Map of Abkhazia with the localities of Orientorercheia caucasica (Fleischer) o - 0. c. caucasica, @ -
0. c. rousi subsp. n.; | - Krasnaya Polyana; 2 - Gagra; 3 - Tschipschira Mt; 4 - Agrba n. Picunda; 5 - the river
Gumista n. Akhalcheni; 6 - Achadara n. Sukhumi; 7 - Sukhumi env. (the holotype).

DISTRIBUTION. Abkhazia, east of the river Kelasuri (Kodorskiy khrebet).

DIFFERENTIAL DIAGNOSIS. O. caucasica rousi subsp. 1. differs from the nominctypical subspe-
cies mainly in the shape of the apex of aedeagal median lobe bent downward (straight in 0. c.
caucasica) and by relatively longer elytra in the ratio to pronotum, index 2.25-2.30 (aver. 2.28)
(2.14-2.24, aver. 2.20 in nominotypical subspecies). This represents the most easterly population
of the species (Fig. 8) recorded so far.

DERIVATIO NOMINIS. The new subspecies is dedicated to the collector of much of the material
examined of @. caucasica, Rudolf Rous, a Czech entomologist.
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Taxenomy, faunistics, Olipochaeta, Enchytraeidae, Enchytronia pratensis sp.n., Marienina communis, Bo-
hemia

Ahbstract. Enchyirania pratenses sp.n. is described. A species new to the enchytraeid faurta of the Czech Republic,
Marionina communis Nielsen & Christensen, 1959, is reported. Extended information on enchytraeid taxocenosis
of meadow site is supplemented.

Enchytraeids were studied in the soil of a small meadow ir the town Ceské Budé&jovice,
South Bohemia. Fifteen enchytraeid species belonging to the genera Achaeta Vejdovsky, 1878,
Buchholzia Michaelsen, 1887, Enchytronia Nielsen & Christensen, 1959, Enchytracus Henle,
1837, Fridericia Michaelsen, 1889 and Henlea Michaeisen, 1889 were found. The aim of this
paper Is to describe a new species of Enchytronia recovered in the samples, and to introduce
Marioning comntunis Nielsen & Christensen, 1959 which is new to the enchytraeid fauna of the
former Czechoslovakia.

METHGDS AND MATERIALS

Six qualitative soil samples with a minimum volume of 1 litre were collected. The soil was sampled to the
depih of {0 em with a metal shovel. The enchytraeids were extracted from the soil by the heated wet finnel
method (O 'Connor 1955). They were identified live under a light microscope. Some enchytraeids were preserved
and stored in 4% formaldehyde, others were stained in borax HCl alcoholic carmnine using Mayer's procedure and
mounted whole in Canada balsam. Nielsen & Christensen’s (1959) conventions are used throughout the
descriptions. The drawings are derived from observations of the live animals. Type material is deposited in the
author’s collection at the Institute of Soil Biclogy, Academy of Sciences of the Czech Republic.

RESULTS

The locality was sampled four times: on 11 and 16 February, 1988; 13 December, 1988; and
3 Tune, 1991. Buchholzia sp. dominated the enchytraeid community. One mature and one
submature B. appendiculata (Buchholz, 1862) were found during the study; all juveniles of
Buchholzia were assumned to belong to this species. No specimens of B. appendiculata were
observed in 1991. The reason may have been that a new housing development at the site affected

* Paper is linked with the series of articles on enchytracids which started under the name "Czechoslovak
Enchytracidae' long before the split of former Czechoslovakia.
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the soil water content, producing drier soil conditions. Other enchytraeid species occurred at the
site: Achaeta efseni? Vejdovsky, 1878, Enchytracus buchholzi Vejdovsky, 1878 s.l., Enchytro-
nia pratensis sp.n., Enchytronia parva? Nielsen & Christensen, 1959, Fridericia bisetosa (Le-
vinsen, 1884), Fridericia connata Bretscher, 1902, Fridericia bulboides Nielsen & Christensen,
1959, Fridericia gracilis? von Billow, 1957, Fridericia sylvatica? Healy, 1975, Fridericia sp.A,
Fridericia sp.B, Henlea perpusilla Friend, 1911, Henlea ventriculosa (d’Udekem, 1854), and
Marionina communis Nielsen & Christensen, 1959. In general, the abundance of these species
was markedly lower than that of B. appendiculata. However, the species of Achaeta and Frideri-
cig were much more abundant during the last sampling, which indicated a response to an obscu-
re environmental impact on the enchytraeid community.

Enchytronia pratensis sp.n. (Figs 1 - 7)

DESCRIPTION. Colour whitish. Live length (3-4) 4.5-5 (5.5) mm; width 150-175 um (200 pm in
clitellar region). Segments (19, 22, 24-27) 28-29 (30). Setal pattemn 0,2 - 2 : 2 - 2. Lateral setae
absent in VIII-IX. Setae (Fig. 3) with a mild proximal hook; 20-25 um long in front of clitellum
laterally and 28-30 um long in front of it venirally; behind the clitellum setal length increasing to
40-43 pm towards the posterior end of the body. Head pore at /. Dorsal pores missing. Cli-
tellum covering XII - 2/5 XIII, elevated outwards, consisting of 18-21 transverse rows of granu-
lar and hyaline clitellar cells. Clitellar cells missing in ventral midline between the penial bulbi.
The cells are 20 pm high, whereas the underlying epithelial and muscular body wall is 15 pm
high. Brain about 120 pm long, length:width ratjo 2-2.5:1, its front part with rounded tip, hind
margin deeply incised, lateral parts converging anteriorly. Three pairs of septal glands in IV-VT;
first and second pair joined dorsally, having ventral lobes; third pair formed by separate, long
ventrolateral lobes. Oesophagus with a pair of diverticula in VI (Fig. 2). Each diverticulum
communicates with the oesophagus through a narrow channel of a dendritic appearance and with
a brush-like border. Chloragogen tissue coloured yellow-brown, cells occurring in IV-V1, dense-
ly from VII, almost missing in XI-XII, and again fully developed from XIII onwards. These
cells, 30 pm high and 20 pm wide, contain a few oil droplets and lose their well-defined appea-
rance towards the posterior end of the body. Blood colourless, dorsal vessel arising from
XI/XTV. Coelomocytes (Fig. 6) broadly oval, 30 um long (range ZG-38 ), their cytoplasm
finely and regularly grained, rarely with a few less dense areas. Two pairs of nephridia (Fig. 4)
anteclitellarly at VIUVIII and VIIVIX; nephridium 95 pm long, anteseptale being 1/4 of
postseptale, postseptale with mildly lobed upper margin; efferent duct originating subterminally;
interstitial tissue normally developed. Usually six pairs of nephridia behind the clitellum.
Spermathecae (Fig. 5) communicating with the exterior laterally at IV/V; ectal openings with a
single large gland which is 50 pm wide; ectal ducts 45-55 um long, irregularly covered by
gland-like cells; ampullag club-like, 75-90 pm in diameter, narrowing entally and there coa-
lescing with each other and attached to the cesophagus. In some cases the ampullae appear
rough and brownish, having a mosaic structure inside. Sperm pale, arranged in sparse thread-like
clusters in ampullar lumen. Seminal vesicles light brown, large, filling (1/2 TX) X-XI (XII),
Sperm funnels 100 pm wide when mature (Fig. 7a), length:width ratio 3-3.5:1, collar of the same
width as the body of the funnel; sperm stuck on the collar are dark brown, those far from the
collar are pale brown. Vasa deferentia 7 pm in diameter, irregularly coiled in loose 1oops. Penial
bulbi 55 (75) um long, 35 um wide and high, solid and compact. One mature egg at a time,
350-420 pm long; a few immature eggs in the early stage of development are present at the same
iumne.
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HOLOTYPE. Nr. 1988/1 and 10 paratypes in the author’s collection are deposited in the Institute of Soil Biology,
Ceské Budgjovice.

Figs | - 7. Enchytronw pratenss spn | - intemal anatomy of the antenor body in IV-VII, ch - chloragogen
cells, co - coelomocytes, sg - septal glands, sp - spermatheca; 2 - cesophageal diverticula in VI, 3 - setae; 4 -
antecliteliar nephridium; 5 - spermathecae, 6 - coelomocyte; 7a - mature sperm funnel; 7b - juvenile sperm funnel.
Scale bars = 20 um.

Fig 8 Enchvironsaarnulata Nielsen & Christensen, 19359, spermathecae; South Bohermia (original drawing).
Scale bar = 20 pm.
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TYPE LOCALITY. Czech Republic, South Bohemia, Ceské Bud&jovice, 49° 00’ 02'" N, 14° 26’
43" E, little meadow by the road from Vltava housing estate to the village Ceské Vrbné. The site
is part of a private garden lying next to a railwayman's old house. Soil at the site is black brown,
surface layers with dense grass rootlets, humus form mull.

Sampling occasions: 11 February, 1988: 13 matures; 16th February, 1988: 13 matures; 13
December, 1988: 21 matures and 7 juveniles; 3 June, 1991: 4 matures.
FURTHER LOCALITY. Czech Republic, North Moravia, Jesenfky Mits., Velkd kotlina valley, elevation 1425 m,
mountain meadow with plant association Thesio-Nardeton; 2 July, 1991: 8 matures.
ETYMOLOGY. The species name means "of meadow" in Latin.
COMMENTS. The number of segments varied in the specimens found: one worm with 19, one
with 22, one with 24, five with 26, four with 27, nineteen with 28, twelve with 29, and five with
30. Some slight discrepancies compared with the setal pattern mentioned in the description were
observed: one amimal had 3 setae in one lateral bundle in V; another had | seta in one veniral
bundle in IIT; one worm had lateral bundles in XI with 1 and 2 setae respectively; in some

i

9b

Ligs ¥ - 13 Manonmna communs Niglsen & Christensen, 1959 9a - setae; 9b - detailed ammangement of setae in
bundles: 10 - anteclitellar nephridium; 11a - spermatheca, 11b - detail of the ectal orifice of spermatheca; 12 -
sperm funnel; 13 - coelomocyte. Scale bars = 20 um.
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specimens the setae were occasionally missing from the lateral bundles in 11. The setae are oval
in cross-section, the transverse axes being 4 um and 2.5 um long. The head pore was not
observed directly, but its location was inferred from watching outflowing coelomocytes. Cuta-
neous glands are arranged in about two incomplete transverse rows on cach segment. They are
inconspicuous if looked side-on, but they can be easily recognized if viewed edge-on. In the
latter case they look like small hyaline bodies inserted in the epithelium. The ventrolateral lobes
of the third pair of septal glands are 1.5-2-times longer than the length of the oesophageal
diverticula. These diverticula are either closely applied to the oesophagus or partly bent
outwards: they completely fill the space between the third septal glands. In one individual the
diverticula of the oesophagus were found to be poorly developed and the third pair of septal
glands was missing. The spermathecae are usually 125-150 um long depending on the body
contraction. The ampullae of the spermathecae resemble those of E.annwlata Nielsen &
Christensen, 1959 (Fig. 8). However, in £. pratensis they are typically club-shaped, with
rounded margins, whereas in £, annulata they are rather cone-shaped with a distinet transition
hetween ectal duct and ampulla. Moreover, in E. pratensis the sperm are arranged in relatively
long sparse clumps. while in E. annulata they form a few small rings close to the ental parts of
the spermatheca. The size and structure of the sperm funnel vary. This is likely to reflect the
stage of development. Unlike the mature sperm funnel, which is 100 um wide and with dark
brown sperm stuck on the collar, young funnels (Fig. 7b) are 50 pm wide, and have a narrow,
high collar with sparse, short and fight sperm stuck on the margin.

The new species Enchytronia pratensis conforms to the diagnosis of Enchytronia Nielsen &
Christensen. 1959, extended by Chalupsky (1991). It is another species of Enchytronia which
has well-developed seminal vesicles. Further, it differs from the other Enchytronia species
known so far by the shape and arrangement of the spermathecae. The closest relative, Enchytro-
niu unnulata, has no seminal vesicles and the spermathecae are of different appearance.

Marionina comniunis Nielsen & Christensen, 1959 (Figs 9 - 13)

DESCRIPTION. Normaily white. Live length (4) - 5 mm. Segments (25) 26 (27). Setal pattern 3(2)
- 2(3)2 : 3 - 2(3)2; lateral bundles present in XII. When three setae are present in a bundle (Fig.
9a), two are short and one is long. The long seta is always the lowest one in the lateral bundles,
and the outermost seta of the ventral bundles (Fig. 9b). Setae in II 20 um long: from III to
clitellum the short setae 24-25 pm long, the long seta 28-30 pm: behind the clitellum setae up to
40 um long. Brain incised on hind margin. Three pairs of septal glands in IV, V and VI, separate
dorsally; all pairs with ventral lobes; veniral lobes of the third pair markedly lenger than those of
the other pairs. Coelomocytes (Fig. 13} oval, with almost paralle! lateral margins, 30 um long
{whole range 15-20, 25 and 32 um), width about half the length. Cytoplasm of coelomocytes
regularly finely grained. Nephridia (Fig. 10} in front of clitellum in 4 pairs at VI/VII - IX/X.
Spermathecae (Fig. 11a) up to 250 pm long. Ectal ducts, diameter 15-18 um, make up one fourth
of the length of the spermathecae. Glassy bodies (Fig. 11b}) in the wail of the ectal duct surround
the orifice; the bodies are finely grained, 12 pm long, and are arranged in a rosette. At the
transition of the ectal duct and the ental part there is a drop-shaped lumen sparsely filled with
pale sperm: the sperm partly enter the ental ducts which coalesce with each other. Seminal
vesicles small, containing a few moruloid balls in various stages of spermiogenesis. Sperm
funnels (Fig. 12) smalil, 45 um long, with length;width ratio 1-1.5;1, uuly funnel-shaped, a littie
curved, with narrow collar. Vasa deferentia narrow, 3.5 um in diameter. Penijal bulb 65 pm long,
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COMMENTS. The specimens found largely conform to the diagnosis of Nielsen & Christensen
(1959). Czech populations slightly differ in two details. The efferent duct of the anteclitellar
nephridia arises postero-ventrally (Nielsen & Christensen: antero-ventrally). In the majority of
specimens there were no glands at the ectal orifice hanging into the coelomic cavity. Instead, the
hyaline glassy bodies were present inside the wall of the ectal ducts by the ectal openings.
MATERIAL. !1 February, 1988: 3 matures; 16 February, 1988: 3 matres; 13 December, 1988: 1 mature and 2
juveniles,
51’HER LOCALITIES. Ceské Budéjovice, oak alley along the pond Cemis, 29 September, 1981: 5 matures,
Sumava Mts., grassy clearing near the lake PleSné jezero, 2 September, 1982: 4 matures (scil 1gt. M. Tonner).
Village ChelZice-Dlouhd ves, meadow, 11 July, 1985: } mature. Ceské Budéjovice, wel meadow by the pond
Novy Vrbensky, 15 February, 1987: & matures and 1 juvenile. Krkonode Mis., mountain meadow with Viela
sudetica by chalets Zadni Rennerovy boudy, elevation 1300 m, 22 Seplember, 1988: 5 matures and 5 juveniles.
DIsTRIBUTION. The Netherlands, Denmark, Norway, Iceland, Sweden {personal observation),
Germany, Great Britain, Ireland, Finland, Poland, new to the Czech Republic.

The enchytraeid fauna of the former Czechoslovakia including Enchytronia pratensis sp.n.
and Marionina communis consists of 60 species.
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Abstract, Exploratory behaviour of 358 adult mice belonging to the 12 species was recorded during §-min, free
exploration tests. Following mice species were studied: Apodemus agrarius, A. peninsulae, A. flavicellis, A.
sylvaticus, A. microps, A. mystacinus, Mus musculus, Mus domesticus, F1 hvbrids of M. muscudus x M. domesti-
cus, Lemniscomys barbarus, Micromys minutus, Acomys cahirinus. A considerable interspecific variation was
found for most behavioura] traits recorded. High level of number of square entries, rearing and time spent in
loco-exploratory activity was found in A. mysracinus; while low levels were found in A. agrarius, Other species
showed fairly intermediary values.

INTRODUCTION

Exploratory behaviour is a novelly seeking activity which has no immediate relationship to
needs or to incentive (Bamett & Cowan 1975). It is often believed that exploratory behaviour is
under strong selective pressure in natural populations. High levels of exploratory activity were
proposed for species with fairly generalist ecological strategy based on behavioural plasticity
and leaming (Lorenz 1974).

Diverse modifications of classical open-field technique permit quantification of behavioural
patterns emitted in standardized novel situation in a fixed short period of time. Amounts of the
loco-exploratory activity displayed during the test were traditionally considered to be a measure
of exploratory drive. The results of genetical analysis have shown that the behavioural parame-
ters measured by using these simple tests are particularly sensitive 10 genotype (Abeleen 1970,
Garten 1977, DeFries et al, 1978, Schifer 1982, Vaddez et al. 1983, Ehrman & Parsons 1981).
This research was conducted in order to callect comparative data on exploratory behaviour in
non-domesticated mice. We selected "free exploration" technique in which a tested animal is
allowed to leave its home cage to explore an unfamiliar area. When compared with "forced
exploration" technique this procedure seems to be more reliable due to reduction of the manipu-
lation stress and disturbance.

Palaearctic species of the family Muridae are suitable for such a study. Diverse ecological
strategies are represented within this group and some species are closely related to each other.
Until now, only few studies dealt with these species exploratory behaviour. Free exploration
techniques were used for comparison of two species, for example feral and commensal species
of house mice Mus musculus and Mus spicilegus (MeSkova et al. 1986), Acontys cahirinus and
Mus musculus (D*Udine & Birke 1975) or for evaluation of the effects of sex and season in
Apodentus sylvaticus (Lodewijex 1984 ab). Other comparative studies in non-domesticated
populations are based on "forced exploration” tests (Dojéev 1983, Dojéev & Molle 1983, 1985,
Dojcev et al. 1983, Frynta 1992),

173



MATERIAL AND METHODS

For this research sexually mature animals both wild and laboratory born were used. Wild caught specimens
were captured regularly in summer or autumn to wooden live traps laid in lines spaced 3-4 m. The majority of that
animals was probably bom in the (late) summer. The age of wild caught commensal House mice was less uni-
form. Most of wild caught specimens of all genera were maintained in the laboratory throughout the winter and
tesied during the following spring months from February to May. Laboratory bom specimens belonged to the first
or second generation derived from the wild populations. The only exception was for those experimenial animals
of Lemniscomys barbarus and Acomys cahirinus which originated from the colonies maintained in the laborasory
for more generations (see below). The experiments were made during the years 1985-1993,

Fifteen species or populations of mice were tested:

1. Apodemus agrarius agrarius (Pallas, [77]) from three [ocalities in Northern Bohemia - Krdsnd Lipa,
Chribskd village (both in district DESin), vicinity of lown Liberec, In total 36 wild caught overwintered animals
(22 males and 14 females) were tested.

2. Apodemus agrarius mantcharicus Thomas, 1898 from vicinity of the town Vjazemskij (district Chaba-
rovsk) in Russian Far East. 4 wild caught animals {1 male and 3 females) were tested.

3. Apodemus peninsulae (Thomas, 1906) from vicinity of the town Vjazemskij (district Chabarovsk) in
Russian Far East. In total 16 animals, 5 wild caught animals (3 males and 2 females) and 11 animals (6 males and
5 females) of the first generation hom in laboratory were lested.

4. Apademus flavicollis (Melchior, 1834) from several localities in Central Bohemia - Prague, Cerhovice
village (district Beroun), Qbfistvi village (district MElnik), etc. In total 19 tests were performed (wild caught
animals: 11 males and 4 females; Laboratory bom: 1 male and 3 females).

5. Apodemus sylvaticus (Linnaeus, 1758) from localities in Central Bohemia - Prague (majority of animals
uszed) and Cerhovice village (district Beroun). In total 77 animals (wild caught: 19 males and 13 females; laborato-
1y born: 23 males and 22 females)

6. Apodemus microps Kratochvil et Rosicky, 1952 from Dmholec (district Bfeclav) and Vrbovec {district
Znoimo) - villages in Southern Moravia. In total 14 animals were tested (13 wild caught: 7 males and 6 females;
one laboriory bom female).

7. Apodenius mystacinus Danford et Alston, E877 from Bremica village {district Blagocvgrad, Bulgaria). In
total 20 wild caught animals {12 males and 8 females) were fested,

8. Mus macedonicus Petrov et Ruzi€, 1985 (= M. abbotti auctorum nec Walerhouse, 1837) from vicinity of
village Krumovo (district Jambol, Bulgaria). In total 21 wild caught animals (9 males and 12 females) were tested.

9. Mus musculus Linnaeus, 1758 from Prague, Central Bohemia. Tn total 23 wild caught animals (14 males
and 9 fermales) were tested.

10. Mus musculus Linnacus, 1758 from Reselec village (district Pleven, Bulgaria), In total 26 animals (wild
caught: 2 males and 2 females: laboratory born: 13 males and 9 females) were tested.

V1. Mus domesticus Rully, 1772 from Easternmost Turkey (towns Dogubayazit and Van; one pair of wild
caught animals, 17 males and 15 females of the first generation born in laboratory).

12. Hybrids of Mus domesticus (Bansko, Bulgaria) and Mus musculus (Reselec, Bulgaria) of F1 generation
born in laboratory {12 males and 18 females),

13. Lemaniscanmys barbarus (Linnaeus, 1767) from the [aboratory colony originated in Algeria and maintained
in captivity for about 4 generations. 12 individuals (6 males and 6 females) were tested,

14 Micromysminutus (Pallas 1771) from district JindFichfiv Hradec in Southern Bohemia. In total 12 animals
{wild caught: 3 males and | female; laboratory born: 5 males and 3 females) were tested.

15. Acomys cahirinus {Desmarest, 1819) from almost domesticated laboratory colony most probably origina-
ted in Israel, 14 specimens (7 males and 7 females) were used.

Groups of captive animals, consisting of one or two pairs and their offsprings, were housed in standard plastic
cages (38 x 22 x 22 om) or in larger glass cages of different size (usually 80 x 50 x 40 om). The cages were placed
in a light controlled room {14L : 10D at the time of testing). Ad libitum water in water botiles and food (DOS2B
mouse and ral breeder diet, wheat, elc.) were provided. Each cage contained sawdust bedding, nesting material
(cotton-wool or hay) and shelters (fubes 100 mm long, 30 mm in diameter).

The experiments were performed in the glass terrarjum (100 x 40 x 40 ¢m in size) used as "open field". The
floor was demarcated into 10 squares of equal dimensions (20 x 20 em) by painted dark lines. During the testing
the field was illuminated by a single 25 W red light bulb suspended approximately 0.5 m above the center of the
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open-ticld. The red light was regulated by using a theostal 1o the minimal intensity useful for observation. The
animals were tested during the first half of the dark phase of their light-dark cycle. Each animal received a single
6-min test in open field.

The tests were initiated by placing an animal together with sawdust bedding (about 50 ml) from his real home
cage into a small box of red plexiglass (14 x 9 x 9 cm). The doors covering apertire (4 cm in diameter) of the box
were closed. The box below called "home" cage was placed at the comer of the "open field". After S minutes the
doors were opened (with minimal disterbance) and the lalency o leave the home cage was measured. In some
cases when a mouse did not leave the home cage during the first [0 min. after opening the doors the experiment
was interrupted. Therefore, the latency values exceeding 600 seconds were replaced by the value 600. Behaviour
of an animal was observed and recorded for six minutes after leaving its home cage. The test was divided into 36
periods; each lasted 10 seconds. Number of square entries (below abbrev iated and referred as square}, rcaring
{rear) and jumping (jump) were counted. Other behavioural parameters were defined as following:

Distsq - number of entries in the "distant squarc", i.c.. the square in the comer opposite 10 the home cage;

Latdist - latency to the first visit "distant square”, Le., the interval between the first leaving home cage and the
first visit in "distant square”;

Home - time spent in home cage [s]:

Loco - time spent by loco-exploratory activities (gnawing the field, scratching at the floor or walls with the
forepaws, climbing, sniffing, jumping, rearing, walking and running about the field) outside the home cage. In
fact it was almost equal to the time spent outside the home cage with the exception of the time spent by grooming

and freezi .
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Fig. 1. Means for horizontal (square entries} and vertical (rearing, jumping) activily measures in individual
species. Abbreviations are the same as in Tab, 1,
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Freeze - time spent by freezing [s]. Only freezing events longer than 10 seconds were recorded;

Groom - time when grooming (all grooming, preening, scratching, licking or biting) of the animal’s own body
was recorded [s];

Cross - number of crossings the doors connecting the home cage with the "open field",

The number of fecal boli was counted at the end of each test. The floor and walls were thoroughly cleared
(washed by using a detergent and 96% ethanol) before the testing of the next animal.

RESULTS
Intraspecific variation

Sex differences: In order to test differences between the sexes controlled for species two-way
analysis of variance was performed for species and sex as factors. Slightly significant influence
of sex was found for the time spent by loco-exploratory behaviour only (F=6.17, P=0.013).In 12
of 15 samples (species or populations) under study the mean time spent by loco-exploratory
activity was higher in males than that in females. No clear tendency to considerable sexual
differences in any other behaviocural parameter was found. The corresponding results of
ANOVA for these parameters are following: number of square entries F=1.57, P=0.210; rearing
F=1.63, P=0.202; distsq F=1.75, P=0.098; crossing F=0.13, P=0.714; time spent in home cage
F=3.30, P=0.070, latency (Log-transformed) F=0.04, P=0.829, latdist (Log-transformed)
F=0.256, P=0.618; boli F=2.95, P=0.086. Therefore, we pooled the data for males and females
in order to broaden samples.

We compared behaviour of laboratory born wood mice (Apodemus sylvaticus) with wild
born overwintered animals of the same species by using analysis of variance controlled for sex,
A significant effect of this factor was found for rearing only (F=6.34, P=0.01). Similar compari-
sons of wild and laboratory bom wood mice {analyses of variance or Kruskal-Wallis tests)
performed for all the other behavioural parameters studied did not show any significant result.

