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fublication is the first of three extensive
lanned on this subject.
the very start of these investigations, my
Professor Veikko Kanervo, has
ollowed the progress of the work and
eful suggestions during its different
B My colleagues Osmo Heikinheimo
Tinnild have assisted me in the field
d examination of material. During the
ime at the Laihia field laboratory I re-
aluable help, particularly from my wife,
flerttu Raatikainen, but also from
field technician, Mr. Unto Rousku,
s Miss Tellervo Ylipoti and Miss
asarainen; the latter also assisted
examination of the material and analysis
the winter. Mr. Matti Honkavaara
ss Marja-Liisa Potka helped to collect

PREFACE

The fungi of the family Entomophthoraceae were
kindly identified by Dr. Magnus Gustafsson,
the others by Dr. Heikki Roivainen.
Achorolophus gracilipes was identified by Dr. Eero
Karppinen and the spiders by Mr. Pekka
T. Lehtinen, M.Sc.

In connexion with the statistical analysis, help-
ful advice was received from Dr.Jukka K oski-
mies and Mr. Ertkki Mikkola, M.Sc.

Mrs. Hilkka Ha kola, Mrs. Paula Keturi
and Mrs. Taina Kuusela prepared most of
the diagrams.

Laihia commune granted free use of the former
Hulmi military area, several hundred farmers
have allowed samples to be taken from their
fields, and certain farmers, among them Mr.
Viind R apila, have permitted field trials to
be carried out on their land for many years. Both
the Department of Agricultural and Forest Zool-
ogy of the University of Helsinki and the De-
partment of Plant Husbandry of the Agricultural
Research Centre provided working facilities dur-
ring two winters.

For many summers the South Ostrobothnia
Experiment Station and the Kotsholm Agricul-
tural School collected samples, and the former
also carried out certain trials.

The manuscript has been read by Professors
E. A. Jamalainen, Veikko Kanervo,
and Ernst Palmén as well as Dr. Martti
Markkula.

These investigations were partically financed
by special funds provided by the Finnish State in
1956—1962, while in the years 1961—1965 the
United States Department of Agriculture awarded
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a grant for studying leafhoppers and the damage
caused by them. In addition, the Emil Aaltonen
Foundation, the Finnish Entomological Society
and the University of Helsinki have offered
financial aid.

The manuscript was translated by Mr. Edvin

Risser with linguistic revision b
Margatet Perttunen,

To the above persons and instity
as to many others, I wish to express
appreciation for their valuable help
made this extensive 11-year work p

Tikkurila, November 1966,
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rpose of this study was to determine
aspects of the bionomics and fluctua-
umbers of Javesella pellucida, as well as
ts affecting these features in a region of
Finland where the species is abundant.
dy, carried out at the Department of
gestigation of the Agricultural Research
& related to a more extensive research
jealing with the two virus diseases oat
arf (OSDV) and European wheat striate
EWSMYV), as well as their vectors and
"Part of this overall project has been
d earlier (e.g.: HEIKINHEIMO 1957, KA-
1. 1957, TinNiLi 1957, KANERVO 1958,
N 1958, RAATIKAINEN and TINNILA
Ad b, 1961, RAATIKAINEN 1960 a, 1961 a
962, 1966 2 and b, IxAinrmo and Raa-
N 1961, 1963, HEIKINHEIMO and Iki-
962, HerkiNHEIMO and RAATIKAINEN
ATIKAINEN and RAATIKAINEN 1964,
NEN and VASARAINEN 1964, LAUREMA
66).
region of investigation, J. pellucida has
wn to cause damage to oats by its
either directly or indirectly (KANERVO
57), and such damage has occurred
ut 2 wide area (JAMALAINEN 1957,
yet al. 1957). In later studies, NUORTEVA
058, 1959, 1962, 1965) showed that the
‘the species is toxic, while IKAHEIMO

1 INTRODUCTION

(e-g. 1960, 1961, 1964) demonstrated that the
species transmits EWSMV and OSDV. In the
region of investigation, the yield losses caused
by OSDV have sometimes been very great, and
at the same time a certain amount of damage has
also been brought about by EWSMV (e.g.
HerxinaeiMo and Ikinsivo 1962). On the other
hand, the yield losses caused by the toxicity of
the saliva have been very small.

In many othet countries in Europe, /. pellucida
is likewise a serious pest of cereals, particulasly
oats. The species transmits at least the following
viruses: OSDV,EWSMYV, Aster yellows virus and
maize rough dwarf virus (e.g. SLYKHUIS 1958,
Sryknurs and Warson 1958, PrRO3A 1958, VACKE
and Pruda 1959, KLinkowsk: 1961, BLATINY et
al. 1965, Hareaz et al. 1965). The reduction of
grain yield caused by the toxic saliva are appar-
ently quite small in all countries, while those
resulting from the viruses, especially OSDV,
may be very large. Attempts to teduce such
losses have been directed against the vectors, the
viruses, or both (e.g. Kanervo et al. 1957,
TiniLk 1957, VACKE and ProO%¥a 1959, LiND-
sTEN 1961 b, 1964, Tk AHEIMO 1962, JAMALAINEN
and MurToMAA 1966).

In this paper the plant nomenclature of Hx-
LANDER (1955) and the leafhopper nomenclature
of Oss1ANNILsSON (1946—1947), FENNAH (1963)
and WAGNER (1963) are mainly used.




II' REGIONS OF INVESTIGATION

A. Location of field studies

elongated strips extending away from the river. ley.
From the standpoint of agriculture, this region is

of fields located on peat soil, at the back of which  vated.
are extensive forests. In recent decades some farm

zone has been only of minor significance.

sJo
oot

(I o
g~ %0 Laihia
/ 5\
! B2 ot

t
22000
Fig. 1. Main region of investigation and sampling localities 1—20.

Actoplane symbol = airfield, 4 = church and center of settlement, dashed line = boundary
of communes.

In the fields adjacent to the river, th
) . crops grown are those which are most pro\

The main region where these studies but demand the most labour, such as potats
were carried out in the summers of 1956—1964  root crops, and winter turnip rape. This’ ;
is situated in western Finland near the city of zone also includes pastures, sometimes
Vaasa (Fig. 1). This region includes the com- clover, and leys, as well as cereals, such as spy
munes of Sulva, Mustasaari, Laihia, Vihikyrd, wheat and part of the barley, oats and wintcg
Isokyrd and Ylistaro. The terrain is exceptionally  Further back from the river, in the area of
level and well suited for crop production and fields, there is less diversity in the crops
dairy farming. The farms here are located along  vated, with emphasis on spring cereals an
the banks of rivers. In general, the farm buildings The rotation scheme followed in this zo
lie close to the river itself and the fields are often: tye, oats, barley, and 3—4 years of tinj;

In the zone of distant fields behind th
made vp of several zones parallel to the river. forest belt, grasslands become more do .
Bordering the river, usually on very fine sand or ~ since the soil here is usually acidic pea
clay soil, is a zone of intensively cultivated fields  which is not well suited to the more exag)
adjaceat to the farm buildings, while further back crops. The rotation scheme on these fels
is an area of border fields on soil with a thin layer  often: oats or sometimes barley, followe
of peat. Behind this tilled land is a continuous about 4 yeats of timothy ley. In this zon ’
zone of forests, beyond which lies a narrow zone  other than cereals and grass atre seldom;

 ex In the six communes within the regiol
buildings have been constructed in the distant vestigated, the total farming area on J :

fields, but their influence on the nature of this 1959, was 1 729 km3, of which productivc(f )

and 33.6, waste land 8.1, cleared pasture
tural meadow 0.5, garden 0.1 and mis-
eous uses 0.9 %. The proportion of arable
voted to ley was 55 9%, and to cereals 35 %,.
cereal area, the percentages of the different
ere oats 39, barley 25, spring wheat 13,
cereals 7 and winter wheat 0.4 9, (Official
tics of Finland III: 54). Cereals and grass
B thus grown on about 90 % of the cultivated
while the remainder was devoted to broad-
crops or was lying fallow. Grasses were
@ abundant on the cleared pastures, natural
ows and wastelands, and they also occurred
e extent in other habitats as well. About
f the arable land was drained by open
and in these ditches and on their banks
were also many species of grasses (cf.
1kAINEN and RAATIKAINEN 1964). The

nging from about 0.1 to 6 hectares. The
ge field was apparently about 1 hectare

enty localities in the region of investigation
osen for the field studies (Fig. 1). How-
he cereal fields and the first-year leys es-
d under cereals, in which most of the
es were carried out, were seldom in exactly
ame sites in different years. Consequently,
Bhields studied in each of the localities in-
ted were not always the same from year
, although they were nearly always in the
5Q:lcating. If it was not possible to use the
tlearing from year to year, another clearing
chosen which was close, similar to the
one in size, soil type and method of cul-
. It was necessary to make such changes

ated land was divided into fields with -

in certain of the small clearings, when OSDV
and EWSMYV caused large yield losses and the
farmers consequently considerably reduced the
area under oats.

Otherregions of investigation.
Data on the occurrence, abundance and enemies
of the species were collected in different parts of
Finland. Such data were gathered during nu-
merous excursions made in the years 1956—1964.
In addition the abundance of J. pellucida and
Panstenon oxylus in leys of different ages was
investigated in 9 communes in western Finland
(cf. RaATIKAINEN 1960, p. 230).

B. Weather observations

In the western part of the main region of in-
vestigation is situated the Vaasa Meteorological
Station, from where the data on mean monthly
tempereture and humidity shown in Tables 1
and 2 have been obtained. Daily temperature
and precipitation records are to be found in the
petiodical Kuukausikatsaus Suomen siioloihin
50—58. The mean temperatures in the spring
and autumn months during the period of these
investigations were slightly higher than, or about
the same as, the averages for the years 1921—
1950, while the values for the summer months
were slightly lower.

The summer of 1959 was particularly excep-
tional. In this year spring came early and was
warm. Winter turnip rape began to flower around
May 10, and Prumus padus blossomed about May
15. In the latter part of May and eatly June there
were frequent night frosts, but the daytime tem-

Mean monthly temperatures (°C), April-—November, at the Vaasa meteorological station in 1956—1964
(Kuukausikatsaus Suomen siioloihin, 50-—58)

1956 1957 ' 1958

—1.1 0.4 | —0.1
8.2 6.7 6.8
13.6 11.2 12.7
15.2 16.9 14.4
12.3 14.1 13.9

- 3s| 43| 5
............... 5.0 0.6 2.9

9% | w60 | 1961 | e | 1963 | 1964 | yo0y raso
34 21 1.6 2.5 1.8 1.3 1.0
8.3 9.9 7.4 73| 11.4 8.3 7.4
140 150} 158 ) 114} 123 12.0 12.3
16.4] 171 15.5 | 135 | 152] 14.8 16.2
15.1 144 132} 119) 150 133 14.3
8.4 9.5 9.4 8.4 | 11.3 8.4 9.3
3 1.1 8.5 6.3 5.3 6.7 3
00| —19 2.3 0.5 | —0.6 | —0.7 —0.7




I EXPERIMENTAL METHODS AND MATERIALS

Table 2, Mean mont.hly relative humidity Petcentages, April-November, at the Vaasa meteorological g
1956—1964 (Kuukausikatsaus Suomen sadoloihin, 51—58). The figures for 1956 as well as April 1957 were cal
from data of the Fianish Meteorological Office E

he species investigated differed in their
= sl ’ N J dad J et J 1962 ’ 1963 ' bits, it was necessary both in the field
boratory to use many different kinds
79 82 78 76 76 76 81 80 he la y o
5 I n 67 68 77 74 68 ment and methods. o
7 0 74 4 o e 72 68 ing corks. A description of the
75 80 74 64 81 82 78 67 . A on
85 84 82 74 83 85 84 80 ‘corks is to be found in a p.ubhcatxon .by
i % A % % o 84 84 1A (1963, pp. 4, 5). Their outer dia-
o 90 o1 51 % H o . ick bout 2 ¢m, and the dia-
91 89 91 91 92 87 88 91 cm, thickness abou y

f the inner rearing space 2.5 cm (Fig. 3). Fig. 4. Petri dishes used for cearing E. fenuicornis
open ends of the inner rearing space are and D. /indbergi. Photo by Airi Rantanen.

ith either wide-mesh nylon gauze, fine-

ylene gauze or transparent cellulose

peratures were high, During June, July and

C. Location of laboratory studie,
August high pressure weather conditions pre-

vailed, and September was the only month during
the whole growing season with a meag tem-
perature lower than the average for the years
1921—1950. That Summer, cereals did not grow

very tall; they ripened and were harvested earlier
than usual. Other warm summers were those of
1960 and 1963, during which only one month
had a mean temperature lower than that month’s
average during the period 19211950, The
coolest summers were those of the years 1962,
1956 and 1957,

The figures showing mean monthly relative
humidity petcentages during the years of these
studies were lowest in the early summer. At this
time of year there js very little rain in the coastal
districts, and drought periods lasting one month
occur on an average once every three years,
while droughts of at least two months’ duration
occur about once in 25 years (KERANEN and
Kornonen 1951, p- 108). The mean relative
humidity percentages of the summer months
were lowest in 1959, followed by the years 1963
and 1958. In the eastern area of the region, the
carly part of the summer of 1958 was also dry.
For example, the June rainfall at the Ylistaro
Experiment Station in 1958 was only 18 mm,
and cereals did not attain 2 great height (see p.
43).

The meteorological observations relating to
the insectary and laboratory were made with a
Lambzrecht thermohygrograph. The daily maxi-
mum and minimum values recorded with this
device are not as extreme as the actual values.
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The laboratory studies were cagried out
year during approximately the period May;
tember in a field laboratory of the Departmey
Pest Investigation situated int
Laihia (Fig. 1, locality 11). For e
a field insectary was constructed

spring of 1957 having ground dimensions
2.4 metres and a height of 2.5 metres (
The structure was designed by Mr. O.

heimo, after a model described by Pg;
(1955, Plates 2 and 3). The insectary was,
in the centre of a field 30 X 30 m in si;
rounded by a grove of trees, which in tu
situated in a larger cultivated clearing. T
of the rearing section of the insectary we
of wire screen, with the exception of 1
65—125 cm above the ground, which
polythene film. The roof was painted sil
sunny days the daily maximum tempera;
the table in the insectary was a few degres
that in the open field, while the minim
slightly higher than outside.

he commy

Fig. 2. Ficld insectary, where most of the ¢
were reared. Photo by Terttu Raaukmh\’

g film. While rearing adult Hymenoptera, a
g o of water as well as dilute honey-water
splied daily to the gauze on the cork.
aring corks were used in the laboratory

ideafhoppers and their insect enemies, with
fteption of the first larval stage of Elenchus
15,

dishes. Insome of the rearing trials
Biisectory, smooth-edged Petri dishes with
ide diameter of 9.5 cm and depth of 1.2 cm
ed in the manner shown in Figure 4.
5; the space between the lid and dish,

,ml ‘«}?, o ) ';53,, .
3. Rearing cork used for tearing /. pellucida
d it enemies. Photo by O. Heikinheimo.

usually two living leaves of oat plants were in-
serted into the dish. The leaves remained alive
for several days. In the Petri dish was a strip of
filter paper, one end of which extended outside
the dish. When the air within the dish became
too dry, it was moistened by applying water to
the exposed end of the filter paper strip.

Such Petri dishes were used for rearing leaf-
hoppers parasitized by Elenchus tenuicornis rfxales
and by Dicondylus lindbergi. Among othet.thmgs,
it was possible to observe the hatching times of
the parasites and the durations of the different
developmental stages. A maximum of ten leaf-
hoppers was kept in 2 dish at one time. The final-
instar larvae of Dicondylus lindber gi usually pupated

on the walls of such dishes. The data presented

later on the final-instar larvae, cocoons, pupae
and adults of D. J/indbergi wete obtained mainly
from such cultures.

Petri dishes lined with filter paper were also
employed for mass cultutes of pteromalid‘ larvae
during the winter. The filter paper was mmsten?d
when necessary, and the dishes were wrapped in
paper which was kept moist. Furthermore, PeFrl
dish cultures were used for determining the daily
rthythm of emergence of pteromalids and Anagrus
atomus.

Glass cylinders. To one end of 2 gh.lss
cylinder having a length of 9.5 cm and inside dia-
meter of 1.6 cm, wide-mesh nylon gauze was
fastened with insulation tape. Into the other end
of the cylinder a short shoot of an oat plant was
inserted. The space between the base of the shoot

11




Fig. 5. Glass cylinders used for rearing E. tenuicornis
females. Photo by Airi Rantanen,

and the walls of the cylinder was plugged with
cotton wool, Such tubes were then placed in an
inclined position on a rack standing in a watet
bath, in such a way that the roots of the oat plants
were immersed in the water (Fig. 5). Such oat
plants remained alive for more than a week.

Glass cylinder cultures were used for deter-
mining the discharging date of triungulinids of
Elenchas tensicornis as well as the subsequent sur-
vival time of the host.

Rearing boxes. Cardboard boxes 20 x
20 X 23 cm in size were provided with a glass
tube 0.9 cm in diameter inserted into a hole made
in the upper part of the box. Such boxes were
employed for determining the number of insects
in certain plant parts; the plant material was
placed in the boxes and they were sealed with
gummed paper tape. Such rearing boxes were
placed in a shady spot in the insectary, and their
contents kept moist. Every day between 8 and 9
a.m. the insects which had accumulated in the
glass tube were removed. Not all the insects
emerging from the plant parts were obtained
from the glass tube, since some of the living
specimens remained within the box. Moreover,
some insects died inside the box. In the quanti-
tative determinations, the insects remaining in
the box were collected at the end of the trial.
For example, about 5 9, of the specimens of
Panstenon oxylus emerging from oat stems re-
mained in the box.

12

Rearing boxes were used in order to dé
the annual emergence date of the first gen
of Anagras atomss and Panstenon oxylus, a
their number per unit of surface area. Th
and living vascular plants from a ground
0.5 m* were generally placed in the reari
for these determinations.

Glass tubes. In certain Hymeg
cultures, use was made of glass tubes
long with an inside diameter of 0.9 ch
bottom and inner wall of the tube were ¢
with filter paper, which extended over ab
of the wall, leaving the rest exposed as a,
window. The top of the tube was plugge
cotton wool. A label was attached to the
side of the tube with insulation tape, ;
keep the window upward. Such tubes we
in a paperlined containet in the insectary,
container was kept moist.

; \d 7. Plastic and gauze cylinder used for rearing

Such tubes were used for cultures of indj pellucida, Photos by Airi Rantanen.

larvae and pupae of pteromalids and
atomus. They were also used for stud

daily thythm of emergence of the Hyme, e cylinders. From 6 to 10 plants

n or planted in 6" flower pots, and
hem was put white gauze attached to a2
cal wire framework (Fig. 7). The pots
fitied to their upper rim in the ground
insectary. Leafhoppers were reared in
nders when studies were being made on
t plants, number of eggs, etc., as well
crossing trials were conducted.
's. Cages of three different sizes were
ese studies. The small cages had a basal
1 x 43 cm and a height of 26 cm. They
d of a wooden frame covered with gal-

Glass tubes were also employed i
mining the number of triungulinids dis
from Elenchus tenuicornis. In this case, af
first triungulinids had appeared, the pai
leafhopper and a piece of fresh oat }
placed in the tube, which was plugge
smooth rubber cork. When the triunguli
become attached to the wall of the tube 4
a pattern of small squares was draw
outer surface of the tube, and the larva
with the aid of a microscope.

Plastic cylinders. Cellulose
cylinders 29 cm tall and 9 cm in diamé!
used with 6" flower pots, as shown it
Two or four holes were made in the
of the cylinder and covered with nylon
gauze; the top of the cylinder was als
with the same kind of material. In s
the plants inside the cylinder were
grow out of the top, and the gauze:
carefully wrapped around the plants.

These cylinders were kept in the inse
used to rear leafhoppers.

age consisted of a removable lid. When
mphs of leafhoppers were reared in the
the interior was lined with fine-mesh
lon fabric. The cages were placed either
insectary, or — when crossing trials
nducted — in an open field protected
e wind by a hedge. Leafhoppers wete
he small cages during the winter, and
nés cultures were reared in them through-

Fig. 8. Small cages in foreground and large ones

it:gbackground, 1gn which cultures of both l:‘leﬂlth)i

J. pellucida and those patasitized by D. lindbergi
were reared. Photo by U. Rousku.

The medium-sized cages resembled the small
ones, but their dimensions were 55 x 55 x 33
cm. They were placed in a cereal field, and seeds
were sown or plants were planted at eight spots
on the circumference of 2 circle about 40 cm in
diameter within the cages. Selection experiments
with host and oviposition plants were carried
out in these cages. In the selection experiments
there were four different plant species in one
cage, and each species grew on two spots.

The large cages had ground dimensions of
56 x 56 cm and a height of 120 cm, and they
were provided with a doorway (Fig. 8; cf. Ka-
NERVO et al. 1957, Fig. 11). In such cages the
height of Dicondylus lindbergi cocoons in oats was
investigated. Javesella pellucida leafhoppers para-
sitized by D. lindbergi wete collected from the

nearby field and placed in the cages.

Fig. 9. Cloth funnel used for collecting ptero-
malids and A. afomus. Photo by U. Rousku.
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ets are not fully comparable with one localities 1, 3, 6, 9, 12, 17 and 20 and in the years
1961—1964 at all the localities 1—20 (cf. Fig. 1).
bropterous leafhoppers and evidently also  The samples were almost always collected in the
romalids investigated are 4 passively same fields where netting and plant samples had
rted by the wind and readily accumulate previously been taken. On the basis of the
et. When there is no wind, some of the numbers of leafhoppers in the netting samples
pers may escape from the net, but at- (Table 85), the approximate percentage of J.
‘were made to empty the nets in the pellucida among all the Javesella nymphs can be
before the wind had died down. During  calculated.

ime period of operation, the weather was Sweep net. HekinuEIMO and RAATIKAI-
so calm that the funnel collapsed. NEN (1962) have described the sampling method
ysing these results, it would be desirable  and reliability of net sweeping. The samples were
, for example, whether the daily numbers  taken by the same person as in the investigation
feriont 0xcylus obtained actually represent the  of HerxinueMo and RaaTIxAINEN (1962). Each
 of migration, or whether insects merely  sample usually consisted of either 3 x 20 = 60
bove their habitat could enter the net. or 60 4 140 = 200 sweeps. The subsamples were
obtained with these netting apparatuses taken by walking across the field in the same way
eviously been published by RAATIKAINEN a5 for the suction samples. According to Hergin-
nd RaATikAINEN and TINNILA (1961).  mEmMo and RAATIRAINEN (1962, p. 19), the
tion apparatus. Quantitative sam- number of sweeps required in timothy ley to
i leafhopper nymphs and adults as well as  obtain a number of /. pellucida nymphs equivalent
d adults were taken with a suction to the population of 1 m? is 396.2 4 80.4 and
s. The use and reliability of this method that of adults 86.0 { 18.8. In spring cereals the
eviously been described (HerkiNHEIMO numbers of healthy adults equivalent to the
ATIKAINEN 1962). In each sample there population of 1 m? are obtained with 50.7 4 11.8
tee subsamples, each taken from an area  sweeps and of parasitized adults with 39.5 4 15.5
'm?. During sampling, the observer gen-  sweeps.

alked diagonally across the field from In the years 1958—1962, netting samples of
ner to the opposite one, and the first leafhoppers and their enemies were taken at
ple was often taken about 15 metres from  weekly intervals in oats and in first-year leys es-
e of the field. According to HEeikiN- tablished under spring cereals (Figs. 18—20) at
i and RAATIRAINEN (1962, p. 10), by using  Lajhia (Fig. 1, locality 9). At the end of June
ethod 74.8 9, of the nymphs of /. pellucida  and beginning of July netting samples were taken
5% of the adults occurring in timothy in oats and spring wheat (e.g. Tables 64, 65 and
fe obtained. The suction samples in the 84). In 1958—1960, these samples were collected
'study were taken by the same'personwho  mainly in the same places where the suction
cted the material for a previous study by samples had been taken, but in addition,sampling
SNHEIMO and RaATikaINen (1962). was done at localities 8, 11, 13—15 and 18 or in
e years 1956 and 1957, suction samples of  their vicinity. At the end of May and beginning
oppers in timothy leys (Fig. 17) were of June netting samples were taken in leys (Fig.
t weekly intervals at Ylistaro (Fig. 1, 1, localities 1—20), but in 1960 no samples were
). In the autumn, similar samples were  obtained from localities 7, 14 and 16 (Table 91).
n the stubble of spring cereals containing Plant samples. The usual method used
rgrowth of young timothy ley (e.g. Table for sampling spring cereal plants was to walk
the following spring samples were again  through the field from one corner to the dia-
d on the same leys (e.g. Table 90). In the gonally opposite corner. If the field was suffi-
§1958-1960, these samples were taken at ciently large, the first sample was taken at about

in diameter, through which the contents:
funnel could be emptied. The centre of the
of the apparatus was situated at a height 3
above the surface of the ground. The funn
rotatable and, like a weather vane, turne
gether with its supporting arm into the dix
of the wind. Three such netting apparatuses
set up in first-year timothy leys, cstablxshed
a spring cereal nurse crop, which were
in the centre of cleatings over 40 hectare
These three localities were at Mustasaari
NW side of the airfield (cf. Fig. 1), a
(locality 9, Fig. 1) and at Ylistaro (locali
The nets were emptied every evening
8 and 9 p.m.

These netting apparatuses were used
vestigate the migration period of macropt
leafhoppers and those parasitized by
tensicornis and Dicondylus lindbergi as well
pteromalids. In evaluating the results ob
Fig. 10. Triple-Jevl etting spparstus ueedfor with these apparatuses, it must be borne i

8 collecting migrating J. pellucida snd ptesomalids that 1) the apparatus operated only when
‘ at different heights. Photo by M. Raatikainen. was blowing; 2) the stronger the wind, the

the flow of air and hence the more insect:
; ing the net; 3) the animals collected we
i Cloth funnels. These structures had a  those which were transported 4 passively
ground area of 0.5 m? and a height of 43 cm wind or which for some reason voluntat
(Fig. 9). They were constructed in the following tered the net; 4) animals collected in the ne
way: a square wooden frame was embedded in leave it again (cf. the following appara
the ground and to it was attached a double layer Triple-level netting app
of cloth in the form of a tetragonal pyramid. At This device was similar to the previous
the peak of the pyramid was a wooden frame to it had three net funnels of 100-cm diameter
which two glass tubes were fixed. In some cases, at heights of 2, 6 and 10 (in 1959 only 9);
small plastic cups were used in place of the glass above the ground (Fig. 10). This apparal
tubes. These cloth funnels were kept on the field placed in a second-year timothy ley on s
and the insects which had collected in the tubes clearing at Laihia (Fig. 1, locality 9), and th
or cups were removed every day around noon. were taken down every evening at 8—9%
The temperature within the funnels was con- emptying. This apparatus was used to invé
i - siderably higher than that outside. the migration height of leafhoppers 2d

These funnels were used to determine the enemies. In interpreting the results obtmﬂ
numbers of adult pteromalids and Anagrus atomas.  it, however, the same sources of error

Netting apparatuses (cf. RAATIRAI-  kept in mind as for the previous apparaf
NEN 1960 a, Fig. 2). The circular metal-frame addition, during the periods when the W!
mouth of the apparatus had a diameter of 100 cm,  blowing, the volume of air flowing thre
and the funnel, made of white nylon fabric, was nets per unit time was greatest at the
165 cm long. At the base of the funnel was an  level and least at the lowest level. Cons
opening formed by a circular metal ring 4.0 cm  the numbers of insects collected in eac

et s RN, 3, TG 2 e .

14 15




15 metres from the edge. From this spot, 5—10
plants with their roots were collected. From
there, a definite distance was walked, depending
on the size of the field but usually 5—15 paces,
and a second subsample of the same size was
taken from immediately in front of the observer’s
shoe. This produce was continued across the
field until about 10—20 subsamples and a total
of at least 100 — or in some cases 200 — plants
had been collected.

The plants were subsequently spread out on
the floor, and from them every third or fifth plant
was selected until 100 plants had been assembled.
The plants containing eggs of leafhoppers weer
separated by eye and later examined under the
microscope. The initial separation of the plants
was carried out by four persons, all of whom had
been specially trained for this task and who were
approximately equally careful in performing the
work. Samples taken at weekly intervals from
oats and spring wheat were always examined by
the same person. Similarly, the same person al-
ways performed the microscopic examinations.
The numbers of egg groups andfor eggs of
delphacids as well as all stages of pteromalids
and Anagrus atomus were counted in the plant
samples.

In the years 1957—1960, plant samples were
taken at weekly intervals at Laihia and Ylistaro,
and in 1957 and 1958 also at Sulva (Fig. 1,
localities 9, 20 and 3; cf. e.g. Fig. 16). In July,
August and September samples were collected in
oats and spting wheat (e.g. Tables 43 and 44).
The oat and wheat sambvles were taken at all the
localities 1—20 (Fig. 1); however, in 1958—1960
wheat samples were not taken at localities 7 and
16, nor in 1959—1960 at site 14 either. During
the entire period 1961—1964 and often in other
years as well, sampling was done in the same
fields where netting samples had been taken in
late June or early July. From the numbers of
delphacids in the netting samples (Tables 85 and
86), it was possible to calculate the approximate
propottion of J. pellwcida eggs among all the
delphacid eggs present.
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In the region of investigation, cereals w,
most always sown by drill. In August and
tember during the years 1957—1963, the nug
of oat plants in an area of either 4 X 0.15"'
5 x 0.23 m® in 33 oat fields were counted:
average number of plants in these ﬁcldé
found to be about 495 4 16 per s
metre.

Mite counts. The numbers of leafhot
parasitized by Achorolophus gracilipes were cox
by inspection in the field. The observer cra
or lay on the ground, and counted all th :
sitized and healthy leafhoppers visible at se3
sites in the field. The same person petforme
counts which were used in year-to-yea:
parative studies. In certain other compat
studies, 1-—4 persons participated. Since it
easier to observe the leafhoppers patasiﬁzé
the red-coloured mites than the healthy
mens, it is possible that the percentage of
sitized leafhoppers is somewhat too high. O
other hand, the percentage of parasitismy
tzined by the netting or suction samples i
to be still more erroneous, since the mit
become detached during the sampling p

Statistical calculations. I
tion to the mean value, the standard erro:
mean (S.E.) is often given. The standa
viation, on the other hand, is not repo:
the chi-squarc test the Yates correcti
applied. If, according to analysis of v
there were significant differences, the signl
differences between the means were comp!
the Tukey-Hartley method (cf. SNEDECO!
p- 251). In certain tables (for example Tal
the means which do not differ from one
are indicated by the same letter writt
them. The levels of significance of diff
used in this study are according to SNE
(1959, pp. 126, 525). A single asterisk it
probabilities between 0,05 and 0.01, Wh
asterisks show probabilities equal to of Ie
0.01. Three indicate probabilities equal t0
than 0.001. If the figures have been transft
this is reported in the text. i

la pellucida has been placed in over 10
genera (cf. Mercair 1943, Fennan

AGNER 1963). The generic names most
: y used are Calligypona, Delphacodes, Del-
Liburnia. At present, the species is
the genus Javesella, the type species
pellwcida (Fennan 1963). This species
e type species of the genus Weidneriane/la
by WAGNER (1963), but since Wagner’s
s published about two months later than
, the first-mentioned name is valid.

A. Disttibution

2 pellucida is a boreal-circumpolar species
ite continuous distribution in both the
¢ and nearctic regions. The northern-
ties of the species are in the northetn
.Fennoscandia and Alaska, while the
most ones are in North Africa, East
§hd Central America (cf. METCALF 1943).
rope there are many reports concerning
ibution and abundance of J. pellucida. It
on — and in many places abundant —
B British Isles (Lz Quesne 1960, p. 44),
By (e.g. Hauvpr 1935, p. 142, WAGNER

7, 1939, p. 125, Kunrze 1937, p. 374,
our 1960, p. 284, Remane 1958,
R1962, EMmricu 1966 b), Czechoslovakia
A 1954, 1958, 1960, Ox 411 1960, Vack=
A 1961), Denmark (JEnsen-Haarue
/51) and Fennoscandia (SAHLBERG 1871).
len the species has been encountered in
every biogeographical province (cf.
soN 1946—1947), but it appears to be
mmon and abundant in the coastal dis-
orthern and central Sweéden (cf. Linp-
61 b, pp. 252, 253, Jor1soo 1964). Simi-
inland /. pellucida has been found in all
eographical provinces of the couatry,
north it occurs as far as the subarctic
paERG 1947). With the exception of
ern districts, the species is common

IV JAVESELLA PELLUCIDA (F.)

Fig. 11. Bggs of J. peliucida in the stem and leaf of oats.
Photos by O. Heikinheimo (Kanervo et al. 1957) and
M. Raatikainen,

abundant in the coastal region of the Gulf of
Bothnia as well as in the interior of the country
at the same latitude. In the southwestern, south-
ern and porthern parts of Finland it is not so
plentiful as in the above-mentioned regions.

B. Developmental stages

Egg The young eggs of J. pellucida ate
greyish-white in colour, but later turn pale
reddish-brown. Their shape is typical of del-
phacid eggs, oval and slightly curved (Fig. 11).
Both the length and the breadth of the eggs are
smallest when the eggs are young. As the embryo
develops within the egg, both dimensions in-
crease (Fig. 12 and 13). The increase in thickness
does not, however, take place evenly in all parts
of the egg; it was found that when cggs were
deposited in stems of plants, the increase in
thickness was least at the anterior end and
greatest at the posterior end. Both dimensions of
the egg are at 2 maximum just before hatching.
There are differences in size between eggs of
different females which persist throughout the
developmental period of the eggs. The length
varies from 0.80 to 1.24 mm and the breadth
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Length of eggs, mm.

Q%04

: T —
Time in days

Fig. 12. Lengths of eggs of six J. pe/-
lucida specimens. Rearing temperature
+18,5°C. Bach point represents the mean
of ten eggs. Same material as in Fig. 13,

from 0.17 to 0.29 mm (n = 400). The thickness
of the anterior end ranges from 0.12 to 0.19 mm.

In the region of investigation the eggs of /.
pellucida so closely resemble those of other del-
phacid species in the same region that it was not
possible to distinguish them. The few statistical
differences which are known in the egg length of,
for example, Megadelphax sordidulus (Stal) (cf.
RAATIKAINEN 1960 a), Dicranotropis hamata (Boh.)
(cf. RAATIKAINEN and VASARAINEN 1964), Sri-
roma bicarinata (H.-S.) and J. pellucida, are useless
as distinguishing features in the field, since often

Table 3. Length (mm) of femur and
of J. pellucida as well as

a5

Breadth of eggs, mm

azx

1
Time in doys

Fig. 13. Brecadth of eggs of six J.

lucida specimens. Each point tepteug:

the mean of ten eggs. Same materi
as in Fig. 12,

Hlear from Table 3, none of these features
ves a sufficiently reliable result, but when
are used in combination, the nymphal
each individual can be identified with
obability.

t. The adult (Fig. 14) has been de-
E in many works, but in general it was not
o distinguish the female from those of
sely related Javesella species (cf. e.g. LE
B1960). However, in the region of this
Hition, the females could be identified ac-
nce in that region virtually the only
ecies was J. obscurella (Boh.), which can
guished from J. pellucida by the charac-
ted by IxAnEmMO and RAATIKAINEN
stinguishing healthy specimens of J.
om thosc parasitized by Elenchus tenui-
sometimes difficult on the basis of
ogical characters, although in most cases
nces wete clear (cf. LINDBERG 1949,
Benrisca 1960 a and b, RAATIKAINEN
the region of investigation there were
hypterous and macropterous (Fig. 14)

the eggs have to be identified from il
alone or remnants after damage by Hyme;

Ny mph. Hassan (1939, pp. 356, .
given a good description of the nymp)
pellacida, while TuLLGREN (1925, pp. 54,
a brief description of five nymphal insta
ever, the previous descriptions of th
instars were too incomplete to serve
for distinguishing the different insta
present work, the nymphal instars wer
guished by the length of tne femur a
the hind leg as well as by the number
on the spur (Table 3). These have beet
to be good distinguishing features o
instars in several leafhopper species '
LiNDBERG 1939, WiLLiAMS 1957, RAATH
1960 a, RAATIRAINEN and VASARAIN

tibia of hind leg of nymphs and adults
number of spines on spur

No. of Femur Tibia Spinca on - gives the lengths of the femur and

wecimens |\ LSE. | Min | Max Moot SE | Min | Max Ment SE | M ae hind leg of males and females as well

1st i T fumber of spines on the spur. Both the

Zztdms;a.r g; g-;:ig.gg: g.;: g.;: g.:;ig.om g.zz 0.30 1.040.00 Ad tibia of the female were found to be
- - - . . .008 | O, . ) .

i:: , gz 8-3610.003 0.29 | 0.43 0,51i0,004 Oi: g;: 1:igg: n the corresponding patts of the male

S5th » 9 | Ceazoear | oer| O3] Gerlons ) Ol e e . t = 2,94%%), but no significant dif-
- - - . . .007 | 0. . .

y‘nl;l ....... 27 | 0.91+0.009 | 0.75 | 0,98 1.z9i0.ou (1)':; }2;’ ;gzigz: as found in the number of spines on

emale ..... 39 0.954:0.007 | 0.85 | 1.02| 1.3440.012 | 1.22 | 146 20,040.37 (t = 0.38, P > 0.05).

Fig. 14. Male and female of J. peliucida. Photo by L. Nordlund.

C. Life cycle

In Finland, Sweden and England, Javesella
pellucida is univoltine (e.g. KONTEANEN 1954, p.
152, TULLGREN 1925, p. 56, HassAn 1939), while
in Germany it is bivoltine (c.g. KONTKANEN
loc. cit.,, REMANE 1958, p. 390, AFSCHARPOUR
1960, p. 285).

Egg stage. The first eggs of J. pellucida
were found at the end of June. In 1959 and 1960,
when the spring and early summer were very
warm, delphacid eggs were encountered as early
as June 14. These eggs could not be identified
as to species, but were evidently either J. ob-
seurella (Boh.), or J. pellucida. In the years when
the spring and casly part of the summer were
cool, eggs of ]. pellucida wete not found until the
beginning of July.

In order to determine the duration of the egg
stage, leafhoppers were allowed to oviposit for
24 hours in growing cereal stems in the insectary,
after which a rearing cork was fixed to that place.
Observations on hatching were made every
morning at 8—9 a.m. The time elapsing between
the deposition of the egg group and the hatching
of the first egg is termed the minimum incubation
petiod. At 17°C it was about one day less than
the average incubation period, as seen from the
following data on the hatching times of 17 egg

groups:
Days after hatching of first

egg in cgg group
Number of nymphs hatched

36 42 9 6 2



10 15 20 25 J0
Incubadlion period in days

Fig. 15. Minimum incubation period of eggs
of J. pellucida at different tcmpetaturesggn
the insectary.

In nature, the average duration of the egg
stage appeared to be nearly 4 weeks. In calcu-
lating the duration of developmeat, the following
equation was used: t (T—c) == constant, in which
t = egg period in days, T = mean temperature
during the egg period, and ¢ = constant to be
calculated, which at the same time is the point of
no development. For /. pellucida eggs, the equa-
tion is t (T—6.4) = 175.5 (Fig. 15). The equa-
tion is far from ideal and furthermore, it is based
on the assumption that the temperatute is con-
stant (cf. ANDREWARTHA and Bircu 1961, pp.
145—163). In the present work, however, the
equation was used only to provide a general
picture of development in:conditions as natural
as possible. The results of trials conducted at
constant and variable temperatures did not differ
appteciably from one another, as became evident
from a parallel trial carried out indoors. Similarly,
according to ANDREWARTHA and Bircu (1961,
p- 162), expetiments made with different species
at temperatures which varied withia favourable
limits as well as constant temperatutes gave
results that were in good agreement with each
other. Discrepant results have also been re-
ported, for example, by ScHWERDTFEGER (1963,
p. 137).

According to v. RoseN (1956 b, p. 8), in most
cases the incubation period of eggs indoors at
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about 23°C is approximately 13 (10-—2y
He found that the egg of this specib
hatch in as little as 8 days, and the long,
in his trials was 29 days. His results, th
are co.nsis.tent with those obtained in the
investigations.

In the years 1957—1960, the time;
pearance of J. pellucida eggs was studied i
fields of spring cereals (Fig. 16). Weekly
samples (in 1957 suction samples) wer
from most of these fields, and the foll
numbers of adult delphacids and J. pellza\w
established.

Year Date No. of
L delphacids -},
1957 ........ 16, VI— 7. VIII 60
1958 ........ 2. VII—15, VIII 1733
1959 ........ 12, VI— 5, VIII 4 388
1960 ........ 7. VI— 8. VIII 949
At Ylistato
1957 ........ 25, VI—29. VIII 142
1958 ,....... 1, VII—13, VIII 202
1959 ........ 18, VI— 7. VII 105
1960 ........ 7. VI—20. VII 181

fields in the period June 26—]July 8, 1
delphacids were obtained, 99 %, of whi
J. pellucida. The material in Fig. 16 thus gt
fairly good picture of the numbers of /. pi
eggs, even though it was not possible
tinguish the eggs of this species from tl
other species. After the first eggs wet
natural enemies appeared, and destroyed
proportion of the eggs; after a few weeks,
hatched. Consequently, the maximum nus
healthy eggs which had not yet hatched o
between mid-July and the beginning of A
No data are available on the occurrence.
last healthy eggs in the field. They weze
even as late as September, and in the int
the last nymphs hatched on October 2::
springs, eggs were still found occasio
they no longer hatched into nymphs.

Nymphal stage. The times of;
which the nymphs hatched were investigd
the insectary during the period Augus!

1960

T

10 20 30 1o 20 31 10 20 3 10
v June July Aug. Sepl.

Number of healthy eggs of delphacids at Laihia
), Ylistaro (dashed line) and Sulva (dotted line)
lant samples taken in 1957—1960. The 1958
from Sulva were from spting wheat, while all
s wete from oats. Same material as in Figs.
28, 29, 34, 61, 62, 75 and 78.

ftber 2, 1957, According to the thermo-
the mean temperature during the trial
was 10—13°, with extremes of 8—18°C.

The number of hatched nymphs at two-hour
intervals during this petiod were as follows:

Time (bours) 19-9 5—11 11—13 1315 1517 17—19 Total
No. of nymphs 375 219 131 84 30 0 839
% » » 4.7 26.1 15.6 10.0 3.6 0 100.0

According to these results, most of the nymphs
hatched in the morning. Concerning the factors
affecting the time of hatching, data are only
available on the temperatute. In a certain test,
eggs kept at room temperature almost up to the
time of hatching were placed in an illuminated
refrigerator at a temperature of -+ 5—8°C. When
the eggs were subsequently removed from the
refrigetator, they hatched within a few hours.
This reveals that it is the rise in temperature after
the night that stimulates tbe hatching of the eggs,
even in the insectary.

The first nymphs wete obsetved in the field

on July 22. It is to be presumed that nymphs
wete already present a week ot two earliet, even
though they were not found. According to
Hassan (1939, p. 353), under favourable con-
ditions /. pellucida nymphs exist as instar I for
an average of 8 days, as instar II to instar IV for
four days each, and as instar V for nine days. In
the region of investigation information was ob-
tained only about the duration of nymphal instar
V, which after overwinteting as instar 111 lasted
6—38 days in the laboratory at +-22°C. According
to Hassan (loc. cit.), the total duration of the
nymphal instars was 29 days. In the present
studies, the winter and the diapause caused an
increase in the duration of the nymphal instats.
In cages in the field, the average nymphal period
lasted 314 days. In this test, the period was equally
long for both males (27 specimens) and females
(23 specimens).

The food consumed by the nymphs of J.
peliucida may have an effect on the rapidity of their
development, as has been shown by KisiMoTo
(1956 b) for certain leafhopper species. In 1957,
nymphs which hatched on August 18—19 were
teared until August 26 on oats, after which they
were put into small cages on different host plants.
In two cages there were Deschampsia caespitosa,
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Table 4. Development of J. pellucida nymphs on different food plants.
The nymphs fed during the period Aug. 26, 1957—June 16, 1958

No. of nymphs on June 16, 1958 o
Plant I“’;;;.w No. Instar V % D. esespitosa E. repems

Deschampsia ecaespitosa . . . .. 13 12 48 — —

Elytrigia repens . .......... 13 18 58 0.24 —
Pblesm pratense . .......... 7 47 87 11, 92%+* 7.63%%
Bromus inermis ........... 3 N 91 11, 41%%% 7.98%%

Elytrigia repens and Pbleam pratense, while in one
thete was Bromus inermis. Into each cage 110
nymphs were introduced, with the exception of
the cage with B. inermis, in which 100 were placed.
Attempts were made to keep the amount of herb-
age the same in all cages in relation to the number
of nymphs. During the test period the mortality
of the nymphs was high, and it was necessary to
terminate the trial eatlier than had been planned.
The results obtained (Table 4), however, indicate
that the nymphs develop more quickly on B.
inermis and P. pratense than on D. caespitosa and
E. repens, which are common weeds. Most of the
J. pellucida nymphs live at first in cereals and later
in pure stands of timothy, sown under a cereal
nuzse ctop. Only a small proportion of the leaf-
hoppers in the region spend their nymphal stage
in leys, ditch banks or waste land where D.
caespitosa and E. repens are abundant.

300 2nd nymphal instor
——— 3rd “ “
2004 i - 4th "
S st .

3
S

Number per 0.30
L
g o

=
Q
<
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Fig.17. Numbers of nymphs of 2nd—5th

instars and adults of /. pe/lucida in suction

samples taken in first-year timothy leys
at Ylistaro in 1956 and 1957.
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The time of appearance of nymphs in ¢a
in first-year timothy leys established u;
nurse crop of spring cereals was studied by g
of suction and by netting samples. The
aymphal density obviously occurred in'A
after the main period of emergence, but in
summers, such as 1959 and 1960, it too:“'
in early August and in cool summers, s
1958 and 1962, not until the end of thi
or the beginning of September. In the
the mortality was great, and in the cov
the following spring and early summer \
bers of nymphs a further slight declin
place. After emergence had begun in
June, the density of nymphs decrease
and the last nymphs were encountered 0
15 (Figs. 17 and 18).

Adult stage. In all the years o
gation, special attention was paid to the
ance of the first adults. During the year
1964, the average date at which emcrgcncé’
was found to be May 27, the earliest beinf¥
15, and the latest June 3. In general, the.&
gence of the first adults approximately C°: i
with the onset of flowering of winter tut
and Pranus padus. However, in years foﬁw i
warm summers and autumns, the leafhe
appeared to emerge before the flow!
winter tutnip rape and P. padus, while:i8
following cool summers, emergence Was
what later. Both in the field and in the labo
brachypterous adults emerged, on an #¥%
few days earlier than macropterous O 3

The mean life-span of six J. pelucids;
in the insectary was 48 days, and the 1011;
ceeded 66 days (cf. Fig. 26). The life:sk
females was divided into the three peti

100

————— 1958
1959
——— 1960
P 1961
o 1962

w0 20
Aug.

10
Sepl.

Fig. 18. Numbers of Javesella nymph's in netting
samples (200 sweeps cach) taken in first-year
timothy leys established under spring cercals
in 1958—1962. Neatly all the Jasesella nymphs
were J. peliucida. The black tgia.ngl'e denotes
the time of cutting. Same material as in Fig. 19.

Fig. 19. Numbers of J. pellucida adults in net-
ting samples (200 sweeps each) taken in first-
year timothy leys established und.et spring
cereals in 1958—1962. The black trm}gle d?-
notes the time of cutting. Same material as in
Figs. 18, 22 and 71 and Tables 15 and 70.

Fig. 20. Numbers of /. pellucida adults in net-

ting samples (200 sweeps each) t.aken in oats

in 1958—1962, Same material as in Tables 16
and 71 and Fig. 71.
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g to these data, the species hibernates

: nymphal instars but usually in instars IV

- (cf. also Tables 31 and 32). In Sweden it
tes maioly in instars IIT and IV (Turr-

1925, p. 56, Lnpsten 1961, p. 221), ot

¥ ding to Jurisoo (1964, pp. 74—75) in in-

June | July | Aug. | sept.| Oct. | Moy | june| fuly | Aug. | Se
£ =
1s! nymphol instor|

2nd « "
Ird "
4th - .
Sth « .
Adulf

._111. In Czechoslovakia the species hiber-
E fnainly in instars IIT and IV, but also to
B . tent in earlier instars (DraBoLa 1960, p.

Fig. 21. Life cycle of J. pellucida in 1956—1964 d
the broken line the probable ocm.tr:n:: l:.adf El?: :t{:;:: ® the known and

oviposition, oviposition and postoviposition.
When 10 couples of macropters were kept after
emergence at 4 17°C in the insectary first for
one week on timothy and later on oats, the
average preoviposition time was found to be 19.3
days (range 18—22 days). The corresponding
period of 10 couples treated in the same way but
kept for the entire time after emergence on oats
was 17.7 (13—22) days. The difference is not
statistically significant (t = 1.46, P> 0.05). As
for the couples kept after emergence on timothy
and Elytrigia repens, not a single female ovi-
posited, although there were 77 on the former
plants and 19 on the latter. These plant species
are poorer hosts than spring cereals for the period
preceding and during oviposition.

The pre-oviposition period of brachypterous
females (n == 4) on oats at 18°C was only about
62 9, of that of macropterous females (n = 4),
and this difference was significant (t = 3.34%).
The same difference has been observed in the
leafhoppers Nilaparvata lugens (Stal), Sogata furci-
Jfera (Horvith) and Laodelphax striatellus (Fallén)
(KisiMoto 1957, MocHIDA 1964).

In studies catried out in England, Hassan
(1939, p. 350) established that the females of five
couples began to oviposit 30—33 days after
emergence. Unfortunately, this worker did not
present any data on the experimental conditions,
but it is possible that the preoviposition period of
J- pelincida is shorter in Finland than in England.

