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Bionomics and harmfulness of 7Tetraneura ulmi (L.) (Aphidinea,
Pemphigidae) in elms
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ABSTRACT: The paper deals with the bionomics and harmfulness of a common cecidogenous aphid Tetraneura ulmi L. (Pem-
phigidae) which showed outbreak in elms in Moravia in 2002. The majority of examinations was conducted in Ulmus minor in
ariparian and accompanying stand of the Svitava river, Bilovice nad Svitavou near Brno. The aphid was most abundant in U. minor,
much less in U. glabra and never occurred in U. laevis. In one leaf, about 2.5 (max. 16) galls were found there (at Cejkovice near
Znojmo, as much as 21 galls). Fundatrices hatched from 15 April to 7 May. Through the areal sucking on the abaxial face of leaves,
they damaged on average 1.4 cm? (about 6%) of the leaf blade, in leaves with 10 and more galls often the whole blade. Within
3—4 weeks from hatching (from mid-May), fundatrices matured and during 1-3 weeks they produced on average 35.2 fundatrige-
niae. At the beginning of June, galls reached 10.8 mm in length and 6.2 mm in width. Fundatrigeniae developed about 18 days and
from 10 to 30 June they formed migrantes alatae. Aphids left 73.3% galls. In 10.4% galls, fundatrices were killed by insect and
other predators in the 1% instar (in the initial stage of the gall formation). In 7.0% galls, immature fundatrices died in later stages of
development due to the effect of a protective activity of plant tissues. The mortality of fundatrigeniae including migrantes alatae
was caused to a very small extent only by e.g. Anthocoris confusus Reut., larvae of Syrphidae, caterpillars of Pyralidae and birds.

Effects of mortality factors on the shape and size differentiation of galls are documented in the paper.
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In some localities of Moravia, increased numbers of
galls of the aphid Tetraneura ulmi (Linnaeus, 1758) in
elms was recorded in 2001. Some species of elm (par-
ticularly Ulmus minor Mill.) were massively attacked in
2002 when often more than 10 galls occurred in leaves (at
Cejkovice near Znojmo as much as 21). The gradation of
the cecidogenous aphid was a suitable occasion for the
study of its development, size differentiation of galls and
harmfulness in elms.

T. ulmi ranks among a phylogeneticaly advanced and
economically important family of Pemphigidae which
is represented by about 30 species (HOLMAN, PINTERA
1977) in the region of the Czech Republic (CR). Amphi-
gonic males and females of the family are apterous and
show a stunted mouth system (without rostrum). Wax
glands occur in the family very often. The glands produce
wax sprinkling or fibres particularly in apterous forms.
Antennae are relatively short consisting of 6 segments.
Primary rhinaria are with an annulus of five apical sense
lashes, secondary rhinaria are mostly narrowly trans-
versely annular in winged forms. Siphunculi are porous
or are missing. A cauda is small, hemispherical or is miss-

ing. Tarsi of virginogen generations are 2-segment, in the
genus Tetraneura 1-segment. They usually migrate from
primary host plants (wood species) where they mostly
form species-characteristic galls to roots of secondary host
plants (grasses, herbs, woody species). Numerous species
show capability to preserve and reproduce by thelytokous
parthenogenesis only.

In the literature, 7. ulmi has been often referred to
as Byrsocrypta ulmi L. or T. ulmi Deg. In the past, it
was also mentioned as Aphis ulmi L., A. ulmi Geoffr.,
A. gallarum ulmi Deg., T. gallarum Gmel., T. ulmi Htg.,
T. coerulescens Del. Guerc., T. ulmifoliae Baker, Pemphi-
gus coerulescens Pass., P. coerulescens Mordv., B. ulmi
Hal. etc. Numerous scientific names of the species give
evidence of certain difficulties connected with its proper
and correct inclusion into the system of aphids which has
not been completed so far.

To a certain extent, taxonomic problems are related to
the complex annual generation cycle. In the course of
the cycle, aphids regularly migrate from primary host
plants (some species of the genus Ulmus) to secondary
host plants (numerous species of the Poaceae family).
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Thus, it concerns a heteroecious species. It reproduces by
heterogony when one amphigonic generation (sexuales)
usually alternates with four parthenogenetic generations.
This complete generation cycle (holocycle) is related to
the season-conditioned polymorphism which is shown in
the formation of several hereditary morphological types of
apterous and pterygote females, so called morphs. The am-
phigonic generation, however, can be suppressed so that
aphids reproduce parthenogenetically only in secondary
hosts by ‘virginoparous anholocycling” (RUPAJS 1989).

The developmental cycle of 7. ulmi takes place accord-
ing to the following pattern. Larvae of future adults of
fundatrices (1 generation of the aphid) hatch from ferti-
lized wintering eggs laid in the previous year into fissures
(or under lichens) on the bark of stems and large-diameter
branches of elms in spring. Parthenogenetic females can,
however, winter also on roots of grasses. Young larvae
of fundatrices move towards freshly unfolded buds
where they soon settle between veins on the abaxial face
of young leaves. Closed follicle-like galls form due to
sucking on the opposite (adaxial) face of leaves. In these
usually shortly pedunculate and surface-smooth galls
fundatrices mature. Within the period of 3 to 4 weeks,
they produce larvae (fundatrigeniae) maturing during
2 to 3 weeks in winged migrantes alatae (2" generation
of the aphid).

Toward the end of spring and at the beginning of sum-
mer, galls open at their base (apertures in the form of
a slit) and migrants leave the galls through the apertures.
They fly on secondary host plants where produce several
larvae of the 3" virginogen generation (exules). These lar-
vae freely suck on roots and soon mature. During summer,
2 virginogen generations usually develop whereas the sec-
ond (generally the fourth) generation matures in winged
sexuparae (remigrants). Usually in September, sexuparae
return to primary hosts and on their bark, they produce
2 or 3 larvae of the last (usually the 5™) generation. After
several ecdyses, the larvae mature in apterous males and
females of the amphigonic generation of sexuales. Ferti-
lized females lay always one egg only.

T. ulmi is a widely distributed Euro-Asian species which
was secondarily introduced into North America. It attacks
numerous species of elm (in Europe particularly Ulmus
minor Mill. and U. glabra Huds.) and often heavily infests
them. In case of a mass outbreak, it weakens the species
from the viewpoint of physiology and in elms grown as
orchard species the aphid lowers their aesthetic value.
Considerable damages are caused by radicicolous vir-
ginogen generations to cultivated crops (e.g. to Zea mays
L., Triticum aestivum L., Avena sativa L., Oryza sativa L.,
Hordeum spp., Panicum spp. etc.).

In spite of an indisputable economic importance and
easy species determination according to galls, the aphid
T’ ulmi is known very little only. Particularly various en-
tomological, aphidological and cecidological publications
mention the species nearly regularly. As for special papers
aimed at e.g. its biology, natural enemies and gall forma-
tion, the number of the papers is, however, very limited. In
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the 2" half of the last century, the development of 7. ulmi
was dealt with e.g. by PANIZZA (1969), and WHEELER
and JUBB (1979) and RASPI (1983, 1988) studied its
predators. New findings from the ultramicroscopic study
of galls bring DEXHEIMER et al. (1973, 1975). LJUBESIC
and WRISCHER (1992) reported on chloroplasts and their
behaviour in parenchymatous cells of galls. The move-
ment of phosphates in leaves without and with galls (and
in particular galls) was studied by KUNKEL (1968). Ef-
fects of gamma radiation on 7. ulmi were described by
KAN (1972). New findings on the possibility of using
insecticides in the control of aphids in elm were obtained
e.g. by JANCKE (1951), KRAMM (1953), ZLATANOV
(1964) etc.

The aphid is commonly distributed in the region of
the CR wherever its primary host plants grow (mainly
U. minor and U. glabra). U. minor is a south European and
Central European species which, due to its distribution,
reaches to Near East, Central Asia and northern Africa.
In the CR, it occurs particularly in floodplain forests and
on soils rich in nutrients in warm uplands. In the 2" half
of the last century, its forest-steppe ecotype was heavily
affected by Dutch elm disease caused by Ophiostoma ulmi
(Buism.) Nannf. Also U. glabra which shows autoch-
thonous occurrence in uplands and piedmont regions of
Europe (with the exception of the predominant part of the
Pyrenean peninsula and northern half of Scandinavia) was
considerably affected by this mycosis of vascular bundles.
In the CR, both the wildly growing species (particularly in
uplands) and its cultivars planted for ornamental purposes
in gardens and parks in warm regions of the country in
the past were heavily affected by the disease. It appears
that the process of decline and dieback of elms sensi-
tive to Dutch elm disease has stopped in many places
recently. Similar situation occurred at localities under
study in Moravia where 7. u/mi attacked on a mass scale
relatively well-growing species.

MATERIAL AND METHODS

Field and laboratory studies were systematically carried
out on U. minor in 2002, viz. in a riparian and accompa-
nying stand of the Svitava river in Bilovice nad Svitavou
near Brno (altitude about 230 m). From May to October,
leaves with galls were taken from the species in 14-day
intervals for laboratory investigations and/or predator
keeping. In 9 main inspection dates, in total 650 leaves
with 1,540 galls were analysed in detail, i.e. in each of
samplings on average 72 leaves and 171 galls. In a spring
period, partial observations were carried out according to
requirements also in other dates. Occasionally, galls were
investigated from U. minor growing in Brno-Obfany and
at Bystficka (the district of Vsetin) and in windbreaks in
the region of Znojmo.

At first, length and width of a leaf blade were measured
in each of the attacked leaves in our laboratory. Using
planimetry, the total leaf blade area and the blade area
sucked by larvae of the 1* instar of fundatrices were
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then measured. In each of the galls, the blade length and
mean width (in two L directions) were determined under
a microscope. On a careful longitudinal cut (carried out
under a microscope) through a gall, mean wall thickness
at base, in mid-length and at the gall top were determined
using micrometry. The content of each of the galls was
then analysed in detail, particularly health conditions and
the growth stage of fundatrices, and health conditions,
number and the growth stage of fundatrigeniae (includ-
ing the health condition and number of migrantes alatae).
Using micrometry, the length and width of the body of
fundatrices, fundatrigeniae and migrantes alatae were
measured. The fertility of fundatrices was derived from
the number of produced fundatrigeniae and according to
the number of unproduced embryos in naturally died fun-
datrices on the basis of microscopic dissection. Through
microscopic dissection, the fertility was also determined
of migrantes alatae in the period before their emergence
from galls. Considerable attention was paid to mortality
factors and their effects on the shape and size differentia-
tion of galls.

The general appearance and size of galls were evaluated
not only in the time of the occurrence of aphids in galls
but also after their leaving by aphids. The frequency of
the occurrence of galls and their size on leaves of various
dimensions were evaluated in detail. Interesting findings
were obtained by the study of the process of opening the
galls through fissures and by the study of the effects of
damage to leaves.