A.ag.aq. 7z SRR ..
A.ag.ma. AN
Afl. WIW
A.sy. 22 NN
A.mi. ZZ2 NN
A.my. 2285
M.ma. Z NN
M.mu.P A
M.mu.R ZZINNNE.S
M.da. AN
M.mu.x da. 71 NN
L.ba. s RN
Mi.mi. 1NN
A.ca. ZISSS

0% 25% 50% 75% 100%

R oco groom [ freeze home

Fig. 2. Mean time speni by loco-exploratery activity (loco), grooming (groom), freezing (frecze) and inside
home cage thome). Abbreviations are the same as in Tab. 1.
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Interspecific comparisons

The mean values and standard ertors for each variable and species or population are given in
tables 1-3 and Figures 1-2 A considerable mterspecific varlation was found in the majority of
behavioural variables as indicated by the results of non-parametnc Kruskal-Wallis statistics
(P<0 0001) It was less apparent m latency to enter a distant square (P=00039) The only
exception was the non-sigmificant value obtamned for freezing (P=0 10253)

Alsa the dnadlysis of vdriance (described above) revealed highly significant (P) differences
among species with respect to the total number of square entries (F=6 26), rearing (F=12 52),
crossing (F=7 53), time spent n the home cage (F=6 89), ime spent by loco-exploratory activity
(F=632) A lot of mdividual comparisons using Tukey range tests were sigmificant For
example, following comparsons were significant for the number of square entries, rearing, time
spent 1t the home cage and by loco-exploratory activity A mystacinus entered significantly
more squares than A a aqgrartus and M macedonicus A a agrartus entered less squares than
4l the cther speeies under study wath the exception of M macedoricus, A a manichuricus,
A flavicollrs and L barbarus Rearing' L barbarus reared less frequently than M macedonicus,
A sylvancus, Ac caburinus, M domesticus, A mvstacinus and M muscuius (Prague), 4 a
agrartus less than M macedonicus, A sylvaticus, Ac cahirinus, M domesticus, A mysiacinus
and M musculus (Prague), M nuesculus (Prague) more than all the other species under study
with the exception of A a manichuricus Home A a agranus spent in the home cage sigmfi-
cantly more time than all the other species with the exception of A @ mantchuricus, A pernsu-
lae, A favicollis and A pucrops A peninsulae spent m the home cdage more time than
A mystacinus and the Prague population of M muserius Loco-exploratory acuvity, A agrarius
spent less timie by loco-exptoratory thdan all the other species with the exception of A a
mantchuricus and A flavicollts A mystacrnus spent more ume than A flavicollis, M musculus
(Pragucym vy t me than A pemnsulae A flavicollrs and A svivaticus
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- Ami | Mdo
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Fig 3 Resulls of factor analysis Scauler-plot of Lavtor seures tor individual species Abbreviations are the
sameas in Tab 1
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lable 1 Means for latency lo leave home cage (latency) latency to visil most distant square (latdist), number
of boli deposited on the field (boli) and body weight of animals (weight) Both latency measures are LOG-
tran sformed

Latency Latdist Boli Mean body
Species n Mean SE n Mean SE Mean SE  Weght
Aag 36 113 19 36 290 06 111 21 264
Aagma 4 226 113 4 27 43 150 119 329
Ape 16 145 36 16 370 28 36 27 276
Afl 19 87 20 16 324 27 1 38 52 320
Asy n 153 17 68 ios 10 93 18 215
Amy 10 203 .64 14 242 34 00 00 170
Amy 20 135 30 20 283 21 300 73 421
M ma 21 73 16 21 155 12 186 43 201
M mu P 23 116 24 23 304 18 61 15 190
MmuR 26 86 17 23 342 24 83 23 i59
Mmuxdo 30 125 23 21 3135 24 24 17 180
M do 34 99 17 4 199 26 06 04 126
L ba 12 111 32 12 305 30 217 53 516
M 12 172 50 12 291 27 208 66 81
Aca 14 98 26 14 205 20 43 17 453

Abbreviations A ag = Apodemus agrarius agrarius A ag ma = Apodemus agrarins manichuricus A pe =
Apodenus penmnsidae, A fl = Apodemus flavicollts, A sy = Apodemus sylvaticus, A mi= Apodemus microps,
A my = Apodemns mvsiacinus, M ma = Mus macedomcus, Mmu P= Mus musculus  Prague, M mu R= Mus
museulus Bulgana, M mu x do = hybrids of Mus musculus and Mus domesticus, M do = Mus domesncus, L ba =
Lemanscomivs barbarus, M mt = Micromys minutus, A ca = Acomys calurinus

The means for each variable and species (population) were treated by using a factor analysis
The first factor was hughly correlated with the tume spent by loco-exploratory activity (G 95), the
time spent in the home cage (-0 87), the number of square entries (0 72), rearmg (0 70), the
number of distant square entries (0 61) and jumping {0 51), while the second factor was correla-
ted with crossings the aperture of the home cage (-0 76), latency to leave the home cage (-0 60),
latency to enter a distant square (0 50) and boli (0 46) The scatter-plot of factor scores 1s given
in Figure 3 The marginal position of Apedemus agrarius on the left part of the scale according
to the first factor 1s apparent On the other hand Apodemus mystacinus, as well as the Prague
populdtion of Mus musculus were characterized by the highest values of this factor However,
great differences between particular populations of commensal mice (Mus musculus sensu lato)
suggest that the significance of extreme position of the Prague population should not be overesti-
mated Other species displayed farly intermediary values

DISCUSSION
Intraspecific varmation In a sharp contrast to apparent and highly significant interspecific
variation, there were not found considerable sex differences m the majority of behavioural trams
displayed during the tests, Also the differences between wild caught and laboratory born wood
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Table 2 Mean numbers for square entries (squares), rearing (rear), entries (o the most distant square (distsq).
umping {jump) and crossmg the doors of the home cage (cross) Abbreviations are the same as in Tab 1

Squares Rear Distsq Jump Cross
Species n Mean SE Mean SE Mean SE Mean SE Mean SE
Aag 36 598 50 290 16 45 4 0 0 761 63
Aagma 4 928 212 45 181 73 17 15 9 625 48
Ape 16 1119 120 334 36 87 9 1 1 1281 177
Afl 16 1003 119 378 43 65 8 2, 19 556 88
Asy 68 1273 54 51§ 19 81 4 40 10 700 51
Ami 14 1275 I85 466 37 96 12 4 4 B4 93
Amy 20 1516 101 581 33 31 7 79 18 510 B8
Mma 21 921 00 491 43 105 13 o 0 6§57 75
MmuP 23 1147 84 1756 33 150 14 174 78 3204 48
MmuR 23 1134 101 437 41 76 8 27 12 478 47
Mmu % do 21 1178 113 432 32 102 12 25 12 343 45
M do 34 1175 75 529 32 110 9 86 26 871 71
1 ba 12 1052 149 256 29 95 12 5 4 442 70
Aca 14 1222 112 526 32 85 7 1 1 736 110
Mm 12 1421 124 432 45 97 29 2 1 675 86

Table 3 Mean iime spent in home cage (home), by loco- exploratory actvity (loco), groomung {groom) and
freezang {{reeze) Abbreviations are the same as i Tab 1

Home Loco Groom Freeze
Species n Mean SE Mean SE Mean SE Mean SE
Aap 3% 132 4 150 104 3 117 3o 31 14 14
Aagma 4 1200 576 226 3 513 138 121 0 o
A pe 16 100 6 214 258 1 165 13 66 0 0
Afl 16 0o 223 245 4 189 375 120 31 20
Asy 68 476 R2 2751 77 359 44 13 L]
Ami 14 679 174 2689 i56 231 66 0 0
Amy 20 140 31 3248 66 213 70 0 0
M ma 21 562 121 296 0 112 79 34 i} 0
Mmu P 23 128 64 3352 73 120 42 0 0
MmuR 23 580 176 282 8 180 161 43 30 23
Mmuxdo 21 519 167 208 1 160 71 12 29 24
Mdo 34 597 97 2062 95 41 12 0 0
Lba 12 438 172 2825 156 338 70 0 0
Aca i4 256 59 320 4 B4 76 28 64 64
Mmi 12 363 55 3196 62 25 13 17 11
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mice were insignificant in most cases. Similar results were obtamned in a comprehensive study
conducted in wild caught Wood mouse (Apodemus sylvaticus) by Lodewijex (1984 ab). The
level of the exploratory behaviour in females was stable throughout the year while in males it
was higher during the spring-summer period, other effects of sex, sexual activity and partially
also of age were not found. However, we can conclude that intraspecific differences seem to be
generally smaller than the interspecific ones, the influence of sex, age, tamneness and domestica-
tion cannot be simply ruled out. Variation due to these factors is offen reported in laboratory
rodents (Archer 1977, Heth et al. 1987, ete.).

Intraspecific variation in exploratory behaviour was found also in several studies, which
were performed in order to describe changes in behavioural properties of wild populations of
voles during the year or their population cycle (Krebs 1970, Jaskin 1980, Turner et al. 1983,
Johnston & Gaines 1985, etc.). Interspecific comparisons. Exploratory behaviour depends upon
details of testing procedure (illumination, construction of the field etc.). Therefore, we ought to
keep in mind, that the results obtained by using different modifications of testing procedure are
not fully comparable. Unfortunately, there are available only a few studies thal provide data for
comparisons of a number of species under identical conditions. All the studies used "forced
exploration’ techniques. As a part of a program designed to provide systematic comparative
behavioural data (Evans et al. 1978, Sloane et al. 1978, Dewsbury et al. 1979, 1980,
Baumgardner et al. 1980, Dewsbury 1980, Webster et al. 1981ab, etc.), "open field" method
was introduced by Wilson et al. (1976) as "an analytical tool for assessing species-typical beha-
vioural tendencies in a relatively unstructured situation". They described open-field behaviour in
12 species of rodents and demonstrated cbvious interspecific differences. They also found ecolo-
gieal correlates of this behaviour suggesting that open-field behaviour reflects ecological and
selective pressures. "Field dwellers" exhibited generally less square entries, "desert dwellers"
spent more tine by rearing, while “arboreal" species showed the greatest amounts of jumping
and loco-expioratory behaviour. These ecological correlates seem 10 be less clear in larger mate-
ral, after the adding of other eight species 1nto the comparison (Webster et al. 1979). Similar
ecological correlates of open-field behaviour among Palaearctic voles and birch mice were
obtained also by Vigorov (1980). It is to be noted here that marked differences in open-field
behaviour were found even between sibling species as for example between Microtus arvalis
and M. rossiomeridionalis (Malygm 1983). Similarly, chromosomal races (species) of Spalax
ehrembergi from humid areas displayed more exploratory activity (measured using free explora-
tion technique), than races from dry areas (Heth et al 1987, Nevo 1991).

Frynta (1992) compared the behavioural patterns displayed by seven mice taxa (Apodenius
mystacinus, A. sylvaticus, A. flavicollis, A. microps, A. agrarius, Mus musculus, Mus sp. from
Azerbardjan and hybrids M. musculus x M. domesticus) in the open field during 6-min. "forced
exploration" tests. Two species, Apodemus agrarirus and A. mystacinus, showed different
patterns of open-field behaviour if compared with other species under study. The former
displayed low while the latter high values of square entries, rearing and time spent in activity.
Almost the same behavioural patterns are visible from the results of free exploration tests
described in the present study.

Our results suggest marked interspecific variation, This evidence may be interpreted on the
basis of ecological strategies and adaptation of particular species. As genus Apodermus is
concerned, both species, which displayed extreme position according to the first factor are spe-
cialized. Apodenius agrarius is a burrowing species. Its habital is typically humid, rich and
covered with a dense vegetation (Kratochvil 1977, Bohme 1978). Apodemus mystacinus is a
Mediterranean species inhabiting extremely dry and rocky habitats (Atallah 1978). Their strate-
gy is obvious also from short vibrissae in A. agrarius, which are on the contrary very long in
A. mystacinus (Kratochvil 1968).
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Within species of the genus Mus, the most mmportaat ecologreal distinction 18 an adaptation
to commensahism or feral way of life Fortunately, regardless to the scarcity of comparative
studies usmg "free explorahion” tests i non-domesticated rodents, there are some literary data
comparing commensal and feral mice Mound building mice (Mus sprcilegus) tested 1n a large
room spent more time mnside nest boxes while House mice M muscuius displayed more move-
ments dlong the walls of the field (Medkovaet al 1986) These differences are parallel to those
found hetween Mus macedonicus and Mus musculus M macedonicus, a feral species which 1s
closely related 1o M hortulanus, jump and rear less frequently and spent more ume mside boxes
than commensal M muscuins when tested preferences for odour marks mn a cwcular arena
(Fryntaet al 1992) However, these differences between feral and commensal species of House
mice (genus Mus) are less obvious in expeniments performed 1n terrana of imsted size (Metko-
vaet al 1986; this study) Tt 1s to be remarked here that an emotional reactivity as reflected by
plasma corticosteron was found to be higher in feral populations of M denmesticus when
compared with commensal populatuons of this species (Ganem 1991 ab, Ganem et al 1989)
Generally, in agreement with ther ecological needs, feral mice seem to be fairly more emotio-
nal and less exploratory than thewr commensal relatives

It can be concluded that ecological strategy of particular species probably mfluenced thewr
behaviour in the test However. a larger sample of comparative data 1s needed for more precise
Comparison
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Abstract. The overall sex ratio based on material of 3455 specimens of Apodemus sylvaticus snap trapped in 65
localities in the city of Prague was slightly but significanily male biased. The percentage of males was 52.7% in
total caich. 1t was found a considerable variation in sex ratio during the year, The percentage of males was slightly
higher during the reproductive season than in autumnal and winter months. The highest proportion of males was
recorded at the beginning of breeding season in March (68%, n=79). For the evaluation of juvenile sex ratio we
used dafa from 834 individuals of known sex born in the laboratory. Their foial sex ratio was fairly balanced
{48.3%) and remained not substantially changed by mortality during adulthood. The effects of mother age, weight
and parity on juvenile sex ratio were insignificant. Female biased sex ratio (35%, n=48) found in litters consisting
of one or two juveniles most probably can be attributed to mortality in embryos and/or juveniles.

INTRODUCTION

The sex ratio and its variation during the year belongs to the most important population
parameters in small rodents (Bol'Sakov & Kubancev 1984). The major aim of this study is to
compare data on sex ratio in the Wood mouse, Apodentus sylvaticus (Linnaeus, 1758} obtained
by snap-trapping in the field with juvenile and adult sex ratios in the laboratory colony. In
addition, sex ratio in progeny constitutes an important component of female fitness (cf. Trivers
& Willurd 1973, Maynard Smith 1980, Schaik & Hrdy 1921, Clutton-Brock 1991, ete.), and
therefore, data on sex ratio in individual species may be helpful in testing of predictions of sex
ratio theory.

MATERIAL AND METHODS

The Wond mouse is one of the most widespread rodents in Europe, It seems to be most generalistic species of
the subgenus Syiveemus, which is, apparently, an ecological equivalent of North American genus Peromyscus
(Muntgomery 1989b).

Data from the ficld

Our material of the Wood mouse was collected in the 65 localities distributed on the territory of the city of Prague
{Central Bohemia). Wood mice were captured mostly in snap-traps (10 x 5 ¢m) of the common type. only small,
unimportant proportion was catched in wooden live traps. According to the urbanization gradient, the localities
could be sorted into three categories: 1) Parks ar cemeteries in the center of the city completely surtounded by
buili-up areas; 2) Parks, pardens or other man-made green habitats, mderal sites, eic. on the periphery of the city
not completely surrounded by built-up areas; 3} Woods or other seminatural habitats on the outskirts of Prague.
After caplure, all specimens were dissected and their sex was recorded. For details of methods, localities and
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population parameters see Frynta et al. {in print), Frynta {1992, 1993), Frynta & Vohralik (1992, in print).
Aktcgether, 3455 specimens of the Wood mouse captured in the period 1969-1990 were treated, of which 975,
1507, and 973 were collected in the localities of the first, second and third category, respectively.

Data from the lahoratory

The laboratory colony of Apodemus sylvaticus was established from mice captured at several localilies in
Central Bohemia (mainly in Prague) during the autumn 1987. Groups of captive animals, consisting of one or two
pairs and their offsprings, were housed in glass terraria sized from 40 x 30 x 30 em to 100 x 60 x 40 cm or in
standard plastic cages 38 x 22 x 22 cm. Cages were placed in a light controlled room in a long photoperiod (16L :
8D). Ad libitum waler in water bottles and food (DOS2ZB mouse and rat breeder diet) were provided. Each cage
contained sawdust, nesting material (hay} and shelters. All the animals were individually marked and their growth
and life history was recorded (Zizkovi [991, Frynta & ZiZkov4 1992). Therefore, data on parity, body weight and
age of each breeding [emale were available, It is to be noted here thal the age was precisely known only for
laboratory bom females. Wild born females were captured as subadults in autumn. Acconding to our knowledge of
reproduction and age strucuire in Wood mice populations, they were bom most probably during the late summer
period, Therefore, they were arbitrarily considered to be bom in August,

Juvenile Wood mice used in our analysis were of the first-, second- or third- laboratory animals generation.
Their sex was identified at various age till weaning during regular inspection of the nests. Altagether, we collected
data on the sex in 824 joveniles.

In order to describe sex ratio variation in different age categories of subadult and adult animals, we used data
about sex in all animals which survived in our laboratory up to the given age varying within the range from 1 to 16
months. Unfortunately, sex ratios obtained by using this procedure (in the case of laboratory bom antmals) are
affected not only by natural, but also by artificial mortality (e g escaped animals or animals used in other experi-
ments, ete.). Therefore, we also computed sex ratios based on life tables from which an artificial mortality was
completely subiracted.

Percentage of males

65 -
60 -
55
50

-
45 +
4‘0 i 1 1 ) I 1 1 T R | T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Months
=== Prague =+ Southern Moravia

Fig. 1. Variation in the sex ratic during the year. Prague - present study; Southern Moravia - Pelikdn 1970.
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RESULTS

The overall sex ratio ig the material captured in Prague was slightly, but significantly male
biased (52.7%, n=3455, 1°=9.90, P<0.01}. A considerable variation of the sex ratio during the
year wiyg found (Tab.1, Fig.1). The highest proportion of males was found in March (68%,
n=79, x* = 10.6, P<0.01), i.e., at the beginning of reproductive season in this species. Male
biased sex ratio occurred throughout the period of intensive reproduction till September and
also in November. It was s.tat'u-:iically2 significant for the total matenial collected during the
spring (Maé‘ch—May: 54.6%, n=489, x"=6.18, P<0.05) and the summer (June-August: 54.4%,
n=1127, x.=9.05, P<0.01), but not for the autumn sample (September-November: 51.2%,
n=1722, %"=0.92). Within the material collected during the winter months, a slight, but an
i:asignificanl predominance of females was found (December-February: 45.7%. n=127,
5 =0.95). No clear trends in sex ratio were found after subdivision of the material according to
the degree of urbanization (Tab.2). "

The total sex ratio in juveniles born in laboratory was 48.3% (n=834, ¥"=0.94) and remai-
ned not substantially changed by mortality during adulthood (Tab.3). After subdivision of the
material according to mother age, weight and parity, slightly lower proportions of males were
found in primiparous females (45.4%, n=307), in females lighter than 26 grams (45.3%, n=300)
as well as in females up to 6 months old (44.3%, n=158). However, these differences were not
significant in any case gT ab.4). Testing sex ratio by litter size (Tab.5) revealed an insignificant
effect of this factor (%"=8.6, d.f.=5). The highest proportion of males was found in the most

litter size = 3 {n=232) litter size = 4 (n=45)
18 i . L]
. 2 |-
104 / //?///": L 20
i % :
o
: m |
° r\mln:ofmﬂuzin litter ’ nurmber of maks in litter
litter size = 5 (n=62) litter size = 6 (n=24)
; 1o ey ~
II1 50
11 L&

] 1 2 2 4 s ] 1 2 3 4 [ [
number of males in Btter aumbier of males la Keter

Fig. 2. Distribution of combination of sexes within litters. Lines indicate theoretical predictions based on
binomial distribution.
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Table 1. Variation in the sex ratio in Apodemus sylvaticus during the year. The material snap trapped in the
territory of Prague. % = percentage of males (values based on the material less than 50 specimens are given in

parentheses)

Month n Males Females % xz

January 46 20 26 (43) 78 n.s.
February 28 13 15 (46) 14 n.s.
March 79 54 25 68 10.64 P<0.01
April 129 69 60 53 62 n.s.
May 21 144 127 53 1.06 n.s.
June 289 157 132 54 2.16 n.s.
July 297 164 133 55 3.23 n.s.
August 541 293 248 54 374 n.s.
September 569 297 m 52 1.0% n.s.
October 369 180 189 49 22 n.s.
November 784 404 380 52 3 n.s.
December 53 25 28 47 16 n.5.
March-May 489 267 212 54.6 6.18 P<0.05
June-Aug. 1127 614 513 54.4 9.05 P<(1.01
Sept.-Nov. 1722 LLH 841 51.2 R n.s.
Dec.-Feb. 127 58 69 45.7 95 n.s.
Total 3455 1820 1635 52.7 9.90 P<(0.01

Table 2. Sex ratio in the material of Apoderus sylvaticus snap trapped in the territory of Prague divided
according to the degree of urbanization. M = males, F = females, % = percentage of males (values based on the
material less than 50 specimens are given in parentheses)

central parks peripheral parks woods
Month n M F %o n M F Po n M F %
January 9 3 6 (33 24 13 11 (54 13 4 9 31
February 3 2 2 {50 19 8 11 (42) 3 3 2 60
March b 3 EI 10) 49 36 13 (73 24 15 9 {63)
April 50 29 21 58 56 25 3l 45 23 15 B (65)
May 62 31 31 50 100 55 45 55 109 58 51 53
June 214 119 95 56 49 26 23 (53) 26 12 14 (46)
July 41 19 22 (4 1% 112 g4 57 60 33 27 55
August 179 89 90 50 290 164 126 57 72 40 32 56
Seplember 91 56 35 62 315 159 156 50 163 82 81 30
October 41 20 21 (49 208 103 105 50 120 57 63 48
November 278 150 128 34 194 105 89 s4 312 149 163 48
December - - - - 7 0 7 {0 46 25 bk 54
Spring 118 63 55 534 205 116 89 366 156 88 68 564
Summer 434 227 207 523 535 302 233 564 158 a5 73 533
Autumn 410 226 184 551 717 367 350 512 595 288 307 484
Winter 13 5 8 (38.5) 50 21 29 420 64 32 32 50.0
Total 975 521 454 534 1507 806 701 535 973 453 480 50.7
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Table 3. Sex ratio in the laboratory colony of Apodemus sylvaticus and its variation according to the age of
animals. Values computed on the basis of life tables in which artificial mortality was excluded are given in
parentheses. % = percentage of males

age animals bom in laboratory wild born

[months] n males Y% n males %

1 615 305 49.6 (50.3) - - -

2 513 254 49.5 (50.00 - - -

3 416 212 51.0 (49.3) - - -

4 329 166 50.5 (49.3) - - -

5 2 137 50.4 (50.4) - - -

6 222 114 51.4{50.4) 20 45 56.3

7 164 79 48.2 (49.1) 79 44 557
8 122 60 49.2 (49.5) 79 44 357
9 92 49 53.3(50.5) 78 43 55.1
i0 83 46 55.4 (47.8) 71 40 56.3
I 70 37 52.9(46.3) 6% 39 56.5
12 59 29 49.2 (45.6) 69 39 56.5
13 51 25 49.0 (41.9) 66 38 576
14 44 21 477 (44.8) 65 37 56.9
15 28 13 46.4 (43.8) 58 31 534
16 12 7 583 (438) 44 24 54.5

Table 4. Sex ratio variation in relation (o malemat age, body weight and parity, in juvenile laboratory bom
Apodemus sylvaticus. % = percentage of males

n males females %
age of female:
2 -6 months 158 70 88 4.3
7 -9 months 249 123 126 49.4
10~ 12 months 268 125 143 45.6
13 - 18 months 159 85 74 535
(x2=3.10, d.f.m 3, n.5)
body weight of female:
l4g-25g 300 136 164 45.3
26g3-30g 352 176 176 50.0
3[23-40g 182 9] o1 50.0
G =1.67,df=2,ns)
parity:
the first litter 307 137 165 45.4
the second litter 262 132 130 50.4
the third litter 162 87 75 537
more than third Litter 108 47 61 435
(=445, d.f.=3.n.s.)
tolal sex ratio 834 403 431 48.3

(2= 0.94,d.f= 1,n.5)
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Table 5. Sex ratio in juvenile laboratory born Apodemus sylvaticus according to the litter size. % = percentage
of males

[

Liner n males fermales T '

size

lor2 48 17 31 354 4.08 P<0.05
3 96 47 49 49.0 0.04 n.s.
4 180 100 30 55.6 222 n.s.
5 310 141 169 45.5 252 n.s.
. 144 68 76 472 0.44 n.s.
3 56 30 26 536 0.28 n.s.

(x = 8.60,d.f.=5,n5.)

Table 6. Sex ratio distribution within litters in laboratory colony of Apodemus sylvaticus

Litter No. of males : females frequency
size litiers
1 8] 1:0 4
0:1 4
2 20 2:0 3
1:1 7
0:2 10
3 32 3:0 2
2:1 15
1:2 11
O3 4
4 45 4:0 3
3:1 12
P 22
1:3 8
0:4 0
5 62 5:0 1
4:1 7
F:2 12
2:3 30
1:4 12
0:5 0
6 24 6:0 0
il 2
4:2 2
3:3 13
2:4 4
1:5 3
0:6 0
7 8 6:1 1
a2 3
3:4 1
2:5 3
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Table 7. Sex ratio in samples of Apodemus sylvaticus collected in various parts of its distribution area, as
reported in the literature.

Population n male % source

Therian Peninsula:

Montseny, N.E. Spain 406 5359 Sans-Coma & Gosalbez (1976)
Pyrenees, N.E. Spain 341 56.3 Sans-Coma & Gosalbez (1976)
France:

Department Loire, France 1051 58.5 Saint-Girons (1966)

Great Britain and Ireland:

Hertsfordshire, England 1459 55.7 Baker (1930)

Wytham Woods, Oxford, England 906 51.2 Miller (1958), Kikawa (1964)
Woodchester Park, England 1072 57.1 Montgomery (1980)

Northem Ircland 4425 5379 Mountgomery (1989}

Skomer Island 1047 58.7 Jewell (1966)

Germany:

Berlin, surrcundings 1018 56.3 Stein (1953)
Schleswig-Holstein 625 55.4 Jides (1979)

Central Europe:

Most region, Northern Bohemia 855 40.5 Bejéek (1979)

Western Bohemia 1837 54.5 1lorka & Némec (1985)
Tibor region, Southern Bohemia 504 534 Zbytovsky (1989)

Prague, Central Bohemia 3455 527 present paper

Southern Moravia 1742 52.0 Pelikan (1970)

Stockerau, N.E. Austria 223 579 Steiner (1968)

Balkan Peninsula:

Rozovata dolina, Bulgaria 591 53.5 Christov (1974)

Bulgaria 1080 549 Straka (1965)

frequent lilter size, i.e., in the litters consisting of 4 individuals (55.6%, n=180). On the other
hand, s15n1f1udntly femdle hiased sex ratio was found in the litters consisting of one or two
juveniles (35.4%, n=48, ¥ =Y 08, P<0.01).

Sex ratio distributions within litters (Tab.6) were compared with expected binomial distribu-
tion. A slight tendency to lower variance is obvious from Fig.2. Also chi- -square test revealed
a significant deviation from binomial distribution in litters consisting of five (x 2652, n=62,
d.f=2, P=0.038) and six (xz—ﬁ 13, n=24, df=1, P—O 013) animals. No significant differences
were found for litters consisting of four juveniles (x =2.97, =45, d.f.=1, P=0.084).

DISCUSSION

As evident from Tab.7, in which survey of literary data is given, a slight predominance of
males within samples captured in live or snap traps is a common phenomenon in Apodentus
sylvaticus. Sex ratios obtained by using these methods are usually biased towards the males also
in other Apademus species (Pelikan 1970, Montgomery 1989b). Of course, we have 10 keep in
mind that the seasonal and may be even the annual variation can affect the total values of sex
ratio. We found a significant predominance of males in spring and summer periods, i.e., during
an intensive breeding season, but not in autumn and winter. This phenomenon may be attributed
10 seasonal changes in probability of capture associated with breeding. Males have larger home
ranges (cf. Montgomery 1989b) and a more intensive exploratory activity (Lodewijckx 1984)
during breeding period. On the other hand, it is to be mentioned here, that no clear effect of
breeding on sex ratio was reported by Pelikan (1970) in a South Moravian population (Fig.1).

By comparing sex ratio in trappable part of wild population with sex ratio in a laboratory
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colony of Wood mice, we can assume, that there 1s a general accordance hetween these data
Both juvenile sex ratio 1n our material from laboratory conditions and autumnal and winter sex
ratios obtamned in the field are not significantly deviated from ratio | : 1 The same can he
concluded also for subadult and adult sex ratios m our laboratory colony However, evaluating
these data, we ought to keep n mund a hmited number of indviduals survived to old age, and
therefore, much lower precision of sex ratio estimation in upper age categories

The effects of maternal age, weight, parity and hiter size on juvenile sex ratio were repea-
tedly studied 1n mammals, but the results of such studies which sometimes contradict each Other
(Mlikovsky 1985, 1988, Verme 1983, Gray & Katanbaf 1985, Rawlings & Kessler 1986, Small
& Hrdy 1986, etc ) Above mentioned factors showed only an msignificant nfluence 1 sex
rat10s in our material However, on the other hand, the tendency for lower proportion of females
n litters produced by younger, smaller and/or primiparous mothers than n older, heayvier and/or
multiparous anes 1s m accordance with the sex ratio mampulation theory, predicting that females
under good conditions bias mvestment towards offspring of the sex that most Likely benefit from
the mother's advantaged situation (1 e , towards the males i thiy case) and vice versa Similarly,
we found the highest proportion of males 1n the litters of medium size, 1 ¢ , in the hitters m which
the best rearng condiions are expected

Unfortunately, having no data on sex ratio at the tume of birth, we cannot distinguish between
the accordance with Trivers & Willard (1973) hypothesis concerning secondary sex ratio and
between sex ratio changes due to sex-biased natural mortality or manipulation after barth as
expected by Maynard Smith (1980) The frequency of embryome sets consisting of less than
three embryos Is extremely low, mostly not exceeding 1% n natural populauons of Apodentus
sylvaticus (Frynta & Vohralik 1993) Therefore, the presence of 28 (1 e, 14%) litters of that size
n our data from laboratory 1s most probably a result of natural mortality (embryomic resorption,
juvenile mortality) or possible manipulation (infanticide in utero or after birth) Female biased
sex ratio in these litters 1s apparent Simular processes resulting mn female bias m small hiters
produced under stress condiions were described also in other rodents Coypu (Gosling 1986),
Wood 1at (McClure 1981), etc In contradiction, the results obtamed in nutnitionally stressed
Hoeuse mice by Cramer (1988) did not show a selective mortality of males

The expected statistical distribution of the sex ratio within litters 1s binomial one Thus distrr-
bution fits with data of some empirical studies (cf Mltkovsky 1985) Our results showed a slight
tendency towards less vanance than that predicted by binonual distribution 1t 1s to be mentioned
here, that a sumiar tendency to subnormal dispersion 1n the distribution of combmation of sexes
was reported n severdl studies about pigs, rabbits, mice (cf James 1975) and golden hamsters
(Huck ot al 1990) However, in the case of the Wood mouse more data are needful for the
eyatuation of this problem
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Abstract. A new species of carthworm (Oligochaeta. Lumbricidae) from the riparian forest in South Moravia
{Czech Republic) is described: Alfelobophoramoravica sp. n.

INTRODUCTION

Studies of earthworms in riparious forests of South Moravia, Czech Republic, resulted in the
collection of one species of Allolobophora Eisen, 1874 that appears to be unlike any previously
described members of the genus. In this paper, the description of the new species is given and its
taxonomical position is discussed.

STTE, MATERIAL AND METHODS

Earthworms were sampled in a mixed woodland of maple {Acer negundo L..), cak (Quercus robur L. ), ash
(Fraxinus excelsior L.) and elder (Sambucus nigra L.) near the Pasohlivky village, South Moravia, Czech Re-
public. The field layer vegetation was dominated by Urtica dicica L., Galium aparine L., Impatiens noli-tangere
L., Aegopodivwm podagraria L., Lamiwm maculatum L., Stachys silvatica 1. and Chaerophyllum temulum 1. The
s0il type was modified chemmozem. The long-term mean temperature is 9°C, the precipitation 500 mm. The region
is prone to drought and temperature extremes and consequently earthworm activity is greatest in the spring and
fall.

Table ). Cumulative totals of earthworm numbers and species representation for four sampling occasions

Species Number of Dominance
individuals (%)
Allolebophora moravica sp.n. 49 11.8
Aporrectodea rosea rosea (Savigny,1826) 43 10.3
Dendrobaena octaedra octaedra (Savigny,1826) 61 14.7
Firzingeria platyura platyura (Fitzinger,1833) 46 11.1
Lumbricus rubellus rubelius Hoffmeister,1843 92 21
Octolasion lactewmn (ﬁrley,lSSl) 125 30.0
Total 416 100.0




Earthworms were extracted using 0.5% formalin or obtained by digging and hand soruing of soil samples
(depth O - I5 ¢m), fixed 1n 4% formalin and stored in a 7% solution of the same fixative. The species we are
describing here was collected on the type locality on the following sampling occasions (M - mature, SM - semi-
mature, | - immature specimens): 18 May 1989, 12 M, 2 I, leg. L. Houskovd; 31 May 1990, 3M, 1 I, leg. V. PiZk
3 June 1990, 5 1, leg. L. HouSkovd; 16 June 1990, 6 M, 6 SM, 14 [, leg. I.. Hovkkovd. Data on the coexisting
species are summarized in Table 1.