A.c.cotding to LinpsTEN (1961 b, p. 221), ovi-
position appears to commence about 2—3 weeks
after the beginning of migration of J. pellucida to
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In England the species hibernates during
TV and V (Hassan 1939, WarsoN 1959),
he adults appear there about a fortnight
ithan in Finland. Eggs and nymphs appear
.t the same time as in Finland, or some-
et (cf. Hassan 1939, p. 348). The reason
may be that the preoviposition period
Jlucida is long there, while in Finland it
, as mentioned above.

rmany, in the region of Betlin, J. peliucida
tine and in general hibernates in instar v
instars ITT or V (BAuMERT 1959, pp. 381,
ear Kiel in northern Germany, the species
ise bivoltine (AFsCHARPOUR 1960, p. 285).
peatanbc of the single adult generation of
Wecics in Finland apparently occurs between
searances of the two generations in Ger-
M- (cf. AFSCHARPOUR 1960, p. 283). The
occurrence of J. pellucida in Germany
inland thus closely resemble the corres-
gidg situation in Megadelphax sordidulus (Stal)
se same regions (cf. KONTRANEN 1954,

cereal crops. In the present studies, ovip
began less than two weeks after migration
warmest summers and in slightly less tha
weeks in the coolest summers.
The oviposition period of six macropti
females on Tammi oats averaged 27 (1 .
days (cf. Fig. 26) and the postoviposition p
of the same females was 3.5 (0—11) days. :
The appearance of adults in first-year
leys sown under spring cereals was deter
by means of suction and netting samples
17 and 19). In all the years studied, the
reached their maximum density in timoth!
during the month of june. Around the
of July, which was the best oviposition
only small numbers of J. pellucids remainé
the leys; most of them had migrated befo:
time to fields of spring cereals. In netting s
taken on oat fields, the maximum amount
pellucida were found towards the end of ]
in early July (Fig. 20). The maximum oc
after the main migration petiod, after which
numbers appeared to decrease rapidly.
tuality, however, the decrease in leafhoppe
sity was not as sharp as appears from F
since during this time the oats elongated £
and the leafhoppers became distributed tht
out the different parts of the stand; furthet
they were particularly numerous in the Io
parts of the stand, where it is difficult to
them with a sweep-net (cf. HEIKINHEM
RaaTiRANEN 1962, p. 15).
Lifecyclein different regl
The life cycle of J. peliucida is shown in F

he greenhouse it is possible in Germany to
at least four generations of J. pellucida
y (BAumERT and BEHRISCH 1957, p. 435).
d two months are required to obtain
gneration. According to DraBoLA (1960),
imum temperature the species develops
egg to adult in one month.

D. Dimorphism

topterous adults of J. pellucida ate mote
non than brachypterous ones, at least in
Europe (Hauver 1935, DLABOLA 1954),
(OsSIANNILSSON 1946—1947) and Fin-
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“Table 5. Number of brachypterous J. pellucida in net
samples taken at the beginning of migration in first-year
timothy leys established under spring cereals. Each
sample consisted of 200 sweeps {(except 60 in 1958)

No. of ‘Total Brach)

Period -::prn adulrs No. yyte.l/:
1958 8, VI--18. VI 5 330 3 0.9
1959 15, V— 4. VI 18 | 3890 144 37

1960 25, V— 2. VI 8 1193 0 0
1961 30. V— 6. VI 12 373 27 7.2
1962 2. VI— 7. VI 16 273 42 15.4
1963 23, V—31. V 20 441 75 17.0
1964 25. V—26. V 19 | 1055 122 1l
98 | 7555 413 5.5

land (SAHLBERG 1871, p. 438, KONTKANEN 1947,
p. 121, LiNDBERG 1949, p. 26, KANERvO et al.
1957). In the region of investigation, macropte-
rous specimens were likewise much more pre-
valent than brachypterous ones. This is clearly
evident from samples collected at the beginning
of emergence in first-year leys (Table 5). The
brachypters emerged early. At the beginning of
emergence as well as at the end of migration, the
proportion of brachypters was evidently at a
maximum in such leys (Fig. 22). More macrop-
ters were produced in such leys than brachypters,
but they were more apt to move away from the
leys, whereas a great proportion of the brachy-
pters remained in the leysto reproduce. Therefore,
after migration there were sometimes cven more
brachypterous than macropterous leafhoppers.
One of the reasons for this may have been the
presumed shorter life-span of the macropters (cf.
KoONTKANEN 1952, p. 31).

Heredity. Among the factors which may
affect wing dimorphism in insects are heredity,
illumination, weather conditions, population den-
sity and nutrition. The proportions of brachy-
pters were studied in leys of different ages at the
beginning of emergence. It was found (Table 6)
that as the ley aged, the proportion of brachy-
pters increased. A test was petformed in order to
investigate the role of heredity in wing dimor-
phism. In this test, macropterous and brachy-
pterous leafhoppers were crossed. The offspring
consisted of both macropterous and brachy-
pterous individuals of both sexes. Nor did the
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tesults of crossing the F, generation (Table 7)

: . at different
sugg.cst that wing dimotphism was inherited ac- of Bothnia
cording to any simple rule. Similatly, Kisimoro proportions

(1956 b) did not find evidence of inheritability of
leafhopper dimorphism,

Effect of weather factors. Samr-
BERG (1871, p. 21) and KonTkANEN (1947, p. 122
1952, p. 31) found that the proportion o;'
brachypterous leafhoppers increased towards the

t.owards the north (Table 8). Howeve
tional data are needed in order to con
results. In his studies with the leafhopp
delphax striatellus (Fallén), Kisimoro (19
209) found that diapause in the nymphal

only the mate-
black triangle

latitudes along the coast of thel
According to the data obtainet th
of brachypters may indeed incé

Z, Results of crossing trial between macsopterous
(M) and brachypterous (B) J. pellucida

BQ x Bg'
3 pains

2 x M3, 3 pairs

MQ x Mg | MQ x BG' | BQ x M3 |BQ x BG'
3 pris 0 pairs 2 prins 2 pairs
18 - ! 2
11 — 2 3
24 - 10 6
17 - 7 1

ns of Nilaparvata Iugens (Stl). The factors
h affect the relative numbers of brachypters
pellucida in different geographical regions
ot clear.

;fect of parasites. According to
nirG (1939, pp. 140, 141, 1949, pp. 34,
1960, p. 5), the parasite Lienchus causes an
dse in brachypterous individuals of certain
acids, including /. peliucida. In the region
‘jg:stigation, an attempt was made to study
spect on the basis of the data in Table 9,
iere was no evidence that E. tenwicornis in-
éd the number of brachypterous individuals
peliucida (2 = 3.10, P> 0.05). Likewisc,
}f’"lm lindbergi was not observed to affect

Table 8. Proportion of brachypterous J. pellucida in net
samples taken in first-year leys at different latitudes in
West Finland during the period May 23.—June 6, 1959

Latitude and No. of | Total Brachypters .
biogeographicsl province leys adulta | No. % x
< 62°% VS and St . 157 598 2 0.3 —
> 62% BP ........ 17 |1330 | 26 2.0 | 6.50*

wing dimorphism. Even if E. temwicornis had
caused a decrease in wing size, it cannot have
been the sole factor responsible or even the
most important factor in the region of in-
vestigation.

Effect of population density
and nutrition, Theinfluence of population
density on wing dimorphism in /. pellucida was
investigated in first-year leys established under
spring cereal nurse crops. In the years 1958—
1964, netting samples were taken at the end of
May and beginning of June. Of the leafhoppers
collected, about 90 %, were Javesella, and of these
over 99 %, were J. pellucida. In order to calculate
the population density, the number of adult
Javesella in the samples was converted to number
of nymphs by dividing it by 396/86 = 4.6 (cf.
HerkingEiMo and R4ATIRAINEN 1962, p. 19).
This amount was added to the number of nymphs
of the Javesella group, and the sum was regarded
as a measure of population density. The result
(Table 9) indicates that the proportion of
brachypterous J. pellucida decreased as the popu-
lation density of Javesella increased. KisiMoto

north, In the present investigations, /. peliucida
was collected after emergence in £

established with spring cereal nurse crops located

Is an important condition for the appeara
the brachypterous male. Furthermore, - J0
(1963) demonstrated that temperature an

length affect the proportion of brachypte

rst-year leys

Table 6. Number of brach i
yptetous J. pellucida in | i
Samples (2!?0 sweeps each) taken bctvf::m Mz;'n I:y:ngfjil::t:ntlsg';s'

- -
Age of ley, years ’ ..:,pl:i ’ :;::l‘tl- NaB nchyptzn./ J
g 1st year 2nd year
; ........ ;g 5 080 121 2.4 —
3 % 16% 5 o 3asen -
s4 000 17 5;3 B St e
53 10.2 94, 61%%x 2325444
26

Table 9. Proportion of brachypterous /. pellucida in Javesslla populations of different density

J. pelincida -
No. of
et pmeeps umpler Adules Brachypters 1—0 4180
No. %
42 601 76 13 — —
13 551 31 6 16.024%% —
24 970 43 4 34.65%%* 0.84
M 1847 76 4 55.28%%% 1.92
23 760 59 8 8. 43%* 1,94
18 3125 78 2 127.96%%% 14, 99%*+*
8 3026 78 3 122, 70%%% 13, 624+*
3 1066 30 3 60.81%%* 7.13%%
I 11946 471 4
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(1956 a-—<) has experimentally demonstrated
with the leafhoppers Nilaparvata iugens, Sogata
Surcifera (Horvéth) and Laodelphax striatelius that
the population density during the nymphal pe-
riod affects the proportion of brachypters. The
proportion of brachypters among the females
declined as the density of the leafhoppers in-
creased. In the case of males of Nilaparvata lu-
gens, the proportion of brachypters rose as the
density increased to five per test-tube and sub-
sequently diminished when the density increased
still further (Kistvoro 1956 2 and c). With the
other species, there were no brachypterous males.
Kisimoro (1959) later demonstrated that with
N. Jugens females, high densities during nymphal
instars II—IV induced the appearance of the
macropterous form. He also showed that deter-
mination of wing form takes place slightly earlier
in males than in females.

According to the present field studies (Table
9), the effect of population density in shortening
the wing length of J. peliucida females was similar
to that found by KistMoto (1956 a—c), and the
effect on males seemed to be the same as on
females. However, 3.7 9, of the males were
brachypters and 4.29, of the females (y* =
2.37,df. = 1, P> 0.05), and at all densities the
proportion of brachypterous males was lower but
nevertheless statistically significant. According
to Jowno (1963), the mutual stimulation among
individual nymphs of IV. Jugens played some part
in determining the wing form, but visual stimulus
was not the important factor.

In the cultures in cages and gauze cylinders,
where J. pellucida was reared from egg to adult,
there were considerably more brachypters than
in the field under natural conditions, even though
the population density in the cultures was many
times greater than in nature. This shows that the
population density is not, at least as such, the
principal factor in wing dimorphism, but that
evidently the kind of nutrition is very important.
According to KistMoro (1956 a—c), wilting of
the host plant produces a definite effect, in-
creasing the proportion of the macropterous
form even in the absence of crowding, and ac-
cording to Jomuno (1963) underfeeding during
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of spring cereal fields which had not been

the nymphal period has an influence on ¢
fhied but had been left for establishment of

termination of wing form.

It is obvious that in studying the eff
population density on wing dimorphism,
leafhopper species must also be taken into
sideration, and perhaps some other insect sp
as well, since they affect one another both dira
and indirectly, for instance, by influencing
tion. It has been shown by Jomwno (1963
adults of Laodelphax striatellus have aq eff
the determination of the wing form of
Dparvata lugens.

e leys, the nymphs were generally to be
n the early past of the summer on the leaf
or blades of timothy. Some of them were
| plant parts on the ground or in dicotyle-
They moved by walking or hopping. The
tes which overwintered nymphs hopped
¢ ground were as follows (air temperature
R°C, soil temperature at depth of 2 cm

Distance
No. of nyrophs  bopped, em
E. Movement and migration Mesn + SE.
12 8.7 + 1.36
Ever since J. pellucida was established to § 5 140+ 1.33
................ 15 23,0 & 3.65

pest, entomologists and plant pathologists
paid special attention to its migration. Thu
Kanervo et al. (1957) in Finland as we
TamMR and Drasora (1963) and Drasor
TAmMR (1965 a and b) in Czechoslovakia.
done the greatest amount of work on the il
tion of the species. Other investigators have
been concerned with the movement and i
tion of the species (e.g. TuLLGREN 1925, T
1957, KANERvO 1958, RAATIKAINEN an
NILd 19593, Vacke and Priida 1959, J
1964).

6 nymphs in the field encounter a more
ect plant part or other narrow object,
ften move to it and climb up it. Their
our was studied by means of the following
airied out in the laboratory, in which
s, were allowed to choose between vertical
different widths. The illumination con-
a 75-watt lamp placed 1.5 metres above
. A cylinder 6.5 cm in diameter and 5 cm
was used for the test. Its inside surface
overed with white paper, on which seven
illines of varying width were drawn in ink
distances from one another. Nymphs of
 III—V were placed one at a time in the
f the cylinder. The nymphs moved to-
he lines, and 81 9, of the 280 nymphs
began to climb up along the lines, while
inder climbed up between them. Often
phs ascended the lines for several centi-
and in many cases even those which
limbing between the lines shifted their
toward the lines while ascending. The
of nymphs which went to the lines of
width were as follows:

1. Nymphs

In general, nymphs which have just em
are able to move only a few centimette
the site where they hatch. Later in the su
however, they move on the ground. Ob
tions showed that during the time of cereal
ning, nymphs were generally incapable of m! -
from the centre of a field strip to the bank
ditch bordering the strip where there wet¢
suitable host plants, a distance of about 5 m!
However, there were mote nymphs alon;
ditch banks of field strips where cereals
growing than along those of other crop
cause the nymphs moved to the ditch banks
the strip proper, and in the ditch banks of
ploughed after a spring cereal crop the
peared to be rather mote nymphs than i

10- 23 40 85 115

0 line 3 6 27 63 58 45 25

Even in the spring the nymphs of J. peliucida
did not travel long distances. Generally they
moved from one place to another by walking,
and as a rule only hopped when they were dis-
turbed. They usually walked in a serpentine
fashion, and only rarely moved for several centi-
metres in a straight line. In growing stands of
vegetation, they climbed up plants where, as was
shown by marking tests, they remained for sev-
eral days.

In the spring the nymphs from the banks of
ditches or from first-year leys did not move more
than a few mettes into stands of spring cereals.
This was seen particularly clearly in oat fields
bordered by the hibernation sites of nymphs
which wete vectors of OSDV and EWSMV. In
such fields there wete numerous virus-infected
oat plants along the borders of the fields, but as
little as two or three metres from the edges only
a few plants were diseased. Furthermore, netting
samples no longer revealed nymphs at a distance
of five metres from the border of the field.

In summing up the above observations and
trials, it can be stated that the maximum radius
of movement of /. pellucida nymphs is evidently
only a few metres, at most a few dozen. Ac-
cording to LinpstEN (1961 b, p. 222), nymphs
only move very short distances.

2, Brachypters

Brachypterous leafhoppers move by walking
or hopping. They were able to move more rapid-
ly and hop for greater distances than the nymphs.
In 1961, investigations were made on the move-
ment of brachypterous leafhoppers from timothy
to oats in two localities which had underground
drainage. On June 14, July 1 and July 17, netting
samples were taken in timothy leys 5 metres from
the border between the ley and the adjoining oat
field. In the oat field, netting samples were taken
at distances of 5, 15, 25, 35 and 45 metres from
the border. The samples obtained from both
localities on the different dates were combined,
since no significant differences were found be-
tween them. However, there were only a few
brachypterous adults of J. pellucida. Eight were
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collected in the timothy leys, while in the oat
fields two were found at 5 metres’ distance and
three at 15 metres’ distance from the border be-
tween the two crops. The numbers of all the
brachypterous delphacid leafhoppers in the sam-
ples, Megadelphax sordidulus (Stdl), J. pellucida,
Xanthodelphax flaveolus (Flot.), Muirodelphax den-
ticaudus (Boh.), Stiroma bicarinata (H.-S.) and
Dicranotropis bamata (Boh.), were counted, and
the following figures were obtained:

Specimens in

Specimens in oat ficlds. Distance from

timothy ley cdge of ost field in metres
5 15 25 35 45
266 42 17 8 3 2

These data reveal that brachypterous del-
phacids were distinctly more numerous at the
margins of the oat fields than in the centres
(* = 75.92***). Numerous collections have si-
milarly shown that the distribution of brachy-
pterous J. pellucida individuals is about the same
as that of all brachypterous delphacids. In rela-
tion to their numbers, brachypterous adults of
J. pellucida were more numerous in the oat fields
and wete found farther from the field border than
brachypterous nymphs.

3. Macropters

During the present investigations, macropte-
rous adults of /. pe/lucida were found to move by
walking, hopping — which also included the use
of their wings — and flying. The way they moved
depended greatly on the age and sex of the leaf-
hopper as well as on the weather. After emer-
gence in timothy leys, macropters were found at
all heights in the stand and were definitely higher
than the nymphs (cf. HExkiNHEIMO and RaaTr-
KAINEN 1962, p. 16). When disturbed, they readily
jumped or flew for distances of several metres.
If the temperature rose or the wind dropped, the
distances covered by hopping increased from less
than a metre to several metres. After the period
of migration, the lengths of the hops decreased,
and ovipositing females no longer hopped, or if
disturbed hopped only a few centimetres.

Period between emergence and
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migration. No precise data were o

onthe length of time elapsing between emerpi NS, =~ 0" 2

and migration, but apparently it was on] : ——=3

days. It appeared to be of longer duratig ———k

weather after emergence was unfavours) 5

migration than if it was good. Field o ——— 6

tions showed that the average period betw _

finding of the first adults and the first mij

specimens was 8 days. However, the inte;

tween emergence and migration was pr

actually shorter, since fewer observation >

made on migration than on emergence, = = > 21
Causec of migration. Migratio v Sty ’

pellucida is generally associated with a cha
host plant. In the area of investigation the
usually moved from timothy to cereals. In
a trial was carried out at Ylistaro, in whi
of the following specics were established
a spring cereal nurse crop: Lolium perenne,
Dpratense, Bromus inermis, Dactylis glomerata,’
pratensis and Trifolium pratense. The size o
ley was 15 X 20 metres. In the followin
netting samples were taken from these le
also from oats during the period June 9—]J
The results (Fig. 23) show that most of th
hoppers moved away from all leys, w!
was an increase in their numbers in the
same migration occurred even in a tri
oats had been sown in a first-year timo
inhabited by leafhopper nymphs. It is th
dent that migration of J. pellucida is gov
internal causes and that the ready availabi
suitable host plants is unable to prevent:i
was also observed in cultutes in which
hoppers which had not yet migrated we
in cages containing spring cercals. Wh
leafhoppers reached the stage of mat
which they normally migrate, they ros
upper part of the cages and moved Vig
Migration flight. J. pellucidaw
to migrate between 6 a.m. and 10 p.m.
phax sordidulus, Stiroma bicarinata and Di
pir bamata also migrated during the dﬂ
WirLLrams (1957, p. 77) mentions that Pers
saccharida (Kirkaldy) and Dicranoiropis m @
kaldy migrate by day in the Mauritivs
but in Hawaii P. saccharida flies most £t

23. Numbets of J. pellucida adults in dif-
¢ kinds of first-year leys cstablished under
ipring cereal as well as in oats in 1959,

Loljum perenne, 2 = Phleum pratense, 3 =
;ﬁrm}: 4= ’Da:t_yli.r glomsrata, 5 = Festuca
atensis, 6 = Trifolinm pratense, 7 = oats.

nights when air currents are at a mini-
vick (1939, p. 27) captured leafhoppers
aeroplane in Louisiana, U.S.A., and
that many species of delphacids occurred
air both by night and by day, but they
jore abundant in the daytime.
e present investigations, the weather at
je when migration began was very warm
However, migrating specimens were
¢s seen even though the temperature was
ut 10°C. When starting its flight, J.
at first rose almost vertically upward for
¢ of a few centimetres to a few metres.
eight it was then carried by air currents,
itioned by KAnervo et al. (1957, pp. 14—
Kanervo (1958, p. 127). Only when the
s very slight (ca. 0.5 m/sec.) did it fly
the wind, but this was uncommon.During
n the height of flight varied by several
t times the leafhopper flew at a height
bout 134 metres, but then it rose to
etres and later descended again. During
& of descent to the field, the flying height
slowly and the leafhopper often made
Btal turns in its direction of flight. Finally
ted its flight by landing, usually on the
B of plants in a cereal field.

Height of migration. The height of

migration was investigated by means of a triple-
level netting apparatus at Laihia during the pe-
tiods June 3—July 20, 1938, and May 25— July
17, 1959. These results (Table 10) as well as
direct observations show that J. pellucida usually
flies at heights of about 2—~6 metres. Only very
few flew at less than one metre. According to
these obscrvations, the migration height of /.
pellucida is greater than that of the related species
Laodelphax striatelius (Fallén), which was balked
by a gauze fence two metres high (cf. SukHOV
and PETLYUK 1940, p. 484). Air currents, how-
ever, may carty J. pellwida considerably higher
than the 10 metres detected by the triple-level
netting apparatus. For example, Grrck (1939, p.
27) encountered specimens of the genus Delpba-
codes at an elevation exceeding 5000 feet (ca.
1 500 m). Forests constitute an obstacte for most
of the migrating /. pellucida adults, and when they
reach wooded areas many leafhoppets descend to
the ground. This is clearly seen, for instance, in
the greater numbers of virotic plants in the vi-
cinity of forests, both in Finland and in Czecho-
slovakia (VACKE and Prii¥a 1959). In the present
study, similarly, in the vicinity of small woods
isolated in open country, fewer migrating leaf-
hoppers were found on the leeward side of the
woods than on the other sides.

Table 10. Height of migration of macropterous J. pellucida

according to samples taken with the triple-level netting

apparatus. Migration height of males compared with 21:3.':

of females xdges = 3.82, P> 0.05, o = 16817,
Same material as in Tables 60 and 72

% of J0
Height of net . | Pagasi- among

Year  (above round | Mele e et | Total nmn::;ly
specimens
1958 .... 10 371 28] 32| 97 57
» ... 6 102( 73 62 237 58
» ... 2 -73| 41 46] 160 64
Total 212] 142| 140] 494 60
1959 .... 9 194 208 105{ 507 48
» .. 6 330 338/ 205/ 873 49
» .. 2 567| 462 26111 290 55
Total 1.091(1 008| 571{2 670 52
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The height of migration of males (Table 10)
was significantly lower than that of females.

Distance of migration. Onlyscanty
information is available on the distance covered
by migrating J. pellacida. According to KanErvO
et al, (1957, p. 15), migration was followed for
0.5 km, whereas Tamr and Drasora (1963, p.
331) and DraBora and Tamr (1965 a, p. 416,
1965 b, p. 328) found that J. pellscida covered a
distance of 835 metres. As for other delphacid
species, Ewides speciosa (Boh.) was indirectly
shown to migrate about 15 km in the region of
investigation (RAaTikAINEN 1960 b). During its
migration J. pellucids does not descend to the
first suitable cereal field which it encounters but
often flies over it, as has also been established by
TamMr and Drasora (loc. cit.). In the region of
investigation the distances covered by migrating
J. peliwsida were apparently several kilometres in
length (cf. KaNERvoO et al. 1957, p. 15, KANERVO
1958, p. 127) and the time of flight some minutes.
According to Drasora and Tammr (1965 b, p.
328), J. peliucida had been found to spread over
an area exceeding 2—3 km in diameter.

Period of migration. In the years
1957—1964, the dates of the annual period of
migration were determined by means of netting
apparatuses at Mustasaari, Laihia and Ylistaro.
The numbers of leafhoppers obtained daily at
each of the three localities were very similar, and
thus the data from the three sites were combined
every year. The results (Fig. 24) indicate that the
average date when migration began in the years
1958—1964 was June 2 (range May 26— June 11).
In 1957, the apparatuses were set up in the fields
after migration had already begun; that year,
migration was first observed on June 12, which
in the calculations has therefore been taken as the
starting date of migration. Among the first
migration specimens of J. pellucida, no parasi-
tized specimens wete found in any of the years.
On an average, half the specimens considered to
be healthy were collected by June 14 (June 5—
22) while half of all the leathoppers of this species
were collected by June 15 (June 5—25).

The beginning of migration appeared to be
most strongly influenced by the daily temperature
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sum of the spring and previous summer. (f
various equations tested, the following
presents the starting date of migration:
b = 527, in which a = mean daily temp
sum during the period between the date
pearance of eggs, and October 2 in the y
ceding migration (cf. Fig. 36), and b
daily temperature sum in the year of mij
starting on May 1 and continuing until a to)
527°C is accumulated. When this equatios
used, the difference between the calcula
actual dates when migration started in thy
1957-—1964 was 1.7 4- 0.5 days. If the tem
ture sum during the previous year was ol ﬁ
into consideration, the sum of b had to an
to 265°C before migration began. In thi
the calculated date differed from th&actu
by 2.4 4- 0.8 days. These results are s0 goor
by means of temperature sums in the regl
investigation it would have been possiblet
prognostications, for example, as to th
at which chemical control measures shoul
taken.

During the first part of the migration p
there were many leafhoppers, but toward
end the numbers gradually declined, ‘
netting apparatuses were not kept in the
long enough to establish the date of th
migrating specimens (Fig. 24). Howev!
the apparatuses had been removed, thet
so few leafhoppers still flying that their o
would not have appreciably affected, for exaf
the migration half-time as seen in Fig.
migration period of the macropterous popt
of J. pellucida lasted an average of at Jeast
(27—56) during the years of this stud
migration period often consisted of two
phases lasting several days, duting whi
the intensity of migration increased, reaf
peak and then declined. There appeated {
positive correlation between the inted
migration and the mean daily temperatur®
rain fell, the leafhoppers generally ceased
but after a brief shower they often resumes
On days when migration took place th
intensity varied between 1 and 12 m/s
ever, no correlation was found betw
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iz. 24. Migration of J. pellucida in 195'!——1964 ac-
I::u%ding to %natcxial collected with netting appm’;-
tuscs. The solid part of the abscissa axis shows }tﬂe
period during which observations wete ma.de,w ile
the dashed part indicates that no observations Wcre[
made. On the left-hand ordinate asc the numbers of
leafhoppers, and on the right is t.hc mean tcmpcr‘;
ature in °C. The columns are divided into 2 blac!

part = females, 2 hatched part = males, and a white
part = parasitized specimens. Same myerml as 414:1
Tables 11, 17, 45, 63 and 74 and Figs. 43, #4,

54, 61, 72, 73 and 77.
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Table 11. Proportio
J. pellucida according to netting apparatus samples. The

possible, and the data of corresponding periods from

Total no. of Males P
specimens No. % 1st third

First migrating third| 2041 1186 58.1 —
Sec'ond » » 2634 [ 1427 542 |7.05%%
Third » » 1211 681 56.2 |1.01

Total| 5886 | 3294 56.0 |

intensity and numbers of migrating leafhoppers.
On windy days a larger volume of air enters the
netting apparatus per unit time, and with it more
leafhoppers are collected, than on calm days.
Coansequently, it is very difficult to determine the
rc!atiou between wind intensity and strength of
migration with such apparatuses.

In investigating the migration petiods of males
and females with these apparatuses, the leaf-
hopper catches were divided into three periods
comprising approximately equal numbers, Ac-
cording to the results (Table 11), there were more
males in relation to the total aumbers of leaf-
hoppers presumed to be healthy in the first third
of the migration period than in the second third,

F. Habitats

Javesella pellucida is a eutytopic species (cf. e.g.
Drasora 1954),but it usually occurs in meadows,
particularly moist grassy meadows (e.g, Samr-
BERG 1871, Havpr 1935, Kuntzr 1937, Oss1an-
NILSSON 1946—1947, LinpsERG 1947, Konr-
EKANEN 1950 a, MaRCHAND 1953, RemanE 1958
DzaBora 1960, 1L QuEsNE 1960, ViLsaste 1965,
EmmRrIcH 1966 b). It often lives on bogsand fcns,
and even in forests (e.g. OsstanNILssON 1946—
1947, Kontxanen 1950 a, LINNAVUORI 1952
ReMANE 1958, KroGERUS 1960, Emmricr 1966 b).’
On cultivated land it is most common in cereal
fields and leys but also occurs in many other
kinds of crops (e.g. TurLerEn 1925, Kunrze
1937, DrasoLa 1954, 1958, 1960, Kangrvo et al,
1957, RAATIRAINEN and TINNILA 1959 a, ScHo-
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tion, seashores are found oanly in the

w IR, 4 1
Moist Oxalis-Myriili districts, and their surface area is small
ce wood ..,.,,... i i
Moist Myrsilius spruce ? 2 ared with that of the other habitats.
b :;o; SSTIITITIRP . 3 0 e numerous meadows, but on the basis
acconium 1 Cafh i
Calluna pine l'u:I:lltﬂhe Woo = f g ons the aumbers of | oppers in them
Bogs and marshes ... ... . 0 be about the same as, or smaller than,
Tall-sedge bog......... 3 0
Short-sgdge bog ....... 2 0 ey
g;e:g orimpi» b(})‘g ...... 3 0 umbers of /. pellucida on cultivated land,
ire marsh ..., i i i
Pine bog with underghrubs i 8 od in diffecent crops, showed that his
Cloudberry-Spbagnum fur- er was distinctly more abundant in the
ambog... . ... .. 3 0

d leys than in potatoes, winter turnip
id root crops, which were the three com-
it crops in the region after ley and cereals.
gion investigated /. pellucida was not so
istributed among different crops as it
d to be in Germany by AFSCHARPOUR
284). Since the conclusions reached by
ort (1952) and also by KonNTRANEN
on the abundance of the leafhopper in
habitats seemed to apply well to the
egion of investigation, the occurrance

ucida was investigated principally in leys

BER 1959, AFscmarrour 1960, p. 284,
and Prb 34 1961, Trscurrr 1962, Jiriso
In cereals it is often the most abundant
of leafhopper (e.g. Kuntze 1937, p. 37
NERVO et al. 1957, Arscuarpour 1960,
Jorisoo 1964).

Adults in different ha
The best quantitative data on the occutt
J- pellueida in different habitats have bé
tained from Finland (Konrranex 1950 2,1
VUORI 1952), Germany (MarcuanD 1
MANE1958, AFscrHARPOUR 1 960, EMMRICH,
and Sweden (Linpsten 1961 b, Jirrso
Table 12 presents data on the abundanc
species in different habitats. It is see
species is most abundant in meadow
shores and in cultivated fields. In the €

Othy leys before migration.
amples were taken from leys of different
ch had been established under a cereal
p. The leys were selected insucha way
e same clearing were located — at most
metre from one another — first-year,

1 2 3 4-
Age of ley in years

Fig. 25. Numbers of Javesells nymphs and J. pellucida adu.l.ts per
200 net sweeps in samples taken on May 14—Junc 4, 1959, in leys
of different ages. Total number of nymphs 26 087; adults 8 360.

second-year, third-year leys and if possible also
leys four or more years old. In all, 95 leys were
studied, of which there wete 26 first-, second-
and third-year leys but only 17 which had beea
established for four years or more. The sampling
areas comprised 22 in South Ostrobothnia, 3 in
Satakunta and one in Finland Proper (cf. RaaT-
RAINEN 1960a, p. 230). According to these
samples (Fig. 25), nymphs of Javesellz were most
numerous in first-year leys. Comparisons be-
tween the second-, third- and fourth-year leys
showed no statistically significant differences in
the numbers of nymphs. Almost all the Javese/la
nymphs wete J. peliucida. This was demonstrated
among other things, by the fact that the pro-
portion of J. pellucida among adult Javesella in
first-year leys was 95.3 9, in second-year leys
94.4 9, in third-year leys 90.1 9, and in fourth-
year leys 91.5 9%,. Even a higher proportion of
the nymphs wete J. pellucida, since J. obscurella
emerged earlier than J. pellucida and the other
species were very scarce. In summarizing, it can
be stated that about 47 times as many nymphs of
J- pellucida were obtained in first-year leys as in
older leys, and obviously this truly reflects the
density of nymphs in leys of different ages. Not
all species of leafhoppers showed the greatest
numbers in first-year leys. For example, the
numbers of Megadelphax sordidulus (StAl) in-
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creased as the ley became older

1960 a, p. 239),

Ditch banks before migration.

In .1959, about 80 % of the fields in the region

of investigation were drained by open ditches

(Official statistics of Finland III: 54). The ditches

were located slightly more than 10 metres from

one another, on the average, and with their banks

Wwere approximately 1—2 metres wide. The ditch

banks bore meadow vegetation, in which about

one-third of the plant cover at the beginning of
July consi§ted of grasses (RAATIKAINEN and Ra4-
TIKAINEN 1964). During the period May 6—9
1962, the suction method was used to dctermin;
the numbers of leafhoppers on the ditch banks
of ‘thc Previous year’s spring cereal fields as well
as in first-year timothy leys established under a
cereal nurse crop, A ley and a ditch bank were
c%’xosen from the same main clearing so that the
distance between them was at most 100 metres,
Fourteen such sample paits were studied. Suction
samples were taken from six spots in both the
leys and ditch bank sites. It was found that
there were altogether 1638 Javesella nymphs in
the ley samples and 491 in the bank samples.
Th'is difference is significant (2" = 617.94%#x),
If. it is assumed that Javesella nymphs were ob-
tained equally well from the fields and the ditch
banks by the suction method, these quantities
correspond to 261 nymphs per m? in the leys
and 78 per m? on the banks, when the correction
value calculated by HErkiNuEIMO and RaaTrgar-
NEN (1962, p. 10) is employed. Here, too, most
of the leafhoppers in both sampling places were
J. pellucida, as was demonstrated by netting
samples and visual observations made during the
petiod of emergence.

It is thus evident that the ditch banks of fields
cspf{cially cereal fields ploughed in the autumn:
ate important habitats for the nymphs, since the
ditches and their banks constituted about one-
tenth of the total field area, However, about two-
thirds of the ditch banks were in fields where
crops other than cereals were growing, and on
such banks the density of J. pellucida nymphs
was found to be clearly less than on the ditch
banks of cereal fields.
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(RAATIRAINEN  Table 13. Numbers of

} J. pellucida in oats and g
aged timothy leys at the end of the migrationdl
according to netting samples taken July 14
Logatithmic transformation, The means retrang

sticular, the numbers of leafhoppers
d from the tallest cereal, rye, were
pusly too small in relation to those of the
ereals. However, direct examination also
e impression that J. pellucida was less
dant in rye than in spring cereals. The area
ted to winter wheat was especially small,
this crop the species seemed to be approxi-
y as abundant as in rye.

Crop

Oats ................

Ist-year timothy ley .
2nd-year » »y
3rd-year »
4th-year 5

F=2273%* df = 4 and 16

G. Host plants

mphs. J. pellwida nymphs of instars
were kept without food in plastic cylin-
hich were placed over moist soil in the
ry. There were 10 nymphs in each treat-
and the number of replicates was four.
mperature of 49 °C half the nymphs died
eight days, at 412° half died after five
+417° half died after three days. The
m lifetime at 9° was 17 days and at
was 6 days. According to these results,
warm periods in the late summer and
nymphs cannot survive for many days
food, while in cool periods they are
survive for long periods without nour-
. In the fields cereals were initially the
8 important food source for the nymphs,
i3'the grain ripened, the host plant changed.
er, in oats damaged by OSDYV there were
ndant green shoots available as food for
mphs even after the normal time of
In those fields where there were no
ereal shoots, the nymphs principally fed
sses growing as weeds or on timothy
had been undersown with the cereal.
f the nymphs moved to the ditch banks,
grasses suitable for their nourishment
bundant (cf. RAATIRAINEN and Raami-
1964). After the cereal fields and leys
een ploughed, the host plants were con-

Oat fields and timothy leys
the end of migration Toward
end of the migration petiod, the numbe
J. peliucida were determined at Laihija in ¢
of different kinds. Netting samples were :
in five areas from each of the following cro
oats, and first-year, second-year, third-yea:
fourth-year timothy leys, The samples (Table
showed that J. pellucids was most abun,
oats. There were also considerable numb.
leafhoppers in first-year timothy leys,
substantial proportion of them had no

nation of the migration period, the quantiﬁ
J. peliwcida were smaller than at the tim¢
sampling (cf. Figs. 19 and 22). ’
Cereal fields at the en
.mig tation. The numbers of J. el
in cereals at the close of the migration pe
wete determined by means of netting s:
(Table 14) taken from 7 sampling local
The samples from the different cereal spe
flot completely comparable with one an

Table 14, Numbers of J. pellucida in diffeceat ce:
the end of the migration period, according to saf
netted in the period June 27—July 1, 1960. Logasith

transformation. The means retransformed’

Ceresl Total Meany
numbers ner s y depleted. However, in such fields there
Outs ... .. fo14 104 some food soutrce, and thus a propt?rr.ion
Spring wheat ... .. ] 703 85 nymphs were able to survive until the
IB(;‘:‘Y S 458 62 g spring. In the spring the nymphs in
""""""""" 4“ elds were mainly on Phleum pratense,

Fo 421100, 4f w3 . . ..
wod 16 psia caspitosa, Elytrigia repens and Poa

pratensis. In genetal, the aymphs did not feed
on dicotyledonous weeds (such as Ramunculus
repens, Chamaenerion angustifolium, Galeopsis bifida ),
even though they were found in such plants
from time to time.

A dults. Many investigators (e.g. BAUMERT
and Benriscu 1957, p. 434, HErgkinuaEIMO 1958,
Svuykuuss and Warson 1958, Priida et al. 1959,
RAATIKAINEN and TINNILA 1959 b, VACKE and
Pri¥a 1961, 1962, Linpsten 1961 b, Heskova
et al. 1962, Nuorteva 1962, IxAHEIMO 1964,
HarrAz et al. 1965) have reated /. pellucida on
scores of different grass species. When the leaf-
hoppers were reared on different cereals and
grasses, differences were noted in their longevity,
rate of development (Table 4) and egg number
(Table 18). Some workers have also tested other
monocotyledons and dicotyledons (e.g. Herkin-
HEIMO 1958, RaaTikAINEN and TINNILA 1959 D,
Prii§a et al. 1959, Vacke and Prada 1962,
Heskova etal. 1962, Ik Anrmo 1964). Such plants,
however, ate evidently less suitable as host plants
than gramineous species. At least in the region
of investigation, cercals and grasses wete the
most important food plants of J. pellucida adults.

Although the leafhopper was able to live on
several different kinds of plants, it preferred
certain species and individual plants in the stand
and occurred most abundantly on them. In 1957,
an experiment was catried out with J. pellucida
adults which had been collected from oat fields
after migration. They were placed in medium-
sized cages in the field and allowed to choose
from the different host plants during the period

July 117 (cf. p. 13). The numbers of leaf-

hoppets on the different plants were counted

10 times during the course of the experiment.

As they were counted, the insects were removed

from the plants. The numbers of leafhoppers

from the different replicates and countings were
combined.
When offered a choice of grass species,

J. peliucida in the cages was found 148 times

on Phlesm pratense, 103 times on Elytrigia repens,

99 times on Deschampsia ¢espitosa and 69 times

on Calamagrostis purpsrea. In the cages containing

crops growing in cereal fields, the leafhoppers
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wete found 178 times on oats, 149 times on
Phleum DPratense, 18 times on T, rifolium pratense
zr{d'6 times on T. ybridum. In the cages con-
tfunmg weeds and red clover, it was found 34
tmes on Stellaria media, 18 times on Trifolium
DPratense, 18 times on Galeopsis bifids and 7 times
on Spergula arvensis. All observatious and experi-
ments demonstrate that adults chiefly choose
gzam‘incous species as host plants. According
to trials and observations in the fields, adults
sccm.ed to occur mainly in spring cereals, but
also in winter cereals, timothy and other grasses.
They also inhabited dicotyledonous plants,

although obviously they did not generally us;
such plants as a source of nourishment. In
forests and on seashores and boggy land, they
appeared sparsely on grasses as well as on

Carex and Eriophoram.

H. Reproduction
' Sex ratio. The sampling method may
influence the results telating to the ratio of
males to females in J. peliucida. However, samples
collected from both timothy leys and spring
c?zea.ls by the suction and the netting methods
did not give different tesults for the sex ratio
(HEIRINHEIMO and RAATIRAINEN 1962, pp- 15
16). Since on grounds of economy it was foumi
best to employ the netting procedure, the results
obtained with it will be discussed below.
) The sex ratios of leafhoppers collected from
timothy and oats as well as of migrating adults
were studied at different times during the

;I;:’l;lc‘ 15, Eroportion of male /. pellucida in weekly netting
TheF; ::11 Cai en timothy leys in 19581962,
ples re divided into 3 consecutive

ame numbers of leafhoppers,

*sponding groups of each year .

combined. Same material as in Xgig. ;;ere then

Total
ey Males 7

hoppers No. Y%

635
938
872

2445

340 —
370 29.84%¢x
224 120, 43%%%

934

38.21%%%

Table 16. Proportion of male llucida i
g ida
samples from oats in 1958—]11;6;‘ Thl:v::t:k]:lye
grouped in the same way as in Table 15, Same .
as in Fig. 20

Males ol
x
No. o i I

13201 704
1858|1125
1737] 463

Total
leat-

hoppers

Group

53.3 —
60.5 | 16.16%#x 4
26.7 | 225.06%+¢ 416 o

46.6 |

| 49152292

summer. The weekly netting samples ob
from first-year timothy leys were grouped
three consecutive categories of approxi

equal size. In these samples (Table 15) the

portion of males declined toward the end of e

pc?tiod during which leafhoppers occurred,
wise, weekly netting samples taken fromi
fields were divided into three consecutive gr
of equal size. In this case (Table 16) the.
portion of males was greatest in the mi
their period of occurrence. These results;;
be interpreted to mean that the males emet,
eatlier than the females, and thus males
initially most abundant in timothy. It app
that the males migrated slightly earlier
females (cf. Table 11), and therefore their
bers in spring cereals were highest in the bej
ning. On the average, they apparently:
sooner than the females, and during the pe
of oviposition the females were evidentl
lower level on the oat plants than the

From the various data obtained, it 3p'
that the sex ratio varied duting the su
the proportion of males generally being hig
at the beginning and lowest at the end o

period of leafhopper occurrence.

In view of the above facts, it is very

to determine the sex ratio from material co
in the field. The data for the entire pet
leafhopper occurrence (Tables 15 and
presumably give too low a petcentage o
(38 % in timothy and 47 % in oats), wh
the data from the early part of the peti
Proportion of males is probably too high
in timothy and 53 % in oats). :

Proportion of male /. pellucida in samples ob-
th the netting apparatuses. Parasitized leaf-
are not included, Same material 25 in Fig. 24

Males

ex ratio of migrating adults can be
ined by counting the specimens collected
¢ netting apparatuses in the years 1957—
According to this material (Table 11),
were slightly more males (56 %) than
5; the divergence from the theoretical
io being significant (y* = 83.49***), The
tions from year to year were small (Table
f the macropters collected in the field

) 60.8 9, were males, while 57.1 %,

brachypters were males (y* = 2.37%).
crossing experiment between brachypters

opters, there were relatively more males

among the macropterous offspring

) than among the brachypterous ones
0 = 332). This difference is significant
2.97%%%) According to this, the pro-
- of males captured with the netting
tuses was presumably higher than among
pulation in the field, where there were
brachypterous and mmacropterous leaf-

ex ratio of J. pellucida was also investi-

fiby means of rearing experiments. In the

before emergence, nymphs were collected
p net from first-year timothy leys. Of the
thy nymphs reared, 43 %, developed into
In a second experiment, [. pellucida was
“in the autumn and the nymphs were
until they had become adults. A total of
ult leafhoppers were obtained, of which
 Were males.

tding to all the material and observations
'd, the sex ratio of J. pellucida was close

to 1:1, but under natural conditions it may tend
to be dominated by females.

Copulation. According to KANERvVO et
al. (1957, p. 47), copulation probably takes place
after migration. This is consistent with the fact
that both sexes migrate (cf. Fig. 24). This
assumption is supported by experiments in which
leafhoppers were collected from timothy before
migration and from spring cereals after mi-
gration, and were subsequently reared in gauze
cylinders. Only the leafhoppers taken from the
spring cereals congregated into groups, and of
89 leafhoppers 70 %, were in groups. The 21
groups observed contained from 2 to 6 leaf-
hoppers each (mean 3.0), and 16 of the groups
consisted of both sexes. When leafhoppers were
reared continually in the gauze cylinders, they
were in active movement during the normal time
of migration, but afterward they congregated
into groups in the same way as leafhoppers which
had actually migrated, as in the trials of Hergm-
HEMO (1964). At this stage they apparently
copulate.

In the usual grouping of leafhoppers, the
female was above and the male below. The male
vibrated its wings and turned its abdomen side-
wards. Such activity was most pronounced in the
daytime and decreased at night. The chain of
reactions preceding copulation was associated
with sounds produced by the male at least.
Copulation itself was only seen extremely rarely.
During copulation on plants, the head of the
female was upwards and that of the male down-
wards.

Under experimental conditions the male
copulated with at least two females, since in
cultures comprising one male and four females,
two of the females produced fertile eggs. /.
pellucida was not found to reproduce partheno-
genetically. According to Harkra (1959), the
male in Finland is of the type XO and 2n = 29,

Oviposition and oviposition
period. Before oviposition the female made
a long fissure in the plant and deposited the
eggs in it. (Fig. 11). She covered the anterior
end of the egg, which remained at the level of
the plant surface, with a thick white secretion;
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Fig. 26. Oviposition of six J. peliucida females in

the insectary, Jul
s y 14—Sept. 4, 1957, 1 =
fccund.xt).' per female, 2 = avemges .fetl:u;d?vemgc
surviving female and 3 = mean 1:empemt:urcty °ger

this secretion has been studied by Strimmng
(1956 b). The posterior end of the egg wa
usually within the cavity of the stem. ?f th:
stfzm. wall was very thick, the posterior end wa
within the wall tissue. Sometimes the leafhoppe:

oviposited in the sheath
ity eath or blade of the leaf

50]

»
9

N
o

£ggs per female per day
3

o
10 20 3
Days from stort of iriaf

Fig. 27. Oviposition of four
Ovw J. pellucida fe
:;ts o(:::hd 'l;nle) and fogr J. peliucida [emale:niar}ictsiaﬁn
on o z_n ater on timothy (dashed line) thl);
gle = leafhoppers transferred from o.at &
timothy; } = leafhopper dicd. * 5

40

The oviposition of six females was
by‘ means of rearing corks placed on oaf
(Fig. 26). At first the number of eggs laj

Table 18. Numbets of eggs of J. pellusida in different host
plants in 1960. On Juae 11, one female and two males
were placed in each gauze cylinder; on Aug. 1—19 the
eggs were counte

4. Twelve replicates. Same matetial as
in Tables 20 and 24

was small, but it rose to a maximum,
:vcr.aged 40 .eggs per day, and thereafter
eclined. This is typical of many insects

Ovi- No. of eggs pet
Plsnt specics positing ovipositiog female
females Mean + S.E.

A

N]?l:(EWARTHA and Brrcu 1961, p, 3
addition to the age of th e 1960 Triticum aeshioum . ......-+ 10 5364 80.9
tembe ge of the female, at lea Avena 5406 <o 7 | 4554 98.9
: perature had an influence on ovipo Hordsum vulgare 7 4214 93.6
n warm weath Elytrigia repans . ...-...-+ 4 3664 37.0
o o er the number of eggs depos ¢ ' Antboxantbum odoratsm .. .. 3 | 287% 8Ls
. }37 was larger than in cool weather, —— Festuca pratensis ...... 7 277+ 63.7
ight ; . Sseal e ... 8 257+ 81.8
o leathoppers in the same stage of o Y Poa pratentis .. . ¢ | Za0%110
_on ;wete selected; four were transferres v Alopecurus pratensis . 4 2254 43.6
timothy and % g Phlssum prafense . .....c..-- 10 2064+ 33.0
Y four were left on oats. The nu‘ :L‘” Durbam;n’a caespitosa ... .. 4 204+ 81.8
. 7 1664 48.2

o.f eggs laid daily by the females transfe
tu.no.thy diminished and laying ceased com|
within 1—6 days (Fig. 27). These f
subsequently died on an average less th
day after oviposition ceased. The leafh
which remained on oats continued to d
eggs afld later died an average of 4 day
o'v1p.osu:ion had ended. The difference w;
significant (t = 2.2, d.f. =6, P > 0.05).
leathoppers were transferred from oa
Elytrigia repens, they soon stopped prod
eggs a.nd died, while those transferred fro
to spring wheat continued to oviposit. ;
The oviposition of leafhopper populatio
oat fields was investigated by means of 100
samples taken every week (Fig. 28). Ovipo
began during the period around June 10—]ul
and 11/, months after it had begun there

longer any appreciable increase in the nu;
of eggs.

w0 220 I

10 20 30
Aug.

June

10 20 37
July

 Fig. 28. Numbers of delphacid eggs

per 100 oat plants in certain fields
in 1957—1960. The curves are 3-
point moving averages. Localitics:
1, = Lajhia, Y = Ylistato, S = Sulva.
Same material as in Fig. 16.

Eilerably larger than had been presumed by
Ren (1925, p. 56). In the laboratory trials
ERosEN (1956 b, p. 8) the number of eggs
d was 500—1 000 per female, while in
ments carried out by the writer in 1957
6 females reared on oats the average
er of eggs was 430 (HEIXKINHEIMO 1958).
‘data of all the cultures reared on oats in
Bnd are combined, the average number of
of J. pellucida is found to be 402 + 38.5 pes
file (n = 48).
ertain years macropterous leafhoppers
theted from the same clearing and placed
in gauze cylinders to oviposit. The
of eggs varied from year to year (Table
e numbers produced in the cultures and
field evidently do not completely corre-
d to one another. For example, in 1959,
he number of eggs was small, the leaf-
s in the cultures died as a result of the
nditions before oviposition had ceased.
e open field the mortality was apparently
great, since there the leafhoppers could

Numberofeggsper female.:
been demonstrated that females are capab
tepr?dudng on at least 17 different gramiﬂ
species and ovipositing on them after ha! i
been reared on such plants during thei-ea
adult period (RAATIKAINEN and TinnizA 1959
The number of eggs per female in the comm
grass species growing in fields (cf. Pa
1953 ¢, RAATIKAINEN and RAATIKAINEN
was studied by means of gauze cylinders (
18). The largest number was laid in $P8
cereals and the smallest in grasses growifl
leys and ditch banks. The number of eg| :

13—67

Agrostis tensis

more easily find spots “with adequate moisture
than inside the gauze cylinders.
Oviposition plants. In the trials
cartied out in cages and gauze cylinders, eggs
of J. pellucida wete found in the stems of the
following grass species: Festuca rubra, F. pra-

Lolium perenne, Poa pratensis, Dactylis
sativa,

tensis,
glomerata, Avena strigosa, A. fatua, A.
Deschampsia  caespitosa, Calamagrostis  purpurea,
Agrostis stolonifera, A. gigantea, A. tenyis, Alo-
pecsrus pratensis, A. genicslatus, Phlesm pratense,
dinacea, Anthoxanthuam odoratsm, Bro-
Triticum aestivim,

Phalaris ar
mus  inermis, Secale cereale,
Elyrrigia repens, Hordesm vuigare and H. disti-
chum. Eggs occurred less frequently in the leaves
than in the stems. However, they wete found in
leaves of all the above-mentioned cereals, and in
addition in the leaves of Avena sirigosa, Des-
champsia caespitosa, Calamagrostis purpsrea, Phlesn
pratense and Elytrigia repens. In the field, eggs of
J. pellucida were established to occut in the stems

Table 19. Numbers of eggs of J. pellucida in Tammi oats

Ovi- No. of eggs per
Year positing |  ©vipositing female .
fermales Mean + S.E.
1957 ....... 4 700+£68.4 55t
1959 ....... 8 192+36.8
1960 ....... 7 455498.9 }2' so*
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Fig. 29. Pescentage of total delphacid i

the leaves of oats, 1957-—1960, fnd sprii:gggswll::imli%!g

(doub‘le dashed line). Same material as in Fig. 16. The

material collected at Lajhia and Ylistaro was ;:on;bincd
each year.

and leaves of all cereals as well as in the stems
of Avena fatwa, Apera spica-venti, Phlewm pratense
and Elytrigia repens. Eggs of delphacids occur in
many other gramineous species, but they were
not reared, so that no species identification could
be made. According to Jurisoo (1964, p. 75),
the proportion of plants of different grass species
containing eggs of /. pellucida in relation to the
1.:otal number of plants investigated is greatest
fn spring cereals, less in winter cereals, and least
in Phleum pratense, Elytrigia repens, Festuca prasensis
and Poa pratensis.