RESULTS AND DISCUSSION
Primary host plants
In the literature, 7" u/mi is mentioned at least in 10 spe-

cies of elm, in Europe most frequently in Ulmus glabra
Huds. and U. minor Mill. (e.g. GABLER 1955; PINTERA

1959; BUHR 1965; STEFFAN 1972; RUPAIJS 1989 etc.) or
only in U. glabra (BAUDYS 1954; PFEFFER et al. 1954;
KUNKEL 1968 etc.) or U. minor (KRAMM 1953; DEX-
HEIMER et al. 1973, 1975 etc.). RUPAJS (1989) men-
tions the infrequent occurrence of 7. ulmi in U. minor
var. suberosa (Moench) Séo and U. procera Salisb. U. pu-
milla L. (PANIZZA 1969), U. pumilla L., Pinnato-ramosa,
U. japonica (Rehd.) Sarg., U. densa Litw. (BLACKMAN,
EASTOP 1994) rank also among host species. The last
mentioned authors and also e.g. GUSEV, RIMSKIJ-KORSA-
KOV (1953), BUHR (1965) and ZIVANOVIC (1978) refer to
the aphid also in U. laevis Pall. and LIUBESIC, WRISCHER
(1992) even in Zelkova serrata (Thunb.).

Our observations show that 7 u/mi occurred most
abundantly in Moravia in U. minor and much less in
U. glabra. In a very abundant, thermophilic and rather
resistant to Dutch elm disease U. laevis galls were never
found at all. However, tiny erinea of the mite Aceria ul-
micola brevipunctata Nal. from the phytoparasitic family
Eriophyidae occurred frequently on a mass scale on the
adaxial face of leaves of the elm.

The development of fundatrices

T. ulmi winters in the stage of fertilized eggs laid by
females of the sexuales generation at the end of summer
and at the beginning of autumn. As mentioned above,
apterous virginogen generations can also winter on roots
of secondary hosts. Larvae of the 1% instar of fundatrices
hatch from eggs placed in fissures and other hidden places
on the bark of stems and large-diameter branches of elms
in spring of the next year. Mass hatching occurs in the
period of elm budbreak. Young larvae are markedly nega-
tively geotactic. They move towards the most broken buds
and suck on them at first. After unfolding the first leaves
the larvae settle on their abaxial face between veins. In
the coincidence of the period of hatching with the period

Table 1. Number and mean size of the examined leaves of Ulmus minor including the average sucked up area of leaves, number
and mean size of galls of Tetraneura ulmi. Bilovice nad Svitavou, 2002

Mean sucked area

% Q [} % =
< &S = < O g« & S
e S E g = o © 5 ux
s, -i:’ ° L g per one leaf per one leaf  around one £ E %:’ °
g E 2 553 SE% (cm?) (%) gall (cm?) Z; £ 2 G E
A z = = 2 =L E 2 o =z &
8.5. 38 8.7/5.6 31.0 2.2 7.1 1.6 52/1.4 5.712.7
22.5. 84 7.8/4.5 25.1 3.8 15.1 1.4 231/2.7 8.1/4.3
5. 6. 56 7.6/4.5 239 3.7 15.5 1.6 127/2.3 9.7/6.1
19. 6. 55 7.8/4.9 27.9 3.1 11.1 1.4 119/2.2 11.2/6.2
3.7. 83 6.7/4.1 19.5 (32) (16.4) (0.9) 288/3.5 8.6/4.7
17.7. 84 7.4/43 22 (3.0) (13.5) (1.1) 23127 7.5/4.5
14.8. 84 6.4/4.0 17.6 2.3) (13.1) (1.3) 155/1.8 7.0/4.1
11.9. 83 7.1/4.3 21.1 (1.8) (8.5) (0.8) 181/2.2 5.5/33
9. 10. 83 6.8/4.2 21.0 ? ? ? 156/1.9 5.7/3.4
Total (mean) 650 7.2/4.4 25 2.9) (12.9) (12) 1,5402.5  7.7/4.4
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Fig. 1. Part of the leaf of U. minor damaged by sucking and
creating the gall of 7 u/mi. Bilovice nad Svitavou, 8 May
2002

of budbreak the larvae starve and die. Owing to various
macroclimatic and microclimatic conditions, the start and
course of the larva hatching differs considerably. There
are very few detailed data on the period of hatching. For
example RUPAJS (1989) mentions that in Latvia larvae
hatch usually in the second decade of April and at the latest
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Fig. 2. Average area sucked by 1 fundatrix of 7. u/mi in leaves
of U. minor of 4 areal categories. An average area sucked by
1 fundatrix is depicted by dashed lines. Bilovice nad Svitavou,
8 May, 22 May, 5 June and 19 June 2002

at the beginning of May. At the main locality under study
in Bilovice nad Svitavou, larvae hatched for a consider-
ably long time, viz. from mid-April to 7 May.

Young larvae suck intensively on the abaxial face of
the leaf blade. Roughly by 20 to 60 punctures (0.3 to
2 mm apart) they inject salivary secretions into young leaf
tissues. Due to growth substances included in saliva the
leaf' blade between veins in the place of sucking is slightly
deformed and the leaf thickness is somewhat increased.
Fresh green colouring in the place of sucking and its im-
mediate vicinity grows pale and changes in yellow-green,
green-yellow or reddish. If particular punctures are placed
within a short distance of each other the blade is irregu-
larly corrugated (Fig. 1). If particular punctures are placed
within a long distance of each other separate slightly gib-

Table 2. Mean area of leaves sucked by one fundatrix of 7. ulmi in leaves of U. minor in relation to their area. Bilovice nad Svita-

vou, 2002
Leaf area (cm?) 8.5. 22.5. 5. 6. 19. 6. Mean
8.5.-19.6. 3.7-11.9.

<10 0.8 0.8 1.1 1.0 0.9 1.0
11-20 1.1 0.8 1.4 1.1 1.1 1.0
21-30 1.3 1.4 1.7 1.2 1.5 1.1
>3] 1.9 22 2.4 2.0 2.1 1.0
Mean 1.6 1.4 1.6 1.4 1.5 1.0

Table 3. Mean area of leaves sucked by one fundatrix of 7. u/mi (cm?) in leaves of U. minor with the various number of galls.

Bilovice nad Svitavou, 2002

Number of galls Mean
per 1 leagf 8.5 25 > 6. 19-6. 8.5-19.6. 3.7-11.9.
22 1.4 25 1.5 1.9 1.4
2 0.9 1.4 1.4 1.8 1.4 1.1
3-4 1.1 1.6 1.4 1.3 1.4 0.9
>5 0.4 1.4 1.2 0.8 13 0.8
Mean 1.6 1.4 1.6 1.4 1.5 1.0
162 J.FOR. SCL, 49, 2003 (4): 159181
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Fig. 3. Average area sucked by 1 fundatrix of 7. u/mi in leaves of
U. minor with the various number of galls. Dashed lines depict
an average area sucked by 1 fundatrix. Bilovice nad Svitavou,
8 May, 22 May, 5 June and 19 June 2002

& 5 Mumber of galls

bous spots of a diameter of 1 to 2 mm are formed around
them. The spots are dull on the abaxial face and bright on
the adaxial face.

Symptoms of damage to leaves due to sucking are
very conspicuous already in May and June. Sucking of
one larva affects the leaf blade of an average area of
1.5 cm?, i.e. about 6% of the leaf area (area of about
22 c¢cm?). From July, however, symptoms of damage (par-
ticularly colour changes) are more evident on an average
area of only 1.0 cm? (Table 1). Greater number of larvae
sucks on one leaf often (in Bilovice nad Svitavou as many
as 16 and near Cejkovice, District of Znojmo, as many as
21 larvae). A total sucked area increases and in case of the

mass occurrence of larvae even whole leaf blades can be
damaged by sucking. With the mean number of 2.5 larvae
per 1 leaf of an average area of 22.5 cm? the sucking af-
fected about 2.9 cm?, i.e. about 12.9% of the leaf blade in
Bilovice nad Svitavou (Table 1). On leaves of an average
size attacked by about 10 larvae a sucked area amounted
to about 50% (on smaller leaves even as much as 100%)
of the total leaf area.

It has been found that in young leaves (from May and
June), the area sucked by 1 fundatrix significantly (as
much as 2.3 x) increases with the size of leaves (Table 2,
Fig. 2). In older (from July and later months) leaves, the
sucked area does not substantially change with the size
of leaves (Table 2). This, at the first glance paradoxical
finding, is undoubtedly related to a certain revitalization
of sucked leaves which takes place particularly in July.
With the increasing number of sucking larvae an average
area sucked in young leaves by 1 larva significantly (1.5 to
1.8 times) decreases. For example, in the occurrence of
1 larva on a leaf 1 fundatrix sucked on average 1.9 cm?,
in the occurrence of 5 and more larvae 1.3 cm? only (Table 3,
Fig. 3). Detailed examinations showed that an average
area sucked by 1 fundatrix increased to a certain extent
also with the size (length and width) of subsequently cre-
ated galls (Tables 4 and 5).

After several days of areal sucking on the blade of
leaves, larvae of the 1% instar of fundatrices settle and
then suck virtually on one place. Through sucking they
induce pathological proliferation of tissues manifested by
the rapid formation of a gall on the opposite (i.c. adaxial)
face of a leaf. At first, galls are bulge-like or dully coni-
cal, later on follicle-like, lengthwise oval and sometimes
slightly pointed at their top (Figs. 4 and 5), sporadically
even cleft (with 2 peaks). At their base, they are mostly
tapered and often pedunculate (Fig. 6). On the surface,
they are always smooth, semi-glossy to dull, at first green

Table 4. Mean area of leaves sucked by one fundatrix of 7. u/mi around galls in leaves of U. minor (within three length categories

of galls). Bilovice nad Svitavou, 2002

11 length Mean
Ga(mren)gt >0 19-6. 37 177 5.6-19. 6. 3.7-17.7.
<9 13 13 0.9 1.0 13 1.0
10-11 1.5 1.2 0.9 1.2 1.4 1.1
>12 22 1.4 0.9 1.1 1.6 1.1
Mean 1.6 1.4 0.9 1.1 1.5 1.0

Table 5. Mean area of leaves sucked by one fundatrix of 70 u/mi around galls in leaves of U. minor (within three width categories

of galls). Bilovice nad Svitavou, 2002

Gall width Mean
(mm) 5. 6. 19. 6. 3.7. 17.7. 5 619, 6. 3.7-17.7.
<4 1.4 1.3 0.8 0.9 1.4 0.9
5-6 1.3 1.4 1.0 1.1 1.4 1.0
>7 1.8 1.4 1.0 1.3 1.6 1.2
Mean 1.6 1.4 0.9 1.1 1.5 1.0
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Fig. 4. Young galls of 7. ulmi in leaves of Fig. 5. Young galls of 7. ulmi in leaves of Fig. 6. A young gall of T. ulmi in a leaf
U. minor. Bilovice nad Svitavou, 8 May U. minor (detail). Bilovice nad Svitavou, of U. minor. Bilovice nad Svitavou,
2002 8 May 2002 20 May 2002

Table 6. Length and width of particular instars of larvae and imagoes of fundatrices of 7. u/mi in galls in leaves of U. minor
(1 division = 0.0357 mm). Bilovice nad Svitavou, 8 May, 22 May 2002, Bystticka, 26 May 2002