DESCRIPTION

Allolobophora moravica sp.n. (Fig. 1)

EXTERNAL: Length 33 - 48 mm, diameter 1.7 - 2.5 mm, number of segments 95 - 100, weight of
fixed specimens 90 - 135 mg. Body eyhndrical, somewhat quadrangular posteriorly. Live worms
slightly reddish brown with strong anterio-posterior and dorsoventral gradients, clitellum pink;

1cm

Fig, 1. Aflolobophora moravica sp. n , anterior part of body (lateral view).

greyish after fixing. Prostomium epilobous (2/3), open. Setae closely paired, relative inter-setae
distances on segment 30: aa 11 ab 3, be 8, cd 2, dd 29. Setae a and b generally on large papillae
on 8-12, 23, 24, 26, 28 and 29. Ventral setae of the 12th segment modified into genital setae.
Dorsal pores apparent m postelitellar segments only, in anterior body segments closed. Nephri-
dial pores irregularly distributed. Male pores in 1/2 15, small, without marked glandular pa-
pillae. Female pores in 1/2 14, close to b, with snall glandular edge. Clitellum saddle shaped,
from (23) I/n 23 to 28 (1/n 29). Tubercula pubertatis appear on 24 - 27 in form of two linear
extensions in the edge of clitellum.

INTERNAL: Musculature of fasciculate type. No septa markedly thickened. Nephridial bladders
S-shaped. Morren’s glands in 10 and 11, with large dilatation in 10. Crop in 15 and 16, gizzard
in 17-18. Typhlosolis from 20/21. Four pairs of seminal vesicles in 9-12. Spermathecae in 9 and
10, large, roundish.

TyPELOCALITY Czech Republic, South Moravia, 2 km northeast of Pasohlavky village, near the
reservoir Nové Mlyny (quadrangle 7065 on the faunistic map of the Czech Republic).

TYPE MATERIAL. Holotype VPC (V Pizl Collection) 24171, two paratypes VPC 241/2, 3, collected by Viclav
Piil on 31 May 1990.

AFFINITY. It 1s difficult to assign this species to any concrete genus separated from the former
Allolebophora sensu lato (Bouché, 1972). Cn the basis of the presence of S-shaped nephridial
bladders and two paires of spermathecae, the species might be placed in the genus Perelia
Easton, 1983 [syn. Allolobophora (Svetiovia) Perel, 1976), probably into the P. tuberesa
(Svetlov, 1924) species group. However, A. moravica sp.n. differs in some other characteristics
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(no septa thickened, position of Morren‘s glands, etc.) from all the members of this group, and
the area where it was found in seems to be too distant from the range of Perelia spp., which are
characteristic by the high degree of endemism (Perel, 1979). Hence, we assign it provisionally 1o
Allolobophora s. 1at. (Bouché, 1972).

ETYMOLOGY. The species is named for Moravia, an area in which it was found.
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BOOK REVIEW

BEHNKE J. M. {(editor): Parasites: Immunity and Pathology. The consequences of Parasitic Infections in
Mammals. London, New York, Philadelphia: Taylor & Francis. 1990, 437 pp. Price (hard cover) Lstg 49.00

The editor is a senior lecturer in zoology at the University of Nottingham, UK. The list of contributors
contains 16 acknowledged experts, mosdy from Great Britain. As the editor emphasizes in the preface, parasites
represent a most diverse group of organisms and reflect the popular life style adopted by living beings. In more
reoent years parasitology has blossomed as a result of the development of new technologies and as a result of
collaborative studies across formally distinct academic disciplines. Designed primarily to interpret interrcla-
tionship of parasites, immunity and resubtant pathology, this book consist of 19 chapters, each presenting indivi-
dual scientific communication with a list of comprehensive references.

The introductery chapter is devoted to the coevolution of parasites and hosts when discussing host-parasite
arm races - a serics of mutual counter-adaptation, advantages and disadvantages of parasitism, and intricately
interwoven immunological and pathological aspects of the host-parasite relationship. Two chapters deal with
protozoal and helminth antigens and with the antigen uptake, processing and presentation. Another two chapters
cover the differentiation of bone marrow cells into effector cells, and humoral and celular effector immune
responses against parasites when discussing the organization of the lymphoid tissue, B and T lymphocytes, natural
killer cells, cell-mediated cytotoxicity, granuloma formation and encapsulation. The chapter on genetically de-
termined variation in host response and susceptibility to pathological damage has stressed the complexity of
genetic contro] of both innate and acquired immunity to parasites. As can ba seen from the chapter on protozoan
parasites of erythrocytes and macrophages, the diseases that result from this form of parasitism are not yet well
understood and leave more questions posed than can been resolved.

Four chapters provide insight into pathology and immunity of parasitic infections, Discussed are cutaneous
inflammatory responses 1o protozoa, nematodes, platyhelminths and arthropods, pulmonary responses, immunolo-
gicai and inflimmatory responses in the small intestine associated with helminthic infections an intestinal patho-
logy.

The chapter on acquired immunity and epidermiology focuses on possible ways in which acquired immunity
may influence the population dynamics of macroparasite infections, then evaluates the possible consequences of
immunity for human helminth infections and their control, and the role of immunity in protozoan epidemiolagy.
The chapter on evasion of host immugily reviews some of the strategies which parasites use to prolong their
existence in the host. Described are various host-derived mechanisms, namely various types of unresponsiveness
and reduced immunocompetence, and parasite derived mechanisms, namely manipufation of parasite antigens and
of the host immune system. The final chapter introduces aspects of vaccination against parasiles, namely various
types of vaccines, animal models, and vaccination in eradication and control.

This highly informative volume offers a compendium of reviews of parasite induced pathology and relevant
host immune responses, How the immune responses are evoked and how they express host-protective resistance at
various tissue locations in the mammalian body are considered in some detail. In addition, the pathological seque-
lae accompanying infections are emphasized. Extensive documentation consits in 19 tables and 137 figures, name-
ly diagrams, schemalic drawings, macrophotographs, light and electron microscope pictures. Many objective
schematic illustrations presenting parasitological phenomena are structured according to personal conception of
individual contributors. This publication provides competent information and will be of interest 1o final years
undergraduales in parasitology and to postgraduate research workers in parasitology, zoology, immunology and

pathology.
Jindfich fira
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Taxonomy, morphology, life cycles, new species, Apicomplexa, Cephalina, millipedes, Oriental Region.

Abstract. Morphology and life cycles of 2 new species of cephaline gregarines, Stenoductus kelaarti sp. . and §.
wayanadensis sp. . infecting the millipede, Chondromorpha kelaarti (Humbert) are described and their affinities
with related species discussed,

Thirty-nine species of cephaline gregarines belonging to 8 genera have been reported from
Indian millipedes; of these 10 species belonging to Stenoducrus Ramachandran, 1976 and one
belonging 10 Stenophora Labbe, 1899 are from Kerala (Ramachandran 1972; Janardanan &
Ramachandran 1979, 1981ab, 1982ab, 1983ab, Janardanan '987 and Prema & Janardanan
1991). While examining the millipedes of Kerala for their gregarines, we came across 2 species
of Steneductus from Chandromerpha kelaarti (Humbert) collected from Ezhimala in Cannano-
re district and Chundale in Wayanad district. These two species are reporied here as Steno-
ductus kelgarti sp. n. and . wayanadensis sp. n.

MATERIAL AND METHODS

Chondromerpha kelaarti collected from Ezhimala and Chundale were examined and the different deve-
lopment stages of gregarines recovered were studied foliowing the procedure reported by Janardanan & Ra-
machandran (1979). Skeiches were made with the help of a camera lucida and photographs were taken with a
Wild MPS 12 microcamera fitted to a Leitz Diaplan phase-contrast microscope. Measuremenls are in micrometers
and the descriptions are based on a minimum of 20 specimens. Abbreviations used in this paper are: DW = Deuto-
merite width; PL = Protomerite length; PW = Protomerite width; TL = Total length.

DESCRIPTION OF SPECIES

Stenoductus kelaarti sp. n.

HOST. Chondromorpha kelaarti (Humbert)

SITE. Intestine

LOCALITY. Ezhimala in Cannanore disirict, Kerala (India)

DATE OF COLLECTION. June to December 1989, 1990

HOLOTYFE. On slide No. G/S-1 deposited in the parasite collections, Parasitology Laboratory, Department of
Zoology, University of Calicut, Kerala (India).

Morphology of sporadins (P1. 1.1; Pl 2.3)*. Sporadins solitary, milky-white at the end of
anterior third and gradually tapering to a round caudad. Protomerite dome-like, with a lens-sha-

* Plates 1-4 will be found at the end of this issue.
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ped refractile structure at the apical region: apical papilla and apical pore absent; protomerite
epicyte uniformly thick, striated; striations continuous with those on deutomerite; endocyte
granular with a granule-free area at the posterior region; septum slightly convex toward proto-
merite, 1.6 thick; constriction at septum conspicuous. Deutomerite elongate, broader at the end
of anterior third and gradually tapering to a round caudad; deutomerste epicyte uniformly thick,
striated: endocyte granular. Nucleus round to ovoid; its position variable; endosome single,
irregular in outline.

Measurements of sporadins, with mean in parentheses, are noted below:

TL = 160.1 - 264 (180.6); DW =57.8 - 70.9 (61.5);
PL=17.3-26.4(20.2); PW =297 -462 (33.9)
Ratios: PL: TL=1:PW:DW=1:138.

Gametocysts and oocysts. Gametocysts (Pl 1.2; P1. 2.4,5) spherical, milky-white, opague;
cyst wall single, hyaline, uniformly thick, measured 3.3; line of association clear in newly
formed cysts. Fresh cysts measured 75.9 - 82.5 (78.9). Naked, cord-like, mucilagenous sporo-
duct (PL. 1.2; Pl. 2.5) extruded through a rupture in the cyst wall. Oocysts were embedded along
the whole length of sporoduct. Oocysts (P1. 1.3; PL. 2.6) ovoid. with hyaline epispore forming
hemispherical polar projections and a conical equatonal ridge. Fresh spores with epispore mea-
sured 7.5 by 5.3.

Biology. Gametocysts kept in moist chamber developed and extruded spores in 72 hours.
After 36 h of incubation, a clear zone, without inclusions, differentiated below the cyst wall.
Qocysts aggregated at the central dense area. The central dense mass then raised at one point
into a potuberance which slowly became more and more pronounced until its tip finally broke
through the hyaline cyst wall and extruded out as a cord-like, mucilagencus sporoduct. The
sporoduct disintegrated by absorbing moisture and set the spores free.

Midgut fluid of the millipede activated the sporozoites in 5 t0 6 minutes. A wriggling move-
ment was observed inside the spore and the sporozoites came out in 9 t0 10 min., one after the
other, and continued to move actively in the midgut fluid. The sporozoites penetrate the midgut
epithelial cells and develop into trophozoites.

The intracellular trophozoite (PL. 1.4; PL. 2.1) observed was aseplate, ovoid, 4.9 by 3.3, stai-
nable with hematoxylin, but for a halo of unstaned host cell region arcund; its nucleus was
central. The smallest lumen trophozoite (Pl. 1.5) measured 28 by 14. The largest observed
trophozoite (Pl. 1.6; P1. 2.2) measured 161.7 in length; its prolomerite dome-shaped, with a
lens-like refractile structure at its apex; deuteromerite maximally wide at the end of anterior
third, tapering gradually to the posterior and ending in a slightly broader, bulb-like caudad. With
further growth the lumen trophozoites became sporadins.

Stenoductus wayvanadensis sp. n.

HOST. Chondromorpha kelaari (Humbert)

SITE Intestine

LOCALITY. Chundale in Wayanad district, Kerala (India)

DATE OF COLLECTION. June to December 1989 and 1990

HOLOTYPE. On slide No. G/S-2 deposited in the parasile collections, Parasitology Laboratory, Department of
Zoology, University of Calicut, Kerala (India).

Morphology of sporadins (Pl. 3.1). Sporadins tadpole-like, elongate, laterally curved. Proto-
merite rectangular to hemispherical, wider than long; apical papilla and apical pore absent; pro-
tomerite epicyte uniformly thick, striated, striations continuous with those on deuteromerite;
endocyte granular; septum convex toward deuteromerite. Deuteromerite elongate, narrow be-
hind septum, maximally dilated behind the anterior third, then narrows to become a uniformly
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cylindrical, laterally curved and round ended posterior half; epicyte uniformiy thick, hyaline,
striated; endocyte granular. Nucleus ovoid, feebly visible in fresh sporonts; endosome single,
round, with a number of granules.

Measurements of sporadins, with mean in parentheses, are noted below:

TL=3053-480.2 (343.1), DW = 46.2 - 84.2 (61.4);
PL=149-29.7 (22.1; PW =21.5-33(27.2).
Ratios: PL: TL=1:155PW:DW=1:23,

Gametocysis and oocysts. Gametocysts (Pl 3.2.3; Pl. 4.4.5) spherical, opaque, milky-white;
cyst wall single, hyaline, measured 3.3 - 4.9. Line of association clearly visible in early gameto-
cysts. Fresh cysts measured 108.9 - 125.4. Sporoduct elongate, almost cylindrical, with maxi-
mum width at the base and round, disc-like structure at the distal end. The ductlumen 11.5-21.4
in diameter, Qocysts (PL. 3.4; Pl. 4.6) ovoid, with hyaline epispore forming pointed polar pro-
jections; equaltorial ridge absent. Fresh oocysts with epispore measured 15 by 3.8.

Biology. Gametocysts maintamed in moist chamber developed spores in 4 days. Line of
association disappeared in 18 to 20 h of incubation. After 24 h, a clear zone differentiated at the
periphery below cyst wall. After 36 h, a small circular depression appeared on the cyst surface
indicating the base of the sporoduct. From this depression, a tube-like sporoduct began to deve-
lop toward the centre (Pl. 3.2; PL. 4.4) and continued to grow till 72 hours. On the 4th day the
sporaduct evaginated through the depression on the cyst wall, and released oocysts in a mucila-
genous cord through the duct lumen. The cord disintegrated and set the spores free after a few
minutes of exposure (0 moisture.

The liberation of sporozoites was induced by placing fresh spores in the host’s midgut fluid,

which activated the sporozoites in 45 seconds. The sporozoites emerged through one pole of the
spore after 50 sec of exposure. The sporozoites penetrate the midgut epithelial cells and develop
into trophozontes.
The intracellular trophozortes observed (PL. 3.5; P1. 4.1) were ovoid, aseptate, measured 7.8 - 8.4
by 4.5 - 6.6. They stained deeply with hematoxylin, but the surrounding region of the host cell
remained unstained, Smallest lumen trophozoite (Fig. 3.6) measuring 23.1 by 148 was found
attached to the midgut epithelial cell through a knob-like, 2.5 long epimerite. Its protomerite
measured 5 8 and deuteromerite 14.8, With further growth in size the trophozoites (Pl. 4.2,3)
become worm-like and laterally curved. A trophozoite of 265.6 by 29 7 size (P1. 3.7) had and
*8"-shaped epimerite measuring 18.2 by 15.7; its protomerite measured 18.2 by 21.4, and deute-
romerite 229.9 by 29.7. Largest trophozoite observed (PI. 3.8) measured 292.9 by 33; its bulbous
epimerite measured [4 by 13.2; hemisphencal protomerite, 16.5 by 21 3 and clongate laterally
curved deuteromerite 262.4 by 28.1. In trophozontes of this size the anterior third was highly
flexible. Trophozontes of larger size discarded their epimerites and remained free in the midgut
lumen. The deuteromerite of these trophozoites exhibited progressive enlargement at the middle
third, and fMnally assumed the characteristic tadpole-like form of sporadins. A late trophozoite
measuring 305.3 by 51.2 (Pl. 3.9) almost resembled a young sporadin; its protomerite measured
13.2 by 23.9 and deuteromerite 292.1 by 51.2

DISCUSSION AND SYSTEMATIC POSITION

Characters of the present gregarines such as solitary sporadins without epimerites, nuclel
withaul myonemes, extrusion of spores through a tubular or cord-like, naked sporoduct and
ovoid spores with hyaline epispore justify their position in the genus Stenoducius Ra-
machandran, 1976 of the family Monoductidae Ray & Chakravarty, 1933,

Stenoductus kelaarti sp. n. This gregarine from Chondromorpha kelaarti shows superficial
resemblance to S. polydesmi Janardanan & Ramachandran, 1983 infecting Polydesmus sp. But it
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is different from §. polvdesmi in measurenents and ratios, and in having (1) dome-shaped proto-
merite with lens-like refractile structure at the apical region, (2) deuteromerite with maximum
width at the end of anterior third, (3) endosome with irregular outline, (4) naked and cord-like
sporaduct and (5) spores with epispore forming hemispherical polar projections and a conical
equatorial ridge. Based on these, the present gregarine is considered to be a new species and is
reported here as Stenoductus kelaarti sp, n., after its host.

Stenaductus wayanadensis sp. n. The present species of Stenoductus superficially resembles
S. chondromorphi Janardanan & Ramachandran, 1981 from Chondroemorpha kelaarti in Canna-
nore. Bul a comparison of characters shows that it differs from . chondromorphi in having (1)
monomorphic sporadins, (2) rectangular to hemispherical protomeriic, (3) sporoduct with a disc-
like structure at its tip, (4) ovoid spores with hyaline epispore forming peinted polar projections,
{5) spores released in a mucilagenous cord through the duct lumen, (6) trophozoites with cpime-
rites and (7) measurements and ratios which are different. Besides, the host of the present spe-
cies belongs 1o a different geographical locality. The present gregarine is hence a distinet
species, and is reported here as Stenoductus wayvanadensis sp. n.

Gasc & Ormieres (1977) described the life cycle of a new species of Srenophora: S. oxy-
desmi from the millipede Gxydesmus granulosus. In this species the gametocyst dehiscence is
caused by a central pseudocyst. The oacysts, with loose epispore. escape [Tom the gametocyst
through a point of lesser resistance, and are agglomeruted to form a thick strand with the ejected
pseudocyst. This strand disintegrated very quickly. It is obvious from the description and figures
that the gametocyst dehiscence and the structure of spores do not agree with that of Srenophora
in which the gametocysts dehisce by simple rupture, releasing spores singly. Further, the spores
are without any epispore (Watson-Kamm 1922, Chakravarty 1959, Levine 1982). As these char-
acters of 8. oxydesmi are identical with those of the genus Stenoductus Ramachandran, 1976
(emend Janardanan & Ramachandran, 1979} it is shifted from the genus Stenophora Lahbe,
1899 to Stenoductus Ramachandran, 1976, Therefore, a new taxononiic status, Stenoductus oxy-
desmi (Gasc & Ormieres) comb. n. is proposed for this gregarine species.
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BOOK REVIEW

FRANCIONE G. L. & CHARLTON ANNA E: Vivisection and Dissection in the Classroom: A Guide to
Conscientious Objection. The American Anti-Vivisection Sociely, Jenkintown, USA. 136 pages, 1ISBN I-
381699-00-5 (pbk).

The animal rights movemnents and anti-vivisection activism is becoming mare and more prominent in the
world. Especially in the United States of America where organisations as People for the Ethical Treatment of
Animals, The Human Society of the United States and The American Anti-Vivisection Society exist. Lawyers
Gary L, Francione and Anna E. Charleton from Rutgers Animal Rights Clinic wrote for all students who do not
wish to viviseet, kill and dissect nonhuman animals a guide to resisting and using legal possibilities in their fight
with schoo] authorities in the USA, There are chapters on students rights and the first amendment of freedom of
religion, relevant doctrines of federal law and other siate law doctrine that may support and selected argumenis
and responses. The book is accompanied by appendices with a list of selected cases, sample legal pleading and
recommendation and report of American Bar Associalion, Young Lawyers Division (YLD}, Committee of Ani-
mal Protection Law.

All those seeking information of this type will be very satisfied. Those expecting that they could get informa-
tion about nonanimal and animal aliematives wili be disappointed. In a short chapter devoted to this theme the
problem is discussed a new only from a legislative point of view.

Josef Chalupsky
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Abstract. [n this study seven new species of Leisaes (Evanoleistus ) from China are described and compared with
those already known from that region. L. perrawiti sp. n., L. pavesii sp. n., L. cylindricus sp. n., L. sichuanus sp. .,
and L. saueri sp. n. are from the region of Sichuan, L. bohemorian sp. n. from Gansu and L. farkaci sp. n. is the
first species known from the region of Qinghai.

Studying material of Carabidae from China (regions of Sichuan, Gansu and Qinghai) I
found seven species of Leistus Frohlich belenging 10 the subgenus Evanoleistus Jedlicka that
did not correspond to any of the species previously known. A thorough examination of the
literature, possible thanks 10 the recent works by G.-G. Perrault, lead me to ascertain that T was
in front of undescribed species belonging to the same group of most of the species described by
Tschitschérine in 1903, but certainly different from all of them. With this note I will describe
the new species and expose the differences from the nearest ones; moreover I will give some
data on two other species from China up to now insufficiently known.

In the description of the new species I have used some indexes; here follows their list and the abbreviations
used in the 1ext

antennal index: antennal segment 5/antennal segment 3 = 1A

pronotal index: width/length of pronotum = JPw/l

pronoial index: maximum width of pronotum/basal width of pronotum = IPmvb

elytral-pronotal index: width of elytra (taken together)/width of pronotum = IE/P

elytral index: length/width of elytra = TEVw

Leistus (Evanoleistus) perrauiti sp. n.

DIAGNOSIS. A Leistus (Evanoleistus) of 8.6 mm, dark reddish-brown with paler appendages.
Pronotum weakly transverse, sensibly restricted and sinuate towards the base; elytra narrow,
oval, with shoulders very obliguous, widest in the apical half. Aedeagys with apex short and
ointed downward.

ELOCALITY. China, N Sichuan, Zhangla 4700 m.
TYPE SERIES. Holotypus, male, 9-11.¥I1.1991, in collection Sciaky.
DERIVATIO NOMINIS. ] am happy to dedicate this species to Dr Georges Perrault from Paris, who
has, in several contributions, completely revised the systematics of the difficult genus Leistus.
DESCRIPTION. Size mm 8.6; the whole body dark reddish-brown with pale appendages. Habitus
as in Fig. 1*. Microsculpture strong on head and pronotum, weaker on elytra,

Head big, inpunctate, not very convex, little narrower than pronotum; eyes not very big and
convex. Mandibles very wide and relatively short, with faint external sinuation. Temporae long

* The figures 1-17 will be found at the end of this issue.
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and obliquous, collar constriction well marked dorsdlly Gular setae brought by a transversal
cama A =136

Pronotum small, weakly transverse, the sides almost regularly rounded in the anterior half,
very weakly smuated towards the base Guter 1ll-defined, in the anterior portion almost obsolete,
then narrow untl the hind angles Disc wedkly convex, median line well marked, anterior
margin strongly projecting enward at middle, unbordered, preapical ared densely punctate, fore
angles not profiunent Prebasal sulcus well-defined, basal area completely punciate, basal angles
almost nght Posterior seta absent IPwil =122, IPm/b = 1 65 Legs very long, fore tars: of male
quite strongly dilated

Elytra long and narrow, with striae deep, all distinct and strongly punctate, intervals convex
Third nterval with two poimnts adjoiming the third stria Shoulders obliquous, basal margin
perpendicular to suture, forpung a curve with lateral margin Maximum width at two thirds of
length, apex rather rounded IE/P =1 45, IEV/w =168
Abhdominal segments with one couple of setae each i the male Female unknown

Genitaliz Aedeagus with apex short, pomted, with no particular characterstics (Fig 10}
AFPINITIES Following Tsclutschérine’s table (1903) this species would be situated near L gract
lentus Tschitscherne, 1903, but the new species has narrower elytra and effaced shoulders

Leustus (Evanoleistus) pavestt sp. n

DIAGNOSIS A Lewstus (Lvanoletstus) of 9 8 mm, completely browmich Pronotum weakly
transverse, sensibly restricted towards the base, elytra wide, oval, with shoulders very obliquous,
widest m the apical half’ Aedeagus with apex very long, regularly arcuate (Fig 11)
TYPI LOCALITY China, N Sichuan Shuasings: 3800 m
Typr STRIIS Holotypus male 4 VI 199] in collection Sciaky ! paratype [emale with the same data ag
holotvpus in coll Paves:
DERIVATIO NOMINIS This species 1s named after my dear colleague and friend Maurizio Paves,
from Milan, «tudent of Carabidae
DLSCRIPTION Size mum 9 8, the whole body dark reddish brown with reddish appendages Habi-
tus as i Fig 2 Microsculpture strong on head and pronotum, less strong on elytra
Head big inpunctate not very convex little narrower than pronotum eyes big and convex
M.ndibles very wide and long, with fant external sinuation Temporae long and obhiquous,
collar constriction well marked dorsally Gular setae brought by a transversal carina 1A =145
Pronotum small, weakly transverse, the sides almost regularly rounded 1n the anterior half,
then abruptly converging behind towards the basal angles Gutter deep, well delined, punctate,
relatively large mn its whole length Disc almost flat, median line well marked, anterior margin
almost rectilinear, unbordered, preapical area densely punctate, fore angles not pronunent Pre-
basal sulcus well-defined, basal area completely punctale, basal angles obtuse Posterior seta
absent IPw/l =123, 1Pm/b =192 Legs very long, fore tarsi of male quite strongly dilated
Elytra long and wide, weakly convex, with sirae deep, all distinct and strongly punctate;
intervals convex Third mterval with twe points adjoimng the third stria Shoulder well marked,
basal margmn perpendicular to suture, forming a curve with fateral margin Maximum width little
belore muddie of length, apex rather rounded TE/P =1 50, IEl/w = | 61
Abdonundl segments with one couple of setae each in the male, two couples 1n the pygidium of
the female
Genitalia Aedeagus with apex very long and curved downward pomted at ip (Fig 11)
ATHINTIIES Alse this species would be situaled, ike the preceding one, near I gracilentus
Tschitscherine, 1903 and L gracillimus Tschitscherine, 1903, but in L pavesu sp n the elytra
are much wider, the colour 1s reddish-brown and the sixth siria reaches the base of elytra
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Leisius (Evanoleistus) cylindricus sp. .

DIAGNOSIS A Lerstus (Evanoletstus) of 8 9-9 2 mm, completely piceous, with a very smooth
appearance due to the almost complete lack of microsculpture Very peculiar withmn the genus
for the total lack of pronotal and elytral gutter and the striae indicated only by big, deep ponts
Aedeagus with apex long, with two small cannae on the superior side, near the apex (Fig 12)
TYPF LOCALITY China, N Sichuan, Zhangla 4200 m
TYPE SERIES Holotypus, male 24 VII 1991, 10 collection Sciaky 3 Paratyps, both the sexes with the same data
as holotypus in coll Pavesi
DERIVATIO NOMINIS The name alludes to the peculiar shape of the body of this species
DESCRIPTION Size mm 8 9.9 2, body and legs piceous, antennae reddish-brown Habitus 45 i
Fig 3 Microsculpture almost absent from head, pronotum and elytra, that appear absolutely
smooth and shining

Head big, mpunctate, convex, nearly as wide as pronotum, eyes big and convex Mandibles
very wide and retatively short, with strong external sinuation Temporae tong and obliquous,
collar constriction well marked dorsally Gular setae brought by a transversal carina 1A =1 33

Pronotum very small, weakly transverse, the sides almost regularly rounded i thew whole
iength The lateral margins are completely convex, leaving no gutter at all, as can be observed,
for instance, m genus Dyschurus Bonell Dise very strongly convex, median line little distinet,
anterior mlargm projecting onward, unbordered, preapical area densely punctate, fore angles not
prominent Prebasal sulcus well-defined, basal area completely punctate, basal angles obtuse
Posterior seta absent IPw/l = 117, IPm/b = 1 91 Legs very long, fore tars: of male weakly
dilated

Elytra long and very convex, almost cylindnical, striae all distinct, made by deep, spaced
pomts, but striae 3-8 vanished m the distal portion, mteryals convex, absolutely smooth Third
mterval with two pomnts 1n the muddle of mterval’s width Like in the pronotum, the lateral
margins are completely convex, leaving no gutter at all Shoulders completely rounded, the basal
margmn strongly obliquous, forming a curve with the lateral one Maximum width just after the
muddle of length, apex rather rounded 1E/P =147, ]EI/w =158
Abdominal segments with one couple of setae cach in the male, two couples in the pygidium of
female

Gemlalia Aedeagus with apex long, bent downward, superiorly carenated (Fig 12)
AFFINITIES This species 1s unique within the genus m the total lack of pronotal and clytral
gutter; both pronotum and elytra have the upper surface that continues to the epipleura n a
smooth curve, without a change of convexity

Lewstus { Evanolerstus) sichuanus sp. n

DIAGNOSIS A Leistus (Evanoleistus) of 8 9 mm, completely piceous
TYPFLOCALITY China W Sichuan Zhi 1 ong (Shou Ji)
TYPL STRIES Helotypus fumale, 3 8 VIII 1992, 1n coilection Sciaky
DERIVATIO NOMINIS This species 1s named after the region of China where 1t has heen found
DESCRIPTION Size mm 8 9, bady and appendages piceous Habitus as in Fig 4 Microsculpture
very weak on head, pronotum and elytra, that appear smooth and shimng

Head big, mnpunctate, convex, much narrower than pronotum, eyes big and convex
Mandibles very wide and relatvely short, with faint external sinuation Temporae long and
obliquous, collar constriction well marked dorsally Gular sctae brought by a transversal carina
A=144

Pronotum wide, strongly transverse, the sides almost regularly rounded in the antenor half,
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then abruptly parallel in the basal portion. Gulter wide, sparsely punctate, reflexed in the middle.
Disc weakly convex, median line well distinct, antertor margin almost straight, unbordered,
preapical ares densely punctate, fore angles not prominent. Prebasal sulcus well-defined, basal
arca completely punctate, basal angles right. Posterior seta absent. [Pw/l = 1.43, Pmv/b = 1.93.
Legs shorter than in all the other species known to me from China.