Under field conditions the eggs of /. pellucida
are usually deposited in the stems of gramineous
plants. In the cultures kept in cages and gauze
cylinders, eggs were also laid in the plants of
other families whose stem or petiole was hollow
ot contained porous tissue, such as Trifolium
Dpratense, T, hybridum, Galepsis bifida and Plantago
mafor. Even under natural conditions eggs may
occasionally be found in such plants (cf. Raari-
KAINEN and TinnNini 1959 b).

The location of eggs and egg
groups in the stems and leaves.
J. pellucida oviposits in the stems and leaves of
gramineous plants. The distribution of the eggs
between the stem and leaves of cereals was found
to vary during the course of the oviposition
Period. On oats and spring wheat, the eggs were
initially located exclusively in the leaves, whereas
at the end of the oviposition period only 1 9%
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Table 20. Disttibution of /. peliucida eggs betw:

and leaves of different plant species in trials madm

Same material as in Table 18

Plant species Eggs in stem

No. %

Avena sativa .............. 3123

Hordeum vulgars .. .. 2908 gg;
Triticum asstiosm . .. 5362 100.9
Secale coreals ............. 2058 100.0
Pbhleum pratemse . .......... 2055 100.0
Festuca pratensis .......... 1936 100.0
Elytrigia repens ........... 1 464 100.9]
Poa pratensis ............. 1 440 100.0f
Agrostis tenuis .. ... ..... 1221 100.0
Alopecurss pratensis .. .. .. .. 898 100.0
Anthoxanthum odoratum .. .. 861 100:0
Deschampsia caespitosa . .. .. 816 100.9

were situated in the leaves (Fig. 29). Not 4
eggs, however, wete those of J. peliucida,
least during the middle and later phases of o
sition most of them were of this species (¢f;
of Fig. 16). |

The distribution of the eggs between thel
and stems differed according to the plant s;g :
In trials, the eggs were only found in the l
of oats and barley but not in those of oth
(Table 20). The leaf sheaths of these tw
are thick and otherwise suitable sites fo

oviposits in them.
The distribution of eggs between th
and stems of different cereal varieties was
tigated in field trials. The plots, 6.7 X 2.4
size, were sown on May 24, 1963, and th
four replicates. Netting samples taken on
revealed that all the 274 delphacid sp!
collected from oats were J. peliucida, an;
wise all the 193 specimens from spting
belonged to this species. In this trial it is
that all or nearly all the delphacid eggs:
J- pellucida. The proportion of oat plan
tinctly infected with OSDV was 13—48 %
those infected with EWSMV amounted
3 9%, All the plants located in an area 153
cm in each replicate were taken and the oY
of delphacid eggs in them determined. Th
bers of eggs and egg groups in the lea

Distribution of delphacid eggs and egg groups
“stems and leaves of oats in field variety trial.
4as made on Aug. 12—26, 1963. The varietal
wg in CEE distribution were not statistically
4ot (arc sin transformation, B =1.07, d.f. 8 and
‘Same material as in Tables 26, 29 and 53

Eggs Egg groups
In leaves In leaves
Instems( o - % Ingems | o

932 72 7.2 95{ 22 18.8
3105| 228 6.8 276 57 17a
3185| 178 5.3 355] 43 10.8
5647| 228 39 449) 32 6.7

6150] 245 3.8} 532| 56 9.
a69) 159 33| a8l 39 gs
4471| 144 31| 361 37 93
4409| 81 18| 354 22 50
4031] 42 10| 335] 13 37
3657901377 3.6 | 3175] 321 9.2

ificties were very great (Table 21), but no
inces in the distribution of the eggs bet-
%he leaves and stems of the different
s were detected. Only in one wheat
were eggs found in the leaves, and here
jete very scanty (Table 22).
;ﬁevelopmental stage of the cereal at the
£ oviposition was the factor determining
tion of the leafhopper eggs in the plant.
he early phase of oviposition, the stem
ot always visible, and in such cases the
pper deposited its eggs in the leaf sheaths.
factots may lead to late emergence of the
\;fspring cereals. One such factor was the

§

22, Distribution of delphacid eggs and egg groups

stems and leaves of spring wheat in field variety
Inspections made on Aug. 14—26, 1963. No
int varietal differences in egg distribution wese
d. Same material as in Tables 27, 30 and 53

Egge Egg goups

In leaves In leaves
In stems No. o In stems Ne. o
518f 5 1.0 31 3 8e
4030 0 0.0 234 0 0.0
3763f 0 0.0 2271 O 0.0
3548 0 0.0 213 0 0.0
2890 0 0.0 182] 0 0.0
24400 0 0.0 128 0 00
17189 5 0.0 |1015] 3 03

drought prevailing in the spring and eatly part
of the summer. The effect of dry conditions was
studied at Ylistaro for two consecutive years in
fields of Pendek oats growing on the same soil
type. In June 1957, the weather was quite wet
{precipitation 68 mm, temperature 11.5°C), while
in 1958 it was very dry (precipitation 18 mm,
temperature  13.8°C). According to suction
samples taken in July 1957, 77 of the 81 healthy
delphacid leafhoppers collected wete J. pellucida
and 4 were J. odscurella. Similar samples taken
in July 1958 showed that all the 23 healthy

"delphacids were J. pellucida. These results thus

clearly reflect the position of the J. pellucida eggs
in the cereal stands investigated. According to
plant samples taken at intervals of about one
week during the perlod July 1—Aug. 24 (total-
ling 700 plants in each year), the following
numbers of delphacid eggs were found:

‘Total eggs In the leaves
Number Number %
1957 ....eeen 3 440 271 8.1
1958 ........ 2722 895 329

Oats growing under dry conditions, i.e. in
1958, were short and their stems emerged late.
1o such stands, oviposition of J. pellucida was
concentrated in the leaves, and the drier the site,
the higher the proportion of eggs in the leaves.
Under natural conditions the largest number of
delphacid eggs encountered in leaves was 32.9 %,
as seen in the above tabulation.

When oats are infected with the virus diseases
OSDV or EWSMYV, their stems emerge later
than normal, and OSDV-infected plants tiller
profusely (VACKE 1960). In such virotic oats,
there were indeed more eggs and egg groups in
the leaves than in non-diseased oats (Table 23).
Likewise, plants injured by certain flies, such as
Oscinella frit L. and Elachiptera cornuta Fall., have
many leaves and their stems emerge late. These
plaats, too, appeared to have larger numbers of
J. pellucida eggs in their leaves than normal.
Similatly, plants which were injured by frost at

the end of May apparently had more eggs in
their leaves than uninjured plants. On the other
hand, the use of MCPA for weed control did
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able 23. Proportion of delpha [ roups (malinly g n v y
hacid egg g (

Tab f d d inl ]‘ pelln ida) in leaves of oat plants in fields distinct};

with OSDV and EWSMYV in 1961. Number of plants examined 5739. Same material as in Table

cm

rzoi

Egg groups
Condition of plant " *

Total 1In Jeaves

Mo " 0OsDV

100

Infected with OSDV .....

Infected with EWSMV . .. T 3 Tos 22

Not visibly infected ...... 2317 27 12; 1 03;122:::
. .98

not have any appreciable effect in increasing the
numbers of eggs in the leaves, since the treat-
ments were carried out late and tillering of the
plants likewise took place at a late date.

In both the trials and fields, most of the eggs
am.i egg groups of J. pellucida at the end of the
oviposition period were located in the stems of
all the plants examined. In grasses the eggs were
usually laid in the sheaths but occasionally in the
blades as well. In leaves of dicotyledonous plants
the eggs were deposited in the petioles.

Vertical distribution of eggs
and egg-containing internodes,
The height of cereal plant internodes containing
delphacid eggs was studied by means of plant
samples taken from cereal fields. /J. po/ wida
probably made up more than half of the total
delphacids in all the fields investigated and about

ture of the height of the stem inter

mined by measuring the distance b

the internodes containing delphacid
The eggs in the stems were genera
they were found, and for this reason

node was selected as the height to be

ever, despite this minor discrepancy,

- (7]
120 4
100 100
gats i ]
! Spring wheat Barley Hinter rye
- 80
" 80
- 60 60
[ 4
- 40 4
40
20 4
- 20 ]
— T T
30 0 0
z 0 0 ] 20 0w o o 2
% %

I ;gs 2?1916?]3'}‘1;:{ nx‘r::x!;nodcsf containing siclphacid egg groups, measured from the ground,
. ers of egg-containing internodes examined: oats 3 971, spring wheat
2097, batley 429, winter rye 97. » P

95 9, on the average in oats and spring
Consequently, the results give a very goo

taining eggs of /. pellucida. The level was
upper node of the internode in question ai
base .of the plant. According to the result
30), in all of the cereals investigated, mi
located at heights between 5 and 20 cm
close to the upper node of the internode in
Actually, the eggs were located below this

especially in the upper parts of the plaat:

are valuable, for instance, in allowing co

Oats Y80 SPring nheot

26. 164 . 60

L 40
20
nodes |
-
10 20
etwe T ow” e %

‘ Fig. 31. Height of delphacid eggs
in cereal stems, measured from the
ground, 19581963, Total numbers
of eggs examined: 58 715 in oats
and 21 183 in spring wheat.

°gg

Lly sity

this
mea

of egg groups

the

means are unweighted

tween different cereals and other plants
ds the vertical position of the eggs and
enoptera which fed on them. The height
ggs differed from the height of the egg-
ng internodes (cf. Figs. 30 and 31).

Delphacids
deposit their eggs in groups. For exam-
gy groups of Ditropis preridis (Spinola)
se 1—5 eggs, while those of Muellerianella
fgirei (Perris) have 1—13 eggs (Morcos
® pp. 413, 416, 417). The egg groups of

Size of egg groups of J. peilucida in sterms of
rass plants. Same material a8 in Table 18. The

Eges per grovp

i Plant specics Meaa + 5.E.

19.9 4 2.17

sthum odoratum .. ..

in the stem of

Megadelphax sordidutus  (Stal)
Tammi oats were found to consist of an average
of 6.9 eggs (RAATIKAINEN 1960 a, p. 235), and
the groups of Dicranotropis bamata (Boh.) had
8.5 eggs (RAATIKAINEN and VASARAINEN 1964,
p. 315). The size of J. pellucida egg groups on
different plant species was determined in experi-
sments carried out in gauze cylinders. It was found
(Table 24) that the size of such egg groups in the
stems varied according to the plant. In an even
larger experimental tmaterial, the distribution of
the egg group sizes was asymmetzical. On an
average, there were 12.8 eggs per group in oat
stems and 5.4 eggs in the leaves (Figs. 32and 33).
The size of the egg groups of J. peliwcida in
cereal fields could not be determined. However, ,
large numbers of delphacid egg groups were
studied in samples of oats and spring wheat '
collected from the field, and most of them
{about 95 %) were of the species /. peliucida.
The distribution of egg Broup sizes in this
material was asymmetrical (Table 25). However,
the large-sized groups, which were uncommon,
were sometimes made up of €ggs deposited at
different times, but it was not possible to dis-
tinguish them even on the basis of the develop-
mental stages of the eggs. The sizes of the egg
groups both in the trials and in the field were
approximately equal. The ficld examinations
showed that the egg groups vatied in size accord-
ing to the plant species; for example, the groups
in the stems of spring Wheat were larger than
those in oat stems. The egg groups in oat leaves
were usually in the sheath, but sometimes they
occurred in the blade. The size of the delphacid
egg groups in the blades was smaller than in
the sheaths, as became evident from examinations
made on material collected in 1964 and shown

below:

No.of  No. of Eggs/grovp

cgY  ©RB groups Mean Min. Masx.
Sheath .... 691 180 3.8 1 24
Blade .... 721 253 2.8 1 15

"The size of the egg groups in different varieties
of ocats and spring wheat was investigated in the
field. The size in both oat and wheat varieties
was found to vary considerably (Tables 26 and
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Number of eggs per group

Figs. 32 and 33. The size of e
12386 eggs and 968 egg grou

27), but in neither of these cereals were the
dfffe:ences between varieties significant. The
d}ﬂ’frence between cereal species, however, was
is;m;{:;];ozimt established in the material listed
Th.ere are obviously several factors influencing
the size of the egg groups. A trial was carried
out in which one female and two males were
placed on oats in each of 21 gauze cylinders
.After oviposition the plants were examined anci
1% was found that the egg groups were sm;.ll in
size if the stem wall was thick, whereas they were

Table 25, Size of delphaci i
e phacid egg groups in fi
of spring wheat and oatsgin 1p9517“—1691(?4“mplcs

b 90

88 groups of J. pellucida in the stems (left)

. and leaves (right) of

ps in the stems and 1 095 eggs and 202 €gg groups in tglcglca)vzs ::::; ?xx:;tlﬁ
i

fmﬁvﬁ B m

# 20 Jo
Number of eggs per group

is the same as was found in a trial perf
with Megadelphax sordiduius (Stal) (RAATT
1960 a, p. 235). The egg groups of leafhi
were aPpareutly small-sized at the begi A

ov1.pos1tion and become larger as time elap)
TMS fact may partially affect the results pte; ci
m.Table 28. At the beginning of oviposi i
this trial, the females deposited theit
exclusively in thick-walled stems, while:;
end of oviposition they were able to
between walls of varying thickness. I

Table 26. Size of delphaci i :
) 1ze ¢ phacid egg groups in oat s
a varjety trial in 1963. Same mgtcrifl as in Ta

No. of No. of Eggs per group =
e| €88 .
8 goups | Mesn | Min | Max Variety per Sroup Vasiety
lean
Spring wheat,
stems ..... 40332| 2341 17.2 143 1 Kyrs
Spring wheat, ' 1 54 125 EIZ L
ring whea 205 0 by 0 vierenns
. 3.3 -5 Kultasade IT .
Oats, stems.. | 97189 8475| 113 | 1 §§ 12.4 ISisu ........
Oats, leaves.. | 9429| 2886] 33| 1 | 35 12.4
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F o= 0.63, d.f. 24 and 8, P> 0.05

b9 £ -
Q o )

Eggs per infernode
3

="

A~

collected from the field, the size of
tid egg groups was small in thick-walled
d large in thin-walled plants, just as in
of the experiment carried out in gauze
ers. Other factors which affected the size
egg groups were the hardness of the stem
her structural features of the plant, as well
bance of the leafhoppers during the
f?of oviposition.

mber of eggs per internode.
estigating the egg-predatory pteromalids
he ecology of their enemies, data were
on the numbers of delphacid eggs in the
bdes of the host plants. Therefore, in the
19571960 such information was obtained
: s of plant samples (each consisting of
lants) taken at weekly intervals from nine
lds. The nine fields were divided into three
.of three each on the basis of the density

Size of delphacid egg groups in spring wheat

v
30 40

10 20
Doys from oppearance of eggs

Fig. 34. Numbers of delphacid eggs per internode in oats at dif-
ferent times of the oviposition period. 1 = under 800, 2 = 800—
1400, and 3 = over 1400 eggs per 100 plaats. The vertical
lines denote the standard egror, Same material as in Fig. 16.

of delphacid eggs in the plants. According to the
results (Fig. 34) and to other field observations,
the average number of eggs per internode rose
toward the end of the oviposition period. This
rise was similar in all three groups. Furthermore,
the results seem to indicate that the numbers of
eggs per internode were largest in those fields
having a high density of leafhopper eggs and
smallest in the fields with a low egg density.

The quantities of eggs in the internodes of
different varieties of oats and spring wheat were
determined in the field experiments. No sign-
ificant differences were found as regards the
mumber of eggs per internode between the oat
varieties (Table 29) or between the wheat
varieties (Table 30).

As the density of J. pellucida adults in the
different fields rose, the density of their eggs
also appeared to increase in most cases. However,

Table 28. Size of egg groups of J. psllucida in oat stems
having walls of varying thickness

5 and 15, P> 0.05

'3 variety trial in 1963.Same material as in Table 22

Eggs . Eggs Thickness of | No. of No. of No. of Egge/group

pet group Variety per group stem wall, mm | stems | egg groups eggr Mean + S.E.

Mean Mean

19.3 Apu ........ 17.1 0.2..... 25 97 1542 | 15.9 + 0.7
17.3 Notréna ... 16.4 0.3 .... 32 93 1290 | 13,9+ 1.1
17.1 Timantti .... 15.0 0.4.... 20 58 442 7.6 + 0.7
0.5.... 21 60 531 8.9 & 1.0
>0.5 .... 11 46 396 8.6 + 0.7




‘Table . Numbers of delphacid e 8 in modes . 3
phacid
29. Ni 1ph: :44 oat inte: de: Table 30. Numbers of dClPhECld ©ggs in Sptring Perc 8 J '

in a variety trial in 1963. Same material as in T: i i i ial i
as in Table 21 internodes in a variety t_}llélmziz%l Same materig) i ferent fields. The material from the 4 fields was combined each year. Same material as in Table 89
. Eggs per Eggs e
Variety internode Variety in%egm:d: '
o p— ! Nymphal instars
Mean Variety ’ in;;m::: ( Variety in : Total aymphs Percentuge
lrgulf?snde I, 40.5 | Pendek ..... 33.7 = = i
Niyrfo. ceas ggg g)iuon uI ... 32.7 Svenno ..... 42,5 Tammi ....,
333 (Sim 3.5 Apu....... 332 |Ring .......| 29/ ED 1X—~18. X ...... e b Yok
.3 | Mare ...... 22.8 Norréna .. .. 331 | Timanei .. 1.0 18.0 61.9 . — 3.040.02
o 2.2 375 50.9 . 274003

1.7 31 . — 3.740.02
16.3 48.9 . 3 3.24+0.03
51.5 22.1 . — 2.54-0.05

3.1 21.9 . 3.740.02
13.7 28.7 3.440.03

20.3 38.0 . 3.2

F=196, d.f. 8 and 24, P> 0.05 P16 4L S nd 15, P> 005

oo = @wn

ploswon

as the cgg density increased, there was a change weeks. This was advantageous for the

in the distribution of the leafhopper eggs in the  Panssenon oxylus and Mesopolobus ae .
stand. At the end of the oviposition period in inhabited the internodes since tim“ ;
the years 1957-—1964, determinations were made abundant delphacid eggs a,nd the n metli ;”
of the numbers of delphacid eggs per 100 plants  the last eggs emerged lat::, so that c‘yl'e':npths

and per 'intemode in oats growing in 36 different appearing pteromalid larvae often had an
fields. Since there were no significant differences  source of nourishment. D o et i ot gt Dot ool i the oMt taes the

between the oat varieties (most common: Tammi, to a minor extent in other ditch banks were included with the others, since the spring
Pendek, Eho Nip, Orion) regarding the egg . . , il as in other places, especially where grasses  was cool and very little development had occurred
L. Overwintering btowing. In autumn the nymphs only move  before the time of sampling. According to the
ort distances, and they generally hibernate results calculated in this manner, J. peliucida
me place where they have hatched from  usually hibernates in nymphal instars IV and III.
As. There was some movement, however, However, the nymph material used in these
he field itself to the ditch banks. calculations was not completely uniform, since
ding to KanErvo et al. (1957, p. 14), the nymphs of the genus Javesella belonged to
egion of investigation J. pellucida hiber- at least two different species. On the basis of

: nymphal instars I--IV but usually in netting samples taken in the sampling site at the
~‘ JII. As shown by suction samples taken beginning of emergence, more than 90 %, of the
: mn (Table 31) and spring (Table 32), adults every year were J. pellucida and the rest
ion may take place in all nymphal instats. were J. obsewrella. Since J. pellucida emerged

ting the average hibernating instar, the slightly later than /. obscurella, the nymph samples

ns open ditches in the region of investi- could not be combined with the other years,
and the ditch banks in cereal fields of the since the samples were collected either too late
summer were similarly important over- or too early. On the other hand, the samples of

number per internode, the entire material was
C(.)n?bined. .F_igure 35 shows that there was a In the present studies /. pellucida was f
distinct positive correlation between the number  to occur mostly duting the winter in leys

of eggs per internode and the density of delphacid  had been established the previous summy::rk'
cggs. As the density of the leafhopper population  a cereal nurse crop. The species also occurt
mc.reas.ed, apparently more and more leafhoppers  some extent in older leys, as has been establi
‘0v1p0s1t‘cd in the same internode. Consequently, by several investigators ’including KanE
11? such mt«.-,modes there could be a considerable  al. (1957), memmam,o (1959), Raatix
dlffffrence in the age of the egg groups, since and TmenILA (1959 a), DLABOLA’ (1960)
the insects oviposited during a period of several stEN (1961 b), and Jtirisoo (1964). Tht;t

soy les: taken in spring and autumn of 1956 every year presumably consisted of over 99 %,
L
QD 404
8 Percentage of different nymphal instars of Jasesella leafhoppers in suction samples taken in spring on
qk, %0 i The sampling fields and treatment of the material were the same as in Table 31. Same material as in Table 90
= ] ]
EN Nymphal instars
18 4 Totul nymphs
& 20 P"‘;I‘;“S‘ Mean  SE.
v .
S 0.1 23.4 . 3.9 +0.02
Y . 1.9 43.3 . 5 2.940.05
. 8.7 334 X g.oig.oz
+ 1 ' —_— .3 .1 3 .7 4+0.03
o 1000 2000 000 4000 — 23.2 . 3.8 io.o 2
£ggs per 100 plants o 13'7 . . g.s j:g.os
. .9 .8 X .140.05
Fig. 35. Regression of number of delphacid ¢, i 1.0 15.2 22
1 5 t . ) . .24-0.05
numbers of delphacid eggs per 100 oat glmcs, rg=g o,e,c-,:-—l:l c:;-Od; 30: — 22.8 3.740.03
y = 18.4 4 0.007x, ' ’ 2.0 5.0 - 32
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.106, 108), oat fields constituted good sites for
investigations. Oats also proved to be a favour-
able host plant for reproduction of the species.
From time to time, however, the virus diseases
OSDV and EWSMYV considerably treduced the
yields, and in the following years the area devoted
to this crop was greatly reduced (cf. KaNgrvo
et al. 1957, RAATIKAINEN and TiNNILA 1959 a
HerkinuemMvo and IrAnemmMo 1962). For thi;
reason, populations of J. pellucida had to be
studied in other cereals as well. The best of
these was spring wheat, since there were many
ﬁ.e.lds of this crop in the region. Furthermore
since spring wheat differs considerably in its
morphology from oats, studies on this crop
could be relied on to provide other significant
results pertaining to population dynamics. In
addition, spring wheat appeared to be a very
good host plant for ensuring the reproduction
of the species.

The migration and oviposition petiods of
J. pellucida were long, and hence the determi-
nation of its abundance in spring cereals was
difficult. The determination of adult abundance
had to be made after the end of migration, but
at that time the stand was quite high, and some
of the leafhoppers were ovipositing in the lower
parts of the stems, while others had died. The
b.cst time for sampling was at the end of migra-
tion and suction samples were suitable but diffi-
cult and expensive to carry out (cf. HergiN-
HEIMO and RAATIKAINEN 1962).

V NATURAL ENEMIES AND DISEASES OF JAVESELLA PELLUCIDA

According to the literature, the following
species have been established to be natural
enemies of Javesella pellucida:

Panstenon oxylus (Walk.) (Hym., Pteromalidae)
has been found to be an egg-predator of J.
pellucida in Sweden (v. RosenN 1955 a and b
1956 b, Jurisoo 1964, p. 37) and in Finlami
(Hirpu 1953, Kanervo et al. 1957, Raarr-
KAINEN 1961 b). Since HArDH (1953) employed
various specific names for this predator as well
as for its host, reference should be made in this
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Grasses and cereals, certain other mog
tyledons and a few dicotyledons appeared
suitable as host plants of J. pellucida. 1
fields the species oviposited almost exclus
in the cereal crop itself, so that durin
counting of egg numbers in the field it was
rally unnecessary to investigate the ;
gtowing in the field. Eggs were encoun
in certain weed species, such as Elytrigia o
Deschampsia caespitosa and Apera spica-venti,
ever, such weeds were scarce among g
cereals (cf. RAATIKAINEN and RaaTix
.1964, pp. 148, 149) and furthermore D. cas:
in cereal fields rarely formed a stem wh
pellucida could have oviposited. Accordi
experiments and observations, nearly all
eggs occurting in weeds growing in the:
were in the stems. In the cereal plants, how
it was necessary to ascertain the numbé
eggs in the leaves as well. :

Before a complete study of the fluctuati
abundance of /. pellucida could be made, hov
it was necessary to obtain sufficient infor
on the natural enemies of this species as Wi
on the other hosts of these. In the follt
sections of this work, descriptions are giv
the ecology of the enemies of J. pelluci
addition, separate papers have already been
lished dealing with the host species of cer
these enemies (RAATIKAINEN 1960 a, IkAf
and RAATIKAINEN 1961, 1963, RAATIKAIN.
VASARAINEN 1964).

connexion to the amendments made
Rosen (1956 ,b) and Rasrixamen (1961

Mesopolobus aequus (Walk.) (Hym., Preromal
has been shown to be an egg-predato '
pellucida in Sweden (AuLserc 1925, V.
1955 a and b, 1956 a and b, Jurisoo lo¢
and in Finland (KANERvVO et al. 1957,
KAINEN 1961 b).

Mesopolobus graminum (Hirdh) (Hym-
malidae) has been mentioned as an egg-P!
of J. peliucida in Sweden under the name 5

lingatus (Thoms.) (V. ROSEN 1956 b) and
d under the name A. graminim Hardh
31 1950 2, NUORTEVA 1959). The reader is
to the amendments made by v. RoseN
p) and RAATIRAINEN (1961 b). These
however, have not been confirmed,
the present time the species is known
parasite of M. asquas and also possibly
oxylus (RAATIKAINEN 1961 b, 1962).
Ag. the present study, the species was
aine times to the adult stage from an
e in which only delphacid eggs were
Of these, three occurred in 1958 in the
'mentioned in Table 49 and two in 1961,
ne was found in the 1962 material, for
data are presented in Table 50. However,
b cectain whether in such cases the species
delphacid eggs or on other Hymenoptera
? nay have been in the internodes but were
oked, M. graminum may feed on all the
nhabiting internodes, just as do certain
species of Mesopolobus (cf. Asgew 1961).
. so far this has mot been definitely
_and at least in the present material the
most commonly occurred as 2 parasite
tomalids.
borns atomus (L.) (EDym., Mymaridae) has
cen reported as an egg-parasite of leaf-
s, but it has apparently not been men-
as an enemy of J. pellucida. However,
o et al. (1957) reported Anagras sp. to
parasite of J. pellucida, and the species Was
und to be A. atomus.

dylus lindbergi Helkinh. (Eym., Dryinidae)
n reported as an enemy of J. pellucida
‘Finland (Heixinuemo 1957, KANERVO
1957, HeringEIMO and RAATIKAINEN
Kontranen (1950 b) found three dry-
specimens of J. peliucida, but the species

menti
1933, p. 255, 1935, p. 140, Emurica 1966 a).

In many German papets
name E. tenwicornis (ULRI

oned under the pame Strepsiptera (HauveT

it is mentioned by the
cr 1956, BaumgrT and
Beurisca 1957, BAUMERT 1958, 1959, Bav-
uERT-BEHRISCH 1960 2 and b). In Sweden it
has been described under the pame Elenchinus

delphacophitus Ahlb. (AnLBERG 1925). In England

(Hassan 1939) and Finland (LinpBERG 1949,

HezginaeMo 1957, KANERVO et al. 1957, Her-
ginueEiMo and RAATIKAINEN 1962) the name
E. tensicornis has mostly been used, but KorTt-
KANEN (1950 b) reported what was probably the
same species with the name Strepsiptera. In
Hungaty Szkressy (1959 a) reported that he
had found J. pellucida parasitized by Strepsiptera.
In this case too, the species in question is evi-
dently E. fensuicornis.

A species of Pipunculidae has been found to

parasitize J. pellucida in Finland (KONTKANEN
1950 b).

Acharolophus  gracilipes (Kramer)  (Acar.,

Erythracidae) has been mentioned in Finland
as a parasite of J. pelucida (KARPPINEN 1958).
In England one female /. pelbucida was found
to be parasitized by mites, evidently Trombidium
sp. (HassaN 1939, pp. 360, 361).

According to reports in the literature to date,
at least 6 species of insects and 1—2 species of
mites have been established to be enemies of
J. prliucida.

Hassan (1939, pp. 360, 361) has reported a
female of J. pellucida in England infected with
the fungi Cephalosparium sp. and Acremonium sp.

According to WaTson and SINHA (1959, pp-
155—157) and SINHA (1960), it is possible that
EWSMYV is pathogenic to J. peliucida. Later,
however, Kisivoto and Warson (1965) did not

confirm this.

st identified. It may have been D. lind-

¢hus fenuicornis (Kitby) (Strepsiptera, Elen-
as been established as a parasite of
wida in several countries. In Germany
1914, p. 164, 1916, pp- 202, 279) reported
the name E. walkeri Curtis, and in certain

A. Panstenon oxylus (Walk.)

According to v. ROSEN (1955 a and b, 1956 b,
p. 20), synonyms of Panstenon oxylus are Mise
gaster oxylus Walk., P. assimilis ‘Thoms. and
P. omissus Foerster but not Preromalus assimilis
Nees. Hirpa (1950 b, 1953) the Review of
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Fig. 37. Known localities of P. oxylus in Finland,

App%ied Entomology (Vol. 53, A, p. 519) and
possibly also Peck et al. (1964, p. 40) have
cn.lployed the name Panstenon assimilis (Nees) for
this species.

1. Distribution

The disttibution of P. oxylus is pootly known.
It has so far been encountered in England, Ger-
many, Czechoslovakia, Sweden and Finland, as
well as possibly in Austria (v. Rosen 1956 b,
p- 23). THomson (1878, p. 177) stated that it
was scarce in the vicinity of Lund, but in the
light of later finds it would appear to occur over
a wide range in Sweden and in certain places
at least, it is appatently very abundant (v. Rosm;
.1956 b, pp. 22, 23, 60—64). In Czechoslovakia
it has been teported by Prck et al. oc. cit.) to
be a common parasite of insects in grass stems.
On the basis of the numerous specimens collected
from spring wheat in Finland (HArpm 1953
p- 91), the species is evidently rare, but locall;
abundant.

In the present studies the distribution of
P. oxylus was investigated principally on the
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basis of stubble samples collected in dj
parts of Finland. The samples were pla
reating boxes, and the adult pteromalids
emerged were collected daily. According ¢
results of these investigations P. oxylus is
mon at least from the south coast of Finlag,
the Arctic Circle (Fig. 37); samples were
taken north of this latitude. No accutate
ate available on the geographical abundan
the species. According to samples taken
43 communes in the autumn of 1961 and
42 communes in the autumn of 1964, the d
was lower south of the 62nd parallel than 1

Length of pupa in mm

of it. North of the 64th parallel, no samples
taken in either of the two years.

0o 221

2. Developmental stages

E gg. The egg of Panstenon oxcylus is ova
shape 2ad slightly curved (cf. v. Rosen 195
p- 46, Fig. 27). The chotion is smooth, and
colour of the egg is greyish white. Accot
to v. Rosen (1956 b, p. 27), the length of;
egg in Sweden is quite variable, averaging{
mm. In the present studies, 14 P. oxylus fem
wete collected in South Ostrobothnia and'y
given honey-water as source of food. The fetn
were allowed to oviposit on the egg gtou}';
J. pellucida in the stems of spring whea
measurements were made of ten eggs, 0—2d
old, of each female. The mean diameter
eggs was 0.12 mm (0.10—0.14 mm) and the m
length 0.34 mm (0.29—0.41). The length of
€gg was correlated with the length of th
fore-wing of the female, which was taken a8
indicator of the size of the female (r = 0.5
df. = 12). Furthermore, the diameter of th
was also correlated with the length of the
(£ =0.54% df = 12).

Larva. HArpw (1953, p. 92) has pres
a photograph of the larva of P. oxylus,
V. Rosen (1956 b, pp. 28—30) has publis
photograph of the larva and descriptions
five latval instars.

Pupa. Descriptions of the pupa of P- &
have been presented by Hirpm (1953,
and v. Rosen (1956 b, pp. 31, 32). In the £

present investigation, the length of the
upa varied from 1.3 to 3.3 mm (n = 68)
t of the female from 1.8 to 3.7 mm
8). In order to determine the reasons for
variations in pupal length, undamaged
des of oats and spring wheat containing
lus larvae or sometimes pupae were col-
in the autumn and spring of 1958, 1959
61. The numbers of delphacid eggs avail-
food for pteromalids in the internodes
ounted, and the pteromalids found within
taken and reared in glass tubes. After
on was completed, the length of the pupa
ecasured. The results (Fig. 38) demonstrate
¢ length of the pupa varied widely even
the number of delphacid eggs in the inter-
as the same. There were two main reasons
ch variations: not all of the eggs in the
ode were counted; and the larva did not
e or was unable to consume all the eggs
t. The first source of etror was a minot
ut the second factor was quite significant.
e were few delphacid eggs in the internode,
flarva of P. oxylus usually ate all of them.
as was generally the case, there were many
Present, say over 30, the larva destroyed
Bt of them but ate only parts of them. Some-
the eggs were embedded in the thick wall

t‘n éb 80 100
Number of eggs per infernode

Fig. 38. Relationship between length of pupa of P. oxylus and number of
delphacid eggs in internodes of spring cereals. Dots and solid line =
males; Crosses and dashed line = females. Same material as in Fig. 39.

120 %0

of the stem and the larva was unable to reach

them. )

The above errors were small, however, and
there was a curvilinear relationship between the
length of both male and female pupac and the
number of delphacid eggs in the internode.
Males could develop to the pupal stage on a
smaller number of eggs than females. Furt-
hermore, even when the same number of eggs
were available, the male pupae were shorter than
the fernale ones. The pupa apparently reached.
its maximum length when about 40—50 eggs
were available as food supply for the larva.

Adult. Since the original species descrip-
tion, v. Rosex (1955 a and b, 1956 b) in parti-
cular has elucidated the characters of the species.
Hirpu (1953, p. 91) has also published a pic-
ture of the species. In the present investigation,
the size of both the male and the female varied
considerably. In order to study the reasons for
such size variations, the same material as was
used in determining the pupal length was em-
ployed in the same way. As indicator of the size
of the adult, the length of the left fore-wing was
used. The results (Fig. 39) show that males
developed to adults on a smaller quantity of
eggs than females. The males achieved their
maximum size when the number of delphacid
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and number of delp
Dots and solid line

T e 0 0
Number of eggs per /'ﬂfea;,woo’e

Fig. 39. Relationship between length of fore-wing of P. oxcylur
d eggs in internodes of spring cereals,
males; Crosses and dashed line —

—
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Relationship between temperature and the

\of development of P. oxylus pupae in the inscctary.
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¢ggs available was about 30 and the females
thn.thc number was about 40, The length of
the wing of the males was generally shorter than
that of the fernales, even though the same
amount of food was available,

! 3. Life eycle

’I.‘hc life cycle of P. oxylus was investigated in
spring cereals and in first-year leys established
under spring cereals. The insects were also
reated in the insectary. In both Sweden (v
RoseEn 1956 b) and Finland, P. oxylus usua.ll);
has a single generation a year but also a partial
second generation (Fig. 40). The female ovi-

-

£99

Mne | fuly | Aug. | Sept. May | June| July

dorva

Pupa

Adulf .

Fig. 40. Life cycle of P. oxcylus i
). L . oxylus in 1956—
The thin line denotes the occurrence of the inizf::
plete second generation,
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females. Same material as in Fig, 38,

p?si'ts in the intetnodes of grass species ¢
taining delphacid eggs, and according to H
(1950 b) the species also occurs in the pup:
Mayetiola sp. in spring cereals. Hibernati
-the species takes place, as far as is known
in the larval stage. ,

Egg stage. Eggs of P. oxylus were en
tered from June 20. Since the first adults em
as early as the latter part of May or eatly
and since the Ppreoviposition time is shott;.
would probably appear even earlier if the
delphacid eggs in the stems. The las
deposited by the first generation were enc
tered in the teals on August 8. Later than
hymenopterous eggs were found in cereals,
they were probably deposited either b}"’
partial second generation of P. oxylus o
some other species. In the insectary the dut
of the egg period at about 19°C was 48 bo
According to v. Rosen (1956 b, p. 27)
temperature of about 20°C the eggs b
after two days and at about 10—15°C
4—5 days. :

Larval stage The first larvae
observed in spring cereals at the end of
According to v. Rosen (1956 b, p. 34), the
are full-grown after 8—14 days (at most 3
Usually, however, they overwinter in the £

ipal stage. Pupation began during the
May 8—30. After being brought into a
oom, the larvae that had overwintered in
ectary pupated, within the same period of
in the light and in the dark. Pupation took
t the same time at relative humidities of
56, 67, 77, 87 and 100 %. In cach of the
hg containers there were 25 specimens.
‘ pupation of males and females occurred
proximately the same time. For example,
58 22 males and 22 females in the inscctary
ted on an average datc of May 28. The
1 of the pupal stage of males and females
s carried out at different mean tempera-
presented in Fig. 41, equations t(T—7.3)=
d t(T—6.9)=116 tespectively. At 11°C the
period of 22 males was 24.24-0.38 days and
22 females 28.4+0.35 days. The pupal pe-
males under these conditions was thus 4.2
orter than that of the females (t=8.24%¥¥).
tither of the sexes was there any correlation
een the duration of the pupal petiod and the
of the fore wing (size of individual speci-
. The relative humidity had no effect on the
\l period, since it lasted approximately equally
t all the previously mentioned humidities.

Table 33. Numbers of adult P. oxylus emerging at differ-
ent houts of the day. Trial carried out in glass tubes in
the insectary, June 2—7, 1960

Houzs of day
206 6—8 8-10 10—1212—1414—1616—1818—20

Pupae of the first generation appeared between
May 10 and June 30, and those of the second
generation between July 14 and September 13.
Some of the pupae overwintered, but they did
not give rise to adults the following year.

Adult stage The emergence of adult
P. oxylus duting the course of the day was
studied in the insectary. According to the results
(Table 33) and to observations made during one
night, adults emerged at all times of the day and
night, but emergence was maximal during the
warm daylight hours and minimal during the
cool hours of the night.

Most of the adults of P. exylus were inside the
stem at the time they emerged. They bored a hole
in the stem wall and thus came out of the stem.
A small proportion of the specimens were in
internodes which had been broken, for instance
during hatvesting, and the adults could easily
escape from such internodes without making
holes. Nevertheless, in many such instances,

they made holes in the stem. Sometimes pupae
- were encountered on the surface of the ground.

The first adults of the first generation appeared
during the period May 27—June 11 approxi-
mately. The times of emergence of adults in
the years 1958—1960 are shown in Fig. 42.
It is seen that males of the first generation
emerged slightly eatlier than females. The dates
by which half the males and females in the trials
had been collected in the rearing boxes were as

follows:

Yeac Males Females Difference, days
1958 ...vueue 22, VI 26. VI 4
1959 ..... ees 10, VI 13. VI 3
1960 ........ 8, VI 13. VI 5
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Fig. 42. Emergence of P. oxylur adults into glass

tubes of rearing boxes or in Petri dishes in July—

August, 1958—1960. The solid part of the abscissa

axis shows the period during which observations

were made, while the dasbed part indicates that

no observations were made. Same material as
in Fig. 58.

The reason for the earlier emergence of the
males, as seen in the above tabulation and as
is well known for many insects, is the fact that,
on the basis of the previously described trial,
the pupal stage of the male P. oxylus lasts about
4 days less than that of the females (Fig. 41).

The life-span of adults was studied with the -

aid of rearing corks in the insectary. A male and
a female were enclosed in the rearing cork,
which was then attached to a stem of spring
wheat containing eggs of J. pellucida. As nour-
ishment, a dilute solution of honey-water was
applied daily to the gauze of the rearing cork.
At a temperature of about 16°C the average life-
span of 11 males was found to be 26 days (4—
35) and that of 13 females 37 days (14—55).
The life-span of the females was divided into
the pre-oviposition, oviposition and post-ovi-
position periods. At a temperature of 16.5°C,
the average pre-oviposition petiod of 17 females
was 3 days (2—7). The oviposition petiod of
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ant in mid-June in first-year leys estab-
} under cereals as well as in early July in
. Adults of the second generation appeared
t least July 21 to September 20. They
ed to be most abundant around the middle

13 females at 15.5°C averaged 31 days (12
and the post-oviposition period of these g
females averaged 3 days (0—11). o

According to v. Rosen (1956 b, p. 34
ordinary years in Sweden P. oxylus pupates alipy
entirely the following spring. However, in ces
extremely warm summers it has a tendency
produce a partial second generation. In. the
sent investigations, a partial second gencq o
was encountered every year, but only a few.
were obtained on the emergence of its adul;
(Fig. 42). In the years 1958—1964 an averag
about 4 %, of the larvae of P. oxyixs in the st
of spring cereals reached the adult stage du;
the same summer. These calculations were m
by counting all the Hymenoptera found in:th
stems in August which had fed on delphacid¢
and which themselves had been in the egg st
in June or July, excluding those which could
regarded as M. aeguus. All the larvae were rea
and when inspections were made in the auty
the adults were confirmed to be P. oxylus. H
ever, by no means all of the larvae reache
adult stage. The proportion of P. exylus I
that became adults in the autumn fluctuated fr
year to year, but there was not a significant co
lation with temperature. In v. Rosen’s (loc
material 6 %, of P. oxylus attained the adult
in the same year. The method of calculatio
different, however, and apparently gave a hig
figure than that obtained from the abovex
tioned experiments in the present investig

No detailed information is available o
fate of the second-generation adults emet,
in the late summer. Some of them, how
apparently oviposited in cereal internod
taining delphacid eggs, since a second peril
hymenopterous egg-laying took place in Ayl
At this time the egg density was smallet;
in July. The larvae arising from such
appearing eggs remained quite small, how!
and did not reach the adult stage when £
in the insectary. ;

Adults of P. oxylus occurred in the P
between May 27 and September 20 (Fi
First-generation adults appeared at least
the period May 27—July 30, They wer

4. Habitats and migration

bitats. P. exylus occurred principally
¢ where grasses and cereals were growing.
not found in samples taken from forests,
ot fields of turnip rape and potatoes. The
“s occurred in meadows and along the
of fields, but it appeared to be scanty on
sites. Netting samples taken in leys of
nt ages (cf. Fig. 25) revealed the following
ts of specimens collected:

telatively scanty material indicates that the
s was more prevalent in first-year leys

eys. The time of sampling was so ea'tly
oxylus was in the process of emerging
as just beginning to move to other slt?s.
abundance in first-year leys thus gives quite
d idea of the situation the previous autumn
€ winter. There were many larvae in spring
Is under which grasses had been sown for
hing new leys. In hayfields, on the other
the species was scanty. Similarly, P. oxcylus
nsiderably more abundant in cereal stubble
Wibics examined in the spring than in the
ble of timothy seed fields. From all the
gations and observations it appeared tl.lat
pulation density of P. oxylus was consid-
y greater in cereals than in grass leys.
gration. After emerging as ildults,
of P. oxylus usually remained stationary
of the time. On an average of a few times
hute they walked for several seconds. The
age rate of walking of one-day-old females
5) on a glass surface in the ]aboratory. at
was 6.0 mm/sec. (4.8—8.1). On growing
they moved more slowly than on a glass

&

1 1960

1964

o

20 20 10
Hay X ° June July

igrating in 1957—
iz. 43. Numbers of P. oxylus migrating in 7
f91864 according to material collected with netting
nppa.’mtuscs. Black part of columns = fcms_dcs, white
part = males; other explanations in Fig. 24.

surface. Occasionally the females would fly for
short distances.

Adults began to migrate during the days
following their emergence from cereal stems.
The period of migration was determined with
the aid.of the same netting apparatuses as were
employed for studying the migration of J. pelin-
¢ida. The results (Fig. 43) show that P. oxylus
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migrated at approximately th i i i ;
e g , : san.lc peciod 18 obteined. with the hetting appatatus in the Stiroma bicarinata (H.-S.), wete found to serve as
urse of migration of these part of the migration period. cvs oppes, s ot possie o dentty

tWo species can best be com d b ini : Lo i

the material having the Lus I:ien Ybexamlmng During migration P. oxylus moved ¢ other leafhoppers, it was not possible to identify

o5cylus, Half the pecimens cgucct :m e}l;s of P. from first-year leys established under cereals their eggs, so that their suitability as a food

ratuses were obtained b ¢ l.n theappa-  from places consisting of dried grass of p0. soutce for P. oxy/us had to be determined experi-
ained by the dates given below: previous year — or the stubble of such play mentally. Spring wheat containing eggs of Mega-

delphax sordidulus (Stal) was transferred outdoors.

Year J. pellesida principally to cereal fields, but pethaps gl
Later, hymenopterous larvae which had eaten the

P. oxpler
Al imens i

spec Healthy specimens  some extent to stands of other grasses, v

> v

1957 .., 1. VI VI vI

aea. . 29, 23, . . . " .
1960 ........ 7. VI 5. VI s th“f Wwere sites suitable for oviposition, Fj eggs were found in these plants. In the following
1964 ........ 15. VI 15. VI 15. Vi 44 gives an example of the migration of P, g summer these larvae produced P. oxy/us adults.

and its abundance during the summer in Adult females of Javesella obscurella (Boh.), M.
year leys and oats. This figure was constry, sordidulus, Xanthodelphax flaveolus (Flor) and Di-

migrated at approximately the same time as its by combining data consisting of suction sagmp ’ cranotropis hamata (Boh.) were allowed to oviposit
most important host species, J. pellucids, or taken at three localities at weekly intervalg in the internodes of oat plants. Subsequently, one
possibly slightly later than it. ' well s the daily netting apparatus samples P. oxylus female which had copulated was given
) The sex ratio of P. oxylus i its hibetnation at three localities. According to similar s access to such internodes for one or at most
sncs. in first-year leys was close to 1:1. The Samplcs' taken in 1956, the seasonal varia three days. After two weeks the internodes were
Detting samples (Table 34) evidently do not give were quite similar, but during that year no m Sty Avg. opened, and it was discovered that the female

a true picture of the sex ¢ atio, but instead demon. at all were obtained from the oat fields. Thy Occurtence of P. oxplus in first-year timotby leys  had oviposited in the internodes containing egg
steate that the females are pethaps higher in the grams clearly show that the males remain :“mh:“-(z;sc:lﬂ_;’e:t"f%:zzﬁ ﬂ(:()i :’;elzzzm?e‘; groups of the above species and that the latvac
stand and ate more easily collected by this had eaten eggs of all of the species and had

the leys Wh.lle t.he females migrated to oats, s. The drawings a and c are based on suction
method than the males. Accog ding to material the.re was fmually a pronounced rise in po “kensi’;': :;;S::linl“:: ‘i’(f%;gm;f" three fields. o) ched medium sized on eggs of each leafhopper
collected with the netting apparatuses (4 males lation density followed by a slow decline. [ T species proffered. It is very probable that under
::d 1 3-{ females; Fig. 43), itis mainly the females samples taken in Al.lgust th'erc wete evid natural conditions, too, the polyphagous P. oxy-
at migrate. The suction samples (Table 34) some second-generation specimens, but the

. . Jus feeds on the eggs of the species tested in the
substantiate the view that virtually only the not happ en to include males, even thoug| se of Miris but of some delphacid, prob- ,},,ve_described trials as well as on other species
females move away from their sites of emetgence. appeared in sp ring ceteals after the °m°tg

pellucida (cf. NuorTEVA 1959, p. 15, ¢ jeathoppers which oviposit similarly in the

With this appacatus, Hymenoptera are evidentl of the second generation. EN 1961 b, pp. 206, 207). Similatly, g0 1\¢ of Gramineae. On the othet hand, P. oxylus

obtained with equal ease from all levels of thcy gport made by TOLG and FAHRINGER (1911) o0 110t observed to consume the eggs located in
stand, so that when the females move wa fo Austria the species occurs as a parasite 4 Jo,ves.

thete should be mote males than females te mainy-, 0soma was, according to Ferriére, incor- In the field, 2. oxylus larvac wete found in the

§cf. Hiron 1953, p. 91). stem internodes of spring and winter wheat, oats,

ing in the samples, as proved to be the
. 2 case. i : 5
Acco{dmg t0 8l the prestonsly mo s S35 Host species. Hirpu (1950 b) shg Aweden, v. Rosen (1956 b, pp. 28,49) states  barley, rye, Avena fatua, Phleum pratense, Festuca
Plc‘s’ 8 ol e previouly men oned - Q- 0xplus feeds on the eggs of J. pellucida,  pratensis, Elytrigia repens and in certain trials
Spring ceteals. Only along the edges of spring fﬂSionally it has also been observed to be  Bromus inermis. 1n England (HArDH 1953, p. 91)
ite of Eurytoma swecica v. Rosen. v. ROSEN  and Sweden (v. Rosen 1956 b) the species has

Accotding to the above compatison, P. oxylus

5. Food supply and influence on . pelinci

that in Finland P.. osylus is a parasite of
pupae of Mayetiola sp. Later (HARDH 1953, i
he mentioned that in England it was pre: )

cereal fields were males obtained with the suction ;
apparatus. Males always appeared in the samples to be an extetnal partasite of M. destractor : » P- 33) has also shown that the larva may  been encountered in spring cereals. It does not
.Furthetmore, Hirdh (1953, p. 92) reporte n.members of its own species. In his view,  appear to be particularly selective about the kind
Table 34, Proportion . in Finland P. oxylus feeds on larvae of M. in source of food of the second generation  of grass or cereal in which it oviposits. Some-
. of male P. oxylus in netting and  “7%%r as well as on the eggs and larv EVae consists of larvae of the same or othet  tjmes it even deposits its eggs in internodes

suction samples taken fi first- i
aken from first.year timothy leys sod Mesopolobus (Amblymerss)  graminum (B Fopterous species (v. Rosen 1956 b, p. 32).  whose cavity is quite lacking in delphacid eggs.

spring cereals, May 31—July 20, 1957—1962

] Tat-year timothy Sering coveat Moreover, his observations indicate thetifis t investigations (Kanervo et al. 1957, However, the larvae apparently do not survive
S No. of | n ] oxylus ?.lso destroys the eggs and : HkANEN 1961 b) have shown that in Fin-  in internodes if the ends of the delphacid eggs
smpies | it | Nor 55 | o of PR Harmolita %)’“”P"W Walk. in Finland. The i §100, P. oxcylus feeds on eggs of /. pellucida.  do not extend into the cavity. v. RosEN (1956 b,

Netting 17 ' - toa mm:le in this same Conﬂeﬂ?fl 'that the 5}’ 35 difficult in the field to determine what p. 33) nevertheless mentions instances where
Suction .| 54 1;“; ;; 23 iz 35| o o *PPaten yfecds on eggs of Miris is Pmbﬂ_" : of leafhopper eggs wete used as food. larvae have been found in internodes without
91 72| 6 8 cotrect, since the eggs concerned were ev . Bt2gs of only two species, J. pellwcida and  any delphacid eggs. Furthermore, he conducted
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experiments designed to determine the ability of
P. oxylus to live on plant food alone. One P.
oxylus egg was placed in the internode of spring
wheat. Ten days later no living larva was found
in this internode. In the same experiment, three
P. oxylus eggs were put into one internode. After
one month such internodes contained a very
small larva. In this way he demonstrated that
P. oxylus requires animal food, and that one or
two immature stages of the same species may be
sufficient. According to the experimentes, the
trial also showed that the species could subsist
on plant food.

