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I. INTRODUCTION

Studies on thrips were begun quite early in
Finland. In his publication on the Finnish
thrips fauna, O. M. Reurer (1899) mentions as
many as 59 different species, mozre than ten of
which occurred on grasses and cereals.

The importance of thrips as pests of cereals
and cultivated grasses in Finland has also been
recognized for a long time. This emetges most
clearly from the reports on the incidence of
pests that have been published over the yeats.
For instance, as long ago as 1897—98 attention
was drawn to whiteheads on grasses, a phenom-
enon in which insects were believed to play an
important role (E. REuTeR 1898, 1899). The pest
report of the following year (E. Reuter 1900 b)
already gave a clearer explanation of whiteheads
and its causes in Finland, and mentioned .the
grass thrips (Apzinothrips rafus Gmelin.), the biol-
ogy of which was briefly described, as one of the
causes.

Whiteheads were later found on cereals also,
and vatrious species of thrips were shown to be
responsible (E. ReEurer 1901 b, 1903, 1906, 1909,
1910, 1912a, 1912 b, 1914a, 1914 b, LmnNa-
NiEMI 1916, 1935, HugkINEN and Varrura 1935,
1936, HukkineN et al. 1936, Varrura 1935,
1938, 1939, 1956, 1960). The importance of
thrips as pests of cultivated grasses and cereals
in Finland has been mentioned not only in
teports on pests but also in many other publi-
cations (E. ReuTer 1900 a, 1901 a, 1902, Hux-
KINEN 1917 a, 1917 b, 1925, 1934 a, 1934 b, 1936
c, BRumMER 1939, Kanervo 1950, Varpura 1955).

In his monograph on the pest fauna of cul-
tivated plants in Finland, Varrura (1965) bases
his sutvey on data regarding the incidence of
pests gathered at the Department of Pest In-

vestigation. He draws particular attention to the
destructiveness and economic significance of
thrips. Thus in rye the damage to the ear caused
by Limothrips denticornis Hal. was estimated as
25—-30 9, in some cases, with a reduction in
yield amounting in the wortst cases to as much as
5—10 9,. Frankliniella tennicornis Uz. may be
regarded as one of the most harmful pests of
batley. According to studies carried out in 1931
by Kanervo (1950}, it caused an average loss of
12 9, in barley at 32 localities in Ostrobothnia,
2—30 9, of the grains being destroyed. In Au-
gust 1964, a report was received at the Depart-
ment of Pest Investigation on a case of damage
to Asa barley at Muhos, where estimates put the
yield loss at 50 9%, or even 70—80 %, and in
places as high as 100 9, so that it did not pay to
harvest the crop. The damage was attributed to
F. tenuicornis.

HukkiNen (1934 b) Haplothrips
acwleatus Fabr. as the cause of severe damage to
wheat in southwest Finland. Later, BRUMMER
(1939) found that this species was a destructive
pest of rye in Finland, for studies in 1937 showed
that it was responsible for 2.6—9.1 9 of all the
empty spikelets observed. TIrrTANEN (1954) has
drawn attention to the damage to grains of wheat
caused by H. ac#leatus in 1950—51.

Apart from direct reduction of grain yield,
thrips have also caused a reduction in the quality
of the Finnish cereal crop and an increase in its
susceptibility to fungal pathogens (NUORrRTEVA
1952, Nuorreva and Kanervo 1952).

Severe damage both to cultivated and to wild
grasses has been caused not only by the above
species but also by Chirothrips hamatus Tryb.,
Chirothrips manicatus Hal. and Aptinothrips stylifer

mentions
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Tryb. and rafus. Especially the damage done by
C. bamatys to meadow foxtail is occasionally
vety severe (HugkiNen 1936 c). Reports on
pests and other publications do not ascribe
much importance to Anraphothrips obscurns Mull.
as a plant pest in Finland, although it is quite
common and abundant on cereals and cultivated
grasses (Korrd 1967).

Tt is clear from the foregoing that the in-
juriousness of thrips living on cereals has been
convincingly demonstrated in Finland, and that
there is good reason to regard these species as
pests of economic importance. As the studies of
HuxkxineN and KANERVO on these species were

never completed, it was decided, in view of the
importtance of the damage done by thrips to
cereal crops, to include this problem in the
research programme of the Depattment of Pest
Investigation for the early 1960s. This research
consequently got off to a good start, and later,
from 1966 onwards, was continued outside the
Department.

The present study is the fourth in a series
dealing with the thrips species of cereals in Fin-
land. The previous papers in the series dealt
with the thrips fauna of cereals (K&rpi 1967),
the hibernation of thrips (K&reeA 1969 a) and
the sex index of thrips (K&ppi 1969 b).

II. PREVIOUS STUDIES

Along with identification of thrips species
and reports of the damage they cause, attention
has been devoted to their biological charac-
teristics.

The earliest studies on the subject merely
clarified the biology and life cycle of thrips. Thus
Haripay (1836), who carried out the first ex-
tensive study of thrips species, observed that
their development was extremely rapid, many
generations being produced in a single summert.
Yet the author was apparently not completely
aware of the developmental stages of thrips, for
he neglected to mention any prepupal stage. In
his systematic section, he mentions several
thrips species, some of which occur in Finland,
as inhabiting cereals and grasses, although he
placed the main emphasis on Limothrips cerea-
linm Hal., which had been recognized as a pest
since the beginning of the nineteenth century.
JorpaN (1888) provided further details of the
development of thrips. His study mentions the
prepupal stage. It also describes the mode of
reproduction of thrips, the ratios between the
sexes, and the dimorphism that occurs in several
species.

Towards the end of the nineteenth century,
investigators began to pay special attention to
the thrips inhabiting cereals and grasses, obvi-
ously because these species were widespread and
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importtant. One very much studied species was
L. denticornis, already mentioned by Harrpay
(1836). Much greater knowledge of this species
is shown by LinpeEman (1886, 1887), who refer-
red to it as Thrips secaline Lindmn. His studies
were carried out in Central Russia, and they pro-
vide quite detailed information on the develop-
mental stages of this species and on its life cycle
during the course of the summer. The results are
evidently based exclusively on observations made
in the field. Somewhat later, Trysom (1894)
published a report on the incidence, biology and
injuriousness of the same species in Sweden.
Subsequently, information on the biology of
this species has been revised and improved.
Pussarp-Rapuresco (1931) studied the biology
of the species in France, and especially the
migrations of the females from one plant to
another. The mating of the species was also de-
scribed in detail. Von OEerTINGEN (1942), in his
extensive studies based on observations on
samples of thrips taken from grass stands, gives
the durations of the developmental stages of
this species in field conditions. Some of the most
recent studies on the biology of L. denticornis
have been done by Horrmann (1963 a) in West
Germany. These studies clarify the development
of the species on a number of cereals and the
durations of the various development stages on



these, and give data on the number of eggs pro-
duced by the females, on the sex ratio and on
the migrations of the species during the summer.
Studies of the biology of L. denticornis have also
been made by Kurpjumov (1913 a) in Russia,
Rostrup et al. (1940) in Denmark, and FRANSSEN
and MANTEL (1965 a, 1965 b) in the Netherlands,
as well as by others, ‘ '

The developmental biology of A. obscurus has
been the subject of relatively little investigation,
despite the fact that the species is quite wide-
spread (von OrTTINGEN 1955). The most ex-
tensive studies were made as much as seventy
years ago. Evidently, the economic importance
of this species is now rated as rather low. The
biology of the species was most accurately
described by Hinps (1900, 1902) and FERNALD
and Hinps (1900). These latter studies, which
were carried out in North America, were based
on laboratory reating tests, and the results
supplemented with field observations. The stud-
ies provide data on the life cycle, the duration
of the different developmental stages, the num-
ber of eggs per female, the sex ratio, the number
of generations and the occurrence of dimor-
phism. The sex ratio of the species was also studied
in the U.S.A. by Cary (1902) and Syurr (1909,
1914 a). Thete has been very little research on
this species in Europe. Its biology has been
studied in Europe chiefly by Morrson (1943,
1957) and WerzeL (1964).

F. fennicornis is a widespread species of thrips
living on ceteals (von OErTINGEN 1955). Yet
over most of its range it would appear to be of
minor importance as a pest, as its biology has
been little studied. Some investigations on the
subject have been carried out, for instance in
Sweden (Jomansson 1938), Great Britain (Mo-
RISON 1943) and East Germany (WeTZEL 1964).
It is pethaps in Finland that most attention has
been devoted to the species. Passages dealing
with the biology of the species occur even in
the papers by HukkiNen (1932, 1936 a), although
Kanervo (1950), who began and largely com-
pleted his investigations in 1931, gives a more
comptehensive picture of the development of
the species on cereals, despite the fact that his

article is primarily concerned with its destruc-
tiveness. It cannot be denied, however, that the
developmental biology of this species has been
greatly neglected, although more detailed in-
formation on the subject is necessary, at least
in Finland, in view of its widespread occurrence
and great abundance.

H. acnleatus is one of the most extensively
investigated species of thrips, mainly because its
range is extensive (von OETTINGEN 1955) and
the damage it causes is well known (BeLinG 1872,
SzantszLo 1879, LinpEMAN 1886, 1887, TryBOM
1895, Risaca 1902, Kurpjumov 1913 b, STrA-
NAK 1920, BraTrNny 1923, K6RTING 1934, BRUM-
MER 1939, KrarocuviL 1939, BrLaTINY et al.
1942, von O=rrTINGEN 19522, Tansky 1961).

LinDEMAN (1886, 1887) was the first to describe
the biology of this species, primarily in the
conditions of Central Russia. The conclusions he
reports on the development of the species are
based on observations made in the field. Later,
TrysoM (1895) mentions some special features
in the life of this species, as does KurpjumMOv
(1913 a, 1913 b). But only Kortine (1930, 1934)
seems to have studied the biology of H. acu-
leatus in great detail and to have made accurately
controlled laboratory tests by means of which the
various developmental stages and their duration
could be clarified. The results he obtained in the
laboratory were supplemented by field observa-
tions. Later studies (BRUMMER 1939, HoLTMANN
1963 a, WETZEL 1964) have revealed certain oth-
er features in the life of this species. Attention
has been paid to the species not only as a plant
pest but also as a natural enemy of vatious other
insects and mites (ZnameENsxY 1914, BREMER and
Kaurmann 1931, KnecuTEL 1931).

In addition to the above, many other species
of thrips live on ceteals and grasses. In Finnish
conditions, however, the numbers of these other
species on ceteals are relatively low. Such species
include A. stylifer, C. hamatus and C. manicatus
(Kéeri 1967). The biology of these species, too,
has previously been investigated to some extent.
Thus HukkiNeN (1936 c) carried out a thorough
study of C. hamatus as a pest of the seed of
meadow foxtail, The study also includes accurate
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data on the development of this species. Of the
Aptinothrips species, the best known in respect
of biological characteristics is .A. rufus (RADU-
LEsco 1930, Pussarp-Rapuresco 1931, SuARGA
1933), which in Finland mainly inhabits grasses.
Some thrips specics that occur elsewhere as
pests of cereals are not found in Finland at
all. Among these, mention may be made of L.
cerealim, which has long been recognized
as a pest (Harioay 1836) and the biology of
which has consequently been investigated in
great detail (JorpaN 1888, Kérting 1930, Jo-
HANSSON 1938, LeEwis 1959, 1963, HOLTMANN
1963 a, FraNsSEN and MaNTEL 1965 a, 1965 b).
Another thrips species of this kind is Szenozhrips
graminum Uz., which is found in various other
patts of Europe as a pest of oats (Kurpjumov
1913 a, Korosova 1926, Kratocmvir 1939,
Horrmann 1963 2, FranssEn and MANTEL
1965 a, 1965 b).

Hibernation is one of the most critical phases
in the life cycle of thrips and has also been
investigated extensively. Most investigations
have been made on the thrips species of cereals
and grasses. Studies dealing purely with hiber-
nation have been made by Priesner (1924 a),
Korrmvg (1928), LEwis and Navas (1962), Le-
wis (1962, 1963), WerzeL (1963) and Kérri
(1969 a). In addition, scattered observations on
the hibernation of various species of thrips have
been published by many research workers (Lin-
DEMAN 1886, 1887, Jorpan 1888, Hinbps 1900,
1902, FErnaALD and Hinps 1900, HEwrrr 1911,
Kurpjumov 1913 2, K6rTIiNG 1930, HUKKINEN
1932, 1936, von OETTINGEN 1936, BaIlrey
1938, 1948, Rosrrur et al. 1940, Morrson 1943,
WerrMeIer 1956, Hourmann 1963 a, FRANSSEN
and MaNTEL 1965 a, 1965 b).

The effects of environmental factors on the
development and behaviour of thrips have also
been studied. Attempts have been made in
laboratory and in field cultures to investigate the
behaviour of various thrips species — chiefly
those infesting cereals — in different conditions
of temperature, humidity and light (CEDEREHOLM
1963, Horrmann 1963 b). Observations have
also been made on the effects of various chemical
and contact stimuli on thrips (MorGan and
Crums 1928, Horrmanx 1963 b). All factors of
this kind have a certain importance in guiding
the insects towards suitable places for feeding,
reproduction and hibernation.

The environmental factors, weather factors in
particular, also have a considerable effect on the
sizes of thrips populations on cereals and grasses
and their fluctuations in abundance during the
course of the growing season (ScHANDER and .
GorzE 1928, Jomansson 1938, von OETTINGEN
1942, Kringkowskr and FicHLER 1948, SCHOBER
1959, WerzerL 1962, Hortmann 1963 a), and it
has been found that such factors also have an
effect on the abundance of thrips inhabiting other
plants (e.g. HorsrFarr and Fenton 1922, Evaxs
1934, WrirLkinson 1939).

The size of thrips populations and their
fluctuations in abundance during the summer
have been most accurately described by Jo-
HANSSON (1938), von OErTTINGEN (1942) and
WEeITMEIER (1956). Studies of this type are always
based on identical samples gathered from the
vegetation regularly at short intervals, usually by
netting. Joransson (1938) collected his samples
from cereal fields, while the other investigators
took theirs from stands of grass, from which
samples can be taken over a longer period.

III. MATERIAL AND METHODS

The present investigations on the biology and
abundance of thrips species infesting cereals
were carried out in 1960—69. Cultures were
maintained, both indoors in the laboratory and
outdoors, in strictly controlled conditions, and
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these were used to investigate the biological
features. The information obtained from these
tests was supplemented whenever possible by
field observations. Rearing tests were mostly
carried out at the Department of Pest Investi-



gation at Tikkurila, but were continued in 1967—
69 at the Ahlman Agricultural College in
Tampere.

The abundance of thrips was investigated by
means of samples netted from various species of
cereals. These samples taken at Tik-
kurila in 1960—66 and at Somero in 1961—

65. Samples of thrips were also collected for

WeErc

the same purpose from leys grown for cutting
and seed leys.

The investigations dealt with the biology and
abundance of the species Limothrips denticornis
Hal., Anaphothrips obscurus Mull., Frankliniella
tenuicornis Uz. and Haplothrips aculeatus Fabr.
These species have been shown to damage cereal
crops (Korpi 1967).

A. Experimental studies

1. Biology of development

The present investigations deal with the
preoviposition period, host plants, oviposition
and development of the individual from egg
to adult.

a. The preoviposition period

The females of both the hibernating and the
new thrips generation are not immediately able
to lay eggs, but the ovaries develop gradually.

To ascertain the duration of the preoviposition
period in the hibernation period, samples of rye
and of ley grasses were gathered in autumn,
winter and spring at intervals of about one month

and were dried at room temperature for 24 hours.
Then 15 females of the species studied were
gathered from the sample and placed individually
in glass tubes for oviposition, the tube being 6.5
cm long, with an internal diameter of 0.9 cm
(Fig. 1).

The tubes were tightly corked. Each tube
contained a shoot of cereal or grass as a sub-
stratum for oviposition. The cultures were
examined with a microscope every day, and the
shoot was replaced when it had become too dry.
Except in wintertime, the duration of the preo-
viposition period was studied from the emer-
gence of the adult onwards, too. The female
specimen was transferred to the rearing tube im-

Fi
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g. 1. Glass tubes used for the oviposition cultures of thrips. Photo: Institute
of Photography, Helsinki.
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mediately after emergence, and a watch was kept
for the start of laying.

b. Host plants

As the cultivated cereals and the cultivated
and wild grasses in Finland all belong to the same
family (Gramineae), it can be assumed that the
thrips species occurring in great abundance on
the cereals are able to reproduce on very many
other members of this family. To investigate
this question, females of the species studied were
placed on shoots of different species of plants
and inserted into rearing tubes as above. If the
females laid eggs on the shoots and the larvae
that hatched were able to sutvive to adulthood,
the plant in question was considered to be a host
plant of the species, i.e. a plant, on which it
could both feed and reproduce.

c. Oviposition

In the present studies on oviposition, attention
was devoted mainly to the number of eggs

Fig. 2. Rearing tube used for the oviposition cultures of
thrips. Fuller description in the text. Photo: ]J. Rautapii.
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produced by the females, to the length of the
oviposition period and to the distribution of
the eggs on the plants.

To ascertain the number of eggs laid, 15—20
females were placed singly in rearing tubes for
oviposition as above, with a shoot of cereal or
timothy as substratum. Hvery 3 days a fresh
shoot was substituted for the one in the tube,
and a count was made of the number of eggs on
the shoot removed. This was done both with
that had hibernated and with adult
females of the new generation that had developed
in carly summer, the number of eggs being
counted separately for each group. On the ces-
sation of egg laying or the death of the females,
the length of the oviposition period could be
determined. Tests of this type were employed

females

to ascertain the number of eggs laid by F.
tennicornis and A. obscwrus. A different kind of
culture tube was used to study the oviposition
of L. denticornis and H. aculeatns (Fig. 2). A glass
tube 7 cm long and 1.4 cm in diameter, contain-
ing water was sealed with a porous plastic
stopper and through a small hole in this a plant
shoot was pushed until its cut end dipped into
the water. A glass cylinder ¢. 1.8 e¢m in diameter
and 15 cm long, open at one end and covered
at the other with fine-mesh gauze was used to
protect the protruding part of the shoot. To
keep the parts of apparatus in place, they were
sunk into a large hollow cork in such a way that
half the thickness of the cork was round the
bottom end of the larger tube, and half round
the upper end of the smaller tube. The shoots
were replaced every 4 days and the eggs on the
shoot removed were counted. A shoot on which
the ear was emerging from the sheath, and on
which the female could therefore lay eggs inside
the sheath, was used as the egg-laying substratum
for L. denticornis. A similar shoot, or one in which
the ear had recently emerged from the sheath, was
used for H. aculeatus. This allowed the females to
lay on the ears or spikelets. To facilitate the
work of counting the eggs, the upper part of the
ear was cut off so that only a few spikelets

remained on the rachis.



Fig. 3. Cage used for investigating of the distribution of
thrips eggs on plants. Photo: Airi Varis.

To ascertain the site where the eggs were laid
on the plants, tests were made in cages outdoors.
The cages (Fig. 3) used for this purpose were
60 cm high and 30 cm square. The side walls
were of gauze; the roof and the back and front
walls, the latter of which could be opened, were
of glass. Three cereal plants growing in a single
pot were placed in each cage, on which 100
females of the thrips species to be studied were
allowed to lay for 5 days. The plants were then
cut off at soil level, and the distribution of the
eggs noted. For this purpose, each leaf was
divided into quarters, beginning at the base, and
counts were made of the number of eggs on
each leaf and each quarter-leaf. On plants that
had come or were coming into ear, egg counts
were made on the leaves and also inside the
sheaths. The uppermost sheath was also divided
into quarters for egg counting,.

d. Developmental stages

To determine the duration of the egg stage,
a fairly large number of females of the thrips
species studied were placed in the same kind
of culture tubes as were used to ascertain the
number of eggs and the oviposition period of
L. denticornis and H. aculeatus. For F. tennicornis
and A. obscurns, however, shoots with enough
leaf area for egg-laying were selected. Some of
the cultures were kept indoors in two separate
rooms which had fairly constant but slightly
different temperatures. Other cultures were kept
outdoors, and development in these corre-
sponded more closely to the life cycle in field
conditions. The females were allowed to lay
eggs in the tubes for 24 hours, and were then
removed, the eggs being left to develop in the
same conditions. The cultures were checked
daily, the temperatures recorded, and hatched
larvae transferred singly to shoots or spikelets
placed in small glass tubes as described above.
The subsequent development of the larvae was
checked daily, and moulting recorded whenever
possible, in order to ascertain the durations of
the various larval instars. When the shoot in the
tube began to wilt, it was replaced with a fresh
shoot., When the larva had become full-grown,
the cultures were examined twice every 24 hours
to ascertain as accurately as possible the lengths
of the prepupal and pupal stages. Thereafter the
shoot did not have to be replaced as food but
only to maintain the correct humidity in the
rearing tubes. The moulting times of prepupae,
pupae and adults were carefully recorded. In the
case of species in which both sexes occur, an
attempt was also made to compare the rates of
development of the two sexes whenever suf-
ficient numbers of females and males were ob-
tained in the cultures.

Endeavours were made to rear the larvae until
they reached the adult stage. It was consequently
possible to ascertain the whole length of the
period of development from the results of the

rearing tests in known conditions.
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Fig. 4. Plastic box cage used in the investigations on
dimorphism, Fuller description in the text. Photo:
Institute of Photography, Helsinki.

2. Dimorphism

A. obsenrus occurs in both a macropterous and
a brachypterous form. Individuals of this species
were reared in varying conditions in order to
discover what factors might be concerned in
determining wing length.

The plants serving as food and oviposition
substratum were grown individually in flower-
pots, and an endeavour was made to select
specimens of exactly the same size. The plant
and the thrips on it were enclosed within
a cylindrical cover of PVC, 37 cm high and 9 cm
in diameter (Fig. 4). To the top of the cover was
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attached a 12 cm extension of gauze which could
be pressed together and closed at the top with
a plastic clip. Scattered around the plastic cover
were nine holes each 3 e¢m in diameter and also
covered with gauze.

To establish the effect of day length, the fol-
lowing tests were set up. Macropterous spec-
imens were inserted for laying in some of the
cultures, and brachypterous specimens in others.
The food plants were oats and timothy. Some of
the cultures were kept in total darkness from
16:00 hrs under light proof covers made of stiff
cardboard, under which there was space for 10
flower-pots with test plants. At 08:00 hrs the
cover was removed. Photoperiods were estab-
lished well before the larvae moulted.

Rearing tests were also made by placing
varying numbers of this thrips species on plants
of the same size, with a view to investigating the
cffect of population density on wing develop-
ment. These cultures, like those mentioned
above, were kept outdoors. The females were
allowed to lay eggs in the cultures as long as they
remained alive, and the progeny were allowed
to develop into adults. Counts were made of the
numbers of brachypterous and macropterous
progeny from the different treatments, and
the ratios of the two forms were calculated.

Tests were also set up to ascertain the stage
at which the species is susceptible to external
factors that might affect wing development. For
this purpose, the females were allowed to lay
eggs for 48 hours on plants growing in flower-
pots, and then removed. The plants, with the
eggs and subsequent larvae, were taken in a
series of cultures at 48-hour intervals and then
subjected to short-day treatment, being allowed
only 8 hours of light per day. From the wing
form of the emerging progeny in these series
of cultures, it could be inferred whether these
factors have any effect and, if so, at what stage
of development the species is susceptible to
factors determining wing form.



B. Studies on abundance

Attempts were made to investigate the abun-
dance of thrips species infesting cereal crops,
chiefly on the basis of samples netted from
various species of cereals. The same data had
been employed earlier to ascertain the thrips
fauna of cereals (Ko6ppA 1967). As the samples
were netted throughout the growing season,
they could be used for compatison of the life
cycle of these species of thrips and of the
fluctuations in their abundance during the sum-
mer. During the growing season samples were
netted at intervals of about a week between noon
and 14.00 hrs, weather permitting. If it was rain-
ing, or the stand was still wet after rain, col-
lection of the sample was postponed to the next
fine day. Nor were samples netted when the wind
was strong. Every sample comprised 25 double
sweeps of the net, equivalent to c. 30 m? of
field. The sampling method has been described

in greater detail in previous studies (Kopri
1967).

Samples of shoots, ears ot panicles were taken
from various cereal plants in 1960—61. In 1960,
every sample contained 25 shoots, and, in 1961,
50 shoots, ears or panicles, samples being taken
throughout the growing season. The results
obtained from these samples have been used
mainly to supplement the studies on the com-
position of the thrips fauna made with netted
samples and to show on what parts of the plant
the various species lived. Mainly because of the
small numbet of specimens obtained from them,
however, these samples wete not used to clarify
the relative abundances of the various species
and the fluctuations in these values during the
growing season, although such samples are very
suitable at the shooting and earing stages, when
it is difficult to take samples with a net.