Elytra long and strongly convex, with striae 1-5 distinct and punctate, 6 very weakly
mmpressed, the next completely effaced; interval convex, smooth. Third interval with four pomnts
almost in the middle of the interval’s width. Shoulder well marked, basa! margin perpendicular
1o suture, forming a curve with lateral margin. Guiter narrow. Maximum width almost at the
middle of length, apex rather rounded. IE/P = 1.24, [Elfw = 1.69,

Abdominal segments with one couple of setae each, the pygidium with two couples i the fema-
le. Male unknown.

Gemtalia. Male unknown,

AFFINITIES. The shape of the pronotum of this species strongly remunds that of L. reflexus Seme-
nov, from which it is distinet in the more convex elytra, with narrow gutter. The convex structure
of the elytra, on the other hand, reminds that of L. ¢vlindricus sp. n., but the shape of the
pronotum 1s completely different.

Leistus ( Evanolewstus) farkact sp. n.

DIAGNOSIS. A Leistus (Evanoleistus) of 6.9-7.8 mm, completely dark reddish-brown. Pronotum
weakly transverse, strongly restricted towards base; elytra narrow, oval, with shoulder strongly
obliquous, widest in the apical half. Aedeagus with apex long, shovel-shaped (Fig. 13).

TYPE LOCALITY. China. Qinghai, 30 Km S of Huizu, M. Daban 3600 m.

TYPE SERIES. Holotypus, male, 1-3.V11.1992, in collection Museo Civico di Storia Naturale, Milan Paratypes
2,4 males and females with the same data as holotypus. in coll Bulirsch, Dacarta, Dvofik, Farkad, Hiirka, Pavesi
and Sciuky.

DLRIVATIO NOMINIS, This species is named after my colleague and friend Jan Farkag, renamed
carabidologst from Prague.

DESCRIPTION. Size mm 6.9-7.8; body dark reddish-brown, appendages reddish-brown. Habitus
as in Fig. 4. Microseulpture strong on head and pronotum, weaker on elyira.

Head big, inpunctate, not very convex, hardly narrower than pronotum; eyes big and convex.
Mandibles very wide but rather short, with faint external sinuation. Temporae long and obli-
quous, collar constricuon well marked dorsally. Gular selae brought by a transversal carina.
[A - 1.50.

Pronotum small, weakly transverse, the sides regularly rounded in the anterior half, then
sinuate towards the base. Gutter well-defined, sparsely punctate, relatively large along its whole
length. Disce rather flat, median line well marked, anterior margin almost rectilinear, unbordered,
preapical area densely punctate, fore angles weakly prominent. Prebasal sulcus weli-defined,
basal area completely punctate, basal angles obtuse, subrounded at the tip. Posterior seta absent.
IPw/l = 1.25, IPm/b = | 81. Legs relatively short, fore tars: of male strongly dilated.

Elytra long and wide, with striac weakly punctate; intervals convex. Third interval with no
points, Shoulders well marked. basal margin perpendicular 10 suture, formng a curve with late-
ral margm. Maximum width little after middle of length, apex rounded. IE/P = 1.45,
[El/w = 1.65.

Abdomnal segments with onc couple of setae each in the male; two couples in the pygidium of
temale.

Genitalia. Aedeagus with apex long, parallel, then bent downwards (Fig. 13).

AFFINITIES. It is not easy to place this species, the first known from the region of Qingha,
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among the others known from China. Its position looks quite jsolated: its size is smaller than in
any other Eastern Leestus and it has no special characters (e.g. abbreviated elytral striae as in
L. nubicola Semenov, multiple pronotal setae as in L. crenifer Tschitschérine and L. nubicola or
lack of pronotal and elytral gutter as in L. cylindricus sp. n.). L. farkaci sp. n. seems relatively
primitive, maybe the species most similar to the common ancestor of all the extant species.

Leistus (Evanoleistus) crenifer Tschitschérine, 1903

This species was known only upon the two type-specimens originally described by

Tschitschérine (1903). I have examined several specimens from Sichuan, Jiuzhagou, 30 km W
of Nanping. This station is close to its type-locality (Sichuan, Ta-Tsac-Pin), and the specimens
examined correspond very well to the original description. I can therefore give here a pho-
tograph of its habitus (Fig. 6) and a drawing of its aedeagus (Fig. 14). The aedeagus is long, with
the apex almost rectilinear and pointed downwards.
AFFINITIES. This species is quite isolated within the genus in the peculiar structure of the prono-
tal seta, that is inserted in the lateral margin of pronotum instead than in the gutter. I know very
few mstances of such a type of insertion in the family Carahidae, but all the other characters are
typical of the Leistus of this region.

Leistus (Evanoleistus) reflexus Semenov, 1889

This species was known only upon the single type-specimen originally described by Seme-

nov (1889) and later redescribed by Tschitschérine (1903). T have examined a series of speci-
mens from Gansu, between Xiahe and Heznojhen, a station close to its type-locality (Gansu,
monastery Dzhoni), which correspond very well to the original description and to Tschitschéri-
ne's redescription of this species. I can therefore give a photograph of its habitus (Fig. 7) and a
drawing of its aedeagus (Fig. 15). The aedeagus is short, shoe-shaped, with the apex pointed
downwards.
AFFINITIES. | include with doubt this species in the subgenus Evaneleistus, as the shape of
aedeagus is different from that typical of the subgenus and seems to approach the shape typical
of Leistus s. str. Anyway, the resemblance to the other species here described is so marked that I
do not want o isolate if, only species of Leistus s. str. in a geographical area occupied only by
the subgenera Evanoleisius and Neoleistus Erwin.

Leistus (Evanoleistus) bohemorum sp. n.

DIAGNOSIS. A Leistus (Evanoleistus) of $.8-10.1 mm, piceous. Pronotum strongly transverse,
markedly restricted towards base, hind angles right; elytra wide, oval, with shoulders strongly
obliquous, widest in the basal half. Aedeagus with apex long, parallel, then abruptly bent
downwards (Fig. 16).

TYPE LOCALITY. China, Gansu, Golo Shan, Wen Xian.

TYPE SERIES. Holotypus, male, VIL 1992, in collection Sciaky. | Paratypus, fernale, in coll. Pavesi,
DERIVATIO NOMINIS. T am glad to dedicate this species to all the Czech entomologists, who have
brought so many new species to knowledge with their entomological explorations of far-away
countries.

DESCRIPTION. Size mm 9.8-10.1; body and appendages piceous, only antennae {from antenno-
mere 2) tarsi and buccal parts paler. Habitus as in Fig. 8. Microsculpture strong on head and
elytra, almost absent on pronotum.
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Head big, sparsely punctate and wrinkled, not very convex, much narrower than pronotum,
sparsely punctate near the eyes; eyes big and convex. Mandibles very wide but rather short, with
faunt external sinuation. Temporae long and obliquous, collar constriction well marked dorsally.
Gular setae bronght by a transversal carina. [A = 1.63.

Pronotum wide, strongly transverse, the sides rounded in the anterior half, then strongly
sinuate before the basal angles. Gutter wide, punctate, reflexed in the middle. Disc very flat,
sparsely punctale; median line well marked, anterior margin almost rectilinear, unbordered,
preapical area densely punctate, fore angles prominent. Prebasal sulcus well-defined, basal area
completely punctate, basal angles acute. Posterior seta absent. IPw/l = 1.47, IPnvb = 1.96. Legs
quite long, fore tarsi of male rather strongly dilated,

Elytra wide and weakly convex, with striac deep and strongly punctate; intervals convex.
Third interval wiath four pomts adjoining the third stria. Shoulder well marked, basal margin
perpendicular to suture, formmg a curve with lateral margin. Maximum width litile before
muddle of length, apex rather rounded. TE/P = 1.24, IEl/w = 1.52.

Abdominal segments with one couple of setae each; two couples in the pygidium of female.

Gemtalia. Aedeagus with apex long, parallel, then abruptly bent downwards and with dorsal

apophysis continuing the aedegal tube and partially covering the ostium {(Fig. 16).
AFFINITIES. This species has two dorsal apophysis partially covering the ostium, 4 character that
seems to approach it to the subgenus Nealerstus. In spite of i, I prefer to include it in Evano-
leistus; anyway, it is well distinct from all other species through the very large and wide prono-
tum, more strongly transverse than in any other species known from China up to day.

The palearctic species of Neoleistus have recently been revised by Perrault (1991) and seem
to possess one (L. anguilicollis Fairmaire, 1886) or two (L. ruger Gebler, 1847) such apophysis.
On the other hand, Perrault (1985b) described Lesstus (Evanoleistus) negrei from Nepal with the
same type of apophysis. but judging it so evidently related 1o the other species of the group that
it would be wrong to give 1t a different subgeneric position. For the same reason I prefer to
include the two species here described in Evanolerstus, until further studies will point out the
opportunity of separating them. Anyway, | keep some doubts on the value of Neoleistus, as
several Chinese Lefstus seem to possess one or two rudimental dorsal apophysis, and also a
species of Lerstus s, sir. from Russian Far East (L. janae Farka€ & Plutenko, 1992) has them.
Maybe the name Neoleistus should be reserved to the American species, while the Eastern pa-
learctic ones should be included all together in Evaneleistus, no matier how developed are the
dorsal apophysis.

Leistus (Evanoleistus) sauert sp. n.,

DIAGNOSIS. A Leistus (Evanoletstus) of 10.8-11.2 mm, piceous. Pronotum strongly transverse,
strongly restricted but not sinvate towards base; elyira narrow, oval, with shoulders strongly
obhquous, widest almost at the middle of length, Aedeagus with apex rather short, pointed
downward (Fig. 1 7).
TYPL LOCALITY. China. W Sichuan, Mugezo Lake, 4000 m.
TYPE SERIES. Holotypus, male, 16 VII 1992, in coll. Sciaky. 1 Paratypus, female in coll. Pavesi.
DERIVATIO NOMINIS. This species is named after my friend Roman Sauer, renamed coleoptero-
fogist from Prague.
DESCRIPTION. Size mm 10.8-11.2; body blackish, iridescent on elvtra, appendages dark reddish-
brown, antennae (from antennomere 2) tarsi and buccal parts paler. Habitus as in Fig. 9.
Microsculpture strong on head, pronotum and elytra.

Head big. inpunclate, not very convex, much narrower than pronotum; eyes big and convex.
Mandibies very wide but rather short, with faint extemnal sinuation. Temporae long and obli-
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quous, collar constricion well marked dorsally Gular setae brought by a transversal carina
IA=154
Pronotum big, transverse, the sides almost regularly rounded in the anterior half, rectilinearly
converging towards the basal angles, not siuate Gutter well-defimed, sparsely punctate, relati-
vely large along its whole length Disc very flat, median line well marked, anterior margin
almost rectilinedr, unbordered, preapical area densely punctate, fore angles weakly prominent
Prebasal sulcus well-defined, hasal area completely punctate, basal angles obtuse Postenor seta
absent [Pw/l =1 38, IPnvb =2 00 Legs relatively long, fore tars: of male strongly dilated
Elytra [ong 4nd narrow, with striae deep and strongly punctate; mtervals convex Third
ntervl with four points adjounng the third stma Shoulders well marked, basdl margin perpends-
cular to suture, formmg a curve with lateral margin Maxamum width hittle before middle of
length, apex rather rounded TE/P =1 30, [El/'w =1 69
Abdominal segments with one couple of setae each, two couples on the pygidinm of female
Genmtalia Aedeagus wath apex quite short, pomted and with two dorsal apophysis on the two
sides of the ostium (Fig 17}
AFFINITIFS Also this species has two dorsal apophysis partially covering the ostium, a character
similar to that typical of the subgenus Neslersrus Forthe same reasons mentioned above (see the
description of L bohemorum sp n ) I prefer 1o maimntamn it 1n the subgenus Evaneleistus

SYSTEMATIC OBSERVATION

The seven species here described belong to the same group that should also mclude L refle
xus Semenov, L cycloderus Tschatschenine, L crentfer Tschilscherine, L nubecola Tschitschern-
ne, L gracilicellis Tschitschenne, and L gracidlimus Tschitschere Judging from the shape of
the acdeagus, they must be ranged in the subgenus Evanolerstus, even though some of them
(L bohemorum sp n L sauertsp n and L reflexws sp n ) show some characters that should be
typical of the subgenus Neolerstuy Withun this subgenus, they seem to appreach the gioup of
L nepalensts Jedhicka (Perrault 1985h), as they are all species living at high elevations, wingless
and adlmost always black or brown, without metallic hues

Among the other species of Leiwstus known from China, there are L angulicollts Fawrmaire
and L shenmseensis Perrault belonging to the subgenus Neolerstus and L yunnanus Banninger
belonging to the species-group of L crassus Bates of the subgenus Lyanolersius

At the moment I'do not want to try a synthesss, as [ am sure that many more species [rom the
regions of Sichuan, Gansu, Xizang and Qinghat remaim to be discovered, but I feel confident that
a general work on the Clunese Leistus will require 1n {uture a thorough reexamination of all the
subgenera and will most probably lead to their redefnition
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Abstract. Fauna of the family Cecidomyiidae, including 500 species, Is evaluated from the zoogeographical point
of view based on data about occurrence gathered by earlier authors and on data obtained during systematic
faunistic investigations at 670 localities throughont the territory of the Czech Republic. One to 77 species have
been recorded at individual localities. On average, 26 species have been found per Jocality. Average number of
species falls with increasing elevation. Based on horizonlal occurrence, all species are divided into six frequency
groups by using the first six members of the geometrical progression with quotient 2 and coefficient 2, accompa-
nied with verbal denomination: I. species occurring solitarily, IL scarcely, III. moderately, TV.considerably,
V.abundanty, VLcommonly. Based on vertical occurrence, thirteen types of similar vertical occurrence schemes
are recognized. About 210 species belong to planare, 460 to colline, 290 to submountain, 122 to mountain, and 26
10 sub-Alpine species (sensu lato). Based on analysis of long-term changes in population dynamics, gall midges
are divided into six groups, viz. species with increasing, stable and decreasing population density, disappearing
species and disappeared species and species insufficiently known. 64 species (12%) are threatened species of
which 32 (7%) are extinct, 16 (3%) are endangered and 16 (3%) are vulnerable species The horizomal and vertical
occurrence of 230 gall midge species is demonstrated in maps and graphs.

This paper is dedicated to the memory of my university teacher, Prof Dr Julius Komdrek
{1892-1955), who as the first turned my attention 10 the study of this remarkable insect group -
gall midges, Cecidomyiidae.
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INTRODUCTION

The relatively small territory of the Czech Republic spreads over 79,000 square ki in the
middle of Europe and is inhabited by a rich fauna of the family Cecidomyiidae including about
500 gall midge species. Many data about occurrence which have been gathered by research
workers since 1855 up to the present facilitate the analysis and evaluation of the gall midge
fauna from the zoogeographical point of view. On the other hand, the territory of the Czech
Republic is suitable for such studies - it comprises areas ranging from lowlands in elevation of
about 100 meters up to mountains in elevation of 1600 m a.s.l. Although large areas of criginal
forest have been cleared for cultivation and for timber, forests still cover about one-third of the
country. Many plant species growing in forests, on meadows, in fields, along the rivers, brooks
and around the ponds are host species for many gall midges.

The family Cecidomyiidae includes small (lies the body of which varies from 0.5-8 mm in
length. As adults, they live only several hours but as larvae they develop for several weeks,
months, or one or two years. On the basis of larval feeding habits, gall midges may be divided
into three biological groups. Phytophagous larvae feed upon plants and some of them cause galls
on plant organs. Zoophagous larvae feed upon other small animals, especially insects and mites,
and may be used for biological control. Mycophagous larvae feed upon fungi, In addition to
these groups, there are gall midge species known and described only from the adults stage whose
biology is at present completely unknown and these are called free-living species (Skuhravi,
Skuhravy & Brewer 1984).

From about 500 gall midge species inhabiting the territory of the Czech Republic, 460 spe-
cies (93%) are phytophagous, 16 species (3%} are zoophagous, 5 species (1%) are mycophagous
and the biclogy of 16 species {3%) is unknown. All these species are the subject of the zoo-
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geographical analysis i this paper A review of all gall midge speces formung the fauna of the
Czech Republic, meluding the zoogeographical diagnoses, will be given i the second part of the
present study

HISTORY

The study of phytophagous gall mudge species has a long tradition m the termitory of the Czech Republic
Peculiar and curous deformations, the galls on various plants shrubs and trees already attracted the attention of
research workers mn the second half of the 19th century

Kirchner (1855, 1856) was the first who published a bist of gall making msects from our territory He
collected more than 100 galls in the vicmity of the towns of Ceske Bud&povice and Kaplice w1 southern Boherma
and described their forms He menuoned 18 galls of gall midges, most of which he designated only as "Cecido
mywr” These gatl midges were described and named later Amerling (1859) reported the accumence of Asynapra
lugubris which he reared from Prunus spinosa (correctly Asphondylia pruniperda)

In the 19th cenlury the Czech Lands, Boherma and Moravia, were the components of the Austro-Hungarian
Empire Several excellent Ausirian entomolegists collected galls at Znojymo i southern Moravia, described seve-
ral new gall mudge species and contributed to the development of gall midge studies mn our country Thomas
(1878) recorded the occurrence of galls of Cecrdomywa persicarige (comectly Dasineura bisiortae) al the peak
part of the Krkonofe Mts Handlirsch (18385) described a gall mudpe species. Cecidomyia braners, from the locah
ty "Fram be| Znaim * (= Vranov near Znoymo) Wachil (1883) deseribed four gall mudges the galls of which were
found near Znojmo, iz Cecidomyie moraviae in 1883 Clinorrhyncha midiefolu i 1884, Cecidomyra potentillae
and C frachelu in 1885 Mk (1885) reported the occurrence of galls of Dasineura capsuiae found n the environs
of Znoymo by Wachtl Hieronymus (18390) mentioned the occurrence of several gall midge species m the temitory
of Bohemia and Moravia

Al the end of the 19th century the Czech entomologist Kowarz (1894) summarized knowledge dealing with
msects i his Catalogus msectorum faunae bohemicae He introduced here 18 gall mudge species assigned to 7
genera (without further data)

In the 20th century research workers paid attention to the occurrence of palls caused by vanous sects
ncluding gall mudges For the increasmg cecidological studies in all European countrics there was the very
unportant iwo volume edition of Houard (1908 1909) containing keys for determunation of gall makers based on
their host plant species Brehm {1905) found n the environs of Eibogen (now Loket) in western Bohemia 12 gall
mudge galls Some of them are the first findmgs m the territory of Bohermia Duttrich and Schrmudt (19 10) mento-
ned the occurrence of Mayetiola poae 1n the Jeseniky Mis

Vimmer (1905-1937} who was concerned mainly in the studies of morphology and anatomy of many species,
genera and famibes of Diptera, extended knowledge of gall midges in his fourteen papers by descnibing seven new
species the galls of which had been found and adults reared by Baudys, viz Rhopalomyta pseudafoliorum R
sunulans R baudysi R flavipalpis, Asphondyviia baudysi, A meraviae and Dasineura armoractae Unfortuna
telly, all type specimens of gall mudges from Vimmer’s collection have been lost Two Moravian phytopatholo-
gists, Prof Bayer and Prof Baudyf, contributed significantly {o the cecidological studies n Bohema and
Moravia Bayer (1910 1946) published in his seven papers many data about the occurrence of galls caused by
various anumals, so called ' zoocecidia' He summanzed data m a review of galls found in Bohemia (Bayer 1910)
and in Moravia (Bayer 1914) The excellenit German research worker Rubsaamen (1914) named one of the gall
mudge genera 1 honour of Bayer’s contribation to gall midge advancement as Bayeria, with the type-species B
erysirnit the galls of which were found by Bayer in Bmo environs The fundamental contribution lo the gall mudge
studies i the Crech Republic 15 due to Baudys (1912-1969) who, duning nearly sixty years, published more than
fifty papers dealing with galls and gathered much data aboul the occurrence of gall midges in the terriory of
Bohermia and Moravia

Two German entomalogists, Mohn (1966-1971) and Ertel (1975) described several new species of gall
mudges based on larvae obtaned from dry material from Bandy3's collection of galls

Several research workers studied gall mudges from the point of view of their economic mmpertance i agr-
culture and forestry Cemik (1925 1940} 1n hus fourteen contributions reported about plant diseases and deforma-
twns mcluding galls of gall midges, which pecurred mm his time on plants in the surroundings of the town
Olomouc m northern Moravia Pfeffer (1937) drew attention to the new msect pest which developed i fir cones,
viz. Resseliella piceae m southern Bohermia Cemnik (1943 1952) was occu pied wiath msect pests developmg
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seeds of forest trees, especially with the gall midge Resseliella picece. Data about the occurrence of gall midges
damaging lucemne are given by §ediv3’r (1970). PFhoda(1972) reported the occurrence of a new pest on needles of
coniferous trees in Bohemia. Kfstek et al. (1976) studied insect pests of cones and seed of Lariv decidua, and
provided data about the occurrence of gall midges developing in larch cones in the Czech Republic. Gall midges
as members of insect community developing in edafon of a spruce monoculture in southern Moravia are recorded
in the paper of Vafihara (1992). Informations on the occurrence and economic importance of gall midges collected
in the territory of the Czech Republic during the first half of the 20th century are evaluated in the book by
Skuhravd & Skuhravy (1960}

Skuhravd (1957-1982) published in fifieen contributions the results of the planned, systematic faunistic re-
search of phytophagous gall midges which had been carried out at about 700 localities spread throughout the
territory of the Czech Republic. All these data of many earlier and present authors relate to the occurrence or
importance of gall midge species and do not examine the relationship between species and the area which they
occupy in large territories. Skuhravd (1982) showed the possibility of using the faunal data for zoogeographical
studies, elaborated the method of zoogeographical analysis (Skuhravd 1987) and used it to the evaluation of gall
midge fauna inhabiting the territory of Slovakia {(Skuhravd 1991).

STUDY AREA

The Czech Republic, a newly ndependent couniry constituted at the beginning of 1993, cccupying an area of
about 79,000 square km extends through middle Europe and is simated between 12° 05'-19°E longitude and
between 48°06° - 51°03° N latitude. It comprises three historic lands - Bohemia, Moravia (often called the Czech
Lands) and Silesia.

The tertitory of the Czech Republic is formed by the Bohemian Massif (Cesky masiv) which consists of a
large elevated basin {the Bohemian Plateau, or (flcskz{ tabule) encircled by mountain ranges that occasionally
reach heights exceeding 900 meters above see level. The Vitava (Moldan) and the Labe (Elbe) rivers form the
main drainage system, flowing northward through Germany 1o the Morth Sea, the Odra (Oder) River to the Balric
Sea and the Morava River flows south into the DunajRiver (Danube) and to the Black Sea.

In the middle of the erritory are lowlands, then the elevalion gradually increases 10 the south-west, north-west
and north-east up to boundary mountains, viz, the Sumava Mts., Cesky les Mts., Krkonode Mis., Orlické hory
Mis., Hruby Jesenik Mts. and Moravskoslezské Beskydy Mis. To the south-east the territory of the Czech Re-
public inclines down to the Pannonian lowlands. The mean elevation of the lemritory of the Czech Republic is
about 450 m a.s.l. The lowlands (100-200 meters) occupy aboul 10%, hilly couniries (200-500 meters) about
56%, highlands (500- 1000 melers) about 32% and mountains (over 1000 meters) only about 2% of the whole
territory.

The highest point of the Czech Republic is 1602 m a.s.1. at the mountain $néka in the KrkonoSe Mits., and the
lowest point is 116 m a.s.1. at the river Labe near Hfensko in northem Bohemia where the Labe River enters
Germany. The climate is mixed and it is on the dividing line between the Atlantic climate occurring in westem
Europe and the continental climate of eastern Europe. It is characierized by an annual mean air temperature at
Praha 9,2°C, at Bmmo R,4°C, and average annual pmcipitaticn at Praha 478 mm, at Bmo 522 mm. In the long-termn
(1901-1950}, July ts the warmest, January the coldest month,

From the phytogeographical point of view, Dostdl (1966) divided the territory of the Czech Republic into
three regions, viz. the Hercynicum (Central-European forest flora), the Pannonicum (Central European and south-
east European thermophilous flora) and the Carpaticum occidentate with three subregions, viz. the subregion of
the Moravian pre-Carpathian flora, the subregion of Silesian lowlands and the subregion of Beskyd Mts. In 1987
research workers of the Institute of Botany in Prihonice elaborated and published a map "Regiondlné fytogeogra-
fické &lenéni CSR" (Regional-Phytogeographical outline of the CSR, 1987} in which the territory of the Czech
Repubiic is divided into three phytogeographical areas: the thermophyticum, the mesophyticum and the oreophy-
ticum. About 3,000 plant species belonging to the Angiospermae {Monocotyledones and Dicotyledones) grow
nawrally in various plant communities, the composition of which changes with rising altitude from lowlands to
mountain. From the zoogeographical point of view, the territory of the Czech Republic is ranged in the classifica-
tion system of biogeographical provinces of the world (Udvardy 1975) 10 the western half of the Palacarciic
Region (or realm) from which the greater part belongs to the middle European forest Province and the smaller part
lying in the south-eastem part of the Czech Republic to the Pannonian Province.This is in accordance with the
earlier division of Mafan (1958) who gave, with the exception of the above mentioned units, two subprovinces,
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viz. the sub-province of the middle-Boherruan lowlands and hully countries, and the sub-province of the so-called
Varmssian Mis , 1 e the boundary mountans

MATERIAL AND METHODS

The collecuon of about 500 gali mdge specics which has been found since 1855 up to the present wn the
temrriory of Bohemnta and Moravia, fermung now the Czech Republic, 15 the fundamental materal for this zoo-
geographical study There are evaluated 30,000 data about the occurrence of gall midge species of which 12,000
have been gathered by earlier research workers and the rest by the present author Earlier research workers carried
out mvestigations of the occusrence of gall-making animals mainly meidentally They collected galls in localities
where they lived or worked, or during various trips

Atthe beginning of our studies we provided a plan of systematic mvestuigations of the gall midge fauna of the
Czech Republic the termitory of which we divided mto several parts Localities in which we tntended to collect gall
mudge galls were placed throughout the whole territory usig the map with Ehrendorfer’s network, as far as
possible one locality in each square (Sec Fig |)

The occurrence and distribution of galt nudge species at these localities have been mvestgated by means of
an uniform methed by collecting galls on host plant species at each locality and by slowly walking through
variuos biotopes 1n the course of one or two hours, searching and collecting galls on plants, or plants inhabited by
mutes and aphuds, or rusts in which larvae of gall midges may develop All findings were recorded, including the
occurrence of the most commeon species Results of such a method are comparable

Gall midges mhabiting the territory of the Czech Republic are evaluated from two points of view, viz. from
the peographic and from the zoological points of view From the geographic point there is presented the horizontal
vecurrence by various numbers of gall midge species which occur at ndividual localities m the whole temtory,
and the vertical occurrence 1s shown by the average numbers of gall mudge species which occur in the rising
altudinal zones

On the other hand, the gall mdge fauna 1s also evaluated from the poimnt of view of frequency of species in
mvestigated localities Each specics 1s evaluated for occurrence and disinbution in the territory 1n the past and in
the present, which shows us long-term changes 1 population dynamics and also s abiity to live m varwous
alttudinal zones and vanous altitudinal ranges Demands of majonty of the gall midge species are illustrated
using maps of their horizontal occurrence and graphs of their vertical occurrence

These maps and graphs. logether with analyses of the occurrence of gall midge species in the successive
alitudinal zones by 100 metres, make 1t possible to assign each gall midge species 1o one of the altstudinal groups

For the elaboration of graphs, the corresponding elevations of each locality were determuned from the Atlas of
Czechoslovak Sociabisic Republic (1966), or in the Statistic Lexicon of Municipalities of the CSSR (1976)
Nomenclature of hast plant species 1s based on Ehrendorfer (1973), nomenclawre of gall midge specics on
Skuhrava (1986)

RESULTS

Diversity

The diversity of gall midge species at locahities n the terrtory of the Czech Republic
ascertamed durmg our faunistic investigations 1s shown in Fig 2 where numbers of species per
locafity are indicated by circles of various size At dividual localities, up to 77 gall midge
spectes have been recorded during one excursion lasting one to two hours Only one gall midge
species Was found at the peak part of the mountain Kokrh4g, 1443 m a s1 1 the Krkonoge Mts.
mn eastern Bohemua, and at Serdk, 1351 mas 1 mn the Hruby Jesenik Mts 1n northern Moravia.

Two to ten gall midge species were found at 110 localiies, eleven to twenty species at 150
localities; twenty to thirty species at 160 localimes; thirty to fourty species at 130 localities;
fourty to fifty species at 90 localities, fifty to sixty species at 26 localities, and more than sixty
species, the highest numbers, were found at three locahiies m eastern Bohemia, viz 62 species
at Doudleby nad Orhef, 281 m as{; 73 species at Rybn4 nad Zdobnicf, 405 m as 1., and even
77 gall midge species at the locality Spy near Nove Mésto nad Metuj, 324 mas!
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Fig.1. Czech Republic where a planned systematic faunistic investigation was carried out in the period of
1957-1982. The temitory is divided by means of Ehrendorfer’s network into small oblongs of a size 11 x 12 km.
Black circles show localities where gall midge galls were collected.
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Fig.2. The territory of the Czech Republic with black circles of various size showing various numbers of gall
midge species al localieies.