I* instar 2" instar 3" instar 4™ instar Imago

Body length

(divisions) Number Mean Number Mean Number Mean Number Mean Number Mean

ofaphids  width  ofaphids  width  ofaphids width ofaphids width ofaphids width
16-17 10 7.0 - - - - - - - _

18-19 2 7.0 - - - - - - - -
20-21 - - 2 11.0 - - - - - -
22-23 - - 10 11.7 - - - - - -
24-25 - - 9 12.5 2 13.0 - - - -
2627 - - 5 13.0 3 14.6 - - - -
28-29 - - - - 10 15.2 - - - -
30-31 - - - - 15 16.9 - - - -
32-33 - - - - 16 17.5 - - - -
34-35 - - - - 15 18.5 5 19.5 - -
36-37 - - - - 8 19.3 13 19.9 - -
38-39 - - - - 5 20.0 14 20.1 - -
40-41 - - - - 4 233 20 23.6 - -
42-43 - - - - - - 23 26.2 4 243
44-45 - - - - - - 18 26.1 6 27.7
46-47 - - - - - - 7 26.7 5 28.0
48-49 - - - - - - 5 28.5 5 30.5
50-51 - - - - - - 3 30.5 5 30.6
52-53 - - - - - - 1 32.0 4 31.3
54-55 - - - - - - - - 4 32.0
56-57 - - - - - - - - 3 38.0
58-59 - - - - - - - - 3 385
60-61 - - - - - - - - 1 33.0
Total 12 - 26 - 78 - 109 - 40 -
Length
(from-to) - 16-18 - 21-27 - 25-40 - 34-52 - 42-60
( fr\Zrlsi}tlo) 6-8 - 11-14 - 13-24 - 18-32 - 23-40
Mean length - 16.8 - 23.8 - 32.7 - 41.7 - 50.7
Mean width - 7.0 - 12.2 - 17.7 - 242 - 30.6
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Fig. 7. Average length (light)
and width (dark) of galls
induced by fundatrices and
fundatrigeniae (F) of 7. ulmi in
leaves of U. minor. Bilovice nad
Svitavou, 8 May, 22 May and
5 June 2002

or yellow-green. The mouth (throat) of growing galls is
gradually closed and fulfilled with dense (about 0.5 mm
long) light trichomes which are partly evident from the
abaxial face of leaves. Inside the galls, a spacious cavity
is formed where the whole further development of fun-
datrices and the 2™ generation established by them takes
place. In one gall always one fundatrix develops.

The first moulting takes place in a period when galls
reach about 1/3 of their final length and width (Fig. 7).
At the main locality under investigation in Bilovice nad

D

Fig. 8. A longitudinal cut through the gall of 7" u/mi in a leaf of
U. minor with fundatrix in the 4" instar including exuvia. Bilo-
vice nad Svitavou, 20 May 2002
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Svitavou, larvae moulted for the first time at the begin-
ning of May. After next three ecdyses, mature fundatrices
began to occur in galls from mid-May. The whole develop-
ment from hatching up to maturity took 3 to 4 weeks. The
growth stage of fundatrices can be safely determined on
the basis of exuviae (the first of them is black and other
are light) which accumulate in galls (Fig. 8). With the
development of fundatrices the gall wall thickness also
gradually increases (Fig. 9). Walls at the base of galls are
always on average thinnest. In the half of the gall length,
walls are of medium thickness and at the top are thickest.
Galls with the undisturbed development of aphids grow
up usually at the beginning of June. Figs. 7 and 9 show
that fundatrices and to a small extent only fundatrigeniae
participate mostly in the formation of galls.

The size (length and width) of particular instars and
mature fundatrices is given in Table 6 and Figs. 10 and 11.
They show that larvae of the 1* instar are 0.57 to 0.64 (on
average 0.60) mm long and 0.21 to 0.28 (on average 0.25)
mm wide. The size of larvae of the 2" instar is 0.75 to 0.96
(onaverage 0.85) mm % 0.39 to 0.50 (on average 0.44) mm.
The size of larvae of the 3 instar is 0.89 to 1.43 (on average
1.17) mm x 0.46 to 0.86 (on average 0.63) mm and that of
larvae of the 4" instar 1.21 to 1.86 (on average 1.49) mm x
0.64 to 1.14 (on average 0.86) mm. Mature fundatrices are
1.50 to 2.14 (on average 1.81) mm long and 0.82 to 1.43
(on average 1.09) mm wide.

Ovaries of mature fundatrices contain various numbers
of embryos of various size before reproduction. In prin-
ciple, the mean number of embryos corresponds to the
mean fertility of females (35.2 pc). The length of embryos
is 0.18 to 0.68 (on average 0.47) mm and width 0.14 to
0.29 (on average 0.21) mm. Not very distinct embryos
of a number of 0 to 44 (on average 20.3) pc are usually
already formed in ovaries of the 4" instar of fundatrices.
Their length is 0.11 to 0.39 (on average 0.25) mm and
width 0.11 to 0.18 (on average 0.15) mm.

Mature fundatrices produce larvae — fundatrigeniae
(Fig. 12) for the period of 1 to 3 weeks. In the Nether-
lands, mature fundatrices and young larvae occur in the 2™
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Table 7. Mean potential fertility of 7" u/mi fundatrices in galls in leaves of U. minor. The galls were divided into three length and
three width categories. Bilovice nad Svitavou, 2 May, 5 June 2002, Bystficka, 26 May 2002

Number i Number
Gall length : Mean fertility Gall width - Mean fertility
(mm) fundatrices embryoes (mm) fundatrices embryoes
<9 51 1,306 25.6 <4 18 301 16.7
10-11 71 2,456 34.6 5-6 85 2,640 31.1
>12 60 2,654 442 >7 79 3,475 44.0
Total 182 6,416 35.2 Total 182 6,416 352
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Table 8. Mean length and width of mature fundatrices of 7. u/mi in the period of sexual maturity until their death. Bilovice nad

Svitavou, 22 May—19 June 2002, Bystiicka, 26 May 2002

. . Body length (mm) Body width (mm)

Size of fundatrices

from—to mean from—to mean
Immediately before reproduction 1.43-2.14 1.81 0.96-1.25 1.11
In the half of the reproduction period 1.00-2.07 1.59 0.75-1.36 1.09
At the end of the reproduction period 1.00-1.94 1.39 0.89-1.50 1.19
Soon after completing the reproduction 0.89-1.50 1.11 0.82-1.43 1.04
About 2 weeks after reproduction 0.78-1.60 1.01 0.71-1.25 0.98
Immediately after death 0.82-1.40 1.00 0.64-1.36 0.97

half of May (GOOT, v.d. 1915). In Bilovice nad Svitavou,
fundatrices began to reproduce already in mid-May and in
the course of the whole period of reproduction they pro-
duced 3 to 78 (on average 35.2) of offsprings. According
to RUPAIJS (1989), in Latvia fundatrices reproduce 3.5 to
4 weeks producing in total 20 to 60 (on average 30) off-
springs. After completing the reproduction, females stop
sucking and after several days to 2 weeks they die.

It has been demonstrated that fundatrices in larger galls
show significantly higher fertility than in smaller galls.
For example, in galls 12 (and more) mm long, the fertility
of fundatrices was 1.7 times higher than in galls 9 (and
less) mm long (Table 7, Fig. 13). In galls 7 (and more)
mm wide, the fertility of fundatrices was 2.6 times higher
than in galls 4 (and less) mm wide (Table 7). It has been
found through a microscopic dissection that fundatrices
produce the overwhelming majority (98.8%) of offsprings
created as embryos in ovaries. It means that the potential
(physiological) fertility of fundatrices is virtually equal to

Fig. 12. A longitudinal cut through the gall of 7. u/mi in a leaf
of U. minor with a mature fundatrix and fundatrigeniae in the
1% instar. Bilovice nad Svitavou, 20 May 2002

J. FOR. SCIL, 49, 2003 (4): 159-181

real (ecological) fertility. During the reproduction, the fun-
datrices body length is substantially (1.6 times) shortened
while the body width is nearly unchanged (Table 8).

The development of fundatrigeniae including
migrantes alatae

Fundatrigeniae of 7 ulmi change after 3 ecdyses in
nymphs (larvae of the 4" instar) and after the 4" hatch-
ing in winged migrantes alatae. At the main investigated
locality in Bilovice nad Svitavou, the first fundatrigeniae
were found as early as 15 May and the first migrants on
5 June. The development of fundatrigeniae from their
conception to the hatching of migrantes alatae took 14 to
21 (on average 18) days. From 10 to 25 June, galls with
the undisturbed development of aphids opened through
secondary emergence fissures (Fig. 14). The winged aphid
emergence began about 10 June and on 30 June finished.
The timely emergence of aphids from galls (even before
the end of June) refers to already RATZEBURG (1844). The
development of offsprings of fundatrices towards winged
individuals takes 14 to 17 days only in Latvia (RUPAJS
1989). A rather rapid development of fundatrigeniae and
the most abundant occurrence of migrantes alatae in the

Sumbser
5 =

40
)~
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=9 1o-11 212 Ciall length

LEnm )

Fig. 13. The average fertility of fundatrices of 7. u/mi in galls of
three length categories in leaves of U. minor. Dash lines depict
average fertility. Bilovice nad Svitavou, 22 May and 5 June 2002.
Bystiicka, 26 May 2002
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Table 9. Length and width of particular instars of fundatrigeniae including migrantes alatae of 7. u/mi in galls in leaves of U. minor
(1 division = 0.0357 mm). Bilovice nad Svitavou, 5 June, 19 June 2002

1* instar 2" instar 3" instar 4™ instar Imago
Body length
(divisions) Numbgr M.ean Numbgr Mean Number Mean Number Mean Numbgr Mean
ofaphids  width  ofaphids  width  ofaphids width  ofaphids width ofaphids  width
18-19 12 9.4 - - - - - - - -
20-21 40 10.1 - - - - - - - -
22-23 45 10.9 - - - - - - - -
24-25 48 12.0 - - - - - - - -
26-27 30 13.9 5 13.8 - - - - - -
28-29 10 14.1 42 14.5 - - - - - -
30-31 - - 91 15.4 - - - - - -
32-33 - - 100 16.7 - - - - - -
34-35 - - 97 17.6 5 17.5 - - - -
36-37 - - 47 18.0 30 18.7 - - - -
38-39 - - 8 18.4 92 19.0 - - 17.0
40-41 - - - - 145 19.5 - - 7 17.6
42-43 - - - - 109 20.6 - - 22 16.8
44-45 - - - - 100 20.7 6 20.7 26 17.7
46-47 - - - - 35 20.7 30 20.7 16 18.1
48-49 - - - - 7 215 33 22.3 16 19.1
50-51 - - - - - - 49 22.7 28 19.4
52-53 - - - - - - 49 23.8 13 20.8
54-55 - - - - - - 50 24.8 15 20.5
56-57 - - - - - - 38 253 10 21.5
58-59 - - - - - - 25 25.8 7 21.6
60-61 - - - - - - 24 26.1 23.7
62-63 - - - - - - 1 26.0 25.0
64-65 - - - - - - 2 28.5 - -
Total 185 - 390 - 523 - 307 - 168 -
( fif;gfﬂ)) - 18-28 - 27-39 - 35-49 - 44-65 - 39-62
( fr\):rll(qii}tlo) 9-15 - 13-19 - 17-22 - 20-29 - 15-25
Mean length - 233 - 32.6 - 41.6 - 53.0 - 49.1
Mean width - 11.6 - 16.5 - 19.9 - 23.8 - 19.2
Length:
e - 20:1 - 2.0:1 - 2.1:1 - 22:1 - 26:1

Fig. 14. Emergence holes in galls of 7. u/mi. Bilovice nad Svi-
tavou, 15 June 2002

168

Netherlands in the second half of June mentions GOOT,
v. d. (1915).