C. Weather conditions during the research period

The weather conditions of the research period
are described by two graphs (Figs. 5 and 6), the
former showing the average temperatures and
the latter the amount of precipitation at Tikku-
rila in the growing seasons of 1960—66. During
these years the cereal crops provided the samples
used to investigate the abundances of the thrips
and the fluctuations in numbers through the
growing season. The average temperatures were
obtained from the Department of Meteotrology,
and are based on measurements made at an
altitude of 2 metres by the Department of Plant
Husbandry of the Agricultural Research Centre.
The average temperatures and the precipitations
in the graphs are shown by 5 day-periods for
May-August of the different years. The tem-
perature conditions in the growing seasons of
the research years show considerable variation
(Fig. 5). The summers of 1960, 1961, 1963,
1964 and 1966 were warmer than average, es-
pecially in early summer, while the summers of

1962 and 1965 were cool. The relations between
the temperature and the rate of development of
the thrips, and also the abundance and its
fluctuations, are dealt with below in the light
of these data.

In Finland, the eatly part of summer is usually
fairly dry. A dry period starts soon after the
spring sowing and lasts until the end of June.
But there is plenty of rain in late summer, and
August is the rainiest month (JuuseLa 1963).
This tendency is clearly discernible in the rain-
fall of the research period (Fig. 6). Rain in late
summer in particular is often associated with
chilly weather, and these factors in combination
may be detrimental to the development of thrips.
The light rainfalls that may occur even eatly in
summer may temporarily affect the sampling
thrips, for the insects will shelter from the rain
and be less easy to catch with a net than in dry
weather. Further, rain always interferes with
sampling with a net or prevents it entirely.
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IV. BIOLOGY OF DEVELOPMENT

A. Limothrips denticornis Hal.

This species is also known under the name
Thrips secalina Lindmn. (LINDEMAN 1886, 1887).

1. Distribution

L. denticornis occurs everywhere in Europe
(PriEsNER 1926). It is also encountered in Asia,
e.g. in Siberia (Scarox 1931) and Khazakstan
(Tansky 1961). Von OerriNngeN (1951, 1955)
regards this species as largely Eurasian and
Palearctic, but it is probably mainly Holarctic,
for it also occurs in North America: in the
United States (Herrick 1924, Hoop
Herrick 1926) and Canada (Anox. 1966).

and

2. Host plants

L. denticornis lives and reproduces on all
species of cereal grown in Finland. It seems,
however, to prefer rye and batley, on which its
abundance has been shown to be high (Korpi
1967). Vigorous reproduction of the species on
these plants is reflected in the low sex index.
L. denticornis males are apterous and are thus
unable to migrate long distances from one host
plant to another. Thus a high proportion of
males indicates that a plant is a suitable host for
the species. And rye (cf. p. 195, THEOBALD 1922,
Sorovev 1927, SHCHELKANOVTZEV 1929, STRA-
winskr and Seczkowska 1952) and barley
TueossarLp 1922). have been found in par-
ticular to suffer the most severe damage. It seems,
however, that the species occurs only spatsely on
oats in Finland (Koérrid 1967), although else-
where it has been reported to be one of the most
injurious species of thrips on oats (Ripaca 1902,
Stranax 1920, Krarocuvir 1939, BrarrNy
et al. 1942).

L. denticornis feeds and reproduces not only on
cereals but also on cultivated ley grasses, as can
be seen from the results (Table 1) of the host-
plant tests carried out in summer 1967. But it
cannot teproduce, on ley legumes, although
some species of wild grass provide it with suitable

sites of reproduction (Table 1). Many of these
latter plants are quite common in Finland in
fields, by roadsides and on ditchbanks. Together
with moss and forest litter, wild grasses also
provide attractive hibernation sites for this
species. L. denticornis is to be found on many

.plant species in addition to those above, but

most of them ate only places of temporary
shelter providing no facilities for feeding or
reproduction.

3. Sex index

Depending on the circumstances, the sex
index of L. denticornis vaties greatly from year
to year. It also seems to vary on different species
of host plant (KoppA 1969 b). The results of
samples netted at Tikkurila in 1960—65 show
that the sex index averaged 72.1 %, on rye,
this figure showing the proportion of females
in the population. It was 82.9 9, on barley,
92.3 9, on winter wheat, 93.0 9, on spring
wheat and 90.0 9, on oats. Samples netted at
Somero gave similat tesults. The males of this
species are thus not as rare as was assumed by
Scairie (1912), HukkiNen (1935) and others.

The sex index varies a great deal in the course
of the growing secason. Only the females of
L. denticornis hibernate. The first males appear
only when the new generation becomes adult,
but they are short-lived and die before the
coming of winter. This is also suggested by the
observations made by Baenarr (1909), WiL-
riams (1913), Marvrsaex (1932) and MELIS
(1960). However at some point during the sum-
mer males may be more numerous than females
(K6pri 1969 b). This frequently occurs when the
new generation emerges, for the males usually
develop mote quickly, while some, at least, of
the females of the old generation are dead by
that time.

4. Hibernation

Forest edges appear to be the most attractive
hibernation sites for L. denticornis (K6ppA 1969 a),
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Table 1. Host plants of L. denticornis Hal., A. obscurus Mull., F. tenuicornis Uz. and H. aculeatus Fabr.

(x = occur, o = do not occur, —

not investigated)

L. denticornis

A. obscurus F. tennicornis H. aculeatns

Plant species

Eggs

Larvae Eggs Larvac Eggs Larvae | Eggs Larvae

Hordenm vulgare .. ........oooiii ...
Avena sativa
Zea mays
Sorghum vulgare v. sudanense
Phlenm pratense
Alopecurus pratensis
Festuca pratensis
F. rubra
F. ovina
Dactylis glomerata
Lolinm perenne
L. multiflornm
Poa pratensis

P. annna

Agvostis vulgaris
Calamagrostis sp. .. ..ot
Deschampsia caespitosa
D. flexnosa
Triticum repens
Anthoxanthum odoratun:
Trifolium pratense
T. hybridum
T. repens
T. resupinatum
Medicago sativa

where a microclimate suitable for this species is
maintained by the grass, moss and litter. Other
possible hibernation sites include patches of
grass at the roadside, cereal stubble and bark
(K6rrA 1969 2), under which the species has also
been found to hibernate by Priesner (1924 a)
and LEwis and Navas (1962).

In this species it is the adult females that
overwinter (K&ppA 1969 a), although WerzeL
(1963) found one male specimen in a collection
of thrips gathered during the winter. The possi-
bilities for the wingless male to hibernate seem
small, if only for the reason that to reach winter
quarters a flight of some distance is usually
required and this can only be petformed by the
females, which have wings.

5. Developmental stages

The devclopniental stages of L. denticornis-egg,
two larval instars, prepupa, pupa and adult —
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are shown in Fig. 7, except for the egg stage.

The eggs are pale and translucent. They
are elongated and less curved than the eggs of
F. tenuicornis and A. obseurns (Fig. 8).

The length of the eggs varied from 0.288 to
0.360 mm, averaging 0.331 4 0.002 mm. The
breadth of the eggs varied from 0.090 to 0.126
mm, averaging 0.1114-0.0003 mm. All the eggs,
of which there were 616, were measured by the
age of 24 hours at latest. The size distribution
of the eggs by length and breadth is shown in
Fig. 9. Thelength-breadth ratio, which gives some
idea of the shape of the egg, averaged 2.98 in the
eggs measured. According to the measurements
carried out by Horrmanx (1963 a) in West
Germany, the length of the eggs of L. denticornis
was 0.375 mm and the breadth 0.112 mm.

The duration of the egg stage was found to
vary greatly with the rearing conditions. In the
present studies it varied from 3 to 9 days (Table
2, Fig. 10). LinpeEman (1886, 1887), in Central
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Fig. 7. L. denticornis Hal., stages of development: a) 1st instar larva, b) 2nd instar larva, c) prepupa, d) pupa, €) adult
@ and f) and g) adult §. Photos: Institute of Photography, Helsinki.

Russia, found that the duration of the egg stage
on rye was 10 days, von OETTINGEN (1942), in
Germany, found that it was 11 days on grasses,
and HorrMANN (1963 a), in West Germany, that
it was 5—7 days on rye. The average tempera-
tures of the rearing periods were not given in the
above studies, but the first two, at least, de-
finitely refer to results obtained in field con-
ditions.

L. denticornis has two larval instars (Fig. 7, a
and b). The general colour of the larvae is

3 12167—70

>
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D

Fig. 8. L. denticornis Hal, eggs, about 80 times
natural size,
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Fig. 9. L. denticornis Hal. eggs, size distribution
by length and breadth.

rather pale. The head is dark grey, being the
darkest part of the body. PrIESNER (1926) re-
potts that the length of the larvae in the second
instar is 1.27—1.56 mm in Austria.

The duration of the larval stage varied a great
deal, depending on the trearing conditions; and
development from a recently hatched to a full-
grown larva took 4—16 days (Table 3). The
rate of larval development of individual spec-
imens at various temperatures is shown in
greater detail in Fig. 10.

The larval stage of this species is stated to
last 17 days in meadow foxtail (von OETTINGEN
1942) and 28—30 days in rye (LINDEMAN 1886,
1887). HorrmanN (1963 a) found that the larva
takes about one week to grow to full size after
hatching, and BourNIER (1956) that it takes 11
days, but the rearing conditions were not stated
in these instances either.

Table 2.. L. denticornis Hal., duration of egg stage on rye

Duration of egg stage,
Reating place | ccnmpormoie®C | of eghe days
Average 1) ] Range
Room ...... +25.0—25.3 13 3.64+0.14 | 3—4
Laboratory ..[+20.6 7 5.64+0.20 | 5—6
Outdoor cul-
ture ...... +16.0 13 7.74+0.18 | 7—9

1y In all the results of corresponding average = mean
-+ standard etror.
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It seems that larval development is more rapid
in the males than in the females. The average
duration of the larval stage of six male specimens
at a temperature of +25.1—25.7°C was 5.74-0.57
days, the range being 4—8 days, while the cor-
responding value for six females was 6.84-0.66
days with a range of 6—10 days. BourNIER
(1956) likewise regards it as probable that the
male larva develops mote rapidly than the female.

The durations of the larval instars could also
be determined from the cultures by making
observations on moulting. These revealed that
the two larval instars developed at roughly equal
rates. The first instar of eight larvae reared at a
temperature of +25.1—25.7°C took 3.44-0.21
days on average, and the second instar 3.14+0.12
days. At lower rearing temperatures the differ-
ences may well be greater. Horrmann (1963 a)
states that the first larval instar takes 10 days
and the second 7.

This species enters the prepupal stage after
the second moult. The prepupa is translucent and
pale, only the red eye-spots being clearly distin-
guishable (Fig. 7 ¢). The female pupa is 1.3—1.6
mm long, and the male 1.1—1.5 mm. The latter
may thus sometimes be much longer than was
formerly stated, e.g. by Priesner (1926) and
FransseEN and Manter (1965 a). The prepupa
moves slowly, but does not feed.

The prepupal stage does not last long and
does not seem to vary much in different rearing

c
301
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Fig. 10. L. denticornis Hal., individual rates of d evelopment

of eggs ((]—[1) and larvae (O—QO) and development

from egg to adult (A—A), at various rearing tempera-

tures. The curves indicate the average durations of the
developmental stages.



Table 3. L. denticornis Hal., duration of larval stage on rye

Table 5. L. denticornis Hal., duration of pupal stage on rye

Numbe Duration of larval stage, . Number | Duration of pupal stage,
Rearing place temll::::taug; °oC gfb : days Rearing place tch;z‘:f:taug; °C of days
spectmen Average Range specimens|  Ayerage Range
Room ...... +25.1—25.7 12 6.34045| 4—10 Room ...... +25.0—26.4 12 |1.840.19 |1.0—3.0.
Laboratory ..| +21.1—22.0 7 9.740.65! 8—12  Laboratory ..| +20.7—22.6 7 12.840.29 {2.0—4.0
Outdoor cul- Qutdoor cul-
ture ...... +17.0—20.1 9 110.340.83| 7—16 ture ...... +14.9—21.9 7 13.940.60 |2.0—6.0

conditions (Table 4). The variation may also have
been levelled out by the fact that, even for a
developmental period as short as this one, only
two observations wete made daily. Von OEr-
TINGEN (1942) also reported that the prepupal
stage only lasted one day.

On moulting, the prepupa is transformed into
a pupa (Fig. 7d), which likewise takes no food but
moves slowly. The pupa diffets from the prepupa
mainly in its longer wing pads and backwardly
directed antennae. The pupa is pale, and only the
eyes are distinguishable in color from the rest
of the pupa. The length of the female pupa is
1.4—1.8 mm, and that of the male 1.1—1.6 mm.
Considerably shorter measurements have been
reported previously (PrIESNER 1926, FRANSSEN
and MANTEL 1965 a) as the maximum length of
the male pupa of this species.

The duration of the pupal stage is longer than
that of the prepupal stage (Table 5). Depending
on the conditions, it vatied in the cultures from
1to 6 days. It also seems to be dependent on the
sex of the pupa. The average duration of the
pupal stage of six male specimens reared at
+25.0—26.4°C was found to be 1.34-0.17 days,
with a range of 1—2 days, while that of six
females at the same temperature was 2.340.17
days on average, with a variation of 2—3 days.
Measurements of the duration of the pupal
stage of this species have previously been made,

Table 4. L. denticornis Hal., duration of prepupal stage

e.g. by von OETTINGEN (1942) and LinpE-
MAN (1886, 1887), the former reporting the
value 5 days and the latter 5—6 days. BourNIER
(1956) gives 4 days as the total duration of the
prepupal and pupal stages, and HOLTMANN
(1963 a) gives it as 5 days. Although the rearing
conditions are not stated in detail in these stu-
dies, either, it seems that the cultures were kept
outdoors. '

The wing pads of the pupae begin to darken
some 12 houts before the emergence of the
adults. The males usually emerge a few days
earlier than the females, a fact previously ob-
served, e.g. by VOﬂ"OEZ‘[‘TIN(‘;EN (1942), Bour-
NIER (1956) and HorrMann (1963 a). This is
mainly due to the shorter larval and pupal stages
of the males. o

The adult female is usually slightly Jarger than
the male (Fig. 7 e, f and g). According to the
measurements made, the length of the females is
1.5—1.8 mm and that of the males 1.1—1.7.
A fairly large variation seems to occur in the
length of the males. They are usually 1.1—1.2
mm in length, as stated, e.g. by PRIESNER (1926)
and FrANssEN and MaNTEL (1965 2), but oc-
casionally very large specimens are encountered.
This may be due not only to the nutritional
conditions during the larval stage but also, as
SteeLE (1935) found with the species Thrips
imaginis Bagn., to the temperature during devel-

Table 6. L. denticornis Hal., period of development from

on rye egg to adult on rye
Number | Duration of prepupal Numbe Period of development,
Rearing place tem‘:::::“iinc ;} ¢ stage, days Rearing place tcmﬁ:::ug;oc of i days
pecimen Average Range specimens|  Ayerage ! Range
Room ...... +24.8—25.9 12 | 1.040.04 (0.5—1.0 Room ...... +25.0—25.6 12 112.740.50 (10—16
Laboratory ..| +21.0—23.0 7 |1.140.07 {1.0—1.5 Laboratory ..| +21.0—21.7 7 119.241.20 [16—23
Outdoor cul- Outdoor cul-
ture ...... +17.2—24.2 8 |1.04+£0.09[0.5—1.5 ture ...... +17.4—18.1 8 [22.941.47 |17—31
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Fig. 11. L. denticornis Hal. eggs in sheath of rye, Larvae
have already hatched from some of the eggs. Photo:
Institute of Photography, Helsinki.

opment. Apart from the variations in size, there
are great colour variations in the males of L.
denticornis. The colour varies from almost entirely
pale to completely black.

In the different conditions of rearing, L.
denticornis developed from egg to adult in 10—31
days (Table 6). The rate of development in the
various specimens appears most clearly in Fig.
10. In the indoor cultures, at -+25.0—25.6°C,
the males developed in 11.64-0.56 days on
average and the females in 13.740.49. Thus,
in a developmental period as short as this one,
the average difference in duration of develop-
ment between the two sexes was about two days,
and at lower temperatures the difference may
even be considerably greater. According to Lin-
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pEMAN (1886, 1887), the development of this
species from egg to adult takes 45 days, while
according to von OETTINGEN (1942, 1952 a) it
takes 34 days, both these periods being consid-
erably longer than those found in the present
study. Horrmann (1963 a) gives about three
weeks as the length of the developmental period.

The adult takes on its normal colouring in
1—2 days, and the females are already able to fly
a couple of days after emerging (HorTMANN
1963 a). The males copulate with the females
soon after reaching adulthood. When the first
males emerge, the females are still at ecarlier
stages of development. Thus the adult males
copulate with females that are still in the pupal
stage. This was first reported by PussarD-Ra-
puLesco (1931), and has been confirmed later,
e.g. by von OETTINGEN (1942), BourNIER (19506)
and Horrmann (1963 a).

6. Life cycle

Only a small part of the L. denticornis popu-
(Korri
1969 a). Most of the females migrate directly
from their overwintering sites when spring

lation hibernates on winter cereals

comes. The spring migration occurs fairly early,
when the temperature of the air has risen to
+15°C (WerzeL 1962). The species was first
netted in the period May 13—22 (Fig. 12). The
rye was then 20—40 cm high. The first eggs
appeared on the plants 1—2 weeks later. At this
latter time the rye is coming into ear.

During the early period of development of the
cercal crop, all the thrips are forced to inhabit
the leaves. When the ears begin to appear, most
of the thrips enter the sheaths, which are then
easily accessible. When the ear emerges, most of
the females remain within the sheath and their
progeny develop there. L. denticornis is cleatly
a species that inhabits the sheath (Tables 7
and 8, Jonansson 1946). This fact has also been
noted by LinpEmMaN (1886, 1887), AHLBERG
(1926), MiinLe (1953, 1958) and HOLTMANN
(1963 a).

The adult female of L. denticornis has to
undergo a period of maturation before becoming
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Fig. 12. L. denticornis Hal., occutrence of different stages of development on
cereal and grass stands, Tikkurila 1961—64. The arrows indicate the emergence
of the new generation.

capable of oviposition. Consequently, even the
specimens taken from their sites of hibernation
in spring did not lay eggs when placed in culture-
tubes, and it is cleat that it is some sudden
endogenous change that causes the onset of
oviposition. BourNier (1956) is of the opinion
that the egg-laying reflex of this species is
inhibited duting the eatly development of the
plant, and is only released when the ear emerges
from the sheath. The females are, however, able
to lay eggs elsewhete than in the sheaths. Large
numbers of eggs can also be found on the leaves,
especially when the ear is still inside the sheath
(Table 9). Thus thete is possibly a connexion
between egg-laying and changes in responses to
light and touch. The females of L. cerealium, a
close relative of L. denticornis, undergo a change
when going into hibetnation, becoming nega-

tively phototactic and positively thigmotactic,
while in the spring these responses are reversed
(Lewrts 1963). Further, this reversal takes place
at a very late phase during the spring, e.g. im-
mediately before the hibernation sites are aban-
doned. This change of response may well be
connected with oviposition, for egg-laying stops
when the response changes in the autumn and
is resumed after hibernation, when the response
is reversed.

The females usually lay their eggs in the sheath
(Table 9). Eggs may be found in all the sheaths
on the stem, but most by far in the uppermost
and most recently opened sheath. Within the
sheath the eggs are mostly located on the second
and third quarters from the ligule of the leaf,
counting downwards, as is shown in the fol-
lowing tabulation.

Table 7. Frequencies of the most important thrips species on shoots and sheaths of cereals, according to samples gathered

at Tikkurila,

1960—61

Numb Numb: 9% of specimens .
Speciés of cereal u:; “ Sampling period ucrrrfl' “ Ot};;;ctizxp s

samples specimens | L. denticornis | A. obscurns | F. tenuicornis | H. aculeatus

Rye wovviiiiiii 13 15/4— 9/8 173 60.4 8.9 27.9 2.8

Winter wheat ...... 15 16/5—23/8 133 57.1 4.1 32.0 — 6.8

Spring wheat ...... 12 20/6— 8/9 67 26.2 4.8 54.1 — 14.9

Batley ............ 17 20/6— 1/9 144 68.4 0.6 29.2 0.2 1.6

Oats ....ooovvvnn.. 12 28/6— 5/9 53 1.2 24.5 69.7 — 4.6

Total 69 | 570 45.4 7.8 40.9 0.1 5.8
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Table 8. Frequencies of the most important thrips species on ears and panicles of cereals, according to samples gathered
at Tikkurila, 1960—61

Numb Numb % of specimens .
Species of cereal :;' “ Sampling period :;' “ Otlsne;ctil;:ps
samples specimens | L. denticornis | A. obscurns | F. tenuicornis | H. acnleatns P
Rye .......... ... 19 9/6—23/8 328 19.0 2.4 50.0 23.9 4.7
Winter wheat ...... 22 20/6—13/9 175 4.4 4.2 68.7 18.0 5.7
Spring wheat ...... 15 20/7— 8/9 59 5.0 8.9 80.5 — 5.6
Barley ............ 13 19/7— 1/9 74 15.0 1.9 70.0 7.3 5.8
Oats .............. 16 18/7— 8/9 139 1.3 20.8 70.9 5.7 1.3
Total | 85 | 775 | 8.9 7.2 671 | 122 4.6
1st quarter 2nd quarter 3rd quarter 4th quarter Total to lay as many as 108 eggs in culture, the maxi-
74 eggs 112 eggs 595 eggs 13 eggs 794 eggs

The averages of four teplicates show that
there are significantly more eggs on the third
quarter than on the first, second and fourth
quarters (the t-values being 4.8%* 4.4** and
5.5%*% respectively). There wete no significant
differences in number of eggs between the other
quarters.

L. denticornis deposits its eggs singly in the cell
tissue of the inner surface of the sheath (Fig. 11).
According to the present investigations, the
number of eggs laid by a hibernated female was
58—142, the average being 91.04-6.84 eggs. The
oviposition period lasted 14—33 days, averaging
23.24-1.30 days. This gives 3.8 eggs as the aver-
age daily number of eggs per female. The
oviposition cultures were checked every third or
fourth day, and the substratum of these cultutes
was rye. According to HortMaNN (1963 a), the
number of eggs per hibernated female is 70—120.
From studies of ovaries BourNIER (1956) con-
cludes that the female may lay about 100 eggs.
The related species L. cerealinm has been found

Table 9. L. denticornis Hal., distribution of eggs on rye.
4 replicates

Number of eggs
Stage of
devtclgprr?cnt Total Av. per culture t-value )
of plant
Leaf Sheath
Before coming
into ear- ... 129 {11.04£0.71| 21.34 292 3.4%
After coming
into ear . .. 810 | 4.04-2.50| 198.54+35.29 | 5.5%*

1) In all the results ¥¥* = P < 0.001; ¥ = P < 0.01;
* =P < 0.05,
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mum duration of oviposition for an individual
being 58 days (LEwrs 1959).

In Finland L. denticornis lays its first eggs on
rye between May 23 and June 8, depending on
the year. In 1963, when the tempetature in May
was considerably higher than average (Fig. 5,
p- 204), oviposition began early, while in 1962 it
was delayed, mainly because of the cool weather.
Pussarp-Rapuresco (1931) claims that the
females lay eggs throughout the summer but
have to change host plant from time to time to
do so, because the same species of plant seldom
remains suitable for egg-laying as long as this.
Thus females that have already begun oviposition
on one species of plant can move to new host
plants and establish colonies there. In France,
according to Pussarp-Rapuresco (1931), this
species establishes four different colonies of
progeny during the summer months. Obset-
vations made by Bournier (1956) also suggest
that this is possible, at least, the female establishes
colonies on several specimens of plant. The mi-
gratory character of this species has also been
noted by von OrrriNcen (1930, 1942) and
ZawirskA (1960).

In spring L. denticornis migrates to meadow
foxtail at the same time as it migrates to rye
(Table 10). Because of the rapid development of
meadow foxtail, such migration could occur even
earlier. At least, egg-laying starts earlier on
meadow foxtail than on rye. The females appear
rather early on winter wheat too (Table 10), and
soon start to lay eggs. According to HoLrMaNN
(1963 a), the number of eggs is smaller on wheat
than on rye.