On average, 26 gall midge species have been found per locality in the territory of the Czech
Republic which is more than in the territory of Slovakia, where it was 18,5 Species (Skuhravi
1991).The average numbers of gall midge species differs in particular regions of the Czech
Republic: the highest number, 38 species were found in northern Morayia (Skuhrava 1964) and
in eastern Bohemia (Skuhrava 1980): 37 species in the Cesky les Mis. in western Bohemia
(Skuhravd 1973); 30 species in middle Bohemia (Skuhrava 1979); 29 species in the No-
yohradské Hory Mts. in southern Bohemia (Skuhravd 1971); 28 species in the area of K¥i-
yoklétsko in middle Bohemia (Skuhrava 1975); 26 species in the Jihofeské panve {Southern
Bohemian Basin) (Skuhravd 1974): 25 species in north-eastern and south-western Moravia
(Skuhravd 1980); 24 species in the Oderské vrehy Hills in northern Moravia (Skuhrava 1959 );
23 species in the Bohemian-Moravian Uplands (Skuhravd 1980); 22 species in the Cesky raj
(Bohemian Paradise} at the boundary line of middle and eastern Bohemia (Skuhrav4 1977); 18
species in the Sumava Mts. (Skuhrava 1972); 14 species in the area of Hludinsko in northern
Moravia (Skuhravd 1957); and only 8 species on the average in localities in the Krkonose
Mits.(Skuhravd 1961).

The diversity of gall midge species is dependent on the diversity and richness of vegetation
which includes host plant species for the gall midges. The changing composition of vegetation
the species of which at present have decreased significantly, with many plant species disappea-
ring, or quite disappeared from our country, influences the number of gall midge species. The
diversity of gall midges at localities in the Czech Republic which were higher at the beginning of
our investigations in several areas, fluctuated and changed during thirty years and at present
shows the successive decreasing trend. Many gal! midge species, which were abundant in the
past. are rare at present and several species quite disappeared from our landscape (see chapter:
Threatened gall midge species).

Horizontal eccurrence

The horizontal occurrence of gall midge species that is their occurrence on large, extensive
territory of the whole Czech Republic where investigations were carried out on 670 localities.
Based on horizontal occurrence given by number of localities at which the particular species
have been found, where one locality is considered as one finding, it is possible to divide all gall
midge species recorded in the territory of the Czech Republic imo six frequency groups by using
the first <1x members of the geometns,al progression with quotient 2 and coefficient "a™:
a2’ v a2l v a2t v a 2t a® =63.a (=a sum).

The value of this coefficient may be determined from a sum of the geometrical progression.
In the case of 670 localities which have been investigated in the territory of the Czech Republic,
63 a =670, and a = 10,6. Each of the six members of this geometrical progression defines one
frequency group. After the substitution, the geometrical progression has these values:

10,6 +21,2 + 42,4+ 84,8 + 169,6 + 3392

The frequency groups are then derived, adapted and it is possible to describe each of these

frequency groups in words:

Frequency group: I I i1 v v VI
Number of localities: 1-10 11-32 33-74 75-160 161-330  331-670
Verbal enomination: solitary carce moderate considerable abundant  common

The ranging of gall midge species in particular frequency groups refers to the time and area
in which the investigations are carried out. The population dynamics of gall midges, as with
other insects, change in long-term periods and the local abundance varies under the influence _c)f

_abiotic and biotic factors. Many gall midge species which occurred abundantly in the past, quite
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disappeared from our country. On the cther hand, some gall midge species which were very rare
in Lthe past, rose abruptly up to pest status, as was the case of Haplodiplosts marginata,

Under the following frequency groups there are given the numbers of gall midge species ang
percentage parts which they occupy from all gall nudge species recorded in the Czech Republc
and, as examples, the gall midge species developing on trees and shrubs and seme interesting
species developing on herbaceous plants. Frequency group T includes species oceurring solitarily
which were found at 1 - 10 localities. It involves 154 gall midge species (45%). The following
species developing on trees are representatives: gall midge species limited to Quercus cerris,
viz. Janetia cerris, J. homocera, J. nervicola, Dryomyia circinans, Contarinia swbulifex and
Contarmia quercicola; Asynapta strobi and Dasmeura abietiperda developing on Piceg
excelsa; Paradiplosis abietis on Abies alba; Phegobia fagicola on Fagus sylvattca; Dastneirg
berberidis on Berberis vulgaris; Sackenomyia reaumurii (Phiyctidobia selmsir) on Viburnum
laniana. On herbaccous plants: Acediplosis inulae on Inula britannica; Macrolabis arobt on
Orobus vernus; Rhopalomyia tubifex on Artemisia campestris; Dasineura daphnes on Daphne
cneorunt; Dasinetra phyteuntatis on Phyteuma orbiculare; Dasineura arntoraciae on Armorae
cra rusticana. Some of them belong to disappearing species.

Frequency group Il includes species occurring scarcely which have been found at 11 - 32
localities. In this group there belong 69 gall midge species (20%). As typical species developing
on trees may be designated: Contartmia baert on Pinus sylvesmris; Taxomyia taxt on Taus
baccaia; Oligotrophus juniperinus on Juniperus communts; Massalongia rubra on Betula
pendula; Placochela ligustri on Ligustrum vulgare; Craneiobia corni on Cornus sanguinea. On
herbaceous plants: Rhopalomyia tanaceticola on Tanacetum vulgare; Rhopalontyra nullefolii on
Achullea millefolium; Contarinia melanocera on Gemsta tinctoria; Asphondylia baudys: on
Coronilla varia; Asphondylia sarothanimi on Sarothaninus scoparius; Asphandylia verbasct on
Verbascum nigrum.

Frequency group [II includes species of moderate oceurrence which were found at 33 - 74
localities. [t includes 48 gall midge specics {(14%). Typical species developing on trees: Theco-
diplosis brachyntera on Pinus sylvestris; Contarinia fugi on Fagus sylvatica; Dasineura
acrophila on Fraxinus excelsior; Aschistonya carpinicolus, Contarima carpini and Dasineura
ruchsaanieni on Carpiaus betulus; Janenella lemer on Ulmius; Contarinia tiliarum on Tilre;
Anisostephus hefulinus on Betula; Asphondylia prumiperda on Prunus spinosa; Placochela
mgripes on Sambucus nigra, On herbaceous plants: Cystiphora sanguinea on Hieraciunt pilo-
sella; Dasinewra affinis on Viela reichenbachiana; Mayenola poae on Poa nemoralis; Dasineu-
ra potentillae on Potentrlla argentea; Dasineura ranunculi on Ranunculus acris.

Frequency group IV includes species of considerable occurrence which have been found at
75 - 160 localities. In this group there are 41 gatl mudge species (12 %). Species developing on
trees: Dasinewra kellneri (D. laricts) on Larix decidua; Macrodiplesis volvens on Quercus
robur; Hartigiola annulipes on Fugus sylvatica; Dasineura irregularis (D. acercrispans), Drisi-
na gluttnosa and Harrisoniyia vitrina on Acer psendoplatanus; Dasineura fraxini on Fraxinus
excelsior; Zygiobia carpini on Carpinus betulus; Physentocecis ulnt on Ulmus; Dasineura tiliae
(D. tliamvolvens} and Didvmomyia tilincea on Tilia; Semudobia betulae on Betula; Dasinewra
clavifex and D. salicis on Salix; Harmandia trentulae and Contarmia petioli on Populus trenii-
la; Mikomve coryli on Corylus avellana; Contarima sorbi on Sorbus aucuparia. On herbaceots
plants: Cantarinia aequalis on Senecio nemarensis ssp. Fuchsii; Rhopalontyia folierum on Arte-
mista vulgaris; Cantarimia lott on Lotus corniculatus; Contarima craccae on Vicia cracce;
Rondamwla bursaria on Glechoma hederacea; Wachthella persicariae on Polygonum ampht-
bium.

Frequency group V includes species of abundant occurrence which have been found at 161 -
330 localities. In this group there are 27 gall midge species (8 %). Typical species developmg on
trees: Macrodiplosis dryobia and Contarinia quercina on Quercus robur and Q. petraea; Mikio-



la fagi on Fagus sylvatica; Dasineura fraxinea on Fraxinus excelsior; Dasineura tortilis (D
alni) on Alnus glutinosa and A. incana; Dasineura thamasiana and Physemocecis hartigi ot
Tilia cordata and T. platyphyllos; Plemelieila betulicala on Betula pendula and B, pubescens,
Dasineura crataegi on Crataegus oxyacantha, Dasineura rosaria, D. terminalis and Iteomyic
capreae on various Salix-species; Harmandia cavernosa, H. globul and H. populi on Populu:
remula; Wachtliclla rosarum on Rosa caning; Dasineura plicatrix and Lasioptera rubi on va-
rious Rubus-species. On herbaceous plants: Spurgia (Bayeria) capitigena on Euphorbia cype-
rissias; Kiefferia pericarpiicola on various species of the family Apiaceae; Cystiphora tararaci
on Taraxacum officinale; Macrelabis heracler on Heracleum sphondylium; Dasineura viciae or.
Vicia sepium and other Vicia-species; Dasineura trifolii on Trifolium repens.

Frequency group VI includes species of common occurrence which have been found at more
than 331 localities. In this group there are only six species (2 %), of which only one develops or
atree and five on herbaceous plants. They are the following species: galls of Dasineura pepuleti
formed by marginal leaf rolls on Populus tremuia were found at 333 ocalities; flower bud gails
of Schizomyia galiorum at 351 localities and stem galls of Geocrypta galii at 406 localities; both
species on Galium mollugo and other Galium-species; leaf bud galls of Dasinewra hyperict on
Aypericum perforatum at 422 localities; leaf galls of Dasinewra urticae on Urtica dioica at 43(
localities, and galls of Jaapiella veronicae on vegetative tops of Veronica chamaedrys at 50!
localities.

For zoogeographical considerations, frequency groups III up to VI are very useful as they

include species that are abundant to common: more date ensures more cormrect mogengraphicali
copclusions.

1602m a.s.| SNEZKA
/ Sloz\\ALPINE ZONE

SUB-ALPINE ZONE
1200
MOUNTAIN ZONE
800
SUBMOUNTAIN
ZONE
500
COLLINE
ZONE

Fig.3. Scheme of the alutudinal zonation of the teritory of the Czech Republic demonstrated on the SnéZ
mountain, 1602 m 2.5.1, in the Krkonaode Mis.
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¥Yertical occurrence

The composition of vegetation, which included host plant species for phytophagous gall
midges, changes with rising altitude from lowlands to mountain. For that reason the oceurrence
of gall midge species is analyzed here from the point of view of relations of gall midge species to
altitudinal zones. The basis of this analysis is the altitudinal zonation of the vegetation in the
High Tatra Mountains given in the Atlas of CSSR (1966) with the characteristics of planare,
colline, submountain, mountain and sub-Alpine zones which is adapted for the Krkonole
Mountains (Fig. 3).

In the Czech Republic the mountain zone extends in elevation 800-1200 m and the sub-
Alpine zone begins over 1200 m a.s.l. and extends up to the peak of the mountain Snézka, 1602
m a.sl., the highest point od the Czech Republic. The localities at which we investigated the
gall midge fauna were placed in successive altitudinal zones from lowiands up to mountain as
equally as it was possible.

The vertical occurrence of gall midges in the territory of the Czech Republic is shown by
the average number of gall midge species recorded at localities in separate successive attitudi-
nal zones by 100 metres (Fig.4). Their vertical occurrence falls with increasing elevation. On
average, 30 gall midge species have been found at one locality in the planare zone (100 - 200
m) where investigations have been carried out at 18 localities. In the colline zone (200 - 500)
where investigations were carried out at 424 localities, the average number is also 30 species.
The highest average number, 32 gall midge species, was ascertained here in the altiludinal zone

Altitude
ma.s.l.
1602 -

ALPINE ZONE
1500

SUB-ALPINE ZONE
1200

MOUNTAIN ZONE

800

SUBMOUNTAIN
ZONE

COLLIN
ZONE

200

100 } PLANARE ZONE

1 10 5 20 25 30
Average number of species

Fig.4. The falling average number of gall midge species wath tising elevation given in 100 meters spans in the
altitudinal zones of the Czech Republic from the planare zone where, on average, 30 specics have been recorded,
up to the sub-Alpine zone where only 3 species have been found.
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between 300 - 400 m. The average number o1 gall nudge species begins 1o fall m the
submountain zone (300 - 800 m) where 183 localities have been exammned and where the
average number is 22 species. The average nunibers in belts of 100 m are: 27, 23 and 17
species. The greatest decline 15 between the submountamn and mountain zone and in the lower
part of the mountain zone.
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Fig > Thirteen types of simitar verucal oceurrence recognized in the gall midge fauna of the Crech Republic.
1-5 planare species; 6-9 colline species; 10-11 submountan species; 12 mouniain species; 13 sub-Alpine species.
Black parts of cotumns indicate the highest altitudinal zone into which the parucular gall midge species reaches
from lower lymg zones; the diagonal shading of columns shows the lowest level from which particular species
oceur (detatled explanation in text).

in the mountain zone (800 - 1200 m) investigations were carried out at 38 Jocalities and on
average 10 species have been recorded. The average number in belts of 100 m are ; 16, 11, 11,
and 3 species. In the sub-Alpine zone (1200 - 1500 m). searched at 5 localities, there occur only
two or three gall midge species.

The maxinum oceurrence of 4 particular species in a particular altitudinal zone agrees with
its ecological potency. Such gall mudge species may be named after this altitudinal zone. They
are planare, eolline, submountain, mountamn and sub-Alpine gall midge species. Few gall midge
species are restricted (o the narrow span of one zone (monozonal species), mostly they occur in
two (oligozonal species), three or four altitudinal zones (pelyzonal species).

Based on analyses of about 500 gall midge species in the Czech Republic, the occurrence of
each of them shows certain regularities which may be demonstrated on graphs of vertical
occurrence, above all of most common gall midge species (see Fig.46). Their occurrence begins
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Fig.6. Five maps of the territory of the Czech Republic showing the dislocation of examined localities and
their number (in graphs) in particular zones: A planare zone, investigated at 18 localities; B colline zone (lower
part), at 124 localities; C colline zone (upper part). at 300 localities; D submountain zone, at 183 localities; E
mountain zone, at 38 localities, and sub-Alpine zone, at 3 localities.
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at one, (wo or several localities in the lower part of the altitudinal zones, the maximum
occurrence 15 usually in the middle part and the occurrence 1s finished dat one, two or several
locatities of the upper altitudinal zone

Such manners, or manifestation of emistence of gall midge species dealing with 1ts
oecurrence 1n particular landscape which ts noted for alutudinal zonation, may be designated as
similar vertical occurrence scheme (outline, type, pattern) In the fauna of gall midges inhabhting
the temitory of the Czech Republic. there were recognized thirteen types of similar alutudinal
(vertical) occurrence sthemes which are treated in the next chapters (see Fig 5)

To facilitate the evaluation, all exanuned localities m the terntory of the Czech Republic
were divided into five maps showing the distribution of localities m particular alttudinal Zones
which are accompanied with corresponding graphs showing their vertical occurrence (see Fig 6)

1. Planare gall midge species (Fig 7)

The planare zone occupies lowlands from sea level up to elevations of 200 0or 300masl In
the Czech Republic that 1s from 116 m a s 1, the lowest pomt at the level of the river Labe near
Décin in the northern Bohemua, up to 200 meters Thas territory, today almost completely culti-
vated, was originally covered manly with formations of floodplam forest Today large parts are
occupted by crop lands and settlements

In the planare zone, the gall midges were collected 1n 18 localities lying in the middle part of
Bohemid and in the southern part of Moravia (see Fig 6 A) Together with the findings of earlier
authors, n the planare zone there were found 210 gall nudge species, 1e 42 % of all ascertamed
species in the Czech Republic Larvae of dll these species develop on host plant species mdige-
nous 1n this zone and may be, therefore, designated as planare species sensu lato

Only a small part of them 1s restricted 10 the planare zone; most of them penetrate 1o the
colline zone, and some of them reach up nto the higher lying alutudinal zones up to sub-Alpine
zone All these gall nudge species occuming m the planare zone may be ranged based on simular
vertical occurrence schemes into five groups (see Fig 5 1-5)

1 species occurring in narrow elevation spread of the planare zone between 100 200 (300} meters They are
planare specics sensu strclo

2 species ocourning i shghtly wider dlevation spread  mhabiting both planare and colline zones and reaching at
most up to 500 meters They will be treated 1n the chapter about colline gall midge species

3 species the occurrence of which begins in planare zone which penetrate through colline 7one to the
submountamn zone they will be discussed under submountamn species

4 species the occurrence of which begins in the planare zone which penetrate through colline and submountamn
zones and reach the mountan zone They will be analyzed under mountain species

5 species the occurrence of which begins n the planare zone which penetrate through colline, submountamn and
mountamn zones and reach the sub Alpine zone They will be treated under sub Alpine species

Planare gall midge species (sensu stricto)

Only 14 species, 1 ¢ about 7 % of dl] gall midge species found m the planare zone, belong n
this group, occurring i the narrow elevation spread between 100 - 200 meters Two of them,
viz Contarima subulifex and Contarmia guercrcola, are n their larval development restricled to
tree host plant species, the oak Quercus cerris, causing galls on leaves and leaf buds Other gall
midge species live m the larval stage on various organs of herbaceous host plant species, some of
them causing galls of vanous types

Larvae of Microlasioptera flexuosa develop nside the non-flowering stems of Phragmutes
australis without the reed showing any signs of attack Larvae of Dicerura irides live 1n groups
under the leaf sheats of Iris pseudocarus and larvae of Planetella subterranea under the leaf
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Fig.7. Planare gall midge species inhabiting the lower part of the colline zone: A Macrolabis orobi on Lathy-
rus vernus; B Dasineura lithospermi on Lithospermum officinale, C Rhopalomyia tubifex on Artemisic
campestris; D Dasineura salviae on Salvia pratensis and S. nemorosa; E Neomikielia lychnidis on Melandrium
album.- Note. In 2]l maps white circles indicate findings of earlier authors refemring to the first half of the 2(th
century and black circles findings of Skuhravé referring to the second half of the 20th century.
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sheaths of Carex sp Larvae of Contarimia lentis destoy flower buds of Lens nigricans and 1n
south-western Slovakia they cause loss of lentl seeds Larvae of Dasinenra alyssi form stem
galls on Alyssum alyssowdes Larvae of Neomukiella lychrides cause large consprcuous white
galls on Melandruum album Larvae of Rhopalomyia cristaegalli develop m flower bud galls of
Rhinanthus miner Larvae of Rhopalomyta baudyst, R flavipalpis, R pseudofoliorunt and R tu-
bifex develop m various types of galls on several species of the genus Artemisia Larvae of
Ressehella dizygomyzae live 1n the channels nside the shoots of basket willow, Salix viminalis
{(Urban & Skuhrava 1982)

Several gall mudge species nhabut a little broader elevation spread being found up to 300
meters Larvae of Macrolabis orobt live n rolled margins of Lathyrus vernus Larvae of
Dastneura lithospermi cause rosette leaf galls on Lithospermum officinale Larvae of Rhopalo-
myta tubtfex produce tubular galls at the growing tip of Arfenusia campestris Larvae of Dasi-
neura safviae change into galls the flower buds of Salvia pratensts and § nemorosa.

2. Colline gall midge species (Figs 8 - 15%)

The colline zone occupies hilly countries spread between 200 - 500 m as | which were
ongmally overgrown with oak forest with predomunant trees of Quercus robur, Q petraea,
Carpmus betulus and Fraxinus excelstor

In the colline zone the composition of the gall midge fauna was investigated together in 424
localities spread over the whole territory of the Czech Republic from which 124 localities
belonged to elevation spread between 200 - 300 m, 138 localities between 300 - 400 m and 162
localities between 400 - 500 meters (see Fig 6 B,C)

In the colline zone there have been found 460 species of gall midges, 1e 92 % of all gall
midge species recorded from the termitory of the Czech Republic They may be called colline
gall midge species sensu lato The occurrence of most of then, including 264 species, begins at
elevations over 200 meters They occur only 1n the colline zone, or penetrate higher altitudinal
zones The occurrence of the remainder, including 196 species, begins 1n one, two or several
localities of the planare zone at elevations under 200 meters These species are spread in the
colline zone up to 1ts upper boundary, or overcome 1t and penetrate higher altitudinal zones
Based on the similar vertical occurrence schemes, all these gall midge species may be ranged 1n
eight groups the furst up to the fourth include species the occurrence of which begms m the
colline zone (Fig 5 6-9), and the fifth up to the eight those the occurrence of which begins n
the planare zone (Fig 5 2-5)

| species occorring only 1n the colline zone at elevations between 200 500 meters (colline species sensu
stricto)

2 species nhabiting the colline zone and reaching the submountam zone They will be treated under submouniain
species

3 species the occurrence of which begins in the colline zone which penetrate through the submountain zone to
the mountain zone, they will be discussed under mountain species

4 species penctrating from the colline zone through submountamn and mountain zones 1o the sub Alpne zone
They will be treated under sub Alpine species

5 species thewr occurrence begins i the planare zone and 1s finished here m colline zone, they will be discussed
m this chapter

6 species coming from the planare zone, penetrating up to submountain zone they will be discussed under
submountain species

7 species comung from the planare zone penetrating up to the mouniam zone, they will be treated under mountain
Species

& species comung from the planare zone, penefrating through celline, submountain and mountam zones up 10 the
sub Alpmne zone, they will be discussed under sub-Alpine species

* Figs 8-52 sce pages 237-281
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Colline gall midge species (sensu stricto)

In the rather narrow elevation range between 200 - 500 meters which forms the colline zone
124 species of gall midges occur, i.e. 47 % of all species living in this zone. The majority of
them, about 100 species, are phytophagous, with larvae developing in various organs of host
plant species - on herbaceous plants, shrubs and trees. Only a small part - 10 species - are
zoophagous, with larvae attacking other small animals, viz. mites, aphids, psyllids or other gall
tidges. The rest are species the biology of which is unknown.

Many phytophagous gall midge species which occurred abundantly in the past, almost di-
sappeared from ocur landscape, maybe in connection with large changes during the second half of
the 2(th century. For example: Hybolasioptera cerealis, larvae of which develop in depressions
on stem of Secale cereale and various grasses; Dasineura lotharingiae, larvae of which cause
galls on flower buds of Cerastium glomeratum; Rhopalonmyia baccarum, which produces berry-
shaped galls on stems of Artemisia vulgaris; Dasineura bupleuri, which develop in galls on
growing tips of Buplewrum falcatum, and Bayeria thymicela, larvae of which cause rosette galls
on Thymus serpyiium (Fig.8).

On the other hand, Contarinia solani, larvae of which induce galls on flower buds of Sola-
num dulcamara, is an increasingly abundant species. Galls of Macrelabis holosteae at the gro-
wing top of Srellaria holostea may be easy overlooked, whereas galls of Dasineura siellariue on
the same host plant species are conspicuous, ovoid in the shape and brown coloured. D. stella-
rige is also a disappearing species. Dasineura loewii deforming flower buds of Euphorbia se-
guierana, and Dasineura lamiicola, larvae of which develop in axillar or terminal bud galls on
Lamium maculaturn, may also be species that have disappeared (Fig.2).

More than 20 phytophagous species develop on various trees growing in this zone. Asricho-
sema aceris cauges swellings of petioles on Acer campestre. Larvae of Centarinia acerplicans
live in folded leaves of Acer psendoplatanus. Both species are very rare. Larvae of Apiontyia
bergenstammi damage young branches of Pyrus communis. Larvae of Contarinia rhamni deve-
lop inside swollen deformed buds of Frangula alnus. Larvae of Contarinia pruniflorum develop
in flowers of Prunus spinosa and larvae of Contarinia rubicola in swollen unopened flower buds
of Rubus caesius. Larvae of Dasineura tetensi live inside deformed young leaves of Ribes
nigrum, larvae of Contarinia ritis in swollen unopened flower buds of Ribes uva-crispa. Five
gall midge species develop in damaged organs of various species of the genus Salix, viz. Dasi-
neura albipennis, D, nielseni, D. pseudococcus, D. purpureaperda and D. triandraperda. Larvae
of Dasinenra xylostei produce leaf galls on Lonicera xylosteum. Larvae of Xylediplesis nigri- -
tarsis develop inside xylem vessels in fresh cut wood of Quercus robur. Larvae of Janetiella
siskyiou damage seeds of Chamaecyparis lawsoniana. Larvae of Paradiplosis abietis cause galls
in needics of Abies alba (see Fig.15.E) and larvae of Taexomyia taxi develop in rosette galls en
the shoots of Taxus baccata (see Fig.15.D).

Species inhabiling elevation range 100-500 meters (Figs 10-15)

In this group belong about 60 species the occurrence of which begins at one, two or several
localities in the planare zone. In the colline zone they reach their maximum occurrence and they
do not extend to elevation of 500 meters. From the point of view of their frequency, many
species accur at more than 10 localities and belong to moderate occurring species.

The majority of gall midge species develop in the larval stage on herbaceous host plant
species and only 14 species are restricted to trees.Of the gall midge larvae that are associated
with herbaceous plant species, there are four very interesting species of the genus Aspfondylia,
viz. A. baudysi developing in deformed pods of Coronilla varia; A, ononidis, larvae of which
develop in leaf bud galls on Ononis spinesa; A. cytisi living in buds of Cytisus austriacus:
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Fig 8. Colline gall midge species: A Hybolasioptera cerealis on Agropyron repens and other species; B
Dasineura lotharingiae on Cergstium glomeratum and other species; C Rhopalomyia baccarwm on Arfemisia
vilgaris and A. scoparia, D Dasineura bupleuri on Bupleurwn falcatiam, E Bayeria thymicola on Thymus
serpylium.
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Fig.9. Colline gal) midge species: A Conlarinia solani on Solanum dulcamara; B Macrolabis holosteae and C
Dasineura stellariae on Stellarie holostea; D Dasineura loewii on Euphorbia seguierana; E Dasineura lamiicola
on Lamuum maculatum.
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Fig.10. Planare and colline gall midge species: A Asphondylia baudysi on Coronilla varia, B Asphondylia
ononidis on Ononis spinosa, C Asphondylia cytisi on Cytisus austriacus; D Asphondyliamiki on Medicego sativa,
E Jaapiella genistamiorquens on Genista pilosa.
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Fig.11. Colline gall midge species: A Conlarinia onobrychidis and B Bremiola onobrychudis on Onobrychis
vicitfolia, C Dasineura glyciphyili on Astragalus glycyphyilos, D Dasineura asperulas on Asperula tinctoria and
A. cynanchica; E Acodiplosis inulae on Inula britannice and I, ensifolia.
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Fig 12 Planare and collme gall midge species A Lasioptera arundims, B Giraudiella incluse, C Lasiopiera
hungarica, all on Phragmites australis, D Asphondyla echu on Echtum vuigare, D Laswptera eryngu on
Erynguon campestre
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Fig.13. Planare and colline gall midge species: A Haplodiplosis marginata on Agropyron repens, Hordeum
sativum and Triticum vilgare, B Sitodiplosis mosellana, C Coniarinia tritici, both on Triticum viigare;, D Rhopa-
lomyia simulans, E Rhopalomyia artemisiae, both on Artemisia campesiris.
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Fig [4 Planare and colime gall midge species A Drvomyia cercinans, B Janefia cerns, C Janetia nervicola,
D Janetia szepligette, all on Queercus cerres, L. Jaaprella bryonwae on Brvomia alba
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Fig 15 Planare and colline gall midge species” A Dasmeura rubella, B Dasineura tympant, both on Acer
campesire, C Resseliella skuhravyorum on Larix decrdua, D Taxomya taxs on Taxus baccara; E Paradiploss

abietis on Abies alba
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A. muki, larvae of which induce galls on pods of Medicago sativa. Larvae of Jaapiella ge-
nistamiorqiens live in rosetie galls on growing tips of Genista pilosa (Fig.10). Several species
which develop on other host plants belong to disappearing species, viz. Contarinia onobrychidis
and Bremiola onobrychidis, larvae of which cause galls on flower buds and leaflets of
Onobrychis viciifolia; Dasineura glyciphylli causing folded leaflets on Astragalus glycyphyilos
and Acodipiosis inwlae, larvae of which produce ovoid galls on stems of Inwla britannica
(Fig.11).

Three species developing inside stems of Phragmites australis, viz. Giraudiella inclusa, La-
siopiera arundinis and L. hungarica, occur scaltered at locatilies lying along rivers, brooks and
in stands around ponds. Larvae of Giraudiella inclusa form com-like galls on the inner side of
reed stem, larvae of Lasioptera arundinis cause thickening and shortening of lateral shoots and
larvae of L. hungarica live inside the cavity of reeds without any sign of attack (Skuhravd &
Skuhravy 1981, 1992).

The gall midge Lasioptera eryngii, larvae of which cause conspicuous large swellings on
stems of Eryngium campestre, belong to a disappearing species. At the beginning of the 20th
ceptury it was found at several localities m middle Bohemia near Praha. During our intensive
faunistic investigations in 1935-1980 period this species was not found, it disappeared from this
area. At present it occurs rarely in the southem part of Moravia. Flower bud galls of Asphondylia
echii on Echium vulgare which disappeared {rom southern part of Moravia, were found at locali-
ties lying in middle Bohemia (Fig.12).

Three gall midge species larvae of which develop on cereal crops, from time to time cause
serious damage. Larvae of Haplodiplosis marginata (H. equestris) produce saddle-shaped galls
on stems of Triticum vulgare and Hordeum sativuni, larvae of Contarinia tritici and Sitodiplosis
mosellana develop in the spikeletts. Rhapalomyia simulans, the species described by Vimmer
(1924} from Moravia, has not been found since 1926 up to the present. Rhopalomyia artemisiae
shows a similar tendency to disappear. Twenty years ago this species cccurred abundantly in
middle Bohemia but at present it is very difficult to find galls in this area (Fig.13).

On trees a few species develop in the colline zone up to the upper limit, but many species
extend over this line.Only in the colline zone there occur six species developing in the larval
stage in galls of various types on leaves of Quercus cerris, viz. Dryomyia circinans, Janetia
cerris, J. homocera, J. nervicola, J. pustularis, and J. szepligetii. These south-European species
extend inta the arca of southern Moravia, their northem boundary of distribution area (Fig.14).