The length and width of particular instars of fundatri-
geniae (including migrantes alatae) is given in Table 9
and in Figs. 10 and 11. They show that larvae of the 1*
instar are 0.64 to 1.00 (on average 0.83) mm long and
0.32 to 0.53 (on average 0.41) mm wide. The size of lar-
vae of the 2™ instar is 0.96 to 1.39 (on average 1.16) mm
% 0.46 to 0.68 (on average 0.59) mm. The size of larvae
of the 3" instar is 1.25 to 1.75 (on average 1.48) mm x
0.61 to 0.79 (on average 0.71) mm and of larvae of the
4™ instar 1.57 to 2.32 (on average 1.89) mm x 0.71 to
1.04 (on average 0.85) mm. Migrantes alatae are 1.39 to

J. FOR. SCI, 49, 2003 (4): 159-181



Table 10. Number and size of embryoes in the body of migrantes alatae of 7. u/mi before their emergence from galls in leaves of
U. minor (all within 3 length and width categories) (1 division = 0.0357 mm). Bilovice nad Svitavou, 19 June 2002

Aphid length Number of embryoes Length/width of  Aphid width Number of embryoes
(divisions) from—to mean embryoes (mm) (divisions) from—to mean

<45 2-6 4.1 0.71/0.29 <18 2-8 4.7

46-50 2-9 5.5 0.73/0.30 19-21 2-9 5.6

> 51 3-10 7.4 0.75/0.34 >22 4-10 7.5

Total 2-10 5.8 0.74/0.32 Total 2-10 5.8

Table 11. Numerical and percentage representation of galls of 7. u/mi with intact and disturbed walls in leaves of U. minor. Bilovice
nad Svitavou, 17 July 2002

Galls Number (%)
Unclosed — conical (length < 2.5 mm) 58 253
Unopened (with developed 2™ generation) 18 7.9
Open — 1 fissure 70 30.6
— 2 fissures 33 14.4
— 3 fissures 9 3.9
— 4 fissures 1 0.4
— 1 fissure and pecking up 12 53
— 2 fissures and pecking up 3 1.3
— 3 fissures and pecking up 3 1.3
— 1 fissure and eating up 1 0.4
— pecking up 16 7.0
— eating up 5 2.2
Total 229 100.0

2.21 (on average 1.75) mm long and 0.54 to 0.89 (on aver-  ment of the 2™ generation, anatomical structure of galls
age 0.69) mm wide. changes and the trophic value of galls for aphids rapidly

Under optimum conditions, all fundatrigeniae of 7" u/mi ~ impairs. In the period of hatching of migrantes alatae
develop to migrantes alatae. In a period of the develop-  sucking intensity gradually decreases. Ageing and drying
of galls induces their spontaneous opening.

Ovaria of newly hatched migrantes alatae (in a period
before their emergence from galls) contain 2 to 10 (on
average 5.8) embryos. The length of embryos is 0.71 to

%)

i) =
A0
401
o=
20

110

] F ] L ] 5  Mumber
ol fissunes

T

Fig. 16. Frequency of the occurrence of fissures in gall walls of
Fig. 15. A pecked up gall of 7" u/mi in aleaf of U. minor. Bilovice ~ T. ulmi in leaves of U. minor. Bilovice nad Svitavou, 19 June—
nad Svitavou, 17 July 2002 9 October 2002
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Table 12. Causes of the origin of holes and their localization in galls of 7. ulmi in leaves of U. minor. Bilovice nad Svitavou,

17 July 2002

Hole origin Hole localization mainly in the third Number (%)

Rupture of the gall wall basal 112 78.9 83.1
middle 5 3.5
apical 1 0.7

Pecking up by birds basal 1 0.7 12.7
middle 1 0.7
apical 4 2.8
basal and middle 3 2.1
middle and apical 6 43
basal, middle and apical 3 2.1

Eating up by insect basal 2 1.4 4.2
middle 1 0.7
apical 3 2.1

Total 142 100.0 100.0

0.75 (on average 0.74) mm and width 0.29 to 0.34 (on
average 0.32) mm. The average number and size of em-
bryos significantly increase (about 1.7 times) with the size
of females (Table 10).

Opening the galls

Emergence holes are formed due to fissuring the gall
wall and gradual increasing the bursts in the course of
arelatively short time of several hours to several few days.
The whole process of opening the galls in a host species or
locality extends, however, for a period of about 2 weeks
(in Bilovice nad Svitavou for 15 days). Within the period,
fundatrices gradually die and the proportion of winged
aphids increases in galls. In the period of fissuring the
walls, 0 to 90% migrantes alatae occur in galls, the rest is
formed by nymphs and larvae. Similarly as fundatrices,
fundatrigeniae (including migrantes alatae) show also well
developed rostrum. Winged females suck still for a period
of several days after hatching and then gradually leave
the galls through fissures and fly over to secondary host
plants. Usually the predominant part of individuals of the
2" generation completes its development in already open

galls and on average the small proportion of migrants only
leaves the galls immediately after the formation of emer-
gence holes. In Bilovice nad Svitavou even on 19 June in
the same open galls, larvae of all instars of fundatrigeniae
including migrantes alatae occurred ordinarily. The pro-
cess of gall leaving culminated there at the end of the 2™
decade of June when on average 14.4 aphids occurred in
galls, i.e. by 59.1% less than at the beginning of the period
of emergence.

Through fissures in gall walls part of galls opens only
(in Bilovice nad Svitavou about 57.6%). It refers particu-
larly to full-grown galls with intact development of aphids
of the 1* and 2™ generations. Table 11 shows that the
smaller part (7.9%) of galls with the completed develop-
ment of aphids does not open at all or opens through only
insufficiently large fissure. The fissures originate never
in small (max. 2.5 mm long) bulge-like up to dully coni-
cal galls where fundatrices died in the earliest stages of
their development. These incomplete and often open (at
their mouth/throat) or imperfectly closed galls were very
abundant in Bilovice nad Svitavou amounting to 25.3%
of all galls. Concurrently with opening the galls through
fissures, in the 2™ half of June pecking up the galls by

Table 13. Frequency of the occurrence of fissures in galls of 7. u/mi in leaves of U. minor. Bilovice nad Svitavou, 19 June

—9 October 2002
Number of fissures in one gall Number of galls (%) Number of fissures (%)
0 476 42.5 - -
1 473 42.3 473 54.0
2 129 11.5 258 29.5
3 32 2.9 96 11.0
4 7 0.6 28 32
5 2 0.2 20 2.3
Total 1,119 100.0 875 100.0
Mean — - 1.4 -
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Fig. 17. Mean length and width of fissures (light and dark
columns, respectively) in gall walls of 7. u/mi distributed into
5 length categories. The average number of fissures in 1 gall is
depicted by dashed lines. Bilovice nad Svitavou, 19 June, 3 July
and 17 July 2002

birds (Fig. 15) and eating up the galls by polyphagous
insect occur. The two factors disturb roughly to the same
extent both galls with fissures and galls which are closed
so far. In Bilovice nad Svitavou, birds ate up on average
14.9% galls (from this 7.9 with fissures and 7.0% without
fissures). Insect ate up about 2.6% galls (from this 0.4 with
fissures and 2.2% without fissures) (Table 11).

As for disturbed galls, the majority (83.1%) of galls is
cracked and 12.7% galls only are pecked up by birds and

4.2% are eaten up by insect. Galls usually (94.9%) crack
in the basal third, in 4.2% in the middle third and in 0.9%
in the apical third. The most frequent opening the galls
in the basal third is undoubtedly related to the different
thickness of gall walls. It is usually smallest at the gall base
(about 0.30 mm), in the half of the gall height is medium
(about 0.45 mm) and at the top of galls is greatest (about
0.60 mm) (Fig. 9). Birds disturb the galls in various parts,
however, far most frequently (78.8%) in the apical and
middle thirds. The origin of holes in galls including their
localization is given in Table 12.

In Bilovice nad Svitavou, the majority (54.0%) of burst
galls was opened by one fissure, 29.5% galls by two fis-
sures, 11.0% galls by three fissures, 3.2% galls by four
fissures and 2.3% by five fissures. On average 1.4 fissures
occurred in cracked galls (Table 13, Fig. 16). However,
42.5% were without fissures and, therefore, generally on
average 0.9 fissures only occurred in galls. The number of
fissures in galls significantly increased with gall dimen-
sions (length and width) (Tables 14 and 15). The majority
(60.0%) of fissures were more or less parallel with the
longitudinal axis of galls, 11.6% fissures were transverse
and 28.4% fissures were oval. The mean length of fissures
(measured always along the gall length) was 2.7 mm and
width 2.0 mm. The mean length and width of fissures
significantly increased with increasing length and width
of galls. For example, in galls 12 (and more) mm long
fissures were 1.8 times longer and 1.9 times wider than in
galls 5 (and less) mm long. In galls 7 (and more) mm in
width, fissures were 1.6 times longer and 2.6 times wider

Table 14. Number and mean length/width of fissures in galls of 7. u/mi including the number and % of galls pecked up by birds and
eaten up by insect (all within five length categories of galls). Bilovice nad Svitavou, 19 June—17 July 2002

Mean number ~ Mean length/  Number of Number of
Boifn]rir)lgth T(\)I?n;lilesr O?Igrsr;bfés of fissures in width of pecked up (%) eaten up (%)
& " one gall fissures (mm) galls galls

<5 148 8 0.05 1.7/1.1 - - 2 1.3

67 39 22 0.6 22/1.3 - - 3 7.7

8-9 126 133 1.1 2.6/1.8 17 13.5 1 0.8
10-11 180 224 1.2 2.712.2 20 11.1 2 1.1
>12 142 206 1.5 3.02.1 23 16.2 3 2.1
Total (mean) 635 593 0.9 2.7/2.0 60 9.4 11 1.7

Table 15. Number and mean length/width of fissures in galls of 7. u/mi including the number and % of galls pecked up by birds and
eaten up by insect (all within four width categories of galls). Bilovice nad Svitavou, 19 June—17 July 2002

. Mean number ~ Mean length/  Number of Number of
Ga(lrlnvr;l)d th I;IFnLl;lesr oI;IEIsl;Efés of fissures in width of pecked up (%) eaten up (%)
& one gall fissures (mm) galls galls