In the present investigation, P. oxy/us was only
found in internodes containing delpbacid eggs.
Even in the experiments, it did not oviposit in
internodes without delphacid eggs. The data
obtained in studying the causes of the variations
in size (Figs. 38, 39) likewise showed that the
pupae and adults remained small if there were
only a few delphacid eggs available, and in order
to develop to the adult the larva required at least
five delphacid eggs as food sousce. Consequently,
the specimens of P. oxylus occurting io oats and
spring wheat on the field apparently never devel-
oped into adults without feeding on insects of
other species. Such animal food was their prin-
cipal souzce of noutishment, and if there was only
a little animal food available they did not grow
to normal size, at least not on the plant food
obtainable in the stems of oats or spring wheat.
When scanty animal food was available, the
development of small larvae to the adult stage
was not always successful, and the females which
subsequently developed produced only a small
number of eggs.

Quantity of food. The quantity of
animal food consumed by P. oxy/us larvac in the
field was determined from samples collected in
oats and spring wheat in 1957 and 1958, At
weekly intervals, internodes containing ptero-
malids were collected, and determinations were
made of the number of delphacid eggs which
had been damaged by the larvae; furthermore
the larval instar was likewise reckoned according
to the system of size classes proposed by v. Rosen
(1956 b, Fig. 18, p. 29). The average larval
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No. of domaged eggs

Fig. 45. Numbers of delphacid eggs
damaged by different-sized larvae of
P. oxylus. In the first size-class there
were 7 larvae, in the second 18, third
55, fourth 84 and fifth 40. The verti~
cal lines denote the 95 9% confi-

lengths of the different size classes were
class 0.5 mm, second 1.0, third 1.8, foutthg
and fifth 3.8 mm. The larval instars esti
on the basis of size evidently agree wi
actual instars better at the lower end of th
than at the uppet. The kind of cereal, W
oats or spring wheat, containing the delph
eggs was not found to have any effect of
size of the larva. When the supply of leafh
eggs was exhausted, the larvae generally o
no further growth. The larvae ate the intl
of the delphacid eggs but left the oute
unconsumed. There were some interno
the field containing less than five delphacid
In such internodes the larvae had compl
consumed all the eggs, but they died
reaching the pupal stage. Larvae which had
five delphacid eggs could develop into
males, but to become adult, females had
obtain at least 10 eggs (Fig. 39). Larvac ok
second and third size classes were able to d¢
into adult males and those of the third siz
developed into females. Larvae of the sfth
class had destroyed an average of 47 €88
45). In most of the fields only a small prop
of the P. oxylus larvae attained the &
class, but in those fields whete delpha i

Poxylus 8 49 S0 97 2
Haequus 25 33 92 2 12 6 0 0

*mol Eraggzby

8

»
b

3
¢

so 100 150
Number of eggs per infernode

£ggs destroyed by /larvae

o

ig. 46. Percentages of delphacid eggs in intemodes de-
ftlrgoyed by P. oxylus (solid line) oz M. aogquss (dashed lI:ne)
in spring cereals, 1957—1962. The numbers at the top s ocz
the numbers of inhabited internodes examined for ea
point on the curves.

¥ plentiful, a large ptoportion of the larvae
.d the fifth size class and subsequently gave
large-sized adults.

e number of delpbacid eggs in the
des increased, the proportion of cggs
d by P. oxylus and also by Mesopolobus
diminished (Fig. 46). However, by no
all of the damaged eggs weze eatenby the lady,

id eggs were they completely consumed.  investi
- number of delphacid eggs increased, the !
fity of completely consumed eggs appeared  of approximately
ine more sharply than the number of
¢d eggs. According to v. RoOsEN (1956 b,
‘the larva of P. oxylas normally eats 20—
s of J. pellucida. In the region of the present  samples (Table 34).

. the number of eggs consumed was like- The effect of the foo
sually 20—30.

inence on J. pellucida. P oxcylus
to injure the eggs of J. pellucida by ov.ipo.s- sprin,
in the egg groups of the latter species in

‘of cereals. The female preferably deposited

Senerally destroyed 20—30, and sometimes

of females (CLAUSEN 1940, p. 129). In the present
investigation the sex ratio of P. oxylus was ascet-
tained by collecting pteromalids from the stubble
of oats and sping wheat in the springs of 1958—.—
1960 and subsequently reating the specimens 1n
rearing boxzes. No significant difference in the. sex
ratio was found between oats and wheat. Simi-
there wete no significant differences in ctll(;e

i ini i . in the different fields
Only in those internodes containing few sex :a::te:f TI; . o::tlz.rwem e e or sach
year, and the results (Table 35) show a sex :a.tio
1:1. This method of determin-
ing the sex ratio can be consideted to give a figure
closer to that actually occurring in pature tl}an
the value obtained by netting or by suction

d supply available dffring
the larval stage on the sex ratio was studied,
using material collected from fields of oafts and
g wheat in 1958—1961. The material was

i 37),and the lc 35. Proporttion of male P. oxylus obtained in
s in thin-walled stems (cf. Table 37) Table mprming of mle B, ool

B thaq 2 hundred, eggs of J. peliucida (Fig. 46).

Year Total adults

6. Reproduction

tatio. Theknown sex ratios of ptero-

pecies indicate a varying preponderance Mean |




Table 36. Relation between the supply of d i
h
and the sex ratio of P. oxylus. plp’ Loll.ilg‘,afilg.eigz

No. of delphacid P. gl
cgRS per interoode
Total adults Males
No, %
1— 10 13 12

11— 20 41 31 3:
21— 30 .... 53 25 47
31— 40 ... 33 16 48
41—170 78 30 38

divided into categoties on the basis of the num-
bers of delphacid eggs in the internodes. No
significant sex ratio differences were found bet-
ween oats and wheat, and thus the data for the
two cereals were combined. The results (Table
36) demonstrate that there were more males than
females of P. oxylus in internodes containing less
than 21 delphacid eggs. The reason for this is not
definitely known, but it is presumed that female
larvae were unable to grow to the adult stage on
as little food as males and thus died while still
in the larval stage. Another possibility is that
the female deposited more fertilized eggs in the
internodes containing many delphacid eggs and
fewer in those where there was only a scanty
food supply.

In samples of spring wheat examined in 1962—
1964, it was observed that 33 9 of the internodes
contained less than 21 eggs, while the figure for
.oat samples was 47 %, The proportions of such
internodes among those inhabited by pteromalid
lar\T;f: (P. oxylus and M. acquss) were 25 Y, for
spring wheat and 28 9%, for oats. The scarcity of
delphacid eggs in the spring cereals apparently
increased the proportion of males of P. oxylus
to some extent. If the population density of
delphacid species in a certain locality is very low,
the sex ratio of P. oxylus adults may shift to
become male-dominated, while in areas with a
high delphacid population density it may become
female-dominated.

Parthenogenesis. Female pupae were
reared in isolated conditions, and the adults
emerging from them were allowed to oviposit
in internodes containing eggs of J. pellucida.
Each of the growing larvae had at its disposal
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Table 37. Occurrence of P. oxylus in cereal internodes having walls of different thicknesses.
In calculating y® the figures marked by the vertical lines were combined

Oats

Spring wheat Barley

No. of eggs or surviving females

o
5 i i . of intemod ht od i
§ No. of imemodes | gl | No. of nternodes emads with | No. S ATT | F o
g with delphacid cggs No. % withdelphacid eggs No. % eggs No. %
\}
12 =
6 4 67 0 0 —
401 238 59 264 158 60 22 1
98 55 41 2

a 20 a‘a
Days offer emergence of females

Fig. 47. Oviposition of 13 P. oxyls

females in the insectary, July 1-—A{x:
30, 1960. 1 =number of living females,
2 = average number of eggs per female
pet two-day period, 3 = average num-
ber of eggs per surviving female per
two-day period, 4 = two-day mean

temperature °C.

insects was transferred to another inter-
ontaining leafhopper eggs. Opviposition
an average of 3 days after emergence and
average of 31 days. The fecundity curve
£147) is typical of insects (cf. ANDREWARTHA
cu 1961, p. 37). The maximum phase of
tion occurred about 8—20 days after
kience, at which time each female laid about
:per day. The small fluctuations in the
were evidently cotrelated with variations
| daily temperature. According to V. ROSEN
b, p. 27), egg production is probably
-dependent on external factors, such as
R cather. According to him, under normal
i ons the total number of eggs per female
#rainly over 30. In the above-described
¥tes, the average number of eggs laid by 13
was 149 (47—247) per female. The total
er of eggs was correlated with the length
. fore wing, which has been used as an
or of the body size of the female (t =
y = —136.6 + 132.5x). Likewise, there
ositive correlation between the life-span
he total number of eggs laid by the female
85%kk vy — 23.4 + 3.4%).

iposition through stem walls
fferent thicknesses. In 1959,
of oats, spting wheat and batley were
d from ficlds. Measurements were made
tem wall thickness of internodes con-

a food supply consisting of at least 25 leaftho
eggs. It was demonstrated in these experis "
that P. oxylus was able to reproduce part
genetically. All the progeny, of which 4
sequently reached the adult stage, were

Copulation. Copulationappearedt
place in the first few after emergence. Under
conditions it presumably occurred befote
ration of the females, since males only s
migrated and females collected from sp:
cereals laid fertilized eggs. Usually the fe
copulated, since on spring cereals, abou!
the specimens which hatched ‘were males
cording to v. Rosen (1956 b, p. 27), the
copulates with more than one female, b
female is fertilized only once.

Egg production The fecundl
P, oxylus females was determined by co
the number of eggs laid in insectary experi
A male and a female which had emerged 0%
same day were introduced into a rearing
placed on an internode of spring wheat
taining J. peliucida eggs. Every day w2
well as honey-water were given throug
gauze in the cork. At two-day intervals the

Upg cocooNAORD

taining delphacid eggs, the measurcment being
made at the level of the centremost egg group,
and the pteromalid larvae found within the
internode wete reared to the adult stage. In this
material, at least in oats but possibly also in
wheat and barley, the larvac of P. oxylus were
found in the internodes with the thinnest stem
walls (Table 37). The main reason for this was
that the females of P. oxylus selected as ovi-
position sites the stems with the thinnest walls.
They were unable to oviposit through the thick-
est walls, since the average length of their ovi-
positors was 0.84 mm (0.75—0.91) (n = 25),
while occasionally the thickness of the stem
wall exceeded 0.9 mm. Determining the location
of eggs by means of larvae was made difficult
by the higher mortality of pteromalid larvac in
thick-walled than in thin-walled internodes. If the
wall was thick, some or at times all of the del-
phacid eggs were inside the wall itself and the
larvac were unable to get at them and con-
sequently starved to death. Such cases, however,
were quite rare.
Locationofeggsininternodes.
Obsetvations showed that P. exylus oviposited
only in the vicinity of delphacid egg groups in
the stem cavity. Usually the eggs were laid on
the surface of the leafhopper eggs of freely on
the inside of the stem walls. Occasionally they
were within the innermost layer of the latter,
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and v. RoseN (1956 b, p. 27) even found eggs
partly inside leafhopper eggs.

Experiments were carried out in order to
ascertain where P. oxylus would deposit eggs.
A rearing cotk containing one P. oxylus female
was placed on a spring wheat stem in which there
were egg groups of /. pellucida. In this experiment
it was found that the 14 females deposited their
eggs at the following distances from the leaf-
hopper egg groups:

Distance from egg group, mm 0 1—2 34 5—6
No. of P. oxylus cggs ...... 28 76 38 44
7—-8 9—10 11—12 13—14 15—16 17—1B 21—22 0—22
28 28 12 9 3 4 2 272

The eggs were mostly deposited either under or
above the leafhopper egg group. Occasionally
they were also laid within the egg group or
beside it. In cases where they occurred in the
egg group, they were usually at the end of the
group, and only 109, were located nearthe
centre of the group. The ovipositing females
generally made their own hole through the stem
wall and seldom used the hole made previously
by the leafhopper. In the field it was not possible
to distinguish eggs of P. oxylus from those of
M. aequss. In certain years, however, there were
so few M. aequus that the material collected from
fields consisted almost entirely of P. oxylus. In
this material, the eggs were located at the follow-
ing distances from the delphacid egg groups:

Distance from egg group, mm 0

No. of pteromalid cggs 103

1—2 34 56 910
14 2 1 5

112 1314 1516 17—18 1920 39—40 4950
1 1 2 2 1 3 1

0—s0
136

According to the above experiments, it is seen
that the eggs of P. oxylus in cereal samples from
the field were located closer to the leafhopper
egg groups than was the case in the rearing cork
experiments.

Vertical location of immature
stages in the stand. Determinations of
the vertical location of the immature stages of
P. oxylus at different times of the summer were
made by means of oat samples taken at weekly
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Fig. 48. Height above ground of upper end
internodes inhabited by immature stages of
oxylus in oats during four different period:
the summer in 1959, The numbers of inhabif

internodes varied from 25 to 61, ¥

and spring generation
ternodes: autumn generation, 1

that those which had died in the larval
ere of the same species. In the upper levels
{stand there were relatively more small
an in the lower level, and the mortality
iall larvae during the winter was greater
it of the large-sized ones. Neatly all .thc
b hich reached the adult stage in the spring
brogeny of the first generation, While an
ble propostion of the small-sized latvae
spatently progeny of the second gener-

intervals. All the pteromalids were rear
most of them succeeded in reaching th
stage. P. oxylus made up the bulk of them;
M. aeguns also occurred. In constructing
gram shown in Fig. 48, all the definitel§
lished specimens of M. aequus were diste
but it is possible that, especially in t]
samples of the season, a few specim
M. aequus may have been included. It-
from the diagram that initially the im
stages of P. oxylus were located in the
part of the stand but that later they also oc
in the upper parts. The best picture of
height occupied by the immature stages:
obtained from the samples taken in Avg
September. According to the samples coll
after July in the different years, it was foul
the latvae of the generation of P. oxy/us €0
towards the end of the summer were locil
the lower part of both the oat and the
stand and were at a distinctly lower leV!
the larvae of the spring generation (Fig

A considerable proportion of the larva
overwintered in the cultures died du
course of the winter, and it was not poO¥
identify them as to species. All the larv&
had fed on delphacid eggs and which s8¢
in emerging proved to be P. oxylus, 24

7. Fluctuations in absndance

internal factors affecting the abundance
scylus have been discussed in the previous
nd thus the following section is devoted
“to external factors.

ather. Weather conditions appeared to
8 the daily egg production of the females,
en in exceptionally cool summers, such as
:oviposition was not badly hindered. .
oclimatic factors affected the behaviour
tvae in the internodes. In wet summers
a¢ were chiefly to be found in the upper
the internodes; for example, in plant
s examined in August, 1960, 79 ¢, of the
teromalid latvae present were in the upper

‘ . f internodes inhabited by 1 H
ig. 49. Height above gm“nd ~3f;5p3:>:eczg 1(1)11::) eof ?’. oxylus in 1958—1963. Numbers of inhabited

3 in oats, 15 in wheat; ovct.wintete::l as
77 in oats, 1 114 in wheat; emerged as adults in the spring (solid line),

Spring mheat

autumn generation (dashed

larvae in cultures (dotted line),
805 in oats, 817 in wheat.

part. On the othet hand, in dry summers they
tended to move to the lower part of the inter-
node; for instance, in 1959, examinations of
similar plant samples revealed thaf only 46 %,
of the 589 pteromalid larvae were in the upper
part. After dry summers most of the larvae were
still in the lower part of the internode the
following spring, While the year following wet
summers they were mainly in the upper part.
This was apparently of significance for the sur-
vival of the larvae. After dry summers the larvae
occurred lower in the stubble than after wet
summers, and the winter mortality was greater
among the larvae situated high in the stubble
than among those that were closer to the ground
(cf. Table 38). N ~
As regards the effect of humidity, an experi-
ment showed that in the three mo._st humid
rearing containers (77—100 %, humidity) 75 %
of the overwintered P. oxylus larvae succeeded
in reaching the adult stage, while in the three
driest chambers (20—56 % humidity) only. 60 %,
developed into adults (cf. p. 5'7).. .Even. in the
spring a reduction in air humldlty. did not,
according to the results of this experiment afld
field observations, greatly increase the mottallfy
of larvae and pupae. Moreover, submersion in
flood waters did not appeat to be harmful, since
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Table 38. Mortality of i
) 8. y of pteromalid larvae at diff
heights in stubble of spri stions made
pring cereals. Examinati
May 5—11, 1964 fons made

Height above No. of
groun No. of o2 hmz%
1— 5 | 94
R 1
. 2 | w o
162 5 65 12 18
—50 ..... 28 18 64
1—50 ..... 270 41
cxllf .......... 58, 70%%*
........... 3

in the spring of 1958 approximately as many
P. oxylus emerged from stubble in a part of a
field which had remained under water for one
month as from stubble in the same field which
had not been under water.

.Winte: losses were determined duting the
winters of 1957—1964. In plant samples collected
in August there wete a total of 1872 pteromalid
larvae, of which only 32 (1.7 %) were dead.
The mortality was not found to be higher in
thc‘ upper parts of the stem. The following
spring, during April and May, plant samples
wete collected from undamaged, erect stubble.
Of the 898 pteromalid larvae encountered, 125
wete dead. Among the dead larvae, some may
have been Mesopolobus, but most wete P. oxylus.
According to these figures, the winter losses of
P. oxylus were less than 14 9,

In the spring of 1964, determinations were
mztde of the mortality of larvae at different
heights in erect spring cereal stubble. It was
found (Table 38) that the winter mortality was
gteatcfst in the upper part of the stubble. During
the winter, the upper portion of the stubble was
oFcasiona.Uy above the snow cover, and the
hibernating larvae in this portion alternately
froze and thawed. According to Hirpu (1953
p- 84), repeated freezing is more destructive tc;
‘Imm_polobm graminum larvae than constant freez-
ing. It was obviously the freezing temperatures
which caused the death of the P. oxylus larvae,
particularly in the upper part of the stubec:
exposed to the winter air.

Foo d supply. Theamount of food avail-
able had an effect on the abundance of P. oxylus
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in both wheat and oat fields. In the years
1964, samples consisting of 100 plants

collected annually from 20 oat fields (cf. T
43) a.n.d 17—20 spring wheat fields (cf. Tai;le
Exanunations were made of the number
internodes containing delphacid eggs as we
the numbers of internodes inhabited by p
malids which fed on delphacid eggs. Ai
pteromalids were reared, and the numb&

P. oxylus (p) was calculated according
equation

fig:containing internodes which it did find.
g other things, the wall of the internode
fometimes so thick that the ovipositor could
end into the cavity of the stem. In addi-
f it times the amount of food in the inter-
“vas s0 small that the larva was unable to

i the field P. oxylus deposited several eggs
¢ same internode. In field samples, the
ing numbers of pteromalid eggs were
n internodes of spring cereals:

p=a+b+§(e+f) in which

a = number of pteromalids as eggs + larvae 9;

time of inspection, but which did not pupate if | 1t 2 3 4 6 12
cultures,
b = number of P. oxylus pupae + adults, 117 25 3 1 2 1

¢ = number of P. oxylus pupae + adults in the "
at the time of inspection, ’

d = total number of pteromalid pupac + adul
the stems at the time of inspection,

¢ = number of adult pteromalids which had lef}
stems befote the time of inspection, and

f = number of pteromalid larvae parasitizing
polobus graminum.

t cases the eggs were of P. oxylus, but a
proportion may have belonged to M.
After the larva had hatched from the
it usually proceeded to destroy all the
Bmalid eggs in the internode. Consequently,
jere only rarely two pteromalid larvae in
me internode, and only once were three
together. The larvae may even injute one
er and some of them died owing to lack
utishment, so that very rarely did two
@malids emerge from the same internode
ble 39). Assuming that one adult pteromalid
8 out of each internode containing ptero-
ggs, a mortality figure of 27 9%, up to
of emergence is obtained from the data
in Table 39, This figure gives an approxi-
indication of the part played by superpara-
n the mortality of the species. Even in

The number of P. oxylus calculated b
method is approximate and may be somes
greater than the actual number.

The results demonstrate that in all the
there was a distinct positive correlation be :
the numbers of P. oxy/us and the numbersy
internodes containing delphacid eggs. The cot
lation between years for oats was r =00
(df. =5, y =—41.8 + 0.549x) and for sﬁ
wheats = 0.94%* (d.f. =5,y = —34.7 + 64
It is thus obvious that the food supply in:bggs
oats and spring wheat was an important fa
influencing the abundance of the species:

P. oxylus inhabited an average of 36 % { -
49 %) of the oat internodes containing delp
eggs and 45 %, (23—59 9,) of the correspo

39, Numbers of different stages of pteromalids
g on delphacid eggs in intetnodes of spting cereals.
from the yeass 1957—1964 were combined

Table 40. Numbers of internodes inhabited by P. oxylus
and M. aequas in oats, 1961 Same material as in Table 23

N No. of intemodes Tatemodes with i
Viros in o8ts  |yith delphacid egg Ig:mmshe: EWSMV OSDV
EWSMV ... 16 3 19 — =
OsSDhV ..... 175 50 29 0.28 —
Not visibly
infected . .. 832 265 32 0.75 0.57

internodes containing only one pteromalid egg,
the egg did not always produce a larva.

The most important of the competitive species

was Mesopolobus aequus. In oat and spring wheat
samples collected in the yeats 1958—1964 (cf.
Tables 43, 44, 49 and 50), the correlation between
these two species was investigated. In oats it was
found to be r=—0.80* and in wheat 1 =
__0.96***, Evidently the larvac of M. aequss
destroyed the eggs of P. oxylus and perhaps even
the larvae of the latter, in just the same way as
P. oxylus killed immature stages of its own spe-
cies. Bvery year the numbers of M. aequss in
relation to the internodes containing ptero-
malids was smaller in oats than in spring wheat.
Probably M. aequss restricted the numbers of
P. oxylus more strongly in wheat than in oats.
Differences were also found between the yeas.
In warm summers and in years following warm
summers, M. aequus was most abundant, and in
such years it reduced the numbers of P. oxylus
more than in cool summers and in years follow-
ing cool summers.

Mesopolobus graminum (Hardh) is a parasite of
many Hymenoptera (GRAHAM 1957, p. 229,
v. RosEn 1960, p. 28, RAATIRAINEN 1961 b,
p. 207). In the region of investigation M. gra-
minum often occurred as a parasite of pteromalid
larvae which fed on delphacid eggs in stems of
cereals. In the larval stage it was not possible
to distinguish the host species with certainty.
1t is obvious, however, that some of the hosts
of M. graminum weze latvae of P. oxcylus. Assum-
ing that M. graminum feeds on M. aequus and
P. oxylus in the same ratio as the two latter

wheat internodes. In all the years inter
containing delphacid eggs considerably out! ; Preromalids
) - No. of intemodes
bered those inhabited by pteromalids. Ther Stage containios Toul | NoJ
teromalids ota o./per

apparently several reasons for this. One of ’ pambers | fovemott
is that P. oxylus obviously did not find all; 149 204 1.37
egg-containing internodes present in the AGEIENEE 1111111 4257 4295 | Lot
and furthermore, ma iposited 696 pH A

, may not have ovipos!! 655 655 1.00

species occur in cereal fields, M. graminum would
have destroyed about 3 %, of the immature stages
of P. oxylus occurting in oats in the Augusts of




.the years investigated, and about 4 9, of those
in spring wheat. M. graminum reduced the num-
bers of pteromalids slightly more effectively in
wheat than in oats.

In oats infected with EWSMV and OSDYV,
many of the delphacid eggs were in the lcave;
(cf. Table 23). Furthermote, virotic oat plants
were stunted, and the walls of the internodes
containing delphacid eggs were thick. The imma-
ture stages of P. oxylus occurted both in virotic
and in healthy oats (Table 40). However, it is
possible that virus diseases to some extent r’educe
the amount of space suitable for the immature
stages of P. oxylus.

Effect of man. Since land clearing and
the enlargement of the area devoted to cereals
and l.xayﬁelds, the numbers of P. oxylus must
ha‘vc .mcreased greatly. This conclusion is based
principally on observations made on the abun-
dance of the species in different habitats. During
the'yea.rs of the present investigation, the density
of immature stages of P. oxylus was highest in
cereals, particulatly spring cereals. The density
of .P. oxylus was apptoximately as great in oats
as in spring wheat. However, with the exception
of 19.60, the ratio of P. oxylus to internodes
containing delphacid eggs was greater in wheat
than in oats (cf. Tables 43 and 44).

At harvest time of spring cereals, about 96 ¥,
of the specimens of P. oxylus were in the latva‘.’l
stagf’, in the stems. The original method of
c.uttmg cereals long ago was by means of a
sickle, later with a scythe, and still later with
a mowing machine. At present, mowing machines
are still used, but the commonest machine for
harvesting cereals is the self-binder, while the

Table 41. Proportion of larva i

H. e of the spring- i

generation of P. oxylus temaining in Stubgl:mcftg ul;S
different methods Y

Method of cutting % of larvae in stubble
Outs Spring wheat
27 41
30 —
50 63
60 73

Table 42. Emergence of P. ox

2. 1 . oxylus adults t
aftter being buried as immature stages at sdif(f)e::::t{ :
1;; the soil. The percentages are based on the assup; ;
that there were equal numbers of insects in each treat; %

Same trial in Table 54

P. oxylus collected in cloth fannels

Depth of soil
cm
Total
N ‘otal :dultl% No. Males
g ......... gg 100 31
......... 29 1
10 ........ 0 0 0

use of combines is rapidly increasing. Now th
f‘.hc location of P. oxylus larvae at different I
in spring cereals is known (Fig. 49) and lik
the cutting height with the different meth
(RAATIEAINEN 1966 a), it is possible to cale
the proportions of larvae remaining in the stubb
after different methods of cutting. Accordin,
these calculations (Table 41), when a scyth
mowing machine was used, only about 30-—40
of the larvae were left in the stubble, while
the combine harvester at least 60 9, remainé
A small fraction of the larvae were destroy
during the actual cutting process, fot instan
under the wheels of the machines. The res
the larvae in the cut stems were subjected éil
to drying on the field or to threshing. D
the drying process, the larvae generally did n
die, but instead remained and were subsequen

threshed, during which process some of

succumbed. Some of the larvae ended up
.being burned with the straw, others wete b
in the soil during ploughing, while still ot
survived outside the field or sometimes remal
on the ground until the following year. Mos
the larvae remaining in the straw, often nea
all of them, wete evidently killed during’

after harvesting.

In the region of investigation, about half

stubble of cereal fields was ploughed in. D

this process the larvae were buried in the
A study of the fate of such larvae was cat
out in the spring of 1961. On May 20, 1% K
oat stubble was placed in each of 9 pits of
0.5 m?, comprising three different treatmen
three replicates cach. One was left uncovere

sol. In the other two treatments the pit
vered with clay-containing surface soil,
a depth of 5 cm and the other to a depth
0 cm. Above each of the pits a cloth funnel
laced. The results (Table 42) showed that
Jus was not able to rise to the surface after
‘buried under a 10-cm layer of soil, and
“of those under the 5-cm layer failed to
ye to the surface. Females appeared mote
le of escaping from the soil cover than
" 'The size of the females coming from the
fol plots and those covered with soil was
oximately the same (average wing lengths
and 2,12 mm respectively), so that the size
he insects obviously did not affect their
y to escape from under a layer of soil.
he region of investigation the cereal fields
enerally ploughed in the autumn, harrowed
following spring and tesown with spring
, providing that a field of grass or some-
clover had not been established under the
‘In two different years, nine cloth funnels
placed on fields of spring cereals which had
cen under cereals the previous year. In nei-
year, however, were any P. oxylus adults
glected, even though counts showed that in the
Bvious years 25 and 50 larvae per square metre,
ectively, had remained in the field. It is thus
us that larvae of P. oxylus were virtually
letely destroyed in cereal fields after plough-
fand harrowing.
tvae of P. oxylus survived in those cereal
“where seed of grasses or clover had been
étsown for the purpose of establishing leys.
srding to RAATIKAINEN and TINNILA (1959 a,
3), such fields made up about 47 % of the
area devoted to cereals. The stubble almost
ys persisted after harvesting. Occasionally it
urned, but the area of burned stubble was
than one per cent. Calculations (cf. Table 41}
wed that on an average about half the larvae
Ps oxylus remained in fields of cereals under-
n with leys. This represents approximately
fourth of the P. oxylus larvae on cercal fields
vest time.
place in which to live (cf
RnkewarTaA and Bircu 1961). P. oxylus evi-

100 ]»——

80 A

%

Survival of Roxylus

Sepl.  Nov  fon. Nor, Moy Joly

Fig. 50. Diagrammatic survival curve of P. oxylus in
cereal fields and first-year leys established under them.
Mortality factors: a = Superparasitism and Mesopolobus
arquas, b = M. graminum, ¢ = harvest and some other
factors killing larvae, d = destruction of straw, ¢ =
ploughing, f = winter, g = factors destroying pupsae,
h = factors preventing emergence of adults from the
straw, and 1 = other factors killing adults.

dently did not suffer appreciably from a lack of
places where it could live or as a result of the
distribution of such places in an area. However,
occasionally the stem walls of the cereals were so
unfavourably constructed that the adult inside
was incapahle of escaping from the internode.
Overall mortality. Figure50 gives a
diagrammatic representation of the numbers of
P. osylus in the region of investigation at differ-
ent times of the year. In the fields which were
ploughed and tilled after the cereals were hat-
vested, nearly all the specimens of P. oxylus died
and the curve would have dropped close to the
abscissa between segments e and f. For the fields
where leys were established, the curve would have
descended after segment d somewhat more steeply
than the segments f, g and h and joined the
abscissa at the right end of segment i. Thus, in
all the cereal fields the mortality of P. oxylus was
greatest during the egg and larval stages before
the winter. Weather factors were apparently res-
ponsible for the death of less than 4 %, of the
progeny of P. oxylus, while the approximate
figures for other factors were natural enemies
about 35 %, man 50 %, place in which to live
2%, and other factors 9 %.
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Table 43. Abundance of P, ox: i in di
. oxylus in oats in different yeats. Fach year 100 v
(2000 plants annually) were examined. Same material as in ’I)"ables 49 p;asn tsBO&%r;l e8‘17‘-11941(:‘15 gg felds
, 35, 80, 83,

B. Mesopolobus aequus (Walk.)

Year Sampling period A"“B;.:“"P“ﬂs

1 23. VIII—19. IX

........ 8 IX
’ }32(9) ........ 28. VII—11, VIII 8. viiI
“ Toey 1. VIII—16. IX 4. VIII
i Tooy e 2.—10. VIII 8. VIII
£ o S 12,29, VIII 20. VIII
! Togy e 5.—14. VIII 8. VIIL

........ 11.—17. vVIII 14. ViI

Fluctuations in abundance in
1958 —1964. There were considerable fluc-
tuations in the abundance of the immature stages
of P. oxylus both in oats and in spring wheat.
The figures vatied according to whether they
were calculated per ground surface area, per 100
plants or per number of food-containing inter-
nodes available (Tables 43and 44). Similarly, there
were marked variations in the numbers of speci-
mens collected with the netting apparatuses
(Table 45). Many factors, e.g. weather conditions
and the location of the apparatuses, affected the
numbers of pteromalids caught. The numbers of
P. oxylus captured with such apparatuses give a
poorer picture of the actual fluctuations of the
species than the numbers obtained from samples
of spring cereals. However, the catches with the
netting apparatus reflect the numbers of imma-
ture stages the previous year.
~ The fluctuations in abundance of P. oxylus
wete probably caused chiefly by the availability
of food (internodes containing delphacid eggs)

Table 44 Abundance of P. axylus i i i
. oxylus in spring wheat in different years. Eve: 1 i
cach field. Same material as in Tables 50, 56, 80, 8?,' Bge::txd gg phis were examinsd

No.of s cmising Tt it -cording to v. Rosen (1955 b, p. 89, 1961' a,
phacid cggs o, oxyles ) and Granawm (1957, p. 222) the following
' * s are synonyms for this species: Ablbergiella
522 165 TR (Walk.), Amblymerus asquss (Walk.), Eutelus
736 1132 32 Walk., E. (Ptatytermus) decipiens Thoms.,
gé; 29 fenus purus Walk., Mormoniella oviphaga
536 1 6(2) Bho, Preromalus aequss Walk., P. contractus
ggz %;4 ., P. leogoras Walk., P. odites Walk., and
7 rpurens Walk.

Table 45. Abundance of P, oxy/us obtained yearly wh 1. Distribution

three netting apparatuses. Same material as

in Fig. 24 gwws has been found in Madeira, Yugos-

Yeur No. of adult ! ngland, Germany, Czechoslovakia, Den-

oA No. of males southern and eastetn Sweden up to 2

1957 2 de of about 64°, and Finland (e.g. v. RosEN

1958 .. 3 2 , p. 26, 1961 a and b, 1966, Prck et al.

}323 ------- 0 0 The species appeats to be common in

191 ....... 52 g ¢, and it has also been encountered in the
}ggg ....... 6 1 v. Rosen 1961 a, p. 19).

1964 ....... 3;’ g inland the species appears to be com-

t in the southern part of the country.
;riously also occurs in eastern Finland, as
s further north than the actual locations
it has been observed (Fig. 51). In the
of the present investigation it was com-
but not abundant.

but also by the abundance of the species M
polobus aequus, which competed for the s
source of food. However, both the amounj
food and the numbers of M. geguss were strong]
influenced by weather conditions (mainly
temperature), so that food and competing sp‘
wete probably primary factors, while weath
was a secondary and partially primary fac
regulating the abundance of P. oxylus.

2. Developmental stages

. According to v. Rosen (1956 b, p. 27
ig. 46), the average length of the egg is
mim and it is less curved than the egg of
tnon oxylus.

va. v. Rosen (1956 b, pp. 28—30) has
hed descriptions of the five larval instars.

Year Sampling period Av!ng; :Impling
ate

18. VIII—2. IX 2
3.—11, VI g: xllg
1.—17. VIl 5. VII
2,10, VIII 7. VIII

12. VIII. 1X 20, VIII
5.—11. VIII 7. VII
11.—17. VIII 14. VIII

present studies the species, when occurring

Number of | No. of intemodes Taternodes intabited. eld in its egg and larval stages, was not
S No. guished from P. oxylus.

a. v. Rosen (1956 b, p. 31) has pub-

}2 g;g 140 a picture of the pupa. In the region of

17 204 32% ent investigation, the length of the male

%g ggg 70 aried from 1.1 to 2.2 mm (n == 13) and

20 245 %32 of the female from 1.4 to 3.1 mm (n = 61).

20 531 267 was a curvilinear relationship between the

Fig. 51. Known localities of M. aeguus in Finland,

lengths of both the male and female pupae and
the numbers of delphacid eggs in the internode,
as in the case of Panstenon oxcylus. Males developed
to the pupal stage on a smaller number of eggs
than females, the situation again resembling
that in P. oxylus. :

Adult Since the species was first described,
v. Rosen (1956 a, 1956 b, pp. 24—26, 1958,
pp. 230, 231) and GRrAHAM (1957, p. 223) in
particular have studied the characters of the
adult. In the present investigation, studies were
made to find out the reasons for the variations
in the size of the adults. Between July and Sep-
tember M. aeguus specimens wete collected from
cereal fields, as was also the case with Panstenon
oxylus. The results (Fig. 52) show that the males
wete able to develop into adults after consuming
a smaller number of eggs than the females.
The larva apparently needed over 30 delphacid
eggs in order to develop into an adult of maxi-

mum size. :

3. Life cycle

Accotding to v. Rosen (1955 a, p. 40),
M. sequus has two generations per year in Swe-
den, although in later publications he mentioned
only one (v. Rosen 1956 b, p. 65). In Finland
only one generation per year has been noted
(Fig. 53) but in this case the female would
appear to have a surprisingly long lifetime
(about 11 months). The first eggs appeared in
the stems of spring cereals after June 20; how-
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b 54. Migration of M. agequss in 1957—1964

ding to material collected with netting appa-

s. The times of collection ate shown in Fig.

n the ordinate are the numbers of M. aequus.
All the specimens were females.

Length of [ore-wing in mm
<

3

—

d sutface in spring wheat as in oats. Adults
¢ new generation were found initially in
fields and later, at the end of the summer
n the autumn, in leys and in the ground
ation of woods.

‘0 P g0 P
. o0
Number of eggs per infernode %o

Fig. 52. Relationship between len, i
t gth of fore-wing of M.
and nu.mber of delphacid eggs in internodes. Dgots :n'lda:gllliutir
line = males, crosses and deshed line — females.

Food supply and influence on J. pellucida

ever, it was’ not possible to distingui ]
with cc{:tainty frorrl: the eggs of ;::rfe:srlho:;l;;? . Hbiats and migroio
i::;o:ii:lg tofvl,J Rosen (19056 b, p. 27), at a In Apdl and May M. aequus was found ini
: perature of about 10—15° the larvac hatched field edges and forest litter; it was not Cﬂc‘
a:-f::l the eggs after 4—5 days and at ca. 20°C  tered in ploughed fields. According to v. Ro
e :::?i _313?,1 - (19613, p. 19), it is quite possible that the spes
uly large sized latvac of M. aequus overwinters in all patts of various plants:
were found in cereals. The first males were found Sweden, Denmark and England it has bien f
to emerge on July 26 and the first females on  in conifer trees during the wintertime (v R
July 29. On an average, the males emerged a 1961 b, 1962, 1966). However, v. Rosex (.19
fc.w days eatlier than the females. The males i not sure whether the sp’eci.cs concern
;lf;d before the Wintcr,. and only the females actually M. aeguus or perhaps some unkn
i crnatt':d. The following spring the females sibling species. :
v;'lcrc active as early as April. In spring cereals Only a few females were collected in ne
they were encountered from jJune 7 onwards. apparatuses as they migrated from their ’
;&:‘i)nt'cft;ng sites to places of reproduction

. The latgest num| ined i

June| July | aug | sept.\| May| june| July| avg.| Evidently bith M. ::;:X?:do;:?::o:ng
moved to spring cereals at approximat
. same time in June and early July. :
At the end of June and beginning of:
M. aequus appeared to be most prevale'd
cereal fields, but it also occurred in leys,
P the case with the data of v. Rosen (1956
s ‘L__;LJ 60—64). There were no appreciable diffets
in the density of the adults between the m#}
Fig. 53. Life cycle of M. aegor in 19561964, Ex. 03 the central parts of the oat fields. Ther
planations in Fig. 21 about twice as many larvae per unit &f

st species. According to v. RosEN
| p. 231), larvac of M. aequas feed on all
' of eggs and larvae occurring in grasses.
TRAINEN (1961 b, 1962) obscrved that they
tlphacid eggs in the internodes of cercals.
¢ principal source of food, however, both
eden and in Finland, appears to be eggs of
lla pellucida (ABLBERG 1925, v. RosEN 1955
I'b, 1956 b, 1961 a, KANERVO et al. 1957,
0 1964, p. 37). According to v. Rosen
B> b, 1956 b, p. 33), the larvac are also capable
bsisting on a diet of plant food. In a later
. v. RosEn (1961 a, p. 19) mentions that
ltative phytophages are an exception, and so
is not known whether M. aequus is able to
uce when the larva has fed exclusively on
od. In the present investigation, M. aequus
only found in internodes containing the eggs
er insects. From the field material it
ed that M. aequus could not develop to
dult stage without a source of animal food.
as their main food supply, and if it was
ty the larvae remained small and did not
op into adults in spring cereals.
antity of food. Thesmallest num-
of delphacid eggs on which the male larva
develop into an adult was 5. The female,

Egg [ -

Pupa
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on the other hand, requited 10 eggs (cf. Fig. 52).
The female obviously required more food as a
larva than the male. Without an adequate amount
of food, the larva died. At least in oats and spring
wheat the available plant food was not capable
of replacing animal food.

If there were few delphacid eggs available,
the larvae of M. asquus consumed them virtually
completely, but if there were many most
of them were damaged rather than completely
consumed. As the number of delphacid eggs per
internode increased, the number damaged by M.
aeguus larvae likewise increased, but the percent-
age diminished (cf. Fig. 46). The number of cggs
damaged was usually about 20—30 per larva,
a figure which agrees with that found by v. Rosen
(1956 b, p. 28) in Sweden.

Influence on J. pellucida. Larvae
of M. aeguus appeated to destroy the cggs of
J. peliucida located in thin-walled internodes.
On the average, the larvae probably destroyed
20—30 cggs, but sometines over a hundred were

consumed.
6. Reproduction

Sex ratio. Inmost years pteromalids were
collected from spring cereals so late that some
of them had already escaped from the plants.
In the material collected at the times mentioned
in Tables 43 and 44 a total of 328 adults of
M. aequus were obtained in the years 1961—1963,
22 %, of which were males. Since males were
relatively mote commion among the first emet-
ging adults than among the last ones, the sex ratio
found was actually too female-dominated. Since
all the adults of M. aequus that emerged were
assumed to be males, the proportion of males was
found to be 34 %. The actual sex ratio was
female-dominated and evidently between 1:2 and
1:4. Where there had been only a few delphacid
eggs in the internodes (Tables 46), males princi-
pally emerged, while where there were maay
eggs the adults were mostly females. This can
be interpreted as meaning that the normal sex
ratio of M. aequus was female-dominated, but
that if there was only a scanty food supply for
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Table 46, Relation between the numbers of available

delphacid eggs and the sex ratio of M. aequus ia spri an Emergence of M. aeguus from spring ceteal Table 48. Numbers of pteromalids (P. oxylus, M. asquus,
cercals, 1958—1961. 4 = 24.01%%* 4. 4 pring F wo the insectary. The samples were collected in M. graminum) which emerged and left the stems in autumn
i at about the same phenological stage of the cereals  and M. arquas found dead in stubble the following spring
No. of delohaci M. acquns
eB;l ?n 1::2:1.21‘1 Gats L g0 J\— Jp,-/'”g nheat No. of )!m;?pd“ﬁum z Inspection time No. _lelving stems| No. of dead M. arguus
Toul sdults | Males PURt | No. = % 1960 1961 In autuma Pupae Adults
o, % ~-Barley :
18 | 16 [ %] 128 | 119 93 | — — 1961 2-10.V .. 14 0 1
2 89 cee| 236 | 213 90 |09 — 1962 13.—25. V ... 63 8 25
2 /A S SN D U . T 153 | 96 63 [33.seeweafarees 1963 210 V ... 12 37 12
F 40 4
20 3 15
33 7 2
118 37 31 - 20 4 - . .
T 1s following such cool summers. A good have occupied at least as many of the egg-con-
j """" ¢ of the influence of weather factors on the taining internodes as the pteromalid larvae as a
—r————t

the larvae, the females were more liable to

succurfnb than the males, and consequently the

sex ratio changed to become dominated by males.
In the region of investigation, examinations of
cetf:als in 19621964 showed that 10 % of the
spring wheat internodes containing delphacid
cggs had fewer than 11 eggs, while the correspon-
ding figure for oats was 26 %- Correspondingly,

5and 8 9, of all the pteromalid larvae (P. o:g':
lus + M. aequus) found in the internodes were
located in those containing less than 11 eggs.

A scarcity of food supply must thus have in-

creased the proportion of males and evidently

caused a2 decrease in the numbers of fe-

males. '

.Copulation and parthenogene-

sis. Accordingto v. Rosen (1956 b, pp. 26, 27)
adults are sexvally mature immediately aftc;
emergence and copulate before the arrival of
winter. The species may also reproduce partheno-
genetically, in which case all the progeny are
males.

Oviposition. Larvae of M. aeguus have
been encountered chiefly in graminaceous plants
but also in Ackillea millofolium and Medicago sativa
(v. 'ROSEN 1961 a, p. 19). In the region of investi-
gation, larvae were found in the stems of spring
whea}t, oats, barley, rye and Poa pratensis. The
Species appeared to have a special predilection
for wheat. In the years 1958—1964, an average
of: 16 %, of the internodes of spring wheat con-
taining delphacid eggs were inhabited by M.

aequus larvae. In oats the corresponding figure
was 7 9.
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» ation of this species can be obtained by

ing the emergence of M. aequus in the
years 1960—1962. The interval between the
ition period and the emergence period was
er than average in 1960, slightly cooler
i average in 1961, and very cool in 1962
). According to the results of this com-
n (Table 47), in the first two summers,
e weather was warm or almost average,
cies succeeded in emerging, while in the
f cool summer of 1962 only 63 %, of the
ns managed to emerge, while the rest —
haps in the field over 50 %, — remained
pupal stage. Such pupac, when brought
he insectary, died during the winter. Like-
the fields in the spring of 1963 there
rger numbers of dead specimens than
especially those in the pupal stage (Table
IMoreover, many of the dead insects had
partially emerged, and some of the dead
inside the stems had wings which had not
d.

d supply. During the years of these
&s, both the absolute and the relative
ts of food were generally adequate for
cies. Among the fields of spring cereal
gated, an average of at most 32 % (in
} of the internodes of spring wheat con-
delphacid eggs were inhabited by M.
and in 1961 the corresponding figure

F——————
2 0 ;2 20

Fig. 55. Height above ground of u;
end of internodes inhab%ted by M. aepqpu::
in 1958—1963. Numbers of inhabited
internodes: oats 306, spring wheat 138
barley 45, ’

.M. atquns appatently preferred to ovipos
thin-walled internodes than in those with
walls. The material studied, however, was méi:
gre, and the difference was not statistically
ficant.

The height in the cereal occupied by M. azg
was studied on the basis of plant samples
after July. At this time some of the adult
already escaped from the interior of the p
but the values obtained for the remaining
mens give a very good picture of the hei
occupied by all the adults (Fig. 55). These r
show that in spring wheat and oats M. a4
occurred at approximately the same heig]

the spring generation of Panstenon oxylus
Fig. 49).

7. Fluctuations in abundance

Weather factors. According to V-
SEN (1956 b, p. 27), weather factors proba
have a marked effect on the total egg product!
In Finland M. aeguus appeared to be f
abundant in the southern part of the co t fields was 23%. In these same two
In the region of investigation lacvae were the proportions of delphacid egg-con-
prevalent in warm summers (1959, 1960) ati hg internodes inhabited by all species of
the summers following them (1960, 1961, dmalids were 62 and 42 9, respectively. It is
They were less numerous in cool summer that the larvae of M. aequus alone could

whole, if certain factors had not limited the
abundance of the species. The relative food
supply in certain places, however, was an impor-
tant factor restricting the population of the spe-
cies. Moteover, in some of the internodes there
were too few delphacid eggs, and consequently
the insects died while still immature, as was
demonstrated by the sex ratio.

Biotic factors. According to v. RosEn
(1956 b, p. 27), under experimental conditions
the species deposits several eggs in the same
internode. This may also occur in nature, but
after competition between the offspring in the
same internode, usually only one remains alive,
as in the case of Panstenon oxylus.

'The most important competitive species was
Panstenon oxylus, whose requirements for living
sites are about the same as those of M. aequus.
In the region of investigation the presence of
P. oxylus evidently restricted the numbers of
M. aequus. However, in the warm summers of
1959 and 1960, M. aequus outstripped P. oxylus
in occupying internodes containing delphacid
eggs; even in 1961 it was still abundant (cf.
Tables 43, 44, 49, 50). On the other hand, in cool
summers and in yeats following cool summers,
such as 1962, P. oxylus -appeared to oust M.
aequus from delphacid egg-containing internodes.

Mesopolobus graminum (Hardh) deposited its
eggs on the surface of, or near to, the pupae
of M. aequus and probably also the larvae. The
larva of the former developed into an adult after
having consumed one pupa or nearly full-grown
latva of M. aequus. M. graminum occurred as a
patasite of M. aequus after about the end of July.
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Table 49. Al?undﬂncc of M. aequns and all pteromalids
in ﬁats in different years. Every year 100 plants from
;ac' of 20 ficlds (2 000 plants annually) were examined

uring the period July 28—Sept. 19, Same material as in
Table 43

Table 50. Abundance of M. seguxs and

spring wheat in different ymf Everynlyl'cl;t:rﬁ;?)zh

were examined from each ficld, 18 in 1958, 17 i 1

and 1960, and 20 in 1961—1964. Examin'ation;n 1
Aug. 1—Sept. 2. Same material as in Table

No. of }gee{nodal: Intesnodes No. of Internod
3 inhabited 0. nodes
Year o il oy pumm‘:z Ve ime@;du inbabited by
it | v % | e | e
1958 ... 522 3
1 | 168 322 195
1959 ..... 8 ....... 249
1960 s 13021385 465 1959 ... 623 5 o hd
1961 .. 269 si ;; 1?2 :24.; }gg? ....... 204 65 32 126
1962 .... 536 52 1 2 SO e 309 96 31
0 | 213 397 1962 168
1963 Ul sme | 35 'R Al % 1962 ...
1963 ..o ggz 17 3 | 291 49.4 1963 ....... %1? Ii 12 %09
...... 14 3 | 271 Sis 1964 ....... 531 76 14 333

In the years of this study, it probably destroyed
at least 3—4 9 of the immature stages of M.
aequus: In the years following the warm late
ism:nmer of 1959 and 1963, i.e. in 1960 and 1964,
it was most abundant, and it then destroyed at
least 7.% of the immature stages of M. aequus
occurring in August,

The virus diseases EWSMV and OSDV may
have reduced the availability of living sites suit-
able to the immature stages of M. aequss in the
same way as the sites for P. oxylus were decreased.

Man. M. aequus appears to have become
more prevalent subsequent to land clearing and
the increase in the area devoted to cereals. At
the time of cereal harvesting the species was
already in the adult stage, so that destruction
.of the straw and ploughing of the field had no
influence on the insects. In cases whete the
species occurred in delphacid eggs in hayfields
some of the larvae succumbed when the hay
was dried in July.

A place in which to live. In the
region of investigation, the specics evidently did
not suffer appreciably from lack of or from
unfavourable distribution of places where it
could live. However, occasionally the stem walls
of the cereals were so thick and hard that some
of the adults were unable to escape and died
inside the internode.

Fluctuations in abundance in
1958196 4. Whether calculated per unit area
of ground, per 100 plants or per number of
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internodes

scarce.