Two gall midge species develop on leaves of Acer campestre. Larvae of Dasineura rubella
attack young opening leaves whereas larvae of Dasineura tympan: live in parenchymatous galls
on the leaves. Larvae of Resseliella skuhravyorum developing in cones of Larix decidua were
found during intensive studies (K#istek et al.1976) mainly in the territory of southern Moravia.
Rosete galls of Taxus baccata caused by larvae of Taxomyia taxi occur only in localities where
the host plant species is indigenous (not cultivated). The gall midge Paradiplosis abietis, larvae
of which cause galls on needles of Abies alba, is a disappearing species (Fig.[5).

3. Submountain gall midge species (figs 16-31)

The submountain zone includes uplands between 500 to 800 m as.LIt is characterized by
broadleaved forests and fields of resisting crop plants such as oats and potatoes. It was originally
covered with oak-fir forests which are now mostly converted into spruce monocultures.

In the submountain zone gall midges were examined together in 183 localities from which
108 localities lie in elevation ranges between 500-600 meters, 48 localities between 600-700
meters and 27 localities between 700-800 meters (see Fig 6.D).

In the submountain zone 290 gall midge species have been found, i.e. 58% of all gall midge
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species recorded in the territory of the Czech Republic. They may be designated submountain
gall midges sensu lato. The majority of them are species extending here from the lower altitudi-
nal zones: 137 gall midge species extend up to here from the planare zone and 139 species from
the colline zone. Some of both types of gall midge species finish their cccurrence in this zone
and do not cross the boundary of 800 meters, but another part of them overcome it and reach up
io the mountain and sub-Alpine zones.

The submountain gall midge species may be ranged, based on similar vertical occurrence
schemes (see Fig.5), into eight groups, as follows:

l.. species occurring only in the submountain zone in the elevation range between S00-800 meters (submountain
species sensn siricto); they will be discussed in this chapter.

2. species the ocrurrence of which begins here in the submountain zone and reaches up to the sub-Alpine zone;
they will be treated under stib-Alpine species.

3. species extending here from the planare zone the occurrence of which is finished here; they will be discussed in
this chapter.

4, species extending here from the planare zone and penetrating to the mounitain zone; they will be discussed
under mountain species.

5. species extending here from the planare zone and penetrating up to the sub-Alpine zone; they will be treated
under sub-Alpine species.

6. species extending here from the colline zone the occurrence of which is finished here in the submountain zone;
they will be discussed in this chapter.

7. species extending here from the colline zone and penetrating to the mountain zone; they will be treated under
mountain species.

8. species extending here from the colline zone, penetrating the mountain zone and reaching up to the sub-Alpine
zone; they will be discussed under sub-Alpine species.

Submountain species sensu stricto

Only 13 gall midge species occur in the elevation range between 500-80{) meters. All of them
are rare species being found only at one, two or three localities. Four of them belong to zcopha-
gous species, viz. Lestodiplosis longifilis, L. raphani, L. trifolii and Trisopsis acicularis, larvae
of which are predators attacking and sucking small gall midge larvae moving in the soil. Nine
species have phytophagous larvae which cause galls on various host plant species.

Dasineura berberidis, larvae of which cause leaf galls on Berberis vulgaris, and Wachtliella
ericina, larvae of which live in rosette galls on Erica herbacea, reach the southern part of Bohe-
mia, their northern boundary of distribution in south-western Europe. Galls on the leaves of
Quercus robur are caused by larvae of Polystepha quercus. Larvae of Resseliella theobaldi live
under the bark of Rubus idaeus. Subterranean galls on Chrysanthemum leucanthemum are pro-
duced by larvae of Rhepalomyia hypegaen. In the inflorescences of Festuca rubra live larvae of
Contarinia festucae and Dasineura festucae. Larvae of Contarinia asclepiadis develop in
slightly swollen seed follicles of Cynanchum vincetoxicum, and larvae of Centarinia hyperici
gall unopened flower buds of Hypericunt perforatum,

Species inhabiting elevation range 100-800 meters

In the large elevation range between 100-800 meters 74 gall mudge species occur. Their
occurrence begins in one, two or several localities in the planare zone, then they reach maximum
occurrence in the colline zone and penetrate successively to higher elevations of the
submountain zone. The occurrence of these species is finished at most at the elevation of 800
meters. They may be designated as colline and submountain species.

About thirty gall midge species are associated with host plant trees, and more than forty
species develop on herbaceous host plant species, causing galls of various type on plant organs.
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a) Gall midges on trees (Figs 16-20)

Larvae of Craneiobia corni cause galls on leaves of Dogwood, Cornus sanguinea. Larvae of
Placochela ligusmri develop in flower buds of Ligustrum vulgare. Sackemomyia reaumurii
(Phlyctidobia solmsi) cause pustule galls on leaves of Viburnum lantana. All these species oceur
in the colline zone, exceed only a little the lower line of the submountain zone and their
occurrence is finished in the elevation range between 300-600 meters. Sackenomyia reaunturii
and Craneiobia corni belong to disappearing species, whereas Placochela ligustri 10 progressive
spectes, the occurrence of which is more abundant at present than it was in the past (Fig.16).

Four gall midge species are associated in their development with hombeam, Carpinus betu-
lus, causing galls of various types on its leaves. They are the following species, viz. Contarinia
earpini, larvae cause folded parts between two lateral veins; Dasinewra ruebsaament, larvae in
parenchymous leaf galls; Zygiobia carpini, larvae in swellings along the median veins; Aschisto-
nyx carpinicolus, larvae in irregularly deformed young leaves. All species have their maximum
occurrence in the colline zone and penetrate up to the lower part of submountain zone (Fig.17),
Gall midge species Dasineura mali, larvae of which live in rolled leaf margins of maple, Malus
sylvetris, Dasineura pyri, larvae of which develop in similar galls on pear, Pyrus communis, and
Contarinia pyrivora, the pest of pear fruits, exceed the elevation of 600 meters. Dasineura
crataegi, larvae of which develop in rosette galls of hawthom, Crataegus oxyacantha, penetrates
even to the elevation of 848 meters at the peak part of the Pfimda Mountain in the Cesky les
Mts.(Fig.18).

Five gall midge species develop in the larval stage on oaks, Quercus robur and Q. petraea,
occurring abundantly in the colline zone, having there maximum occurrence and penetrating to
the submountain zone, nearly up to its boundary at an elevation of 800 meters. Arnoldiola
libera, larvae of which cause leaf galls exceed this line; leaf galls of Macrodiplosis dryobia and
M. volvens, and bud galls of Contarinia quercina were found just short of this line. All these
gall midges, with the exception of Polystepha malpighii, belong to progressive species, the
abundance of which shows a tendency to increse (Fig.19).

Larvae of two species induce galls on the leaves of various elms, viz. Ulmus minor, U.
glabra and U. laevis. Larvae of Janetiella lemeei cause small rounded swellings on the veins;
larvae of Physemocecis wlmi develop in small circular pustules. Both elm gali midge species
occur scattered in the planare zone and have their maximum in the colline zone. Janetiella
leneei reaches up nearly to the boundary of the submountain zone, at the hill Tfemesny vrch,
794 m asl. in middle Bohemia, and Physemocecis ulni exceeds this line, being found at an
elevation of 850 m a.s.l. at the saddle Libinské sedlo in the Sumava Mts.

The blackhom, Prunus spinesa, a common shrub growing in planare and colline zones, is the
host plant of five gall midge species.The occurrence of two of them, Contarinia pruniflorum and
Dichodiplosis langeni ends in the colline zone. Three species extend into the colline zone and
rise up to the submountain zone. Dasineura tortrix, larvae of which damage terminal leaves,
have been found at an elevation of 674 m a.s.l. at Hofice in southern Bohemia and bud galls of
Asphondylia pruniperda and leaf pouch galls of Putoniella pruni nearly reach the limit of the
submountain zone at an elevation of 784 m a.s.l. at Slavkovsky Chlumek, the Nature Reserve in
the Sumava Mts. (Fig.20).

b) Gall midges on herbaceous plants (Figs 21-31)
From more than forty species of this group the gall midges causing galls on Medicago sativa
are typical, viz. Dasineura medicaginis, Contarinia medicaginis and Jaapiella medicaginis. The

local abundance of these species changes in long-term cycles. In the period of their outbreaks
they are considered 10 be pests of alfalfa, causing loss of seed (Contarinia medicaginis), or loss
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of green matter (Dasineura medicaginis and Jaapiella medicaginis). Similar galls are caused on
Medicago lupuling by Dasineura lupulinae and Jaapiella lupulinae but these species are not so
abundant as the previous species and do not have any economic importance (Fig.21).

Two gall midge species produce galls on Glechoma hederacea: Rondaniola bursaria, cy-
lindrical leaf galls, and Dasinewra glechomae, terminal leaf bud galls. Both species penetrate up
to the upper line of the submountain zone. Diodaulus traili, larvae of which produce flower bud
galls on Pimpinella saxifraga, is a disappearing species, and Neomikiella beckiana, causing galls
on fnula conyza, and Asphondylia verbasci, forming flower bud galls on Verbascum [ychnitis,
are colline species inhabiting an elevation range of 198-510 meters. The annual isotherm of
10°C forms in southern Moravia the northern boundary of the abundant occurrence of
A. verbasci in Europe (Fig.22).

Five colline species exceed the upper boundary of the colline zone and penetrate up Lo an
elevation of 600 meters, Larvae of Asphondylia nielanopus cause galls on pods of Letus cornicu-
latus, larvae of Asphondylia menihae live in flower bud galls of Mentha arvensis, larvae of
Bayeria salicariae develop in axillary leaf buds on Lythrien salicaria. Larvae of Loewiola
centaureae cause pustile galls on leaves of Centatirea scabiosa and C. jacea. Larvae of Dasi-
neura sisymbrii form spongy galls on stems of Rorippa amphibia and other species (Fig.23).

Several species penetrate into the middle part of the submountain zone. These are the follo-
wing species: Larvae of Macralabis ruebsaameni develop in terminal galls of Prunelia vulgaris,
Larvue of Jaapiella floriperda live in swollen unopened flower buds of Silene vulgaris. Larvae
of Conrarinia nasturti develop in galls of Nasturtium palusire and of other host plant species
and may be pests of vegetable crops. Larvae of Lasioptera carophila cause swellings at the point
of insertion of the umbellules in inflorescences of Pimpinella saxifraga. Larvae of Wachiliella
persicariae develop in swollen rolled leaf margins of Polygonum amphibium (Fig. 24).

Gall midge Bayeria erysini, larvae of which cause stem swellings of Erysimum virgatim,
quite disappeared from the territory and since 1963 has not been found here. It 1s probably an
extinct species. Larvae of Spurgia (Bayeria) capitigena produce rounded terminal galls on Lips
of Euphorbia cyparissias. They are very abundant in warmer localities. Larvae of Macrolabis
lamii develop in terminal leaf bud galls on Lamiwn album. Larvae of Rhopalomyia foliorum
cause small ovoid galls on the leaves of Artemisia vulgaris. Larvae of Dasineura aparines pro-
duce large galls on stems of Galium aparine (Fig.25).

Larvae of Dasineura brassicae live in swollen and premalturely ripening siliquas of Brassica
napus and B. oleracea and may injure these vegetable crops. Dasineura similis, larvae of which
produce galls on Veronica scutellara, V. anagallis and V. beccabunga, is probably an extinct
species, Galls of Contarinia scrophulariae, larvae of which live in flower bud galls of Scrophu-
laria nodosa, occur at scattered localities. Larvae of Dasinenwra bayeri cause gulls on the
vegetative tips of Sisymbrium loeselii. Larvae of Jaapiella moraviae live in swollen unopened
flower buds of Lychnis viscaria. Since 1966 galls of this species have not been found. I 1
probably an extinct species (Fig.26). The following gall midge species reach from the planare
rone to the upper limit of the submountain zone:

Lasioptera calamagrostidis, larvac of which live under the leaf sheaths of Calamagrostis
epigeios; Contarinia barbichi causing galls on leaf buds of Lotus cornicularus; Tricholaba trifo-
{ii, larvae of which live in folded leaflets of Trifolium pratense. Of the gall midge species larvae
of which develop on Tanacensn vilgare, Ozirhincus tanaceti occurs throughout the territory,
whereas Rhopalomyia tanaceiicola, causing conspicuous large galls on various parts of the host
plant, occurs in the northern part of Bohemia and the north-eastern part of Moravia (Fig.27),

Larvae of several gall midge species develop in galls of various shape on stems and leaves of
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Fig.16. Gall midge species extending 1o the submountain zone: A Cranciobia corni on Cornus sanguinea;, B
Placochela ligustri on Ligustrum vulgare, C Sackenomyia reaumurii on Viburnum lantana; D Contarinia mollugi-
nis on Galium mollugo, E Dasineura symphyti on Symplytum officinale.
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Fig.17. Gall midge species extending to the submountain zone: A Aschistonyx carpinicolus: B Dasineurq
ruchsaameni: C Zygiobia carpini, D Contarinia carpint; all on Carpinus betulis; E Mayetiola helbwigi on Brachy-
podiwmn sylvaticum and B. pinnarum,
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Fig 18 Gall midge species exwending to the submountain zone A Dastnewra crataeg: on Crataegus oxya-
cantha, B Dasineura pyrr, C Contarimapyrivora, both on Pyrus communss, D Dasineura malt on Malus sylvetris,
E Asphondylia gemistae on Gentsia germanica and G tinctona
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Fig 19 Gall mudge species developing on Quercus robur and Q petraea extending 1o the submountain zone
A Macrodiplosis dryobia, B Macrodiplosts volvens, C Contarinia guercing, D Arnoldiola libera; E Polystepha
malpighu
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Fig 20 Galt mudge species extending to the submountawn and Jower part of the mountan zones A Physemoce-
cis ulnu, B Janenella lemeer, both on Ulnus munor, U glabra and U laevis, C Puipntella prunt, D Asphondylia
prumiperda, L Dasineura tortrix, all on Prunus spinosa
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Fig 21 Gall midge species reaching the lower part of the submountam zone A Dasmeunra medicagms, B
Contarima medicagous. C Jaaprella medicagints all on Medicago sanva, D Dasineura lupulinae, E Jaapiella

Jaaprana, both on Medicago lupuima
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Fig 22 Gall midge species reacng the submountain zone A Rondaniola bursaria, B Dasineura glechomae,

both on Glechoma hederacea, C Diwdaulus traili on Punpineila saxyfraga, D Neomikiella beckiana on Inula
conyza, E Asphondyla verbasc: on Verbascum lychnins
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Fig.23. Gall midge species reachiag up to the submountain zone: A Asphondylia melanepus on Lotus cornicu-
latus; B Asphondyiia menthae on Mentha arvensis; C Bayeria salicariae on Lythrum salicaria; D Loewiola
centaureae on Centaurea scabiosa and C. jacea; E Dasineura sisymbrii on Rorippa amphibia and other species of
Brassicaceae.
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Fig.24. Gall midge species reaching the submountain zone: A Macrolabis ruebsaameni on Prunella vulgaris;
B Jaapiellu floriperda on Silene vuigaris; C Contarinia nasturtii on Nasturtium palustre and other species of
Brassicaceae; D Lasioprera carophila on Pimpinella saxifraga; E Wachtliella persicariae on Polygonum amphi-
biiomn.
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Fig 25 Gall midge species reaching the submountain zone A Bayersa erysunt on Erysomum virgatum, B
Spurgw {Bayerta) capuigena on Eupharbu cvpariesias, C Macrolabis lamit on Lamium album, D Rhopalomvia
folrorum on Artenusia vulgars, E Dasineura aparines on Galium aparine
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Fig.26. Gall midge species reaching the submoauntain zone: A Dasineura brassicae on Brassica napus; B
Dasineura similis on Veronica scwiellara; C Contarinia scrophulariae on Scrophularia nodosa; D Dasineura
baveri on Stsymbrium loeselic, E Jaapielia moraviae on Lychnis viscaria.
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Fig.27. Gall midge species reaching the submountain zone: A Lesioplera calamagrostidis on Calamagrosts

epigeios; B Contarmia barbichy on Lotus corniculatus, C Tricholaba trifoli on Trifoluen pratense; D Ozirhincus
tangcehr, E Rhopalomyta tanaceticola, both on Tanacetum vulgare.
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Fig 28 Gall midge species developng on Carex species reaching the sub-Alpimne zone A Planetella grangex
on C echinata, B Planetella cornifex on C pallescens and C elata, C Wachiliella riparia on C riparia and C
murtcata, D Planetella arenariae on C arenaria, E Planetella bilionion € davalhiana
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Fig 29 Gall midge species developing on species of the farmuly Poaceae reaching the mountamn scone A Maye
hola poge on Poa nemoralis B Mayetoly destructor on Agropyron repens Phleum pratense and Trificum valga
re, C Mayetiola dactvltdis on Dactylis glomeraia, D Mayenola holci on Holcus mollis and H lanatus, E
Contartn merceri on Alopecurus pratensts
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Fig 30 Gall midge species reaching the submountam zone A Geecrypta trucheln on Campanula rotundifolia,

B Contartnia melanocera on Gemsta tinctoria, C Asphondylu sarothamnt on Sarothamas scoparws, D Dasineu-
rasangusorbae an Sanguwisorbaofficinalis, b Dasteura potentillae on Potentilla argentea
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the submountain zone A Macrolabts heracu on Hieracium sylvalicurm,

Fig 31 Gall midge species reachmng
Gemsta tincioria, D Wachiliella nieblen

B Dasmeura galicola on Galuum uliginosum, C Jaapiella genisticola on
on Cynisus nigricans, E Dasineura armoracide on Armoracta rusticand

254



many species of the genus Carex. Two species, Planetella arenariae and P. billoti, occur onlv in
the colline zone; galls of Planetella cornifex were found (rom the planare 7one up tw 1030
meters and galls of Planerella granifex even at a elevation of 1464 meters at Vysoka hole in the
Hruby Jesenik Mits. All gall midge species developing on Carex host plants belong to disappea-
ring species. Larvae of Wachtliella riparia develop in swollen and deformed fruits of Carex
riparia and C. nuricata and were actually found at several localities in the colline zone (Fig.28).

Scveral gall midge species develop on various species of the family Poacese. Larvae of
Mayetiola poae produce swellings above nodes of Poa nemoralis and reach up to 800 m a.s.1. at
Pustevny on the Radhof¢ mountain in the Moravskosiezské Beskydy Mits. Larvae of Mayetiola
destructor cause swellings on the lower part of stems af weed grasses, viz. Agropyron repens
and Phleurt pratense. If they altack cereals, viz. Triticum vulgare and other ceredls in large
numbers, they may be pests. Larvae of Mayetiola dacrylidis develop in depressions on stems of
Dactylis glomerata. They have been found at localities in northern Moravia and at one Jocality
in Bohemia. Galls of Mayetiola holci on Helcus mollis and H. lanatus haye been found in
similar parts of Moravia and Bohemia. Larvae of Confarinia merceri develop in inflorescences
of Alopecurus pratensis. They occur from the colline zone up 1o the mountain zone at 1025 m
a.8.1. al BoZi Dar in Kruiné hory Mts (Fig.29).

Larvae of Geocrypta frachelii cause onion-shaped bud galls on Campanula ronendifolia.
Larvae of Contarinia melanocera produce globular fleshy swellings on twigs of Genista tincio-
ria. It seems to be a disappearing species. Larvac of Asphondylia sarothamni develop in swollen
pods and in buds of Sarothamnus scoparius. This is a sub-Atlanlic species which reaches the
eastern boundary of its distribution area in the territory of Moravia along the line connceting
localities: Osoblaha (in the north) - Stinava - Studenec - Landstejn (in the south). To the east of
this line, no galls of A. sarothamni have been found. Larvae of Dasineura sanguisorbae live in
pod-like folded teaflets of Sanguisorba efficinalis. Larvae of Dasinewra potentitlae gall flower
buds of Petentilia argentea (Fig.30).

Larvae of Macrolabis hierucii develop in deformations at the top of the stem of Hieracium
sylvaticum. Larvae of Dasineura galiicela form artichoke-shaped galls on Galiwm wliginosun, 1t
seems to be an increasing species. Larvae of Jaapiella genisiicola produce galls on growing tips
of Genisia tinctoria. This species disappeared [rom the territory of southern Moravia and has not
been found in the area north of Praha. Larvae of Wachtliclla niebleri live in folded leaflets of
Cytisus nigricans. This species disappeared from the territory of southern Moravia, Larvae of
Dasineura armeraciae gall flower buds of Armoracia rusticana. In the past it was abundant in
the tetritory of Moravia, but now it seems that it has disappeared from this area (Fig 31).

4. Mountain gall midge species (Figs 32-48)

The mountain zone includes uplands, hill-sides of higher mountains and highlands spread
ubove BOO m asl up 1o the upper forest houndary which goes in the Czech Republic to an
elevation of about 1200 m a.s.l. The surface of this zone was primarily overgrown with beech
forests which were mainly converted into spruce monocultures. The composition of plant and
animal communities changes quickly with rising clevation. In the mountain zone gall midges
were investigated during our faunistic researches at 38 localities: 17 localities at elevations be-
tween 800-900 meters, 5 localities between 900-1000 meters, 14 localitics between 1000-1100
meters and two localities between 1100-1200 meters (see Fig.b.E). Alzo carlier research
workers, viz. Vimmer, Bayer and Baudys, collected galls at the peak parts of several mountains
lying in this zone. In the mountain zone 122 gall midge species have been found, i.e. 25% of all
gall midge species recorded in the territory of the Czech Republic. They may be called mountain
species sensu lato. The majority of them, including 119 species, penetrate herc from the lower
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lying altitudinal zones, from the planare and the colline zenes. Gall midges which occur in the
meuntain zone may be classified on similar vertical occurrence schemes (see Fig. 5) into five
groups, as follows:

1. species occurring only in the elevation range of the mountain zone between 800-1200 meters; they are
mountain species sensu stricto,

2. species extending here from the planare zone, the occurrence of which ends here in the mountain 7one,

3. species extending here from the planare zone penetrating up to the sub-Alpine zone; they will be discussed
under sub-Alpine species.

4. species extending here from the coiline zone, the occurrence of which ends here in the mountain zone.

5. species extending here from the colline zone, penetrating up to the sub-Alpine zone; they will be treated under
sub-Alpine species.

Mountain species sensu stricto

Only three gall midge species occur in the mountain zone in the elevation range of 800-1200
meters. They are the following species: Contarinia crispans and Contarinia valerianae, larvae
of which form galls on leaves and flower buds of Valeriana officinalis. They were found in the
Cesnekovy dil valley on the hill-side of the Pradéd mountain in the Hruby Jesenik Mts.at an
elevation of about 1200 meters. The third species is Dasineura filipendulae, larvae of which
develop in deformed flower buds of Filipendula vulgaris, having been found at the peak part of
the hill Vsacky Céb in the Vsetinské vrchy Hills at an elevation of 842 m a.s.l.

Species inhabiting the elevation range 100-1200 and 200-1200 meters (Figs 32-48)

In this group, which is composed from two sub-groups, belong 119 gall midge species of
which 63 extend here from the planare zone and 56 from the colline zone. Twenty of these
species, have a scattered distribution in the mountain zone and extend into the sub-Alpine zone.
All gall midge species including in both sub-groups will be discussed here together because it is
very difficult to separate them naturally. More than forty species are limited in their larval
development to trees and shrubs and more then seventy species develop on herbaceous plants.

a) Gall midges on trees (Figs 32-40)

Three gall midges develop on hazel, Corylus avellana. The rare species, Contarinia cybelae,
larvae of which produce leaf folds, inhabit several localities of the colline zone. Swollen catkins
attacked by Contarinia coryli may be found up to an elevation of 660 meters and the gall midge
species Mikomya coryli, larvae of which develop in circular hollows on the lower surface of the
leaves, extend into the mountain zone up to Lipka, 881 m a.s.l. in southem Bohemia.

In the galls formed by swollen unopened flower buds of common elder, Sambucus nigra,
there live three gall midge species, viz. Placechela nigripes, Contarinia sambuci and Arnoldiola
sambuci. All these species are scattered in the colline zone and penetrate the submountain zone
where their occurrence ends. Contarinia baeri, larvae of which cause the bending of needle pairs
of Pinus nigra, penetrates into the mountain zone up to Lipka, 881 m a.s.l. in southern Bohemia
(Skuhravy 1971, 1990) (Fig.32).

Two species of lime, Tilia cordata and T. platyphyilos, are the host plants for five gall
midge species. They occour in the planare zone scattered, in the colline zone abundantly having
here their maximum occumence. The occurrence of three species ends just below the upper
limit line of the submountain zone. Contarinia tiliarum, larvae of which cause rounded galls on
flower stalks, leaf petioles and the extremities of young twigs, reaches up to 750 meters and the
occurrence of Dasineura tiliae, larvae of which live in upward rolled swollen leaf margins, and
of Didvmontyia tiliacea, developing in woody leaf galls, ends at an elevation of 770 meters.
Two lime gall midge species,Physentocecis hartigi and Dasinewra thomasiana, penetrate into
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the mountain zone: P hartigi up to Lipka, 881 m as | n the Sumaya Mts and D. thamasiana
up to Kravi hora, 955 m a s L. 1n the Novohradské hory Mts. (Fag 33)

Of the four gall midge species which are restncted to the jumiper, Juriperus communis, ViZ.
Oligotrophus junipertnus, O, panteli, O schmudn and Schmudnella gemmarum, only Oli-
gotrophus junperinus extends to the mountain zone and occurs abundantly at an elevation of
1003 m asl. at Kubova Huf in the Sumava Mts. Two gall midge species develop on larch,
Larix decrdua. Larvae of Resseliella skuhravyorum occur 1n the colline zone and hud galls of
Dastneura kellnert (D. larters) were found from the planare 7one up to the mountain zone at an
elevation of 1070 m a s.1. at Pl4n& 1n the Sumava Mts

The maple, Acer pseudopiatanus, 15 the host plant for four species of gall midegs, larvae of
which cause galls on leaves, viz Centariua acerplicans that occurs only 1n the colline zone,
Dastneura wrregularis (D acercrispans), Harrtsomyia virma and Drisia glutinesa These
occur from the planare zone up to the mountam zone and their galls were found at an elevation
of 1070 mas! at Plané i the Sumava Mts (Fig.34)

Five gall nudge species develop in the larval stage on ash, Fraxnus excelsior. Contarma
marchalt occurs rareiy in the colline zone, Clinodiplosts botularia, an mquiline species, pe-
netrates to the submountan zone and three gall mudge species, viz Dasineura acrophila, D.
Jraxin and D. fraxinea, the galls of which are most abundant, reach the mountam zone up to the
peak part of Boubin, 1120 m a s} i the Sumava Mits.

Of two gall mudge species which cause galls on vanous species of Rubus, viz. Lasiaptera
rubi, larvae of which develop mn stem swellings, and Dasinenra plicatrix, developing mn
contoried and twisted leaves, L rubi extends to an elevation of 1084 m a s L. at Klel' and galls of
D plicatrix were found at Hojsova Stra?,.890 m a .1, both m the Sumava Mts (Fig 35)

On aspen, Populus tremula, eleven gall midge species are known to occur in the Czech
Republic. Two are nquilines and nine species develop i the larval stage on leaves, causmg
galls of various shapes. Six of them extend to the mountam zone and were found at clevations
of 1065 m a.s.] at Javomik, and at 1070 m a 5 1. at Plané&, both in the Sumava Mts., and at 1000
m as.l. at Rychory in the Krkonose Mts. (Fig. 36).

Two gall midge spectes develop in galls on mountam-ash, Serbus aucuparia Larvae of
Contaruua sorby, developing in folded leaflets, oceur from the colline to the mountam zone up
to an elevation of 1065 m as.1 at Javornik i the Sumava Mts , whereas Contarinia floniperda,
causing flower bud galls, extends Lo the sub-Alpme zone

0nly one gal]»makmg species develops on alder, Alnus glutinosa and A ncana. Larvae of
Dasineura tortifis {D alni) live m folded and swollen leaves. Galls occur abundantly from the
planare to the mountain zone up to 1070 m as.l. at Plané in the Sumava Mts. Also the gall
mudge Wachiliella rosarum, larvae of which live 1n folded leaflets of Resa canina and other
species, oceurs abundantly from the planare 10 the mountain zone extending ©0 906 mas.l. at
Maftsky vrch near Prachatice in southermn Bohemia (Fig. 37)

Six gall midge species are limited 1n their larval development to birch, Betula pendula and
B pubescens. Three species of the genus Semudobig, vi2. §. betulae, S. tarda and S skuhravae
develop 1n femate catkins, whereas Antsostephus betulinus, Plemeliella betulicola and Massa-
longia rubra cause galls of various shapes on leaves. Galls of Plemeliella betulicola occur up to
an elevation of 1070 m as | at Plané, galls of Semudotna beruiae were found at 1065 m a.s.l. at
Javomik, both m Sumava Mis., galls of Massalongia rubra at an elevation of 955 m a's |, af the
Kravi hora mountamn n the Novohradské hory Mts, (Fig. 38).

More than twenty gall midge species develop 1n galls on various organs on many species of
willows, Safrx spp. Gails on leaves, buds, catkins, twigs or other damaged organs of willows
occur from the planare up 1o the sub-Alpine zone The occurrence of most gall midge species
ends n the submountamn zone, as shown by Dasineura marginemiorquens, larvae of which
cause leaf margin tolls on Salex vimunalis (see Fig 38 E). Several species extend up to the
mountain zone and they were found at the pedk parts of several mountains; Dasinewra clavifex
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at Javornik, 1065 m as.l. in the Sumava Mts., D. saliciperde and D. iteobia at ialy, 1036 m
as.l. in the KrkonoSe Mts., D. salicis at Serlich, 1018 m as.). in the Orlické hory Mis., D.
auritae at Velky Polom, 1060 m as.l. in the Hruby Jesenik Mts. (see Fig.40.E). Two willow
gall midge species, viz. lteomyia capreae and Dasineura rosaria, reach up to the sub-Alpine
zone (Fig.39).