Table 10. L. denticornis Hal., occurrence on meadow foxtail, winter wheat and barley, Tikkurila 1961—64

Meadow foxtail Winter wheat ) Barley
Year First First specimens First First specimens First First specimens
specimens of new generation specimens of new generation specimens of new generation
1961 i 18.5 13.6 24.5 6.7 11.6 17.7
1962 .. ovvvii i 18.5 4.7 28.5 28.7 — 30.7
1963 oo 21.5 6.6 — 25.6 -— 4.7
1964 .. .oiiiiiiii 25.5 22.6 — C—_ — 17.7

The larvae hatch from the eggs and live in the
sheath in groups of various sizes. They suck at
the tissue of the inner surface of the sheath, and
destroy large areas of it. The destruction causes
the outer surface of the sheath to turn pale.

The fitst L. denticornis larvae were found on
winter rye on June 1—21. In 1963, larvae were
found on meadow foxtail as early as May 26
(Fig. 12), so about one week earlier. In 1962,
a late year, the first larvae of this species wete
not observed on meadow foxtail until June 17.
On winter wheat the first larvae developed 3—4
weeks later than on rye.

On the rye, prepupae began to develop from.

June 9 to July 3 onwards, and pupae from June
9 to July 7 onwards. On meadow foxtail develop-
ment was, again, 2—7 days earlier, and on winter
wheat about three wecks later.

The first specimens of the new generation
were found on meadow foxtail between June 6
and July 4 (Table 10, Fig. 12). On rye the species
developed to the same stage between June 14 and
July 12. Thus the development of the species
was about one week earlier on meadow foxtail
than on rye. On winter wheat development was
considerably later, and the first specimens of the
new generation developed there between June
25 and July 28 (Table 10), i.e. about two weeks
later than on rye.

The first specimens of the new generation ate
males, which develop mote rapidly than females.
Not all the males develop concurrently and eat-
lier than the females, however, for males do
develop from later-laid eggs. Because of the
mote rapid development of the males it is pos-
sible that they may copulate with female pupae
which are sexually mature, although the ovaries

are only slightly developed at this stage (von
OErTINGEN 1952 b, BourNIER 1956). Although
copulation generally occurs, there is no doubt
that the female can lay eggs without being
fertilized, but all the progeny are then males.
Arrhenotokous parthenogenesis occurtred in the
egg cultures during the research period. Bour-
NIER (1956) .regards reproduction of this kind as
characteristic of this species. The females of the
newly emerged generation may commence ovi-
position within a few days. In the present in-
vestigations, the duration of the preoviposition
petiod in indoor cultures was 5—18 days. The
specimens had developed on rye and meadow
foxtail and had laid their eggs on barley. Hort-
MANN (1963 a), too, is of the opinion that the
specimens of the new generation start to oviposit
soon after emergence. Bournier (1956), how-
ever, on the basis of his investigations on ovaries
believes that the females are unable to lay eggs
before diapause, which would mean postpone-
ment of oviposition to the following summer.

Females from the new generation were selected
for two kinds of cultures. In one group of cultures
the females were reared with males, while in the
other they were reared singly from the larval
stage. It became clear from these investigations
that the females of both groups were able to lay
eggs, although not all of them did so during the
autumn. Some lived in the cultutes for aslong as
a couple of months without starting oviposition.
The number of eggs per female varied between
20 and 156, averaging 80.04+15.29. Thus the new
generation lays almost as many eggs as the
generation that has hibernated. A good pro-
portion of the females in the population are
already in diapause, and it is only a small pro-
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portion that begin oviposition, wheteas ore
hundred per cent of the hibernated females
oviposit. The oviposition period varied from
7 to 30 days, averaging 19.947.85 days. Ac-
cording to Horrmann (1963 a), the females of
the new generation lay 70—90 eggs.

‘These females can lay their eggs on batley, for
instance, which has just reached a suitable stage
at the time when this species reaches the adult
stage on meadow foxtail and rye. It is conse-
quently possible that the new generation es-
tablishes its progeny on barley (FrRaNssEN and
MaNTEL 1965 2, 1965 b). It is, of course, just as
possible that the eggs on barley are laid by
females that have hibernated and migrated to the
batley from other plant species. Specimens of the
new generation were first obsetved on barley on
July 4—30 (Table 10). At that same time, the

species may reproduce not only on batley but
also on spring wheat and, to some extent, on
oats. Generally, the development of the second
generation, on spring cereals, takes place in more
favourable conditions than those of the first
generation, on meadow foxtail and rye, because
the temperature conditions, in particular, ate then
mostfavourableforthedevelopment of the species.

L. denticornis seeks a hibernation site fairly
early in the autumn. In Germany, entrance into
hibernation may begin eatly in August and end
about mid-September (von OETTINGEN 1936,
1942). In the different years of the research pe-
riod, the last specimens of the species were found
on crops between August 23 and September 24.
The males are usually dead by then. In the la-
boratory, the females in cultures ceased ovi-
positing in the last third of August.

B.vAnaphothrips obscurus Miill.

Haripay (1836) assigned this species to the
genus Thrips (T. obscura Mill.), and TULLGREN
(1917) to the genus Euthrips (E. obscurus Miill.),
- Uzer (1895) assigned it to the genus Anaphothrips
(A. virgo Uz.), and Hinps (1900, 1902), FERNALD
and Hinps (1900) and Smurr (1909, 1914 a) to
the same genus (A. s#iata Osb.). O. M. REUTER
(1899) was the first to refer to the species as
A. obscura Hal., practically its present name.

1. Distribution

A. obscurus occurs everywhere in FEurope
(PriesNER 1964), Asia (Scaron 1931, TaNsky
1961, Kurosawa 1968), North America (Hinps
1900, 1902, FErNALD and Hinps 1900, Hewrrr
1911, 1914, Mourron 1911, Morcan 1913,
STRICKLAND 1956), Australia (McCarTrY 1933)
and New Zealand (Doury 1956).

According to HURKINEN (1942), this species
occurs in Finland right up into Lapland.

2. Host plants

Among cereals, oats and barley are especially
attractive to A, obscurus (K6pri 1967). HEwITT
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(1911, 1914) refets to the species as an econom-
ically important pest of oats. Yet it is quite
commonly found on tye and wheat too. This
species has been found to reproduce on all these
cereals and also on maize (Table 1, p. 206). On
this last-mentioned plant it has also been found
by Knowrton and Trowmas (1933), and on sugar
cane by Brancur (1945).

In addition to cereals, many cultivated and
wild grasses may be attacked by .A. obscarus
(Table 1, p. 206). In respect of its host plants it
shows a close resemblance to F. fensicornis. The
larvae of A. obscurus cannot live for very long
on cultivated legumes, although oviposition may
occur very exceptionally on these plants. The
mactropterous and brachypterous forms of this
species apparently reproduce on the same species
of plants.

3. Sex index

The male of A. obscurus has apparently not
been found in Europe (PriesNer 1964). Ku-
ROSAWA (1968) states that it is absent from Japan
too. But males of this species have been found
in North America, e.g. on Ammaphila arenaria L.



Table 11. Length of A. obscarus Mull. f. macroptera and f. brachyptera specimens

Number Length, mm
Wing form Vegetation of
specimens Average Range
Mactopterous ....e.eiieaiiean.n Rye 319 I 1.407 £-0.007 1.110—1.850
Ley 161 1.43840.010 1.147—1.739
Brachypterous .........c...eennnn. 1st year ley 94 1.3454-0.015 1.110—1.665
3td year ley 104 1.3254-0.014 0.962—1.665

plants (SEuLL 1909, 1914 a, 1914 b). Cary (1902)
had already described the male of this species, but
his determination of the species seems to have
been etroneous (SHULL 1909). Twice during the
research period copulating thrips were found in
which the female of the pair was A. obscurus and
the male F. fenuicornis (Koprid 1969 b, Fig. 2,
p. 68). It is possible that it was on account of a
similar event that Cary (1902) described a male
as belonging to the species .A. obscurus.

A. obscurus is usually regarded as reproducing
parthenogenetically, and it has been possible
without difficulty to rear it for several genera-
tions without males. Its parthenogenetic tepro-
duction is thelytokous, i.e. the eggs develop into
females only. The significance of the locally and
sporadically occurring males to the development
of this species temains unknown. A'similar kind
of reproduction is also found in other species of
thrips. Among such species are Thrips fabaci
Lind. (Hooxer 1907, PriesNer 1933, SpEYER
1934, GuasnN 1948, MORISON 1957) and A. rafus
(Wirriams 1913, Morison 1924, RADpULEsCO
1930, SpEYER 1935), the males of which are found

only in certain regions and in certain seasons.

4. Dimorphic forms

A. obscurus occurs in both the macropterous
(f. macroptera) and the brachypterous (f. brachy-
ptera) form. Specimens of the macropterous form
have a ground colouring of pale yellow with
darker patches here and there. The wings, which
are greyish, are long and cover the entire ab-
domen. The mean lengths and range of lengths
‘of the macropterous specimens taken from
vatious biotopes are shown in Table 11.

The brachypterous specimens are more uni-
formly and brightly yellow than the mactropte-
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rous ones, for the dark patches on the thorax and
abdomen are less distinct or absent. The wings
are scale-like and extend over the thorax. There
are two pairs of these scales, the front pair
covering the hind pair. The front pair of wing
scales, which are beset with short stiff spines in
longitudinal rows, extend almost to the hind
margin of the thorax. The hind pair of scales
have no such spines, but are covered with fine
setae as are the front pair. Measurements es-
tablished that the brachypterous specimens are
shorter than the macropterous ones (Table 11),
as had previously been noted by Cary (1902).
But no great differences wete found in the
lengths of specimens of either of the forms
gathered from various biotypes (Table 11).
Hinps (1900) has previously described in detail
the characteristics and differences of A. obscurss
specimens with differing wing forms, and has
reached the conclusion that brachypterous spec-
imens were longer than macropterous ones.

5. Hibernation

A. obscurns winters in highly varied biotopes.
Some of the population migrate to winter cereals
during the autumn and overwinter in the sheaths
of the shoots. This species is also found hi-
bernating in patches of grass growing by the
roadside and inl grass leys, and to a smaller extent
in cereal stubble. The brachypterous form seems
to be commoner than the macropterous form in

"‘populations hibernating in cultivated and wild
grasses (KorpA 1969 a).

6. Developmental stages

The developmental stages in 4. obscurus are
the same as in L. denticornis. 'They are shown in
Figs. 13 and 14, with the exception of the egg
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Fig. 13. Developmental stages of A. obseurus Mill. f. macroptera: a) 1st instar larva, b) 2nd instar larva, c) prepupa,
d) pupa, and e) adult. Photos: Institute of Photography, Helsinki.

stage. Only the adult, pupal and prepupal stages
(Fig. 14 a, b, c) of the brachypterous form are
shown, these being distinguishable from the
respective stages of the macropterous form.

of A.

translucent. They are usually narrower, more

The eggs obscurus  are  pale and
regular, smaller and less curved than the eggs
of F. tennicornis (Fig. 15, cf. Fig. 22, p. 230).

The eggs of the macropterous and the brac-
hypterous form are of the same size and shape

(Table 12). The eggs of the two forms also

resemble cach other in respect of their size
distribution (Fig. 16).

Hixps (1900) reported that the eggs of this
species are slightly larger than they were found
to be in the present study; he gave the length
as 0.265—0.330 mm with an average value of
0.288 mm, and the breadth as 0.085—0.145
mm, average 0.110 mm.

The egg stage of A. obscurus lasted 4—10 days,
ie. slightly longer than that of F. femwicornis
(Table 13, cf. Table 30, p. 230). A similar difference

a

b

c

Fig. 14. Developmental stages of A. obscurus Miill. f. brachyptera: a) prepupa,
b) pupa, and ¢) adult. Photos: Institute of Photography, Helsinki.
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Table 12. A. obscurns Mull., size of eggs.

] Number Length of eggs Breadth of eggs Length—
Wing form of eggs breadth
Average Range Average Range ratio
Macropterous ......o ... 618 | 0.2594-0.0005 0.224—0.296 0.0954-0.0004 0.072—0.108 2.73
Brachypterous ........... 609 | 0.25840.0005 0.224—0.296 0.0954-0.0004 0.072—0.108 2.72
was found in all the cultures. The egg cultures of ;4%

these two species were started at the same time,
and the F. tenuicornis latvae hatched distinctly
earlier in all cases. There was no noteworthy
difference, however, between the durations of
the egg stages of the macropterous and brac-
hypterous forms (Table 13). The difference seems
to be greatest in outdoor cultures but is probably
due to the fact that the number of hatching
larvae of the macropterous form was very small.
The egg stage lasted roughly as long on rye and
timothy as on oats, and no differences could be
observed between the different wing forms in
these cases either. The egg stage becomes dis-
tinctly longer with decreasing temperature (Fig.

17), this being confirmed by the result of anothet’

outdoor culture reared at a temperature of
+15.0—16.0°C, in which the egg stage averaged
15.5 days for the brachypterous form and 15.0
days for the macropterous form. Hinps (1900)
gives similar data for the duration of the egg
stage, finding that the larvae hatched 10—15
days after oviposition, and in the case of summer
generations after as little as 4—7 days.

On hatching from the egg the larva is about
0.3 mm long, very soft and almost white (Fig.
13 2). Hinps (1900) gives a detailed description

80} ﬁ
==

60
40t

—0.224 0.242 0.260 0.278 0.296
Length mm

0.072 0.080 0.108
Breadth mm:

Fig. 16. A. obscurus Mill. f. macroptera ( )
and f. brachyptera (- - - -), eggs size distribution
by length and breadth.

of the larval stages of this species and of the
hatching of the latva from the egg. The full-
grown larva (Fig. 13 b) is about 1.2 mm long
(Hinps 1900). The green contents of the in-
testine are clearly visible through the pale skin.

The larval stage of this species lasted 6—16
days, i.e. slightly longer than that of F. fennicornis

Fig. 15. Bggs of A. obscurus Milll. f. macroptera (left) and f. brachyptera
(right), about 80 times natural size.
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Table 13. A. obscurns Miill., duration of egg stage on oats

Duration of egg stage, days
. . Average Number
Parental wing form Rearing place temperature °C of eggs Average Range

Mactopterous ........lviiiiiiaiiin... Room +26.0—26.2 16 5.14+0.09 5— 6
Brachypterous ............... ... ..., +4-26.0—26.2 23 5.44+0.15 4— 7
Macropterous ..........iiiiiiiiin., Labotatory +21.6—21.7 15 7.840.10 7— 8
Brachypterous ............... ... +21.6—21.7 12 7.8-+0.75 6— 9
Macropterous .......hiiiiiiiiii... Outdoor culture +19.6—19.7 6 9.54-0.23 9—10
Brachypterous ................ oLl 9.140.64 8—10

(Table 14, cf. Table 31, p. 230). The difference,
however, can not be detected in the laboratory
cultures, and the reason is obviously the very
great variation in the duration of the larval
stage of F. fennicornis. Thete are no noteworthy
difference, either, in the duration of the larval
stage between the macropterous and brachy-
pterous forms.

Hrxps (1900), apparently, did not consider it
possible that A. obsenrus had a prepupal stage
separated from the pupal stage by a moult. But
PriesNer (1926) was convinced of the existence
of a prepupa, although he did not give a detailed
description of it. In the present investigations the
existence of a prepupal stage was established and
it was also possible to determine its duration in
several specimens. The antennae, legs and wing

pads (Figs. 13 c and 14 a,) are colourless and .

translucent, the remainder being pale yellow
except for the eye spots, which are bright red.
The length of the prepupa of the macropterous

| 269
241
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+19.6—19.7 | 24

form varies from 0.9 to 1.2 mm, and that of
the brachypterous form from 0.9 to 1.1 mm.

This species has a very short prepupal stage
(Table 15). When it was reared indoots, clear
differences could not be found between the
durations of the prepupal stages of the two wing
forms. In the outdoor cultures, however, the
brachypterous form seems to pass through its
prepupal stage more rapidly than the macro-
pterous form, although a difference in rearing
temperature of a few degrees did occur, owing to
the fact that the cultures of the different wing

forms could not be started simultaneously.

The pupal stage (Figs. 13 d and 14 b) resem-
bles the prepupal stage in all respects save
that its antennae are directed backwards over
the head and its wing pads are longer. The
length of the pupa varies from 0.9 to 1.2 mm
in the macropterous form, and from 0.9 to 1.1
mm in the brachypterous form.

The pupal stage lasted about twice as long as

N
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2 4 6 10 12 14 16 18 20 22 24 26 28 30 32 Days
Fig. 17. A. obscurus Mull. f. macroptera, individual rates of development of eggs ((1—[])

and larvae (O—Q) and development from egg to adult (A—A), at various rearing
temperatures. The curves indicate the average durations of the developmental stages.



Table 14. A. obseurus Mill., duration of larval stage on oats

Average Number | Duration of larval stage, days
Wing form Rearing place temperature°C spec(i)i] - verage Range
MACLOPLELOUS v v vvrvvnrsecnnnnsonns Room 4239 15 6.64-0.16 6— 8
Labotatory: -+20.5—20.8 6 7.840.31 7— 9
Brachypterous .......vveeervaanaiaens +20.5—20.9 9 8.340.37 7—10
MaCLOPLELOUS .+ .vvvrvunrenvnnrsnnnenss Outdoor culture +15.0—16.1 9 13.0+0.60 | 11—16
Brachypterous ........oeevonnieaninnns +13.9—14.9 11 13.14+0.29 12—15
Table 15. A. obscurus Mill., duration of prepupal stage on oats
A Number | Dutation of prepupal stage, days
Wing form Rearing place tempZ:::ug:z oC of
specimens Average Range
MACLOPELOUS v vvvvarvnnneansssuenns Room +24.0 15 1.240.05 | 1.0—1.5
Laboratoty +21.5—22.0 6 1.240.24 | 1.0—1.5
Brachypterous «...oovveveerveenaniaens 4-21.5—22.0 9 1.54+0.17 | 1.0—2.0
MaCLOPLELOUS o vvvevvvanernnsonesernn Outdoot cultute +14.2—16.4 9 2.64-0.16 | 2.0—3.5
Brachypterous .....coeveervsiiiennonns +-18.5—19.3 11 1.54-0.08 | 1.0—2.0

the prepupal stage (Table 16). The effect of tem-
perature on the duration of this stage becomes
clearly evident from the results of the indoor and
outdoor cultures. There seems, again, to be a
difference between the two wing forms in the
outdoor cultures, the brachypterous form de-
veloping more rapidly, although the difference
in rearing temperature may have been to some
extent responsible for this difference. Hinps
(1900) maintains that the development of this
species from larva to brachypterous adult oc-
curs in 2—3 days, and to macropterous adult in
4—5 days, thus implying that the later develop-
ment of the brachypterous form is more rapid.

With the approach of adult emergence, the
wing pads of the macropterous form of A.
obscurus- acquire a dark shade. Moulting itself
is rapid. MurLer (1928) made detailed obset-
vations on some species of thrips and found, for
instance, that at +-17°C the process takes 40
minutes.

The development of A. obscuras from egg to
adult took 14—35 days, depending on the rearing
conditions (Table 17). The time taken by various
specimens of the macropterous form to develop
are given in Fig. 17. In laboratory conditions,
with parallel rearing of the brachypterous and
the no distinct dif-
ference was found between their rates of de-
velopment. In the outdoor cultures, however,
there seems to be a slight difference to the
advantage of the brachypterous form.

macropterous forms,

7. Life cycle

A. obsenrns overwinters on winter cereals and
on leys, and begins to oviposit there in spring as
soon as the weather permits.

There is a preoviposition period, the ovaries
of A. obscurus maturing gradually during the
winter (Fig. 18). Specimens of this species col-
lected outdoors in October did not begin to lay

Table 16. A. obscurus Miill., duration of pupal stage on oats

Dutation of pupal stage, days
Wing form Rearing place :em%::;:ugxi °C Nu;t;ber
specimens Average Range

MaCTOPLELrOUS .. ouvvrvinnrsuineeninns Room 4-24.0 15 2.44+0.05 | 2.0—2.5
Laboratory +22.0—22.2 6 2.740.24 | 2.5—3.0

Brachypterous .........oveeiiiinien +22.0—22.3 9 2.540.13 | 2.0—3.0
MaCLOPLELOUS .. vvvvvenrnerneenaenens QOutdoor culture +13.8—15.0 9 6.04+0.18 | 5.0—7.0
Brachypterous ... ) +4-15.8—18.0 11 4.540.23 | 4.0—6.5
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Table 17. A. obscarus Miill.,

duration of development from egg to adult on oats

am Duration of development, days
Wing form Rearing place temﬁ::ar:ugri °C N ?fber

specimens Average | Range

Mactopterous .........eeiiiiiiniinn.. Room +24.6—24.8 15 15.34-0.18 14—16
Laboratory +21.3—21.4 6 19.54-0.34 18—21

Brachypterous ........cvevviinianinn, +21.3—21.4 8 20.140.60 17—22
Macropterous .........ciiiiiiiiann... QOutdoor culture +16.3—16.6 9 31.14+0.91 28—35
Brachyptetous .................... ... +16.6—18.2 11 28.54-0.56 26—33

until about six weeks latet. But females collected
in December oviposited a week after being
placed in cultures. From February onwards
there was no noteworthy change in the time
between exposure to warmth and oviposition in
this species. The greatest differences between the
preovipositions of the two wing forms apparently
occur early in the winter, and the differences
level out later on.

If A. obscurus females are reared from early in
the winter in circumstances favourable for ovi-
position, not all of them begin to lay. During
the winter the proportion of ovipositing females
and by March is almost
100 9. But the increase is slower than in F.
tenuicornis. Throughout the winter the proportion
of ovipositing specimens is slightly higher in
the brachypterous

gradually increases,

population than in the
macropterous population (Fig. 19). The ma-
turation of the ovaries and the proportion of
ovipositing females followed the same trend on
rye as on timothy.

Moreover, specimens of this species were
gathered from their hibernation sites at the end
of April and placed in cultures for oviposition.
It was then found that hibernated macropterous
females began to lay in 2.94-0.18 days on average
on rye, and 3.34-0.49 days on timothy (Table 18).
The figures for brachypterous females were
3.340.28 days and 2.740.13 days respectively,
and there was thus no noteworthy difference
between the wing forms in this respect either.

In spring, A. obscurus begins to lay at about the
same time as F. zenuicornis. Thus the development
of the new generation on rye coincides with that
of the latter species (cf. p. 233).

A. obscurus inserts its eggs into the leaf tissue
(Table 19). Only a few of the eggs are deposited
in the sheaths; in the lowest sheaths of the young-
est plants but, in plants that have come into ear,
almost exclusively in the uppermost sheath.

The eggs of A. ohscuras are much more evenly
distributed over the leaf blade than ate those of
F. tenuicornis (Fig. 20), but the eggs are most
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Fig. 18. A. obscurus Mill. f. macroptera (- - - - - ), A. Flg 19, A. obscurus Mull. f. macroptera (- - - - - s
obscurus Mull. f. brachyptera (————) and F. tennicornis A. obscurus Mull f. brachyptera (————) and F.
Uz. ( ), number of days elapsing before start tennicornis Uz. ), proportion of egg-laying

of oviposition after being brought indoors, winter
1968—69.
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Table 18. A. obscurus Miill., duration of preoviposition period

| Preoviposition period
Number P p g
Wing form Generation Food plant temlg‘e,f::ugree oC ?fb | days

specimens Average Range

Mactopterous ......ooveiueeeon.n Hibernated Rye 420.0—21.0f 15 | 294018 | 2— 4

Timothy --20.0—21.0 15 | 3.34-0.49 | 2—10

New generation Qats +-24.0—25.0 20 1.8+038 | 1— 3

Brachypterous ......covvenenonnn Hibernated Rye --20.0—21.0 15 | 3.34+0.28 | 2— 6

Timothy +20.0—21.0 14 | 274013 | 2— 3

New generation Oats +423.0—24.0 16 | 4.5+0.66 | 2— 9

numerous on the leaf quarter nearest the ligule
and become definitely fewer towards the leaf tip
(Table 20). The eggs in the sheaths are chiefly
located in the quarter nearest the ligule. The
females of this species are rather delicately built,
which may be the reason why they are not so
prone to enter the lower, restricted parts of the
sheath as are, for example the females of L.
denticornis and F. fennicornis.

About the middle of May oviposition also
begins on timothy, on which the reproduction of
A. obscurus is very vigorous.

The number of eggs of macropterous females
was about the same on both rye and timothy
(Table 21). In terms of laying, timothy is 2 some-
what poorer plant than are cereals, for its leaf
tissue hardens very rapidly in summer and thus
provides a suitable laying substratum for a very
brief petiod only. Also, the eggs laid on timothy
leaf tissue very often lie crosswise to the leaf
veins. This, again, suggests that oviposition may
not be as easy on timothy as on cereals. In the
present investigations the average number of
eggs per brachypterous hibernated female seems
to be smaller than in the macropterous form
(Table 21). The plant for oviposition was timothy
in both cases. The numbers of eggs found in

these investigations were far higher than the
figures given in previous reports. Hinps (1900)
states that the females of this species lay 50—60
eggs on average, 72 being the maximum.