Although the food supply declined at the
time as the numbers of M. aeguus incteas
had not yet become an important factor
the population density. Panstenon oxyh

containing delphacid eggs,
amounts of M. asquus wete at a minimu
the beginning of the present study, reached.
maximum around the year 1961, dropped’
second low point in 1963 and finally appes
to risg again in 1964 (Tables 49 and 50). Sin
fluctuations were also seen in the material
tained with the opetting apparatuses, altho
these variations naturally occurred one year ‘
than those for the immature stages (cf. Fi
- Such fluctuations were apparently caused chi
by weather conditions. The population den
increased in 1959 and 1960, when the sum :
were warm, and consequently ovipositio
development of the immature stages appare!
succeeded well. In 1961, it was evident that the
were many females in cereal fields, and moret
oviposition and Jarval development were succ
ful. In contrast, in the cool summer of 1962 th
was a relatively low density of immature st
and a large proportion of the insects reache
the pupal stage before the arrival of winter
pupae succumbed during the winter (cf. Tabt
47, 48), and there were few adults the follo
year. In 1963, oviposition was apparently
cessful, but the density of immature stage
at 2 minimum because females were evides

mewhat retarded the increase in density
" sequus, but it was not able to prevent
acrease. Mesopolobus graminum showed an
in numbers, but its effect in limiting
ulation was slight during the entire period
investigation. The influence of man like- .
remained about the same throughout this
{. There were some changes in the oat
s grown. In particular, the thick-stemmed
y Pendek became more widespread, but it
bly had no great effect on the population
ity of M. aequus.

Fig. 56. Known localities of A. atomus in Finland.

C. Anagrus atomus (L.)

erous species of the genus Anagrus have
escribed. Enock and Waterhouse assumed
Europe there ate about 25 of them
GER 1950, p. 39). In Belgium, DEBAUCHE
 mentioned three species of Amagrus, one
ich comprised two races. However, BAk-
SrE (1934, p. 51) believed that there is only
Enecies in the genus, and he (BAKKENDORF
p. 268—270) regarded the other specific
145 synonyms. According to Krycer (1950,
), there is apparently only one Anagras
in Europe, and the name A. incarnatus
il fit this species. WHALLEY (1956) is of
pinion that the A. atomus and A. incarnatas
ibed in Europe are ecological races of the
pecies, and he uses for them the names
atormus (L.) Hal. form atomus (L.) and
mus (L.) Hal. form incarnatus Hal. Anagras
¢mus has been found under natural condi-

7

in Tettigella viridis (L.) but never in del-
Bid species (WHALLEY, 1956). In the labora-
has oviposited and developed in the del-
species Conomelus anceps (Germar) also.
ithe other hand, Anagrus a. incarmatus has
ed in the field both in T. wiridis and in
d species.

the region of the present investigation,
omus occurred both in delphacid species
in Cicadoidea species. All the specimens
which were in the eggs of delphacids
& 4. stomus incarnatns. A. a. incarnatus also
ed in species of the Cicadoidea group.

1. Distribution

According to Annecke and Doutr (1961,
p- 7). the genus Anagrus is probably cosmo-
politan. The information about A. atomus and
the range of its races is incomplete, however,
since it has not yet been possible precisely to
delimit the species with absolute certainty, and
there are only scanty data about the distribution
of the taxon. According to KRYGER (1950, p. 38),
the species occurs all over Europe, and A. atomus
incarnatus has been recorded from France (MA1L-
LET 1960), England (WuALLEY 1956), Belgium
(DEsAUCHE 1948), Sweden (collected by O. Hei-
kinheimo) and now from Finland.

In Finland, A. atomus is common (Fig. 56) and
appatently occurs even north of latitude 64°.

2. Developmental stages

The different developmental stages of the
species have been described in numerous publi-
cations. Among others, BAKKENDORF (1925) and
MacGiLL (1934) have described the egg, BAk-
RENDORF (1934), Mac GiLr (1934) and MAILLET
(1960) the larva, and MacGrir (1934) the pupa.
Descriptions of the adult are also to be found
inDEBAvCHE(1948) and WHALLEY (1956). Accord-
ing to MarLLer (1960), the size of the adult
varies in accordance with the number of indi-
viduals in the leafhopper cgg.
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Aug.

Sept. | oct. || fune| july

Immalture stoges
Adult
immature stages|

Adult

mmature stoges|

Adult
Immaoture J/age.\l

Fig. 57. Life cycle of .A. atomus in 1958—1960. Explanations in Fig. 21.

3. Life cycle

A. atomus is multivoltine (cf. e.g. PIERRE 1906,

MacGrirL 1934, MarLrer 1960). In the region
of investigation the species usually had three
generations per year, but in warm summers,
such as 1959, at least a part of the population
had four generations (Fig. 57). According to
BARKENDORF (1925, pp. 254, 255), in Denmark
the species has about 4—5 generations during
the summer and it hibernates in the larval stage
in the eggs of various leafhoppers, particularly
those of Conomelus anceps (Germar). In the tegion
of investigation C. amcsps has not so far been
found, and if it does occur, it is rare. As a result,
-A. atomus hibernated in the eggs of other species
in that region. In the wintertime, immature stages
of A. atomus were common and sometimes quite
abundaat in leys and in the stubble of cereals
undersown with grass. In such places there were
eggs of leafhoppers, among others Macrostcles
Spp., Solenopyx sulphurellus (Zett.) and Philasnus
spamarius (L.). In isolation experiments made in
the field . A. afomus succeeded in overwintering
in the eggs of 5. sulphurelius, and quite probably
it actually hibernates, as either a larva or an egg,
in the eggs of this species and possibly of other
leafhopper species as well.

Immature stages. No information is
available on the duration of the cgg stage and
the different larval instars. According to Mac-
GiiL (1934), the egg and early larva are almost
coloutless, and consequently they cannot be
observed with the naked eye in parasitized leaf-
hopper eggs. The late latrva, on the other hand,
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is red, so that at this stage it is easy to distingui
the parasitized egg through the tissue of the I
blade. According to MacGrr (1934), a p
sitized egg can be recognized when about 50:
of the total duration of the immature stages
clapsed. In the present studies, however,:
larva of .A. atomus was observed to becoms’
reddish when only about 30 9/, of the immatntt]
stage period had clapsed. )
The total duration of the developmental peti
of the immature stages in J. pellucida eggs
12.5°C averaged 35 days (31—39; n =
According to WHALLEY (1956), the develo
mental petiod of A. a. atomus and A. a. incarni
are of approximately the same length, an
25°C one generation in Testigelia viridis (L.)
11 days and in Comomelns anceps (Germa
days. MacGir (1934) stated that A. 4
takes approximately 16 days to develop fro
egg to the adult insect at 26—27°C.
Adult stage. Among the 324 pup
A. atomus examined in the delphacid eggs in
leaves of spring cereals, 27 %, had their he:
the anterior end of the leafhopper egg- Amd
the 47 pupae in stems, 21 %, had their head &
in the anterior end of the egg. Such specim!
when they emerged as adults, made their way
of the anterior end of the egg and escaped dir
to the surface of the plant. The remaining s
mens, about three-fourths of the total, made
way out of the posterior end of the egg. If
individuals were in delphacid eggs located if
leaf sheath, they generally penctrated thto
the tissue of the sheath to the external st
If the parasites were in eggs located it
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they emerged into the cavity, whete they
fined for some time before making their way
i”gh the stem wall and sometimes even
%gh the leaf sheath in order to escape to
Rurface.
be daily rhythm of adult emergencc Wwas
icd in the insectary. The results (Table 51)
y:that emergence was definitely most active
morning and at mid-day, while no emez-
it was observed at night. Emergence during
“ent times of the season was investigated at
 localitics in 1958—1960. In the spring all
g«?‘vascular plants on a total area of 2.5 rr.x’ on
i bites in first-year timothy leys cstabhs}}cd
?7 «cereals were collected and placed in rearing

i

'

ing at dif-
g 51. bers of adult A. afomus cmerging at ¢t
"::ur:lzmhe day. The insccts were in Petri dlsh:; ér;
insectary July 9—30, 1960 and July 2731,

Hours of day

Total
’u 20—6 68 6—1010—12 12—14 1416 1618 18—20
) 029
3 8 4 7 3 3 1
5{ 5 12 14 10 12 3 3 0 | 59
g 20 18 17 15 6 0|88

]

10073—67

3
<
i
i

- Males ond females

.
Sept.

i 5.day periods in

58, Emergence of adult A. afomus pet y

F}:E i:sectnry fxgom material taken from first-year tlmotl}yhltcz;

established under oats (left of arrow) anfi from oats (n%
arrow) in 1958—1960. Same matetial as in Fig. 42.

boxes. After the emergence of the oat secd%ings,
100-plant samples were collected at wcckl?' inter-
vals. The plant parts containing delphacid eggs
were separated and put into Petsi dishes. All- the
specimens from both localities were combined
and the quantities were calculzte.d as numb.crs
per square metre (Fig. 58). First-generation
adults emerged at the end of June when the
carly summer had been cool and aroufld the
beginning of June in warm summer (Figs. 57
and 58). Thereafter they migrated, partly to
fields of spring cereals, where they had not
apparently previously been and where there were
delphacid eggs to serve as a food st.lpply for
their larvae. The adults of the following gene-
ration in spring cereals emerged during the first
half of July. The first adults of the thlrd- gene-
ration emerged at the end of July and begxfxm:!g
of August, although in cold summers this did
not take place until the middle of August.
Fourth-generation adults were a0t observed
every year.
At a temperature of about 15°C the life-span
of the adult varied from 2 to 6 days. The average
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life-span of the female was 4 days and that of the
male was possibly somewhat shorter. According
to MacGrL (1934, p. 60), the female appears
to be fully mature as soon as it emerges from
the pupal stage, and if suitable host eggs are
available it begins to oviposit at once. The
pre-oviposition period is thus very short. The
oviposition period lasted a few days, while the
post-oviposition period was likewise short and
difficult to determine.

4. Habitats and migration

A. atomus occurs in many different kinds of

habitat, as evidenced by the places inhabited by
the species and the eggs of its hosts (cf. e.g.
Havipay 1833, Pierre 1906, AnrserG 1925,
BAKKENDORF 1925, 1934, MacGiiL 1934,
Hassan 1939, DeBaucHeE 1948, KryGer 1950,
Morcos 1953, WuarLey 1956, MaiLLer 1960,
KANERVO et al. 1957, RaartikaINEN 1962).
It is apparently commonest in low, herbaceous
vegetation in damp sites but also occurs in
dryish places, trees and glasshouses. According
to DesaucHE (1948), A. atomus (L.) inhabits
many different habitats where grass grows,
A. incarnatus subfuscus Forster occurs in forests,
while the race A. incarnatus incarnatus Haliday is
in damp, grassy sites. The latter race also occurs
in trees (cf. Pierre 1906, MarLLET 1960).
. In the region of investigation A. alomus
incarnatus seemed to be most abundant in oats,
barley and timothy fields, but it was also common
in wheat and rye fields as well as in many other
sites where herbs and grasses grew. Perennial
vegetation, especially ley, was evidently the chief
overwintering site of the species. Adults emer-
ging on such sites migrated to spring cereals.
No detailed information is available on the dis-
tances travelled by the migrating specimens, but
they evidently moved at least 50—100 metres
since large numbers of progeny of the first gene:
ration were found several score metres from the
nearest overwintering sites. Some of the females
may also have hibernated in host eggs buried
in the surface soil during the ploughing of the
cereal fields.
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No data were obtained concerning the mip
tion of the generations developing in sp
cereals, but presumably the females did not mg
away from the field if there were adequate si
nearby suitable for oviposition. Both sexes w
very active in the stand and were in movem
for more than half the daytime. Laboratory te
showed that the average walking speed of f;
females at 20°C was 7.0 4 0.24 mmy/sec. and t
of three males at 17°C was 5.5 4 0.15 mmjs
While walking they explored the surface wi
their antennae, often stopped for 1—4 secon
and every half minute or so they took wi
often for periods of 1—3 seconds.

5. Food supply and influence on J. pellucida:

Host species. A. aformus is a parasite
eggs, especially those of leafhoppers. Accordi
to reports in the literature, it has been encou
tered in the following species: Meganrelus not
(Germar) (WaaLLeY 1956), Ditropis pleri
(Spinola) (Morcos 1953), Muellerianella fa
mairei (Pertis) (MoRrcos 1953, WuaLLEY 195
Javesella pellucida (KANERVO et al. 1957), Libun
sp. (BAKKENDORF 1925, Hassan 1939),
melus  anceps  (Germar) (BAKKENDORF 19
Hassan 1939, WHALLEY 1956), Testigella v
(L.) (PierrE 1906, BARkENDORF 1925, Mok
1953, WnaLLey 1956), Typhlocyba rosa ;
(TuLLGren 1916), ?Typhlocyba sp. (BAKKER
DoRF 1934, KryYGer 1950), Erythronesra P“”
difrons (Edw.) (MAcGILL 1934) and Macrosh
sexnotatns (Fall) (BAKKENDORF 1925, AHLBE!
1925). In the region of the present investigati
A. atomus occurred under natural conditions
the eggs of many leafhoppers of the delphas
and Cicadoidea groups. In trials carried out:
the insectary A. a. incarnatus developed toif
adult stage in eggs of the species Stiroma:
rinata (H.-S.), Criomorphus albomarginatus Cuff
Dicranotropis hamata (Boh.), Javesella pellud
J. obscurella (Boh.), Megadelphax sordidulss @
Xanthodelphax flaveolus (Flor), Macrosseles:
probably M. cristaras (Rib.) and Solenopy,
phurellus (Zett.).

¢ species has also been found in the eggs
emiptera (BAKKENDORF 1934, KRYGER

Table 52. Propottion of male A. afomus in d
gcnegntions hatching

ifferent
from eggs collected in the field in
different years

and agrionids (BAKKENDORF 1925, 1934,
ucHe 1948, Krycer 1950).
wantity of food. According to
GiLL (1934), only one adult develops in
gg of Erythroneura pallidifrons (Edw.), while
cos (1953) reports similarly that one adult

rged from the egg of Ditropis pteridis (Spi-

nd Mucllerianella fairmairei (Petris). In the
t studies, it was found, both experimen-
nd in the field, that only one adult of
mus was ever present in the egg of del-
s. However, in large eggs, such as those
tigella viridis (L.), several adults develop.
xeE (1906) found two parasites in one T.
egg, while the numbers found by other
s were 3—11 (Morcos 1953), 4 in the
and 9 in the laboratory (WHALLEY 1956)
n average of 3.8, ranging from 1 to 8
irer 1960).
fluence on J. pellucida. One fe-
of A. atomus oviposits in many /. pellucida
and those eggs in which a larva develops

estroyed by the parasite.

6. Reproduction

ratio. The sex ratio of A. atomas
s to be either female-dominated or about
studies comprising the most extensive
al, the following results were obtained:
Toral Maley
specimens No. %
875 177 20.2

1046 325 31.1
132 50

Investigstot

porr (1925)
porr {1934)

arly, the material of MacGiLL (1934)
d a deficiency of males, and in the studies
WuALLeY (1956) the sex ratio of the races
Hhatus and abomus was in both cases female-
inated, 1:3.
i the present studies the sex ratio was ascer-
from material collected in 1958—1960
timothy and oat fields (Table 52). The first
ation probably developed in the eggs of the

1958 1959 1960

Males
T {No. %

Males
" {No. %

Males
T [No. %

93 47
26 37
3 60

122 45

1st generation| 22 | 9 41 40| 18 45
2nd » 25 6 24| 37 [ 11 30

3d  » 250 | 88 34| 23| 939
T3:d » | 306 [103 34| 100 | 38 38

Cicadvidea group in timothy fields, while the
second and third generations arose from the eggs
of delphacids, principally J. pellucida, in oat
stands. This material revealed that in all gene-
cations and in all years the sex ratio of A. afemus
was female-dominated. Of the 678 specimens
examined, 263 (38.8 %) were males.

Copulation and parthenogene-

sis. Immediately after emergence the adults
were capable of copulating. Copulation was
common in the insectary and appacently also
under natural conditions, since most of the
progeny were females. Parthenogenetic repro-
duction also occurred, and in this case all the
progeny in the tests were males. MAcGiLL (1934)
and WraALLEY (1956) also found that partheno-
genesis took place.

Egg production. According to the
observations of BAKKENDORF (1925) and Mac-
GiLL (1934), the number of eggs produced by
A. atomus is small, and CLaUSEN (1940, p- 101)
states that most mymarid species probably do
not produce more than 100 eggs. In the present
trials the number of eggs was not counted, but
the numbers of progeny of three females which
developed to the larval stage varied from 28 to
42. Oviposition was most active during the first
and second days after emergence, and one female

. was able to deposit as many as 28 eggs in a 24-
hour period.

Occurrenceofimmaturestages
in different plants. According to
BAkkenDORF (1925, 1934), MacGiL (1934)
and Kryger (1950), immature stages of A.
atomus have been found in the following plant
species: Typha, fancus ¢ffusus, Phragmites, Cyno-
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surus cristatus, Salix pentandra, Alnus glutinosa,
Mirabilis ubifiora, Nymphaea, Nuphar, Pelargo-
nium, Angelica silvestris, Primula, Salvia, Plantago.
Tussilago farfara and Cirsium oleraceum. In the
tegion of investigation, immature specimens
were encountered in leafhopper eggs located in
the leaves of oats, barley, wheat, rye, timothy,
Elytrigia  repens, Deschampsia caespitosa, Calam-
agrostis purpurea and Trifolium pratense. Further-
more, they occurred in eggs in the stems of all
the above cereal species as well as those of
Festuca pratensis. The species appeared to occur
in a wide range of plants and in a great variety
of sites, providing there was an adequate food
supply. In spring cereals the species clearly
preferred to oviposit in delphacid eggs in the
leaves rather than in those in the stems (Table 53).
In June and July, when there were many del-
phacid eggs in the leaves of oats and spring
wheat (Fig. 29), there were more eggs parasitized
by A. afomus in the leaves than in the stems.
Toward the end of the summer, the proportion
of delphacid eggs in the leaves declined and the
population density of A. afomus increased. At
this time an ever greater proportion of the
parasitized eggs were located in the stems.
In August, when the abundance of the species
was determined in the different years (cf. Tables
55 and 56), it occurred only scantily in the leaves
of spring wheat, but in oats it was mainly in the
leaves. Even in early autumn, there were consi-
derable numbers of leafhopper eggs and A. afo-
mus in oat leaves. :

In cereal leaves, A. atomas occurs in both the
sheath and the blade. Since there were more
leafhopper eggs in the sheath than in the blade,
the parasite, too, was more abundant in the

Table 53. Proportions of delphacid eggs parasitized by
4. atomus in stems and leaves of spring cereals,
Same matcrials as in Tables 21 and 22

Oars Spring wheat
Sieins Leaves | Stems | Leaves
No. of delphacid eggs [36 579 | 1377 117 189 5
Eggs parasitized by
_A. atomus, no. . .. 1 727 0 5
» Ve 0.1 52.3 0 100
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_—— Spring nheat

Fig. 59. Height above ground occupied by im
mature stages of A. afomas in delphacid eggs in oat
leaves. Left curve: healthy or only slightly virus:
(1795 .A. atomus specimens
Right curve: plants severaly infected with OSD
orfand EWSMYV (908 A. atomus specimens).

y immature stages of A. atomits
mus specimens), Spring

Fig. 60. Height above ground

f oats (592 A. ato
wheat (63) and barley (70},

as shown by the data given in
s of the delphacid

of investigation,
Table 53, only about 1.9°%
9, of those in spring w
In more exten-

sheaths. When it occurred in the stems of ol 7. Fluctuations in abundance
it was obviously more common in thin-wall
than in thick-walled internodes, as seen in:

following tabulation:

cather factors Theimmature stages
when their envi-
y when the plant

eggs in oats and 0.02
were parasitized by A. atomus.
aterial (e.g. Tables 55 and 56) the percen-
the same. These
t the food supply
but actually it was scanty, since
hacid eggs were located in the
d undiscovered.
1960, oat samples were
d the numbers
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'he weather also had an indirect
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og and early summ
reals emerged late, an
rs oviposited for long periods in
blade of the leaves. In such sum
the immature stages of
oats. For example, in the
.the following

No. of Anagrus 55

most of the delp!
cereal stems, where they remaine

In the years 1957—
collected at weekly intervals, an
of delphacid eggs and
A. atomus in the leaves were coun
howed that wherever there were
hacid eggs, parasitized eggs were &
sent. The percentage of parasiti
initially low, but in all years it ros
90 towatds the en
This, as well as numerous ot
observations made in the field, clearly
strate that the food supply wasa v
factor influencing the abu

Height occupied by immatu
stages in the stand. Inall spring cef
species most specimens of the immature st

years when the

er were dry, the stems
d consequently leaf-

of A. atomus in the leaves and stems were log
in the lower part of the stand. In oat fields, W
the most extensive material was obtained
immature stages were situated in the lowermo

ted. The results

rge numbers of
omus, especially in
erial mentioned on p- 43,
cts of delphacid eggs parasi
865 were found in the leaves of

leaves in June, but as the plants grew talle
leafhoppers oviposited higher in the stand
consequently A. aformus, too, occurred at hig}
levels. In August they were at the heights shoy
in Figures 59 and 60. In the eggs of other le
hoppers laid in the leaves they were at appP
mately the same height, but less than 2
total numbers of Anagrus in the leaves W€
such eggs. In the stems, on the other hand
were in delphacid eggs.

In oat stands which were severely i
with the virus diseases OSDV and EWM
A. atomus occurred at distinctly lower levels;
in healthier stands (Fig. 59).
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easily find them, but after the end of July there
parasites and then the
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Fig. 61. Numbers of dclphacid eggs in leav

(in 1957: 300) oat plants in 19578—81960, Solci; tl)ifnczc——’g
cggs considercd healthy + those parasitized by .4, atomus;
dashed line = eggs found to be parasitized by 4. atonus,
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)h'h{ch obscrvations were made, while the broken part
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as in Fig. 16.

100+
s
e
80
3 /
u
§
60 4
8
S
<
Do |
- /
3 ----- 1957
2 » J T 1558
g 4 o —— 1939
5 J — 1960
O
020 30 10 20 3t g0 20 3
June July Aug

Fig. 62. Percentage of delphacid
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.+ are 3-point moving averages. Same
material as in Fig. 16,

86

Ta'ble 54. Emergence of A. atomus aduits o surface
being buried as immatutc stages in soil at different dc :
The percentages are based on the assumption thattg ;i

were equal numbers of insects in cach treatm,
Same trial in Table 42 o

———— p
Do o s A. etomas collcered in cloth funnels |
cm Totai adules Males
No. %
0 L. 53 100
5 oL 47 89
0 ......... 3 6

ously became the minimum factor limiting th
abundance of the parasites. :
According to MacGriL (1934), A. atomus nia
deposit more than one egg in a leafhopper g}
but only one larva develops into an adult. Int
region of the present investigation, nothin

known about competition with other individualy
A

of the same species for the food source.

Biotic factors.
oxylus and  Mesopolobus aequns would feed
delphacid eggs parasitized by A. atomus,
these were located in the stems, However, th
were. only a few such parasitized eggs in'th
stems (cf. Tables 53, 55, 56) and usually 't i
were undamaged, so that the above two p
malids were obviously quite unimportas
enemies of 4. atomus. h

In the leaves of oats infected with OS
and EWSMV there wete more cggs and &g
groups of delphacids than in healthy plants :
Table 23). Many plants in the region of inves
gation were infected with virus, and the defisi
of the immature stages of .4. atomus in vi
stands was greater than in uninfected oat stan
Fusthetmore, there appeared to be mote A L
mus in stands damaged by the frit fly (Osih
Jrit L., etc.) and by the barley yellow d
virus transmitted by aphids, than in heal
stands.

Effect of man. The population deg
of A. atomus appeared to be greater in cultiva

species was also found in leys.

Table 55. Abundance of A. atomus in oats in different years, Each ycar 100 plants from 20 ficlds

). plants annually) were esamined during the period July 28—Sept. 19. Same material as in Table 43

Larvae of Pansin:

BBion of investigation, about half the cereal
"

Delphacid cege Ueher e‘:f,m’"""
Stems Leaves
laternodes Egr geoups No. of
No. of internodes]  inhabiccd by No. of No. of delphacid |  parasitized by No. of A, atomns in lcaves
with delphacid cggs A, alamns A. etomnr egg groups A. atomeas A. atomns
No. % Ko. %
522 4 08 4 62 60 97 163 0
736 3 S - 59 449 25 6 124 0
211 2 0 3 5 2 40 4 0
369 18 4.9 49 10 0 0 0 1
536 13 2.4 47 104 65 63 167 1
589 | S U 63 124 92 74 269 0
526 22 4.2 80 627 356 57 792 0

A place in which to live. There
were numerous fields suitable for the species.
They were small, usually only about 1 hectare
in size, but were situated close to one another,
and so could obviously easily be reached. The
leafhopper eggs were generally laid in the leaves
in the lower parts of the cereal stands, and only
a small proportion of these eggs were destroyed
as a result of drought or other causes, so that
the eggs parasitized by A. afomus usually pro-
duced an adult parasite. From the latter part of
July, A. atomus was also to be found in eggs in
the stems, and most of the adult parasites arising
from these eggs emerged into the stem cavity,
from which some failed to escape. Morcos (1953,
p. 414) observed the same kind of phenomenon
when A. atomus attempted to make its way out
of the eggs of Ditropis pteridis (Spinola) which

ere tilled, and in such fields the immature

: surface was evidently related to the depth
ich they had been buried, fewer escaping
greater depths than from shallow depths

Table 56. Abundance of A. atomus in spring wheat in
different years, Every year 100 plants from each field
were examined during the period Aug. 1—Sept. 2,
Numbers of fields: 18 in 1958, 17 in 1959 and 1960.
and 20 in 1961-—1964. Same material in Table 44

ently even fewer adults succeeded in emer-
to the surface than those which were not
d in the plough layer until the spring. The

4 of cereals and herbage plafnts grO\Ylng P I —
¢ly and abundantly in the region provided -
. 1 No. of in- ‘ N
sites for the reproduction of A, afomus.  Nex {tomodes| mesmesny (80, of|g ol on S ST o, of
L . ith o | A .
ystem of crop rotation, in which leys were selphacid) & o Natane| s et atomns
- . . i " o
lished under cereals and were maintained i
everal yeats, further promoted the popu- 1958 | 249 | 3 1| 31 ol o o 0
i ies. Man thus affected 1959 | 623 | 0 o | o] 28| 2 7] o
increase of the species. Ma 150 52t o o ° ol s o o
bundance of A. atemus in many ways, both 1961 309 1 0 3 210 o 0
1o} . i i 1962 378 3 1 1% 0 [ 0
to increase
y a.nd indirectly, .usually tcm.img. 0 1963 23 | o o 4 sl % ol
ensity but sometimes reducing it. 1964 531 7 1 26 17 {13 76 44

o0
-1




were in Pteridium aguilinum. In the latter case, the
mortality of the parasite was 77.3 %,.

Fluctuations in abundance in
1958 — 109 6 4. It was difficult exactly to deter-
mine the fluctuations in the abundance of the
species from year to year, since the abundance
varied considerably at different times of the
summer (Figs. 61 and 62) and in different fields
at any one time. In the material listed in Tables
55 and 56 A. atomus was relatively rare in 1960
and 1961, but otherwise abundant, especially in
1964. The most important factors affecting the
variations in abundance appeared to be OSDV
and drought. The early summer of 1958 was dry
in‘the eastern parts of the region of investigation
(cf. p. 43) and in 1959 this period was exceptio-
nally dry thfoughout the whole region (cf. Tables
1 and 2). In these years the stems of cereals were
late in emerging, and consequently the leaf-
hoppers deposited a large proportion of their
eggs in the leaves, with the result that there were
moderate numbers of /A. afomwus. The summer of
1960 was warm and there were approximately
normal amounts of A. afomus, although at the
time of inspection of the samples the species was
very scanty in cereals (cf. Fig. 61). The season
of 1961 was moderately wet and few of the plants
were virus-diseased. That year the leaves con-
tained few delphacid eggs, and consequently
there were small numbers of egg-parasites. In the
years 1962—1964, on the contrary, virotic plants
were numerous, there were many leafhopper eggs
in the leaves, and consequently A. afomus oc-
curred in moderate or large numbers.

D. Dicondylus lindbergi Heikinh.

Dicondylus lindbergi was described by Herxin-
HEIMO (1957) from material collected in the
region of investigation in 1956. HELLEN (1953)
had previously used the name Gonatopus con-
Jjunctus Kieff. for this species.

In the material of the present investigation,
only those leafhoppers with an externally visible
parasite were reckoned as parasitized by D. /ind-
bergi. Consequently, some of the parasitized spe-
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Fig. 63. Known localities of D. lindbergi. Solid circle
adult; open citcle = larva in /. pellucida. The poinf;
the lower right is Uusikirkko, now in the Soviet Uni

cimens must inevitably have been placed iti
category of healthy leafhoppers.

1. Distribution

The known occurrence of D. lindbergi is sh
in Fig. 63. The actual distribution of the spegi
however, is probably much greater than
shown in the map.

2. Developmental stages

able 57. Size of D. lindbergi cocoon (mm) in relation to au

mber of parasites in J. pellucida adult

 correlated with the size of the cocoon.
dcoon was usually symmetrically oblong,

B tisturbed when spinning, the latva might

outer cocoon as a kidney-shaped struc-
he inner cocoon was symmetrically oblong
4s usually located in the centre of the outer
4. The size of the cocoon seemed to be
ely correlated with the number of para-
the host (Table 57). If there was only one
;te‘" in the host, the cocoon appeared to.bc
‘while if there were two of more parasites
same species in the host, it was small: In .a
‘way, the presence of Elenchus tenuscornis

¢ same host leafhopper as D. lindbergi

ed to cause a reduction in the size of the

fbn of the latter.

E g g. The egg of D. lindbergi taken from
hopper nymphs was slightly curved (Fig.
170 u long, greyish white in colour and wit
sculpturing. In the ovaries the eggs were 1ot
and narrower. :

Larva. Hexinaemo (1957) described
larval instars of the species, of which he obse
four. However, there are apparently five iné

the first of which is inside the leafhopper ﬂymf’ﬁ‘*

the following three protrude from the host
are visible externally, while the fifth 4
emerges from the host.

Cocoon and pupa. Thepupawasd
3 mm long, and its length appeared to b€’

Fig. 64. Egg of D. lindbergi.

alt. Heikinaemo’s (1957) original de-
jon of the species has been supplemented
TIKAINEN (1961 a, pp- 129, 132). In the
study it was noted that if there were two

es in one host, the larvac developed into

adults than when only one parasite was

July | Avg. Sept.

! QOuter cocoon Innes cocoon
! e
-
Py { i i Length ! Wideh
Length i Wideh g -
- ' Munn:s.p.. | Mesn & S.I. ! Mean &+ SE. l Mean + S.E.
| | \
13 8.540.4 3.24-0.1 3.840.1 1.540.0
9 7.940.6 3.040.2 3,440 1.34-0.0
5 6.74-0.6 2.940.3 3.540.2 1.340.1

3. Life cycle

In Finland D. lindbergi is univoltine. The times
of occurrence of larval instars 11, 111 and IV were
determined from samples collected in the field,
while those of instars 1 and V were established
on the basis of cultures reared in the insectary.
These periods of occurrence are depicted i.n Fig.
65, with the exception of the first larval mst'fu,
whose period of occurrence is so far uncertain.

Egg stage. According to H‘EIKINH‘EIMO
(1957, p. 83), oviposition begins immediately
after emergence of the female adults. No r.lata
are available on the duration of the egg period.
D. lindbergi hibernates either as a first larval
instar or as an egg in the abdomen of the leaf-
hopper nymph.

Larval and pupzl stages. The
second larval instar generally began to protrude
from its host in June, but in 1960 the first
parasites were seen s early as the end of .M.ay.
In most cases the larvae did not become visible
antil their bost, J. pellucida, was in the adult stage,

Moy | June | Juty Aug.

£99

2nd larval insiar
3rd - .

7/ "

Sth = -

Pupa
Male

Female

I

Fig. 65. Life cycle of D. lindbergi

in 1956—1962. Explanations in Fig. 21.




Immalure stages
in the cocoon

34
-4

Time in days

Fig. 66. Relationship between tem
perature and the
speed of development of some D. findbergi stages
in the inscctary.

but in about 5 9, of the cases this occurred when
the host was still a nymph. In leafhopper nymphs
larval instars 11—V became visible about one
week earlier than in leafhopper adults. The same
kind of phenomenon was also observed in the
case of the related species Dicondylus belleni Raat.
(RAATIKAINEN 1961 a). In specimens parasitized
by both Elenchus tenuicornis and D. lindbergi, ot by
two parasites of D. lindbergi, the parasite appeared
about one week later than in adult specimens
containing only one larva of D. /lindbergi.
During emergence of larval instar V, it was
generally the central portion of the larva that
first became visible, followed by the head and
finally by the posterior end. Emergence was most
active around mid-day. The host was often still
alive when the larva came into view, but died
before it had completely emerged. Prior to dying,
the leafhopper attached itself to the plant, where
it remained after the parasite had left it. In tests
carried out in the insectary at 21°C the average
walking speed of fifth-instar larvae (n = 5) was
2.8 4 0.2 mm/min. The time between emergence
from the host and beginning of cocoon-spinning
averaged 16 min. 40 sec. + 2 min. 30 sec.
(n = 9). 1n the trials the larvae moved for an
average distance of 5 cm before beginning to
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spin their cocoons. In the field, they evidg
did not travel for such long distances.
In expetiments conducted in large cages iﬂ

located on the lower surface of the leaves
31 9, 0n the upper surface. The remaining 1
were on vertical surfaces in the leaf sheath
on the stem. The cocoons were often located
the basal part of the leaf blade and paralle
the direction of the blade. Observations
rnade on the spinning of the outer cocoon in
insectary. It was found that on average the
(n = 8) first spun one end for 11 minutes, tur
180° and spun the other end for 18 minuy
Then they returned to their original posi‘
spinning for 24 minutes, and again turne
spin the second end for 17 minutes; and sg
process continued. The outer cocoon was ¢
pleted within about 12 hours, after which
larva spun the inner cocoon in about three day
The exact time required for spinning thc‘u
cocoon was difficult to determine, since f]
spinning movements gradually decreased i
quency and finally the larva remained motio
for several days. It then pupated, with its,
end upward in 68 %, of the 79 pupae exa
The developmental period of the fifth
larva is described by the equation t (T—6.2)5
the developmental period of the pupa by,
equation t (T—5.8) = 202, and the durati
the period spent within the cocoon by the
tion t (T—6.2) = 321 (Fig. 66). At the timi
cocoon-spinning around the end of Jun
beginning of July the cereal stands were:
and the cocoons were located very low in
stands of full-grown oats (Table 58). The coco

Table 58. Height of D, lindbergi cocoous in oats, 1957~

Height above ground Cocoons

m No.

1

1

2

8

4

22

15

53

bpper nymphs,
A
dult stage ab

sually in cereals, but they were also found
Ether plants as well, for example, in the leaf
% and petioles of Stellaria media.
ult stage Whenlarvae emerged from
they subsequently reached
out one week eatlier than
‘which had come out of adult leafhoppers.
emerging from male and female leaf-
¢s reached the adult stage at he same time,
ults developing from leafhoppers para-
{4 simultaneously by Elenchus tenuicornis and
dbergi appeared about a week later than
‘which developed from adult leafhoppers
ng only one D. Jindbergi parasite. The
“of adult emergence was thus very long
bviously not the same in different crops.
leys, where almost all the nymphs with
D. lindbergi larvac remdined, the adult
tes appeared somewhat carlier than in the
elds. Furthermore, brachypterous J. pellus-
mained in the leys, and their progeny
sed earlier than those of the macropters in
cals. Thus the developmental rhythm of
Spatasite and its host coincided well in the
ént fields.
arm summers the females emerged from
ocoons in late July or eatly August, while
1 summers they did so about 2 month
Only five males were observed, and they
ed at the same time as the females.
sence was most active eatly in the morning
-59). No accurate information is available

longevity of the females, but in the

- hours of the day fr

Wweather was partly cl
temperaturc varied, 1

4. Habitats and migration

aty they lived for over 114, months.

itats. The density of D. findbergi was

7--21°C

59. Numbers of D. findbergi adults emerging at
om cocoons in the insectary.
oudy and the mean daily

206 6—8 8101
w5

Total
012 1214 14—16 1618 13—20‘ o

Hours of day
o 0
19

0o 0
3 0

1
115

¢ 1959

Hay June July

Fig. 67. Migration of D. lindbergi-parasitized lcaf-

hoppers in 1957-—1964. The numbers of leafhoppers

are shown on the left-hand ordinate. Black columns

= J. pellucida parasitized by D. lindbergi alone; white

columns J. pellucida parasitized by D. lindbergi + E.

senuicornis. Same material as in Fig. 24, where further
explanations are given.

spring the larvae were most numerous in leys
established under cereals, while after the mig-
ration of J. pellucida they were most abundant
in spring cereal fields.

Migration Larvae of D. lindbergi were
transported along with the nymphs and adults
of their leafhopper host. The distances travelled
by the nymphs, were short, however, so in these
cases the parasite larvae were carried only to the
edge of the field or to the adjacent field. They
were carried further by brachypterous adults and
for the greatest distances by macropterous adults.
The periods of migration of leafhoppers para-
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Table 60. Migration heigh e iti
_ lig ight of /. pellucida parasitized
D. lindbergi in 1958 and 1959, Same m:‘:erial zzcinby

Table 10
leigiud by
; Yeu H“_sh:“ol ol D. lindbergi Total
Togeeher wi
Alone | S o] No- ;/:II:{H‘[
1958 10 0 0 ¢ [}
‘ » 6 2 0 2 1
! » 2 2 1 3 2
i
| 1959 9 5 6 11 2.2
{ » 6 5 6 11 1.3
» 2 22 14 36 2.8

1 sitized by D. Jindbergi, as determined from sam-
; ples collected in the netting apparatuses, are
shown in Fig. 67. When the samples were
cxam{'ned, only those leafhoppers where the
parasite was seen on its surface were scored as
parasitized by D. lindbergi, and consequently
other leafhoppers as well may actually have
‘ contained a parasite which was not visible. In
1959 and 1960, when the greatest numbers of
J- pellucida specimens were parasitized by D,
lindbergi, half the parasitized leafhoppers had
migrated by the same date as half the healthy
ones. The period of migration of parasitized
leafhoppers may be shorter, however, than that
of healthy ones and appeared to be mostyntense
during the middle of the migration period of
J. pellucida. The density of migrating parasitized
leafhoppers seemed to be gteatest below the
level of 6 metres. Parasitized specimens were
collected, at a height of 9 metres, however, and
apparently occurred even higher (Table 60). In
neither of the two years of investigation were
any statistical differences found in the migration
height of patasitized and healthy /. peliucida
leafhoppers.

In tests, the females usually moved slowly,
exploring the surface, and occasionally ran at
a speed of about 6—7 cmysec. for a few deci-
metres. The males flew and thus were possibly
able to travel further from their site of emergence
than the females, which often femained in the
same place for their entire life.
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ontaining 20 J. pellucida of instars 1I 1o
thphs. The control corks contained the
wmber of nymphs but no dryinid. The
re opened when about half the nymphs
ryinid-containing corks had died. Sub-
tly the dryinid was removed and placed
w cork with 20 nymphs, and the control
Bimilarly renewed. Four control corks and
R containing D. Jindbergi females were used
experiment. It was found that the females
Bd.an average of at least 2.7 nymphs per day,
maximum of 3.8. Without food and water
inales in rearing corks attached to oats
ed for 2—4 days.

ence on J. pellucida. A leaf-
parasitized by D. Jirdbergi did not reach the
ge if the parasite already protruded to the
hen the host was in the nymphal stage.
tized adult behaved differently from a
one. For example, at the beginning of
itida oviposition, parasitized adults appea-
:be at a higher level in cereal stands than
pecimens. Furthermore, parasitized leaf-
rs died earlier than healtby ones and failed
toduce. D. /Andbergi females killed and
d J. pellucida nymphs.

¢ ratioand copulation. Inrear-
petiments a total of 451 adults were ob-
om larvae of D. Jindbergs; six of these were
.39%). One male under examination in
tary copulated several times with differ-
Bemales two days after emergence. Since the
ers of males were extremely low, unfertili-
ales probably produce female offspring,
do cerrain other dryinid species (cf. CLau-
40, p. 322). However, in certain closely
-species, such as Dicondylus bicolor (Hal.)
elleni Raat., the sex ratio is approximately
INDBERG 1950, p. 2, StrUBING 1956 a, p.
AATIKAINEN 1961 a, p. 135) and copulation
s t0 be common in these species.
ogeny number. To judge from the
EPtimordia found in the ovary, the females
it at least 30—50 eggs. The eggs were
gited in the abdomen of the leafhopper
BbL.. Generally there appeared to be only
28 per nymph, but at times two or even

3. Food supply, influence on J. pellucida 4
reproduction «f

Host species. The female of p
bergi observes its prey by means of jts y;
sense, as mentioned by HEIKiNHEIMO (19:;
83). When the point of a lead pencil was btg
close to 2 female, it adopted a position of g
and it did the same when shown a2 leafhg,
nymph in a second closed Petrj dish. Sin
when the nymph of Rhcpalosiphum pads (1
p_»tcscntcd to the female at a distance of 114
timetres, it reacted as if it were a2 suitable :
Put after touching the aymph the female tcjcv
it and in subsequent tests did not rea
After cxamining the prey animal the fe
adopted a position of attack, but unles
prey moved the female did not attack jt. v
4 leafhopper nymph was present, the f;
touched it with its antennae, and as 509,
the aymph moved the female seized i
female consumed some of the nymphs w
it attacked and oviposited in others. [

species: Javesella pellucida, J. obsenrella
Megadelphax sordidulus (Stal), Dicranotropis g
(Boh.), Stiroma bicarinata (H.-8.), and Criom
albomarginatus Curt. Females used their aﬁtc
to touch adults of Jaesells Dpellucida
nymphs of Macrosteles sp. and  Peammel
alienus (Dahlb.) but did not seize them. ]
laboratory the females also consumed wate!

Under field conditions larvae of . /in
Weze encountered only in the nymphs and
of J. pellucida. Once (EP, Sulva, June 17,:19
a 4th-instar larva, apparently of D. Jindbe
found in a female of Javesella obscurella ()
and evidently this species, too, is a host 0
dryinid. In the field the adults and larva
D. lindbergi feed, at least in part, on
prey animals, since the adult is more
phagous than the larva.

Quantity of food. D. lindberg fe
were reared for 18—38 days ip rearing,
attached to oats (temp. ca. 13°C). The;
emerged female adult was placed in a £

threc parasite larvae were found in one host.
This phenomenon, however, was probably not
polyembryony, which occurs in some other
species of the family (cf. CLausen 1940, p. 322).

6. Fluctuations in abundance

Weather factors. Nodataareavailable
on the total number of eggs laid at different
temperatures, but it may be greater in warm
oviposition periods than in cool periods.

The larva of instar V appeared to tolerate the
humidity conditions existing in the fields, and
no differences in the mortality of the other
instars were observed from year to year. Obvi-
ously, variations in humidity had little direct
effect on the mortality of the immature stages
of the species, but indirectly, through the host,
drought appeared to influence the abundance of
the species.

Food supply. J pellucida was the main
host of D. lindbergi; it rarely occurred in other
species. Since at most only 11 9, of the adults
of J. pellucida were parasitized by D. lindbergi, a
scarcity of host animals was never a factor
limiting the absolute numbers of the parasite in
any of the years studied. However, the distri-
bution of the hosts may have meant that the
female dryinid was unable to find more than a
fraction of them. The proportions of D. Jind-
bergi in nymphal populations of /. pellucida of
different deasity are not known, but in adult
populations in oat and spring wheat fields of
varying leafhopper density, the proportion of
parasitized insects was about the same in all
the populations. There were fluctuations, how-
ever, from year to year.

In sweep-net samples taken in 1958—1964
from oats and spring wheat, D. /indbergi occurred
more often in female than in male leafhoppers
(x* = 205.52***; Table 61). When the host and
parasite are of different sexes, it is possible that
they affect one another’s survival in a different
way than when they are of the same sex. How-
ever, no such difference was noted in the material
obtained with the netting apparatuses in this
investigation, and likewise there was no differ-
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Table 61. Occurrence of D. lindbergi i
[ . rgi lasvae in J. pellucida in material fi i
the sex ratio of some healthy leafhoppers was not determined) and ;enin?;;up::ﬁezeze‘lsTgﬁ: 11.‘8I))lf: 169458‘
af cf, -

Speing cereals

Male
Total No. aies % Total .
Healthy leafhoppers ......... ?
Bt TR gt L 17 ggg 10 ;88 60.8 5738 ?
» » D. lindbergi + E. tenuicornis 305 12(2) gg'zl g; ll

ence in either material when D. /indbergi and
Elenchus tenwicornis were in the same host leaf-
hopper. When J. pellucida was parasitized by
E. tenuicornis no difference in effect was found
whether the host and parasite were of the sam;
sex or of different sexes (RAATIKAINEN 1966 b).

Biotic factors. The female of D. lind-
bergi evidently avoids depositing more than one
egg in each host, but occasionally there were two
or even three larvae of D. lindbergi in one J. pellu-
cida specimen. In material collected with a net
at the end of June and beginning of July from
oats and spring wheat, 623 specimens of J. pellu-
cida had one D. lindbergi parasite and only five
had two parasites (cf. Tables 64 and 65). When
there was more than one parasitic larva in the
same host, the host appeared — at least in the
cultures — to succumb more readily than if it
contained only one parasite. In the cultures, it
happened seven times that only one 5th-instar
D. lindbergi larva emerged from an adult leaf-
hopper containing two parasites, while only once
did two larvae emerge from such a host. This
experiment indicates that the host generally died
as the first larva emerged, and the second larva

Table 62. Frequency of J. pellwcida parasitize
D, Imdbergi and E. lenuicornis in samplespcollec’tzeddbl;ynet
from spring cereals during the periods July 1—17, 1958
and June 14—18, 1960. At the end of the samplin
petiods the first final-instar larvae of D. lindbergi nppcareg

1958 1960
No. % No. %
Parasitized by D. lindbergi 57 2.5} 250 6.8
» » E. tenuicornis 889 39.2 466 12'7
» » both species 75 33| 49 1.3
Non-parasitized .......... 1250 55.0 |2908 79.2
2271 100.0 |3 673 100.0
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succumbed before it succeeded in emerging fif
the dead host. !
Singular parasitism was the most frequi
form, but multiple parasitism was also comni
The latter form of parasitism was investigat
in two years: in 1958, when a high propo
of leafhoppers were parasitized by Elenihif s
tenwicornis, and in 1960, when a high propotfist JEs:
were parasitized by D. lindbergi (cf. Table'62);
In both years there were so many speci il
containing parasites of both species tha
possibly greater mortality of leafhoppers*
sitized by both species simultaneously coul
be established. :
In the leafhoppers parasitized by bo
sennicornis and D. lindbergi, usually only on¢’la '
of the latter species was visible (304 such c2 !
but in one specimen taken from spring ¢¢
two such larvae were scen (data in Tabl
and 65). When the adult leafhopper conts
one D. /indbergi larva and one male pupi
E. tenuicornis, in 24 cases (75 %) E. vemiiiéol
emerged from the host, in 3 cases (9 %) D
b.ergi emerged, and in 5 cases (16 %) both’
sites succeeded in emerging. When the
Jeafhopper contained a D. lindbergi larva
female of E. fenwicornis, in nine cases D..
bergi emerged before E. fenuicornis became VI
while in four cases the E. tenuicornis feml
became visible on the surface of the host b A
the Sth-instar larva of D. lindbergi emerged:
though the female became visible, it was uf
to produce offspring, since the host as we
the female itself succumbed. These trials,
as many other observations, clearly show
D. lindbergi larva usually died if the sam
hopper also contained a male E. #n%

¢ted in nymphs and adults of J. pellucida

i

163, Annual abundance of J. pellncida parasitized by
wbergi according to samples taken with 3 netting
N 4 -t ases. Only those leafhoppers with an externally
Netting spparatuses /il Lisible parasite were reckoned as parasitized.

Same material as in Fig. 24

Pamasitized by D. lindborgi

Total no. of
J. pelincida Total

No. %

With

Alone
E. teanicornis

691
2680
1177

152

135

106
1778
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w N
coo=bbdr
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£as it often stayed alive if the host contained

ale E. fenuicornis.
the spring and early summer prior to the
rce of D. lindvergi, Achorolaphus gracilipes

“ften killed its host. If both A. gracilipes

lindbergi were in the same host, the latter
y died. A. gracilipes could possibly also

;mze the larva of D. lindbergs, since it para-
i Dicondylus helleni Raat., which in turn para-
d Megadslphax sordidulas (Stal) (cf. Raarr-

EN 1961 a). Such cases, however, if they
rted at all, were extremely rare.

i immature stages in D. /indbergi cocoons
bmctimes seen to be infested with parasitic
enoptera, but so fat these have not been
;f"'ined. In cultures reared in large cages on
;;eld in 1961, 13 cocoons out of 137 (9 %)

£:64. Annual abundance of J. peliucida parasitized by D. lindbergi in netting sa
from each field; in the other years 60 sweeps. Only those leafhoppets with an

unted as parasitized. Same material as in Tables 75, 82—85 and 93

had such parasites, with only one parasite per
cocoon.

The numbers of D. lindbergi were influenced
by many other biotic factors besides those men-
tioned here. Among other things, pteromalids
and Anagrus atomus destroyed J. pellucida eggs,
and consequently less food and fewer oviposition
sites remained for D. lindbergi than if such
Hymenoptera had not been preseat.

Effect of man. The population density

of D. lindbergi was greatest on cultivated land;
the species occutred sparsely in wild and half-
wild atreas. The effect of man on the population
was generally indirect; i.e. the numbers of J. pelu-
¢ida changed first, after which D. lindbergi was
correspondingly changed. The harvesting of
cereals had virtually no effect on the mortality,
since at harvest time the population consisted
of immature stages in the leafhopper nymphs and
to some extent as adults. Only a few individuals
were destroyed, for instance, by the wheels of
the machine. In the region of investigation
about half the cereal stubble area was ploughed,
and about 90 %, of the J. pellucida nymphs died
during this process in the ploughed fields (Raa-
r1xaINEN and TiNniLi 1959 a, p. 55). D lind-
bergi in the dead nymphs likewise succumbed.
During ploughing, a few D. lindbergi adults were
evidently also killed.