The beech, Fagus sylvatica, is the dominant species in plant associations of the mountain
zone, forming the forest stands here. Four gall midge species develop, causing galls of various
shapes on leaves and leaf buds. The occurrence of all begins in the colline zone. They are
spread abundantly in the submountain zone and their occurrence ends in the mountain zone ai
the peak part of Boubin, 1120 m a.5.1. in the Sumava Mts. (Fig. 40).

b) Gall midges on herbaceous plants (Figs 41 - 48)

Several of about seventy gall midge species developing on herbaceous host plants reach to
or a little over the upper limit of the submountain zone and some gall midge species exceed this
line and penetrate to the higher elevations of the mountain zone. Galls of Macrelabis pedagra-
riae on leaflets of Aegopadium podagraria were found on the hill-side of the Krugné hory Mits.
at Kovafskd, 820 m as.l. Swollen leaflets of Pimpinella saxifraga, caused by larvae of Jaa-
piella hedickei, at the hill Mdfsky vrch, 906 m a.sl. in the Sumava Mts. Galls formed by larvae
of Dasineura affinis on leaf margins of Viola reichenbachiana were found at an elevation of
955 m a.s.l. at Kravi hora in the Novohradskeé hory Mis. Two gall midge species, viz. Dasineu-
ra ranunculi, larvae of which cause cornet-shaped rolled leaves of Ranunculus acris, and
Janetiella thymi, producing galls at the growing tips of Thymus serpyllum, occur up to an
elevation of 770 m a.s.l. at Rejviz in the Hruby Jesenik Mits. (Fig. 41).

The following gall midge species occur from the planare zone up to the lower part of the
mountain zone.Pustule galls on leaves of Sonchus arvensis caused by larvae of Cystiphora
sonchi were found up to an evevation of 890 m as.l. at Hojsova Strd? in the Sumava Mis.
C. sonchi seems to be a decreasing species; in the past it was more abundant than it is at
present. Swollen and crumpled leaves of Gewn urbanum produced by larvae of Contarinia gei
occur from the planare zone up 10 an elevation of 880 m as.l. at Lipka in the Sumava Mts,
Dasineura violae, larvae of which live in rosette leal galls of Viela tricolor ssp. arvensis, is also
a decreasing species. Galls of D. violae occur up Lo an elevation of 820 m a.s.l. at Kovarskd in
the Krusné hory Mts.; flower bud galls of Gephyraulus raphanistri on Raphanus raphanistrum
up to an elevation of 848 m a.s.1. at Pfimda in the Cesky les Mts. Wachiliella stachydis, larvae
of which live in swollen deformed leaf and flower buds of Srachys sylvatica, is a decreasing
species and it occurs at present scatiered and in smaller areas of Moravia than it was in the past.
The galls were recorded at Vsacky Cdb, 842 m a.s.l. in the Vsetinské vrchy Hills (Fig. 42). The
following gall midge species occur from the colline zone to the lower part of the mountain
zone. Flower bud galls of Contarinia lysimachiae on Lysimachia vulgaris were found up 10
Maridnskd, 860 m a.s.l. in the Krudné hory Mts. Pod-like folded leaves of Lathyrus pratensis
caused by larvae of Dasineura lathyri were found at Libfnské sedlo, 850 m as |, in the Sumava
Mis. Galls of three gall midge species were found at Kovaiskd, 820 m a.s.l. in the KruSné hory
Mts., viz. Asphondylia lathyri, larvae of which induce galls on the pods of Lathyrus pratensis,
Dasineura myosotidis, larvae of which live in swollen unopened flower buds of Myesotis
palustris, and Rhopalomyia ptarmicae, larvae of which develop in deformed flower heads of
Achillea ptarmica. Galls of this last species have not been found in the territory of Moravia
(Fig. 43).

g“.':Zna*.r'eral gall midge species occur from the planare zone up to the middie part of the
mountain zene. Two gall midge species reach up to Plang, 1070 m as.l. in the Sumava Mits,,
viz. Dasinewra trifolii, larvae of which form galls from folded leaflets of Trifoliun: repens, and
Dasineura lathyricola, larvae of which live between two discoloured stipules of Lathyrus
pratensis. Galls of two other species have been found at Javornik, 1065 m a.s.l. in the Sumava
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Fig.32. Gall midge species rezching the submouniain zone and mountain zone: A Mikomya coryli; B Contari-

aia caryli, both on Corylus avellana:
nlosteuns; E Contarinia baeri on Pinys sylvestris.

Placochela nigripes on Sambucus nigra, D Dasineura excavans on Lonicara
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Fig.33. Gall midge species developing on Tilia plaryphyllos and T. cerdata reaching the submountain and
mountain zones: A Dasineura thomasiana, B Physemocecis hartigi; C Didymomyia tiliccea; D Dasineura tiliae, E
Contarinia filiaramn.
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big 34 Gall madge species reaching the mountam zone A Ghgorrophus juniperinus on Jisuperus commums,
B Dasmmewra kellnert on Larix decidug, C Harrisomyia vitrina, D Dasineura irregularss, E Drisina gliminosa, all
on Acerpseudoplatanus
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Fig.35. Gall midge species reaching the mountain zone: A Dasineura fraxinea, B Dasineura fraxini, C Dasi-
neura acrophila, all on Fraxinus excelsior, ) Lastopiera rubi on Rubus idaeus and other species; E Dasineurs
plicatrix on Rubus caesius and other species.
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Fig.36. Gall midge species developmg on Populus fremule reaching the movwntam zone: A Dasmmeura popule-
i; B Hermandia cavernosa, C Harmandia tremulge, D Harmandia populy; E Harmandia globuli.
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Fig 37 Gall mudge species reaching the mountun zone A Contarma popul, B Contarinia petroly, both on
Populus tremula, C Contartna sorbi on Sorbus aucuparia, D Duasineura tortslis on Alnus glunnosa and A mcana,
E Wachtireila rosarum on Rosa cantna
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Fig 3B. Gall midge species reaching the mountam zone: A Plemeliella berulicola, B Semudobia betulae;, C
Massalongta rubra, D Antsostephus betulinus; all on Betula pendida and B. pubescens; E Dasineura marg:-
nemiorquens on Salix vaninalts.
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Fig.39. Gall midge species developing on various Safix-species and reaching the mountain zone: A Dasineura
clavifex on Salix aurita, S. coprea and S. cinerea; B Dasineura saliciperda on Salix alba and §. fragilis, C
Dasineura iteobia on Salix caprea; D Dasineura salicts on Salix cinerea, 8. aurita and 8. caprea; E Dasineura

terminalis on Salix fragilis.
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Fig.40. Gall midge species reaching the mounlain zone: A Mikiola fagi, B Harngrola annulipes, C Contarinia
Sfage, D Phegomyiafagrcola, all on Fagas sylvatica; E Bastneura aurdtae on Salix aurita,
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Fig.41 Gall midge species reaching the mountain zone: A Macrolabis podagraria on Aegopoduum podagra-
ria; B Jaapeella hedicker on Pimpinella saxifraga, C Dastneura afftrus on Viela recchenbachiana, D Dasineura
ranuncilt on Ranunculus acnis; E Janetiella thyvan: on Thymus serpyilum.
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Fig.42. Gall midge species reaching the lower part of the mountain zone: A Cystiphora sonchi on Sonchus
arvensis; B Contarmia ge: on Geurn urbanum; C Dasineura violae on Viola tricolor ssp. arvensis, D Gephyraulus
raphanisiri on Raphanus raphanisirin;, E Wachtliella stachydis on Stachys sylvatica.
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Fig 43 Gall mudge species reaching the lower part of mountain zone A Contarinea lysonachiae on Lys:-
machiavulgarts, B Dasineura lathyr, C Asphondyla lathyrt, both on Lathyrus pratensts, D Dasineura myosolidis
on Myosots palustris, E Rhopalomyra ptarmicae on Achillea ptarmica
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Fig 44 Gall mdge species reaching the mountam zone A Dasinewra trifoln on Trifaluon repens, B Dastien-
ra lathyricola on Lathyrus pratensis, C Cystiphora larexac: on Taraxacum officrnale, D Jaaprella cirsucola on
Crrsiurn arvense, L Jaapiella schmidt on Plantago lanceolata
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Fig 45 Gall midge species reaching the mountam zone A Dasueura viciae on Victe sepiurn and other spe
cies B Contarinia cracoae on Vicia cracca, C Rhopalomya midiefolu on Achiilea millefolium D Contariua lon
on Lotus corniculatus, E Kw(ferta periwcarpuceola on Punpmeila saxifraga and other species of the famuly Apua

ceac
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Fig.46 The most common gall midge species extending from the planare zone up to the mountain zone: A
Jaapreila verontcae on Veronice chamaedrys; B Dasmmeura urticae on Urtica diorca, C Dasineura hyperwr on
Hypericum perfaratum, D Geoerypta gaill, E Schizomyia galtorum, both on Galtim mollugo and other species
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I'ig 47 Gall midge species reaching the mountam zone A Conrarinia aequalts on Senecin nemorensts ssp
Fuchsu, B Cystiphora sanguinea on Heracium prloselia and H sylvaticum, C Macrolabss pilosellae on Hiera-
crum prlosella, D Daswneara lamie on Lamuon maculatum, E Dasmeura strumosa on Lamion galeobdolon
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Fig.48. Gall midge species reaching the mountain zone: A Macrolabis heracleion Heraclewn sphondylium; B
Contarinia steint on Melandrium atbum; C Dasineura kiefferiana, D Dasineura epilobun, both on Epilobium
angustifolum, E Jaapeella knautiae on Knauwtia arvensis,
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Mts , viz Cystiphora taraxact, larvae of which cause pustule leaf galls on Taraxacum officina-
le, and Jaapriella schnudt, larvae of which live in the seed capsules of Plantago lanceolata
Larvae of Jaaptella c:rsuco!a living m flower heads of Crrsim arvense were found at an
elevation of 1000m as1 at Zlata Studné 1n the Sumava Mts (Fig 44)

Two gall midge species developing on Vicig, viz Dasineura viciae on leaflets of Vicia se-
pium and Contartnia craccae on flower buds of Vicia cracea, seem to have retreated from the
lowlands to the mountams Galls of D veciae were found at Plang, 1070 m as 1 and galls of
C craccae at Horska Kvilda, 1070 m as 1, both in the Sumava Mts Galls of three other gall
midge species occur at an elevation of 1.065 mas 1 at Javornik m the Sumava Mts , viz Rhepa-
tomyia mullefoln, larvae of which cause conspicuous galls on Achtllea nuilefolium, the species
which almost disappeared from the territory of Moravia, Centartmia lotr, larvae of which gall the
flower buds of Lotus cormculatus, Kiefferia pericarpucola (K prmmpinellae) larvag of which
develop m swollen fruits of Pmipinella saxifraga and other closely related species from the
family Apiaceae This 1s an abundant species the galls of which are conspicuous on all host plant
species (Fig 45)

Five gall mudge species which are most common and are placed n frequency group VI,
develop n galls on commonly occurring plants Larvae of Jaaprella veronicae cause galls «i the
growing tips of Veronica chamaedrys larvae of Dasimeura urticae live in leaf galls on Urnica
diorca, larvae of Dasineura hyperici induce galls on Hypericum perforatum, larvae of Geocrypla
galn produce stem galls on Galium ntollugo and larvae of Schizemyia galiorum develop m
flower bud galls of the same host plant All these species occur mn the peak part of the Sumava
Mts at Klet, 1084 m as!,at Javornik, 1065 mas | and at Plang, 1070 mas| (Fig 46)

Larvae of Contarinia aequabs form axillar or termnal leaf bud galls on Senecto nenorensts
ssp fuchsu, which 1s a dominant species of the mountain plant associations Galls of C aegua-
lts oceur from the colline to the mountam zone up to the peak part of Boubin, 1120 m asl m
the Sum:wa Mts It seems Lo be an ncreasmng species Galls of two gall midge species were
found w1 Z(Lly 1036 m as 1 n the KrkonoSe Mts , viz pustule leafl galls of C'vsnphora sangut-
nea on Hieracum pilosella and flower bud galls of Dasinenra lamn on Lamuni macidatum,
whereds leaf bud galls of Macrelabis pilosellae on Hieracwm pilosella and undergiound bud
galls of Dastneura siruniosa (D galeobdolonnsj on Lantum galeobdolon were tound at Ja
vornik, 1065 m a s 1 n the Sumava Mts (Fig 47)

The abundant species Macrolabis heraclet (M corrugans), larvae of which gdll the young
leaves of Heracleun: sphondyluem, occurs abundantly from the planare zone up 10 the mountam
zone and 1ts galls were collected at an elevation of 1070 m as1 at Plané in the Sumava Mts
Unopened flower buds of Melandrium albunt mhabited by larvae of Conmtartnia sretm were
found at the peak part of Boubin, 1120 m asi in the Sumava Mis Of two species himited 1n
thewr developnient to Epdobiunt angustifoluan, the rolled leaf margins caused by larvae of
Dasneura kiefferiana were found at Radhoft. 1129 m as! i the Moravskoslezske Beskydy
Mts and flower bud galls induced by larvae of Dasineura epilobu were found at Javomnik, 1065
mas! mthe Sumava Mts Button-shaped galls at the growmg up of Knautia arvensis, caused
by larvae of Jaaprella knaunrae, occur at the peak part of the Klet mountamn, 1084 mas1 in the
Sumava Mis (Fig 48)

5. Sub-Alpine gall pudge species (Figs 49 - 52)

The sub-Alpine zone 1s designated the area spread over the boundary of continuous forest,
called also the forest line, umber line, or tree limut, at elevdtions between 1200 and 1300 meters,
extending to an elevation of 1602 meters, at the peak of SnéZka, the highest point of the Czech
Republic There 15 barren country covered with grasses, with small shrubs such Vaccinum
myrtillus, V uliginosum, V. winis-idaea, Salix herbacea and with sparse vegetation This zone s
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characterized by dwarf pines, Pinus mugo.

In the sub-Alpine zone gall midge species were collected during our faunistic investigations
in five localities, viz. in the Kru¥né hory Mts. on the peak part of mount Klinovec, 1244 m a.s 1
n the Krkonofe Mts. at Zlawé Navid{, 1300 masl. and ai Kokrhat, 1443 my asl; in the Hruby
Tesenik Mts. at Serdk, 1351 m a.s.l. and at Keprnik, 1423 m as.l. (see Fig.6.E). Baudy$, Bayer,
Vimmer and Seidel, searched and collected galls at several localities in the sub-Alpine zone: in
the Krkono$e Mis. at the peak part of Vysoké Kolo, 1503 m a.s.l., Kotel, 1435 m a.s.1., PanSickd
louka, 1400 m as.l., Kotelnf jamy, 1300 m a.s.l; in the Hruby Jesen{k Mts, at several localities
in the peak part and the hill-side of Pradéd, 1491 m a.s.l. and at Vysokd hole, 1464 m as.|.; in the
Moravskoslezské Beskydy at the peak part of Lysd hora, 1323 m as.l; at Kralicky SnéZnik,
1423 m a.s.]. and also in the Sumava Mts. at Jezerni Sténa, 1343 m as.1,

In the rough climatic conditions of the sub-Alpine zone 26 gall midge species have been
found, i.e. about 5% of all species recorded in the territory of the Czech Republic. They may be
designated as sub-Alpine species sensu lato. Galls of four species were collected only in the
elevation range of the sub-Alpine zone and may be designated as sub-Alpine species sensu
stricto. Twenty two gall midge species occur here in the sub-Alpine zone scattered on the peak
parts of the highest mountains of the Czech Republic. The majority of them occur abundantly in
the lower altitudinal zones, where these species have their maximum occurrence, and enter into
the sub-Alpine zone only solitarily and have been found here only at one or two localities,
seldom at several contiguous localities at elevations above 1200 meters.

In the sub-Alpine zone, in the elevation range between 1200-1300 meters, there have been
found only two gall midge species, between 1300-1400 meters seven gall midge species and
between 1400-1500 meters even 16 gall midge species; each of them bas been found only at one
locality in the sub-Alpine zone.

All gall midge species oceurring in the sub-Alpine zone may be classified on the basis of
similar vertical occurrence schemes (see Fig.5) into four groups, as follows:

. species occurring only in the sub-Alpine zone; they are sub-Alpine species sensu stricto.

. species extending here from the submountain zone.

. species extending here from the planare zone, which occur in colline, submountain and mountain zones.
. species extending here from the colline zone which occur in submountain and mountain zones.

£ LI B3 —

Sub-Alpine species sensu stricto

Four gall midge species have been found only in the sub-Alpine zone. Larvae of Brachy-
diplesis caricum living under the leaf sheaths of Carex sp. have been found at Vysoké Kolo,
1503 m as.l. in the Krkonose Mts. Galls of Contarinia helianthemi, produced by larvae on
vegetative Lips of Helianthemum nummularium, were found at Vysokd hole, 1464 m a.s.l. in the
Hruby Jesenik Mts. On the sub-Alpine meadow at Pan&icka louka, at an elevation of abowt
1400 m as.l. there have been found galls of Dasineura vitisidaea, caused by its larvae at the
tips of shoots of Veccinium vitis-idaea. Galls of Contarinia crispans formed by deformed
thickened leaves of Valeriana officinalis were found at an elevation of 1200 m a.sl, in the
valley of Cesnekovy dil on the hill-side of the Pradéd mountain in the Hruby Jesenik Mits.

Species extending to the sub-Alpine zone from lower lying altitudinal zones

Two gall midge species, viz. Contarinia aconitifloris and Dasineura bistoriae, reach up 10
the sub-Alpine zone from the submountain zone. Larvae of Contarinia aconitifloris live inside
swollen unopened flower buds of Aconitum lycoctomem and A. napellus and prevent deve-
lopment of seeds. These galls have been found only in two localities al an elevation of 709 m
a.s.). at Jeleni Zleb near Karlov pod Pradédem in the Hruby Jesenik Mits. and at an elevation of
1435 m a.s.]. in the Kotelni Jamy in the KrkonoSe Mits. (see Fig. 52).
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Fig 49 Gall midge species reaching the sub Alpwne zone A Dasteura hygrophia on Galium palusire, B
Dasineura ulmarta C Dastneura pustulans, both on Filipendula ulmaria, Dasineura filicina, E Dasineura ptersdi-
ola, both on Pteridum aquiimum
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Fig.50. Gall midge species extending from lower lying localities to the sub-Alpine zone: A Dasineura traili on
Remunculus acris; B lieomyia capreae on Salix caprea and §. aurita, C Dasineura rosaria on Salix alhe and §.
cinerea; D Thecodiplosis brachyniera on Pinus sylvestris and P. mugo; E Dasincura virgaeaureae on Solidage
virgaurea,
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Fig.51. Gall midge species extending from lower lying localities to the sub-Alpine zone: A Hygrodiplosis
vaccinii on Vaccinium uliginosum;, B Jaapiella vaccinforn on Vaccinium myriillus, C Dasinewra bistortae on
Polygonum bisiorta, D Dasineura phyteumatis on Phytewna orbiculare and P. spicatum;, E Contarinia pilosellae

on Hieracium pitosella,
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Fig.52. Sub-Alpine gall midge species: A Brachydiplosis caricum on Carex sp., Contarinia helianthemi on
Helianthemum wlariwm, Dasineura vitistdaea on Vaccnium vitts-idaea and Contarinta crispans on Valeria-
na officinalis. Gall midge species penelrating in sub-Alpine zone from lower lying localities: B Contarinia aconi-
tfloris on Aconitim lycoctonum and A. napellus; C Dasineura cardamins on Cardamme pratensis; D Dasineura
geranii on Geranium sanguineunt, B Coniarima floriperda on Sorbus aucuparia.
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Larvae of Dasineura bistortae produce galls on the leaves of Polvgenum bistorta which are
formed by loosely rolled leaf margins. These galls have been found at more than forty localities
at an elevation range from 670 m a.s.1. at Kamenicky in the Bohemian-Moravian Uplands up to
1491 m asl. at the peak part of the Pradéd mountain in the Hruby Jesenik Mts. Al the lower
situated localities, this species occur in cold and damp localities, mainly nearby to peat-bogs,
sonmetimes together with pustule galls of an undescribed gall midge species (see Fig. S1).
Twenty gall midge species extend into the sub-Alpine zone from lower lying altitudinal zones
where they have their maximum o¢ccurrence areas, Ten of them occur scattered in the planare
zone, the occurrence of other species begins in one, two or several localities in the colline zone.
Five species cause galls on trees, four species develop in galls on small shrubs and larvae of
eleven species live in various organs of herbaceous plant species, forming galls.

The following species develop on trees and extend up to an elevation of 1400 meters: Theco-
diplosis brachyntera, larvae of which induce shortening and swelling of the needle pairs of
Pinus mugo, and Contarinia floriperda, larvae of which live in unopened flower buds of Sorbus
aucuparia. Galls of both these species were found at the sub-Alpine meadow Pan¢ickd louka,
1400 m a.s.1. in the KrkonoSe Mts. Two species, larvae of which cause galls on various species
of Salix, viz. Dasineura rosaria (terminal leaf bud galls) and fteomyia capreae (small globular
leafl galls) were found at the peak part of Serdk, 1351 m a.s.l. in the Hrub¥ Jesenik Mis. Galls of
Dasineura periclymeni on lcaves of Lonicera periclyntenum were found at Lysd hora, 1323 m
as.l. in the Moravskoslezské Beskydy Mis. Four gall midge species, larvae of which develop in
galls on small shrubs, extend upwards neurly to the upper limit of the sub-Alpine zone: galls of
Jaapiella vacciniorunt were found at the peak part of Pradéd, 1491 m a.s.]. in the Hruby Jesenik
Mts., terminal lcaf galls of Centarinia helianthemi developing on Helianthentunt nummularium
at Vysoka hole, 1464 m a.s.l. in the Hruby Jesentk Mits., galls of Hygrodiplosis vaccinii on
Vacciniune uliginosum in the peak part of Kotel, 1435 m as 1. in the Krkono$e Mts. and galls of
Dasineura vitisidaeae on Vaccinium vitisidaea al Pandickd louka, 1400 m a.s.l. in the Krkonofe
Mits.

Eleven galt midge species larvae of which cause galls on herbaceous plants, extend from the
lower lying altitudinal zones up to the boundary of the submountain zone. They are the follo-
wing species: Dasineura hygrophila, larvae of which cause galls on the growing tips of Galiunt
palusire; Dasineura ulmaria and D. pustulans causing galls on the leaves of Filipendula wima-
ria; Dasineura pteridicela and D. filicina developing in galls on the leaves of Preridium aquili-
num. Larvac of Dasineura traili develop in swollen unopened flower buds of Ranunculus acris.
Galls on growing tips of Solidago virgaurea produce larvae of Dasinewra virgaeaureae. In
deformed flower buds of Phytewma erbiculare and P. spicatum there develop larvae of Dasineu-
ra phyteumatis. Larvae of Contarinia pilosellae cause galls on flower buds of Hiergcium pilo-
sefla, larvac of Dasineura cardaminis on Cardantine pratensis, larvae of Dasineura geranii in
flower buds of Geranium sylvaticum.

Long term changes in population dynamics

Long-term changes in population dynamics may be shown in changes of population density
of gall midge species during the 20th century. These changes are evaluated by a comparison of
data about their occurrence in the first half of the 20th century that had been gathered by earlier
authors, viz. Bayer who published his zoocecidological papers about distribution of galls in the
years 1910-1946, Cernik (1925-1940) and Baudys (1912-1969), with data about occurrence in
the second half of the 20th century, which have been obtained during faunistic investigations by
Skuhrava (1957-1982).

The comparison of data about occurrence of a particular gall midge species in the first half of

282



the 20th century with data of its occurrence in the second hatf is shown in maps using the white
circles for findings of earlier authors and black circles for findings of Skuhravd (Figs 7-52).

For such comparison, the most suitable are those gall midge species which are not rare but
which occur moderately to abundantly in examined territory being ranged in frequency groups 11
to VI In the gall midge fauna of the Czech Republic there have been recognized six groups of
specics noted for their particular population density character, viz. species with increasing,
stable und decreasing population density, disappearing and disappeared species and, [inally,
species which are insufficiently known.

1. Species with increasing density
There are gall midge species whose population density rose during the second half of 20th
century in comparison with population density in the past. In this group there belong more than
100 gall midge species (20%). About one half of them develop on trees. For example, Mikiola
Sagi causing galls on Fagus sylvatica, is characterized by numbers of findings 100/161. The first
number indicates number of localities at which this species was found in the past. the second
number means the number of localities at present (see Fig.40.A). Gall midge species Wachtliella
resarum developing in galls on leatlets of Rosa canina is characterized by numbers of findings
190/317 (see Fig. 37.E); Macrodiplosis dryebia inducing galls on leaf margins of Quercus rebur
and Q. petraea by numbers of findings 100/183 (see Fig.19.A); Dasineura tortilis living in leaf
galls on Alnus glutinesa and A. incana by numbers of findings 60/284 (see Fig.37.D).

For several gall midge species the increasing population density change abruptly into
outbreaks, as happened, for example, with Thecodiplosis brachyntera which develops in galls on
Pinus sylvestris and P. mugo and is characterized by numbers of findings 30/67 (see Fig.50.D).
Outbreaks of this species are described by Skuhravy (1991). Similarly it was with two gall
midge species which develop in galls on the leaves of Acer pseudoplatanus, viz. Harrisomyia
vitrina, characterized by numbers of findings 60/109 (see Fig.34.C}, and Drisina glutinosa by
numbers of findings 26/142 (see Fig.34.E), the outbreaks of which were described by Skuhrava
& Skuhravy (1986).

Increasing population density has been recorded also by several gall midges developing on
herbaceous plants, for example by Contarinia aequalis causing galls on Senecia nentorensis
ssp. Fuchsii which is characterized by numbers of findings 70/160 (see Fig.47.A), and by
Jaapiella veronicae developing in galls on Veronica chamaedrys with numbers of findings
190/501 (see Fig.46.A). Contarinia tritici (2/23) and Sitodiplosis mesellana (1/20), two gall
midge species injurious to cereals, appeared abruptly in the second half of the 20th century, as it
is shown in Fig.13.B.C. Outbreaks of these species in Europe were described by Skuhrava et
al.(1984).

2. Species with stable (constant) density
There are gall midge species whose population density at present is approximately on the same
level as it was in the past. They may be denominated as stable or constant species. About 15 gall
midge species (3%) show nearly the same population density at present as in the past. From the
species developing on trees there are, for example, Dasineura salicis, characterized by numbers
of findings 100/92 (see Fig.39.D}, and ltfeomyia capreae by numbers of findings 270/297 (see
Fig.50.B), both developing on various species of Salix; Massalongia rubra on Betula pubescens
by numbers of findings 20/26 (see Fig.38.C); Putoniella prunmi on Prunus spinesa by numbers of
findings 60/67 (sce Fig.20.C).

From gall midges developing on herbaceous host plant species there are, for exainple,
Asphondylia melanopus causing galls on Lotus corniculatus and characterized by numbers of
{mdings 30/30 (see Fig.23.A); Asphondvlia echii on Echium vulgare by numbers of findings
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20/24 {see Fig.12.DY; Asphondylia verbasci on Verbascum nigrum by numbers of findings
12/14 (see Fig.22.E): Comarinia medicaginis, the pest of Medicago sativa, by numbers of
findings 120/129 (see Fig.21.B); Wachtliella persicariae on Polygonun: amphibium by numbers
of findings 100/121 (sec Fig.24.E).

3. Species with decreasing density
There are gall midge species which were abundant in the past and their population density sank
moderately and successively during the second half of the 20th century. They may be called
regressive or decreasing species. In this group there belong about 60 gall midge species (12%).
For example, Craneiobia corni developing in leal galls on Cornus sanguinea is characterized by
numbers of fndings 50/16 (see Fig.16.A): Lasioptera rubi cansing stem galls on Rubies idaeus
by numbers of findings 280/204 (see Fig.35.D). Several gall midge species developing on va-
rious Safixv-species belong also in this group, of these mainly Dasinewra rosaria is characterized
by numbers of findings 400/251 (see Fig.50.C) and Dasineura marginenttorgitens by numbers of
findings 100/30 (see Fig.38.E).

From species developing on herbaceous plants there are, for example, Mayetiola poae
developing in stem galls of Poa nemoralis and characterized by numbers of findings 100/45
(see Fig.29.A); Rhopalomyia arteniisiae causing large rounded galls on Artemisia campesiris by
numbers of findings 30/18 (see Fig.13.E); Contarinia melanocera inducing stem galls on Ge-
nista tinctoria by numbers of findings 34/15 (see Fig.30.B), Dasineura sisymbrii making
spongy stem galls on Rorippa antphibia by numbers of findings 123/30 (see Fig.23.E); Loewio-
la centaureae cuusing pustule leal galls on Centaurea scabiosa and C. jacea by numbers of
lindings 92/16 (see Fig.23.D); and several species of the genus Asphondylia, viz. A. baudysi
developing in pod galls of Corenilla varia is characterized by numbers of findings 40/11;
Asphondylia cytisi on Cytisus austriacus by numbers of findings 40/6; Asphondylia miki cau-
sing pod galls on Medicago sativa by numbers of findings 40/17 (see Fig 10.A,C.D).

Dasineura medicaginis, {ormerly a serious pest of Medicago sativa which occurred inju-
riously in the period 19653-1970 and its numbers of findings is 3007153, is not abundant at
present and its numbers are reduced to a low level (see Fig 21 A).

Some gall nudge species of this group which are rare at present and are known only from a
few localities may be designated, based on IUCN definitions of threatened species categories,
as vulnerable species. See Table 3.