On rye and timothy the oviposition of this
species goes on for about one month on average,
but individual females may lay for more than
six weeks (Table 21). In cultures kept by Hinbs
(1900) the egg-laying period was 4—6 weeks.

In 1963, when the weather was extremely
favourable for the development of thrips (Figs.
5 and 6, p. 204), the larvae in leys began to
hatch on May 25—26, the first prepupae were
found on May 31, and the first adults of the new
generation on June 3. Thus the development of
this species was about one week behind that of
F. tenuicornis on rye (cf. p. 233).

Most of the new generation of A. obscurus
migrate from winter cereals, and particularly
from leys, to spring cereals, a phenomenon
previously observed (StRICKLAND 1956, ScHO-
BER 1959). A very large-scale migration from
leys to spring cereals was seen in 1963. In that
same year a distinct migration of this species
from ley to adjacent winter wheat also occurred
at Tikkurila. The migration of this species from
leys to spring cereals in chiefly due to the fact

Table 19. A. obscurus Mill., distribution of eggs on plant. 4 replicates

Number of eggs
Plant and its stage of development Average per culture t-value
Total |
Leaf I Sheath
Rye
Before coming into eat ........ ... . it 2757 684.54 93.75 4.84- 1.34 7.2%%%
After comingintoear ... 1979 47434 49.03 20.5+ 5.38 9.3%%*
Oats
Before coming into panicle .................. 4460 980.84+120.65 134.3+-48.32 6. 4x%%
After coming into panicle ........... ... ... 5476 1265.5+205.45 103.6+ 6.83 5.7%*
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Table 20. A. obscurus Miill., distribution of eggs on rye by leaf-blade quarters (Quarter I = quarter nearest to ligule).
4 replicates

Number of cggs Number of eggs
t- value —_— t- value
Leaf-blade quarters Average per Average per
‘Total culture culture
before caring I III after earing I I 111
|
I ... 3356 |507.0465.16 | 332.04-32.45
L 933 (133.84 8.03 5.7%* 99.5411.54 | 6.7%%*
D 314 | 42.04 2.38 T.wxEk 0 10,9%%% 36.54 7.53 | 8.9kkx| 4 o¥*
IV oo, 32 1.8+ 0.47 T.THRFE L16,3%%E | 16,9%** 6.34 4.12|10.0%%* | 7.6%** | 3 4%

that the leaf tissues of grasses, especially of
timothy, begin to be less suitable for purposes
of feeding and reproduction. Silage and hay-
making on leys and pastures also force the
species to seek new quarters.

In the research years the first specimens of
A. obscurss to be found on oats were observed
between June 15—26. The first eggs appeared
on the plants at roughly the same time.

In one series of cultures on oats the number of
eggs per macropterous female averaged 145.5-4
12.08 (Table 21), with a2 maximum of 216. In
another series 13 macropterous females of the
species laid an average of 170.04-10.86 eggs, the
maximum being 226. The number of eggs pet
brachypterous female on oats was considerably
smaller (Table 21), although one specimen laid
total of 232 eggs, which is more than the total
for any of the macropterous specimens. The
distribution of the eggs on the leaves was the
same in oats as in rye (Table 20). The numbers of
eggs on the leaf quarters, beginning from the
ligule,were 1898,1216,711 and 98 prior to panicle
formation and 3083, 1418, 499 and 62 subsequent
to panicle formation. The calculated t-values for
the average numbers of eggs in the former case
were 2.0 between the first and second leaf

quarters, 3.0% between the second and third, and
8.1%** between the third and fourth. In the latter
case the respective t-values were 3.1%, 3.4* and
3.9%* Most of the eggs had been inserted in the
tissue of the upper side of the leaf.

A. obscuras thrives on the leaf surface and is
not prone to force its way into the opening
sheaths. Individuals of the species, however, can
be found in numbers in the ears and panicles of
various cereals (Tables 7 and 8, pp. 211 and 212,
Jomansson 1946, MinLe 1958, WeTZEL 1962).

A. obscurus larvae were first netted from oats
in samples taken between June 28 and July 2 in
the vatrious years and were subsequently found
throughout the growing season. The number of
larvae reached a peak in the latter half of July.
The larvae initially lived mainly on the leaves,
but were later also found on the panicles when
these had come out and also to some extent in
the sheaths. The larvae seem to prefer the inner
surfaces of the glumes surrounding the spikelets,
where they obtain sufficient protection and suf-
ficient nutrition from the developing grain.

The pupae of this species are found in pro-
tected parts of the plant, such as the sheaths and
spikelets. This species may also pupate in the soil
(Morison 1943). The first prepupae and pupae

Table 21. A. obscurus Mill,, oviposition period and number of eggs

Number | Oviposition period, days Number of eggs
Wing form Generation Food plant of

specimens Average Range Average Range
Macroptetous .. .... Hibernated Rye 20 [28.14+2.19| 14—48 |119.24 7.27 | 84—175
Timothy 20 [27.941.90| 13—41 1116.44-11.45| 51—207
New generation Qats 17 |25.64+2.33| 12—41 |145.5412.08 | 64—216
Timothy 13 |21.04-1.23| 14—28 |105.74 5.61| 80—143
Brachypterous ..... Hibernated Timothy 20 |22.4+1.25| 13—30 95.24 4.18| 66—139
New generation 15 |25.541.58| 15—36 95.6+ 4.73| 78—142
Oats 15 |25.44£1.86| 14—39 |113.04-10.64| 54—232
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Fig. 20. A. obseurus Miill. eggs on leaf-blade of oats.
Black flecks are excreta. Photo: Institute of Photography,
Helsinki.

occurred on oats between July 12 and 17, and the
first adults soon afterwards. Although the adults
of the second generation of this species began to
emerge soon after mid-July, the peak abundance
of adults did not occur until some time later,
e.g. in 1964 between August 3 and 10 (Fig. 36,
p. 252).

The second generation begins to lay a few days
after emerging. The laying substratum is then

usually the tillers of oats and the grasses forming
the undergrowth in the nurse crop.

The A. obscurus population develops on the
other spring cereals — spring wheat and barley —
concurrently with its development on oats.
During the harvesting of spring cereals in the
autumn some of the macropterous form migrate
to sprouting winter cereals fields and overwinter
there. This migration has previously been noted
by StrANAK (1912). Some of these thrips may
move to the grass developing under the nurse
crop and overwinter there. Part of the population
remains in the leys for hibernation. In unfavour-
able autumns some A. obscurss may have to
remain on the stubble of the spring cereals,
and may easily be destroyed there by the autumn
ploughing.

8. Dimorphism

There are two main forms of A. obscurus, the
macropterous form and the brachypterous.
PriesNer (1926) also mentions a hemimacropt-
erous form, with a wing length between those
of the main forms.

The existence of macropterous and brachypt-
erous forms of this species was noted by HALI-
DAY as long ago as 1836. Both wing forms have
subsequently been reported by Hinbs (1900,
1902), FErnALD and Hinps (1900), MALTBAEK
(1932), CarreLLETTO (1934), JomN (1934), HUuk-
KINEN (1935), von OErTINGEN (1942, 1952 b),
MorisoN (1943), BarLey (1948), Franssen and
ManTEL (1962) and WerzeL (1964). Some
researchers regard the macropterous form as
commoner than the brachypterous (Jorn 1934,
HukkiNen 1935), while others (Hinps 1900,
1902, FErNALD and Hinps 1900, von OETTINGEN
1942, BaiLey 1948) regard the brachypterous
form as the commoner in autumn and in early

Table 22. The wing forms of the progeny of A. ebscurus Miill,, females of different wing forms in outdoor rearing tests

: . Number Number % o progsty
Parental wing form Generation of cultures | of progeny Macro- Brachy-
pterous pterous
Macropterous Hibernated 19 163 60.5 39.5
New generation 10 123 51.8 48.2
Brachyprefous ... oo swownsmes vaannvass ves o | Fiiberagted 20 197 51.0 49.0
New generation 10 137 48.4 51.6

5 12167—70
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Table 23. Effect of photopcriodicit_y

on wing form of A. obscurus Miill.

. Length of Number Number % of progeny
Parental wing form Food plant photoperiod of cultures | of progeny Macro- Brachy-
pterous pterous
Macropterous ........................| Oats Normal day 10 69 66.9 33.1
Brachypterous ............ ... ... .... Timothy 10 94 20.8 79.2
Macropterous ...........ouiiiiin..... Oats Short day 9 101 — 100.0
Brachypterous ........................ Timothy 10 77 — 100.0

summer. According to Hmps (1900), c. 98 9,
of the A. obscurys adults that hibernate are of
the brachypterous form, while 90—95 9% of the
progeny of the overwintered specimens develop
long wings. It thus seems evident that females
of either wing form may have macropterous and
brachypterous progeny.

Hereditary and external factors may affect the
wing form of insects. Among the possible
external factors are light, nutrition, population
density and temperature; and the effects of all
these except the last-mentioned were investi-
gated. The effects of the various factors on the
wing form in thrips have probably not been
investigated before.

Hereditary factors. — A. obscurus is a thrips
species that reproduces parthenogenetically, and
males of the species have never been encountered
in Burope. There is consequently no possibility
for the wing form to be passed down to progeny
by a male, as is the case with certain other groups
of insects (PrcarDp 1931, SELLIER 1953).

Macropterous and brachypterous females of
A. obscurus produce progeny with both wing
forms (Table 22). The ratio between the wing
forms in the progeny is entirely dependent on
the prevailing conditions. Table 22 shows the
total numbers of progeny of females of each wing

Table 24. Effect of food plant on

form on timothy and oats, two plants on which
this species reproduces.

Photoperiodism. — Some investigators have
observed that the proportion of brachypterous

specimens in the A. obsearns population
increases towatds the autumn. This could
be due either to the shortening of the

photoperiod or to a decrease in temperature, or
pethaps to both together. The effect of photo-
petiodism on the wing form of A. obscurus was =
investigated in outdoor cultures, some of which
were kept in darkness from 16:00 hrs to 08:00
hrs, while the others were allowed to develop at
the prevailing normal length of day at Tampere
in June. Photoperiods were begun three days
after these cultures had been established.

None of the A. obscurus that developed under
a short photoperiod grew long wings, while
with normal daylight a large number of brachy-
pterous and macropterous adults developed
(Table 23). Under these circumstances day-length
seems to have a very great influence on the
development of the wing form.

A short photoperiod has likewise been found
to cause shortness of wings in cicada (Kisimoro
1956 d, Jomno 1963). Rivnay (1937) also re-
ported that light has an indirect effect on the
development of wings in aphids.

wing form of A, obscurus Miill.

. . Number Number % of progeny

Parental wing form Generation Food plant of cultures of progeny Macro- Brachy-

pterous pterous
Macroptetous ........o.enn..... Hibernated Oats - 10 69 66.9 33.1
New generation 5 69 80.2 19.8
Brachypterous .................. Hibernated 10 103 81.3 18.7
New generation 5 65 78.8 21.2
Mactoptetous .. ........oiu..... Hibernated Timothy 10 94 54.2 45.8
New generation 5 54 17.7 82.3
Brachypterous .................. Hibernated 10 94 20.8 79.2
New generation 5 72 11.9 88.1
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Nutrition. — That nutrition affects wing form

-has earlier been shown in the development of
insect species living as parasites (LICHTENSTEIN
and Picarp 1917, Picarp 1923, ScHMIEDER
1933). It seems, however, that in phytophagous
species the quality of the food, i.e. the host plant,
is also of great significance in determining
whether the species develops long or short wings.
In tests with A. obscurus oats were selected to
represent the cereals and timothy to represent
the cultivated grasses. The species occurs in
great numbers on both these plants. The cultures
wete reared outdoors. They revealed that on
oats the females of either wing form mainly
produce macropterous progeny, while on ti-
mothy most of the progeny are usually of the
brachyptetous form (Table 24). The tendency
was the same both in cultures reared from hiber-
nated specimens and those reared from the new

"spring generation.

The abundances of the different wing forms of
A. obscurus on various plant species could be
clarified in some degree from material netted for
systematic studies. The thrips material collected
from cereal plants in 1963—66 was studied for
this purpose. However, only the 1963 material
was available from winter wheat. The abundance

of the different wing forms of A. obscarus on

various species of cereals is shown in Table 25.
The table shows that on cereals most of the
population was of the macropterous form. The
propotrtion of brachypterous specimens on the
various ceteals varied from 0.1 to 4.6 per cent.
Brachypterous specimens have occasionally been
found on cereals in the summer, and no marked
increase in the abundance of this form was noted

Table 25. Frequencies of the different wing forms of
A. obscurus Miill. on vatious cereal plants, according to
to samples netted in 1963—66

Table 26. Frequencies of the different wing forms of
A. obscurus Miill. on oats growing on various soils,
Tikkurila 1963—64

Number | Number of % of specimens

Soil of specimens | Macro- | Brachy-

samples pterous | pterous

Finesand .......... 16 3582 | 97.1 2.9

Sandy clay ........ 17 2246 | 98.1 1.9
Sandy clay with or-

ganic matter ..... 17 3141 97.4 2.6

Total | 50 8969

towards the autumn. WETZzEL (1964) came to the
same conclusion in his investigations. This may
be largely due to the fact the A. obscuras females
reproducing on cereals in late summer lay their
eggs mostly on the tillers growing out from the
base of the cereal plant, where the developing
adults remain after emerging. Because of the
shortness of the tillers, such specimens are not
likely to be netted in the normal way. But ob-
viously, a considerable proportion of the A.
obscnrus developing on cerals in the autumn are
of the brachypterous form. This is mainly in-
dicated by samples taken for studies on over-
wintering or of samples otherwise taken in
winter from the nurse crop stubble, in which the
proportion of brachypterous specimens in the
population was very high.

In 1963—64, samples were netted from oats
grown on different soils. The proportion of
brachypterous specimens in these samples varied
from 1.9 to 2.9 9%, (Table 26), values which do
not differ greatly from the average obtained from
oats during the different years (Table 25).

Samples were also netted from ordinary oat
fields and from oats grown as nurse crop. In this
case, too, the variation was very slight, the pro-
portion of the brachypterous form in the popula-
tion varying between 1.8 and 3.1 9, (Table 27).

- - Table 27. Frequencies of the different wing forms of
i Number | Number of |20 OF Peimens 4 ohourns Miill. on oats and on oats as nurse crop,
Species of cereal of specimens | Macro- | Brachy- Tikkutila 1963—64
samples pterous | pterous
- Number % of specimens
RYC ooveneennnnn. 82 951 | 97.1| 29 Vegetation of | et o B
Winter wheat ...... 6 783 | 99.9 0.1 samples pterous | prerous
Spring wheat ...... 47 3269 | 973 2.7
Batley ............ 59 2063 | 96.4 3.6 Oats ........ P 25 3856 | 96.9 3.1
Oats .......oounn.. 113 11080 | 95.4 4.6 Oats as nutse ctop .. 25 5113 | 98.2 1.8
Total | 307 18 146 Total 50 8969
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Table 28. Frequencies of the different wing forms of
A. obscnrus Mull. on cutting leys 1963—66 and some seed
leys at Tikkurila 1966

) Number | Number of % of specimens

Vegetation of specimens | Macro- | Brachy-

samples pterous | pterous

Cutting ley ........ 56 6249 61.7 | 38.3

Timothy ley ...... 10 1676 | 50.4 | 49.6

Cocksfoot ley ...... 8 181 66.2 | 33.8

English ryegrass ley 11 1902 | 67.5 | 32.5
Total 85 10 008

In leys grown for cutting or for seed, the pro-
portion of the brachypterous form in the A.
obscurus population was considerably greater
than it was on ceteals (Table 28). The 4-year
average for grass leys at Tikkurila was 38.3 9,
i.e. a good third of the specimens were brachy-
pterous. Samples could usually only be netted
from the former type of leys eatly in the summer,
before cutting, The migration of this species
from grass leys to other types of vegetation may
have had some effect on the results, for only the
macropterous specimens migrate.

From seed leys, samples were netted in 1966
only. In cocksfoot and English ryegrass about
one-third of the population were brachypterous,
but on timothy almost one half were brachy-
pterous. Samples could be taken up to mid-
August from English ryegrass only, while on
the other leys grown for seed sampling had to
discontinued at the end of July because of
hatvesting. The absolute and relative numbers
of brachypterous specimens were at their peak
at the end of June and in the first days of July,
after which their proportion in the netted sam-
ples declined.

The amount of food may also affect the wing
form of an insect. This effect becomes partic-

ularly evident in cases where the number of
specimens on a plant is so great that there is not
enough food for all the developing individuals.
Drying and wilting of the plants from other
causes may also lead to a food shortage. The
effect of density on insect wing form has been
studied a great deal. BaponNEL (1948, 1949)
found that an increase in density in Psocoptera
causes an increase in the propottion of macro-
pterous specimens in the population. Similar re-
sults have also been obtained by Kismmoro
(1956 a, 1956 b, 1956 c, 1956 d, 1959), Jomn~o
(1963) and RAATIKAINEN (1967) on plant-hoppers
and by KENNEDY (1956) on grasshoppers.

The investigations on dimorphism in A.
obscurys did not cleatly reveal any effect of density
on wing form (Table 29). No actual food
shortage occurred during the investigation of
this factor, but it was assumed that the effect is
caused by some stimulus between larvae as well
as food deficiency during the larval stage (Ba-
DONNEL 1949, Long 1955, Jorno 1963).

Temperature. — The significance of tempera-
ture as a factor affecting wing form has also been
a subject of study for a long time. MARCHAL
(1927 a, 1927 b, 1930, 1931, 1936) observed
seasonal dimorphism in a species of Trichogramma
in which the brachypterous specimens occur in
the spring generation immediately following the
wintet. In this case, brachyptery is related to low
temperature. CHOPARD and Berrecroix (1928),
Rrivnay (1937) and BapoNNEL (1949) refer to
similar effects of temperature, although the ob-
servations made by BADONNEL show that tem-
peratures. above -+23°C had the opposite effect
on his Psocoptera to the effect of increased density,
i.e. it decreased macroptery.

Table 29. Effect of density on wing form of A. obscurus Mill.

Density Number of % of progeny

Parental wing form Genetation Food plant specimens progeny Macro- Brachy-

per plaat pterous pterous
Brachypterous .................. Hibetrnated Timothy 2 68 47.0 53.0
5 98 32.5 67.5
10 116 511 48.9
Macropterous ..ol New generation 1 52 35.8 64.2
10 80 47.4 52.6
20 124. 55.2 44.8
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The effect of temperature on A. obscurus could
not be investigated by means of actual tests,
because no rearing sites with identical light
conditions but differing temperatures
available. Yet there are indications that in A.
obscurus, too, an increase in rearing temperature

were

may cause an increase in the proportion of
macropterous specimens. This conclusion was
reached by testing recently hatched larvae taken
from rearing sites identical as regards tempera-
ture to other rearing sites and observing that
they developed the two wing forms in different
proporttions according to the subsequent rearing
temperature. At room temperature (23—
+425°C) only one specimen out of ten developed
short. wings, in the laboratory (+20—+4-22°C)
5 out of 11 did so, and in outdoor cultutes
(4+16—-418°C) all 9 larvae did so. There were
also differences in the amounts of light at the
sites of rearing, and this too may have had some
effect, although if so, this should have been the
opposite. Be this as it may, the effect of tempera-
ture on the wing form of A. obscarns requires
more investigation.

A development stage susceptible to external fac-
tors. — Long (1955) found that the larval stage
of grasshoppers is extremely susceptible to
external influence, and that the mere propin-
quity of, say, 2—3 latvae causes changes in col-
our and a shortening of the larval stage. Ac-
cording to KisiMoro (1959), in the plant-hopper
Nilaparvata lugens Stahl,, the third nymphal instar
is the stage that is most sensitive to the effects of
density, and the wing form of the specimen is
determined by the time of the final nymphal

instar.

Investigations were made to ascertain the
developmental stage of A. obseurns affected by
day-length. Use was made of a series of cultures
in which A. obscuras females had been allowed to
lay for 48 hours. At two-day intervals these
cultures were shaded one by one and subse-
quently allowed a short day only (eight hours of
daylight per day). The wing form of the speci-
mens was observed, and it was found that the
first two cultures, which were allowed only a
short photoperiod after two and four days
respectively had elapsed since oviposition, pro-
duced brachypterous specimens only, 18 and 8
specimens respectively. The third culture in the
series, which was shaded from the sixth day after
oviposition, produced two macropterous as well
as six brachypterous specimens. The fourth, fifth
and sixth cultures, in which shading was started
8, 10 and 12 days after the onset of oviposition,
produced 13, 5 and 2 macropterous specimens
and 3, 3 and 2 brachypterous specimens resp-
ectively. Thus the borderline case in the de-
velopment of wing form occurred six days after
the onset of oviposition. As, in indoor cultures
such as the above, the egg stage lasted 5.1 to 5.4
days on average (cf. Table 13, p. 218), the first
specimens must have been in the larval stage
when first shaded, although still very small.
True, the cultures that were later shaded also
produced brachyptetous specimens, but this can
be explained, at least in part, by the variations
occurring in the duration of the egg stage. It can
thus be concluded from the rearing tests pet-
formed that day-length, at least, has an effect on
the wing form of A. obscurus, either very eatly
in the larval stage or immediately before the
larvae hatch.

C. Frankliniella tenuicornis Uz.

This species was at one time referred to the
genus Physopas and known as P. fenuicornis Uz.
(e.g. UzewL 1895, O. M. Revter 1899, E. REu-
TER 1901 a, Scmirre 1912, HukkINEN 1917 a,
Brarrny 1923). Since the 1920s, it has been
placed in the genus Frankliniella.

1. Distribution

F. tenuicornis is found in various parts of Eu-
rope (UzeL 1895, RiBaca 1902, Scainie 1912,
Bagnarn 1912, 1913, Wrrrtams 1913, Tourn-
GrREN 1917, TueosaLp 1922, Brarrny 1923,
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K~ecHTEL 1923, Jonn 1925, 1934, MALTBAEK
1932, Bagnarr and Jomn 1935, Kerer 1936,
MorisoN 1943, von OeTTINGEN 1951, PELIKAN
1952, StrawINskI and Seczrowska 1952,
Mimre 1953, 1958, FransseN and MANTEL
1962, MawnteL 1969). Outside Europe, this
species is also found in Asia (Jorn 1924, BLunck
1958, Tansky 1961, Kurosawa 1968) and North
America (Warson 1922, 1923, Hoop and HEer-
rIck 1926). Von OETTINGEN (1955) desctibes
this species as circumpolat.

In Finland, the species is distributed through-
out the country, including northernmost Lap-
land (Huxxinex 1942),

2. Host plants

During the research period F. fenuicornis was
the most numerous of the thrips species occut-
ring on cereals (K&ppi 1967). On both winter
and spring cereals it was found in far greater
abundance than any other species of thrips. It
reproduces vigorously on all the species of cereals
(Table 1, p. 206), and may be an important pest
of these (cf. p. 195). It also feeds and reproduces
on maize, as has been ascertained by other
researchers (Hoop and Herrick 1926, HirpH
1955, Brunck 1958, FranssEN and MANTEL
1962).

Apart from the ceteals, F. fenuicornis repro-
duces on many cultivated and wild grasses
(Table 1, p. 206). It should be mentioned in
particular that the females also lay on Deschampsia
caespitosa L., but the larvae cannot feed on this
grass, apparently because of the strange surface
conformation of its leaves. It is also probable
that reproduction cannot occur on Deschampsia
flexcnosa L. ot Festuca ovina L. either, for the stringy
leaves of these species are not suitable sites of
laying and nutrition. Some eggs were also found
on the stipules of a number of ley legumes, but
the larvae were unable to survive for very long
on these plants,

3. Sex index

The results of the samples netted at Tikkurila
in 1960—65 show that the sex index of this
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species varies greatly from year to year even
on one and the same species of cereal. It also
varies a great deal between the different species
of cereal even with a single year. Yet the average
sex index of this species is roughly the same on
different species of cereal. Thus at Tikkurila it
was 77.2 %, on rye, 77,3 %, on oats, 79.4 9, on
winter wheat, 82.2 %, on spring wheat and 76.1 %,
on barley (KorpA 1969 b). At Somero the sex
index of this species averaged 73.9 9, on rye,
73,6 % on barley, 76.2 %, on oats and 90.9 9%,
on spring wheat. Thus males of this species were
obviously far commoner than has been stated by
HUgkINEN (1936 a) and WerzeL (1964).