Fluctuations in abundance in
1958 —1964. The density of D. /indbergi, as
well as the proportion of J. pellscida parasitized
by D. lindbergi, varied considerably during the

mples from oat ficlds. In 1959 and

o Pacasitized by D. lindbergi
Av No. of | No. of | Toul no-
Sampling pesiod Wli‘.\:ﬁm ...‘;,.‘1. n:ee;i of J. Alone | With E. fensicornis Total _
pellucida —{ No.per &0
No. % | No. % | No. % | net sweept
28, Vi—10. VII 4. VII 7 420 1256 35 2.8 36 2.9 M 5.7 10
25, VI—11. VII 3. VIl 10 | 2000 5210 7 0.t 86 1.7 93 1.8 3
17. Vi— 1. VII 23. VI 13 | 2600 3954 |[152 3.8 62 1.6 |[214 5.4 5
19.—30. VI 23. VI 20 | 1200 684 68 9.9 8 1.2 76 11.1 4
5— 7. VI1 7. Vil 20 1200 1800 {121 6.7 12 0.7 |133 7.4 7
26.—21. VI 26. V1 20 | 1200 1951 2 0.1 2 04 4 0.2 0
29.—30. V1 30. VI 20 | 1200 1023 1 0.1 1 0.1 2 0.2 0
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Table 65. Annual abundance of J. pellucida parasmzcd by D. lindbergi in netting samples from spring wheat. I,
200 net sweeps were made from each field; in the other years 60 sweeps. Only those leafhoppers with an ext,
visible parasite were counted as parasitized. Same material as in Tables 76, 82—84, 86 and 93

. Parasitized by D, findbergi
) X Average | No. of | No. of | Total no. ! -
Year Sampling period sampling date] samples | sweeps p:;/..-.’z. | Alone With E. :,...-:.m‘.l Total
| No. % ! Ne % | N % n':?-‘lﬁ
1958 1.—10. VII 7. VII 5 300 1357 29 2.1 29 2.4 58 4.3
1960 17. VI—1. Vi1 27. VI 8 {1600 1329 27 2.0 10 0.7 37 28
1961 19.—30. VI 24, VI 20 | 1200 829 65 7.8 17 24 82 9.9
1962 5— 7. vll 6. VII 20 | 1200 1616 117 7.2 40 25 {157 9.7
1963 26.—27. V1 26. VI 20 | 1200 1661 1 0.1 1 0.t 2 0.1
1964 29.—30. VI 30. VI 20 | 1200 1420 3 0.2 1 0.t 4 0.3

years of these studies (Tables 63—65). In 1958
there were moderate numbers of D. lindbergi.
The proportion of J. pellucida parasitized by the
species gives a better picture of the actual num-
bers of D. lindbergi in 1958 than the numbers
calculated per G0 net sweeps, since in that year
samples were taken from fields where there were
many specimens of J. pellucida. In the warm
summers of 1959 and 1960, the proportion of
parasitized leafhoppers increased. Since in these
years the numbers of hosts were small, the values
calculated per unit area of ground surface or per
60 sweeps did not rise so much as the relative
amounts. In the summer of 1962 there were still
abundant adult leafhoppers parasitized by D. /ind-
bergi, but oviposition was probably poor owing
to the cool, wet weather. In the following year
the population density was at a minimum, and
itdid not even appear to rise during the following
summer, i.e. 1964.

There was sufficient food in all the years, and
the natural enemies of the species evidently had
no important influence on the variations in
abundance. In the autumn of 1959 and spring
of 1960 relatively the largest areas of newly
established leys were ploughed, because they
had grown poorly in the dry summer of 1959.
Such measures probably had a pronounced effect
in reducing the absolute numbers of the species.
However, the species increased substantially,
showing that cultural practices in this case did
not cause the previously mentioned change in
abundance. The most important factor affecting
the fluctuations in population evidently consisted
of weather influences.
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E. Elenchus tenuicornis (Kirby)

Many species and genera belonging t
family Elenchidae have been described. Accordif
to BouarT (1941), however, the family Einm
dae, as reconstituted, contains only the s
genus Elenchus. According to Hassan (193
364), nearly all the stylopid parasites that
been bred out of delphacids belong to
species, Elenchus tenuicornis (Kirby). Accordig
LiNDBERG (1949, p. 32), the species desc
from Europe actually belong to one an
same species, and BAumerT (1959, p. 401):;
that all the elenchids known at present by
to E. tensicornis. Thus, E. tenuicornis has:
synonyms (cf. BoHART 1941, HOFENEDER
FuLMek 1942, 1943, HorFENEDER 1952, SzE}
1954). If all the elenchids belong to one sp
then this species has an extremely wide rang
presumably consists of several races. No
investigators agree, however, that all the;
chids should be combined into one speciesit%.
example, Bohart (cf. Hinckiey 1963, p- e
distinguished several Elenchus species in 195 b
and according. to Prerce (1961, p. 468) %,
family Elenchidae comprises at least 7 genet:
over 11 species. He is of the opinion th
Europe there are two species, Elenchus wi
Curtis in England and Ireland, and E. smvi
Kirby in England. The species propose
Prerce (1961), however, are probably not spo¥
but taxa of a few or one polytypic specics;

In the present studies, the leafhopper:
sidered to be parasitized by E. tenuicort
those in which the parasite had visibly pt©

the host or whose morphology had been
d so much that they wete unquestionably
nzed (cf. LinDBERG 1949, RAATIRAINEN
. b). In identifying the specimens it was not
ble to dissect all the leafhoppers to verify

ther they contained a parasite or not. Para-
4 males of J. pellusida were satisfactorily

}zxmed by the method used, but some
he parasitized females were unavoidably
dcd among the healthy leafhoppers.

1. Distribution

BAUMERTS (1959) opinion of the delimi-
v of the species is correct, E. tenuicornis is
opohtan According to reports in the litera-
m Europe Elenchus occurs at least in Ireland,
d, France, Germany, Austria, Czecho-
kia, Hungary, the Soviet Union (Carpa-
s), Denmatk, Sweden and Finland. Outside
dpe, the localities where it has been found
de the Canary Islands, Cape Verde, Mauri-
Turklstan Japan, Queensland, the Fiji
, Hawaii, Mexico, California, *Dakota’,
: and Maryland (HorenEDER and FULMEE
1943, HoFENEDER 1952, WiILLIAMS 1957,
ssy 1959 b, 1965, LinpBERG 1960, PIERCE
i j Hinckeey 1963, EMMRICH 1966 ). At all
. E. tenuicornis evidently occurs throug-
most of Europe and the islands off the
west coast of Africa, and in this entire
there is only one species. According to
nt knowledge, the general distribution of
$pec1es is suboceanic.
I151detable information is available on the
jtrence of E. tenuicornis in Finland. Current
ptove that it is common is southern and
tal Finland, but its northern boundary is
krtain (Fig. 68).

2, Developmental stages

g g. According to Hassan (1939, p. 365),
Agg is oval in shape and its long diameter
k068 mm.

‘irva The first-instar larva is called a
gulu-ud after the name given by Chobaut

0073—-67

. 68. Known localities of E. tenwicornis in Finland.
Sohd clrclc—paraslte in J. pellucida; open circle =
parasite in other delphacid.

(cf. Hassan 1939). This campodeoid type of larva
has been described by several investigators (e.g.
Hassan 1939, p. 366, LinpBERG 1939, pp. 71—
75, BavmerT 1958, pp. 367—375). The other
larval instars are of the apodous type. According
to BauMmerT (1958, pp. 395—419), E. senuicornis
have five larval instars, while WiLiams (1957,
pp- 82—84) gives the figure as six for E. temple-
toni Westw.

Pupa. Hassan (1939, pp. 367, 368) descri-
bed the prepupa and pupa of the male, while
LinDBERG (1939, pp. 98—101) and BauMERT
(1958, pp. 420, 421) gave descriptions of the
pupa. According to WILLIAMS (1957), the female
of E. templetoni does not have a pupal stage but
instead a pseudopuparium. LINDBERG (1939)
stated that the female larvae of E. remuicornis
pupates inside its larval skin, and BAUMERT
(1958) also mentioned that the female pupates.

Adult. In Sweden, AuLBERG (1925, pp.
81, 82) described E. tenuicornis parasitizing
J. pellucida and gave it the name Elenchinus del-
phacophilus Ahlb., while in Germany BAUMERT
(1959, pp. 343—365) gave a full description of
E. tenuicornis which he teared from J. pellucida
LivpeerG (1939, pp. 93—96, 103—107) de-
scribed E. fenuicornis parasitizing species of
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July | Aug.

Sept. | June| July | Aug. | Sept.

Triungulinid

Other larval instars

Mole pupo
Male
female

Fig. 69. Life cycle of E. tenuicornis in J. pellucida in 1956—1962. Explanations in Fig. 21

Chloriona in Finland and mentioned it as a
new species Elenchinus chlorionae Lindb., while
Hassan (1939, pp. 369—371) presented a rather
lengthy description of E. fensicornis occurting
in England. In the literature reviews by Hore-
NEDER and Fuimek (1942, 1943), HoFENEDER
(1952) and Sztxessy (1959 b), information is
available on other descriptions published up to
1959.

3. Life cycle

In the region of investigation E. femuicornis
was found to have one generation annually (Fig.
69), just as in southern Finland (cf. LINDBERG
1939). In Germany it has two generations a year,
the summer generation living about 3 months
and the winter generation 9 months (cf. Bau-
MERT 1959, p. 380, EmmricH 1966 2). In the
laboratory it is apparently possible to rear 4
generations annually of the Elenchus studied there
(BauMerT and BenriscH 1957, p. 435). In Eng-
land, too, E. tenuicornis has two generations each
year; the life-span of the first is slightly more
than three months and that of the second nearly
nine months (cf. Hassan 1939, p. 348).

E gg. The eggs remain within the female all
the time. The period duting which eggs were
present was apparently at least a month, as in
the case studied by Hassan (loc. cit.).

Triungulinid. Inthefield, triungulinids

~were discharged about one month after the
extrusion of the cephalothorax of the female,
and in the laboratory they were discharged
about 2—3 weeks after copulation. The timing
of the discharge was studied in the insectary
during the period July 29-—Aug. 14, 1959. The
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times of day when the discharge of triungulinj
from 27 females began wete as follows:

Hours 206 6—8 8—10 10—1212—14 1416 16—18
w
...... 3 5 5 5 4 2 2

It is seen that the triungulinids generally be
to be discharged in the morning and aro;
mid-day. At first there was an abundant
charge from the female, but later it decli
and finally only a few triungulinids app
within a given unit of time. They were:a
discharged at night, but less profusely than
the daytime. In 21 cases examined, the perl
of triungulinid discharge lasted an avera -
44 hours. When it began in the mornin
average duration was 40 hours (n = 14),%
when it began in the afternoon it lasted 53 ho
(n = 7). The duration of the discharge pet!
was negatively correlated with the surroun
temperature (r = —0.43*). The correlation-
not necessarily linear, even though it has be
calculated here as if it were.

In the warm summer of 1960 the dischaf|
of triungulinids began in mid-July, while in
summer of 1958, which was slightly cooler t
average, it began in August (Table 66). Du
the warm season, triungulinids wete prodli
during a period of only about two and a:
weeks, while in the normal season the pet!
lasted three and a half weeks. The tri\.mguli
were discharged from both male and fe
leafhoppers at approximately the same at
The material was also grouped accordin
different types of parasitism (cf. RAATIKA i
1966 b), but no differences in time of disc
were found between the various types.

6. Emergence of E. temsicornis triungulinids in the insectary and proportions of unhatched healthy delphacid
s in 1958—1960. The numbers of delphacid eggs were obtained from the material shown in Fig. 16

Triungulinid emergence

Percentage of unhatched
delphacid eggs at

No. of
E. tenicornis R
femler b ended = gt e
: 29 4. VIII 27. VIII 24 79 29
9 56 26. VII 13. VIII 19 44 12
; 4 16. VII 31, VII 16 32 2

1960, most of the J. pellwids eggs had

ed before the beginning of triungulinid

charge, but in the cool summer only a small

ortion had hatched (Table 66). The develop-

Latal rhythms of J. pellucida and E. tenuicornis

iffered from one another in the different

J. pellucida nymphs were always present

the time of triungulinid occurrence, but

8, the numbers present at that time amoun-

to only a small proportion of the eventual

and the nymphs available were young

s I and II), while in 1960 the proportion

gh and the nymphs were in more advanced

(instars I to III).

e life-time of triungulinids was investigated

en glass containers in the laboratory, using

ent temperature and humidity conditions.

¢ were 40 specimens in each treatment, and

. were examined at half-hour intervals. The
firtality of the triungulinids was as follows:

poc PP, u/l:umidity 509 momality
14 90 4 hours 30 min.
23 60 3 » 18 »

=95 57 2 » 36 »

life-time of the triungulinids was extremely
rt, as had been reported by BAUMERT (1959,
76). According to BAUMERT (0p. cit.), external

tions, especially air humidity, have a pro-
nd influence on the longevity of triungulinids,
| this seems also to be valid in the region of
' present investigation.

he triungulinids were in movement during
st of their period of life. The average rate of
vement of one-hour-old specimens (counted
'm the time of discharge) on a glass surface
20°C was 0.304 - 0.014 mm/sec. (a = 15).

Thus, at temperatures of 20—23°C, the total
distances travelled would be about 3—4 metres.
The actual distance, however, was evidently less,
since the triungulinids stopped from time to
time and their speed of movement decreased
as they became older. According to BAUMERT
(1959, p. 379), the average rate of movement
was approximately 70 cm per hour, which seems
to agrec well with that found in the present
studies. Since the host leafhopper moves some-
what during the period of triungulinid discharge,
the triungulinids from one female are obviously
spread to one or several plants and to the ground
nearly. The area of movement of a triungulinid
is often restricted to a single cereal plant and the
ground surface adjacent to it, evidently consider-
ably less than one cubic metre. Similarly, Bau-
MERT (1958, p. 377) reported that the radius of
action of the triungulinids was small.

When a triungulinid was confronted with a
J. peliucida nymph, it did not always seize it.
In some cases, however, it attacked the legs,
abdomen or thorax of the prey, and sometimes
even its head. It preferred the abdomen and
penetrated into this part. Triungulinids did not
attack nymphs or adults of Macrosteles and
Rhopalosiphum padi (L.). In tests conducted by
LinpserG (1939, p. 85) and BAUMERT (1958,
p. 381), the triungulinids penetrated into del-
phacid leafhoppers but not into other species.
It is apparent that even under natural conditions
the triungulinids select delphacid nymphs as
hosts, but they are able to parasitize a different
delphacid species from the one in which they
have originally grown. Under experimental con-
ditions, many triungulinids often attacked one
leafhopper (cf. LINDBERG 1939, BaumerT 1959,
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Table 67. Emergence of E. fenuicornis males parasitizing J. pellucida in the insectary, 1959 and 1960

1959 1960
Host
No. Fitst Half Last No. [ Fiat Half

Nymphs .........covnvinn 40 27, VI 3, VI 21. VI 0 — —
Adult males with one visible

Elenchus ............... 164 27. V1 6. VII 19. VII
Adult females with one } 84 22, V1 28. VI s

visible Elemchus ......... 123 26, VI 6. VII 16. VII ’
Adults with two visible

Elenchus . o...oooovn... 65 30. VI 7. V11 14. VII 6 25. V1 26. VI 4. V1
Adults with both Dicondylus

and Elenchus visible .... 10 30. VI 1, VII 8. VII 21 23, V1 29, VI S,

BauMERT-BEHRISCH 1960 b). Similarly, in the
field many of them entered one host. According
to BauMeErT (1958, p. 385), the triungulinids
migrate within their host, and shed skins of
triungulinids are to be found most abundantly
in the thorax and abdomen of J. pellucida and
least frequently in the head.

larval instars.
The endoparasitic larval instars are usually in
the abdomen of the host, but sometimes extend
in part into the thorax (BAuMmERT 1958). Accord-
ing to WriLLiams (1957, p. 87), the feeding to
E. templetoni is apparently by abstraction of
nutrients from the blood of the host, while
BauMERT (1958, p. 393) states that the larva
of E. tenuicornis probably obtains peroral liquid
nutrition. The species hibernates as larvae of
the apodous type in leafhopper nymphs both
in Finland (Fig. 69) (LinpBERG 1939, p. 116)
and in Germany (BAuMErT 1959, p. 380).

According to BAumerT (1958, p. 410), the
final-instar larva protrudes to the outer surface
of the host. In the region of investigation, the
male larvae visibly protruded in June or at the
latest in early July. The females became visible
slightly later, toward the end of June and in
July.

Pupa. A few hours after protruding to the
surface of the host, the male larva pupates, while
the female pupates even earlier (BAUMERT 1958,
p. 420). The pupae were within the living host
and were visible on either side of the abdomen
or sometimes on the ventral surface, usually
between the segments. If there was only one

Apodous-type

100

patasite, it was generally seen between the
and 8th segments; but if there were two para
one was usually visible between the 4th and:
and the other between the 6th and 8th segm
In exceptional cases the larva did not beg
visible on the surface and pupated in the intéil
of the host’s body. According to Baums
(1958, p. 421), the pupal stage of the f
is very short, and that of the male in the stu
made by LinpBERG (1939, p. 100) lasted 6
days. Male pupae were encountered in Juné
July (Fig. 69). E
In the region under investigation the ferr
were visible only in adult leafhoppers, whiles
of the males could already be seen in the nym]
Among more than 200 specimens of Chlo
parasitized by E. tensicornis, there was only
in which the male parasite did not bec
visible until the host was adult (LvpBERG 1
p- 96). When the host was Dicranotropis b
(Boh.), the male E. fenuicornis protruded in a
89, of the adults, for Xanthodelphax flav
(Flor) the figure was 93 9, and for /. peliu
100 9, (LiNDBERG 1949, p. 27). In the 1€
under investigation, the E. fenuicornis male
came visible in both the nymph and the adull
J. peliucida. As regards the material coll
from the field, however, it was not possibl
determine the frequency with which the'!
already protruded at the nymph stage. A 19
estimate of tbis is perhaps 10 %, There
differences from year to year. For instantS
the years 1957 and 1958 almost non¢ 00
males became visible until their /. pellucids3

30
June

Fig. 70. Emergence of E. tensic

1958

30

ornis males per day in 1958-—1960. Para-

k before
it ida adults were collected from the ﬁe'ld.aboult 2 wee!
:Ltf :ﬂx{rg‘z‘rféfg? :he first males and reared in Petri dishes in the insectary.

i, the adult stage, while in 1959 many of

ere already visible in the aymph.

e. The emergence of the male of

icornis from its pupa at different times
he day was ascertained in the insect:ary
hg the period June 27—July 8, 1959. During
laytime of the above period the sky was
y oudless or about 5—10 % covered with
4. On three days the entire sky was overcast
 short time. The numbers of E. tenuicornis
emerging from adult J. peliucida were as

Ws:

4—66—88—1010—-1212—14 14-1616—1818—2020—22 22—4

s 2 41 71 51 53 S0 37 1020
i

'tdmg to this test, the males did not emerge
ight. When the maximum temperature Was
fw 25°C, emergence appeared to take place
Hy at mid-day, but when on certain days the
herature rose higher than this, emergence
‘éd to be retarded during the warm hours
?increased again in the afternoon when the
berature dropped. The material is .sm?ll,
. ver, and there were no statistically signifi-
ifferences in it. According to HAssAN
p. 374), the males usually emerge eatly

;F morning, before 9 a.m.

When the pupa had protruded already in the
nymph of J. pellucida, the males seemed to emerge
slightly earlier than when the pupa had pro-
truded in the adult (Table 67). Since aymphs
parasitized by male pupae of E. tenuicornis
remained almost without exception in perennial
grass stands, such as leys and edges of fields,
it is possible that E. tenwicornis males appeared
slightly earlier in such places than in cereal
fields. Males emerged simultaneously from both
male and female leafhoppers adults. Similarly,
emergence of males took place at about the same
time in adults parasitized by one and by two
Elenchus parasites. Furthermore, when /. pellucida
adults were parasitized by both Dicondylus and
Elenchus, the E. tenuicornis males emerged more
or less concurreatly with those from hosts con-
taining only the one Elenchus parasite (Ta‘ble 67).

In years when the temperature in spring and
early summer was normal, emergence of males
began at the end of June and beginning of July.
In warm years, such as 1960, this process began
as eatly as around June 20, while in cool summers
it did not begin until the early part of July

(Fig. 70). The period during which males

emerged in the insectary varied from about

two to four weeks.
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Table ongevity o enticornss males emer; at different times in t mnsectary
able 68. L gevit f E, # les merging diffi t t. 8 he

Emetgence time No. of males Longevity 1
! "
Mean Minimum Maximuz, ,\\ —— Timothy
--— Qals
26 6 hrs 48 min
3 hrs 3 i
;(7) 6 » 06 » 2 ;’s 0 min. 28 hrg
2 g » 18 » 2y 24 :: 30 mig,
» 18 » 2
13 6 » 00 » 3 : ;? » 30
2 10 » 30 » 1 » 5
13 5 00 » 12 » o

. The longevity of males in Petri dishes in the
insectary was studied during the period June
27—July 8, 1959. The daily mean temperature
ranged from 12 to 20°C, with a maximum of
30° and minimum of 3°. The average longevity
of 1‘?8 males was found to be 6 hours 12 minutes
but it varied widely, as seen from the followin .
figures: ¢

Longevity, hours 1 2 3 4 5 6

7 8 9 10

No.of males 2 713362429 9 7 6 4
12 14 15 16 18 20 21 24

No.of males 1 1 1 1 1 2 2 1 216

According to this test, as well as to the results
of Hassan (1939, p. 374), LivopErG (1939, p
115) and BaumerT (1959, p. 377), males i.ivt;
for only a few hours. According to BauMERT
(1959, p. 379), the life-span of males is longer
under cool than under warm conditions. He suc-
ceeded in keeping males alive for as long as three
days (temp. ca. —4° — +2°C). In the region
under investigation, males which emerged on
cool mornings (max. temp. 18°C) lived for
about 24 hours, while those which emerged on
hot mornings (max. temp. 30°C) lived for not

Table 69. Extrusion of E. fensicorni
. . rais fernal
emergence of males in J. pellucida adults in [trllle z;s:[;::ry
1959. The figures are percentages ’

No. of
observa-
tions

20.-24, 25.-29. 30.V1 5.-9. 10.-14, 15.-19. 20.-24,
vi VI 4VIIVI VI VII vI

Female ex-
trusion 88 2 9
Male
emer-

gence . . 362 0 3

24 43 18 4 0

27 55 14 1 0
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July
¢. 71. Numbers of J. pellucida parasitized by E.
cornis in netting samples (200 sweeps each) taken

first-year timothy ley and an oat field at Laihia
j5 1959. Same material as in Figs. 19 and 20.

x?xore than 6 hours. The males with the longest "
.hfe—span appeared to be those which emerg, h
in the evening, while those with the short
life-span had emerged around mid-day (Tablt
68). Since the life-span of the male was usuall
less than 24 hours, the period of emergenlx
denotes at the same time the flight period‘
the males (Fig. 70). In the Petri dish cultus
the males flew during the daytime. Accotd.ihg
to investigations in England, males likewis ;
d.uring the daytime hours under natural condit
tions (LeEvis and TAYLor 1965, p. 426).

Jows and fields on moist or wet sites. In dry
ces and forests it seems to be less frequent.
region of investigation, leafhoppers para-
d by E. tensicornis were found in all cereals,
nds of leys, field edges, meadows, wasteland
orests. 1n autumn and spring its immature
were most numerous in cereal stubble
cre young ley was growing. They were also
bundant in leys as well as to 2 certain
ant in other stands of perennial grasses.
fhe seasonal changes in abundance of E. tenui-
were investigated in the years 1958—1962
teans of netting samples taken at weekly
cvals in first-year timothy leys established
.t cereals and also in oat fields (same samples
n Figs. 19 and 20). In 1959, the largest
bers of leafhoppers parasitized by E. tensi-
is were found, and in both sampling series
%/, of them occurred in J. pellucida (Fig. 71).
sitized adult leafhoppers were most abundant
imothy in the middle and latter part of the
ration period of J. pellucida (cf. Fig. 24).
st of the patasitized hosts migrated to ceteals,
.consequently E. tenuicornis Was also carried
e (Fig. 71). Some of the parasites, for example
se inside leafhopper nymphs, remained in the
or were brought to them by migrating adult
ts. However, after the migration period, there
¢ only low densities of E. tenuicornis in grass-
ds; even though leys and pastures made up

. F e male. The female of E. fenuicornis remaity
inside the host leafhopper during its entire lif
and its cephalothorax is the only part visibl
the surface of the host. In years with a watm
spring and early summer, females started: :
become visible towards the end of Jupe. T
first females became visible just before the em’
g.ence of the males, but not all of them W
visible during the fight period of the first males;
as shown by the examples in Table 69. The flig]
petiod of the males in the leys was probab y
earlier in relation to the time of appearance :
the females than was the case in spring cereal
The male travels both by flying and by moving
a.lf)ng the suface of the ground. After copulatio
triungulinids are produced inside the female at
are subsequently discharged through the openi
in the cephalothorax.

4. Habitats and migration

. Habitats. According to reports in t
literature, E. fenuicornis generally appeats

Table 70. Proportions of J. pellucida parasitized by

E. ftensicornis in timothy leys during three consecutive

periods of the summer (c£. text). Same material as in Fig.19

Parasitized by
Period No. of [ E. tensicornis Iy
pelest No. % 1o

Fiest .... 1187 196 16.5 — —
Second .. 2195 | 1197 54.5 | 458.15%%% —
Third ... 995 514 51,7 | 302.87%%* 2.17

about 55 % of the cultivated area in this region
(Official statistics of Finland 111, 54), they con-
tained fewer E. femuicornis than cereals, which
comprised about 35 %, of the cultivated land.
In other places the total numbers of E. tennicornis
after leafhopper migration were probably even
smaller than in leys.

Every year the numbers of parasitized spe-
cimens of J. pellucida obtained by netting were
divided into three approximately equally-sized
groups according to their time of occurrence
during the season, and the corresponding groups
from each year were then combined (Tables 70
and 71). The results demonstrate that in both tim-
othy and oats the proportion of leafhoppets par-
asitized by Elenchus was smallest at the timewhen
the adult leafhoppers first appeared and increased
throughout the summer. Since fewet leafhoppers
apparently moved to spring wheat than to oats
at the beginning of J. pellucida migration and
since there were larger numbers of parasitized
leafhoppets towards the end of migration than
at the beginning, the proportion of parasitized
leafhoppers was usually greater in spring wheat
than in oats (cf. Tables 75 and 76).

Table 71. Proportions of J. pellucida parasitized by E.
senuicornis in oats during three consecutive petiods of
the summer (cf. text). Same material as in Fig. 20

Pacasitized by
. No. of J. ieOr i r
Period ;' o ‘{ 5;,"""":/': : L4 u
I
First .... 1972 131 6.6 — _
Second .. 1805 634 351 |47L.so%** —
Third ... 2551 |1246 48.8 [933.53%%*B0.52%**
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Fig. 72. Migration of E. tenuicornis-parasiti

hoppers in 1957—1964. The numbers ofplea.:'ll::)z;derskd‘

showp on the left-hand ordinate. Black columpn iyl

pellucida parasitized by E. tensuicornis alone; white col:m{;

= J. pellucida parasitized by E. tensicornis + D. lindbergi:

narrow_black colutnn = other leaf| hoppets parasitized g,

E. tenuicornis. Same material as in Fig. 24, where furth ’
explanations are given. ’ “
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. M ovement The movement of triugg
linids has already been discussed earlier,

other larval instars do not move outsidc. e
host. The adult female remains throughou?e&
entire life within the host. The males move ei
by flying or by walking along the surface,
average speed of movement of males at 20!
along a glass sutface was 4.1 + 0.08 mm/'

4
o

@
1~
M

(0 =6). The flights covered at least 5 mety
and under experimental conditions, males f;
a number of times during their life-time, -
T.ransport with host. After E. fny
cornis became visible in the host aymph, the ho;
evidently rarely moved to another field. Hoy
ever, since the Elenchus parasites which becsi
visible in naymphs were always males, it is evi
that a.largcr number of males remained in
overwintering sites than females.
According to Linpeerc (1939, pp- 140, 141
1949, pp. 34, 35, 1960, p- 5), Elenchus c’ah
brachyptery in certain delphacids but presumal
not in all species. It may produce brachyptery
J- pellscida (LinpaER G 1949, p. 35), but this
not found in the region under investigatil
B.rachypterous leafhoppers travelled for ¢
'51derably shorter distances than macroptero
individuals, but because at the most only s
numbers of brachypters were caused by E.
fami:, the parasite did not appreciably dectes
its owan chances of dispersal by its host. P
sitized brachypterous leafhoppers appeare
travel only to the adjacent fields, just as did
unparasitized brachypters. But the material

Porcsitized by £ fenuicornis, %

he host.

‘carried from field to field by macropterous
lfucida. The parasite was obviously some-
s carried for distances of several kilometres

¢.years 19581964 the first leafhoppers
sitized by E. semuicornis, all of which were
llucida, migrated on June 7 on the average,
bich was 5 days later than the leafhoppers
idered to be healthy. The proportion of
itized /. pellucida increased during the sum-

in all years, although at the end of the mig-
Bion period there was occasionally a small
ne (Fig. 73). The dates by which the netting
aratuses had collected half of the /. pellucida
imens parasitized by Elenchus alone as well
the healthy specimens were as follows:

Fig. 73. Pescentages of migrating J. pellucida parasitized hy
E. tenuicornis according to material collected with netting
apparatuses in 1957—1964. The matecial from each year
was grouped into 5-day periods, The curves are 3-point
moving averages. Same material as in Fig, 24.

1959, The results, presented in Table 72, show
that the density of the parasitized J. pellucida was
greatest below 6 metres, although it was con-
siderable even at 10 metres. The height of mig-
ration of healthy /. pellucida was compared with
that of specimens parasitized by Elenchus alone.
In this compatison, only male specimens con-
sidered to be healthy were used, since among
apparently healthy females there may have been
parasitized individuals. According to Tables 10
and 72, it is seen that in 1959 the height of
migration of parasitized leafhoppers was signi-
ficantly greater than that of healthy specimens
(y* = 7.20%, d.f. = 2), and that in 1958, too, the
parasitized leafhoppers appeared to migrate at
higher levels than the healthy ones, but this time
the difference was not statistically significant

died was small, so t i
could > hat a reliable comparis Paresitized Healtby  Differences, dags
not be made. : 29. VI 19. V1 10
'E' Zemuicornis was transported for the longdét M8y 23. VI 22. VI 1
distances by macropterous hosts. Fi g. 72 sh 8. VI 5. VI 3 Table 72. Migration height of J. pellucida parasitized by
the migration periods of macropterous 9. VI 7. VI 2 E. tenuicornis in 1958 and 1959.Same material as in Table 10
phacids parasitized by FElenchws. The matet 2;' v‘? fg' 3; zg Parasitized by E. femnicomis
CO;lSlBSted of 932 J. peliucida specimens (99:1 767 s 23, VI 15. VI 8 Year ?ﬂl With Total
an . ?f d] obseurella (Boh.) (0.9 ¢4,) which " Alone L 1y limdbergi | No. !Z””:L‘
ar: p " -
Pb asmz;. by Blenchus. The species was ording to these data, /. pellucida parasitized
obs :
samt;rlve 1;,1 cfth:'; leafhoppers. According t Elenchus migrated an average of 7 days later 1958 10 32 0 32 33
es obtained with the netting appara i ; 1 _bara- » 6 60 0 60 25
g app! specimens which were apparently non-para ; 2 a 1 w2

J. pellucida wras definitely the most imp
means of dispersal of E. tenuicornis, and th
majority of Elenchus occurring on cultivate:

ed.

10053—67

d by E. renwicornis was studied in 1958 and »

he hei igrati . pellucida para- 1959 9 94 6 | 100 20
e height of migration of /. pellucida para " : 194 p LA
2 225 14 239° 19
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5. Hosts and influence on J- pellucidy

. Host Species.
limited jn the way prop
the species has thus far
about 55 leafhopper 5
and Fyrmeg 1942, 1

o pteviously recorg, i
Acladed  (cf, Linpperg 1939, 1943 c;i;49ls

Ko
NTKANEN 1950 b, RaATIRANEN 1960 a)

b .
J:;i[i:: Z[.)eu.es J- peliucida, S obsesrells (Boh.)
*earinata (H..S,), Megadelphas mrdidul.u;

(Sté-l) Xaﬂfbﬂdt/ 14 -
s b
p a.x ﬂaﬂeo/l(.r (FIOI) and Dy ano

ét’//t(ﬂ‘dd, but a few petcent of

foun i
d to copulate with one another

studies have been

Influence on J. pellucid,,

made on the effect of & lenus-
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X E. tenuicornss is de-
osed by Baumerr (1959),
been found to Parasitize
pecies, (cf, HorenEDER
943, Horeneprr 1952,

No. of adults died

er natural conditions the life-span of leaf-
s parasitized by Elenchus females was prob-
onger than in the trials (mean life-span

¥s)-

]I;AATIKAINEN 1966 b), anatomical (e.g. Bay,
EHRISCH 1960 a angd b) and ethological ¢

6. Reproduction

In addition, the deve

leafhopper is retay ded (BAUMERT'BEHRISCH tatio. In the material of Hassan (1939,

, 378) and LinpBERG (1939, pp. 95, 101),

ex ratio of Elenchus was about 1:1 or slightly
dominated. In the studies of BAuMERT
9. p. 392), the ratio of males to females in
aterior of the host was approximately 5:4,
he ratio of males to females among the
es visible on the surface of the host was

. T:1.

e sex ratio in the field was difficult to deter-
the present investigation, since some of
males emerged before the protrusion of
es, and by the time all the protruded
es had become visible, some of the male-
itized leafhoppers had already died. In 1959,
g the period July 1—8, which was the time
inost active emergence of Elenchus males (cf.
ble 69), specimens of J. pellucida patasitized by
chus were collected by net in spring cereals.
e were 858 specimens in which a male
bus was visible and 144 with a visible
e, i.e. a percentage of 86 %, in favour of
ales. The corresponding numbers of speci-
taken at the same time in timothy were 319
les (95 9%,) and 18 females. It is obvious that
ex ratio duting this year, as well as in many
years, was male-dominated. In the cul-

. After t.he emecgence of a male Blomchus

0st continued to suryive for a short whil ,
soon a fungal mycelium grew on the cxe,és
part of the pupa inside the host; owin Oﬁ)si
partly to harmfy) fungi and micro-of. aiifms a
partly to other causes, the Ieafhoppeg; died aff
tahic: days. If 2 male Llenchus became visible:
: m.u z;np:s of a.lea.fhopper, the host lived
anuch shorter nmz? than a healthy leafhoppe
A the male did not become visible uti

€ Rost had become adult, the life-time of th

Table 73. Number of progeny of E. femuicornis according to studics made in Burope.
E = identified from egg, L = identified from triungulinid

tures reared in the insectary, thete were even
higher proportions of males, since more female-
parasitized leafhoppers died than male-parasitized
ones priot to the protrusion of the parasites.

Copulation. The male is capable of

copulation immediately after emergence. In Petri
dishes the male copulated several times either
with the same female or with various females.
The male was able to fertilize at least two different
females. BaumerT (1959, p. 375) also found that
males fertilized several females. The species did
not reproduce parthenogenetically.

Progeny number. The number of tri-
ungulinids was determined in the following way.
Before emetgence of the triungulinids the para-
sitized leafhopper and a piece of living oat leaf
were placed in a glass tube 114 cm in diameter,
which was closed with a rubber stopper. After
the triungulinids had heen discharged, the leaf-
hopper in all cases lived for a few days longer.
The triungulinids died in the tube and usually
remained attached to the walls of the tube, whete
they could easily be counted under a microscope.

According to Baumert (1958, p. 381), tri-
ungulinids penetrate into the original host leaf-
hopper. In the present studies the numbers of
triungulinids that penetrated into the hosts were
not ascertained, so that the figures obtained were
evidently slightly smaller than the actual num-
bers. However, the number of emerging tri-

ungulinids found in these studies, averaging
1620 4 110.5 per female, was higher than those
reported by Hassan (1939), Linpserc (1939)
and Baumerr (1959) (Table 73). The numbers

Progeny number
Investigator

No. of

Host femsles

Min.

omelus anceps (Germar)
anotropis hamata (Boh.) .
omorphur williamsi China

the expetiments was"

Days after discharge 1

—-
PO P RO

1 b b b

1360 1200 1500 LinpBerG 1939
1 465 1 450 1480 Hassan 1939
1480 Hassan 1939
1480 1480 1480 HassaN 1939
1493 Hassan 1939
965 BauMert 1959
1620 1095 2165 Present study

»

2058 ’
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(? pectmens were overlo,
1 The number of triungulinids per female i(:lk;(iis'
; study was evidently about 1 500 of slightly less
So far, only a few determinations have bccn.
mad.e on the number of Progeny of E. temui-
cornis. The resules obtained, however. s;u est
tl'.xat there are differences in this nL;mbcgrg in
different regions and also in different hosts,

the abundance of the parasite.

In some years many of the /. pellucidy.
hoppers had not yet teached the nympha] 4
before the time when the triungulinids appeyy
while in other years neatly all of theP ;
attained the aymphal stage (Table 66), -
factor probably had an influence on the
dance of Elenchys.

Biotic factors It often happens |
several triungulinids penetrate into the
lcfa..fhopper aymph. Under experimental c
ditions, Chloriona and J- pellucida have '}
fouad to be parasitized by as many as 34 1
ungulinids (Linpsrrg 1939, p. 84, Bay

7. Fluctuations in abundance

ﬂyv:u::; :n }L : ; factor s. Triungulinids read-
o o when the ajr humidity decreased.
o Yy summer of. 1959 the humidity was so
A at many moze teiungulinids must have died
0 the field than in other summers. In this same
year the drought also appeared indirectly to affect

1958, p. 385). According to LiNpseRG (19
p- 83), among aymphs of Chloriona uy
(I—'I.~S.) collected from the field, 83.59
tained one triungulinid, 11 % containc::)l
4.5 %, three and 19% four. There was sel
more than one Pupa, however, so that evid
leafhoppers parasitized by several Elenchus’
at an eatly stage of development. :
The numbers of J- pellucida containing vif

fenuicornis parasites according to net
samples taken in oats and spring wheat (&
material as in Tables 75 and 76) were as follg

the mortality of F. fomy;

cornis females. Some
cr i
ops, for instance leys, suffered from the

drought before the emergence of trjungulinids
Zl.ld s?mc‘: of the parasitized leafhoppers in thcrr;

ied indirectly — ang probably also directly —
a5 2 result of the drought. That summer era-
smzet.i .lcafhoppcrs survived best in patc’hcs of
E/Jtr.lgm répens in the fields, since such patches
temained alive even during dry periods. £

The temperatuze apparently caused the life :
cycles of E. senmicornss and J. pellucids to differ
from one another, After the dry carly summer
of 1959, most of the male pupae already became Period

visible j . Numbers of Slactas pee
¢ 1n nymph hosts, while in the cool years

1 2

of 1957 5 : 1958, 28. VI—
host B nd 1958 they did not appear until their 1959, 75, vr_:g \‘IIE s A
reached the adult stage. When they 1960, 17. VI 1 vy | e
» 17 VI 1, 10

became visible in nymphs, they remained in
stands of perennial plants, where the density of
Elenchus females was small. Every year lcaﬂ;yo -
Pets parasitized by females migrated pri;lcipall fo
cereals, where in 1959 the proportion of Elerlz’lm.r
m?.lcs was evidently smaller than usual. However,
this cannot have greatly affected the fcrtilizatior:
of the females, since males can successfull
copulate with many females. ’
Food sup ply. If the parasitic larya did
.not.ﬁnd a delphacid nymph within a few hoy
it died. Even if it did find 4 aymph, it did nrost,

Once an adult /. peliucids containing 5 vi
lE. senuicornis parasites was found in a timo
ey. k
In all the years the proportion of leafhop
parasitized by mote than one Hlenchs
considerable, and there were differences:f
year to year. In 1958 79, of the J. pell
specimens parasitized by Elenchus contained
than one parasite, while in 1959 the figu
1.1 % and in 1960 5 9. The material from
differed statistically from that of both 195

t = 8,95%* and 7.75%¥). These differences
be partially explained by the fact that the
es were taken at different phenological
but another reason was probably that
portion of J. pellwids leafhoppers that
parasitized by Elenchus was positively cor-
d with the percentage of specimens para-

d by more than one Elenchus.

ultures, leafhoppers parasitized by more
one Elenchus appeared to succumb more
than those containing only one parasite.
ellucida parasitized by several Elenchus
often only one male—or sometimes two—
ed in emerging, and the rest died. If the
eafhopper contained both a female and a
Jenchus, the male usually emerged and the
died shortly afterwards, the female succumb-
he host. If there were several Elenchus in
ame host, some of them became visible
he wings. If such parasites were females,
uld not copulate.

ently both E. fenuicornis and Dicondylus
were present in the same J. pelincida
en. Usually in a leafhopper parasitized
ndylus only one Elenchus was visible, but-
collection from spring wheat, 9 out of
ecimens parasitized by both Dicondylus and
pus had two male Elenchus visible. As pre-
discussed in the chapter on Dicondylus,
cases Elenchus died and only Dicondylus
d. In some instances both parasites died.
latgest numbers of J. pellucida parasitized
oth species occurred in the years 1958—1962
the smallest numbers in 1963 and 1964
es 64 and 65).

the cultures the wings of an Elenchus male
Sometimes attached to one another, so that
tale was unable to go in search of a female.
ften occurred that the movements of the
opper host of the female parasite prevented
tion between the latter and a male. LinD-
939, p. 109) and BaumerT (1959, p. 376)
-also observed this phenomenon. Usually
hale remained close to the leafhopper with
ale parasite and at a later attempt copu-
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" nally succeeded. At times, however, the
abandoned any further attempt and moved

away. Baumerr (1959, p. 377) found experimen-
tally that about two-fifths of the males copulated
with females in macropterous [. pellucidz and
half copulated with females in brachypterous
leathoppers.

A few percent of the Elenchus females collected
on the field after the flight period of Elenchus
males contained eggs which did not develop.
There may be several reasons for this, According
to BauMEerT (1959, p. 376), the female occasion-
ally remains unfertilized even though it has
copulated several times with males. Some of the
females appeared so late that only a few males
were any longer present, and these remaining
males did not always succeed in locating the
females (cf. Table 69). A further reason may be
that the female was too old, for in that case
the male no longer copulates with it, as was
assumed by Perkms (1918, p. 129) in the case
of Stylops females.

Occasionally Elenchas did not visibly protrude
at all from the leafhopper but died inside its host.
Such cases are not rare, according to BAUMERT
(1958, p. 410).

Effect of man. The direct effect of cul-
tural practices on E. femyicornis was small. How-
ever, in 1959 in the region under investigation
and in the surrounding areas, various insecticides
against Rbopalosiphum padi (L.) were used on
about 20 %, of the area devoted to oats, 15 9,
of the barley area and 59, of spring wheat
(RAATIRAINEN and Tmniri 1961, p. 16). The
insecticides were applied during the flight period
of Elenchus males, and they killed both /. pellucida
and probably also Elenchus males. In other years,
virtually no insecticides were used.

Indirectly, man has had a considerable influ-
ence on the abundance of Elenchus. The main host
of the species, /. pellucida, as well as many other
hosts, have become more numerous since land
has been taken into use, especially for cultivation,
and the parasite has likewise become more abun-
dant. Every year, ploughing of fields and burning
of stubble in the region are estimated to have

destroyed from one-fourth to a half of the
nymphs in cereals, and Elenchus was paturally
killed at the same time (cf. Fig. 76).
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Table 74. Annual aby,
- fensicornis accordin,

2pparatuses. Same material as jn Fig, 24

ndance of delphacids it
Pparasitized b:
g to samples taken with 3 nettinz

No. of /. pellwids parssitized

Total by E. tensicorni, No. of
Year  Jno. of 7 i b i

( 7. J. obsiwrlia
Pellwsida | prone | With D, Toual | parasicined by hosts dl ed before the emetgence of the par,
lndbergi | No. o, | £ tesiomi;  than in other years, when the proportios
. 0!
arasy i i .
B Ll Bel ¢ || S becmens was sl This, how

s | 2 ;}70 fg; } 1 519 19 2 c.afl only have depressed the numbers of

b | ) |1 el o lieed afhoppers by small amoue, Dy
1962 %32 }; 8 % ; H 9 l’;ldb:rg; was most abundant during the pes
1900 18 1 when the numb ;
1778 b 9 o 1 ers of Elenchus decreased for

Fluctuations
1958 —19¢64, The
E. tenuicornis from ye

in abundance jg
vatiations in abundance of

:lr to year were studied

as h:

Dl.'mrmjrlw lindbergi (Tables 74311761;?:;111:5:3 f(i)rf
this r.naterial, the proportion of parasitizeg /-
Pellucida out of the totg] gives a better indication'
of the numbers of 5. Zenuicornis in 1958 than the
numbers calculated per 60 net sweeps. After the
warm dry summer of 1959, the numbers per unit
st;rface a.n?.a, per 60 sweeps and the propottion
;)harpirasmzed J. pellunida specimens  dropped
fouof‘; ?, and the decrease continved even the
o 08 summer. Thereafter came 3 slight

crease, and finally after the summer of 1962
another' decline occurred. The fluctuations in

11;‘.. fenuicornis were thus different from those of
It'v.ﬂt!)'/l(! lindbergi (cf. Tables 63—65).

Biotic factors appatently had only a negligible
effect on the fluctuatious in abundance. Ing the

with the same mater;;

parasitized by Elenchus, as well as some o
Llenchas males and also healthy delphacids, wht
pr'ogeny might have been used as hosts b
triungulinids, In the autumn of 1959 and sp

959 and 19 by E )
60, 200 net sweeps in each field, in the t?thcr y’e:'r’;"oég,,s v;:eprsxettsx:gwsa::lnflesﬂ from o;t
* a
7. pulincida crial as in 78
o — No. of g
Year No. of Parssitized by E. tensicornis ° Otbgt z::’ f;;asn:md
sample: Te
plea | Toul Alone p, Yith _&\
No. o - lindbergi
"% e % No. % | 'sorBec | J obiwrells | M. wordiduies | 5
sweeps
1958 :
------- 7 {125 | 51
1959 . 6 411 36 24
960 13 3000|2818 02| 85 1, 2300 Sal b 1 -
1961 .. | g 41 517 131 6y g6 579 14 81 1 -
1962 ... 5 1;;384 48 7.0 8 12 56 oa 13 1 1
1963 1100 50 | 1oey 310 2| 12 07 | 4 2 3 1 1
196 5.9 g — —
4 20 | 1023 77 7% f 8': 3;5 13_: 16 = -
. ; 4 - -
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s

5 | 1357 | 435 321 29 2.1
... 8 | 1329 244 18.4 10 0.7
* .20 829 | 96 116 17 2.1
20 | 1616 ] 445 27.5 40 2.5
20 | 1661 ] 292 17.5 1 0.1
20 | 1420 90 6.3 1 0.1

6. Annual abundance of J. pellucida parasitized by E. femuicornis in netting samples from spring wheat.
0, 200 net sweeps were made in each field, in the other years 60 sweeps. Same material as in Table 65

. pelincida

No. of othet host pamsitized by

Purusitized by E. temsicornis

E. tensicornis

. |

ear amples | Total Alone With
no. D. lindbergi

No. 9
° % No. 9%

Total
No. per | J. obnisrelia | M. sardiduins | S. bicarinsta
No. % 60 net
sweeps

cids parasitized by Elenchus, which were
{ly killed. Although cultural practices had
effect on the decrease in numbers of
g).r occurring after the summer of 1959,
flects were nevertheless small and evi-
-had no great influence in reducing the

fnbers of the parasites.

fhe chief factor limiting numbers in Elenchus
sidered to have been drought. During the
of triungulinid appearance in 1959 and

he weather was very dry (cf. Table 2) and
Bously many of the triungulinids died before
1ad succeeded in entering a host. Further-
¢, some of the parasitized hosts died as a
quence of the drought at the end of the
Biner of 1959. The decrease in abuadance was
red by biotic and nutritional factors as well
-man. In the summers of 1960 and 1961
Was a rise in the numbers of E. fensicornis,

e decrease in abundance beginning during
ol summer of 1962 was further enhanced

e drought occurring in 1963, and the
ets of parasites reached a second minimum

-Achorolophus gracilipes (Kramer)

.COtding to Oupemans (1912, p. 156) and/
KArepINEN (1958, p. 43), synonyms for this

Bies arc Achorolophus ignotus Oudms, Erythracus

Pllandicus Trigardh, E. ignotus Oudms, E. pha-
des (de Geer) var. gracilipes (Kramer),

464  34.2 93

| -
|

254 19.1 10 1 —
113 136 6 — — —
485 30.0 24 — _— 1
293 17.6 15 1 — —

91 6.4 5 — —

Rhyncholophus gracilipes Kramer and R. inter-
medius Trigrdh. The Review of Applied Ento-
mology "(Vol. 53, A, p. 519) uses the name
Erythraeus gracilipes '(Kramer) for this species.

KarepiNeN (1958) identified the mite occur-
ring in the present material as 4. gracilipes (Kra-
mer), and most of the specimens examined by
the author were of this species. Not all the mites,
however, were morphologically identical, since
there were at least two different types. In the
present investigation the name A. gracilipes is
employed for the mite encountered.

1. Distribution

According to OupEMANs (1912, p. 208) and
KArerPINEN (1958), A. gracilipes occurs in Italy,
France, Switzerland, Germany, the Netherlands,
Sweden, Finland, Greenland and the USA. In
Finland, leafhoppers of the genus Javesella
infested with mites wete found in all the com-
munes where examinations were performed (cf.
Fig. 74). At the end of May and beginning of
June 1957, when two-thirds of the data on
distribution were obtained, the frequency of
mites in nymphs of Javesella leafhoppers inhab-
iting first-year leys was ascertained. A total of

"4 541 nymphs were examined. The average pet-

centage of mite-infested nymphs in the main
region of investigation, in different inland areas
of the country and along the south coast was
6.7 %, and the variation, ranging from 5.3 to
7.6 %, was not significant.

111




1 . ™

{ Flg. 74 Known oca e

i - 1 lities of ted mit s

’f; ites in Javecelly

2. Developmental stages and life cycle

il

'j ; Apparently only the n
I been described in the li
i .MANS 1912, KAarppiNEN
| {nvestigation 00 adults
: Ing to Oubemang an
4‘ from May to Septem
/; present study, mites

ymph of 4. gracilipes has
terature (cf. e.g. Oupg-

1958), and in the present
were discovered. Accord-
2, p. 208), nymphs occur
ber. In the region of the
were found in J, Pellucida
1959 and as late ag July 11
d in leafhopper nymphs in

i as early ag May 12 j5
i m‘1958. They appeare
; :1::: ;\::y,Thusu;ﬂy during periods of warm
‘ hopper..n ¢ trequency of mite-infested leaf-
| o ymphs was greatest at
‘ lou :h: :ieason and thereafter slowly declined.
)“ ol stmm; ;);e::::tlglenc; of J. pellucida, there
I umbers of mit
‘ :;’n]lphs, and they were even found e:no': fg::
x :e;:.,l dtoo. In c_uItures, mites remained for
Pt 2ys on their hosts, and in some instances
more than 14 days.

the beginning

able 77 Abund -parasitized leafho
Tabl . ance of mite-par d

PPer nymphs and ites i
crent ages. All the Javese/ls nymph?uvr:cl;:ts: ety 3 theon i FAmples taket

3. Habitats and nigration

e region of the present investigation, the
 has been encountered on the following
‘of leafhoppers: /. pellucida, Stiroma bicari-
H.-S.) (KARPPINEN 1958), Megadelphax
Jus (Stal) (RAATIRAINEN 1960 a), Dicrano-
hamata (Boh.) (RAATIKAINEN and Vasa-
1964), Javesella obscarella (Boh.), J. dubia
(St. Rauma commune), Crionorphus albo-
pnaius Curtis, Doliotertix pallens (Zett.), Diplo-
abdominalis (F.) and Solenopyx sulphsrellus
. Once it was found on a larva of Dicon-
Jleni Raat., which was parasitizing Mega-
sordiduius (RAATIRAINEN 1961 a). It is
e that the species also occurred on other
pods as well.
e region of investigation the mites were
present on the nymphs of leafhoppers and
ke arely on adults. Examinations of Javesella
collected in first-year leys in 1957—1964
ing nearly all the nymphs in Table 78)
d the following numbers to be infested

A. gracilipes were found in leys, on the g
of fields and on waste land. During the
May 1827, 1961, the numbers of mi

le.a.fhoppcrs at Laihia was studied in 1
different ages,

The specimens were co|

the mites became detached from thejr
but the numbers ultimately found can ber
compared between the different samples and
In each field 20 x 29 net sweeps were g
:md the numbers of mite-parasitized lcafho
In the subsamples were immediately co i
The results (Tabie 77) show that m.itf;s oc
on four species of leafhoppers and that the
least frequent in first-year leys.