<2 145 6 0.04 1.8/0.9 - - 2 1.4

34 67 60 0.9 2.5/1.6 - - 3 4.5

5-6 246 273 1.1 2.7/2.0 19 7.7 3 1.2

>7 177 254 1.4 2.9/2.3 41 16.1 3 1.7

Total (mean) 635 593 0.9 2.7/2.0 60 9.4 11 1.7
J. FOR. SCI., 49, 2003 (4): 159181 171



Table 16. Frequency of the occurrence of galls of 7. u/mi in leaves of U. minor. Bilovice nad Svitavou, 2002

Number of

Number of leaves Number of galls
galls per one
leaf 8.5. 22.5. 5.6. 19.6. 3.7. 17.7. 14.8. 11.9. 9.10. total total (%)
1 31 39 25 25 24 33 48 32 38 295 295 19.2
2 5 15 13 11 15 16 18 20 27 140 280 18.2
3 1 11 5 8 10 13 10 20 11 89 267 17.3
4 - 3 6 8 14 11 2 9 4 57 228 14.8
5 - 5 5 2 5 3 4 - 3 27 135 8.8
6 — 4 2 1 6 2 1 1 - 17 102 6.6
7 - 2 - — 1 3 1 1 - 8 56 3.6
8 1 1 - - 3 1 - - - 6 48 3.1
9 — 2 — — 1 - - - - 3 27 1.8
10 - - - — 2 - - - - 2 20 1.3
11 - - - - - - - - - - - -
12 — 1 — — 1 - - - - 2 24 1.6
13 - - - — - 1 - - - 1 13 0.8
14 - - - - - 1 - - - 1 14 0.9
15 — — — — 1 - - - - 1 15 1.0
16 - 1 - — - - - - - 1 16 1.0
i;‘f/r;:er of 38 8 56 55 83 g4 84 83 83 650 - -
T;a‘;:ber of 52 231 127 119 288 231 155 181 156 — 1,540 100.0
ﬁe;ilzumber 14 27 23 22 35 27 18 22 19 - 2.4 -
than in galls 2 (and less) mm in width (Tables 14 and 15, Gall localization on leaves
Fig. 17). Tables 14 and 15 show that the largest galls are
positively most affected by pecking up and galls of below- Galls of T ulmi are always localized between lateral
average dimensions are rather affected by insect eating. veins on the adaxial face of leaves. In case of mass out-

In order aphids to be able to leave the galls, fissures  break, as much as 30 galls can occur on one leaf (RUPAJS
have to reach at least 1.5 mm in length and 0.9 mm in 1989 etc.). In 2002, nearly all leaves were affected by galls
width. Fissures of smaller dimensions do not enable the
emergence of aphids from galls and the aphids die on a
mass scale in galls. In Bilovice nad Svitavou, such fissures

K Mkt
occurred in less than 4% galls.
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Fig. 19. Average number of galls of 7. u/mi in leaves of U. minor

of 4 areal categories. The average number of galls per 1 leaf
Fig. 18. Frequency of the occurrence of galls of 7. ulmiin leaves  is depicted by dashed lines. Bilovice nad Svitavou, 8 May to
of U. minor. Bilovice nad Svitavou, 8 May to 9 October 2002 11 September 2002
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Table 17. Mean number of galls of 7. u/mi in leaves of U. minor in relation to their area. Bilovice nad Svitavou, 2002

Leaf area (cm?) 8.5. 22.5. 5.6. 19.6. 3.7. 17.7. 14.8. 11.9. Mean
<10 1.5 2.5 2.5 1.6 2.3 2.0 1.7 1.8 2.1
11-20 1.2 2.4 2.8 2.6 2.8 1.9 2.1 2.0 2.3
21-30 2.2 32 2.3 1.4 4.0 3.0 1.8 2.3 2.6
>31 1.2 3.0 1.4 2.1 6.3 4.4 1.0 2.9 2.8

Mean 1.4 2.7 23 2.2 3.5 2.7 1.8 2.2 2.4

Table 18. Localization of galls of 7. u/mi with respect to the longitudinal axis of leaves of U. minor. Bilovice nad Svitavou, 2002

Localization of galls 8.5. 22.5. 3.7. 14. 8. Total (%)
In the upper third of the blade 30 139 214 126 509 70.1
In the middle third of the blade 14 67 63 27 171 23.6
In the lower third of the blade 8 25 11 2 46 6.3
Total 52 231 288 155 726 100.0

in heavily attacked U. minor in Bilovice nad Svitavou
and in Brno-Obrtany. In Bilovice nad Svitavou, on average
2.4 galls and max. 16 galls on 1 leaf occurred (Table 16,
Fig. 18). Near Cejkovice (Znojmo District), leaves of
U. minor were attacked on average by 4.1 galls while max.
21 galls were found on 1 leaf.

Examinations of the mean number of galls on 567 leaves
of four size categories showed that the mean number of
galls on one leaf increases with the size of a leaf blade (Ta-
ble 17, Fig. 19). The fact is obviously related to the marked
negative geotaxis of newly hatched young larvae of funda-
trices and their tendency to occupy the most unfolded buds.
Leaves developed from early flushed buds are on average
always larger than leaves from buds flushing later.

According to RATZEBURG (1844), galls occur in the
central and apical part of the leaf blade, according to
GOOT, v. d. (1915), in any place of the blade. In Bilovice
nad Svitavou, the predominant majority of galls (70.1%)
occurred in the upper (apical) third of the leaf blade,
much less (23.6%) in the middle third of the blade and
least (6.3%) in the basal third of the blade (Table 18). If
assessed in perpendicular direction to the main leaf vein
42.4% galls were localized in the inner third of the blade
(i.e. bilaterally along the main longitudinal vein), 35.0%
in both middle thirds of the blade and 22.6% in both
peripheral (marginal) thirds of the blade. It is of interest
that the majority (66.1%) of galls was localized in the
smaller ‘half’ of eccentric leaf blades. Causes of the most
abundant occurrence of galls in the apical third of the leaf
blade and in the inner part of leaves (near the main vein)
or in the smaller ‘half” of leaves consist in the character
of budbreak and growth of leaves, i.e. in the different dis-
position of various parts of leaves to the attack by young
larvae of fundatrices.

Mortality factors

Larvae of Leucopis palumbii Rond. (Chamaemyiidae)
(RASPI 1983, 1988) in Italy and Scymnus brullei Muls.

J. FOR. SCI., 49, 2003 (4): 159-181

(Coccinellidae) (WHEELER and JUBB 1979) in USA were
observed as predators of 7. u/mi in primary hosts. Root
morphs of 7. ulmi show other natural enemies [in the CR,
e.g. the parasitoid Paralipsis enervis (Nees) (Aphididae)]
(STARY 1966).

A study of the health condition of 7. u/mi populations
in galls on U. minor in Bilovice nad Svitavou did not
find any important abiotic and biotic factors which could
significantly affect the population density of the aphid
(Table 19). Development was successfully completed
by aphids in 73.3% of galls. Most frequently (in 10.4%
galls), insect and other predators (e.g. from the families
Coccinellidae, Chrysopidae and Thrombidiidae) killed
fundatrices already in the early stage of the 1% instar
development, i.e. in the period of ‘areal’ sucking on
leaves and at the beginning of gall formation. In 7.0%
galls fundatrices died at the end of the period of the
1*" instar development or during the development of the
2—4 instars. These fundatrices died already in galls due to
the protective activity of plant tissues. Their dead bodies
were found in galls.

On the other hand, insect enemies showed quite negli-
gible control role in the population dynamics of 7. ulmi.
Galls were occupied only rarely by the predatory bug
Anthocoris confusus Reut. (Anthocoridae) (determined
by Dr. J. Stehlik, Brno). The bug can penetrate into galls
which are not perfectly closed or (much more frequently)
to galls open through fissures only which originated by
the burst of gall walls. Bugs at the locality under study
occupied about 8% of all galls after the emergence of
aphids. The bugs find in galls not only a suitable shelter
but probably also food (sweet excrements of aphids, i.e.
honeydew or dead aphids). Nymphs and adults of 4. con-
fusus were ordinarily and often found in great numbers (as
many as 20) in false leaf galls of the aphid Eriosoma (=
Schizoneura) ulmi (L.) (Pemphigidae) in Ulmus glabra in
Bilovice nad Svitavou, Brno-Obfany, Brno-Jundrov etc.
Biology of the bug was studied in detail in the galls and
results would be dealt with in a separate paper.

173



Table 19. Numerical/percentage representation of galls of 7. u/mi with intact and disturbed development in leaves of U. minor.
From the category of galls with the intact development (second line) galls were detached with insect predators which occurred in
them after the emergence of aphids only. Therefore, data on these galls during inspections from 17 July to 9 October are given in

parentheses. Bilovice nad Svitavou, 2002

Mean
Galls 85. 22.5. 5.6. 19.6. 3.7. 17.7. 14.8. 11.9. 9.10. (5.6-3.7. Total
inclusive)
With the intact 39 174 101 91 184 (85 s (40 29 125.3 (818
development of
aphids 753 795 765 639 36.8) 484) 22.1) 18.6) 733 53.1)
Without 9 33 12 6 4 6 33 61 38 22.0 307
fundatrix 173 143 9.4 5.0 167 264 213 370 244 10.4 19.9
With dead 4 24 10 7 20 21 10 20 23 127 137
fundatrix 7.7 9.1 7.9 5.9 7.3 9.1 6.5 1.1 147 7.0 8.9
With ) 1 2 3 2 1710 9 15 24 59
Anthocoris 0.5 1.6 2.5 0.7 7.4 6.5 5.0 9.6 1.6 3.8
With ) B 2 2 1 ) 1 ) ) 17 6
Syrphidae 1.6 1.7 0.3 0.6 12 0.4
With B - - B 1 B B - B 1
Chrysopidae 0.4 0.1
With - - - 4 - 1 1 B 1 13 7
Lepidoptera 3.4 0.4 0.6 0.6 1.1 0.5
With ) B ] ) B 1 2 17 B 23
Araneida 0.4 1.3 72 4.5 1.5
Eaten up by _ l _ Z g é 2 l 7 Q Q
Insecta 0.4 1.7 0.7 1.8 1.3 0.5 0.8 1.2
Pecked up by l _ é ﬁ ﬁ ﬁ 2 27 ﬂ m
Aves 0.4 33 8.3 147 84 160 135 3.9 8.2
6 6 8 2 4 2.0 26
Unopened - - - -
2.1 26 5.1 1.1 2.5 0.7 1.7
Fallen, _ _ _ _ _ _ _ _ 11 _ 1
pulled up 71 0.7
Total 52 231 127 119 288 231 155 181 156 179 1,540
ota
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0  100.0 100.0 100.0

In Bilovice nad Svitavou, larvae of the family Syrphidae
participated only minimally (1.2% only) in the mortality
of T ulmi in galls. Bright white eggs of Syrphidae (1 to
3 eggs) were found on the surface of 16.2% galls or on
leaves in the immediate vicinity of galls. On 17 July, all
eggs were hatched. Some 67.9% egg shells were localized
at the base of galls, 17.8% in the middle third of galls,
3.6% in the apical third of galls and 10.7% on leaves near
galls. It follows that the majority of newly hatched larvae
of Syrphidae did not find sufficiently large holes to pen-
etrate into the interior of galls and died of.