The sex index of F. fenuicornis varies during the
growing season. As it is only the females that
hibernate, the sex index is 100 9, at the begin-
ning of the growing season. It falls to half of
this, and even lower, when the new generation
becomes adult (KérpA 1969 b). Later on, as the
males begin to die off at the approach of winter,
the sex index rises again to 100 %,.

4. Hibernation

F. tennicornis overwinters, i.e. its adult females
overwinter, mainly on shoots of winter cereals
and on cereal stubble (Koérpi 1969 a). Over-
wintering on any other biotopes, such as leys
and wild grasses, is probably only incidental.

5. Developmental siages

The developmental stages of F. fenuicornis are
the same as those of L. denticornis and A. obscurus.
Excluding the egg stage, they are shown in
Fig. 21.

The egg is pale and translucent. It is elongated
and frequently broader at one end and more
curved than that of the previous species (Fig.

. 22).

Measurements were made of 616 eggs of this
species, and the length was found to vary be-
tween 0.224 and 0.314 mm, the average length
being 0.2764-0.003 mm. The respective figures
for egg breadth were 0.090—0.126 mm and
0.11240.002 mm. Thus the eggs ate shorter and
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Fig. 21. F. tennicornis Uz. developmental stages: a) 1st instar larva, b) 2nd instar larva,
c) prepupa, d) pupa, ¢) adult ¢ and f) adult 3. Photos: Institute of Photography,
Helsinki.

relatively broader than those of L. denticornis and
A. obscuras, as shown by their small length-to
-breadth ratio, 2.46. Fig. 23 shows in greater
detail the distribution into size classes of the
lengths and breadths of the measured eggs.

The duration of the egg stage of F. fennicornis
varied between 4 and 8 days, depending on the
rearing conditions (Table 30, Fig. 24). It thus
seems to be longer than the egg stage of L.

denticornis but shorter than that of A. obscurus
(cf. Table 2, p. 208 and Table 13, p. 218).

The larva of F. fenuicornis (Fig. 21 a and b) is
pure yellow in colour. It moves much faster than
the larvae of the other two species previously
discussed. Pries~er (1926) gives 1.47 mm as the
length of a second-instar larva.

The duration of the larval stage of the F. fenui-
cornis reared varied between 5 and 15 days (Table
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Fig, 22. F. ftenuicornis Uz. eggs, about 80 times
natural size.

31). This great variation in the development of
the individual larvae is most clearly demonstrated
in Fig. 24. The investigations did not reveal any
clear difference between the sexes in rate of larval
development, for the larval stage of the 5 male
specimens lasted on average 6.34-0.22 days,
while that of the 7 females was 6.44-0.38 days.

On moulting the larva enters the prepupal
stage (Fig. 21 c), in which stage its eye spots are
red. The head, antennae, legs, wing buds and
the tip of the abdomen are translucent. The rest
of the prepupa is distinctly yellow. The length of
the male prepupa varies between 0.9 and 1.1 mm,
and that of the female prepupa between 1.1 and
1.3 mm. This species has a very short prepupal
stage, which varied between 0.5 and 3.0 days,
depending on the rearing conditions (Table 32).

The prepupal stage is followed by a pupal
stage (Fig. 21 d) that resembles the prepupal
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02 0.8

0.224 0,242 0.260 0.278 0.296 0.314
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5.8

0.090 0.108 0.126
Breadth mm

Fig. 23. F. fennicornis Uz. eggs, size distribution
by length and breadth.
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Table 30. F. tenuicornis Uz., duration of egg stage on oats

Duration of egg stage,
Rearing place tcmAvertagc o Nfl_u:ber days
femperature o cgss Average Range
Room ...... -25.8—26.0 14 | 4240.10 | 4—5
Laboratory ..| 4-21.5—21.7 12 | 6.4+0.19 | 6—8
Outdoor cul-
ture ...... +18.2—20.4 9 7—8

7.240.15

Table 31. F. temuicornis Uz., duration of larval stage on oats

Duration of larval
. Average Number stage, days
Rearing place temperature°C of
specimens Average Range

Room ...... +23.4—23.7 13 644023 5— 8
Laboratory ..| 4-19.8—20.8 12 8.54+0.38 | 6—11
Outdoor cul-

ture ...... +13.6—15.1 10 | 12.34-0.55 [10—15

stage in respect of colouring. PrisNer (1926)
did not find or describe the female pupa of this
species. He gave 1.17 mm. as the length of the
male pupa. This must have applied to a rather
large specimen, for the present measurements
showed that the length of the male pupa varies
between 0.9 and 1.1 mm. The respective figures
for the female pupa are 1.1 and 1.4 mm. The
duration of the pupal stage varied between 1.5
and 5.0 days under the different rearing con-
ditions, i.e. roughly within the same limits as
that of L. denticornis (Table 33, cf. Table 5,
p- 209), although the average temperature in the
former cultures was slightly lower. No clear-cut

Table 32. F. tenuicornis Uz., duration of prepupal stage

on oats
Duration of prepupal
. Average Number stage, days
Rearing place temperature °C of
specimens|  Average ' Range

Room ...... +23.0—24.0 13 [1.1-0.08 [0.5—1.5
Laboratory ..| +20.7—21.5 12 ]1.6--0.20|1.0—2.5
Outdoor cul-

ture ...... +15.1—16.0 10 |2.240.13(1.5—3.0

Table 33. F. tennicornis Uz., duration of pupal stage on oats

Rearing place Average N“g;,b‘” Duti;ia(;:z, %t;yzupal
&r temperature°C pecimen Average Range
Room ...... +23.5—24.0 12 2.04-0.09 |1.5—2.5
Laboratory ..| +20.3—21.3 11 12.84-0.15(2.0—3.5
Outdoor cul-
tute ...... 4.34-0.06 |4.0—5.0

+14.8—16.3 10
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Fig. 24. F. tenuicornis Uz., individual rates of development
of eggs ((0—[1) and larvae (O—Q) and development
from egg to adult (A—A), at various rearing tempera-
tures. The curves indicate the average durations of the
developmental stages.

differences could be found between the two
sexes in the duration of the pupal stage.

The wing buds of the pupa begin to darken
about 12 hours before the adult emerges. The
adult male is 0.9—1.2 mm long and the female
1.2—1.5 mm (Fig. 21 f and e).

It seems that the development of F. fenuicornis
from egg to adult takes roughly the same time
as that of L. denticornis, allowing for the fact

that the cultures of these two species differed

somewhat in temperature (Table 34). The varia-
tion in the rate of development of individual

" specimens in quite wide, as is demonstrated most
clearly in Fig. 24.

The adult male copulates with the adult female.
Copulation usually takes only a few second, but
individual specimens may copulate for a longer
time. The copulation of adult thrips has been
desctibed in greater detail by FransseEn and
MAaNTEL (1964). Apart from females of its own
species, F. fensicornis males were once or twice
found copulating with females of 4. obscurus
f. macroptera.

Table 34. F. tennicornis Uz., duration of development from
egg to adult on oats

Development from egg
. Average Number to adult, days
Rearing place temperature°C of
specimens Average | Range

Room ...... +24.0—24.4 12 [13.740.23 |{12—15
Laboratory . .| 4-20.7—21.2 11 [19.34+0.57 |16—22
Outdoot cul-

ture ...... +16.5—17.2 9 |26.040.70|23—29

6 12167—70

6. Life cycle

F. fenuicornis overwinters to a considerable
extent on winter cereals (K&ppA 1969 a), where
it begins to oviposit in spring when the weather
gets warmer. ‘

Thereis a preoviposition period and maturation
of the ovaries proceeds gradually during the
winter (Fig. 18, p. 220). Towards the end of Oc-
tober oviposition did not begin until roughly one
month after the specimens had been put into the
cultures, but from the end of November on-
wards laying began sooner, within less than 10
days. After January, and until the spring, there
was no longer any noteworthy change in the
situation. Towards the end of Apzil the speci-
mens introduced into indoor cultures’started to
lay in 4.140.84 days on average, the vari-
ation between individual specimens being 3—6
days.

It also seems that the proportion of ovipositing
females in the population has increased by the
spring (Fig. 19, p. 220). Of the specimens placed
cultures at the end of October, only 40 9, ovi-
posited, but the proportion then increased rap-
idly and from the end of December onwards
was 100 per cent. It is possible, of course, that
if the females from the earlier cultures had
survived long enough, they might have begun
to lay; but the females in the cultures usually
lived for quite a long time. For instance, one
specimen placed in a tube on October 24,
1968, did not die until February 7, 1969, but
although its lifespan was 106 days it did not
begin to oviposit.

The preoviposition period of this same species
had been investigated earlier, in the winters of
1967 and 1968. Late in the winter of 1967, the
females began to oviposit on average 3.04-0.20
days after being placed in cultures. The range
was then 2—4 days and the rearing temperature
+22°C. The females of the species taken for
rearing towards the end of March 1968 began to
lay on average 2.0-40.13 days afterwards, the
range being 1—3 days. This culture was kept
at an average temperature of 423.0°C. In the
series of cultures in winter 1968—69 the reatr-
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Fig. 25. F. tennicornis Uz, eggs at base of batley leaf-blade.
Larvae have already hatched from some of the eggs.
Photo: Institute of Photography, Helsinki.

ing temperature was -20.0°C, and the differences
in results may have been largely due to dif-
ferences in the temperature conditions. The

Year

1963

i

1962

sssssssss e
L o R e R R R R R R R R R R

sssensee

relative severity of the winter may naturally cause
changes in the duration of the preoviposition
period from one year to another.

As F. fenuicornis hibernates in winter cereals,
it is possible to net samples of it from them as
soon as the species begins to move and netting
is technically feasible. In spring 1968 the first
eges were found on rye leaves on May 2, and in
1969 on May 6, but oviposition does not usually
occur before mid-May (Fig. 26).

While rye is in an early stage of development
and the shoots rather short, the females usually
lay their eggs within the leaf tissue. Most of
these eggs are deposited in the uppermost leaves,
the young cell tissue of which seems to be the
most suitable for oviposition. The lower leaves,
which are about to dry up, do not carry many
eggs but there may be large numbers of eggs in
the sheaths of these leaves, which are wide enough
for the females to gain entry (Table 35). When
the rye ears appear, the females enter the upper-
most leaf sheaths and lay their eggs in the cell
tissues of the inner surface. Most of the eggs,
however, are still laid in the leaves. Thus the
species does not secem to prefer the sheaths as
much as does L. denticornis (Tables 7and 8, pp. 211
and 212) but can be regarded as being equally an
inhabitant of the leaves, ears and sheaths. Ac-
cording to observations made by JoHaNssoN

Spring cereals

Rye
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Fig. 26. F. tenuicornis Uz., occurrence of various developmental stages on rye and
spring cereals 1962—63 (adult + + +, egg o » », larva ———, prepupa and
pupa @ @ ®). The arrows indicate the emergence of the new generation.



Table 35. F. fenuicornis Uz., distribution

of eggs on plant. 4 replicates .

Number of eggs
Plant and its stage of development Total Average per culture t- value
o Leaf I Sheath

Rye
Before coming into ear ........ ... ..l 2 621 447.04+50.39 208.3-4+-66.03 2.9%
Aftet comingintoear ... 964 196.7451.29 44.34-21.24 2.7%
Qats
Before coming into panicle .................. 2177 269.21+49.68 275.04-33.10 0.1
After coming into panicle .................... 1439 179.34-18.23 180.54+26.42 0.1

(1946), specimens of this species ate found
mainly on the surface of the ears.

On the leaves the eggs are distributed mainly
in the first quarter, counting from the liqule
(Table 36, Fig. 25, cf. KanErvo 1950). On the
sheaths, they usually occur in the uppermost
quarter, closest to the ligule. Thus the females of
this species do not apparently push down into
the sheaths as far as do the females of L. denti-
cornis, which lay their eggs mainly in the second
and third quarters of the sheath counting down-
wards (cf. tabulation on p. 212). F. fenuicornis eggs
were found to be distributed in the sheaths as
shown below (Ist quarter = quarter closest to the

ligule).
1 2nd 3rd 4th
Plant quaizcr qual:'tcr quarrtcr qu:rtcr Total
Rye ...... 117 31 29 — 177 eggs
Oats ...... 495 162 65 — 722 eggs

The difference between the numbers of eggs
located on the first and second sheath quarters
of oats was very significant (t-value = 7.4%¥*),

F. tensicornis lays a far greater number of eggs
than does L. denticornis, and its oviposition petiod
is also much longer (Table 37, cf. p. 212). The
differences in respect of A. obscurus are nowhere
fniear so great.

The larvae hatched from the eggs remain or
move tapidly on the base of the leaf blades and
on the spacious upper parts of the topmost
sheath. They are also found in abundance on the
lower sheaths, and a good number move to the
ears when these emerge from the sheath.

In the different years the first F. fennicornis
larvae netted were found from May 25 to June 5
(Fig. 26). In 1963, when the early summer
was warm (Fig. 5, p. 204), they hatched far earlier
than they did in the unfavourable weather
conditions of 1962. At Ylistaro, Southern Ostro-
bothnia, in 1931, KanNervo (1950) found the
first larvae eatly in June. In that year the average
May temperature at Ylistaro was 4-9.7°C, while
at Tikkurila it was only +48.5°C in 1962, and
+-13.0°C in 1963. F. fenwicornis larvae of the
second instar have been found in Russia as
carly as mid-May (Tox 1930).

Subsequent to the larval stage the prepupae
and pupae prefer the most protected parts of the
plant, such as the sheaths and between the
spikelets of the eat. Because of their protected
mode of life, prepupae and pupae are seldom
found in netted samples.

The first adults of the new generation emerged
between May 27 and June 22 during the various

Table 36. F. tensicornis Uz., distribution of eggs on rye by leaf-blade quarters (Quarter I = quarter ncarest to ligule).
4 replicates

Number of eggs Number of eggs
t- value t- value
Leaf — blade quarters Average per Average per
Total culture - culture
before earing I II III after earing I I III
I, 2304 401.5451.95 174.54-43.65
I 199 | 32.54 1.75| 7.1%x* 17.34 6.86| 3.6*

I ... 65| 11.34 0.72| 7.5%k* 11, ek 5.0+ 1.78| 3.9%*| 1.8
IV oo 8 1.8+ 1.18| 7.7%%% 14.6%** 6.8%k* 0.3+ 0.25| 4.0%*| 2,5% | 2,6*



Table 37. F. tenuicornis Uz., number of eggs and duration of oviposition period on rye and on oats

Number of Oviposition period, days Number of eggs
Food plant Generation specimens
Average Range Average Range
Rye .cvviviiiiiiniint, Hibernated 20 32.74-1.82 13—50 140.5411.81 | 53—252
New generation 20 31.94-2.04 18—45 156.64+13.22 | 86—277
L 20 28.64+2.01 12—45 159.94-14.56 | 61—292

research years (Fig. 26). When KANERVO
(1950) carried out his investigations, the de-
velopment of the species was very late, for no
adults of the new generation were found until
June 29. In explanation, it may be pointed out
that the observations by KANERVO were made at
Ylistaro, where development is generally later
than at Tikkutila. Moreover, in 1931, the year
in which his studies were carried out, the spring
was latet than normal in South Ostrobothnia and
the average temperature in June, when the
development of this species is largely complete,
was only +9.7°C there, while the normal figure
at Tikkurila is then -13.5°C. In Sweden, the
new generation begins to appear eatly in June
(Jomansson 1938).

The appearance of the new generation of
F. tensiicornis on cereals can be scen from the
occurrence of males. It seems, too, that the first
eggs laid by the hibernated females usually de-
velop into males. To ascertain this, hibernating
females were put in culture tubes and each
allowed to lay on a single shoot for 3—4 days,
after which they wete transferred to new shoots.
It was found that 13 of the 14 laying females pro-
duced progeny of both sexes, and one produced
males only. The progeny of this latter specimen
were very few, i.e. 6 specimens, and later it might
have produced eggs which would have developed
into females. In the same investigations it could
also be established that in each batch of eggs
laid in the 3—4 days the first specimens to hatch
were usually males, although there were excep-
tions. This would cleatly suggest that males
usually develop faster than females, although this
could not be definitely confirmed in the in-
vestigations of the length of the developmental
petiod (cf. p. 230). Not all the males came from
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the first-laid eggs, however, for males developed
from later-laid batches of eggs, too, while
numerous females hatched in the meanwhile.

The development of F. zennicornis occurs con-
currently in winter wheat and rye. For instance,
on winter wheat the first eggs laid by overwin-
tered females were found on May 16 in 1961 and
on May 29 in 1962, while the first adults emerged
on June 9 and June 24 respectively, i.e. only
2—3 weeks later than on rye.

A few F. tenwicornis specimens remain on the
winter cereals, where they develop a second
generation. The females may begin to lay soon
after emerging. On rye, laying occurred on aver-
age 3.140.60 days after emergence, the average
temperature being +22.0°C. There was a very
great variation between the females in: this
respect, however, the variation being 1—10 days.
On oats the females laid their first eggs on aver-
age 2.94-0.45 days after emerging, the variation
being roughly as great as on rye. During the time
these cultures were reared the average tempera-
ture was --24.0—25.0°C. .

The females of the new generation may
reproduce in two different ways, i.e. through
fertilized or through unfertilized eggs. In the
former case, a male has copulated with the female,
and the progeny includes both males and females.
In the latter case there has been no copulation,
and reproduction is by arrhenotokous partheno-
genesis, i.e. the progeny are exclusively males.
To ascertain this, some females were reared
separately from the larval stage onwards and
were allowed no contact with males. Another
group of females were reared from hatching on-
wards, each separately with a male. Of the 12
females reared singly, one died without laying,
while the rest produced a total of 160 progeny,



Table 38. Durations of preoviposition period and oviposition period, and the number and sex of the progeny of
F. fennicornis Uz. specimens in different modes of reproduction

) Number of Preoviposition period, days Oviposition period, days Number of progeny
Mode of reproduction females
Average Range Average Range Q { g
Reared singly .................. 11 2.4540.48 1—7 21.743.18 6—40 — 160
Reared in paits .........oovnn, 11 2.184-0.33 1—4 21.742.55 9—36| 100 44

all of which were males. These females began to
lay on average 2.454-0.48 days after emerging,
and laying continued for an average of 21.74-3.18
days (Table 38). The females reared with males
resemble the parthenogenetically reproducing
females in respect of preoviposition period and
time of laying, but there was a clear difference
in the progeny, most of which were females. One
such culture produced only males, a total of 10,
which may mean that for some reason, the male
and female had not copulated. To judge from
the number of progeny of these two groups
of females, the mode of reproduction does not
seem to have 2 noteworthy effect on the number
of eggs, although this was not thoroughly
clarified in the present investigations.

On rye, the females of the new generation
usually lay their eggs on the soft basal parts of
the leaves and in the sheaths, which are con-
veniently open at about this time.

Most of the F. zfennicornis population, however,
migrate from winter cereals to spring cereals.
During the research years the first specimens on
oats were found on June 10—26. The first eggs
on oats were found simultaneously. Half of these
were found on the leaves and half in the sheaths
(Table 35), those on the leaves mainly in the
- first quarter, counting from the ligule, and those
in the sheaths in the highest quarter closest to
the leaf blade (tabulation on p. 233). It seems that
the eggs are usually laid from the upper surface.
The number of eggs laid on oats per female in
the cultures was 159.94-14.56, and the ovi-
position period averaged 28.61-2.01 days,
i.e. the averages were roughly the same as those
for the hibernated and new generations on rye
(Table 37).

From the end of June or beginning of July
larvae were found on oats right up to the end of
the growing season. At first they were on the
leaves, later in the sheaths, and subsequently also
on the panicles when these emerged from the
sheaths. The prepupae and pupae prefer to hidein
the sheaths and panicles. In 1963, ‘when the
weather during the growing season was favour-
able for the development of thrips, the first
pupae were found as early as July 7 (Fig.
26). Thus the second generation may reach
adulthood by mid-July, and even in years of
later development it may do so before July is

over. In 1931, Kangrvo (1950) found the first

adults of the second generation at the beginning
of August. At this time, the emerged adults
usually lay their eggs on the green adventitious
shoots growing at the base of the oats.

The laying and development of F. Zenuicornis
on batley and spring wheat occur concut-
rently with its laying and development on
oats. According to obsetvations by Kanervo
(1950), the second genetation and some of the
third generation of this species develop very
vigorously on barley. The female may lay its
eggs on this cereal not only at the base of the leaf
blade and in the sheaths but also in the spikelets
and even in the awns.

In September, when the rye puts out shoots,
patt of the F. fensicornis population moves to the
rye and hibernates there. It is possible, especially
in warm autumns, to find damage caused to the
rye by this thrips species, but there is obviously
no egg-laying in the autumn, although females
may continue laying in indoor cultures well into
the latter half of September.
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D. Haplothrips aculeatus Fabr.

Harrpay (1836) placed this species in the genus
Phlocothrips (P. aculeata Fabr.), BeErLinG (1872)
and Szaniszro (1879) in the genus Thrips (7.
Jrumentarius Bel.), LINDEMAN (1886) in the genus
Phlocothrips (P. frumentaria Bel.), and UzEL in the
genus Anthothrips (A. aculeata Fabr.). This
species has been referred to its present genus
since eatly in the second decade of the present
century (PRiEsNErR 1927—28).

1. Distribution

H. aculeatns is found everywhere in Europe
(PriesNER 1927—28), in Caucasia (ScHUGUROW
1907), Siberia and Khazakstan (Joun 1924,
Tansky 1961) and in Japan (Kurosawa 1968).
Von OEeTTINGEN (1955) regards this species as
Palearctic. According to Hukkinen (1936 b, 1942),
it is distributed in Finland all the way up to the
Kemi district, in Lapland.

2. Host plants

H. acnleatus apparently feeds and reproduces
on all species of cereals (Table 1, p. 206). In Fin-
land, it is chiefly found on rye and winter wheat
(KéerA 1967), on which most of the damage
caused by this species has been observed (Brum-
MER 1939). Elsewhere, the species is 2 common
pest of all cereals (cf. p. 197).

Cereals apart, H. aculeatns is also able to re-
produce on many other plants (Table 1, p. 206).
Maize and Sudan grass, listed in the table, are
also probably host plants of this species (Kurp-
jumov 1913 a, 1913 b, ReEinmuTH 1934, BLuNck
1958), although this could not be confirmed, for
it was not possible to obtain flowers or flower
parts of these plant species in a suitable state
for test. In addition to the plants mentioned in
the table, H. aculeatns has also been found on
other grasses, e.g. rice (Corpanica 1938),
Cynosuras cristatus L. (BELING 1872), Ammophila
arenaria L. (PRIESNER 1924 b) and Holeus lanatus L.,
Phragmites communis Ttin. and Glyceria sp. (TurL-
GREN 1917), all of which may be host plants
of this species.
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H. acnleatus is regarded as a highly mobile
thrips species (cf. von OrrriNngen 1930, 1942,
1952 a, 1952 b) with a strong tendency to move
from plant species to another. It is consequently
understandable that specimens of this species
have been found on a wide variety of plants, not
all of which can be assumed to be host species.

Apart from being a plant pest, H. acnleatus
is known to be predaceous. It may.suck insect
eggs dry (ZnamEeNskY 1914, BrEmER and KAvuF-
MANN 1931). It may also kill insects and mites
(Kurpjumov 1913 b, KNECHTEL 1931) in other
stages of development, and even attack its own
species. There are several other reports of
predaceous behaviour in specimens of deter-
mined or undetermined species of the genus
Haplothrips (Mires 1923, Girriarr 1935, Listo
et al. 1939, Lorp 1949).

3. Sex index

In the present investigations the sex index of
H. acnleatus on rye was found to average 81.1 %,
at Tikkurila and 84.4 9, at Somero. On winter
wheat the figure at Tikkurila was 81.8 9
(Kopri 1969 b). Because of the sparsity of this
species, the sex index on spring cereals could not
be determined with certainty. Elsewhere, the
proportion of males in the population has been
considerably higher, and the sex index conse-
quently lower (K6rrinG 1928, HortmMaNN 1963
a, WETZEL 1964). Males occur throughout the
year. The sex index of this species also seems to
vary to some extent according to the food plant
(cf. HoLrMaNN 1963 a).

4. Hibernation

H. aculeatus overwinters in both its adult male
and adult female form. Grassy forest edges and
roadsides are very suitable overwintering sites
for this species (KéppA 1969 a). Overwintering
H. acnleatns can also be found in the shoots of
winter cereals and in cereal stubble (K&ppi
1969 a) and under tree bark (PRIESNER 1924 a,
KérrinG 1930). According to Kortng (1928),
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Fig. 27. Development stages of H. aculeatus Fabr.: a) 1st instar larva, b) 2nd instar larva, c¢) prepupa, d) 1 st instar
pupa, ¢) 2nd instar pupa, f) adult @ and g) adult 3. Photos: Institute of Photography, Helsinki.

this species seems particularly to prefer low-
lying, damp and protected sites for hibernation.