4. Disappearing species

Disappearing species are those which occur abundantly in the first half of the 20th century and
the population density of which [ell significantly during the second half of the 20th century and
at present dre known from one, two or several (few) localities, and their numbers have been
reduced to a critical level. All these species may be ranged, based on TUCN definitions of threa-
tened species categories, to endangered species. In this group there belong 16 gall midge species
(39%). For example, Sackenomyia reaumurii (Phlyctidobia selmsii] developing in pustule leaf
galls on Viburnum lantana is chavacterized by numbers of findings 7/1 (sec Fig.16.C): Lasiopte-
ra eryngii causing stem galls on Eryngium campestre is characterized by numbers of findings
19/2 (see Fig.12.E); Bayeria thymicole inducing bud leaf galls on Thynus serpylium is charac-
terized by numbers of findings 14/1 (see Fig 8.E}, Dasineura saxifragae developing in flower
bud galls of Saxifraga gramlate is characterized by numbers of findings 5/1 and Dasineura
daphnes causing galls on Daphne cneorum is characterized by numbers of findings 3/2. See
Table 2.
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Table | Extmct gall midge species (disappeared species) with number of tocalities at which they were found
m the past

Bayeria erysimu 33 Neomikiella beckaana 9
Bremiola onobrychidis 32 - lychnidis 4
Coniariniz cotym 2 Planerella arenariae 18
- pastindaceae 10 billon 10
Dasmeura cardamnicola 2 - carics 3n
- cardamiis [} - cormfex 25
- fructum 3 - fischert 10
- lamurcola 7 Sfriren: 12
- litho sperm 5 - galiarum 6
- loewn 7 grantfex 20
- pierrel 16 kneuckert 3
- sampamna 2 - rosenhauery 1

stntlis 22 subterranea 10
Hybolasiopteracerealis 23 - tuberitfica 6
Jaaprella cucubals 3 - tumorifica 2
-ioraviae 8 Rhopalomyra sumulans 1"

Table 2 Endangered gall midge species (disappearing species) with number of localities at which they were
found i the past {first nurnber) and at present (second number)

Bayera thymicola i1 Geocrypta trachelu 16/3
Dasineura bupleur: 1l Hygrodiplosis vaccinu 5/
- daphnes 32 Jaaprella genistamtorquens 14/3
- glyaiphyliy 19/5 Lasioptera eryngit 19/2
Iotharingae 6/1 Macrolabes orob: 6/2
- phyteumans 1212 Rhopalomya baccarum 6/1
- salviae 14/2 - tubifex 10/1
- saxifragae 5N Sackenomyra reqimuri 71

Table 3 Vulnerable gall midge species (species with decreasmg density) with number of localies at which
they were found i the past {first number) and at present {(second aumber)

Asphondyla baudys: 40/11 - armoractae 21/1
- EyIst 40/6 - lupulinae 11/4
- ononidis 2117 - trath 244
Contartnta coryit 19/6 Jaaprella jaapiana 346
- melanocera 3415 Lasioptera arundinis 13/10
- onobrychiden 60r7 Loewelacentaureae 9216
Craneiwbig cornt 5016 Macrolabus prlosellae 53/13
Dasimeura asperulae 211 Rhopaiomyie millefoli 6022

5 Disappeared species
Disappeared species are those which occurred in the first half of the 20th century and the’
occurrence of which was not documented {confirmed) during the second half of the 20th centu-
ry Such species, based on IUCN categories of threatened species, may be denommated as
extinet although it 1s possible that small populations of such species could survive in hudden
places m nature and may be rediscovered 1 the future In this group there may be range 32 gall
midge species (7%). Above all, Bayeria erysmu developmg in stem swellings of Erysimum
virgatum which 1s characterized by numbers of finding 32/0 (see Fig 25 A); Brenuole
onobrychidis developing m leaflet galis of Onobrychrs vicufolia by numbers of findings 32/0
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(see Fig.10.B); Hybolasieoptera cerealis living on stems of various grasses by number of findings
23/0; and all thirteen species of the genus Planetella developing in galls on various Carex-spe-
cies (see Fig.27.D and Fig.28.A,B,E). See Table 1.

6. Species insufficiently known
In this group are ranged gall midge species the occurrence of which is known based only on very
few data. Most of them belong in frequency group I (see page 218). More than one half of the
gall midge species known to oceur in the territory of the Czech Republic belong here - about 270
species (55%). For lack of informations it is not possible to place them in one of the above
mentioned groups.

Threatened gall midge spegies

Based on evaluation of long-term changes in population dynamics of the gall midge fauna in the
territory of the Czech Republic during the 20th century, 64 species (13%) may be designated as
threatened in the terms of the International Union for Conservation of Natare and Natural Re-
sources {IUCN) and may be placed into its three categories indicating the degree of threat, viz.
exlinet, endangered and vulnerable species.

1. Extinct species
Based on the IUCN definition of this category, these are “species not definitely located in the
wild during the past 50 years". As regards gall midges, 32 species (7%) which occurred here at
the beginning of the 20th century, quite disappeared from the territery of the Czech Republic.
They are examined in the chapter "Disappeared species” and listed in the Table 1.

2. Endangered species
Based on the IUCN definition of this category, these are "species in danger of extinction whose
survival is unlikely if causal factors continue operating". The population density of 16 gall
midge species (3%} fell drastically during the second half of the 20th century. They are classed
as disappearing species, being known only from one, two or three localities at present. They are
examined in the chapter "Disappeared species” and listed in the Table 2.

3. Vulnerable species
Based on the TUCN definition of this category, these are "species believed likely to move into
the "Endangered" calegory in the near future if the causal factors continue operating”. As re-
gards gall midges, 16 species (3%) which were abundant in the past show decreasing population
density trends and at present are found only on a few localities. They are examined in the chapter
"Species with decreasing density" and listed in the Table 3, )

SUMMARY

The rich fauna of the family Cecidomyiidac, including 500 species inhabiting the relatively
Ssmall territory of the Czech Republic of 79,000 square km in the middle Europe, is evaluated
from the zoogeographical point of view based on data about occurrence gathered by earlier
authors and data obtained during systematic faunistic investigations at about 670 localities
spread throughout the territory of the Czech Republic from the lowlands at an elevation of 100 m
a.5.1. up to mountains at an elevation of 1500 m a.s.l. in the Krkonose Mts. There are evaluated
30,000 records about the occusrence of gall midge species of which 12,000 have been gathered
by earlier authors.
One to 77 gall midge species have been recorded at individual localities during one
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excursion lasting one to two hours. Only one species was found at the mountain Kokrhag, 1443
m a.s.l. in the Krkono$e Mts., and at Serak, 1351 m a.s.l. in the Hruby Jesentk Mts. The highest
number (77 species) were found at Spy near Nové Mésto nad Metuji, 324 m a.s.l. in eastemn
Bohemia. On average, 26 species have been found per locality which is more than in the territory
of Slovakia where it was 19.5 species (Skuhravd 1991). The average numbers of species differ in
particular regions of the Czech Republic and fall with increasing elevation.

Based on horizontal occurrence, given by numbers of findings where one locality is conside-
red as one finding. all gall midge species are divided into six frequency groups by using the first
s members of the geometrical progression with quotient 2 and coefficient "a", accompanied
with verbal denomination: I. species occurring solitanly found at 1-10 localities: 154 species
(45%; I1. species oceurring scarcely found at 11-32 localities: 69 species (20%); II1. species of
moderate occurrence found at 33-74 localities: 48 species (14%); IV, species of considerable
occurrence found at 75-160 localities: 41 species (12%); V. species of abundant occurrence
found at 161-330 localities: 27 species (8%); V1. species of common occurrence found at more
than 331 localities: 6 species. They are the following species: Dasinewra populeti (found at 333
localities), Schizemyia galiorum (351 localities), Geocrypta galii (406 localities), Dasineura
hyperict (422 localities), D). wrticae (430 localities), and Jaaprella veronicae (501 localities).

Based on vertical occurrence, thirteen types of similar vertical oceurrence have been recogni-
zed in the gall midge fauna of the Czech Republic (Fig.5). About 210 species (42%}) belong to
planare species (sensu lato) of which 14 are planare species sensu stricto, occurring only in the
planare zone, and remaining species penetrate in higher lying altitudinal zones (Fig.5:1-5). 460
species (92%) are colline species (sensu lato) of which 124 are colline specics sensu stricto,
occurring oaly in the colline zone, and remaining species occur in broader altitudinal range
(Fig.5:6-9}. 290 species (58%} belong to submountain species (sensu lato) of which 13 are
submountain species sensu stricto, inhabiting only the submountain zone, and remaining species
occur in broader alttudinal range (Fig.5:10-11}. 122 species (25%}) are mountam species {sensu
tato) of which only three are mountain species sensu stycto and remaining species occur in
broader altitudinal range (Fig.5:12). Only 26 species (3%) may be designated as sub-Alpine
species (sensu lato) of which four are sub-Alpine species sensu stricto occurring only in the
sub-Alpine zone and remaining species penetrate here from lower lying altitudinal zones
(Fig.5:13).

The horizontal and vertical occurrence of 230 gall midge species is demonstrated in maps
and graphs. Some of these species may be used for determination of sub-provinces of zoo-
geographical distriets in the Czech Republic.

Based on analysis of long-term changes in population dynamics, 1t is possible to divide gall
midge fauna of the Czech Republic into six groups: 1. species with increasing density: 160
species (20%); 2. species with stable density: 15 species (3%); 3. species with decreasing
density: 60 species (12%); 4. disappearing species: 16 species (3%); 5. disappeared species: 32
species (7%); 6. species insulficiently known: 270 species (55%).

Based on IUCN categories, 64 gail midge species (13%) may be classed as threatened
species; 32 species (7%) to extinet, 16 species (3%) to endangered and {6 species (3%) to
vulnerable species (see Tables 1-3).
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RBOOK REVIEW

HARRISON F W & RUPPERT E E (editors) Microscopic Anatomy of Invertebrates. Volume 4.
Aschelninthes. New York, Chichester, Brisbane, Toronlo, Sigapore Wiley-Liss, a John Wiley & Sons Publica-
tion, XTIV + 424 pages 180 x 255 mm Price hardcover US Dollars 150 00 JSBN 0-471-56103-7

This volume 13 the fourth representative of a serics of encyclopacdic monographs published m 15 volumes
under editionship of ' W Harrison The treatise beguns with protozoan protsis (for review see Acta Societahs
Zoologicae Bohemoslovacae, 56 156, 1992) As the editor emphasizes 1n the preface to the treatise, the body of
each chapter 1s devoted to microscopic anatomy, parbicularly to cellular studies at the ultrastructural level This
volume I5s organized mnto 10 chapters compiled by 12 unweraty experts Six of them are Americans, the others are
from Denmark France, Germany and Canada Each chapter concludes with an extensive hst of Literature cited

Chapter 1 (L E Ruppert, Clemson. SC) 1s intended to give an "Introduction to the Aschelmunth Phyla A
Consideration of Mesoderm Body Cavities, and Cuticle * As stated here, 1t 15 difficult to offer a positive definition
of an aschelminth (Greek askos = bag, cavity} Aschelminth animals are impressive because of thear diversity of
unconventional body organization The application of electron mucroscopy to aschelminths has substanually
increased knowledge of the organisation of each phylum and has led to new nsights mto the mutwat affinines of
these animals The two cardinal characteristics of Aschelmmths are a pseudocoel and an extracellular cuticle
These two hallmarks are examuned in following paragraphs nature of mesoderm and coelomate design, embryo
nic and adult compartments in animals, body cavines in Aschelmmthes, cuticles m Aschelminthes Chapter 2 {(V
Lammert, Goitingen} deals with the Gnathostomulida, a group of marme animals with a slender, worm-like
habius Chapter 3 (E E Ruppert) 1s devoled to the Gastrotricha, the small, strap- or tenpinshaped acoelomate
warms, flattened ventrally and arched dorsally, most adults do not exceed 1 mm m length Chapter 4 (K A
Wright, Toronto), focuses on Nematoda, tapering cylindrical, clearbodied, pseudococlome worms Species vary
preatly m size The phylum is divided into two orders the Secementea and Adenophorea Both groups mclude
important parasstes of plants, animals and man Selective survey of the comparative structure of nematodes 18
lustrated in following paragraphs the body wall, growth and molung, the digesuve system, the nervous system,
the excretory {osmorcgulatory) system, connective tissue and pscudocoelom Chapter S (J Brescuani, Copenha-
gen) covers the phylum Nematomomha, with superficially resemble the Nematoda and were for a long tme
confused with them They are long and slender animals, the largest of them can be 1 m long or more Repre-
sentatives of the order Gordioidea known as horschair worms or har worms in fresh water and damp soil n
iemperate and tropical regions of the world Therr larvae are obligale parasues in a variety of aquauc and
terresinal arthropods Gordian worms were recovered also from fish, birds, and mammals, mcluding man Tn
chapler 6 (P Clement, Lyon, E Wurdak, Collegeville, MN} Roufera or Rotatoria are looked at, microscopis
aquatic anumals swiming with the aid of locomotory cilia, constitute and important part of the plancton of fresh
and brackish waters A few species are marme Acanthocephala, thorny headed worms are discussed i chapter 7
{T T Dunagan, D M Mulicr, both Carbondale, {l.) They are parasitic womms living in the small imtestune of
vertebrates, varymg n lenth from less than 2 mm to more than 60 ¢cm Exammned here are therr extemal and gross
anatomy. legumental orgamzation, lemmusc, muscle, licunar system, excretory system, reproduction, and nervous
system Last three chapters cover the Priapulida (V Storch, Heidelberg), Loneifera (R M Knstensen, Copenha-
gen), and Kmorhyncha (R M Kristensen, Copenhagen, R P Higgmns, Washugton. DC} All three groups consti-
tute phyla of small free living mnverlebrates, the Jorciferans bemng the most recent animal group to be discovered
{1983) Last pages represent laxonomec and subjective ndexes

This volume contains 576 figures arranged 1n a sumlar way as in the previous volume 3 Both volumes
provide a specific and exhaustive coverage of microscopic anatomy of helmunths and related groups
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Taxonomy, new species, key, Coleoptera, Leiodidae, Letodes, Mountenegro

Abstract. Leiodes graefi spn from Montenegro 1s decribed and distinguished from smular L badia (Sturm)
Related Palaearcuce species are keyed

INTRODUCTION

Through the favour of Mr Hans Graf (Solingen, Federal Republic Germany) I had a possibr-

1ty to study an interesting Letodes species collected 1n Montenegro Mr Graf noticed the species
1s different from well known L badiz (Sturm) The species 1s lutherto unknown to science It
belongs to the species characterised by high ecked mesosternal carina and it 15 descrnibed below
From all others related Palaearciic species this new species can be distinguished by the charac-
ters nsed m the following key.

Basis of pronotum straight, hind angles not pull cut backward Beetles with membranecus wings Zz
Basis of pronotm sagged, hund angles pull out backward Species without membraneous wings Lewdes
discontignye (Bris ), rosar Daff | ampla (Rtt ), rectangula (Rtt ), imeritma (R1t), nitidula (Er ), javornik
(Hls ) and ninda (Rit.) ALl mentioned species are well defined by Daffner, 1982

Elytra with strong oblique strigostes connecting mws of punetures 3
Elytra without any oblique strigosites 5
Last antennal segment distinctly narrower than the provious one Antennal club aliways hghtly colou-

red | 5§25 mm Westem, southem, southern central Europe, N Africa L flavicornes (Brisouat)
Last antennal segment a little narrower than the previous one Antennal club usually dark 4
Last antennal segment a hitle longer than wide Parameres distally lapered 1 8-25 mm Western, southern
and central Europe L strigipenne Daffner
Last antennal segment about a half as long as wide Para-meres expanded distally

1 5-23mm Europe L gyllenhalli Stephens
Second to fourth elytral rows of punciures curved distintly toward sides at therr madlenght Tip of aedeagus
with wide natch 30-3 5 mm Western, cenwral and southern Eatope L mgrua (Schmudt)
All elytral rows of punctures run straight Tip of aedeagus pointed 6
Propotum disimcetly punctate 7
Pronotum very finely and scarcely punctate g
Spaces belween elytral rows strongly and very distnctly punctate Lastaniennal segrment distmctly narower
than the previous one 1 7-2 3 mm Canary Isl L oceanica (Wollaston)
Spaces between elyiral vows very finely and rarely pun-ctate Lastantennal segment a litle narrawer than the
previous one B
Punctures of elytral rows fine and closely standing, antennal club dark Parameres disunctly shorter than me-
dian lobe ! 8-2 5 mm Central, south-eastem and eastem Europe L carpathica (Ganglbauer)

295



- Punctures of elytral rows fine and scarcely sianding, antennal club lightly coloured. 1.8-2.5 mm. Eastemn
central, eastem Europe, Asia Minor, Middle Asia, Siberia . . . . .. ... ... ... .. L. subtilis (Reitter)
9 Shortantennae reach about to midlengthof propotum . . . . . . . ... L. Lo 10
- Long antennac reach nearly to basis of pronotum. 1.7-2.5 mam. Southern France, Corsica . . . . . . .. ..
........................................... L. castanescens (Fairmaire)
10 Very fine punctures of discal rows become much stronger and much more distinct laterally. Sides of median

lobe concave before tip (Fig.1). 1.7-2.2 mm. Monlenegm .................. L. graefi sp.n.
- Discal and lateral rows of punctures very similar, in their size, strong, dlsnnct. Sides of median lobe
straightly tapered to tip (Fig.2). 1.5-2.5 mm. N. Africa, Europe, Caucasus, Siberia . . . . . L. badia (Sturm)

Figs 1-2. Aedeagus dorsally: | - Leiodes graefi sp.n.; 2 - L. badie (Sturm). Scale G.1 mm.

Leiodes graefi sp.n.

TYPE MATERIAL: Holotype: male, Montenegro, 10.vi. 1984, Ulcinj, H.Graf legit; paratypes: maie, 2 females, the
same data; 4 males, 3 females, the same data but 24.vi. 1082; 2 males, 2 females, Montenegro, vi.1982, Hladil legit.
HOLOTYPE, 1 male and 2 females paratypes deposited in author’s collection, 1 male, I female paratypes depos.
in coll. H.Grif (Solingen, Germany), 5 malcs 4 females paratypes deposited in coll. J.Cooter (Hereford, England).

Reddish-yellow to dark-brown coloured, pronotum and elytral sutura darker in some of the
paratypes. Legs, antennae and mouth yellow-reddish. Coxae and metastemum darker. Length of
body 1.7-2.2 mm, in holotype length of body 2.1 mm, head 0.2 mm, pronotem 0.4 mm, elytra
1.5 mm, antenna 0.5 mm, width of head 0.6 mm, pronotum 1.2 mm, elytra 1.2 mm. Height of
pronotum 0.7 mm, elytra 0.8 mm.
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Head. Finely but distinctly punctate, punctures spaced by 2-5 their diameter. Verlex with 4
large punctures. Last antennal segment distinctly narrower than the previous one. Antennae
laying backward over reache the midlength of pronotum,

Pronotum. Much more finely and scarcely punctate than the head. Punctures small, superfi-
cial, separated by 4-10 their diameters. Some larger ones interposed before basis. With traces of
micro-reticulation in holotype. Hind angles broadly rounded. The largest width of pronotum at
the basis.

Elytra. Rows of punctures distinct bul very fine at disc, spaced by 1-3 their diameter. Lateral
rows with distinctly coarse punctures. Intervals with very rare, small and superficial punctures,
some larger punctures interposed in odd intervals. These punctures smaller than ones in rows.

Legs. Anterior tibiae as twice as wide distally than at basis. First to fourth basal segments
slightly expanded, hind tibiae simply curved in male.

Metasternum. Laterally nearly smooth with some rare small punctures. Finely and densely
punctured and haired in the middle. With micro-reticulation at lateral part distally.

Aedeagus. Sides of median lobe concave before the tip. Endophallic structures as in Fig.1.
DIFFERENTIAL DIAGNOSIS. Letodes graefi sp.an. differs from the very similar L. badia (Sturm) by
much smaller and finer punctures of the rows at the elytral disc. Sides of median lobe are conca-
ve before the tip in L. graefi (Fig. 1) whilc the same one in L. badia is simply tapered distally
(Fig. 2).

DERIVATIO NOMINIS. Dedicated to collector, entomologist and my friend Mr Hans Grif from
Solingen, Federal Republic Germany.
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BOOK REYIEW

ECKERT J, KUTZER E , ROMMEL M , BURGFR H -} & KORTING W Veterinarmedizinische Parasito-
logie. Begrunded von J. Boch und R. Supperer. Fourth totally revised and essentially extended edition.
Berim und Hamburg Paul Parey Verlag 1992, XXII + 905 pages 160 x 240 mm Price hardcover DM 158 GO
ISBN 3-480-52G16-2

Both founders of this renowned textbook of veterinary parasitology, distmguished professors Josef Boch
{Munich) and Rudolf Supperer (Vienna) have given the continuation m tradition m charge of other German
speaking authors from Zurich, Vienna, Hannover and Giessen First ediion in 1971 {for review see Joumal of
Hygiene, Epidemiology, Microbiology and Immunelogy, 17 36, 1973) contained a total of 408 pages, the second
and third edstion followed 1n 1977 and 1983 (for review see Foba Parasitologica, 31 363-364, 1984 Thus, since
the first edition. the volume has been doubied

The volume 15 divided 1o two parts Openmg chapter introduces some important definitions and abbrevia-
tions of various social and scientific organizations, chemotherapy and control, diagnostics, and parasitological and
epidemiological terms General part contains eight chapters Tirst, vanous forms of symbiosis, mutalism,
commensalism and parasitism are discussed The chapier on systematics and taxonomy provides msights mnto
protozoan phyla, namely the Sarcomastigophora, Apicomplexa, Microspora, Myxozoa and Ciliophora Metazoan
parasties nclude the phylum Plathelmuntha (platyhelminths or flatworms} mtroducing the class Trematodea
{= Irematoda) with subclasses Aprdogasiria, Monogemia and Digenia The class Cestodea (=Cestoda, lapeworms)
wcludes the subclasses Cestodand and Eucestodia The phylum Nematoda {=Nemata, roundworms) followed by
Acanthocephala (thomny headed worms), Annelida (jomted worms), Pentastormda (tongue worms) and Arthropo-
da conclude this chapter The authors introduce here thewr own modification of the zoological nomenclature with
followings endings -a for the phylum, subphylum or superclass, ea- for the class, 1a for the subclass, -1dea for the
superorder, -1da for the order, -ina for the suborder, -oidea for the superfamuly, idae for the famuy, nae for the
subfamily The chapter dealing with the host-parasite mterrelationshups examnes environmental problems, host
speaificity and resistance, and immunity The chapter on principles of pathogenesis 1s concerned various mecha-
nism of harmful effects and pathologicat changes associated with protozoic and metazoic parasites The chapter
on technigues needed to wdentily parasites describes basic laboratory procedures in vetermary parasitology, name-
ly the staming of blood films and exarnination of faecal specimen for the presence of protozoans, methods for
culwrng, ete Helmunthological methods cover the collection, sending and disposal of specumens, various copro-
logical procedures, parasitological dissection, demonstration of helminths 1 soil, dry mud and 1n grass samples,
and fixation and preservation of helmunths This section also covers arachno-entomological techniques for the
collection, dissection, preparation and cultivation of parasitic mutes, ticks and msects Following chapters concern
the epidemiology/epizootiology, prineiples of parasite control, and ecological importance of permanent stages

The special, most extensive pant (733 pages) ncluding 10 chaplers 15 devoted to parasitic diseases in nimi-
nants, solid hoofed animals, swine, dog and cat, mbbs, fowl, game ammals, hedgehog, fishes and honey-bee
Parasitic infections meclude protozoans (covered by M Rommel), helminths (covered by J Eckert and H-T
Burger), and atrhropods (vovered by E Kutzer) E Kutzer reviewed also the parasites of garme amimals, hedgehog
and honey bee W Korting treated the fishes With parasiic mfections i individual growps of anmmal hosts
described are the pathogemic parastes Life cycles, frequency and geographical distmbution, pathogenesis and
pathology, immunity, epideniology/epizootiology, diagnosis, and prophylactic and therapeutic measures The
concluding 1s 1ntended to give an overview of antiparasitic drugs and agents arranged wto two appendices In
appendix | the antiparasitica are histed alphabetically according to particular groups of amimals Generic and
proprietary names of drugs are given here together with names of comrespondmng manufacturers Appendix 2
mtroduces a list of drugs arranged alike according to proprictary names
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The arrangement of parasite groups or species considering the groups or species of hosts proved useful in
previous editions. Hence, information on parasite species having a wide range of hosts may be located under
several headings. For example, Toxoplasma gondii is discussed in 12 chapters, Trichinella spiralis is charac-
terized in 9 chapters. Most important hosts are provided with most detailed descriptions of their parasites, The
number of parasiie species presenied here is impressive. For exmaple, listed here are: 90 species of Eimeria, 22
species of Sarcocystis, 10 species of Capillaria, 10 species of Onchocerca, ete. Over past decade still more
advances have been made in many important fields of parasitology. New parasite species have been recognized.
Neospora caninuwm is a newly described (1988) cyst-forming coccidian of dog, It can cause necrotizing encephali-
tis and myositis. Canine neosporosis has been previously misdiagnosed as toxoplasmosis. Actual public health
problems presents cryptosporidiosis in ruminants and in other mammals and man. 'The genus Trichinella has been
subdivided into several species/subspecies: spiralis, nativa, nelsoni, pseudospiralis {most recently T. britoni),
Surveys of Echinecoccus granwlosus revealed that within this species several "strains" (or subspecies 7) emerged
which show different morphological, biochemical, biological features and different infectiousness for final and
intermediary host. Most recently a strain af camel origin has been recognized.

Many parasitic infections in animals are transmissible to man as zoonoses, Therefore, this textbook may be of
considerable interest both to veterinary practitioners and life scientifists, and to medical professionals, particularly
to parasitologists, epidemiologists and hygienists engaged in teaching or rescarch. Apart from a currently known
diseases as toxoplasmosis, cryprosporidiosis, hydatidosis, cysticercosis, toxocarosis and others, there is an
informalion on parasitic zoonoses which occur in man sporadically, and which are actually registered in the
International Nomenclature od Diseases, such as babesiosis, sarcocystosis, heterophyasis, dicrocoeliasis, echi-
nostorniasis, coenurosis, gongylonemiasis, capillariasis, oesophagosiomiasis, gnathostomiasis, thelaziasis, ete.
The names of parasitic diseases introduced in this volume correspond with names recommended by the World
Associacion for the Advancement of Veterinary Parasitology.

The treatise on particular groups of parasites and parasitic diseases concludes with an extensive list of literatu-
re cited. In preparing this volume the authors have made use of hundreds of joumals, reviews and books, This
latest edition focuses mostly on recent references and together with previous editions constitutes a valuable source
to parasitological literature. The volume is extensively augmented by 254 high quality figures composed of sche-
matic line drawings, photographs of parasites and their developmental and life history stages, full page plates
presenting coccidian oocyst and helminth ova, pathomorphological changes in organs and tissues, clinical aspects
and lahoratory procedures. In addition, there are essential data condensed into 68 tabular reviews providing
information on systematics and taxonomy, resistance of permanent siages of protozoans and helminths to various
temperatures, morphological and bislogical characteristics in eimerians and in Cystoisospora species, keys for
identification of histozoic and intestinal helminths, filarial worms, routes of Toxacara canis infections, effects of
antiparasitic drugs, efc.

Based on the tradition of more than 20 years and reflecting personal experience of a team of leading experts,
this volume represents a readable, well referenced, illustrated and produced, and throughout updated exthook of
veterinary parasitelogy.
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PRASADAN P. K. & JANARDANAN K. P. : Morphology and life cycles of two new species of

Stenoductus (Apicomplexa: Cephalina) from the millipede, Chondromorpha kelaarti in Kerala,
India

Plate 1. Srenoductus kelaarti sp. n. (1 - Sporadin; 2 - Gametoeyst with sporoduct; 3 - Spore: 4 - Midgut
epithelial cells showing an intracellular asepiate trophozoite; 5,6 - Lumen trophozoites).



PRASADAN P. K. & JANARDANAN K. P. : Morphology and life cycles of two new species of
Stenoductus (Apicomplexa: Cephalina) from the millipede, Chondremorpha kelaarti in Kerala,
India

Plate 2, Stenoductus kelaarti sp. n. (1 - Midgut epithelial cells showing an intracellular aseptate trophozoite x
610; 2 - Trophozoite x 370; 3 - Sporadin x 160; 4 - Gametocyst x 265: 5 - Gamelocys! with sporoduct x 265; 6 -
Spores x 8005,



PRASADAN P. K. & JANARDANAN K. P. : Morphology and life cycles of two new species of
Stenoductus (Apicomplexa: Cephalina) from the millipede. Chondromorpha kelaarti in Kerala,
India
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Plate 3. Stenoductus wavanadensts sp. n. (1 - Sporadin: 2 - Gametoeyst with developing sporoduct. 3 - Game-
tocyst with sporoduct: 4 - Spores: S - Midgut epithelial cells showing intracellular aseptlate trophozoites: 6 - Early
trophozoite; 7 - Trophozoite with '8 -shaped epimerite; 8 - Trophozoite with bufbous epimerite: 9 - Late tropho-
Zoile}.



PRASADAN P. K. & JANARDANAN K. P. : Morphology and life cycles of two new species of
Stenoductus (Apicomplexa: Cephalina) from the millipede, Chondrontorpha kelaarti in Kerala,
India
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Plate 4 Stenoductuswayanadensis sp. n. (1 - Midgut epithelial cells showing intracellular aseptate trophozoite
x 890; 2.3 - Trophozoites x 530; 4 - Gametocyst with developing sporoduct x 370; 5 - Gametocyst with sporoduct
% 370; 6 - Spores x 890).
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Figs 1-9, Habits of | - Leistus perraulti sp. n., holotypus, male; 2 - L. pavesii sp. n., holotypus, male; 3 - L.
cylindricus sp, n., holotypus, male; 4 - L. sichuanus sp. n., holotypus, female; 5 - L. farkaci sp. n., holotypus, male;
6 - L. crenifer Tschitschérine; 7 - L. reflexus Semenov: 8 - - L. bohemorum sp. n., holotypus, male; 9 - L. sauers sp.
n., paratypus, female.
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Figr 10-17. Aedeagus in latcral view of: 10 - Leisrus perraulti sp. n.; 11 - L. pavesii sp. n.; 12 - L. cylindricus
sp.n.; 13 « L. farkaci sp. n.; 14 - L, crenifer Tschitschérine; 15 - L. reflexus Semenov; 16 - L. bohemorum sp. n.; 17
- L. saueri sp. n.
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