Sporadically (1.1%), small caterpillars of an undeter-
mined moth from the family of Pyralidae occurred in galls
of T ulmi. The caterpillars ate up the interior of galls (up
to the half of the gall wall thickness) and in the period of
aphid emergence they left galls through a small bitten out
hole of a diameter of about 1 mm. In 1 gall, 1 caterpillar
occurred always only which damaged through its feeding
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max. 70% of the inner surface of a gall and sometimes
completed its feeding (in the form of skeletonization) on
the adaxial face of leaves being protected by thin web.
Caterpillar feeding in galls was easily identifiable accord-
ing to light (later black) frass, thin light web, light (later
black) surface feeding marks and oval emergence holes in
gall walls. In the majority of galls occupied by a caterpillar
no aphids occurred and thus, it is sure that aphids were
nearly always killed by the inquiline.

A negligible proportion (0.8%) of galls was eaten up
by undetermined polyphagous insect and the small part
(about 3.9%) of galls was pecked up by birds. Early after
the emergence of migrantes alatae from galls, the propor-
tion of pecked up galls roughly tripled which showed
a certain food attractiveness of aphids for birds. Galls with
the partly or completely developed 2™ generation of the
aphid were rather rare (0 to 5.1%). In the period of gall
opening, they did not open either at all or they opened only
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Table 20. Mean length/width of galls of 7. u/mi with intact and disturbed development (mm) in leaves of U. minor. Bilovice nad

Svitavou, 2002

Mean

Galls 85 225 56 196 3.7 177, 148 1.9 9.10. (5637  Mean
) . Total
inclusive)

With the intact 7.0 9.4 10.8 12.1 102 10.0 8.8 8.4 8.1 10.8 9.9

development of

aphids 33 5.0 6.8 6.6 5.7 6.1 5.1 48 47 6.2 5.6

Without 15 3.0 2.6 32 2.8 22 1.6 17 1.6 2.8 2.1

fundatrix 0.7 1.6 1.6 1.3 1.3 1.3 1 1.0 0.9 1.4 12

With dead 3.0 5.0 6.3 6.4 54 53 3.8 2.6 34 5.8 45

fundatrix 1.3 2.4 4.2 3.1 2.6 3.2 1.5 1.7 3.1 2.4

With 120 120 107 9.0 10.2 9.4 7.9 8.3 10.6 9.3

Anthocoris 7.0 7.0 6.7 5.0 55 5.5 5.1 47 6.3 5.4

With 10.0 11.0 5.0 10.0 9.4 9.5

Syrphidae 6.0 6.5 6.0 3.0 6.2 5.7

With 110 110

Chrysopidae a - N N 5.0 - - - - 5.0

With 115 10.0 9.0 9.0 115 10.6

Lepidoptera 7.7 6.0 5.0 6.0 7.7 6.8

With 11.0 8.0 9.4 1.8 8.9

Araneida 6.0 5.5 52 5.4 5.3

Eaten up by 8.0 1o 50 98 60 20 42 8.0 74

Insecta 4.0 7.0 3.5 3.3 3.2 2.0 3.1 52 3.6

Pecked up by 7.0 11.8 11.7 10.2 8.7 10.0 9.6 11.7 10.2

Aves 4.0 7.5 6.7 6.6 6.0 6.0 6.0 6.8 6.3

6.3 9.7 8.3 7.5 6.5 6.3 7.8

Unopened - - - -

3.7 5.3 45 5.0 4.0 3.7 45

Naturally fallen 3 B B _ B B _ _ 2 _ 2

and pulled up '

5.7 3.1 9.7 11.2 8.6 7.5 7.0 5.5 5.7 9.4 7.8

Mean

2.7 43 6.1 6.2 47 45 4.1 33 3.4 5.4 4.4

through an insufficient fissure. In these galls, all aphids
naturally always died usually as nymphs and migrantes
alatae adults.

Some arthropods (particularly Araneida) use galls of
T’ ulmi after their abandonment by aphids only, viz. particu-
larly as a dwelling. In September 2002, spiders occupied as
much as 7.2% galls in Bilovice nad Svitavou (Table 19).

Size differentiation of galls

The gall is established always by 1 fundatrix only in the
1* larval instar. In the period when a gall reaches about
one fourth of its final size larvae of the 2™ instar and later
larvae of the 3™ and 4" instars begin to participate in its
formation. A considerable effect on the gall size shows
also a mature fundatrix and to a smaller extent also fun-
datrigeniae produced by the fundatrix (Fig. 7). With the
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increase of length and width the thickness of gall walls
also gradually increases (Fig. 9). Originally green col-
ouring of galls changes to yellow-green to green-yellow
or reddish. In mid-June, galls with intact development
are completely grown up and according to the author’s
examinations they reach an average length of 10.8 mm
(according to DARBOUX and HOUARD 1901 12 mm) and
width 6.2 mm (Table 20). Above all, galls of the category
show a characteristic vesicular form which is described in
more details in the chapter Development of fundatrices.
After the emergence of migrantes alatae, galls (and
sometimes also parts of leaves around the galls) die of
and brown or turn black. In July and later, also leaves on a
sucked surface die frequently (Fig. 20) and with the great
number of galls per one leaf even the whole leaves prema-
turely die. Dead galls gradually become dry and get hard
whereas they decrease considerably and somewhat change
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Fig. 20. Three galls of 7. u/mi with flown out aphids in leaves of
U. minor. Dead galls and their vicinity are nearly black. Bilovice
nad Svitavou, 17 July 2002

their surface and shape. Table 20 shows that the size of
galls with the intact development of aphids decreases by
33% in length and by 31% in width during July to October.
At the end of September and at the beginning of October,
leaf tissues sucked under moist weather gradually disin-
tegrate around galls and at the beginning of October the
galls rather often (ca. 8%) fall even before the natural
fall of leaves. The majority of galls (over 90%) persists
on leaves and occurs on the ground surface together with
fallen leaves as late as in October.

In the main locality under study in Bilovice nad Svita-
vou with notified dimensions of galls about 10.8 x 6.2 mm,
particularly galls with the undisturbed development of fun-
datrices grew up. Provided fundatrices die the formation
of galls soon completely stops. If fundatrices are killed

| |
13 o
12 =

11-20

<10 =3 Leafpren

e i

2-30

Fig. 21. Average length of grown up and so far unopened galls of
T. ulmi with the intact development of aphids (light) and distur-
bed development of aphids (dark) in leaves of U. minor of 4 areal
categories. The average length of galls with intact and disturbed
development of aphids is depicted by dashed lines. Bilovice nad
Svitavou, 5 June, 19 June and 3 July 2002

already in the first instar galls are either not created at
all or bulge-like or dully conical galls originate on the
adaxial face of leaves reaching an average dimension of
2.8 x1.4 mm only in Bilovice nad Svitavou. These subtle
(often imperfectly closed at their base) galls remained usu-
ally green until autumn. At the death of higher instars of
larvae (or adults) of fundatrices, galls reached greater (how-
ever, highly below-average) size of about 5.8 % 3.1 mm.
On the other hand, grown up galls with the bug 4. con-
fusus did not differ from galls with the intact develop-
ment of aphids as for their colouring, shape and size
(10.6 x 6.3 mm). Galls with larvae of Syrphidae reached
also considerable average dimensions (9.4 X 6.2 mm).
Galls with caterpillars of a pyralid reached the greatest
dimensions (about 11.5 x 7.7 mm). It follows that insect

Table 21. Mean length/width of galls with the intact development of 7. u/mi (mm) in leaves of U. minor of four areal categories

(cm?). Bilovice nad Svitavou, 2002

Date <10 11-20 21-30 >31 Mean
8.5. 4.2/2.0 6.6/3.1 8.3/12.7 6.9/3.6 7.0/3.3
22.5. 8.6/4.7 8.2/4.6 9.4/4.9 11.2/5.6 9.4/5.0
5.6. 10.0/6.1 10.1/6.5 11.5/7.2 13.1/8.2 10.8/6.8
19. 6. 11.3/6.3 11.4/6.5 12.4/7.9 13.7/6.8 12.1/6.6
3.7. 9.1/5.1 9.4/5.5 11.0/5.8 11.4/6.3 10.2/5.7
17.7. 9.2/5.0 9.8/5.6 10.1/6.4 10.4/6.6 10.0/6.1
14. 8. 9.1/4.8 9.1/5.2 8.8/5.0 8.0/5.6 8.8/5.1
11.9. 8.3/4.0 8.4/4.8 8.4/4.6 9.0/5.5 8.4/4.8
9.10. 7.5/4.0 8.2/4.7 8.5/5.5 9.0/6.0 8.1/4.7
Mean (5. 6.-3. 7. inclusive) 9.6/5.5 10.3/6.1 11.3/6.4 12.4/6.8 10.8/6.2
Mean (all inspections) 9.0/5.0 9.4/5.5 10.2/5.7 10.9/6.0 9.8/5.6

176

J. FOR. SCI, 49, 2003 (4): 159-181



Table 22. Mean length/width of galls with the disturbed development of galls of 7. u/mi (mm) in leaves of U. minor of four areal
categories (cm?). In the last column, mean length/width is given of all galls under investigation. Bilovice nad Svitavou, 2002

Date <10 11-20 21-30 >3] Mean M;ZES(;”
8. 5. 1.5/1.0 1.6/0.9 1.5/0.7 3.0/1.1 2.0/0.9 5.7/2.7
22.5. 2.2/1.5 4.12.2 3.3/1.6 4.6/2.3 4.12.1 8.1/4.3
5. 6. 3.2/2.0 5.0/3.2 6.9/4.8 5.3/2.8 5.3/3.3 9.7/6.1
19. 6. 9.5/6.5 9.4/5.8 10.0/6.0 7.3/4.0 8.3/4.9 11.2/6.2
3.7. 4.8/2.4 4.6/2.8 6.8/3.6 6.1/3.2 5.8/3.1 8.6/4.7
17.7. 6.1/3.2 6.1/3.8 6.1/3.4 6.0/3.7 6.1/3.6 7.5/4.5
14. 8. 4.6/2.5 4.5/2.8 6.4/3.9 10.0/6.0 5.1/3.1 7.0/4.1
11.9. 3.7/1.9 4.3/2.5 4.9/3.0 5.8/3.4 4.7/2.8 5.5/3.3
9.10. 3.71.9 4.3/2.5 6.2/3.6 8.3/5.7 5.1/3.1 5.7/3.4
Mean (5. 6.-3. 7. inclusive) 5.0/2.9 5.8/3.5 6.9/3.9 6.3/3.3 6.2/3.4 9.4/5.4
Mean (all inspections) 4.5/2.4 4.8/2.9 5.7/13.3 6.0/3.5 5.3/3.0 7.7/4.4

predators and caterpillars of the pyralid occupy usually
galls of an above-average size and aphids in the galls
are killed only at the end of their development when the
growth of galls ceases.