5. Developmental stages

The development of H. aculeatus differs from
that of the species previously described in that it
has two distinct pupal instars. Fig. 27 shows the
developmental stages of this species with the
exception of the egg stage.

The egg is clongated and is usually only
slightly curved (Fig. 28). When recently laid, it
is yellowish white and translucent. Later it be-
comes slightly greyish red, and finally it turns
bright red. The length of the egg varies from
0.360 to 0.468 mm, averaging 0.4224-0.001 mm.
The measurements for the breadth are 0.108 to
0.144 mm and 0.131-£0.0002 mm respectively.
A total of 281 eggs were measured. The egg is
rather narrow in comparison with the eggs of the
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Fig. 28. H. acrleatns Fabr. eggs, about 80 times natural size.

species discussed previously, its length-to-
breadth-ratio being 3.22. The results of the meas-
urements are consistent with those presented
by Korring (1934), according to which the
length varies from 0.374 to 0.425 mm and the
breadth from 0.125 to 0.135 mm. According to
HorrMann (1963 a), however, the eggs are
somewhat broader, the length varying from
0.339 to 0.446 mm and the breadth from 0.144 to
0.165 mm. The size distribution of the eggs by
length and breadth is shown in greater detail in
Fig. 29.

The duration of the egg stage of H. acnleatns
varied between 5 and 13 days, depending on the
rearing conditions (Table 39). The rates of de-
velopment of individual eggs are shown in Fig.
30. The duration of the egg stage seems to vary
more than that of the species previously discus-
sed, but this is probably due to the lower outdoor
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Fig. 29. H. aculeatus Fabr. eggs, size distribution by
length and breadth.
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rearing temperature. ZNAMENsKY (1914) gives
5—6 days as the duration of the egg stage of this
species in Russia, and FRANSSEN and MANTEL
(1965 a) as approximately 12 days in the Neth-
erlands. The former probably refers to a result
obtained in indoor cultures, and the latter to
outdoor cultures or field conditions.

The larva hatching from the egg (Fig. 27 a) is
yellowish orange in colour, only the rearmost
segments of the abdomen being red. The second-
instar larva (Fig. 27 b) also has the same col-
ouring, except for the antennae, which are grey
or almost black, and the legs, which are light
grey. When fully grown, the larva measures
1.6—1.8 mm in length.

Thete is a considerable variation in the
duration of the larval stage (Table 40, Fig. 30),
and, as KOrTING (1934) has shown, this is
dependent on the nature of its food fcf. Table

Table 39. H. aculeatus Fabt., duration of egg stage on rye

Duration of egg stage,
Rearing place Average . Number days
temperature®C | of eggs Average Range
Room ...... +24.7—24.9 10 5440.16| 5— 6
Laboratory ..| +21.2—21.3 11 6.34+0.14| 6— 7
Outdoor cul-
ture ...... +14.8—14.9 8 [12.440.19 [12—13

Table 40. H. aculeatus Fabr., duration of larval stage onrye

Duration of larval
Nun;ber stage, days
o

specimens

Average
temperature°C

Rearing place

Average Range

Room ...... -}-24.0—25.0 10 |14.340.63 |10—19
Laboratory ..| +20.6—22.1 11 [16.3+1.26 |11—24
Outdoor cul-

ture ...... +16.7—18.7 8 |18.8-42.04 [12—29
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Fig. 30. H. aculeatus Fabz., individual rates of development

of eggs ((O—[1) and larvae (O—Q) and development

from egg to adult (A—A), at various rearing tempera-

tures. The curves indicate the average duration of the
developmental stages.

41). If the larva obtains its nutrition from flowers
of wheat or rye, its development is far quicker
than it would be if the food were the grains of
these same plants. According to investigations
by K6rTING (1934), the larval stage lasts 10—24
days on a diet of flowers and 19—47 days on a
diet of grains. HorTMANN (1963 2) gives 8 days
as the duration of the first larval instar, and 18
as the duration of the second, bringing the total
duration of thelarval stage to 26 days. ZNAMENSKY
(1914) gives 22—25 days as the duration of the
larval stage, and FraNsseN and MANTEL (1965 a)
16—30 days.

In the prepupa (Fig. 27 c) the colouring of the
larva is retained. The tip of the abdomen is red,
the other parts being orange-yellow or yellow.
The antennae, legs and part of the head are
translucent, and the eye spots red. The length

of the prepupa varies between 1.1 and 1.7 mm,
the shortest prepupae being males.

The prepupal stage of H. aculeatns is very
short, and the variation in its duration is slight
(Table 42). ZnameEnsky (1914) states that the
duration of the prepupal stage is 1—2 days, and
KorTinG (1934) gives it as 1—3 days at a tem-
perature of +16.3—-23.8°C.

H. acyleatus has two different pupal instars
(Fig. 27 d and e), which differ mainly in wing
bud length.In a pupa of the first instar these do
not extend beyond the second segment of the
abdomen, while in the second pupal instar they
are roughly twice as long. In colouring, the pupa
resembles the prepupa, but the wing buds,
which have appeared, are translucent. The length
of the first-instar pupa varies between 1.3 and
1.7 mm, and that of the second-instar pupa
between 1.2 and 1.6 mm.

The first pupal instar clearly lasted less long
than the second (Table 43). The duration of the
entire pupal stage is longer than that of the species
discussed previously. KOrTiNG (1934) obtained
similar results, reporting that the first pupal
instar lasts 1—3 days at a temperature of 4-16.3—
-23.8°C and the second pupal instar 3—7 days
at 417.0—+-23.0°C.

Table 42. H. acnleatus Fabr., duration of prepupal stage

on rye
. Average Number Dumt:tc':lrée?fdg;:spupal
Rearing place temperature °C of
specimens|  Average Range
Room ...... +24.3—25.0 10 [{1.0+£0.00|1.0
Laboratory ..| +21.0—22.8 11 [1.34£0.10|1.0—2.0
Outdoot cul-
tute ...... +15.6—22.5 8 1.5+0.161.0—2.0

Table 41. H. aculeatus Fabr., durations of larval, prepupal and pupal stages on various food plants and at various
temperatures (KorTiNG 1934).

Duration of 1st larval Duration of 2nd larval Duration of prepupal and | From hatching of larva to
instar, days instar, days pupal stagces, days cmergence of adult, days
Average temperature °C
Flowers of Grains of Flowers of Grains of | Flowers of Grains of Flowets of Grains of
rye orwheat | rycorwheat | rye or wheat | rye orwheat | rye or wheat | rye or wheat | rye or wheat | rye or wheat
+16—18 ... 8—12 14—22 8—12 16 9—12 9—10 25—34 42—47
+18—20 ............ 6— 8 10—18 5— 8 15—25 8—10 8—10 19-—-22 31—42
+20—22 ...l 5— 6 10—13 5— 17 9—13 7— 8 6— 8 18—19 39
+22—23 ... ? ? 4 ? ? 5 ? ?

7 12167—70
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Table 43. H. aculeains Fabr., duration of pupal stage on rye

1st pupal instar 2nd pupal instar Dusation of pupal
Rearing place Average Number Duration, days Average Number Duration, days stage, days
o £ o f
temperature®C spec‘i)mcns Average Range temperatue®C spcc(i)mcns Average Range Average Range
Room ...... +4-24.3—25.0) 10 |1.04-0.00{ 1.0 +24.5—24.8 10 |2.84£0.08|2.5—3.0{3.84-0.08| 3.5—4.0
Laboratory ..| 4-21.0—23.0 11 |1.3+£0.08}1.0—1.5|4+21.4—22.8| 11 (3.84-0.11|3.0—4.0|5.14-0.14| 4.0—5.5
Outdoor cul-
tute ...... +16.8—23.4 8 |1.24+0.13{1.0—2.0|+15.5—21.9 8 |4.44-0.50{ 2.5—7.0{ 5.64-0.50| 3.5—8.0

The figute of 4—5 days obtained by Zwa-
MENSKY (1914) for the duration of the pupal
stage is again the result of indoor rearing.
Horrmann (1963 a) gives 14 days as the total
duration of the prepupal and pupal stages, which
seems very long but may be the correct figure
in very cool weather.

The wing buds of the pupa begin to darken
shortly before the emergence of the adult. The
length of the adult male (Fig. 27 g) varies from
1.2 to 1.5 mm, and that of the adult female
(Fig. 27 f) from 1.5 to 1.7 mm. In this species
copulation takes place between adults.

The development of H. aculeatus from egg to
adult took 21—49 days, depending on the condi-
tions (Table 44). The variation thus seems to be
considerable, mainly owing to the great variation
in the duration of the larval stage. Fig. 30
.shows in greater detail the differences in the
rates of development of individual specimens.
In the Netherlands FranssEx and MANTEL
(1965 a) found that a generation took 56 days to
develop in 1962, 50 days in 1963 and 38 days in
1964. These results correspond closely to results
obtained in outdoor cultures. Bruncxk (1925)
gives 32—38 days as the duration of the entire
development of H. aculeatns. Discounting the
egg stage, the duration of development in this

Table 44. H. aculeatus Fabz., petiod of development from
egg to adult on rye

Number Period of;‘::;e!Opmem,
of o

specimens

Average
temperature °C

Rearing place

Average Range -

Room ...... -+-24.3—24.8 10 |24.54-0.78 |21—29
Laboratory ..| +21.0—21.8 11 |29.04+1.40 |24—37
Outdoor cul-

tute ...... +16.6—17.2 8 [38.341.90(30—49
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species varies from 18 to 47 days according to
KortiNG (1934) and 29 to 44 days according to
HovrrMany (1963 a).

6. Life cycle

H. acnleatns does not leave its hibernation sites
(cf. p. 236) to appear on cereals until the daily
maximum outdoor temperature has reached
+20°C (WeTZEL 1962).

The first adults of this species were netted from
rye between May 13—21, i.e. some 2—3 weeks
before the rye came into ear. The first eggs of
this species were found on the plants 1—2 weeks
later.

H. aculeatns does not insert its eggs into the
plant tissue, as do all the species of the Tere-
brantia group previously discussed, but attaches
them loosely to the surface of the plant. The
eggs are sometimes
They are usually deposited singly, but may also

completely unattached.

be attached to one another in small batches (Fig.
28). During the research period, the great-
est number of eggs found in a batch was 8, but
LinpEMAN (1887) reports that he found a cluster
of 27 eggs. The greater the number of eggs in
a cluster, the smaller is the proportion of such
clusters (Fig. 31). The same diagram also shows
that most of the eggs are laid singly. A con-
siderable proportion of the eggs occur in clusters
of two, three or four eggs, although the number
of these clusters in the total number of clusters
is relatively low.

Before the -rye comes into ear, H. aculeatus
lays a few eggs near the base of the leaf blade.
When the ears appear, the eggs are laid in them.
Early egg-laying is also suggested by the asset-
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Fig. 31. H. aculeatns Fabr., size of egg clusters
( ) and number of eggs (----- )
in the various classes of cluster size.

tion of Trysowm (1895) that the females lay their
eggs on the ears while these are still inside the
sheath. It is at this time that egg-laying begins,
but it continues for a long period, and the report
by Horrmann (1963 a) that the females do not
usually lay eggs until the ear of the rye is entirely
clear of the sheath, is consequently true in part.

H. acnleatns lays its eggs in different parts of
the ear. At the stage when the floral parts are
still tightly enclosed in the palea, eggs can be
found on the surfaces of the spikelets. Many of
these éggs occur between the flowers of a
spikelet and, later, ventrally at the spikelet base.
The eggs may sometimes be attached to the
boat-shaped inner lip of the glumes enclosing
the spikelet. If, at this time, the ear bears a drying
flower or spikelet, the female prefers to force its
way into it and lay its eggs there. While the
flowers are still closed, a stray female may find
its way to the inner surface of the palea atound
the flower and oviposit there.

With advancing development the flowers
begin to open, and the H. aculeatus females will
then usually lay their eggs inside the flowers of the
spikelets. This became particulatly evident in the
oviposition cultures, where the ears had been cut

short. Most of the eggs were then located inside
the uppermost spikelets that had been cut. Eggs
of this species have also been found (HorrManw
1963 a) inside the flowers, where they may be
laid either in the furrows on the surface of the
anthers or to the inner surface of the palea sur-
rounding the flower. Eggs may also be found on
the hairy coat of the stigma. Latet, too, eggs may
be found on the sutface of the spikelets.

It seems that . aculeatus lays fewer eggs than
the species of thrips previously discussed. As
the oviposition period is longer than that of the
others, the number of eggs laid daily is very
small. During the research period, females were
reared and allowed to lay only on rye, and all the
data on the oviposition of this thrips species
consequently relate to this cereal. In the ovi-
position cultures the number of eggs per female
was found to vary from 38 to 115, the average
being 67.545.49. The oviposition period varied
from 21 to 73 days with an average of 45.14-4.20
days. The average number of eggs per day was
only 1.5, and the maximum number of eggs per
day for any female 3. .

Most of the larvae live on rye and winter
wheat while the grains are developing, although
some live on the spikelets immediately before or
after flowering. On the ears the larvae prefer to
remain between the spikelets, in the flowers and
on the surface of the later-developing grains,
which they damage. As the quality of the food
of the larvae actually changes greatly with the
development, from flower to grain, the spec-
imens from the first-laid eggs develop more
rapidly. In consequence, the period of adult
emergence is longer than that of oviposition.

The earliest H. aculeatus larvae occur on rye
at flowering time, and the number of larvae
reaches its maximum when the grains are in milk-
ripeness (BRUMMER 1939). During the research
period, larvae were found from June 13 — July 3
onwards, and specimens occurred in samples
netted right up to harvest time.

Prepupae and pupae were obtained from rye
from June 24—July 27 onwards. In 1963, the
adults of the new generation emerged quite
early, i.e. on July 15. In 1960 and 1961 the first
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specimens of the new generation were found
at Tikkurila on July 25, and in 1962 on Au-
gust 12,

The females of the new generation do not
usually begin to lay eggs until the following
spring. In 1967, however, one female of the
new generation laid 10 eggs some time after
emerging. But in the cultures the females of the
hibernated generation continued to lay until
August 27, i.e. slightly later than the females of
L. denticornis.

LinpEMaN (1887), Jorpan (1888), Kurpju-
Mov (1913 b) and Jomansson (1938) assume that
H. aculeatys is bivoltine. If this is the rule in some
regions, the reproduction of the second gene-
ration may be associated with features similar to
those associated with L. denticornis and F. tenui-
cornis. It is evident that apart from its bisexual
reproduction the species also has the ability to
reproduce by arrhenotokous parthenogenesis, in
which event all the progeny will be males. In
Abnthothrips verbasci Osb., a species related to
H. acnleatus, reproduction of this type has been
- confirmed experimentally (Smurr 1914 ¢, 1917).

During the growing season . aruleatus tends

to migrate from one plant and plant species to
another. Itis consequently possible that part of the
population will move fromwinter cetealsto spring
cereals. During the research period the abundance
of H. acnleatns on spring cereals was low in all the
trial localities. Thus the species was hardly able
to establish populations at all on these plants, and
certainly, very few specimens were netted in the
early stages. Nevertheless, 7. aculeatus has pre-
viously been found in great abundance on spring
cereals in Finland, especially on spring wheat
(HukkiNneN 1934 b, Tirrranen 1954). Else-
where, this species has also been found to be
prolific on oats etc. (HortmManN 1963 a). K&R-
TING (1934) found eatly stages of this species
on barley as well as on oats.

In Germany, F. aculeatns begins to move to
its overwintering quarters after mid-August, and
completes its migration there in the first half
of September (Korring 1930). At Tikkurila,
specimens were netted even during the last days
of August; and in 1962, when the development
of plants and thrips alike was later than usual, it
was taken from rye fields at Somero on Sep-
tember 16.

E. Discussion

In the present study an attempt was made to
investigate the biology of species of thrips living
on cereals. For this purpose, use was made of
laboratory and outdoor cultures, and the in-
formation obtained from these was supplemented
where necessary with field investigations.

In investigating the duration of developmental
stages in insects by means of laboratory and
outdoor cultures kept in small rearing tubes, jars
and bowls, there arise certain difficulties, which
have received particular consideration from
Franssen and MANTEL (1965 a).

In the glass tubes (cf. p. 199) used as containers
in the present study, which were tightly stop-
pered because of the small size and great agility
of the thrips, moisture from the inserted shoots
is apt to condense on the walls. Thrips in various
developmental stages get caught up in this film
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of water, and their development may be dis-
turbed or they may even die. If, however, the
tubes are placed away from direct sunlight and the
researcher is experienced in selecting a shoot of
precisely the right size, this drawback can be
eliminated or at least lessened. Another in-
convenience in small glass tubes are the excreta
of the thrips, which are deposited on the surface
of the shoot and on the glass. The excteta are
sticky, and thrips adults and larvae, which
excrete and move a great deal, tend to get stuck
in them. If the shoot is changed frequently
enough, the excreta will not collect in harmful
amounts. Small thrips larvae and the frequently
colourless prepupae or pupae may be inad-
vertently lost when the shoot is removed. The
new shoot introduced into the tube may easily
crush a fragile thrips, of whatever stage, that



happens to be in its way. In thrips cultures it is
always safer to begin with abundant material, for
losses will always occur; if not of the kind
mentioned, then a moult may fail and the de-
velopment of the specimen concerned thus be
curtailed. During transfers, of which there must
always be a number, thrips may likewise incur
fatal injury.

Despite their drawbacks, small glass tubes
have some great advantages over other types of
culture vessel. First, they are easy to watch and
examine. The thrips in its vatious developmental
stages can be found in them without trouble.
Thus counts of the numbers of eggs, for instance,
are easy to carry out in such cultures even when
the species is one of the Terebrantia group, the
eggs of which may be difficult to discern within
the leaf tissue under the microscope despite
transillumination of the tissue. Such cultures also
produce extremely accurate results, for they
initially contain single individuals and can be
checked with sufficient frequency. The develop-
ment of thrips is very rapid, and the various
stages follow each other in rapid succession.
Extreme precision is necessary in such cases.
Cultures in which the eggs are to be found
within a very small space and can be counted
daily when necessary are actually the only kind
that can be employed for oviposition tests.
Natural enemies of thrips are unable to enter
small cultures of this type, nor will unfavourable
weather conditions have the same effect on them
as in the field. All this will ensure the accuracy
of the result, although it must be admitted that
indoor cultures, which in the present investi-
gations wete the only ones used to clarify points
relating to the oviposition of the various thrips
species, metely serve to reveal the potential egg
number and oviposition period. In nature, how-
evet, , numerous mishaps inevitably cause a
decrease in the number of eggs laid and shorten
the oviposition period and the life span.

In investigating the developmental stages of
the thrips species living on cereals, an attempt
was made to rear specimens continuously from
egg to adult. The eggs with which the cultutes
were started were laid by several females of the

species and can consequently be regarded as
representative of a wider population.

The use of a detached shoot as substratum for
egg-laying and rearing is justified in the sense
that it is much easier to examine than the whole
plant, and thus makes for accuracy in the results.
A small shoot is a very suitable substratum for
laying and rearing, provided that it is exchanged
frequently enough for the freshness to be main-
tained. The shoot will stay fresh for 3—4 days
in closed glass tubes. The development of the
eggs and the determination of the duration of
the egg stage, however, will not always be suc-
cessful with this method, for the egg stage of the
species studied usually lasts longer than 3—4
days. For this reason the duration of the egg
stage, even of species that lay eggs in the leaves,
was investigated by means of other types of
cultures (cf. p. 200).

The rearing conditions have a very great
effect on the rate of development of thrips, and
these conditions must always be accurately
described. Temperature is extrcmelir important
in this respect. In the present investigations the
cultures were kept in three places at different
temperatures. Two of these were indoots, where
the temperature remained fairly constant. The
third site was out of doors, where the changes
in temperature wete greater. An outdoor culture
reflects the development of the species in field
conditions, the sole difference being that a plant
part is used as substratum in place of a whole
plant. In similar studies carried out earlier (e.g.
Hrxps 1900, 1902, ZnaMmeNsky 1914), the pre-
vailing temperatures were frequently disregarded
ot, at least, were not reported. An exception is
the study on H. aculeatus by KOrTING (1934),
which was conducted in accurately controlled
conditions. : : :

The relative humidity in the cultures must be
sufficient to prevent drying. Thrips usually do
best in.a relatively high humidity, although this
requirement is less important towards the end
of the growing season (CEDERHOLM 1963).
When prepupae and pupae are reared in a tube,
a shoot is only necessary to maintain a suitable
humidity. Humidity becomes an adverse factor
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in cultures only if it causes condensation on the
glass surfaces.

The biology of the thrips species of cereals
has been analysed on the basis of field studies
(LinpEMAN 1886, 1887, HorrmannN 1963 a,
FraNssEN and MANTEL 1965 a). In the inves-
tigation by Huxxinen (1936 ¢) on C. hama-
#ns, too, the passages on the biology of the
species are based on field observations and on
results from samples taken in the field at short
regular intervals. Field studies of this kind do,
indeed, clearly show the situation prevailing in
nature at the time and indicate the developmental
stages occurring in the species at the times in
question. If, however, one begins to determine
the duration of the individual developmental
stages of the species in this manner, certain
difficulties will arise. Firstly, samples will have
to be taken very often, for development is very
rapid in thrips, particulatly if the weather is
warm. Observation or sampling done too infre-
quently will give an erroneous picture of the
development of the species. FranssEN and
ManTEL (1965 a) made observations weekly, and
this seems to be too long an interval. HURKKINEN
(1936 c) took samples and made observations
with considerably greater frequency. Another
difficulty in conducting a field study lies in the
taking of samples. Even a stand of cereal is
always somewhat uneven in development, and
s0 ate the thrips fauna in it. To obtain a repre-
sentative sample for investigation, the method
employed should ensure the inclusion of both
early developed and retarded plant specimens.
The size of the sample should also be large.
Even then, information is usually obtained
on the development of the species on a certain
plot only, and the situation elsewhere may be
different. For greater reliability, the samples
should be taken from cereals growing in various
conditions,

Thus, in investigations on the biology of even
those thrips species that live on cereals, it is
safest to proceed from laboratory and outdoor
cultures and to supplement these with field
studies, as was actually done by K6rrinG (1934)
in respect of H. aculeatns. The course of devel-
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opment of the various species in the present
investigations was mainly studied from samples
netted and taken by other means in the field and
from field studies.

Investigations of the biological characteristics
of thrips always involve, of course, measurement
of the adults and the other developmental stages
of the different species and sexes, especially if
the investigation covers several comparable
species, as in the present study. The measure-
ments of the adults and other developmental
stages, with the exception of the eggs of the
species covered by the present study, were made
on a scote or so of specimens only and merely
to gain a preliminary idea. For the eggs, however,
measurements were made on a much larger
material, comprising hundreds of eggs of each
species. In addition, a fairly large number of
macropterous and brachypterous specimens of
A. obscurns were measured and their lengths
compared.

In the determination of species, the length of
the specimen merely serves to confirm the
Two different
already given by PriesNer (1926) for several
species: the ordinary length and the extended
length. Particular attention was paid to this
point in the present investigations. Specimens

determination. were

lengths

kept in alcohol for a long time could not be
used for purposes of measurement, for some of
them had shrunk during preservation, while
others had absorbed alcohol between the skin
and the undetlying tissues. For this reason, all
the specimens were measured soon after they
had been killed with ethyl acetate. The measure-
ments were done in Canada balsam, onto which
a cover-glass was gently lowered. Thrips
stretch very easily. This could be ascertained by
pressing the cover-glass down upon the under-
lying slide. The specimens in Canada balsam
then became greatly extended before bursting.
While 1.35 mm was obtained as the average
length of the brachypterous specimens of
A. obscurus, this became 1.62 mm when the
specimens wete extended to bursting point. The
difference between these lengths was thus 19.3
per cent. In his measurements, PRIESNER (1920)



found even greater differences with some thrips
species.

Actual comparisons of lengths of adults were
made only between the macropterous and
brachypterous forms of A. obscurus. The method
of measurement was the same throughout, and
the differences in lengths wete actual differences
between specimens. The average length of
macropterous specimens of this species collected
from rye was 1.407 4- 0.007 mm and from leys
1.438 4- 0.010 mm (Table 11, p. 215). The
difference in length between these groups was
. minute but statistically significant (P < 0.05).
The average length of the brachypterous speci-
mens of A. obscurus gathered from a first-year
ley was 1.345 4- 0.015 mm, and that of those
collected from a older ley 1.325 4 0.014 mm
(Table 11, p. 215). The difference in length
between these groups was not statistically signi-
ficant (P > 0.05). Comparison of the lengths
of specimens of the different wing forms re-
vealed that the difference was very significant
(P < 0.001).