The mites readily became detached from
hosts and moyed among plants and o,
ground for severa) days at least, They we
§cenl to attach themselves to 3 new host. Sg
of the mites were carried from place to pia

theu: hOStS €. by y
>
1 n mphs or adults of

et nymph ........ 1 2 3 4 5
s of nymphs ...... 421 45 15 3 1

4. Hosts and iy luence ida :
i on J. pellucida : ly, only one mite occutred per parasitized

but in one case an adult had two mites.
st-year leys the mites apparently occurred
niformly among nymphs of all delphacids.
. pellucida was the most abundant species,
of the mites were on it. There were also
s of Doliotettix pallens (Zett.) in first-year
ut a much smaller percentage were mite-
f¢d than on J. pellucida. In leys more than
Year old, /. pellucida was less numerous than
ther delphacid species together, and in such
@Jost of the mites occurred in other species,
cularly Megadelphax: sordidulns (StAl), Stiroma
inata (H.-S.) and Doliotettis pallens (Zett.)
also Table 77).

genera:  Phalapgiypm (Phalangiidas),  Belau

(Btythratidac), Erythyoous (Erythracidac), B
:ﬂ{a (Forficulidae), Melanoplus (A:ridiidae’) ]
abna" (Apbidae), Centrogys (Membracidae) '
(A'nlidzze), Haematopota (Tabanidae) ’A;
(Elateridae),  Lagria (Lagriidac), }%J/
(Chrysomslidac) and Orchestes (Curculionidae).

ppatently /. pellucidy

Javeseila Megadelpbas:
Age of | sordiduins Stiromea bicarinay, o
. of ————— o D » . oy
iy | e Parasitized o — s pelkns Leafhoppers fluence on J. pellucida. A. gracilipes
" iti . —— .
Toul N:y muf/' Tout | by mives. ot | Eyrsitized Pusuitend Pronsitized hed itself to all parts of the body of J. peliu-
3 a No. ¢ No. Total Yy Mites T by mites . d by Ka 1958). At th
. % o o otal | by mentioned by KARPPINEN ( ). At the
. o No. | . .

; “: 845 | 4 05| 659 1 o > of May 1960 an experiment was carried out

3—s5 4 33 10 28 404 | 56 14'2 2; 0 0 |27 g o 1760 7 Certain the effect of mites on the mortality

PoT et Ty, 16 ; :; %; 1? ;[ B0 75  pellucida nymphs. Timothy and oats were

112 1 l1se 62 d in six plastic cylinders as food source for

0073 —g7

the leafhoppers. Nymphs of J. pellucida para-
sitized by mites were collected from the field,
of which 6 were in instar IV and the rest in in-
stazr V. The nymphs were placed in cylinders, two
containing 20 nymphs and a thitd 16. The
control cylinders contained the same numbers of
nympbhs at the same developmental stages but not
infested with mites. The experiment was examined
three times, and it was found that the numbers
of living J. pellucida after different petiods of
time were as follows:

Days after start N ized  Mit itied ?
0 51 24 9.02¢*
’ 37 8 17.42%%%
29 28 4 1653w

This experiment demonstrates that the mortality
of J. pellucida was greater for the parasitized
specimens than for the healthy ones. The first
parasitized nymphs were found in the field 7
days before the start of the experiment, so that
the mortality caused by the mites became mani-
fested quite soon.

This experiment was continued until all the
nymphs had become adults, and the material
was supplemented with further material from
two other replicates. The entire material con-
sisted initially of 80 healthy and 80 mite-para-
sitized nymphs of /. pellucida. 52 of the healthy
specimens ultimately emerged, but only 2 of
those that were parasitized (y* = 67.11%%*),
This test demonstrates that neatly all the mite-
parasitized nymphs of J. pellucida died before
reaching the adult stage.

The propottion of Javesella nymphs patasitized
with mites was determined during the period
May 18—27, 1961, on eight first-year and eight
older leys which had been established under a
cereal nurse crop. This is the same material as
in Table 77 but with the addition of 4 more
first-year leys. On the basis of the untransformed
figures, 0.6 %, of the Javess/la nymphs in first-year
leys were infested, while in the older leys the
figure was 14 9,. According to analysis of vari-
ance, which was made with arc sin-transformed
values, the proportion of mite-parasitized leaf-
hoppers was greater in the oider leys than in
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Table

78.
Frequency of leafhoppers parasitized by mites in firgt

-year leys

Nymphs

Yo - b,';:,‘df . Jamesella M. sordidaias . pelincida
Paasitized by mites| Parasitized by mi i
Tod N . - ¥ mites Torl Pmnti:d by mitcs{ Parasitizeq by
0.
}ggg 271. Z;3WVI 6 | 2191 | 13 g
1960 |20.'v_3. vy g } ;;5 00 N :
1961 . e | ! K 58
1961 30{.1?491‘” . 11 1346 | 'm0 1::: 1(1) -
ooz | pms Vil 13 919 | 15 1l 05
oo | a2y 7 | 1312 0 oo ! pH
—26,V .. 18 | 2275 | 49 4, = “
X - 4

those only one year old (F = 4.98%, d.f. = 1 and
14)‘.11Numcrous visual observations support this
r;lzs t, so that possibly a higher proportion of
t e Javesella nymphs in old leys were infested
with mites than in first-year leys.

5. Fluctuations in abundance

In the years 1958-—1964, the proportions of
lea.lfhopPers Parasitized with mites were deter-
;mned in first-year leys. Counts were usually

€gun about one week after the first mites had
appeared, but in 1959 this was done, on the
average, considerably later. The tcsult’s (Table
78) show that most of the mites observed were
on nymphs of the genus Javesella, They appa-
rentlyt Occurred with equal relative frequenc pin
the different Species, and since J- pellucida m};de
up by far the bulk of this genus, as many ag
about 95 9 or even more of the mites occui"red
on J. pellucida, except in the years 1961 and 1962
when they were abundant on other species a;
W'le.l]. Tl.le Proportions of leafhoppers parasitized
With mites were generally small and evident
€ven smaller than the percentages in Table 7;,
suggest. The counts were made with the unaided-
eye, and leafhoppers parasitized with the con-
Spicuous red mite are more liable to be included
in th.e.maten'al than the less conspicuous non-
paras.mzed leafhoppers. The relative abundance
of mites was greatest in 1960. This was also sy
Ported by other observations made in the ﬁeli-
.Another. year showing a reiative rise in mit'
infestation was apparently 1964, The ﬂuctuation:
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Adults

in abundance of Dicondylus ‘indbergi (‘Tabl

and 65) and Dicranotropis hamata (RAATIRADY

and VASARAINEN 1964) were quite similar
those of Elenchus tenujeornis (Tables 75 a;d
were almost the opposite. However, the numl

1963 were small and sipce the time of count
may have been too catly, additional counts of
pr‘oportion of Javesella nymphs parasitized
fuites were made on June 11 and 17 of this
summer. At the former count, about 1
nym;?hs and 3000 adults of S pellucida
examined, and at the latter count the num|

at a minimum that year.

G. Other animals

Tnsects. KoNrkanen (1950 b) reporte!
species of Pipunculidae parasitizing J. pel
In the region of investigation, a pipunculi
found only once in J. ellucida (at Laihia, |
1959) and it was obviously of no significant
regards the abundance of the leafhoppers

¢ bugs may be very important natural
of certain leafhoppets (cf. e.g. HINCkLEY
In the region of investigation, leafhopper
ere often found which may have been
eaten by bugs. Many species of bugs
ed in the fields, but none of them were
d to feed on leafhopper eggs. However, it is
{ble that bugs were predators of J. pellucida
region.
ders. Spiders were common in the
ting sites of J. pellucida. In suction sam-
ken at the beginning of June in first-year
many as 2030 spiders per square metre
ften collected. The numbers appeared to
n higher in older leys. Suction samples
spring cereals in June and July contained
few spiders per square metre, and their
rs appeated to inctrease towards the end
summer. In first-year leys the spider
Dicymbium nigram (Blackw.), Meioneta
s (C. L. Koch) and Linyphia pusilla
w. were found to kill nymphs of J. peliu-
vidently many other species of spiders
opper nymphs, but no information was
d about them.
ers were of very little significance as
ors of J. pellucida. Leafhopper nymphs
y travel by walking and are seldom caught
ers’ webs. Moreover, nymphs and adults
may have become caught in the web often
ed in escaping before the spider could
em. Furthermore, the amount of food
ed by spidets is generally very small
Kanervo 1946). When a female of
phia pusilla was reared in the insectary, it
umed at most two /. pellucids nymphs of
#drs IV and two of instar V within a period
days.
ites. According to Hassan (1939) and
'tze (1937), Trombidiidae mites occur on
oppers. The mite species parasitizing leaf-
ers are so poorly known, however, that
ted mites observed in the present studies
ose mentioned by Hassan and Kuntze may
ally be of the same species, or at least some
em may be identical. Kuntze (1937) also
rted that some mite species, perhaps of the

genus Pediculoides, occurred on an Idiocerss leaf-
hopper.

Vertebrates. According to KuNrtzE
(1937, p. 381), frogs and lizards may eat leaf-
hoppers. In the region of investigation, however,
these animals were not significant as predators of
J. pellucida. There were only a few frogs and
lizards in the fields, and in an experiment Lacerta
vivipara Jacq. made several attempts to catch
anymphs of /. pellucida but never succeeded.

Many species of insectivorous birds inhabited
the region investigated, but they were not
important in affecting the mortality rate of
J. pellucida. It is possible that certain of these
birds may have captured J. pellucida.

The vole species Microtus agrestis (L.), M. arva-
lis (Pall.) and Arvicola terrestris (L.) inhabited the
cereal fields and broke cereal straws into frag-
ments a few centimetres iong. Such damage
occurred every year and was at a maximum in
1962. That year voles, probably mainly A. fer-
restris, caused considerable destruction to oats,
particularly in Satakunta, South and North Savo
and South Ostrobothnia. The voles usually
caused such damage in July and August, a period
when there were many J. pellucida eggs in the
straw. Some of the eggs were destroyed when
the voles cut plants to pieces and others suc-
cumbed in the fragments on the ground. How-
ever, it was estimated that voles did not destroy
even as much as 0.1 percent of J. pellucida eggs
on the average.

Lepus timidus L. and possibly also L. europaeus
Pall. ate oats in the field, and destroyed the
J. pellucida eggs in the stems at the same time.
However, these species were quite insignificant
in affecting the population dynamics of /. pelis-
cida. Similarly, other wild mammals may have
had a negligible influence on the numbers of
leafhoppers.

On pastures, eggs of J. pellucida in grasses
entered the digestive canal of grazing catte,
horses and sheep. Pastures made up about 11 9,
of the cultivated iand in the region and the
deasity of /. pellucida in them was very low, so
that domestic animals could not have destroyed
more than an extremely low proportion of leaf-
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hopper €8gs. As far as jg known, there are no

mammalian predato Z
s of J. peliucida, d at Pilkine (EH) on June 7, 1957, the

pecies Entomopbthora major (Thaxter) M.
“was identified in diseased J. pellucida
. In the cultures, /. pellucida nymphs
metimes infected with Penicillium sp.,
however, did not appear to be patho-
the host.

opper adults killed by parasitic fungi
und neatly every year both in the field
the cultures. The fungus species Enfo-
fora mafor (Thaxter) M. Gustafs. was identi-
if. pellucida material collected at Laihia
1957, while E. sphaerosperma Fres. was
ged in material coilected at Sulva and
on July 31, 1957. Occasionally Ento-
4 fungi killed specimens of J. pellucida

H. Viruses and fungi

and every four days they were ¢
plants. The average number
by the OSDV females was 178 and that 4
hea.!thy females 385. The difference i
s.taustica.lly significant (t — 2.16), but i:v i
sible that virus-infected leafhop, ers . :
ggs than non-infected, F 7

ransferred 1o
of eggs de

: as mentioned in the j

—r rus, n the intro-

s n.. 1.\ccordmg to LiNbstEn (1959, 1961 a
), it is a vector of two viruses which cause

tigation J. pellucida is a
0d OSDV (IxAuemo 1960,
are transmitted transova.
farely occurs with OSDV
According to Warson and
SiveA (1960), EWSMV is
C to J. pellucids. Later, how-
fj Warson (1965) demonstra-
lities were rare in eggs of /.
mated to males of another
ncreased with sibling matings,
y did not find that EWSMV
in the immature Stages. In the

vector of EWSMYV ,,
1961). Both viruses
rially, although thjs
(e-g. Vackr 1966).
SiNHA (1959) and
probably Pathogeni
ever, Kisimoro an

ably not severely pa
Nevertheless, they do have an indirect effec
the mortality of the species, since in v
stands the leathopper often oviposited ig
leaves 1ather thag in the stems, and conse

the proportion of eggs destro -

yed by pt
perhaps decreased, while that destroyyeg l:;o

atomus r(.)se (cf. pp. 43, 70, 78 and 86).
In a similar fashion, the bacl

virus transmitted by aphids ap

thogenic to J. pell

A, Oscillation

Pellucida females
family, but they i
Furthermore, the

ey yellow
peared indir

ariation in abundance occurring within
od of one generation —in this case
thin one year —is called oscillation
RDTFEGER 1956).

summers of 1957—1960, the numbers
llucida were determined at intervals of

often oviposited in the lea
the number of eggs destro

ves .and as a j
ved by A. atom

described by W creased.
158, 159) b)"n 1ﬂ:‘rson and SI‘NHA (1959, pp. Fungi. In al h ne week in first-year leys established
I infected Eemale € egg mortality of EWSMV- the years some ereals, in oats, and in 1958 also in spring

delphacid €ggs in the stems and leaves
b.ick. Such eggs were also found in the /.
;: e oy o . s &da cultures. The first black eggs were obs
i the o o Weo Zon-lnfccted leafhoppers; in
leathoppen 1 e | 826 eggs of non-infected
P > of which 81 (2.1 %) had been
oyed. All the leafhoppers ji
| been collected as nymphs from a
10 ares in 1 first-year timothy ]
The numbers of eggs of OS
f:’;al::y leafhoppers.were determined in 1963,
s 1:e dcnd of April J. pellucida nymphs wege
o cted from ﬁrst-year leys establishedq under
o is t’i‘hoca t(s:a;;::qtty o;' the nymphs to transmit

. s tested on tw i
Sions. ‘There were four speainiirsls;cll:i:;ct::r:: i

i at 13 places in Laihia, Ylistaro and Sulva
igs. 16—20, 28).

e years 1961—1964, determinations of
pper abundance were made five times
ly in oats and the leys established under
95 well as twice annually in spring wheat;
S¢ years there were 20 sampling localities
g. 1). At the same time studies were made
“many factors as possible which affected
madance of J. pellucida and their significance
g the mortality of the species.

numbers of black e
) had 88s were very small
n the trial had years; at the end of August 1957,yfor ins

::rea of about only 21 out of 4 879 €ggs were biack, or a
DV vectors sud of 0.4 %. The cause of the blackening was
ascertained. Such eggs were found to be i
with Botrytis sp. and Ceplalosporium sp.
J- peliucida aymphs killed by parasitic fud§
were discovered several times in the fiel
nearly €Very year some of the aymphs
cultures likewise died as a result of fun
ease. In material collected at Lajhia (EP) it

1. Spring cereals

¥dults, During the course of the migration
[ (Fig. 24) the density of /. peliucida adults
and other cereals rose rapidly (Fig. 20).
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in the field, but only once (at Sulva around the
beginning of August, 1957) were they seen to
destroy a considerable proportion (perhaps ten
per cent) of the J. pellucida adults in an oat field.
The species was identified as E. sphaerosperma.
According to GusTarsson (1965, p. 144),
Entomophthora sphaerosperma is one of the com-
monest Entomophthora species in large areas of
the wotld. It has been reported as infecting
psyllids, aphids, Thysamoptera, Lepidoptera, Di-
ptera, Coleoptera and Hymenoptera. E. major has
been found on aphids, Diptera and Coleaptera
(GustarssoN 1965, p. 134). According to
HinckLeY (1963, p. 473), a species closely related
to E. mafor is an important cause of mortality of
Nilaparvata lugens (Stil) populations in Fiji.

VI VARIATIONS IN ABUNDANCE OF JAVESELLA PELLUCIDA

In oats the average number of adults at the end
of the migration period in the years 19611964
was about 56 per m?, of which 8 were parasitized.
This figure was obtained from the material in
Table 85, using the method of calculation pro-
posed by HErxiNHEIMO and RAATIKAINEN (1962,
p. 19). Since there were many sources of error,
the calculated number is only approximate.

Leafhoppers parasitized by Dicondylus lindbergi
and males of Elenchus tensicornis died considerably
earlier than healthy leafhoppers, and furthermore
a small proportion were killed by parasitic fungi.
In 1959, some of the leafhoppers in stands which
were severely infested with aphids and barley
yellow dwatf virus and were exceptionally dry,
died owing to lack of food. In most years the
density of adults declined appreciably in July,
and the last adults were obtained in August or
September. )

Eggs in stems. The numbers of ovi-
positing females and the numbers of eggs depos-
ited by them determined the abundance of eggs.
If there was an average of 15 healthy /J. pellucida
females per square metre in oats in 1961—1964,
as found by the netting surveys, and if each
female deposited an average of 402 eggs (cf. p.
41), there should have been about 6 000 eggs per
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cess of oviposition. Some of the eggs
owded into dense groups, and particularly
t the ends of the groups appeared to be
ed more readily than the others, possibly
ing crushed by the plant tissue. According
/,ksmo-ro and Watson (1965), lethal genes
brevent the development of J. peliucida eggs;
c. region of investigation, too, this may
‘happened, as is evident from the material
ibed on p. 116. However, the effect of
Eiible lethal factors on mortality seems to be
< A small proportion of the eggs were
bly infertile and consequently failed to
bp. Bugs, certain other enemies and patho-
may have killed some of the eggs. Fur-
nore, nonpredators were responsible for
oying a small fraction of the eggs.
the tegion of investigation, the cereals were
y harvested by binder, but mowers were
widely used, and combines were becoming
Fmon, especially in the later years of the
Wtstigation. When cutting was performed with
pinder, about 5 9, of the delphacid eggs had
et hatched (RAATIKAINEN 1966 a), and in
ase of combine hatvesting the figure was
bably 1—2 ¢,. Cereals cut with a binder ot
Wer were dried in the field, and probably
‘bulk of the eggs hatched before threshing.
tording to Jitmisoo (1964, p. 55), eggs in
s are destroyed during the process of
cshing, However, thieshing was evidently
Ponsible for the destruction of at most one
ent of the J. pellwcida eggs present on the
d: After threshing, eggs were lost when the

straw was burned or destroyed by other means.
Furthermore, some of them succumbed as a
result of dessication.

In cool summers an extremely small proportion
of the J. pellucida eggs failed to hatch and con-
sequently died during the winter,

Eggs in leaves. J. pellucida chiefly ovi-
posited in the stems, but particularly in oats and
barley there were also considerable numbers of
eggs in the leaves as well (Tables 20—23, 55, 56).
Although the absolute numbers of eggs in the
leaves were greatest in the middle of the ovi-
position period (Fig. 61), the proportions of
such eggs were highest at the beginning of
oviposition and declined rapidly as soon as the
stems emerged and the leafhoppers began to
oviposit in them (Fig. 29). In oat stands which
were suffering from drought or infested with
Oscinella frit L. or with the viruses OSDV and
EWSMYV, the percentage of eggs in the leaves
was considerable even at the end of the ovi-
position period (cf. p. 43).

The most important cause of mortality of the
eggs in the leaves was Anagrus atomus, which
right from the beginning of leafhopper ovi-
position destroyed a substantial proportion of
the eggs, and at least 90 %, of the eggs found
at the end of the oviposition period (Figs. 61
and 62). Some of the eggs died as a result of
dessication. This was -the case especially with
eggs with one end not enclosed within the leaf
tissue. Such eggs occurred in places like the
leaf sheaths of wheat and in the blades and
sheaths of oats and batley. In experiments
carried out in cages, the density of eggs in the
leaves increased as the population density of
OSDV-transmitting J. pellucida rose. Eggs in the
leaves were also destroyed by nonpredators and
possibly by diseases, but such factors were only
of minor significance.

Nymphs. The first nymphs of /. pellucida
hatched in July, and the nymph density was
evidently at a maximum in August, just after
the period of most active hatching.

Some nymphs died during the process of
hatching. However, this occurred extremely sel-
dom in the field and appeared to be most com-
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Zlon i.n material which had remained for a long
me in the laboratory. The nymphs hatching

from eggs W a) ou ellucida in both cases. If it is assume
g£gs In the ste
ms almost al ays came t ]. P i) n f d

:)ontt(; the surface of the stem. However, among a
h :heof; tz 253 nymphs which arose from eggs
ity Whr::; ?héo.lu%zl hatched into the stem
ety died. y lived for several weeks and
auiﬂl:;gh Dpet.centagc of tAhe nymphs died before
e kiiled u;mg .harvestmg, for example, they
e I\);I being crushed by the harvesting
e y. Moreover, after the harvest, the

croclimate of the field was altered and this
apparently affected the mortality of /. pellucida
flymph§ both directly and indirectly. Drought
in particular, killed the nymphs, but ptedator;
also destroyed them to some extent.

2. Spris
Spring cereals undersown with grass in autumn and

the same ley in the following year

At the end of the summer and in autumn the
zlgarintp:s n'.loved fo the edges of the fields, where
o ensity, as judged from samples, was about

% of that in first-year leys (cf. p. 36).

“nf(::touit half .of t.hc cereal stubble in the region
£ investigation was without an under-
growing ley (RAATIRAINEN and TiNwrri 1959 2
P. 53), and such fields were usually plougheci
in September or October. Most of the nymphs
were destroyed during ploughing or aftctpit
and the following spring there were only smali
gulr:ixbets of J. pellucida nymphs in such ploughed
elds, as demonstrated by the following exami-
g:tlons. In the springs of 1957—1962, the num-
; cI; of !awnlla nymphs were investigated in
s which had been under spring cereals the
previous year; 35 of the fields had been ploughed
;n the autumn and 35 containing undergrowin,
ey bad not been ploughed. The sampling siteg
were selected so that the ley and the plou hecsl

field were adjacent to ope another. A suftio
.sample from an area of 3 x 0.1 m* was tak .
in each of the first-year leys, while aymphs w "
counted by eye in a cotresponding area in tcl:e
ploughed ficlds. It was found that a total ef
2 280 Javesella nymphs were collected on the ley(:
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while only 84 were counted on the ploug:
fields. Over 959, of these were apparey

with these two methods equally lasge percents
of thc’ nymphs were obtained in the sam

(coufxtm.g was probably more accurate), the nyxs
density in the ploughed fields was only 49
that of the leys. Since the ploughed fields v:)
subsequently harrowed and sown, virtuallyvﬁ
1eafho}::per nymphs at all remained after the
operations.

Samples taken from spring cereal fields whi
had been undersown with grass and hatves
for_ gr:?.in (cf. Table 89) showed that at
beginning of October in the years 1961—
thc.re were over 700 J. pellucids nymphs per :
ThJs‘ figute represents about 25 %, of the ¢
density of J. pellucida. The following sprin
w!len these fields were first-year leys, they ca
tained an average of slightdy over 300 /. peliui
nyr'nphs per m*, as found by suction samplin
This figure is only about 8 %, of the origi
egg density, During the course of the wiater.
average of at least 45 9, of the nymphs s
cumbed in the years 1957—1960 and 1961—1%
(Tables 89 and 90).

Bf:ginning in April and May, suction
netting samples were taken at intervals of abo
one week from certain fiest-year timothy 1
established under spring cereals. There W
only a few samples, so that the results do 0
sho\\f the slow decline in J. pellucida 11}’!111:"‘“I
dcns.xty in April and May (Figs. 17 and 188
D}u'mg this time nymphs were killed by spidets
mites, parasitic fungi and apparently othet f
tors as well. Some males of Elenchus tenuico
prevented the emergence of nymphs. And ofte
a n}fmph which was parasitized by an E. 1
cornis male was infested with abundant fun
mycelium after emergence of the male paras
at.\d this fungal growth may sometimes ha
killed the nymph. However, enemies and P ;
gens destroyed only a very small proportion
the nymphs. Likewise, the effect of internsl
tors on mortality appeared to be minot
other factors, such as weather and cul
practices, were evidently nmot very impe

F 1064, Mortality factors: & =

Leathes and some othe

bers of J. peliucida during
generation is shown in
also shows the established or calc

caused by the different factors.

According to plaat sample
—20), the average

places (Fig. 1, localities 1
aumber of J. pellucida €Bg

appropriate calculations) to
square metre. According t
from these same p
apparently destroyed aboul
hopper ¢ggs Mesopolobus aeq
Anagras atomus about 2%. C
(crushing by the plant tissue,
geas, other enemies, etc.) Pro
destruction of some 10 % of the eggs,
about 37 %, finally hatched.

ity Sept. Now  Jon. Mor: Moy July
. Diagrammatic survival curve of J. pellucida in
ds and first-year leys established under them in
P. oxylus, b= M.
— other factors killing eggs,
¢ factors killing nymphs,
g = winter, h = A. gracilipss, spiders
factors killing nymphs, i = E. tenuicornis
. lindbergi, and j = other factors killing adults.

‘¢ = A, atomus, &

il
appatently
turbances,
unknown factors which

using destruction of nymphs during this
- 1a spring and early summer the nymphal
ity dropped slowly and in June rapidly,
. the adults then emetged (Figs. 17—19).
ew days after emergence, the macropterous
ppets migrated away from the leys (Fig. 24)
ny of the brachypters likewise departed,
Kl the adult density was much lowet than
ymph density. Only 2 small propottion of
weida remained in the leys, and the number
Bdults that moved to such leys was very small
Blation to the area, so that the density of
it was very low after the middle of the
nee, Dicondylus lindberg and Elenchus tensi-
¥ Killed adults in the leys, and in August
i September the last adults finally died.

'Mortality during one generation, 1963—1964

ttempts were made every year to asceftain
sible the patts played by the
ous mortality factors on 20 oat fields, 20
ng wheat fields and 20 leys established under
above cereals. This problem was best investi-
ed in 1963—1964.
an example of these investi
grammatic presentation of the num-
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and harrowing W
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s than 15 %
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died, and the following spring only slighdy over
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ently parasitized by Elenchus tenuicornis. These, as
\Rje.l.l as the small numbers of Jeafhoppers pa’ra-
sitized by Dicondylus Jindbergs, were incapable of
rCPl:Odl'lction. Some of the adults died before the
beginning of the reproductive season, and at the
sll:)art ofhreproduction the number of females was
about t i i
ety eg ::ar::js in the previous year, or perhaps
Panstenon  oxylus  and Mesopolobus  aequus
destroyt?d about as large a percentage of eggs
—or ‘shghtly larger — (ca. 64 %) in the stems
of spring wheat as were destroyed in oats by all
the mortality factots together. In wheat the other
factors apparently destroyed fewer eggs than in
oats. The proportion of J. pellucida destroyed at
the egg stage appeared to be higher in wheat
(70 %) than in oats (63 9%,).
) Of tl.le total numbers of eggs of J. pellucida
in oats in the summer of 1963, enemies evidently
caused the destruction of at least 55 %, man at
least 12 9%, and the winter 8 %- The faot’e of just
under 25 9/, was not completely known, but man
fac.:tors are recognized (e.g. weather, man, ene)-,
nn?s and pathogens, unfavourable places in
which to live) which destroyed a large part of
these leafhoppers. In spring wheat, enemies
probably killed over 65 9 of 7 p:llwi;a. In bar-
ley. and rye the figure appeared to be the same
as in wheat and oats. Consequently, enemies and
path.ogens evidently destroyed over half the
specimens of J. pellucida inhabiting spring cereals
during the above-mentioned period. Man and
th-e weather (including winter mortality) probabl
killed about 15 9, each. !
19'61‘3he ln;g:tality caused by the chief factors in
265 — appeared to be quite similar to the
situation in most of the other years duting the
years of investigation 1957—1964, so that the
year examined can be considered to be faitly
representative of the normal situation.

B. Variations in spatial abundance

C(.)nsiderable information has already been
o.bt:uned on the abundance of J. pellucida in
diffecent types of vegetation (cf. e.g. Tables 12—
14 and Fig. 25). In the present section a descrip-
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stems of oats (1958—1964) and spring wh §
alt) different localities. The numll)xrsg; t(;:et (Itznlsii_ti-l
the same as in Fig. 1. Same material as in Tables 43 :n'dﬁ

1e 81. Mean numbers of Javesella nymphs in suction
les taken in autumn and spring 1961—1964 at
ent localities. The numbers of the localitics are the
as in Fig. 1. Same material as in Tables 89 and 90

Table 82. Mean numbers of J. peliucida adults in netting

samples taken in 1961—1964 at different localities. The

aumbers of the localities are the same as in Fig. 1.
Same material as in Tables 64 and 65

Oats Spring wheat
Locali
lity no. pig%ﬂ “hl:u Locality no.

3 178 a 13

1 127ab 3 8

2 124ab 2 i

13 109 ab 14 p

5 108ab 5 66

9 98 ab 8 53

6 94ab 6 52

14 8lab 10 3

18 76 ab 20 30

8 51 b 18 29

11 48 b 12 28

7 48 b 9 25
}g 47 b 15

42 b 1

15 2 b i i
20 38 b 17

17 21 b 7 17

19 20 b 1 17

4 19 b 19 9

16 10 b 16 8

Ont samples F = 3.11%%*, d f, 19 and 114
Spring wheat samples F = 1.86%, d.f. 1; and 57.

.tion will be given of the abundance of the speci
in similar crops growing at 20 different plac
the years 1958—1964 (cf. Fig. 1). Sample
] pellucida wese taken in the stages of egg, nym

and adult.

Egg groups. Although only the numb
of egg groups in the stems have been used
certain of the calculations, this has no gf
bearing on the results, since there were gener;ll
very few eggs in the leaves (cf. Tables 55.a0
56) in comparison with those in the stems
Although the egg groups of all delpbacids :
combined in the material, this likewise does ¢
have a great effect on the validity of the tesu;

(cf. Table 83), since usually over 95 %, of

delphacid adults in the fields investigated We!
J. peblucida (c£. Tables 85 and 86), and accordiog
to unpublished studies, as well as to the exp¢H
ments reported by Raatikainen (1960 a, p- 235
th.e number of eggs laid by J. pellucida, and li
wise the number of its egg groups, ¥
larger than those of the other species i

material,

ucida.

Avtuma Spring Oats Spting wheat ,
e | e | ety | G| e o |

|

2 609 a 2 2114 3 212a 2 194 t
8 383ab 5 110 b 2 162ab 5 130 |
5 357ab 15 95 b 14 124 ab 14 123 {
9 327 ab 3 78 b 5 101ab 20 118 :
3 258 ab 1 71 b 6 88ab 3 113 P
6 251 ab 6 69 b 7 84ab 6 86 B
15 228ab 12 65 b 15 76ab 15 72 it
19 191 2b 4 64 b 1 66ab 8 69 i
14 166 ab 14 62 b 8 60ab 9 67 |
20 151ab 20 51 b 13 55ab 13 64 i
7 149 ab 7 48 b 11 51ab 10 53 ;
17 138ab 19 47 b 20 46ab 1 49 g
13 1333b 8 4 b 10 44ab 19 41 :
4 121ab 13 37 b 12 42ab 11 39 &
12 117 ab 9 34 b 17 40ab 18 36 t
16 9 b 17 33 b 4 33 b 7 29 I
1 84 b 10 32 b 9 29 b 17 29 j
18 67 b 11 28 b 19 24 b 4 27 ;
11 59 b 16 21 b 18 21 b 12 25 :
10 S8 b 18 8 b 16 10 b 16 18 |
itn semples F = 1.61%, 4. 19 end 57 Samples from osts F = 2.10%, df. 19 and 57 i

» F = 1.88%, d.f. 19 and 57 » ¢ wheat F = 1.48%, df. 19 and 57

both oats and spring wheat there were
10-fold differences between the localitics
,Yegards the numbers of delphacid egg groups;
Blee differences were statistically significant
le 80). However, according to the Tukey-
ttley test, only the number of egg groups in
bis at locality 3 (cf. Fig. 1) was significantly
ger (P < 0.05) than the numbers found at 11
er sites.
ENy mphs. Approximately 99 % or more of

Javesella nymphs were J. pellucida, while the
ond most numerous species was J. obscurella
h.) (Table 85). The percentage of J. obscurella
eared to be least in the western localities and
bieatest in the east and southeast; the differences,
ever, were not great. Although all the
esella nymphs are combined in the material,
numbers of nymphs found at each local-
give a good picture of the abundance of J.

These were over 10-fold diffetences in the
sity of Javesella nymphs between the vasious
alities, and the differences in the samples

taken in different localities were significant both :
in autumn and spring (Table 81). The maximum |
numbers of nymphs occurred at locality 2 both !

in autumn and spring. i

Adults. According to the netting samples, i
there were also over 10-fold differences in the
numbers of adults per 60 sweeps (Table 82).
The density of adults was greatest at localities
2 and 3, where the density of egg groups
and nymphs, too, was greater than at the oth-

er places.
All stages. The density of J. pellucida at

one and the same locality varied greatly from
year to year. Even if the numbers of leafhoppers \
in a clearing had remained the same every year,
their density would have varied in the sampling .
sites, since many factors, such as the situation :
of the sites, in the field, the position of the
hibernation places in relation to the site, the
wind direction during the migration period, etc.,
considerably influenced the numbers of leaf-
hoppers arriving at the sampling site and also
the numbers of eggs and aymphs. Evidently in
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Table 83, Coge] ti
samples taken ?na l109?1 v the "

bers of e i
e 88 groups in the stem

b mbers of J. peliucidg ad
were conversed o 101 1964 at the 20 localities shown l'.l:1

e 25). Same material as in Tabl,

ults, Jagesel),

o T L 'a nymphs and de|
S, using the coefficients 0.29 on oats
s 43, 44, 64, 65, 89 and 99

Numbers of Javesella
nymphs in 1
Numbers of J. peliucids zgultsu;n f:a s

N :
umbers of 7, pallun.da adults in spring wheat

such materia] the
P < 0.05 for the di
In the years 1961
tween the densities
in the localities stu
80—82). The figure:

(.)f €88s, nymphs and adults
died were calculated (Tables
s obtained from the densities

©ats and spring wheat it
it g s were positively correlated

) 8 group densities and th
; . e nymph
; :in‘slt;s. There are two possible explanations t{,)r
s: Either the overwhelming majority of the
oups and Javeselly nymph:
. . phs were
_é hit””;’da’- or they mostly comprised species
Se density was positively correlated with the

dcns1t' of ]. Ptl[llﬂdﬂ.
y The fonnet a.ltcmatlve 18

of the numpbers of adul

w .
ould in themselyes have given rather 2 good

Ppicture of the J. pellucida densi
. t i
The suction samples el o oy

' Wwere too small and thus did
N0t provide as accurate a picture of the densit

of /. pellucida, as did the other samples (cf. { d
KINHEIMO and R DN

: AATIKAINEN 1962, p- 14).
According to the data in Tables sohgz the

€ correct. Determinations
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-year timothy R |
S L, 2 STRE

probability need not be
flerence to be significant,
—1964, the correlations be-

— Ak
.57 JE7Rk .40 .34

P N yidd TR

distance from the farm buildi
oats, 2, 3, 5, 6, 8, 13—15),
in the larger clearings, usu

banks in the vicinity of the farm buildings (locs:

lities 1 wheat, 4, 7, 9—12, 16—20)

Reasons for Population densiry,

on the contrary,

Iphacid egg gro
¢ numbers of €88 groups in gxe‘;
and 0.19 in spring i

populatio.n density of /. pellucida was highest
the smallish clearings usually situated at sofiy
ngs (localities
while it was lowes

) there were often only one o
; ew cereal fields where leafhoppers could repro
uce. In certain years there were no cereals at all,

plant species growing on leys
(cf. PaaTELA 1953 ©) and field edges (cf. RaaTr

ation petiod had a pronounced effect on the
ers of J. pellucida. There were probably no
t differences between the large clearings near
farms and the small distant clearings as
rds the climatic factors which influenced the
oduction of J. pellucida ot as regards the
ation of the species, so that there must have
differences in the mortality of J. pellucida
een these two areas.

e number of internodes inhabited by ptero-
d larvae was positively correlated with the
ber of internodes containing delphacid eggs
able 92), and the regression coefficient
ger for wheat than for oats (t = 3.52**,
). In wheat — and perbaps also in oats —
omalids may have been direct density-de-
lent mortality factors, but according to the
elation calculations the differences were not
ficant. The material, however, comprised
populations of moderate density (about
3200 leafhopper eggs per 100 plants), so
n this account also the question of density-
dence remains unsettled. Calculations
d that pteromalids destroyed nearly 70 9
J. pellucida eggs in wheat and nearly 50 9,
ats. Since there was relatively more spring
t in the large clearings near the farms than
he distant clearings, pteromalids apparently
oyed relatively more J. pellucida eggs in the
by than in the distant fields. Particularly the
entage of eggs destroyed by Mesopolobus aequus
led to be large in the fields near the farms.
ats damaged by OSDV and EWSMV were
¢ abundant in the distant fields than in the
§ close to the farm buildings, and in such
sed oats the pteromalids evidently did not
toy such a high proportion of the J. pellucida
as in healthy oats (cf. Tables 23 and 40).
pite this, however, there were probably not
0te nymphs in the virotic stands of oats, since
gsuch stands Anagrus atomus destroyed relatively

e /. pellucida eggs than in healthy stands.

different parts of the same clearing the
pcentage of J. pellucida parasitized by Elenchas
cornis and Dicondylus lindbergi may have been
tent, but after migration of the host it
ared to be the same in the same kind of

crop, for example in oat fields. Throughout the
entire region under investigation the number
of parasitized leafhoppers in oats was significantly
correlated with the number of J. pellusda (cf.
Table 93), and on an average about 18 %, were
patasitized at all population densities. The signi-
ficance which was found in the samples taken
from wheat fields, too, was approximately the
same, but the percentage of parasitised leaf-
hoppers was higher, about 22 %, and it was
about the same at all population densities. The
frequency of D. /indbergi was almost the same
in both cereals, but the frequency of E. fensi-
cornis was higher in wheat than in oats (cf. Tables
75 and 76 as well as p. 103), and consequently
the total percentage of parasitized leafhoppers
was also higher. According to the above data,
E. tenuicornis and D. Jindbergi did not cause
distinct differences in the mortality of J. pella-
¢ida in different localities. Since other predatoss,
as well, were not seen to kill /. pellucida in clearly
different amounts among populations of different
density, the predators were evidently not the
principal factors accounting for differences in the
density of J. pellucida, even though pteromalids
may have been partially responsible.
Cultivation practices were definitely different
in the two different types of areas. Much cereal
was grown in the fields adjacent to the farm
buildings, and generally considerably less than
half the cereal area was undersown with grass.
J. pellucida leafhoppers dispersed over a wide
area of these nearby fields to reproduce, and
when the fields were subsequently ploughed,
most of the progeny were destroyed. On the
distant fields, on the other hand, where the area
devoted to cereals was likewise fairly large, over
half of it was undersown with grass. In these
distant clearings the leafhoppers were concentra-
ted in a relatively small area for their reproduc-
tion, and since considerably less than half the
reproduction sites were ploughed, most of the
nymphs had good chances of survival. In this
case cultural practices were probably an inverse
density-dependent factor and were the chief cause
of the differing densities of /. pellucida in the
different localities.
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! When the area of leafhopper hibernation sites
is divided by the area of teproduction sites, a
5 figure is obtained which denotes the density of
il J- pellucida coming to the reproduction sites.
“,‘ This equation, slightly modified from that
B devised by RaarikaNeN and Towii (1959 a,
P. 53), appears to be valid, but certain amend-
ments should be made in jt, This theoretically
derived equation, however, may be utilized in
calculating the relative densities of the leaf-
hoppers.

C. Fluctuation

Data on the abundance of J- pelincida and its
j natural enemies were collected eight times during
i each year,
,‘ Three netting apparatuses were used to detet-
‘ mine the numbers of migrating leafhoppers
(Fig. 24).
i Netting samples in oats and wheat (Tables
‘ 85 and 86) were taken at the localities mentioned
on p. 15, In 1958, the samples were collected
from places where the leafhopper population was
i very dense, while the samples taken in the other
years are more comparable with one another.
: Endeavours were made to take the samples every
year when over 90 % of the macropterous
J. pellucida had migrated and the first of the
| final-instar larvae of Dicondylus lindbergi had
‘ appeared. In general, the samples were taken
at the right time, according to observations
on the developmental stages of D, lindbergi, and
in most years more than 91 9/ of the J- peliucida
macropters had migrated prior to the average
sampling date (weighted mean; Table 84, cf. also
Fig. 24). But in 1963 only about 61 % of the
macropters had migrated, and from the material
obtained from the netting apparatuses it appeared
that the average sampling date should have been
July 4. However, there were only a few leaf-
hoppers in the apparatuses, and their numbers
were not sufficient for determining the correct
date for sampling. The netting samples were
probably taken too early in 1963 and slightly
too late in 1960. This conclusion was based
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e made in each
8 Abundance of Javesella species in ocats, 1958—1964. In 1959 and 1960 200 net sweeps were m:

i ing i in Table 64
o i, AT i e o s e o ol L i e 0o o 1%
J. pellucida which had migrated by that date. Same mate, Jasesella pellacida . 7. obsssretla
P J. diseolor
s in Fig. 24 and Tables 64 and 65 . No. of No. of No. No.
ear ficlds delphacids No. % of No. per &0
Osts Spring wheat delphacids Fweep!
Year % of % of 5
Avenge | pelleida Aversge | 7 pelia . — —
sampling datc £ sampling date £ 1263 1256 99. . 5
migrted migned @GR 1(7) 5268 5210 92.: lgg - 38
1958 | 4vir | g, VI | g S 13 4822 s 923 3 - 2
1959 VI | 969 — | TTaEm 20 741  Sa4 965 90 - i
1960 | 23, VI | ggs 27. VI | g9 2 o 1951 96.8 98 2 :
1961 | 23 v1 | o5 24, VI | o 20 2018 1023 95.3 51 =
192 | 7vii | o3 6.VII | o R 20 1073
1963 6. . .
1964 go. \‘;II g;a gg g g; F 19611964 = 3.86% d.f. 3 and 57

ive comparable data on the abundance of
lwcida in the various years. However, a fairly
;pictutc is obtained of the ratios between

principally on observations of the frequencies
the different larval insears of D, lindbergs,

The numbers of leafhopper eggs were count
from plant samples collected in fields of oats
spring wheat (Tables 87 and 88); the sampling
localities are mentioned on p- 16. Attempts wey
made to take samples when the ovipositi
petiod of /. peliucida had almost terminated by
only the first adult pteromalid egg-predators hs
emerged. In all years nearly all the delphacids B8
had finished ovipositing prior to the avers
(weighted mean) sampling date (cf. Fig. |
Tables 43 and 44), Howevet, in 1958—19
the samples were collected so late that mag
Mesopolobus aequys adults and first-genera
individuals of Panstensy 0%y/us had left the plan
Nevertheless, reliable data were obtained ev
year on the total numbers of pteromalid nymp
although in certain years the proportions of
vatious species were difficult to ascertain. Ho
evet, the proportions were calculated as approxiz.
mations (cf. p. 68). |

the netting apparatuses, the ratio bet‘iveen
maximum and minimum numbers of migra-
. pedlucida was 25:1 (Table 63). The highest
er, obtained in 1959, differed significantly

J ’the two lowest, in 1962 and 1963. The
fhbers of leafhoppers found in the .nettuTg
atus samples reflect the fluctuations in
dance of /. pelluwcida from year to year but

t give a good picture of the actual numbers

e species. .
frccording to the netting samples t?kcn at the
f the migration period, the ratio between
maximum and minimum numbers of /. pelin-

cida in oats was about 5:1, while in wheat it was
2:1 (Tables 85 and 86). As shown by the samples
mentioned in Tables 85 and 86 as well as other
collections, the numbers of /. pzllmida. per 60
sweeps were high in 1959, dropped to a minimum
in 1961 and rose thereafter. In oats, the rise was
statistically significant. )
E g g 5. The numbers of delpham.d egg groups
also varied considerably in the different years
(Tables 87 and 88). When the numbers were
smallest, the proportion of J. pellucida egg groups
was probably lowest; and when there wete many
cgg groups, the proportion was highest (cf.
Tables 85 and 86). In the stems of oats a.m.d
wheat the ratio between the maximum and mini-
mum numbers of egg groups of J. pellucida was
evidently about 4:1. The numbers of cgg groups
in the leaves of cereals do not give su.ch
a good picture of the total numbers of J. pe‘//tm}al'a
eggs as do the numbers of egg groups in the
stems. The reason for this is that the numbers

in each field, in the other years 60 sweeps. Same material as in Table 65

autumn and spring at the localities menti -

on p. 15. In the spring of 1958 sampling W! ] No. of i o F- Xt

done at the localities where the leafhopper déd? et Theide delphacids No. deieharids ol

sity was apparently exceptionally high. 6
Netting samples of nymphs and adults w¢ 5 1377 1357 28.5 51 - >

taken in late May and early June in first- 8 1688 lggg Z;g; 41 — §

leys established under cereals; the sampling lociy b e %g 1 2?2 1616 97.6 g; N 14

ities are mentioned on p. 15 (Table 91). 20 1734 }2% gg; 71 — 4

weather at the time of sampling was very diffef RIS 20 1479

in the different years, and thus these sample: :« 4ids F 19611964 = 129, d.1. 3 and 57 127



Table 87, Numbers of

d . .
sampleg takcnin1958—1 oo pocid e 100 e

964. Eve,
e 1y year 100 plants f,
of 20 fields (2 000 plants) were examif':ed ;uri;ng]

th i
€ period July 28—Sept, 19, Same material as jn

Table 43
Number of €RE groups
e

were
1964,

Year \IHML In leaves C:i_culned no,
of eggs
Toul f 13100&15;. W 100 s e
1958 1259
63
N A I T EEY E—
1560 13 - H 22 | 1184 1959
o | (385 8| 10 1] i we
1963 | 1545 | 77| 104 s | s 1o
196 1643 82 | 124 : S06 192
4 1766 88 627 6 965 1963
31| 1119 1964

Egg groups in stems F oo 2.67%, d.f 6 and 114

;_:ct:)l;: leaves are readily influenced by many
— (Z.g. dzought, OSDYV and EWSMYV) as
s }; ;he tmfe of inspection. The tota]
nabes a;)l elphacid €ggs in the samples were

ually counted, but calculated from the

These

| number of egg grou,
Per 100 plants was largest in 1959 and sri 1 -
11.1 1960, after which there sther

ymphs in suction samples taken

Year Sempling period i delphacta
No. of
nyﬂ‘pﬁ:

24.—26. X 7 96
5 —Zg. §{( 7 1 84?
1517, 2 230
=N

. 3 20 5825

F
19581964 = 2.83%, d.f. 5 and 88
1961—1964 = 5.03%%, d.f. 3 end 57
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Table 88, Numbers of

3 d
wheat samples taken u(i 195c :
were examined fr

Examinations made Aug, 1
as in Taple 44
Number of €88 groups
In sterns
Na,
Total , xo;plﬁ:-
457 25 0
1458 86 28
332 20 0
526 26 2
756 38 0
546 27 6
1212 61 17

No.

966
1839
3204
1365
5427
5741

Egg groups in stems F= 4.60%% df 6 ond 125

of J. peliucida abundance,

Nymphs. About 99 9,
Javesella nymphs were /,
so that the values shown
satisfactorily reflect the abu
under study, According to

Javesella nymphs

%

99.7
99.7
93.2
97.6
99.3
98.6

phacid ¢,
o in 19 ﬁ8-—1964.
r e 1d;

18 in 1958, 17 in 1959c :'Lt'u:tlhle

Total ],

88 groups jn
Every year 1095,
number of fe),

960, and 20
Pt. 2. Same gy

Calcu
of

No. per
00 plants

Of more of
bellucida (Table
in Tables 89 aq
ndance of the sp
these data, the

data on nymphs indicateq
of J. pellucida was greatest in 19;};“3;1:::‘1
t?lere Wwas a decrease and ther :
rse to the year 1964,
According to the netting samples (Table
the fxequcncy of nymphs of J. Pellucida was
matimum in 1958 and 1959, after whi
declined and subsequently rose again. The gy

cafter a gr

with timothy. Same material as in 'lln‘al:l‘:tsugnln :nndsgrling cereal seubbles under v

90. Numbers of Javesells nymphs in suction samples taken in spring in first-year leys established under spring

cereals. Same material as in Tables 32 and 81

Sempling period

No. of
fields

Jevisella nymphs

64 = 3:27*%, d.£ 6 and 94
964 = 5.54*, d.£. 3 end 57

23/ 1IV—21. V
15.—16. IV
28.—29. IV
22,24, 1V

6.—9. V
23,251V
27.-29, 1V

nymphs per net sweep poorly reflects the
ty of J. pellucida, since the weather condi-
ongly influenced the numbers of nymphs
ing the net. The numbers of adults and
frequency are also poor indicators of the
dance of the species.

1l stages. The population density of
billucida appeared to be high in the summer
56 but declined the following summer
rik AINEN and TINNILA 1959 a, p. 56). In the
et of 1958, the density was probably greater
8l - or approximately the same as — in 1957,
g which it apparently increased (cf. Fig. 24
fables 63, 85—91) (Fig. 77). The maximum
y occurred in 1959, but at the end of that
imer it already began to decrease. This
ase was not apparent, however, in the
es for the nymphal density in the autumn,
fiher was it distinct the following spring,
e the fact that the mortality appeared to
joigh during the winter. The reason for the

leo.h:f
clphacid
nymphs No. % );(; -
875 862 98.5 123
704 697 99.0 100
704 576 99.5 82
55 447 8l.0 22
1312 1267 96.6 63
1043 1039 i 5
2103 2057 97.8 103

lack of visible population reduction was that
samples of the nymphs were taken from only 7
localities and at a time when the weather was
favourable, and thus they do not satisfactorily
zepresent the entire region of investigation. The
drop in density did not become clearly visible
until the summer of 1960, when the numbers
of adults and egg groups in the samples showed
a decline.