Galls eaten up by insect or pecked up by birds can be
easily identified according to the appearance of damage.
The eaten up holes are as compared with pecked up holes
usually smaller and their edges are jagged. They occur
both in the basal and in the middle and apical thirds of
galls. Pecked up holes are usually much larger and their
edges are smoother. They occur also in various parts of
galls, however, particularly in their apical (or middle)
third (Table 12). They often (17%) affect simultaneously
the base, middle and top of a gall. Newly eaten up galls
are of slightly below-average size (about 8.0 x 5.2 mm)
while pecked up galls are of above-average size (about
11.7 x 6.8 mm). In searching galls birds follow obviously
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Fig. 22. Average width of grown up and so far unopened galls of
T’ ulmi with the intact development of aphids (light) and distur-
bed development of aphids (dark) in leaves of U. minor of 4 areal
categories. The average width of galls with intact and disturbed
development of aphids is depicted by dashed lines. Bilovice nad
Svitavou, 5 June, 19 June and 3 July 2002
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exclusively their eyes and preferentially peck up the larg-
est galls with the highest number of aphids.

The last category are galls with partly or entirely
completed development of aphids which opened by in-
sufficiently large fissures or did not open at all. These
galls reached only below-average dimensions of about
6.3 x 3.7 mm (Table 20). The table shows that far the
greatest effect on the shape and size differentiation of galls
of T ulmi shows the early death of larvae of fundatrices
in the 1* instar.

The mean length and width of 7. u/mi galls with intact
and disturbed development (in leaves of 4 areal catego-
ries) is given in Tables 21 and 22 and Figs. 21 and 22.
Newly grown up galls with the undisturbed development
of aphids were on average 10.8 mm long and 6.2 mm wide.
Galls with the disturbed development of aphids were on
average 6.2 mm long and 3.4 mm wide only. During July
to October, their dimensions decreased due to drying ap-
proximately by one third. Galls with intact development
were 9.4 mm long and 5.4 mm wide after finishing the
growth and in October 5.7 mm long and 3.4 mm wide. In
the course of July to October, their length and width thus
decreased by 39 and 37%, respectively (Table 22). It is
evident from Tables 21 and 22 and Figs. 21 and 22 that the
mean size of galls with the intact development of aphids
significantly increases with the size of a leaf blade. The
fact was already noticed e.g. by RUPAJS (1989). Accord-
ing to the author, galls in small leaves are 8 mm long only
whereas in large leaves as much as 16 mm.

Harmfulness in elms

Opinions of harmfulness of 7. u/mi in elms differ often
diametrically. In some publications (e.g. STEFFAN 1972),
the aphid is considered to be nearly harmless whereas
in other (e.g. VASILIEV et al. 1975; RUPAIJS 1989) very
harmful. Its economic importance in secondary hosts
(particularly in various kinds of cereals) is evaluated
similarly.
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In assessing effects of 7. ulmi on host species of elms
it is necessary to take into consideration both damage to
newly unfolded leaves both by ‘areal’ sucking and by the
creation of galls. As given above, in case of individual
occurrence, the sucking damages about 1.5 cm? (about
6%) of the leaf blade. In the course of mass outbreaks,
as many as 30 (according to the author’s studies 21) galls
can occur on 1 leaf. Elms are considerably physiologically
weakened by extensive sucking of aphids (affecting the
predominant part of the leaf blade or even the whole blade)
on leaves and by numerous galls. Mass-attacked leaves are
deformed and show the substantially decreased content of
chlorophyll. Amounts of nutrients are also taken to plants
during the creation of galls and nutrition of aphids. Heav-
ily damaged leaves grow old more rapidly and often fall
off prematurely. Assimilation and the total increment of
trees decrease substantially. Branches of elms sometimes
bend due to the weight of innumerable galls. Aesthetic
values of elms grown in parks and gardens decrease.

According to the author’s findings, the aphid 7. ulmi
should be considered to be an important occasional pest
of elms. In case of a mass outbreak, it would be useful,
therefore, to control it. In the past, a timely collection and
burning the attacked leaves were recommended as preven-
tive and control measures (LEDERER 1928-1932). Later,
various insecticides were tested successfully to control
the pest (JANCKE 1951; KRAMM 1953; ZLATANOV 1964
etc.). At present, a number of environmentally-friendly
insecticides can be recommended to control 7. u/mi. It is
suitable to carry out the measure shortly before or in the
period of budbreak.

SUMMARY

In 2001 and 2002, an outbreak of the cecidogenous
aphid Tetraneura (= Byrsocrypta) ulmi (L.) was recorded
in elms in several localities of Moravia. It refers to
a heteroecious member of the family Pemphigidae with a
complete (holocyclic) annual development. During the de-
velopment, the aphid migrates from galls on primary hosts
[(some species of elm (Ulmus spp.)] to roots of secondary
host plants (numerous species of Poaceae). It reproduces
by heterogony when 1 amphigonic generation (sexuales)
alternates usually with 4 parthenogenetic generations (fun-
datrices, fundatrigeniae including migrantes alatae, virgino-
geniae and sexuparae). With the exception of virginogeniae
and sexuparae other generations develop in elms.

The outbreak of T ulmi was used for the study of its
occurrence, development and harmfulness in elms. The
majority of investigations was conducted in Ulmus mi-
nor Mill. in a riparian and accompanying stand of the
Svitava river, Bilovice nad Svitavou near Brno in 2002.
From May to October, leaves with galls were sampled
from the species for laboratory investigations in 14-day
intervals. Partial observations were carried out according
to requirements also in other dates and in other localities
(e.g. in Brno-Obrtany, Bystficka — District of Vsetin etc.).
The following results have been obtained:
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1. In localities under investigation, galls occurred most
frequently in U. minor Mill. and much less in U. glabra
Huds. In a very abundant U. laevis Pall., they were
never found.

2. In Bilovice nad Svitavou, fundatrices hatched from

mid-April to 7 May. Young larvae settle on the abaxial
face of newly unfolded leaves and damage them by
areal sucking at first. During the sucking, they inject
salivary secretions into tissues by means of 20 to
60 punctures (0.3 to 2 mm apart). The secretions con-
tain growth substances inducing deformities and col-
our changes of leaves. One larva can suck on average
1.5 cm? (about 6% of the leaf blade). In Bilovice
nad Svitavou, as many as 16 (in a shelterbelt near
Cejkovice, Znojmo District as many as 21) galls were
found on 1 leaf. In leaves with more than 10 galls, the
sucking often damages the whole leaf blade. With the
average number of 2.5 galls per 1 leaf (average arca
22.5 cm?) the sucking damaged 2.9 cm?, i.e. about 13%
of the leaf blade. An average area sucked by 1 funda-
trix significantly increased with the leaf size (as many
as 2.3 times) and significantly decreased (as many as
1.8 times) with the increasing number of galls on
leaves.

3. By later more or less sedentary sucking, larvae of the

1% instar induce the creation of true galls on the adaxial
face of leaves. In Bilovice nad Svitavou, larvae moulted
for the first time when galls reached the third of their
final size. After next 3 ecdyses, mature fundatrices ap-
peared. The development from hatching to maturity
took 3 to 4 weeks. The galls grew up as early as at the
beginning of June, and larvae and adults of fundatrices
participated quite substantially in their creation. In
1 gall, 1 fundatrix develops always only.

4. Mature fundatrices produce for a period of 1 to

3 weeks larvae — fundatrigeniae. In total, they produce
3 to 78 (on average 35.2) offsprings. Average fertility
of females significantly increases (ca. 2 times) with
the size of galls. During the reproduction, fundatrices
gradually (as many as 1.6 times) get shorter. Potential
fertility corresponds to real fertility.

5. Fundatrigeniae change in nymphs after 3 ecdyses and

after the 4™ ecdysis in pterygote migrantes alatae.
The development of fundatrigeniae took on average
18 days. Migrants left the galls from 10 to 30 June. In
the period shortly before emergence from galls, their
ovaries contained 2 to 10 (on average 5.8) embryos.
The number of embryos significantly increased with
the size of females.

6. For the emergence from galls, aphids use holes origi-

nating by the spontaneous fissuring the gall walls. In
Bilovice nad Svitavou, 57.6% galls opened through fis-
sures, 25.3% opened imperfectly (holes smaller than
1.5 % 0.9 mm) or not at all. The overwhelming majority
of galls (94.9%) opened in the basal third, 4.2% in the
middle third and 0.9% in the apical third. Localization
of emergence holes is related to the mean thickness of
gall walls which is 0.30 mm at the base, 0.45 mm at
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the half of gall height and 0.60 mm at the top of galls.
In galls, 1 to 5 (on average 1.4) fissures occurred of a
mean length of 2.7 mm and width 2.0 mm. Both the
number and size of fissures increased with the size of
galls. Some 60.0% fissures were longitudinal, 11.6%
transverse and 28.4% oval.

7. The mean number of galls per 1 leaf increased with the
blade size. Some 70.1% galls occurred in the apical
third of the blade, 23.6% in the middle and 6.3% in the
basal third of the leaf blade. The majority (66.1%) of
galls occurred on the ‘smaller’ half of the blade.

8. Aphids left 73.3% of all galls. In 10.4% galls, funda-
trices were killed by insect and other predators in the
1% instar in the initial stage of the gall development. In
7.0% galls, fundatrices died as late as at the end of the
1% instar development or during the development of the
2—4 instars, viz. due to the protective activity of plant
tissues. In 1.6% galls, aphids were killed by the bug
Anthocoris confusus, in 1.2% by larvae of Syrphidae,
in 1.1% by caterpillars of Pyralidae. Some 0.8% galls
were eaten up by insect and 3.9% were pecked up by
birds. Owing to disorders in gall opening aphids died
in 0.7 to 1.7% galls.

9. Grown up galls with the intact development of aphids
reached on average 10.8 mm in length and 6.2 mm
in width. In case of the death of fundatrices as early
as in the 1% instar, galls either did not form at all or
small galls originated only of a mean length of 2.8 mm
and width 1.4 mm. At the later death of fundatrices,
galls were on average 5.8 mm long and 3.1 mm wide.
Galls with 4. confusus reached a size of about 10.6 x
6.3 mm, with larvae of Syrphidae 9.4 x 6.2 mm and
with caterpillars of Pyralidae 11.5 X 7.7 mm. Above-
average sizes (about 11.7 x 6.8 mm) were pecked up
galls and below-average sizes (about 8.0 x 5.2 mm)
galls eaten up by insect. Below-average sizes (about
6.3 x 3.7 mm) were also galls with the intact devel-
opment of aphids so far, however, with disorders in
opening. The average size of galls increased with the
size of a leaf blade both in aphids with intact and
disturbed development.