An analysis was made to find out whether
it is possible to infer the species from the size
of eggs found on the plants. Eggs of L. denti-
cornis, A. obscurus and F. fenuicornis are alike in
colour, may be situated in the same part of the
plant and may even be similar in shape. It was
anticipated, however, that the eggs might differ
in size. The eggs examined were measured at
the age of 24 houts at most, and the measure-
ments were made directly on a slide without pre-
paration. When sunk into Canada balsam, the
eggs are not sufficiently distinguishable.

The average length of the eggs of L. denti-
cornis was 0.331 4 0.002 mm (cf. p. 206). For the
macropterous females of A. obscarns it was
0.259 4 0.0005 mm (Table 12, p. 217) and for
the brachypterous females 0.258 4 0.0005 mm
(Table 12, p. 217) and for F. tennicornis 0.276 L
0.003 mm (cf. p. 228). The differences in length
between the eggs of the various species are
significant (L. denticornis and F. fenuicornis
P < 0.001, F. zenuicornis and A. obscurus P <
0.001). But the lengths of the eggs of specimens
of the different wing forms of A. obscarss do

not differ significantly from each other (P >
0.05). A significant difference (P < 0.001) can
also be seen between the breadths of the eggs
of L. denticornis and A. obscurus, and between
those of F. fenuicornis and A. obscarus. There are
also differences in the shapes of the eggs. The
eggs of L. denticornis are the most elongated,
followed in succession by the eggs of 4. obscurus
and F. tensicornis. The eggs of H. acnleatns differ
from those of the above species in length and
breadth (P < 0.001) and colour, and are;
moreover, loose on the surface of the plant parts,
mainly in the parts of the ear.

The thrips species studied lay their eggs on
different parts of the plant. L. denticornis lays
its eggs in the sheaths rather than in the leaves
(P < 0.05), and its eggs in the sheaths are mostly
located in the third quarter counting down
from the ligule (Table 9, p. 212, cf. tabulation
onp.212). F. tenuicornis inserts its eggs in sheath
or leaf indifferently; this could be clearly estab-.
lished in oats at least (Table 35, p. 233). Its eggs
are located mainly in the first quarter of both
leaf blades and sheaths; this first quarter of the
sheath being the uppermost quarter, ie. the
quarter closest to the ligule (Table 36, p. 233, cf.
tabulation on p. 233). A. obscurus lays its eggs
chiefly in the leaf blades (in rye P < 0.001), mainly
in the first quarter counting from the ligule
(Tables 19 and 20, pp. 221 and 222). Eggs of F.
acufeatus are found almost exclusively in the
ears, where they occur in various patts.

The duration of the preoviposition period
varies slightly with the species. With hibernating
females of F. zensicornis and A. obscurus the
ovaries mature gradually during the winter
(Fig. 18, p. 220), considerably more rapidly in the
former species. The proportion of ovipositing
females shows the same tendency of increase
(Fig. 19, p. 220). From this it may be inferred
that these species, or at least part of their
populations, undergo a winter diapause, from
which they emerge gradually. L. denticornis and
H. aculeatus are in diapause throughout the
wintet, and do not begin to lay until the spring,
after moving from their hibernation sites. The
duration of the preoviposition period of the
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females of the new generation developing during
the summer also varies with the species. The
temales of F. ftensicornis and A. obscurus may
commence oviposition within a few days of
emergency (cf. Table 18, p. 221, cf. p. 234). The
ovaries of the females of the new generation of
L. denticornis are slower to mature than the two
former species, and do so only in part of the
population during the same summer. Of the
species examined H. acnleatns has the longest
preoviposition period, the females only ex-
ceptionally laying eggs in the summer in which
they emerge.

The several modes of reproduction in thrips
were also clearly in evidence during the research
period, and part of the investigation was specifi-
cally aimed at clarifying this phenomenon.

Thrips are able to reproduce bisexually as
well as parthenogenetically. The copulation
associated with the former mode of reproduction
has been described in great detail by FraNssEN
and Man~TEL (1964). Copulation usually takes
place between adult specimens, L. denticornis,
being an exception in which the adult male may
copulate with females in the pupal stage.

Many thrips species are probably able to
reproduce parthenogenetically as well. Par-
thenogenesis may be slightly different in charac-
ter in different cases. Pomevror (1928) dis-
tinguishes between three forms (1) the thelyto-
kous and constant, or absolute, parthenogenesis,
investigated by Hinps (1900, 1902), in which
all the progeny are always females, (2) the
thelytokous parthenogenesis, which alternates
with bisexual reproduction, an alternating par-
thenogenesis, investigated by Raymonp (1924),
and (3) the arrhenotokous or facultative pat-
thenogenesis, investigated by Smurn (1909,
1914 a), in which all the progeny are males.

L. denticornis, F. tennicornis and H. aculeatns
are thrips species whose chief mode of reproduc-
tion is probably bisexual, although the number
of males is far smaller than the number of
females. In bisexual reproduction the progeny
are of both sexes. These species have an alter-
native mode of reproduction, arrhenotokous
parthenogenesis in which the progeny are
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exclusively males. By means of arrhenotokous
parthenogenesis the species is able to increase
the number of males, and when the males are
more numerous there are greater opportunities
for copulation and bisexual reproduction, which
makes the survival of the species more sure.
Among the thrips of cereals and grasses,
A. rafus and A. stylifer are special cases in
terms of reproduction. Very few males of
these species have been found (Wrirriams 1913,
Morison 1924, Rapuresco 1930, PussArRD-
Rapuresco 1931, Smarca 1933, Seever 1935,
Huxkimven 1935). Considering this, and the
fact that the male is locally occurring, SHARGA
(1933) put forward the suggestion that these
species have bisexually and parthenogenetically
producing strains, of which the latter is the
prevailing one, the question here being one of
geographical parthenogenesis. In the opinion
of PussarRD-RaDpULEsco (1931), the bisexually
reproducing strain is gradually disappearing.
There are also very few males of T. Zabaci,
and this thrips probably reproduces in the same
way as the Aptinothrips species (FRANSSEN and
Heurn 1932, Priesner 1933, Seever 1934,
GuasN 1948).
" The male of A. obscurus is known only from
North America. In Europe the species only
reproduces by parthenogenesis, this being
thelytokous in character. The significance of
the sporadically occurring males in the life
cycle of the species has not been explained as yet.
It is difficult, for more than one reason, to
compare the durations of the developmental
stages of the thrips species studied. First,
temperature has a considerable effect on the
rate of development. Consequently, comparisons
of the respective developmental stages could
only be made on cultures of the various species
reared at the same temperature, and facilities for
this were not available. However, the tempera-
tures in both indoor cultures were relatively
even. But the differences
the rates of development in these cultures
were small for purposes of comparison. In the
outdoor cultures, however, the temperature
differences were occasionally very large. The

that occurred in



value of data from previous investigations is
reduced patticularly by the fact that the rearing
temperatures used have not been reported.

Second, the durations of some of the develop-
mental stages in some species, especially L.
denticornis, apparently also F. fenuicornis and
possibly H. aculeatns, are dependent on the sex
of the specimen, males developing more rapidly
than females.

It may also be mentioned that the quality of
the food seems to affect the rate of development
of the specimen. This was found to be the case
in the H. acnleatus cultures, in which the larvae
developed at very different rates, accotding to
whethet they were fed on rye flowers or rye
spikelets with already developing grain. Similar
cases were not observed in the other species
investigated, even when larvae were reared on
different food substrata. The important thing
secemed generally to be whether the latva
obtained the nutrition it required from the plant.
The effects of the various factors on the rates
of development of the specimen are shown most
cleatly in the figures (Figs. 10, 17,24 and 30, pp.
208, 218, 231 and 239) showing the development
of the different species. The curves representing
the average rates of development have slightly
different shapes for the different species. This
can be seen most cleatly in the case of the
longer developmental stages such as larval
development and total development.

It might, however, be possible to draw some
conclusions from the investigations on the rates
of development of the various species. Thus it
seems that the egg stage is shortest for L.
denticornis. It could likewise be seen that the egg
stage was shorter in F. femsicornis than in A.

obscurus, for these cultures were run concurrently.
No clear differences in the duration of the larval
stage could be detected between the different
species, apart from the fact that it was much
longer in H. aculeatus than in the other species.
In all these species the prepupal stage was very
short, and so was the pupal stage, which was
longest in H. acwleatus on account of its two
distinct pupal instars. The second of these instars
was equal in duration to the pupal stages of the
other species. Development from egg to adult
was most rapid in F. fenuicornis and L. denticornis,
and slowest in H. aculeatus.

Differences were also observed in the numbers

_ of eggs of the thrips species studied, which are

shown together with the test results. F. fensi-
cornis and A. obscurus apparently lay the largest
numbers of eggs, and H. asnleatns the smallest
aumber. The number of eggs is naturally highly
dependent on the food plants, which in the
ptesent investigations were tye, oats and timothy,
i.e. the host plants regarded as most suitable for
these species. The rearing temperatute, too, may
affect the number of eggs. The oviposition
cultures wete run as indoor cultures at a relatively
high temperature that did not vary much. It is
possible that while a high temperature stimulates
the oviposition activity of the specimen, it also
places a strain on the organism which shortens
the oviposition petiod and the life span. The
number of eggs laid daily is obviously smaller
in field conditions than in indoor cultures,
although the oviposition period may be longer
in field conditions, unless it is affected by
adverse conditions. Among the species'
died, H. aculeatus had a very long ovipolsition
period.

stu-~

“¥. POPULATION SIZE AND SEASONAL FLUCTUATIONS IN ABUNDANCE

It has long been recognized that in some
species of thrips several generations occur
during a single summer (LINDEMAN 1886, 1887,
JorDAN 1888). Partly because of this, and partly
because of the short life span of adult thrips,
can be found in their

sizeable fluctuations

8 12167—70

abundance even within a single summer. With
the development of the new generation there
usually occurs a period of great abundance,
while the population begins
gradually to decline .once again on account of
such factors as high mortality. Moreover, in

subsequently
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species that overwinter in the natural vegetation
and only migrate to the growing crops with the
coming of spring, the amplitude of fluctuation is
markedly increased. Because of their rapid
development, however, the different thrips
generations may overlap, and this may naturally
have a considerable effect on the character of
the fluctuation.

Previous investigators have devoted some
attention to the size of thrips populations on

A. Limothrips

On rye L. denticornis usually has two peaks of
abundance (Figs. 32 and 33). Only a few stray
specimens of this species overwinter in rye
(K&rpA 1969 a). The bulk of the population does
not usually move to the rye until the spring. The
first peak of abundance occurs when migration
is completed, while the second peak represents
the new generation. In 1961, the first specimens
of the new generation at Tikkurila were netted
on June 18, in 1964 on July 3, and in 1966 on
July 1. Admittedly, some of the new generation,
as revealed by the first-appearing males, had
already been noted eatlier between two consec-
utive samplings. In 1966, for instance, the first
specimens of the new generation were seen at
Tikkurila on June 27, and at Somero on June 24.
The numbers of L. denticornis in the samples
decline between the peaks of abundance, partly
because the overwintered females gradually
begin to die off and partly because some of the
specimens force their way into the sheaths when
the ears are developing in the rye and are thus not
so easily netted as specimens on the plant sur-
faces. Thus, in the latter case the decrease in the
number of specimens is only apparent. The first
generation of L. denticornis develops faitly early
not only on rye but also on meadow foxtail and
winter wheat, and the first specimens of the new
generation are actually found on meadow
foxtail, which in spring is the most rapidly
developing grass species in Finland.

From winter cereals and meadow foxtail
L. denticornis moves to the spring cereals, its
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grasses and cereals, and to the fluctuations in
abundance. The most valuable studies on the
subject are those of von OerTINGEN (1936, 1942),
Werrmerer (1956) and Werzer (1964).

The population sizes of the various thrips
species investigated, and the fluctuations in
abundance, are presented further on in graphs
plotted from the results of samples netted in the
various localities studied.

denticornis Hal.

preferred host in Finland being batley, while
it occurs very sparsely in spring wheat or
oats (KorrA 1967). Consequently, it is only on
batley that this species produces any note-
worthy amount of progeny that can be regarded
as descendants, at least partly, of the generation
that developed on winter cereals and meadow
foxtail. In 1963, specimens of the new generation
were found in a sample netted from rye at
Somero on June 21, and there followed a distinct
period of high abundance of this species (Fig.
33). The first specimens of the new generation
on barley were found on July 7, and abundance
reached a peak about one week later. As the
first generation developed only about two weeks
later on barley than on rye, the specimens that
developed on barley are probably not progeny

~of the generation on rye. But on meadow foxtail

the first specimens of the new generation were
found on June 6, and these may well be parents,
at least to some extent, of the generation that
developed on batley, considering the rapid rate
of development and maturation of the ovaries
in L. denticornis. Thus it can be assumed that
during their oviposition period overwintered
females have moved into the barley from rye,
winter wheat or meadow foxtail. This opinion
bas already been expressed by others e.g. by
Pussarp-Rapuresco (1931).

Fig. 33 also clearly shows that on rye the
population size of L. denticornis and the fluctua-
tions in abundance reveal the same tendency
at Tikkurila and Somero, while on barley it is
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possible to discern considerable differences. The
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It may be mentioned that at Somero in 1963
barley was growing immediately adjacent to rye,

July 7 at Somero, but at the and this may have brought about an earlier

males were not numerous until movement of the species into batley.
One complete and another incomplete gene-
ration of L. denticornis occut annually in Finland:
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Fig. 33. L. denticornis Hal., population’ size and seasonal fluctuations in abundance
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n rye ((J—J) and ‘batley ((J - - - [J) at Tikkurila and on tye (O—O) and
batley (O -- Q) at Somero, 1963.
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not all the females emerging from the L. densi-
cornis pupae introduced into cultures from rye
and meadow foxtail achieved maturity during
the same season. Similar observations in West
and Fast Germany have been reported by
Horrmann (1963 a) and WerzeL (1964). Some
researchers (Pussarp-RapurEsco 1931, von
OrrTiNGEN 1936, Werrmerer 1956) regard

this species as characteristically univoltine,
while others (LinpeEman 1886, 1887, RostTrup
et al. 1940, FranssEn and MANTEL 1965 a,
1965 b) regard it as characteristically bivoltine.
BarLey (1948) has actually expressed the opinion
that 2—3 generations of this species may develop
within one year, as is the case with the related
species L. cerealium.

B. Anaphothrips obscurus Miill.

A. obscurus chiefly overwinters on leys and
winter cereals (K&ppA 1969 a). Thus no important
migration to cultivated plants occurs in spring.
The abundance of this species on rye does not
reach a high level during the growing season,
and no distinct fluctuations, similar to those
found in L. denticornis or F. tennicornis, occur in
its numbers (Figs. 32 and 34). But on ley
grasses (Fig. 35) a substantial increase in its
population occurs in mid-June, while from the
beginning of July the number of specimens
begins to decrease. However, the numbers of
A. obscurus and the fluctuations in abundance
differed on the various grasses. On cocksfoot
it was very sparse, in 1966 at least, and the
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abundance did not vary greatly during the
summer. On timothy and English ryegrass,
however, the population size according to the
samples netted reached quite a high level in June
and July. In 1966, the first period of abundance
of this species lasted quite a long time on English
ryegrass, where it was followed by another, lower
peak of abundance at the turn of July—August.
Cocksfoot and timothy were harvested fairly
eatly, and it was consequently impossible to
ascertain by netting whether there was any
other peak of abundance.

The reduction in the A. obscuras population
occurring from early July onwards was obviously
caused by a considerable migration to spring

O—0 F. tenuicornis 1964
O0--0 A.obscurus 1964
o—0 F. tenuicornis 1966
O——0 A. obscurus 1966

June

July August

Fig. 34. A. obscurus Miull. and F. tenuicornis Uz., size of populations and seasonal
fluctuations in abundance on rye, Tikkurila 1964 and 1966.
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Fig. 35. A. obscurus Mill. population size and seasonal fluctuations in abundance
on’ grass crops grown for seed, Tikkurila 1966.

cereals. In 1964 at least, when the population
of this species was relatively high on oats grown
on sandy clay containing organic matter, a
distinct increase in abundance was noted in
the latter half of July (Fig. 36). Thus in this
species, two peaks of abundance occur annually
on spring cereals, especially on oats of which
the first and generally lower peak is primarily
due to migration from winter cereals or from
leys as. a consequence of cutting. The second
peak on spring cereals is chiefly due to the
appearance of the new generation, but there may
also be a migration to spring cereals of specimens
of this species moving from seed leys when the
grass there begins to ripen. From the very end
of August onwards, specimens of A. obscurus
again migrate from the spring cereals to the

C. Frankliniella

F. itenuicornis usually reaches two peaks of
abundance during the growing season (Fig. 34).
The first of these is formed by the new genera-

sprouting winter cereals, where they are able to
overwinter (KoepA 1969 a).

In Finland A. obscurus is bivoltine or, in part
of the population, trivoltine. WrrzeL (1964)
considers this to be the case with the development
of this species in FEast Germany. MORISON
(1943, 1957) states that this species is bivoltine
in northeastern Scotland. Opinions diverging
from the above have also been presented in
respect of the voltinism of this species (HiNDs
1900, FerNALD and Hinps 1900, BAtLEy 1948).
According to these researchers, this species has
8—9 generations per year in the USA. A. obscurus
is cosmopolitan, and it is possible that such a
great number of generations per year may occur
in the tropics. The species is quite capable of
producing
parthenogenetically.

several consecutive generations

tenuicornis Uz.

tion. In 1964, the first specimens of the new
generation were found on June 12 in samples
netted from tye, the respective date for 1966
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Fig. 36. A. obscurus Miill. and F. tenuicornis Uz., size of populations and
seasonal fluctuations in abundance-of oats growing on fine sandy soil
and on sandy clay containing otrganic matter, Tikkurila, 1964.

being June 16. In the beginning of the growing
season the increase in the F. zennicornis population
on rye may occur relatively slowly, for a large
population has already overwintered on this
cereal (KOprA 1969 a).

In 1964 and 1966, another period of great
abundance of [F. fenuicornis occurred on rye,
this peak being composed of the second genera-
tion (Fig. 34). Most specimens of the first
generation migrate to spring cereals but a few
of them may remain on the rye and produce
a new genecration.

Two definite peaks of abundance of F.
fenuicornis occur on spring cereals during the
summer (Fig. 36). The first of these is seen
when most specimens of this species have
migrated from winter cereals to spring cereals.
The second distinct peak occurs during August,
when most of the specimens of the second
generation have become adult, and adults of a
third generation begin to appear.
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In 1964, the peaks of abundance of A. obscurus
and F. fenuicornis on oats almost coincided,
although the second peak of A. obscurus on sandy
clay with' organic matter was slightly earlier
(Fig. 36).

On other spring cereals, the populations of
A. obscurus and F. fennicornis, and the fluctuations
in the numbers of these species were very similar
to what they were on oats, but the magnitudes
and shapes of the graphs showing the abundance
of the specimens may differ greatly. Sometimes
a peak may be entirely absent. Thus, on spring
wheat in 1960 there was noted no second peak
in the autumn.

In Finland, F. Zensicornis is bivoltine or to
some extent trivoltine, as previously shown by
Kanervo (1950). This species has been found
to have 1—2 generations per year in Sweden
(Jonansson 1938), 2 in East Germany (WETZEL
1964) and 2—3 in Great Britain (Morison
1943).
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Fig. 37.. H. aculeatus Fabr., populations size and seasonal fluctuations in
abundance on rye at Tikkurila 1960 ((J—[1) and 1961 (A—A) and at So-
mero 1961 (O—O).

D. Haplothrips

H. aculeatus overwinters mainly in natural
vegetation (KoppA 1969 a). Thus it does not
move into rye until the spring, where it then
reaches a distinct peak of abundance (Fig. 37).
After this the size of the population decreases,
or, at least, the thrips are more likely to elude
the net. This species evidently shows another
peak of abundance later or, when the new
generation becomes adult. For example, von
OETTINGEN (1942) observed such a peak in a
stand of grass. However, nothing suggesting
this could be clearly seen even in 1960, the study
year in which this species reached its highest
abundance on cereals. Relatively small numbers
of H. aculeatus were netted throughout the

research period, and it was not possible to -

aculeatus Fabr,

produce graphs describing the fluctuations in
abundance, such as shown in Fig. 37, except for
the years 1960 and 1961. In the other years this
species could be found only occasionally, even
on rye, which is probably its most favoured
host plant in Finland. At Somero, H. acnleatns
was mote numetous than at Tikkurila (Fig. 37,
Korrd 1967).

In Finland, FH. acsleatus is univoltine, and
this is also the case in Germany (K6rtinG 1930,
1934), East Germany (WerzeL 1964), and the
Netherlands (FransseN and MANTEL 1965 a,
1965 b). However, LinpEMAN (1886, 1887),
Jorpan (1888), Kurpjumov (1913 a, 1913 b),
Jomansson (1938) and Bairey (1948) state that
this species is bivoltine.

E. Discussion

The abundances of thrips species that live on
cereal plants, and the fluctuations in population
size during the growing season, have been
investigated by previous researchers, e.g. von

OerTINGeEN (1942), WerrMelER (1956) and
WerzeL (1964). In all these studies, however,
the plots examined were leys of cultivated grass
or natural meadows. But the changes in the
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abundances of the various thrips species in the
course of the growing season have not previously
been studied closely on actual cereal crops. In
Central Europe, where the investigations by
von OETTINGEN, WEITMEIER and WETZEL were
made, the growing season and hence the thrips
season on outdoor crops are far longer than
they are in Northern Europe, including Finland.
This has a profound effect on the populations
of thrips species and the fluctuations in their
abundance. The longer season may allow addi-
tional generations in such species as thrips in
which development is usually rapid. The
appearance of a new generation usually causes
a peak of abundance, although the overlapping
of different generations may largely level out
such peaks.

In leys and meadows composed of grasses
differing greatly in such respects as earliness,
there may be far more fluctuation in the abun-
dance of thrips than in cereal crops, where, of
course, only one plant species is concerned.

L. denticornis, which favours meadow foxtail
and timothy, develops its first progeny on the
carly meadow foxtail, where the emergence of a
new generation brings about a period of great
abundance. Later on, progeny are also produced
on timothy, and the size of the population.
again increases.

A more complete picture of the course of
development of the population can be obtained
from leys and meadows than from cereals, for
the stand is perennial on the two former. True,
on leys for mowing or pasture the cutting or
grazing of the stand may interfere with the
normal development of the population and force
the adults to move to other plants. During the
growing season thrips may move to cereals
from other leys also, and then return in the
autumn, which, together with the formation of
new generations, accentuates the fluctuations
in the size of the thrips populations.

The weather conditions of the growing season
have a considerable effect on the size of the
populations of the thrips species and the
fluctuations in their abundance, as was mentioned
previously (cf. p. 198). A warm, dry summer

254

usually speeds up the development of the
species, and the new generations will reach
peaks of abundance eatlier than in cool, rainy
summers. When favourable weather prevails,
the thrips become adult at very much the same
time too, and this naturally accentuates the
fluctuations in population size. Thrips migration
to new food plants, which also causes periods
of great abundance, depends very much on the
prevailing weather conditions too, and factors
such as high temperature, low relative humidity,
calm weather and, apparently, high light in-
tensity, will increase the abundance (Morison
1957). If favourable conditions do not occur,
migration to the new plants may be delayed, as
will, consequently, the period of high abundance,
provided that the thrips are physiclogically
prepared for migration. Results obtained from
netted samples were used in investigating the
population sizes and fluctuations in abundance
of various thrips species on cereals. To obtain a
reliable picture in this manner, the samples must
be taken in conditions as closely similar as
possible. Duting cold, windy weather, thrips
take shelter in protecting plant parts, often in
the lower part of the plant, and are not so likely
to be netted as they would be when in the upper
parts. It is equally important that the samples
should always be taken at the same time of day.
If, moreover, samples are taken frequently
enough and at regular intervals, it will be possible
to date the periods of peak abundance with the
greatest possible accuracy. In crops such as
winter cereals and barley, on which L. denticornis
and H. aculeatys occut in abundance, a consider-
able proportion of the thrips will take shelter
between the parts of the ears after these are
formed, L. denticornis forcing its way into the
sheaths and H. aculeatus between and into the
spikelets, with the consequence that they are
less likely to be netted than they were before
the ears had formed. This always causes a
distinct and misleading decrease in the number of
specimens in the netted samples.