Judging from the numbers of adults, there
should have been more egg groups in 1960 than
were actually found. The explanation for the
discrepancy may be that the adult density esti-
mated on the basis of the samples was too high
or that oviposition was unsuccessful, or that
both these causes operated. In the autumn of
1960 no samples were taken, but the following
spting the density of Javesella nymphs was low.
In 1961 the adult density was also low, but
oviposition was probably successful and the
density of both eggs and nymphs was evidently

91. Abundance of Jasssells nymphs and J. peliucida adults in first-year timothy leys established under spring
cereals, 1958—1964. In 1958, 60 net sweeps wete made in each field, in the other years 200 sweeps

Sempling period

No. of
ficlds

Adults

8. V—18.
14, V- 4.
20. V— 2.
29, V— 6.
2, VI~ 7.
23, V31
25. V—26.

Nymphs

No. of Javenlla No. of . peliscida

delphacids No. % delpbacidy No. %
2647 2642 998 359 330 92
6316 6303 99.8 1388 1307 94
4796 4662 97.2 1217 1193 98
4755 3756 79.0 409 373 91
1811 1751 96.7 282 255 20
1269 12600 99.3 404 396 98
17 596 17481 99.3 1222 1055 - 86




higher than the previous summer. In
preting the results it must be borne in

intes 48, 149), which comprised their most
rtant sites of propagation. The year 1959,
ver, was extremely dry (Tables 1 and 2),
at summer cereals and many annual weeds
ed and died early. At the same time the
y of J. pellucida in the cereal fields dropped
y, and one of the main reasons for this
ck of food. For example, on a nearly ripe
eld only 1.0 J. pellucida adult per 20 net
eps on the average was collected on July 30,
le 5.0 were obtained from patches of green
igia repens growing on the same field.
:’u.ting the years of the investigation under-
i d drainage became widespread in the
, and this to some extent diminished the
ts suitable for /. pellucida nymphs. A prob-
consequence of this change was a slight
e in the density of /. pellucida.

the cereal and hay fields were usually small,
about 0.5—2 hectares in size, and they
e generally situated in the clearings in such
4y that at least macropterous /. pellucida could
them. In small clearings, which were few
mber in the region, there was a scarcity
table host plants in some years. However,
so adequate food plants grew along the
ders of such clearings so that they were
ent to support a substantial population
eafhoppers.

general, J. peliucida had ample food every-
tte and throughout the region, so that the
bile stages could easily find it. In 1959, how-
7, there was a scatcity of food, the result
a great decrease in the numbers of the
cies,

Aan. J. pellucida is a species which has clearly
ved benefit from colonization. Even today
idensity of the species is low in wild regions
ihigh in cultivated areas. The species pre-
ably occurred in the region even before
nent settlement, but became more abun-
t after land clearing took place and increased
ther in the past century, when leys began to
established, first under winter cereals and
under spring cereals. The effect of man on
umbers of J. pellucida has been both direct
indirect. Among other things, the increase

After the summer of 1961, the density 4
J. pellucida rose from year to year (Fig. 77; Table
63, 85—91). At the end of the summer of 196
there may have been a sharper drop in the dens
of /. pellucida than the average. That year, ho
evet, the nymphs were small (Tables 31 and 3);
and .small nymphs are obviously collected by th:
suction apparatus less efficiently than large ones:
(cf. Herxinmmmmo and RAATIRAINEN 1962
1;). Furthermore, the weather at the time of s,a
p.lmg Wwas very bad,so that the decrease in de
Sity appearing in the tables is not reliable.

2. Reasons for fluctuations

Foo.d supply and its

%‘
\.

1959 1962 1964

most pronounced in 1959, and as a consequence:
then? Was apparently a slight reduction in th
| denS}ty of J. pellusida. A decrease in populatio
Egm;lsg “mbcfs of /. pellucida adults, dCHSltY vas O.bSCf-VCd in 1959 and 1960, but
(onate /.gpff}:f-}f) ]m ;;,;15,,;,-,1‘, 1)95Md delphacid cggs Was.dut? only in small part to the change in co]

. —1964. A = numbers of Cultivation mentioned above, Furthermore, th
decline in abundance of J. pellucida did

oats : : ‘ ‘

in spring whea‘:c;ei%ge;:? ::rl:s, D ; /- f lucida adults Eonﬂn“eha&cr this, as might have been expect

; eps, E = delphacid ut on the contr: i

:lh :;ts per 100 plants, F = delphacid eggs in sper?n8s el
per 100 plants, G = Javesells nymphs in autumg

per 0.3 m?, ? — 1o sam l_—
: ples or samm] . for adult ida i
material as in Fig, 24 and ﬂ;_l:;;: ‘;CSCLC;'(-)“ Seme "R A f —

1958

, Javesella nymphsg
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was at first a consequence of the expansion in
the area devoted to its host plants and the
increase in suitable habitats, and later of the
decrease in the numbers of nymphs killed by
ploughing.

Insecticides which were toxic to J. pellucida
were used only in exceptional cases on cereals
and leys in the region investigated. In 1959,
however, an estimated 20 %, of the area devoted
to oats, 15 9, of the batley area and about 5 %
of the spring wheat area were treated with
insecticides at the end of the migration period
of J. pellucida in order to control Rhopalosiphum
padi (L.) (RAATIKAINEN and Tinniei 1961, p. 16).
The effect of these treatments is not reflected in
a decline in numbers of leafhoppers in 1959
(Tables 85, 87, 88), since none of the fields
investigated were treated.

The effect of the above insecticidal treatment
would be expected to appear in the density of
adults, eggs and nymphs in 1960, and the density
that year was indeed small. The chemical treat-
ment obviously caused a considerable reduction
in numbers of J. pellucida in 1959, but by itself
it was not sufficient to reduce the density as
greatly as it actually did decrease. The density
of certain species primarily inhabiting leys and
even cereals rose that year, or at least seemed
to rise (cf. Tables 49, 50, 64; RAATIRAINEN and
VasaraINEN 1964, pp. 318, 319).

The cereals were usually harvested by binder,
and the harvesting time vatied widely in the
different years. For example, in the warm, dry
summer of 1959 about 10—15 %, of the rye and
barley had been cut by August 10, while the
figure for oats and spring wheat was less than
10 %. In the fairly average summer of 1958
corresponding amounts of cereals had been cut
about one month later, and in the cool summer
of 1962 even later. Even though eggs of J. pel/u-
cida hatched earlier in warm summers than in cool
ones, the proportion of eggs that had hatched
at the time of harvesting was not the same
every year. For instance, in 1960 there was
probably a considerably higher proportion of
hatched eggs of J. pellusida by the time of
harvesting than in 1958 and 1957 (Fig. 78).
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100

Unhalched eggs. %

T T
60 s0 0 30 20 y
10 0
Jays before horvesting by binder
Fig. 78. Percentsge of unhatched delphacid

eggs in oats at Laihia (L) and Vlista:
in 1957—1960. Same material as in Fri;.(l‘?.

However, this did not greatly reduce the leaf-
hoppcxf density (cf. RAATIRAINEN 1966 a).
During the course of the investigation the
method of harvesting cereals shifted from the
use of mowers and binders to combine harves-
ters, W.ith the consequence that the time of
harvesting became later and the stubble was
taller (RAATIRAINEN 1966 a). When the cereals
were cut later, a greater number of nymphs
man‘agcd to hatch from the eggs ptior to
cutting. As a result, the density of /. pelucida
nyrflphs may have risen somewhat during the
period of investigation, but such a rise was so
fma.ll that it had virtually no effect on the actual
increase in density. Moreover, a relatively larger
number of leafhopper eggs remained in a tall
stubt.)le than in a short one, and the relative
humidity of the microclimate in the tall stubble
apparently did not decrease so much as in a short
sht?.xtLble. These factors, too, may have had a
slight influence i isi i
ST ot n raising the nymphal density
The cereal stubble and the vegetation along
the field edges were burned quite often (Raari-
KAINEN and RAATIKAINEN 1964, p. 136), with the
consequence that a substantial proportion of the
eggs and nymphs in these fields were destroyed
Such burning appeared to decrease during thc;
course of this investigation, and the density of
J- pediucida may have risen slightly as a result.
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The waste straw remaining after threshing v
usually burned, and the eggs in it were th

92. Regression
ing delphacid eggs (x) as
i

between numbers of internodes inhabited by pteromalids (¥
well as correlation cocfficients in different years. One hun
n cach ficld, Same material as in Tables 43 and 44

y and numbers of internodes
dred plants were examined

destroyed.
The proportion of the cultivated area devoteq

to cereal crops used as nurse crops for leys may "

have declined slightly during the years of tlni

study, but this had little effect on the density of

J. peliucida. In 1959, however, establishment of 38 B

leys failed quite generally in the region, and the %g

same autumn or following spring many of these ig

fields were ploughed. This meant that the pm.A 20

pottion of J. pellucids aymphs destroyed wa o

larger than usual. In 1960, more new leys than

usual were established under cereals, and this 18

meas.ute obviously increased the population }7

density of J. pellucidz in 1961, although the 2

effect was not very distinct (Tables 85— x

Fig. 77). %8
Biotic factors. According to Mixe

(1957), competition between individuals of th

same species is the ultimate factor controllin sely, and vic

increase. However, in the localities under stud
the density of J. pellwida was so low that this
kind of competition was rather insignificant i
all the years.

The mortality inflicted by pteromalids w:
larg.e every year. During the pertiod of investi
gation, cultivation of oats shifted from vatie
having thin-walled stems, such as Tammi, t
those with thick-walled stems, such as Pende
(f:f' also Varre et al. 1958, Official statis
tics of Finland IIT: 56). This reduced the possibil
ities for pteromalids to feed on eggs of J. pel¥
¢ida. The actual decrease in mortality, howeves
was extremely small. e

=3

As the use of combine harvesters became mor©.
common and the stubble in consequence becam
taller, the adult density of Panstenon oxylus pro
bably increased to some extent during the pcri0.<1"
of investigation, and at the same time the opp?
tunities for the specics to destroy J. pellucs
eggs improved slightly (RaaTixamnen 1966 b

The proportions of internodes inhabited
P. oxylus and Mesopolobus sequus varied widel
(Tables 43, 44, 49, 50). These predatots fo
a pair with the characteristic that when on¢
the two species was abundant, the other occut! :

troyed
bpulation decreased. In the fol
1 and 1962, again few eggs were
d the leafhoppers increased in a
bles 49, 50, Fig. 77). Evident
cies P. oxylus —
sible for the fluctuations in

ined every year; the co
was 0.929 (d.f. 5) and the regression marked effect on the fluctuations o
een the numbers of internodes inhabited by The numbers of leafhopper cggs in the leaves
malids per 1000 plants and the numbers were largest when the density of leafhoppers
aternodes containing delphacid eggs was
—11.4 + 0.49%. In the wheat samples the weather was very dry;
tresponding figures were I = 0.99%%* (d.f. 5) stances there were also large aumbers of A.
gy = —15.0 + 0.70x.
-containing internodes inhabited by
ds also vatied (Tables 49 and 50), and it dependent factor.

eated that these predators destroyed few
B pellucida egps in 1958,
ulation consequently succee
ser. In contrast,

L93RRx
LBO¥FE
LT ERRK
Lgg¥Rk
K iiad
RYLL
Lg5KEE

L9gnE¥
KT
Ry ks
K'Y s
R iaad
L ggXRk

‘ggllt

cid egg-containing interno

The percentage of alomus. It seem
pteto- investigated, A. atomus was 2 direct density-

ly the pair of
M. aequus was partly te- Elenchus tensicornis was high in 1959 (Tables 74—
abundance of 76, and at that time relatively few J. pellucida

Number of intcrnodes containing

Regression between delphacid eggs per 100 plants

yend x )

Min. | Mia.
y=—024033x 2 83
y= 04+046x 8 102
y= 13+032x 2 35
y=—02+043x 1 56
y=——5.l+0.60x 1 121
y=——1.6+0.55x 1 98
y =—1.7 4+ 0.58x 2 69
y=—09+0.67T% 0 61
y=—3.4+4016% 7 | 106
y= L4+050% 3 27
y=—1.240.62% 1 59
y=—2.4+0s68x 3 o1
y=—0.9+0.72x 3 47
y=—0.640.67x 7 92

e versa. The numbers of del- J. pelincida, and they constituted 2 primary
des inhabited by cause, which in turn was regulated by weather
ae of these species were positively correlated  factors.

b the numbets of internodes containing del-
cid eggs (Table 92). Oat samples were exam- considerably (Tables 5
d in the years 1958—1964, and the values  species destroyed not more than 3 few percent
efficient of corre- of the eggs of J. peliucida at most, it had no

The abundance of Anagras asomus also varied
5 and 56), but since this

f the species.

transmitting OSDV  was high or when the
and under such circum-

s that in the restricted area

Achorolophus  gracilipes killed relatively the

and the leafhopper greatest aumbers of nymphs of J. peliucida in
ded in becoming  the spring of 1960 (Table 78). Thereafter, in
in 1959 and 1960 they relation to the leafhoppet, the numbers of A.
many eggs and the density of the gracilipes were small, and consequently the den-
llowing yeats, sity of J. pedlucida may have increased. However,
destroyed  this species cannot be regarded as an actual cause
bundance (cf. of fluctuations in J. pellucida.

The proportion of J. peliucida parasitized by
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93. Regression between numbers of /.

Table
of /. p

i N
ellucida (x) as well as correlation coefficients in different years, Netting sampl

oats and spring wheat during the petiods shown in Tables

. pellucida parasitized by E. tenuicornis and D, lindbergi (y) and total Numky

es (60 sweeps each) were takey j; llucida eggs in them. Of a total of 997 eggs

_ 64 and 65 nd in the leaves, about 813 (81.5 9,) had dried

Yo 0. B s

ear fcids . Regresion between Number of /. pellasida pum while in the stems 3272 eggs were found, of

e ¥y x .

o We ] ch 1138 (34.8 %) had dried up. In the field
11361 20 gpeer mortality due to drought was not so great,
19% gg L9 2%nr 7z =3 i g~;: x 1 134 even there a considerable proportion of the
1964 20 :19::: F=——161018x g 333 s succumbed to drought in 1959,

Spring v= 03+007x 1 213 the field the mortality of nymphs due to
“{;‘g‘l’t » ught appeared to be relatively greater than
1962 20 :;::: Y= 0.240.21x 0 - of the eggs. According to Hassan (1939,
:ggi gg T ;’ = :g; _':_‘ g-:: x 12 11 52), the degree of humidity prevailing during

- . 3 x . . .
S9aTER ¥ =—2.14010% ; g;)g moulting of the nymphs is of great impoz-

females produced eggs, but the number of eggs
Wwas great. In contrast, in 1960 and 1961 the
pcrc‘entzge of leafhoppers parasitized by E. tenui-
cornis was low, and J. peltucida was thus able to
Increase in numbers, as actually occurred. In 1962
the. frequency of parasitized leafhoppers was
again high, and a5 5 consequence there was

Weather fac
ity of J. peliucida wa

fr:l:.vably a .decline in the reproduction of the 1957—1958 ... 27.0%,
ﬂi:::s.~ Evidently E. tenuicornis affected the 1958—1959.. 27,5 %
ations of J. pellucida, but, like the preceding  1959—1960.. 68,79

.species, it was probably not a major factor
mﬂ\{aming the abundance of the leafhopper.
Dicondylys lindbergi apparently did not contti:
bute to the decline in the population density of
J. pellucida in 1959, but it probably slightly
;:sta;;i’c-d Gt;x)e subsequent increase in density (Tab-
The two species D. lindbergs and E. tenuicornis
;ormed a pair which parasitized J. pellucida (Table
3). Another parasite was 2 pipunculid, of which
only one specimen was discovered parasitizing
a leathopper. The numbers of J. pellucida parasi-
tlzt?d by these three species in the oat samples
which were taken in 1958—1964 and combined
annually were positively correlated with the
fumbers of J. peliucida (r=0.87% df. 5). As
regards the spring wheat samples, the figure was
£ =0.45 (d.f. 4). Evidently this group of species
was also partially responsible for the fluctuations
in ab.undancc of J. pelincida, and they likewise
constituted a primary cause which in turn
was regulated by weather factors,

The average winter

available, it is possi

tality may also have

desiccation when the

the leaves, but in ex
died of desiccation.
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appeated to be at least 45 %, and therewete
great differences between the various wiat
The percentage calculated for the winter
1?62—1963, however, was probably too small
since the autuma samples included fewer nymp]
than usual. The mortality was not seen to'’

of frost, but if adequate good samples Wi
found. The factors responsible for winter mo;

tions in abundance of J- pellucida.
The eggs of J. pellucida readily succumbed t0

too dry. The eggs in the stems were not subj

to such a great risk in this respect as tho

summer of 1959, an experiment was made €0l
prising 18 gauze cylinders containing oats WA

;e, for if the old skin becomes too dry, the
dect cannot detach itself from it; and if there
o much moisture the emerging insect cannot
en properly and is susceptible to moulds,
ch kill it. According to Drasora (1960, pp.
367), likewise, /. pellucida is a typical species
oist, cool places, and its youngest nymphs
to die when the temperature rises to 30°C
the relative humidity drops to 30 %,. In
teal fields and leys, the relative atmospheric

tors. The winter mortal
s studied using the materisl’

1961—1962 ..  60.5% Qmjdity at all times of the day and night is
1962—1963 .. 2399 er within the canopy of vegetation than
1963—1964.. 62.1% ide it (cf. Franssia 1949, p. 180).

the dry summer of 1959, cereals and grasses
pootly and were lower and sparser than
age. Since the leys and cereals were cut
insiderably eatlier than usual, the nymphs of
¥ pellucida wese left in a very dry environment
i July and August (cf. Table 2), and many of
died of desiccation or lack of food caused

mortality of /. pellui

ble that causes could

i

partly caused the fluctus
external conditions W

ceptional cases they, b
For example, in the’!

'On the cultivated land in the region undet
Ovestigation, Javesella pellucida was a very suc-
ul species. The climate was favourable for
bundant grasses and cereals were available
ost plants, habitats were so situated that the
ecies could easily reach them, and although
e were predators and diseases, they were
able to destroy mote than a part of the progeny.
he species is dimorphic. The brachypterous
dividuals moved for only short distances,
ile the macropters migrated for longer dis-

by the drought. In this dry, warm summer the
weather evidently influenced the population den-
sity of /. peliucida in many ways: It probably
caused the scarcity of food supply for /. pellucida,
the increase in Rbopalosiphum padi and the sub-
sequent widespread insecticide treatment of
cereal fields, the failure of many leys to become
established and the ploughing up of these fields
in the autumn of 1959 or spring of 1960, the
increase in M. aequus and reduction in relative !
numbers of P. oxy/ws, the rise in population %
density of 4. atomus in the summer of 1959, the Y
relative increase in density of Achorolophus gracifi-
pes, the rise in relative numbers of D. Jindberg
and the concurrent relative decrease in density
of E. tenyicornis. In addition, weather factors also
had an indirect influence, through the relative
areas devoted to different crops and varieties.
The exceptional weather in the summer of
1959, with its excessive warmth and drought,
was probably the chief factor responsible for the
reduction in the population density of /. pellucida.
In 1959, the weather had a direct effect on the
mortality .of the immature stages of the species
as well as an indirect effect through the agencies i
of natural enemies, other animals and cultural gl
practices. The decline in the density due obvi-
ously to these latter indirect effects of weather i
continued even into the following year, but, v
starting from the middle of the summer in 1960, i
the weather evidently caused a renewed rise in

population density.

VII DISCUSSION

tances and were responsible for spreading the
population into surrounding areas, as has also
been demonstrated in the case of Dicranotropis
hamata (Boh.) (RAATIKAINEN and VASARAINEN
1964, p. 320). This is a characteristic which is
advantageous to the species in the region under
investigation. Although the height of migration
of the macropters was greater than, for example,
Laodelphax  striatellus  (Fallén) (SuksHov and
PerLyur 1940, p. 484), forests constituted a
considerable hindrance to migrating individuals.
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In this case, such variations were mainly caused
by cultural practices. When different proportion
of fields was ploughed and tilled the proportion
of leafhoppers destroyed was different, too, Fur-
thermore, cultural practices affected the natural
enemies of the species in different ways from
place to place, and this was also partially re-
sponsible for variations in the mortality of the
leafhoppers. In earlier times J. pellacida was
presumably moderately frequent on virgin land,
but the operations of man, principally agricul-
ture, led to an increase in the populations; and
at present, agriculture is the most important
factor regulating the spatial variations in the
abundance of the species in central Finland.
Weather factors, competition between individ-
uals of /. pellucida, enemies and food scarcity are
apparently unable to prevent growth of the
populations if there is an increase in the area
of first-year grass leys established under cereals
in relation to the area of cereals (cf. RAATIKAINEN
and Tmwnipi 1959 a). Theoretically the leaf-
hopper density can be regulated to a considerable
extent, in particular by modifying the system
of crop rotation, the areas devoted to different
crops and the method of drainage. Such changes
are difficult to carry into practice, but possibilities

ted by their enemies. Later, the influence
weather factors was considered to be very
ninant. Still later, attention has been paid to
ral factors within the species and competi-
. between individuals of the same species
ScHWERDTFEGER 1941, Kanervo 1946,
qxe 1957). In 1963—1964, it was calculated
b 50—60 9, of /. pellucida in the region under
stigation were destroyed by enemies, 8—
% by weather factors and 12—15 9, by man.
her mortality was caused by internal factors,
of food and unsuitable places in which to
, while about 10—25 9, of the mortality was
consequence of factors not well understood.
he population density of /. pellucida was quite
erent in the different years. The reason for
was partly variations in the production of
pring but chiefly vatiations in mortality.
ing the 9-year period of this study, there
¢ two exceptional years from the standpoint
eather, the warm, dry summer of 1959 and
cool summer of 1962 (cf. VArLr 1962, 1963).
influence of weather factors was not clear,
ever, and the fluctuations in population den-
were obviously caused by many factors, as
been found by SCHWERDTFEGER (1941) and
Promon (1957). According to Soromon (1957,
£ 139), in regions with a climate relatively do exist for effecting them.
able to insect life, biotic factors seem espe- The factors influencing population
y important, and control by patasites and have been categorized in various ways (e.g.
tédators is clearly evident. In less favourable ScuwerpIFEGER 1941, ALiee et al. 1950,
fimates with a *hard’ season, physical factors ANDREWARTHA and Bircu 1961, Franz 1961).

more important in the determination of However, in many studies the influence of man
has been given too little attention or even

neglected completely. Even in investigations
dealing with the fluctuations in populations

There were ma
0y forests in th i
therefore the mipras; € tegion, and The abundance of ¢ i ;
within the o uigta}tlox:l of macropters was mainly siderably, but the mc:) . h © enemies varied g
occurring pop ;tlon itself. Thus, the . bellucida P a:cjlu.t" and M. - mportant ¢
) ©On each more or less isolated clear; o . aequus,
Is considered to b - ated clearing  important parasites of th i :
buted into aqh. . e u;la c?.lstm‘ct population distri-  corpsc and D. /indbergs, fc mol:;le sfﬁlges, E. feny,
Populations in the different fields When the density f;_’ oorme [;?:urs ;)f Speciy,
ac species of the pait

of the cleatin
8- However, the po ; .
: > pulations w mini
s0 large that the Influence of any letha] gc::: diminished, that of the other increased; 444

and Warson (1965),
oniizltrgrtc; (1956 a—c) has expetimentally dem-
i lt:afhat the pro}?ortion of macropters of
b dens‘top}?cr Species increases as the popu-
ot o thx Y rises. ’I.‘he same phenomenon was
e e /. pel{ma’a Populations in the field
hoppmpw ::r;ct) jtt:idizsb Tze dispersal of the leaf-

) 0 € density-dependent. T
itﬂ;lizﬂ:a;ic:(s:t);dinhﬁts}:ycar leyslin the regi::
8 that the proport

lx:;;ropters averaged over 90 %- gvcio;n;;lpzf
- n}ls of very low density the species consisted
ly of the macropterous form, so that in
]por‘:;cucc the d.ensity evidently cannot become so
studf:s al[:prcclably to hinder migration, Previous
e ave shown that the dispersal of some
insects, e.g. locusts and butterflies, s

destroy approximately the same proportion
leathopper offspring. If the losses of eggs caus
by the egg predators had been small, the spec
attacking aymphs and adults would, havepb

able to inflict greater losses than they actu:l?
p.roduced during the years of the investj
since, for instance,

. The en?mjes of /. pellwcida were very important
ia regulating the population of the species, since
they caused the destruction of about 50-—g0

size

ndance. The present investigations demon-
te that even in relatively equable climates,
ther factors may sometimes influence the

) , along the borders of fields, and in
e meadows. Paystenen oxylus, Mesopolobus
5 qP :;I ax.;d fﬂagrw afomus were able to follow
. #ciaz from place to place. 7

: ‘ - Elenchus teny;-
;;eﬂ/u, Dicondylys lindbergi and Achorolophus g:'::x’
‘pes were quite easil i i ,

' : ¥ carried to new sites alo,
:nth J Peliucida or other delphacids. The cnem.il:i
httacked all developmental stages of the leaf-
: I?PP“ ‘and were able to destroy them in almost
- iossxblc sites. However, €g8s located within
ck stem walls were difficult for enemies to reach
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undance of insects. In this study, such weather
ors affected /. pellucida both directly and also
ectly through the agencies of food supply,
lemies and man. The whole situation is actually
cry complicated chain reaction, in which
ftain unknown basic factors caused the weather,
d the weather, in turn, produced its effect di-
ctly and indirectly through biotic factors, man
d food.
The population density of J. pellucida also
atied considerably between different localities.

;ﬂY’ron,mem‘d requirements of these enemics
t s quite probable, for example, that E. fen#t

16073—67

of pest species, the effect of man is sometimes
entirely ignored. However, it was obvious in
the present study that man had a very marked
influence on the size and density of the popu-
lations of /. pellucida and its enemies. In many
other citcumstances, too, man is evidently a very
important factor regulating insect populations.
The effect of man is to be compared to that of
enemies, food supply and weather as one of the
essential factors, at least in the population dy-
namics of agricultural pests.
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VII SUMMARY

In the pem)d 1956-—1964, studies were carried uring the period May 26— [uly 20, and la
y & Sted |

out on the bionomics and fluctuations in abu.
dan'ce of Javesella peliucida and its enemies in tz;
;:f:‘onT;ast of .thc city of Vaasa in western Fin-
f. © major part of the investigation was
:: (t)rrr;ed in the ﬁe!d laboratory of the Depart-
: nt o Pest Investigation at Laihia and in the
o\;:tt;:::’i:}g area. F.luctuations in the abundance
. ious species wete studied in 20 locali-

ties. Furthermore, data were obtained from othe:
parts of Finland. )

an average of at least 42 days.

thrc grass plants were growing, particularly
spring cereals, first-year leys established uuyd.(!j1
cerf:als, and winter cereals. The species migrated
mam‘ly to spring cereals. In spring the population
density was greatest in first-year leys established
the previous year under spring cereals.

The most important food plants of the nymphs
were cereals and timothy, that of adults before

migration timothy and after migration cereals:"

Javesella pellucida (F)
(Hom., Delphacidae)

The sex ratio was found to be close to 1:1
Copulation apparently took place after migration;
and the male could copulate with at least two
females. The pre-oviposition petiod at 17°C was
'13-—22 days, and the oviposition petiod in the
insectary averaged 27 days. The average num-

June . bet of eggs prod
most the entire year but were at a minimum  Among %!gle Zran:rcl:iu:npl‘;:: w:l: - :238 f
s, the number o

in July. The species hibernated in all n
instars but mo I ymphal  eggs laid was highest when i
aymphs ovcrwistzltzy::g Lf:itaés I~V and III. The spring cereals aﬂ%i lowest in tli; f;:::ls: wl?:zu:
whete they had hatched alihy in the same site natvral conditions the most importam; l:-n:s
apparently moved to t}’1c b Ozgh some of them for oviposition were spring cereals, winter Cireﬂ-lé
The mean daily tcmperaturoer s of the fields. .and ley grasses. Most of the cgg,s were located
sppesrance of oggs amd sum between the in the stems, but some occurred in the I

ggs and October 2 showed a as well. In oat fields the number I(1)f :gg:a;::

g POSiﬂVC correlati ith hibernati 1nt e ros
stron, frelation wi the hib i i
\ natin nternod 0se i i
( . £ as the €gg dCﬂSltY lﬂCICﬂSCd. ‘

occurred from May to September.

m::;t the beginning of emergence, brachypters
made up an average of 5.5 %, of the leafhoppers
in first-year leys. When the population densit
of the species increased, the proportion 05;_
macropters probably rose.

) J- pfllu:ida was extremely abundant in the area
mv'estlgatcd. The size of the egg varied accordin,

to its age and to the female. Eggs occurred ftorrgx
June to October. Nymphs were present through-

Enemies and diseases

Paristenon oxylus (Walk.) ( Eym., Pteromalidac)

Brachypters moved for di
r distances of at m

only a few d ost the egg were ositivel i :
in the daytjnizeﬂinm:;:séiMaFmp tc;s migrated length of the Wri)ﬂg of glccir;:::dﬂ::‘tlk::n:lﬂ:

me, rection of the wind £ the wi " - s
usually at hei - , of the wing was positivel . o
The distanchh::ai euﬁe :l’n:trcs abov.c the ground. number of delphzcid :ggys Ci(:,“:::eg“w::‘};dt: -

y the migrating leaf- Males achieved their maximum size af:cr <o

hoppers were
: probably up to several kilomet i
in length. It was possible to predict the :n::: e i o g fcmak\s

of migration with a precision of 1.7 4 0.5 days s e oo

by mesns of the . P. oxylus had one complete and incont>
of the pecceding x;\:;r;d:lad;ﬁ tgemgerature sum plete generation per yea:p A;o:r; 4(:’;6 :::Ih‘&
. ration occurted the adult sta; | y ’

ge at the end of the summet.

138

J. pellucida was most abundant on open site

P. .ax_yiu:' was common and abundant in the :
area investigated. The length and diameter of 1

1n cereal fields, eggs of delphacids, particularly
J- peliucida, comprised the chief food source of
the larvae, One larva generally destroyed 20—
30 delphacid eggs.

The sex ratio was female-dominated. If the
jaternode contained few delphacid eggs, males
mainly emerged, while if there were many €ggs
ptesent, females predominated. The numbers of
farvae per unit of ground area as well as per
aumber of internodes containing delphacid eggs
were greater in spring wheat than in oats.

phacid eggs in the internodes, the sex ratio The fluctuations in abundance of M. aeguss in

aded to be male-dominated. When females the years 1958—1964 were probably chiefly
i)roduced parthcnogcnetioally, their progeny caused b.y weather faf:tors. In Watrfl summets
se males. The average number of eggs laid the density of larvae increased and in the co?l

he trials was 149 per female. This number summer of 1962 it decreased. Furthermore, 18

positively corelated with the life-span and fh“ cool sumumer not all the.specimens s.ucc.ecded

he length of the wing. In oats and presumably 1n emerging as a‘%“hs’ while those still in the
io in other spring cereals, oviposition generally m.nnaturc stages died. Pansienon .ax_ylu.r competed
bok place in the thinnest-walled internodes con- W{th' M. acquis for the same internodes con-
¥.iring dclphacid cggs. taining delphacid eggs- In watm summers M.

The numbers of P. 0% Jus have probably aequns appatently took pc.bsse-ssmn of such intet-

cased greatly as @ fes It of land cleatance nodes from P. oxyus, while in cool summers the

d the expansion in cultivation of cereals and

yfields. Evidently the numbers of the species

ere most strongly reduced by the destruction
s:xcr;f:l s:;z:n::i:;:bl)ll:(; ‘i’.'rr}:l;;r::&“fzg::. A. atomus was abundant in the region invest.i-

thes factors decreasing the abundance of P. 0xy- gated. It Mbernatccidas the 1mr;amre stnge; o

s were unfavourable living sites and weather eggs of Solenopyx 2 phureliss ( ett.) locate ml

nditions as well as scarcity of food supply- leys. and cer&l.st\xbblc. The total deve.lopomeutad
Weather factors acted both directly on the [;cs:ng;iy;)f :}:1:1 1:]?”32‘;;&5:: aatf;1;j(, l:s:;s

petuation 1 pumbers of the spectes and m(.h- In Juneand July the adults of the first generation
cctly through food and the competitive specics migrated to cereal fields, where 2—3 further

i esapolobus aequss. generations arose. In cereals the chief food supply

consisted of eggs of delphacid leafhoppets,
pacticuladly J. pelucida.

About 39 % of the specimens Wwere males.
Parthenogenetic reproduction may take place.
The numbet of progeny was 26—42. The species
principally parasitized eggs located in the leaves,
but also some of those in the stems. This species
was a very efficient destroyer of J. pellucida €ggs
in cereal leaves.

The food supply was an important factor
causing fluctuations in the abundance of the

ies hibernated in the larval stage and
@erged as adults in late May and early June.
he species was most abundant in spring
ereals and in first-year leys established under
als. In general, only the females migrated
June and July.
On cereal fields eggs of delphacids, particularly
pellucida, comprised the chief food source of
Jarvae. One larva generally destroyed 20—

eggs.
The sex ratio was about 1:1. If there were few

situation was reversed.

Anagrus afomus (L.) (Hym., Mymaridat)

Mesapolobus aequsus (Walk.)
(Hym., Pieromalidat )

M. aequus was quite common but not abundant
the area investigated. Oqly one generation
r year was observed. The males emerged
mewhat eatlier than the females and died the
me year. The females overwintered, and mi-
rated to fields of spring cereals the following
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spccic.s. If there was adequate food, i.e. delphacid
te’ggs in the leaves, such as in oat stands infected
dy OSDV and EWSMV or suffering from

rought, A. atomus was abundant. If, on the

con
ontrary, the food supply was meagte, the para-
site was scarce.

Dicondylus lindbergi Heikinb. ( Flym., Dryinidae)

. D. 'Iindbergi was quite abundant in the area
investigated. The species was univoltine. In
about 59/ of the cases studied, the la.rvac
bec.amta visible in the nymphs of J. pellucida
while in the others they became visible in the’
adults. In the field, the larvae usually pupated
on the leaves of cereals. The adults begfn to
err;erge e;t the end of July or later.

n early summer larvae of D. 4 ]
most abundant in those places wher,eﬂjb.‘;f’llnzf::
to.o, was most numerous. Parasitized lea.fhoppet;
rmiratcd during approximately the same period
ZSf ;:.lthy. ones, and no differences in the height

ration it
o hgml . 1:1:;:0;l;se::ed between parasitized

On an average, the females lived over 1/
mon.ths in the cultures and consumed nym h:
of six delphacid species. The female killedpat
least 2.7 J. pellucida nymphs of instars II to IV
and at most 3.8 nymphs per day.

Only 1 9, of the specimens were males, and
;:e male copulated with many females. Un,fetti-
. ecllf]cmales evidently produced female progeny.

Jsually there was only one larva in each /. pellu-
¢ida nymph. A parasitized leafhopper was inca-
pable of reproducing.
| D. /indbergi was most numerous on cultivated
:nc?. The population fluctuated considerably

uring the years 1958—1964, and weather factors
evidently had the greatest influence in causin
such fluctuations in abundance. :

Elenchus tenuicornis (Kirby) (Strepsiptera,
Elenchidas)

. E. tenuicornis was common and abundant, and
;d one generation per year. Its developmental
rhythm was well adapted to that of /. peliucida
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but differed somewhat from the latter in th
different years. )
E. tenuicornis hibernated as a larva in its host
§omc of the male pupae already became visibl.;
in nymphs of J. pellucida, but most of them did
not appear until the host was adult. The females
became visible exclusively in adult hosts.

The males emerged between the hours of

4 a.m. and 10 p.m., and their life-span was about

6 hours. The main period of flight was in Jul
The discharge of triungulinids from the fema;;

usually began in the morning and continued for

desiccation.

In win.tcrtimc the density of E. fenuicornis was
grcat'cst in leys which had been established the
previous year under a cereal. After migration of
leafthoppers, Elenchus was most abundant in
cereals but also occurred to some extent in leys.

The parasite was carried to adjacent fields in*
nymphs and brachypters, but when its host was

a
macropterous leafhopper, the most important

of which was J. pellucida, it Was transported for
long distances. ‘

In Finland E. tenuicornis has been found in
16 .species of delphacids. The chief host in the
region of investigation was /. pellucida, and in
other hosts the species made up only a few.
pe'rcent. In cultures offspring of a female in
Stiroma bicarinata (H. -S.) succeeded in entering /.
pellucida and growing to the adult stage in
their new host species. '

The behaviour, rate of development and life
span of parasitized J. pedlucida was different from

the notmal. Furthermore, parasitized leafhoppets -

were incapable of reproducing. :

The sex ratio appeared to be male-dominated:
T?)c progeny numbered at least 1620 4= 110.5
t.m'mgulinids per female. Most of the triungo-’
linids died before finding a host, and many of
the parasitized leafhoppers in cereal felds suc-
cumbed when the fields were ploughed. Weathe?
fact?rs wete apparently responsible for the fluc
tuations in abundance of the species in 1958
1964, acting directly and also indirectly throug
food supply, biotic factors and man. :

Achorolophus gracitipes (Kramer )
(Acar., Erythraeidae)

he mites parasitizing J. pellucida were mot-
ologically of at least two different types, but
the present wotk the single name A. gracilipes
‘used for all the red mites encountered.
ites were found in J. pellucida nymphs and
" lts between May 12 and July 11; they were
mon but not very abundant.

ites were encountered in leys, cdges of fields

an average of 44 hours. The triungulinids lived e e B o e o e

for only a few hours and readily succumbed to-::

ation, they were carried from place to place
heir leafhopper hosts. A. gracilipes parasitized
y species of leafhoppers.

‘here was usually only one mite per Javesella
mph. In trials, mite-infested J. pellucida speci-
ns usually died in the nymphal stage.

he most essential factor influencing the fluc-
tions in abundance was apparently the weather
. previous summer. After warm summers large
oportions of the leafhoppers were mite-para-
ized, while after the cool summer of 1962 the

nt of mite parasitization Was small.

Other animals

atural enemies of Javesella pellucida in the
gion of investigation comprised 2 Dipteran
the family Pipunculidae as well as the spider
cies Dicymbium nigram (Blackw.), Meioneta
Birestris (C. L. Koch) and Linyphia pusilla Sundew.
ey destroyed very few J. pellucida.
Non-predators which destroyed J. pedlucida
bere  Microtus agrestis (L), M. arvalis (Pall),
icola terrestris (L), Lepus simidus L. as well
the herbivorous domestic animals, cattle,
tses and sheep. But these animals were quite
significant in causing mortality among leaf-
ppets.

Viruses and fung
'he European wheat striate mosaic vitus

IEWSMV) and oat sterile dwarf virus (0OSbV)
urred in J. pellucida, but they were not found

to have a directly deletetic;us influence. Indi-
they affected the mortality.
. pellucida was infected with the parasitic fungi

rectly, however,

(Thaxter) M. Gustafs. and
E. sphaerosperma Fres., which caused a slight
amount of destruction to the leafhoppers.
Botrysis sp. and ? Cephalosporium  sp. Wete
encounteted in €ggs and Penicillium sp. i
nymphs, but they were not found to be patho-
genic to the leafhopper.

Entomophthora major

Fluctuations in the abundance of J. pellucida

J. pellucida theived well in the region of
investigation. The climate Was favourable for
this species, its host plants were cultivated on
about 90 %, of the arable land, and they also
grew abundantly on surrounding land. The num-
ber of progeny was large, and as the population
density rose, an evidently increasing proportion
of the population migrated to other fields. The
host plants were distributed in such a way that
the mobile stages easily found them and inhabi-
ted them. In addition to the above factors, the
activities of man, especially the extensive culti-
vation of cereals and timothy as well as a rotation
system which favoured the species, helped to
bring about the high population density of
] pellusida, which was often as much as 4 000—
5000 eggs per square metre in oat fields.

Over 99 9, of the progeny apparently suc-
cumbed. The enemy species P. oxylus, M. aequus,
A. atomus, D. lindbergi, E. fenuicornis an uniden-
tified pipunculid, A. gracilipes, D. nigrum, M. rures-
#ris and L. pusilla, as well as non-predators, the
parasitic fungi Entomophthora major and E. sphaero-
spermaand certain unknown species were responsi-
ble for the mortality of about 50—60%. The activi-
ties of man killed over 12—15 %, and weather
factors about 8—15 %. Some 1025 9, of the
mortality could not be exactly explained. Spatial
variations in abundance wez¢ caused by man,
both directly and indirectly through biotic fac-
tors. The fluctuations from year to yeat were
evidently caused by weather factors, both directly

and indigectly through food supply, enemies and

man.
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SELOSTUS

Viljakaskaan bionomiasta, vihollisista ja runsaudenvaihtelusta

MikkO RAATIKAINEN

Maatalouden tutkimuskeskus, Tuhoeldintutkimuslaitos, Tikkurila

Delpbacidas-heimoon kuuluva viljakaskas levittii vilja-
.kaSVfihi.n ainakin neljdd virusta, joista tyviversoviruksen
12 vilrumosaiikkiviruksen aiheuttamat sadon menetykset
ovat meilli ajoittain ja paikoitellen suuria. Tissd tutki-
muksessa selvitetdin kaskaan bionomiaa, vihollisia ja
runsaudenvaihtelua Vaasan itipuolella kuuden pitdjin
alueella. Kenttityét tehtiin vuosina 1956—1964.

Viljakaskas, Javesella (Calligypona, Delphacodes)
pellucida

Laji esiintyy koko viljelyaluecllamme ja vuosina 1956—
1964 siti oli tutki lueella hyvin n i. Se talvehti
toukkana ectenkin viljothin perustetuissa ensimmiisen
V!-lodcn Aurmissa, mutta myds vanhemmissa nurmissa,
ple.l.ltatcilln ja muissa heinikasveja kasvavissa paikoissat
Lfll.l aikuistui toukokuun puolivilin ja heindkuun puoli-
val.m vilisend aikana, Kaskastiheyden suurentuessa pitki-
slipisten osuus suureni. Lyhytsiipisct siirtyivit enintiin
muut.aman kymmenen metrin paihin, mutta pitkasiipiset
v.aCIswat tuulen suuntaan 20. 5.—20. 7. ilmeisesti useiden
kilometrien pashan tavallisimmin 2—6 metrin korkeu-
dessa ~jz laskeutuivat yleensd viljapeltoihin, Vaelluksen
alkamisaika kyettiin laskemasn kahden vuorokauden tark-
kuudella vaellusta edeltivien kausien limpétiloista.

Na.aras muni kokeissa keskimiirin 402 munaa. Vilja-
pcllols.sa valtaosa munista oli korsissa, joissa niiden pda
u?ottul nivelvilin onteloon. Pieni osa munista oli leh-
C!I.SS'i. Kaurakasvustoissa nivelvilin munamairi oli posi-
tllilscssa korrelaatiossa 100 kaurassa olevien munien
midrdin,

Viholliset

Panstenon oxylus -kiilupistidinen. Pelloilla laji talvehti
toukkana viljojen singissi. Aikuiset ilmazntuivat kesi-
ku'ushsa, ja lihes yksinomaan vain naarat vaelsivat kesi—
hcmékuussa lisdintymispaikkoihin, Naaras muni kokeissa
keskimiirin 149 munaa, ja viljapelloissa munat olivat
tavallisesti kaskaiden munia sisiltivissi nivelvileissi
TOUk.l'm hivitti keskimiirin 20—30 viljakaskaan munaa:

) .IA]m runsaus on todenniikisesti suuresti lisidatynyt
Vflldyalzn suurennuttua ja viljojen seki heininurmien
vilielyalan lisasnnyttya. Viljan olkien ja singen havitti-
minen vihensi ilmeisesti eniten lajin runsautta. Saatekijit
v'ill!(uttivnt ravinnon ja vihollisten kautta osaksi myés
vilittdmisti pistidisen runsaudenvaihteluun.
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) Mesopolobus asquus -kiilupistidinen. Vain naaraat talveh.
tivat pelloilla ja metsissd. Ne vaelsivat etupadssi kesi-
!zuussa viljapeltoihin, joissa ne munivat samanaikaisesti
ja samotihin paikkoihin kuin P. oxylus. Toukat hivittivat
keskimiirin 20—30 viljakaskaan munaa. Lajia oli kuiten-
kin huomattavasti niukemmin kuin P, axylus -lajia, joten

se hivitti pienemmin midrin viljakaskaan munista kuin

P. oxylus.

Pistidisen runsaudenvaihtelun pasaiheuttzjina olivat il-
mc{s.cstl .siitelu'iéit. Limpimini kesini toukkatiheys suy-
reni ja viileing pieneni. Viileini kesini vain osa ehti aikuis-

tua, ja toukiksi scki koteloiksi jaineet tuhoutuivat. P,

oxylus kilpaili M, asguus -lajin kanssa samoista kaskaiden
munia sisltivisti nivelvileisti. Limpimini kesini M.
aequus niytti valloittavan niitd P. oxylur -lajilta, viileind
P. oxylus taas M. aequus -lajilta.

Anagras atomus -hiukepistidinen. Laji talvehti kaskaiden
munissa ja aikuistui kesi—heinikuussa. Timin jilkeen

aikuiset siirtyivit lisiintymispaikkoihin, Viljapelloissa ne ;

munivat lihes yksinomaan lehdissi oleviin kaskaid

‘etcnkin viljakaskaan, muniin. Loisitut munat tuhoutuivat; -’
ja viljakaskaan munasta kehittyi vain yksi pistisisaikuinen.

ssa, ja ne elivit koeoloissa noin 6 tuntia. Naarat olivat
foko ikinsi isinndssiin, ja jilkeliiset tulivat ulos heini—
kuussa. Naaraasta esiin tulleiden toukkien miird oli
{eskimairtin 1 620. Toukat tulivat ulos noin kahden vuo-
kauden aikana, elivit muutaman tunnin ja kuolivat her-
ti kuivuuteen,
b Suurin osa toukista kuoli ennen kuin 16ysi isinnin, ja
toja muokattaessa kuoli todennikoisesti yli neljasosa
)ape].loi].la olleista toukista. Saitekijit aiheuttivat ilmei-
histi valittomasti ravinnon, kilpailevien lajien, muiden
inten ja ihmisen vilitykselldi runsaudenvaihtelun.
¢ Achorolophus gracilipes -punkki. Yksi tai uscampia lajeja,
hista kiytetddn tissi edelld mainittua nimei. Punkit loisi-
Yat viljakaskaassa 12. 5.—11. 7. Tavallisimmin ne olivat
i kaan toukissa, mutta melko usein niiti oli aikuisissakin.
14ji on moniruokainen ja esiintyi tutkimusalueella mo-
sa eri hyonteislajeissa. Punkkicn loisimat viljakaskaan

Viljakaskaan runsaudenvaihtelu

Viljakaskas menestyi hyvin tutkimusalueclla, Ilmasto
oli sille suotuisa, sen ravintokasveja viljeltiin noin 90
o:lla viljctyalasta, ja lisiksi ravintokasveja kasvoi run-
saasti viljelysten ulkopuolella. Ravintokasvit olivat ja-
kaantuneet alalle siten, ettd toukat ja aikuiset l6ysivit ne
ja voivat kayttii niiti. Edellisten lisiksi ihmisen toiminta,
etenkin viliojen ja timotcin viljcly sekd lajille sopiva
kasvijarjestys, tekivit mahdolliseksi viljakaskaan suuren
tiheyden, joka oli kaurapelloissa usein 4 000—S5 000
munaa/m?®.

Jilkeliismadrasti lienee kuollut yli 99 %. Viljakaskaan
vihollisina oli tutkimusalueella ainakin kuusi hyonteis-,
yksi punkki-, kolme himihikki- ja kaksi loissienilajia.
Lisiksi ainakin seitsemin muuta eliinlajia ja ihminen
tuhosivat sen jalkelsisia. Lihes kaikki viholliset olivat

kat kuolivat tavallisesti ennen aikuistumi Lajin
finsaus vaihteli melkoisesti. Limpimien kesien jilkeen
isisten kaskaantoukkien osuus oli suuri ja viileiden jal-
n pieni.
Muut eliét. Viljakaskaassa loisi jokin Pipuniulidae-
imon kaksisiipinen, ja kaskaan toukkia hivitti aina-
kolme himihakkilajia. Myds myyrit, jinis ja laitu-
a olevat kotieldimet hivittivit jonkin verran vilja-
Fliskaan munia. Hiukepistiiisen tuhoamien munien suhde
lupistiisten tuhoamiin oli suurempi viirumosaiikki-
tyviversoviruksen saastuttamnissa kauroissa kuin muissa.
aksi loissientd Entomophthora major ja E. sphaerosperma
ppoivat jonkin verran litkkuvilla kehitysasteilla olevia
ja

Lack

Lajilla oli 3—4 sukupolvea vuodessa, Kauran Ichdissa sen

S PP N i st
loisimien Delp kaskaiden, etupddssd viljakask

munjen osuus nousi vihintiin 90 %:iin, joten laji oli::

hyvin tehokas lehdissi olleiden munien tuhooja.
Ravinto oli hyvin tirkei runsaudenvaihteluun vaikut-
tanut tekijd. Jos lehdissa olevia Delphacid
saasti, kuten tyviverso- ja viirumosaiikkiviruksen saas-
tuttamissa tai kuivuuden vaivaamissa kaurakasvuistoisss,
A. atomus -lajiakin oli runsaasti.
Dicondylus lindbergi -pihtipistidinen. Laji talvehti vilj
kaskaan toukassa ja tunkeutui toukkana nikyviin tavalli-
sesti kaskasaikuisesta kesikuussa, Isinti kuoli viimeiset
asteen toukan jittiessd sen. Pistidistoukka koteloitui viljg-
pelloissa tavallisesti viljakasveihin, ja ensimmiiset aikuiset
kuoriutuivat limpimini kesind heinikuun lopulla, viileind
elokuun lopulla, Naaraat tappoivat kokeissa noin 3 vilja-

kaskaan toukkaa vuorokaudessa ja munivat viljakaskesn .

toukkien takaruumiiseen.

D. lindbergi -lajin runsaus vaihteli melkoisesti, ja runsa
denvaihteluun vaikuttivat ilmeisesti voimakkaimmin &>
tekijat. ;

Kaskaskierresiipi (Elenchus senuicornis). Laji ﬂl"‘hd\
monien  Delphacidae-lajien,  tavallisimmin  kuitenki8
viljakaskaan, toukissa. Isintien mukana toukst k'fl
keutuivat peltolohkolta toiselle. Laji koteloitui ylecost
aikuisissa kaskaissa. Koiraiden pailentoaika ofi Bel

unia oli ran=";

tutkin lla yleisia. Useimmat olivat yleisid koko
Eteli- ja Keski-Suomessa. Viholliset tuhosivat v. 1963—
1964 noin 50—60, ihminen noin 12—15 ja saitekijit noin
8—15 % viljakaskaan jalkelaisistd. Noin 10—25 % kuol-
leisuutta ei kyetty tarkasti selvittimién. Paikkojen vi-
lisen runsaudenvaihtelun aiheutti ihminen vilittémasti ja
bioottisten tekijsiden kautta, Vuosien valisen runsauden-
vaihtelun aiheuttivat ilmeisesti saatekijat valittomasti sekd
ravinnon, vibollisten ja ihmisten kautta,

Viljakaskaan runsautta voidaan sidnnostelli muutta-
malla kasvijarjestysti, vilielykasvien suhteellisia pinta-
aloja ja ojitustapaa. Kiytinndssi muuttaminen on vaikeaa,
mutta sijhen on kuitenkin mahdollisuuksia.
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