10. The aphid T u/mi is an important occasional phy-
siological pest of elms. In case of mass outbreaks,
it damages leaves by extensive sucking and creation
of innumerable galls. In elms grown for ornamental
purposes, it decreases their aesthetic values. In case
of the enormous occurrence of the pest it is necessary
to control it, viz. preferably using insecticides. The
measure should be carried out shortly before or during
budbreak.
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Bionomie a Skodlivost Tetraneura ulmi (L.) (Aphidinea, Pemphigidae) na jilmech

J. URBAN

Mendelova zemédelska a lesnickad univerzita, Lesnicka a drevarska fakulta, Brno, Ceskd republika

ABSTRAKT: Prace pojednava o bionomii a Skodlivosti bézné cecidogenni mSice Tetraneura (= Byrsocrypta) ulmi (L.)
(Pemphigidae), ktera se v roce 2002 pfemnozila na jilmech na Moravé. VétSina Setfeni byla vykonana na Ulmus minor
v biehovém a doprovodném porostu feky Svitavy v Bilovicich nad Svitavou na Brnénsku. Msice se nejhojnéji vyskytovala na
U. minor, mnohem méné na U. glabra, nikdy ne na U. laevis. Na jednom listu tam bylo nalezeno kolem 2,5 (nejvice 16) halek
(u Cejkovic na Znojemsku az 21 halek). Fundatrices se lihly od 15. dubna do 7. kvétna. Plo§nym sanim na abaxialni strand
listt poskodily primérné 1,4 cm? (kolem 6 %) Eepele, na listech s 10 a vice halkami ¢asto celou ¢epel. Za 3 az 4 tydny od
vylihnuti (od poloviny kvétna) fundatrices dospivaly a béhem 1 az 3 tydnt zplodily pramérné 35,2 fundatrigenii. Zacatkem
Cervna halky doristaly primérné délky 10,8 mm a $itky 6,2 mm. Fundatrigenie se vyvijely kolem 18 dnti a od 10. do 30. ¢ervna
vytvarely migrantes alatae. MSice opustily 73,3 % halek. V 10,4 % halek byly fundatrices zahubeny hmyzimi a jinymi predatory
v 1. instaru (v pocate¢nim obdobi tvorby halek). V 7,0 % halek uhynuly nedosp¢lé fundatrices v pozdéjsich fazich vyvoje, a to
vlivem obranné ¢innosti rostlinnych pletiv. Na mortalité fundatrigenii v€etné migrantes alatae se ve velmi malé mite podileli
napt. Anthocoris confusus Reut., larvy Syrphidae, housenky Pyralidae a ptaci. V praci je dokumentovan vliv mortalitnich faktort
na tvarovou a velikostni diferenciaci halek.

Klic¢ova slova: jilm; Tetraneura (= Byrsocrypta) ulmi; vyskyt; vyvoj; mortalitni faktory; diferenciace halek

V roce 2001 a 2002 bylo na n¢kolika lokalitach na
Morav¢ zaznamenano na jilmech pfemnozeni cecidogen-
ni mSice — vinatky hladké [7etraneura (= Byrsocrypta)
ulmi (L.)]. Jedna se o heteroekniho zastupce ¢eledi Pem-
phigidae s Gplnym (holocyklickym) anuarnim vyvojem,
béhem néhoz migruje z halek na primarnich hostitelich
(n€kterych druzich jilma — Ulmus spp.) na koteny sekun-
darnich hostitelskych rostlin (¢etnych druhti lipnicovitych
— Poaceae). Rozmnozuje se heterogonii, v ramci které se
stiida jedna generace amfigonicka (sexuales) obvykle
se ¢tyfmi generacemi partenogenetickymi (fundatrices,
fundatrigeniae vcetné¢ migrantes alatae, virginogeniae
a sexuparae). S vyjimkou virginogennich generaci se
ostatni generace vyvijeji na jilmech.

Premnozeni 7. ulmi bylo vyuzito ke studiu jejiho vy-
skytu, vyvoje a Skodlivosti na jilmech. VétSina Setfeni
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byla provadéna v roce 2002 na jilmu habrolistém (Ulmus

minor Mill.) v biehovém a doprovodném porostu feky

Svitavy v Bilovicich nad Svitavou na Brnénsku. Od

kvétna do fijna (véetné) byly z této dfeviny ve 14dennich

intervalech odebirany listy s halkami k laboratornimu
vysetfeni. Dil¢i pozorovani byla podle potfeby konana

i v dalSich terminech a na dal$ich lokalitach (napft. v Br-

né-Obranech, Bystii¢ce — okres Vsetin aj.). Byly ziskany

tyto hlavni vysledky:

1. Na sledovanych lokalitach se halky nejcastéji vysky-
tovaly na U. minor Mill. a mnohem mén¢ na jilmu
horském (U. glabra Huds.). Na velmi hojném jilmu
vazu (U. laevis Pall.) nebyly nikdy nalezeny.

2. V Bilovicich nad Svitavou se fundatrices lihly od
poloviny dubna do 7. kvétna. Mladé larvy se usa-
zuji na abaxialni stran¢ Cerstvé vyrasenych listl, které
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zpocatku poskozuji plosnym sanim. Pfi ném 20 az
60 vpichy (vzdalenymi od sebe 0,3 az 2 mm) injek-
tuji do pletiv slinné sekrety, obsahujici ristové latky,
které indukuji deformace a barevné zmény list. Jedna
larva posaje primérné 1,5 cm? (kolem 6 %) Cepele.
V Bilovicich nad Svitavou bylo na jednom listu na-
lezeno az 16 (a ve vétrolamu pobliz Cejkovic na Zno-
jemsku az 21) halek. U listd s vice nez 10 halkami
je sanim casto poskozena cela cepel. Pii prumérném
poctu 2,5 halky na jednom listu (o prumérné plose
22,5 cm?) bylo sanim poskozeno 2,9 cm?, tj. kolem
13 % cepele (tab. 1). Praimérna plocha posata 1 fun-
datrix s velikosti listd prikazné (az 2,3krat) stoupala
(tab. 2) a se vzrastajicim poc¢tem halek na listech
prikazné (az 1,8krat) klesala (tab. 3).

. Pozdgjsim viceméné sedentarnim sanim larvy 1. instaru
indukuji na adaxialni strané listd tvorbu pravych halek.
V Bilovicich nad Svitavou se larvy poprvé svlékaly
v dobé, kdy halky dosahovaly tfetiny své konecné
velikosti. Po dalsich tfech svlékanich se objevovaly
dospélé fundatrices. Vyvoj od vylihnuti z vaji¢ek az
do dospélosti trval 3 az 4 tydny. Halky doristaly jiz
zacatkem Cervna a na jejich tvorbé se daleko nejvice
podilely larvy a dospélci fundatrices (obr. 7). V 1 halce
se vzdy vyviji jen 1 fundatrix.

. Dospélé fundatrices rodi po dobu 1 az 3 tydnt larvy
— fundatrigenie. Celkem zplodi 3 az 78 (primérné
35,2) potomkd. S velikosti halek primérna plodnost
samicéek prikazng (asi dvakrat) vzrista (tab. 7). Béhem
reprodukce se fundatrices postupné (az 1,6krat) zkracu-
ji (tab. 8). Potencialni plodnost se rovna plodnosti
realné.

. Fundatrigenie se po tiech svlékanich méni v nymfy
a po ctvrtém v okfidlené migrantes alatae. Vyvoj
fundatrigenii trval primérné 18 dnt. Migranti halky
opoustéli od 10. do 30. ¢ervna. V dobé tésné pied vyle-
tem z halek jejich ovaria obsahovala 2 az 10 (primérné
5,8) embryi. PoCet embryi s velikosti samicek prikazné
vzrustal (tab. 10).

. K vyletu z halek msice vyuzivaji otvort, které vznikaji
spontannim pukanim halkovych stén. V Bilovicich
nad Svitavou se prasklinami otevielo 57,6 % halek,
dalsich 25,3 % halek se otevielo nedokonale (otvorem
men$im nez 1,5 x 0,9 mm) anebo viibec ne (tab. 11).
Drtiva vétsina halek (94,9 %) se oteviela v bazalni
treting, 4,2 % ve stiedni tietiné a 0,9 % ve vrcholové
tretin€ (tab. 12). Lokalizace vyletovych otvori souvisi
s prumérnou tloustkou stén halek, ktera je pii bazi

7.

8.

0,30 mm, v poloviné vysky halek 0,45 mm a pfi
vrcholu 0,60 mm (obr. 9). V halkach se vyskytovalo
1 az 5 (pramérné 1,4) prasklin o primérné délce
2,7 mm a Sifce 2,0 mm. S velikosti halek stoupal jak
pocet, tak i velikost prasklin (tab. 14 a 15). 60,0 %
prasklin bylo podélnych, 11,6 % pticnych a 28,4 %
ovalnych.

Primérny pocet halek na jednom listu s velikosti ¢e-
pele vzrustal (tab. 17). 70,1 % halek se vyskytovalo
v apikalni tfetin¢ Cepele, 23,6 % ve stiedni a 6,3 %
v bazalni tietiné ¢epele (tab. 18). Vétsina (66,1 %)
halek byla na mensi ,,poloviné* ¢epele.

Msice opustily 73,3 % vsech halek. V 10,4 % halek
byly fundatrices zahubeny hmyzimi a jinymi predatory
v 1. instaru v poc¢atecnim obdobi tvorby halek. V 7,0 %
halek fundatrices uhynuly az koncem obdobi vyvoje
1. instaru nebo béhem vyvoje 2. az 4. instaru, a to
vlivem obranné ¢innosti rostlinnych pletiv. V 1,6 %
halek byly msSice zahubeny plostici Anthocoris confu-
sus, v 1,2 % larvami Syrphidae, v 1,1 % housenkami
Pyralidae. 0,8 % halek bylo vyzrano hmyzem a 3,9 %
vyzobano ptaky. Vlivem poruch v otevirani halek
msice uhynuly v 0,7 az 1,7 % halek (tab. 19).

. Dorostlé halky s neporusenym vyvojem msice dosa-

hovaly primérné délky 10,8 mm a Sitky 6,2 mm. Pfi
uhynu fundatrices jiz v 1. instaru se halky bud’to viibec
nevytvarely, nebo vznikaly drobné halky o primérné
délce 2,8 mm a Sifce 1,4 mm. Pii pozdé€jsim thynu
fundatrices byly halky pramérné 5,8 mm dlouhé
a 3,1 mm Siroké. Halky s 4. confusus dosahovaly
velikosti kolem 10,6 x 6,3 mm, s larvami Syrphidae
9,4 x 6,2 mm a's housenkami Pyralidaec 11,5 x 7,7 mm.
Nadprimérné velikosti (kolem 11,7 x 6,8 mm) byly
halky vyzobané a podprumérné velikosti (kolem
8,0 x 5,2 mm) halky vyzrané hmyzem. Podprimérné
velikosti (kolem 6,3 x 3,7 mm) byly také halky
s dosud neporusenym vyvojem msic, avSak s poru-
chami v otevirani (tab. 20). Primérna velikost halek
s neporusenym i porusenym vyvojem msic s velikosti
listové Cepele vzrustala (tab. 21, 22).

10. MSice T. ulmi je vyznamny obcasny fyziologicky

sktdce jilma. Pfi pfemnozeni poskozuje listy rozsah-
lym posatim a tvorbou nescetnych halek. U jilmua
péstovanych pro ozdobné ucely snizuje estetickou
hodnotu. V ptipadé enormniho vyskytu je tfeba proti
ni bojovat, a to nejlépe pomoci insekticidii. Zasah je
nutné provést kratce pred rasenim nebo v dob¢ raseni
pupentl.
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