By taking samples of cereal shoots concur-
rently with netting and counting the numbers
of the different thrips species on them, it is



possible to discover how great a proportion of
the thrips in a field of cereal is obtained in
samples netted at that time. It will then only be
necessary to calculate the areas represented by
the plant sample and by the netted sample.
During eatlier investigations on the thrips
fauna of cereal plants (KoprA 1967, p. 41), it was
established . ‘that during the early stages of
development of the plants, only 1.5—5.0 9, of
the thrips specimens in a field — depending on
the . thrips species —ate caught with a net.
When the sheaths open, only. about one-fifth
of the L. denticornis and one-third of the F. zenui-
cornis specimens present prior to ear or panicle
formation will be caught in netted samples. But
there seems to be no marked decrease in the
numbet of A. obscuras specimens, which is prob-
ably due to the different habits and habitats of
this species on the plant. No investigations of

this kind could be carried out in respect of
H. actleatus, because of the smallness of the
population, but the situation is obviously the
same for this species as for L. denticornis.

The apparent decrease in. the size of the
population. at the'time when the plant iforms
cars and panicles depends on the fact that the
estimates--are -based on netted samples. Such
a decrease is seen mainly in winter cereals, on
which L. denticornis-and F. aculeatus occur in
abundance, and in batley, where the former species
occurs abundantly. But the apparent decrease is
not so marked in the-case. of F. zensicornis.

Despite its shortcomings the sweeping net
method is quite important in the analysis of the
thrips fauna of cereals. Thus, HerkiNnuriMo and
RaaTikAINEN (1962) regard it as being superior
e.g. to the suction method, especially in -the
study of thrips. - ' S

VI. SUMMARY

Investigations on the biology and abundance
during the growing season of the most important
species of thrips living on cereals in Finland
(L. denticornis, A. obscurus, F. tenuicornis and
FH. aculeatns) were carried out in‘,l9rGO—6_‘9.

"To investigate the biology of these thrips
species, cultures were set up both indoors in the
laboratory and outdoors in controlled conditions.
The information obtained from the rearing tests
was supplemented by observations made in the
field. Most of the tests wete carried out at the
Department of Pest Investigation at Tikkurila,

but the studies. were contiiued at the Ahlman
Agricultural College in- Tampere.

In the thrips species living on- cereals the
the

seasonal fluctuations in abundance are based on

investigations on population size and
samples taken with a net at the Department of
Pest Investigation at Tikkurila in 1960—66 and
at Somero in 1961—~65. The results for the cereal
crops were supplemented in some localities with
the results of samples netted on grasses.grown

for seed at Tikkurila in 1966.

Biology

Limothrips denticornis Hal.

During the research period L. denticornis
It would feed and
reproduce on all species of cereal and on several
species of cultivated and wild grasses.

occurred in abundance.

This species, i.e. adult females of this species,
overwintered mainly on grass growing at

roadsides and forest-edges. From there it mi-

9 12167—70

grated in spring to its first host plants: meadow
foxtail, rye and winter wheat. After hibernating,
the females underwent a preoviposition period
and oviposition only began at the end of May or
beginning of June. The females inserted most
of their eggs within the lower parts of the sheaths.
There were- 58—142 eggs in the cultures; and
the oviposition period lasted 14—33 days. The
latvae hatched 3—9 days after oviposition.
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Larvae were found on rye early in June. The
duration of the larval stage on rye was 4—16
days. The subsequent prepupal and pupal stages
lasted only a very short time. The entire develop-
ment of L. denticornis from egg to adult took
10—31 days, depending on the rearing condi-
tions. The males developed more rapidly than
the females, apparently because of their shorter
larval and pupal stages. The first specimens of
the new generation emerged on rye in the field
from mid-June onwards. On meadow foxtail
its development was roughly one week earlier,
and on winter wheat roughly two weeks later,
than on rye.

Some specimens of the new generation began
to oviposit in the same year. Most of their eggs
were laid on batley, on which these females laid
20—156 eggs in 7—30 days. The species repro-
duced both bisexually and by arrhenotokous
parthenogenesis. Males of this species were
commonet than had generally been presumed
pteviously. Adult males copulated with female
pupae.

L. denticornis began to migrate to its over-
wintering sites at a fairly early date.— the
beginning of August — but migration continued
till mid-September.

Anaphothrips obscurus Mill.

During the research period A. obscurus occur-

red in great abundance on oats, but it also lived

and reproduced on other species of cereal and
on several cultivated and wild grasses. Macro-
pterous and brachypterous specimens of this
species were found. They differ in size and
colouring. In its macropterous form A. obscurus
overwinters on sprouts of winter cereals, and
in both wing forms on grasses of leys and
roadsides and on cereal stubble. This species
has a long preoviposition period, the ovaries
maturing gradually during the winter. The ratio
of ovipositing females also increases towards
the spring. Oviposition on the plants usually
began in mid-May, as was the case with F.
tenuicornis, and eggs were laid both on winter
cereals and on leys. Most of the eggs were
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deposited in the leaves, mainly at the bases of
the blades. The number of eggs laid per mac-
ropterous female was 51—216, and per brachy-
pterous female 54—232, but the average number
was smaller in the latter. The average number of
eggs laid per macropterous female was clearly
greater than in L. denticornis. The females ovi-
posited for 2—7 weeks. Development seemed
to be slower in this species than in L. denticornis
and F. fennicornis. On oats the duration of the
egg stage was 4—10 days, of the larval stage
6—16 days, of the prepupal stage 1.0—3.5 days,
and of the pupal stage 2—7 days. Depending
on the rearing conditions, the eggs developed
into adults in 14—35 days. No definite difference
could be found between the rates of development
of the two wing forms, although it is possible
that the brachypterous specimens develop faster.

The first females of the new generation
appeared in the field in the early days of June,
and a large proportion of the macropterous
specimens migrated to spring cereals, where a
second generation developed concurrently with
F. tenuicornis. A. obscurns reproduced by thely-
tokous parthenogenesis, and the females of the
new generation attained maturity a few days
after emerging. The number of eggs was roughly
the same as that of the generation that had
hibernated. Adults of the second generation
could be found on spring cereals already by the
last third of July, and some of these laid eggs
in the tillers. In autumn some of the A. obscurus
population on spring cereals migrated to winter
cereal sprouts and overwintered there.

Frankliniella tenuicornis Uxz.

During the research period F. fenuicornis was
the thrips species that occurred most abundantly

. on cereals, and its range of host plants was roughly

the same as that of the two previous species.

The females of this species overwinter mainly
in winter cereal sprouts and in cereal stubble.
They have a long preoviposition period attaining
maturity gradually during the winter, as in
A. obscurus. The females generally began to lay
eggs on winter rye in mid-May. Most of the eggs



were deposited in the leaf blades, in the basal
quarter. After the sheaths had opened, a number
of eggs were also found in these, mainly in their
uppermost quarter. In the cultures the number
of eggs per female was 53—252, and the average
number was clearly greater than the number of
eggs laid by L. denticornis ot H. aculeatus. The
duration of the oviposition period was 13—50
days. In the cultures the egg stage lasted 4—38
days, and the larvae found on rye at the end of
May and beginning of June became full-grown
in 5—15 days. The prepupal and pupal stages
were roughly as long as they were in the two
previous species. The entire development from
egg to adult took 12—29 days, i.e. roughly
as long as in L. denticornis. It is evident that the
males of this species develop faster than the
females, although this could not be clearly
demonstrated. The first adults of the new genera-
tion were found in field conditions on rye in the
end of May and on winter wheat somewhat later.

Small number of this species remained on the
winter cereals. The great majority migrated to
spring ceteals, where most of the second genera-
tion developed. The females of the new genera-
tion laid eggs a few days after emerging. The
.number of eggs per female was 86—277 on rye
and 61—292 on oats, and the oviposition periods
lasted 18—45 days and 12—45 days respectively.
The females were able to reproduce both bisexual-
ly and by arrhenotokous parthenogenesis, as is
the case with L. denticornis, but copulation only
occurred between adults. On average, a quarter
of the population was males. Adults of the second
generation began to emerge on the cereals from
mid-July. Some of the females of this generation
laid eggs during the same summer. In September,
part of the population migrated to sprouting
winter cereals and overwintered there, while
part remained in the cereal stubble.

Haplothrips aculeatus Fabr.

H. aculeatns, too, reproduced on all the cereal
species and on several species of grass.

Adult females and males overwinteted chiefly
in grass on roadsides and forest edges. From
there they migrated to the growing crops rather
late, so that by the time the females began to lay
eggs the rye was already coming into ear.
Evidently, this species has to undergo a preovi-
position petiod and does not attain sexual
maturity until immediately before that time.
The eggs were found unattached either singly
ot in clusters on different parts of the ear. The
number of eggs laid was smaller than in the
other species investigated. In the cultures it was
38—115. The oviposition period, however, was
very drawn-out, being 21—73 days. The duration
of the egg stage in the cultures was 5—13 days
and that of the larval stage 10—29. The great
vatiation in the latter was due to the rearing
temperature as well as to the quality of the food.
Larvae were found on various parts of the ear
from mid-June until harvesting. This species
was 1—2 days in prepupa, 1—2 days in the first
pupal instar and 2.5—7.0 days in the second
pupal instar. The whole development from egg
to adult took longer in H. aculeatys than in any
of the other species investigated, i.e. 21—49
days. In favourable summers the first adults of
the new generation could be found from mid-
July onwards. The reproduction of this species
is probably as in F. fenuicornis, and copulation
was observed between adults. Generally, the
females did not begin to lay eggs in the same
year as they emerged. During the research period
this species occurred in very small numbers on
spring cereals. It began to move to its hiberna-
tion sites at the end of August, and this migration
continued until mid-September.

Dimorphism

Macropterous and brachypterous forms of
A. obscurus are both very common. The progeny
of each form include both macropterous and
brachypterous specimens.

10 12167—70

The developmient of the wing form was not
affected by hereditary factors but was determined
exclusively by external factors. A short photo-
period produced brachyptery. The wing form
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also seemed to be dependent on the food plant,
On cereals almost all the specimens developed
were macropterous, while on grasses there was a
fairly large proportion of brachypterous speci-
mens. Crowding may cause an increase in

macroptery, although this was not clearly de-
monstrated in the tests performed. The wing
form was most decisively determined im-
mediately before or after the hatching of the
larvae.

Population size and seasonal fluctuations in abundance

L. denticornis usually had two periods of great
abundance on rye during the growing season.
On barley, however, only one could be found.
The species was mainly univoltine, but part of
the population was bivoltine.

A. obscuras occurred in great numbers on grass
leys and spring cereals. The first generation
developed largely on leys, whete at least one
peak of abundance occurred. Two peaks of
abundance could be found on spring cereals,
the latter of these being composed of the second
generation. A third generation ‘had time to
develop in part of the population.

F. tensicornis was abundant on winter and
spting cereals. On winter cereals it had at least
one period of great abundance, this comprising
the new generation. On spring cereals two peaks
of abundance during the growing season could
definitely be.ascertained. The species was not-
mally bivoltine, but part of the population was
trivoltine. .

H. aculeatus was chiefly found on winter
cereals, where one peak of abundance of this
species could be ascertained. The new generation
may form another, smaller peak later in the
summer. Only one generation per year was
observed in this species.
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SELOSTUS

Tutkimuksia viljakasvien yleisimmisti ripsifislajeista Suomessa

Pexka Ko6pri

Maatalouden tutkimuskeskus, Tuhoeldintutkimuslaitos, Tikkurila

Viljakasveissa eldvisti ripsidislajeista ovat Suomessa
yleisimpid viljaripsidinen (Limothrips denticornis), ruoho-
ripsidinen (Anaphotbrips obscnrus), kauraripsidinen (Frank-
Iiniella  tenuicornis) kahuripsidinen (Haplothrips
aculeatns). Niiden lajien biologiaa sekd kasvukauden ai-

seki

kaista esiintymisrunsautta koskevat tutkimukset suori-
tettiin vuosina 1960—a69.

Ripsidisten biologian tutkimista varten jérjestettiin
kasvatuskokeita sckd sisdtiloissa ettd ulkona tarkoin
kontrolloiduissa olosuhteissa. Lisiksi tehtiin kasvukauden
aikana niiti tdydentivii kenttihavaintoja. Kasvatusko-
keita suoritettiin Tuhoeldintutkimuslaitoksella Tikkuri-
lassa, ja niitd jatkettiin vield vuosina 1967—69 Ahlmanin
maatalousoppilaitoksissa Tampereella,

Viljakasvien ripsidislajien eslintymistunsautta selvit-
televit tutkimukset perustuvat Tuhoeliintutkimulaitok-
sella Tikkurilassa vuosina 1960—66 sekd Somerolla vuo-
sina 1961—65 otettuihin haavintaniytteisiin, joita tiy-
dennettiin nurmiheinien siemenviljelyksiltd Tikkurilassa
vuonna 1966 otetuilla ndytteilld.

Kehityshiologia
Viljaripsidinen

Viljaripsidisen isintikasveina saattavat tulla kysymyk-
seen kaikki Suomessa viljellyt viljalajit sekd useat viljellyt
ja luonnonvaraiset heinilajit.

Viljelysten ulkopuolella talvehtineet viljatipsidisnaaraat
siirtyivit kevdilli toukokuun puolivilissi ensimmiisiin
isintikasveihinsa, nurmipuntarpdshin ja rukiiseen seki
syysvehndin, joissa ensimmiinen sukupolvi pddasiassa
kehittyi. Naaraat tulivat munintakypsiksi vasta talveh-
dittuaan ja laskivat munansa touko-kesikuun vaihteessa
lahinnd Ichtituppiin, niiden alaosiin. Munamiird oli
rukiissa 58-—142 kpl. Munista kuoriutui toukkia 3—9
vrkissa. Toukkana laji oli 4—16 vrk sekd esikotelona ja
kotelona muutaman vuorokauden. Koko kehitys munasta
aikuiseksi kesti rukiissa kasvatusolosuhteista riippuen
10—31 vrk.

Uuden sukupolven yksiloitd ilmestyi rukiiseen kesi-
kuun puolivilistd lihtien. Nurmipuntarpidssi oli kehitys
hieman aikaisempi kuin rukiissa, syysvehnissi taasen
myohiisempi. Kuoriutuneista aikuisista osa alkoi munia
kuoriutumiskesdndidn. Munintakasvina oli tilldin péd-
asiallisesti ohra. Munamdérd oli keskimiirin lihes sama
kuin rukiissa, ja munintaa saattoi jatkua aina elokuun
lopulle asti.

Viljaripsidinen lisidntyi sekd biseksuaalisesti ettd par-
tenogencettisesti. Jilkimmaiisessd tapauksessa lisdintymi-
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nen oli lisiksi arrhenotookkista. Aikuiset koiraat, jotka
ovat melko yleisid, kopuloivat naaraskotelojen kanssa.

Viljaripsidinen alkoi siirtyd talvehtimispaikkoihinsa,
metsin- ja tienreunojen heinikkdihin, verrattain aikaisin,
elokuun alussa, mutta siirtymistd jatkui aina syyskuun
puoliviliin asti.

Ruohoripsidinen

Ruohoripsidisen isintikasvit ovat lihes samat kuin
viljaripsidisen. Erityisen runsaasti siti esiintyi tutkimus-
kauden aijkana kaurassa.

Lajista tavattiin sekd pitkid- ettd lyhytsiipistd muotoa,
jotka kokonsa ja virityksensd puolesta erosivat toisistaan.

Ruohoripsidinen talvehti huomattavalta osalta vilje-
lyksilld, joko viljoissa tai nurmissa. Naaraiden muninta-
kypsyys kehittyi vihitellen talven aikana. My®s munivien
yksildiden osuus lisidntyi kevddseen mennessd. Naaraiden
muninta alkoi yleisesti toukokuun puolivilin paikkeilla.
Isintikasveina olivat tilldin syysviljat ja nurmiheinit.
Pddosa munista sijaitsi kasvien lehdissid, lihinnd niiden
tyvessd. Pitkésiipiset naaraat laskivat timoteihin 51—207
munaa ja lyhytsiipiset 66—139 munaa.

Ruohoripsidinen nidytti kehittyvin hieman hitaammin
kuin viljaripsidinen ja kauraripsidinen. Kaurassa sen
kehitys munasta aikuiseksi kesti 14-—35 vrk kasvatusolo-
suhteista riippuen.

Uuden sukupolven yksiloitd alkoi ilmestyi viljelyksille
kesikuun alusta lihtien. Pitkisiipiset yksilét siirtyivit
huomattavalta osalta kevitviljoihin, joissa toinen ja
osittainen kolmaskin sukupolvi kehittyivit.

Ruohoripsidinen lisidntyi pattenogenecttisesti,
lajin koiraita tavattu tutkimuskauden aikana lainkaan.

eiki

Niin ollen partenogeneecttinen lisifintyminen oli luon-
teeltaan telytookkista.

Uuden sukupolven naaraat aloittivat muninnan muuta-
man vuorokauden kuluttua kuoriutumisestaan, ja muna-
miidrd timoteissa oli suunnilleen sama kuin talvehtineen
sukupolven. Kaurassa munamaiirit olivat selvdsti suu-
remmat kuin timoteissa.

Syksylld osa kevitviljojen ruohoripsidiskannasta siictyi
syysviljojen oraisiin ja talvehti niissi.

Kauraripsidinen

Kauraripsidinen oli tutkimuskauden aikana runsaimmin
viljoissa esiintyvd ripsidislaji, jonka isintikasvivalikoima
oli suunnilleen sama kuin viljaripsidisen ja ruohorip-
sidisen.



Viljelyksilli suurcksi osaksi talvehtineiden kaurarip-
sidisnaaraiden munintakypsyys kehittyi vihitellen talven
aikana kuten ruohoripsidisenkin, joskin hieman nopeam-
min. My®s lajien muninta alkoi kevéilld samoihin aikoi-
hin. Piddosa kauraripsidisen munista oli lehdissd, lihinnd
niiden tyviosissa. Lehtituppien avauduttua naaraat mu-
nivat runsaasti my6s niiden yldosiin. Munamiiri rukiissa
oli 53—252 kpl, ja keskimiirin se oli selvisti suurempi
kuin viljaripsidiscn ja kahuripsidisen. Eri kehitysasteiden
kehitysnopeudet olivat suunnilleen samat kuin vilja-
ripsidiselld, ja koko kehitys munasta aikuiseksi kesti
12—29 vrk.

Uuden sukupolven yksiloitd tavattiin rukiissa touko-
kuun lopulta lihtien, syysvehnissi hieman my&hemmin.
Osa lajin yksildistd jdi syysviljoihin suurimman osan
siirtyessd kuitenkin kevitviljoihin, joissa toinen suku-
polvi lihinni kehittyi. Uuden sukupolven naaraat aloit-
tivat muninnan muutaman vuorokauden kuluttua kuo-

riutumisestaan. Munamiiri kaurassa oli suunnilleen
sama kuin rukiissa.
Kauraripsidinen lisddntyi kuten viljaripsidinenkin,

mutta kopulointi tapahtui aina aikuisten yksil6iden
kesken. Koiraita oli noin neljinnes kannasta.

Toisen sukupolven aikuisia alkoi viljoissa kuoriutua
heindkuun puolivilistd lahtien. Osasta kantaa chti vield
saman kesin aikana kehittyd kolmaskin sukupolvi. Syk-
sylli osa kannasta siirtyi orastuneisiin syysviljoihin ja
talvehti niissi.

Kahuripsidinen

Kahuripsidinen lisidntyi lihes samoissa isintikasvi-
lajeissa kuin edelld esitetyt ripsidislajit.

Pidasiassa viljelysten ulkopuolella talvehtineet naaras-
ja koirasyksildt siirtyivdt keviilld verrattain mydhddn
isintikasveihinsa, ldhinnd rukiiseen ja syysvehniin, Naa-
raat aloittivat muninnan niihin yleisesti vasta viljan ollessa
tihkimisvaiheessa. Munat olivat irrallaan joko yksitellen
tai picnissd ryhmissd tihkdn eri osissa. Munamdird jii
pienemmiksi kuin muilla tutkituilla lajeilla, 38—115
kpl:ksi. Muninta-aika oli sitd vastoin pitempi, 21—73 vrk.
Kahuripsidinen kehittyi aikuiseksi 21—49
vrk:ssa. Pitkd kehitysaika muihin lajeihin verrattuna johtui
lihinni pitemmistd toukka-ajasta. Toukka-ajan pituuteen
tilld lajilla vaikuttivat paitsi kasvatuslimpétila ja suku-

munasta

puoli my&s ravinnon laatu. Myés koteloaika oli pitempi
kuin muilla tutkituilla lajeilla. P

Lajin kehitykselle edullisina kesini voitiin uuden suku-
polven vksilditi tavata jo heindkuun puolivilistd ldhtien.
Naaraat eivit yleensi aloittancet munintaa kuoriutumis-
kesindin. Kevitviljoissa kahuripsidistd esiintyi tutkimus-
kauden aikana hyvin niukasti.

Kahuripsidinen saattaa lisddntyid kauraripsidisen tavoin,
ainakin kopulointi tapahtui aikuisten yksiléiden kesken.

Viljaripsidisen tavoin lajin yksilst alkoivat siirtyd tal-
vehtimispaikkoihinsa viljelysten ulkopuolelle verrattain
aikaisin syksylld.

Dimorfismi (pitki- ja lybytsiipisyys)

Ruohoripsidisen sekd pitkd- ettd lyhytsiipinen muoto
ovat hyvin yleisii. Kumpaankin siipimuotoon kuuluvien
yksiléiden jalkeisdissd oli sekd pitkd- ettd lyhytsiipisid
yksildita.

Ruohoripsidisen siipien pituus oli tiippuvainen ulkoi-
sista tekijoistd. Lyhyt valojakso sai aikaan lyhytsiipisyyttd.
Myés ravintokasvi niytti vaikuttavan siipien pituuteen.
Viljoissa kehittyi miltei yksinomaan pitkisiipisti muotoa,
nurmiheinilajeissa oli sen sijaan lyhytsiipisen muodon
osuus kannasta melko suuri. Tiheyden lisdys saattaa lisitd
pitkisiipisyytts, joskaan timi ci tullut suoritetuissa tutki-
muksissa selvisti esille.

Valojaksollisuuden vaikutus yksiloiden siipien pituu-
teen ilmeni voimakkaimmin juuri kuoriutuneissa toukissa
tai vilittdmisti ennen toukkien kuorintumista.

Elsiintymisrunsaus ja sen vaibtelu kasvukanden
aikana

Ripsidisten esiintymisrunsaus viljaviljelyksilld vaihteli
melkoisesti kasvukauden aikana. Vaihtelua lisdsivit l4-
hinni yksildiden siirtyminen talvchtimispaikoista syys-
viljoihin sckd syysviljoista ja nurmista kevitviljoihin
samoin kuin my6s uuden sukupolven kehittyminen.

Viljaripsidiselld ilmeni yleensd kaksi runsian esiinty-
misen kautta syysviljoissa sekd yksi kevitviljoissa. Ruoho-
ripsidiselld sekd kauraripsidisclld oli runsauden huippuja
ainakin kolme, ecdelliselli yksi pddasiassa nurmissa ja
kaksi kevitviljoissa, jilkimmdiselld yksi syysviljoissa ja
kaksi kevitviljoissa. Kahuripsiiiselld ilmeni selvidsti vain
vksi runsaan esiintymisen kausi.
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DEPARTMENTS, EXPERIMENT STATIONS AND BUREAUS OF THE
AGRICULTURAL RESEARCH CENTRE IN FINLAND

1. Administrative Bureau, Bureau for Local Experiments (HELSINKI) — 2, Departments of Soil
Science, Agricultural Chemistry and Physics, Plant Husbandry, Plant Pathology, Pest Investigation,
Animal Husbandry and Animal Breeding; Isotope Laboratory, Office for Plant Protectants
(TIKKURILA) — 3. Dept. of Plant Breeding (JOKIOINEN) — 4. Dept. of Horticulture (PIIK-
KIO) — 5. Southwest Finland Agr. Exp. Sta. (HIETAMAKI) — 6. Satakunta Agr, Exp. Sta. (PEI-
POH]JA) — 7. Karelia Agr. Exp, Sta. (ANJALA) — 8. Hame Agr. Exp. Sta. (PALKANE) — 9,
South Savo Sgr. Exp. Sta. (Karila, MIKKELI) — 10. North Savo Agr. Exp. Sta. (MAANINKA) —
11. Central Finland Agr. Exp. Sta. (VATIA) — 12, South Ostrobothnia Agr. Exp. Sta. (PELMA) —
13. Central Ostrobothnia Agr. Exp. Sta. (LAITALA) — 14. North Ostrobothnia Agr. Exp. Sta.
(RUUKKI) — 15. Arctic Circle Agr. Exp. Sta, (ROVANIEMI) — 16. Pasture Exp. Sta. (MOUHI-
JARVI) — 17. Pig Husbandry Exp. Sta. (HYVINKAA) — 18. Frost Rescarch Sta. (PELSONSUO)






