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grouped in physical and biotic factors. Later the term dencity- 
dependent and density-independent factors were introduced 
(Smith 1935). 

The main factors attributed any importance are: climate, 
predators, parasites, disease and nourishment. Glen (1954) stated 
that it is difficult to appraise the significance of factors which 
never act independently in nature. To the author it seems im- 
possible to point to any independent factor in biocoenosis 
altogether. 

To provide a key to the more complex situation in nature, it 
is desirable to call attention to certain controlled laboratory 
experiments (Hutchinson 1941). 

Under the constant conditions in the laboratory, the different 
factors which influence the population fluctuations are measured. 

The rate at which the development depends on temperature 
and humidity has been studied for different insect species (e. g. 
Birch 1953, Burges 1956, Chaudhry 1956 and Howe 1953,1956). 
The parasitation frequency is also dependent on the temperature 
(Burnett 1953) and the inter-relation between host and parasites 
has been demonstrated by De Bach and Smith (1947), Utida 
(1955) and others. These experiments show that at  the beginning 
the parasites increase in number, the hosts decrease, but the 
species exist together. The ((steady state)) is attained after 2 to 
3 generations. 

The effect of the microsporidian and virus on the development 
and mortality of the host and the transmission of tliese infec- 
tions have been studied in the laboratory by Clark (1955) 
and Zimmack (1954). 

According to different writers (e. g. Chapman and Whang 
1934, MacLagan and Dunn 1934-35) anima1 populations produce 
a resistance to their own potential rate of increase when living 
in a limited area. The fecundity of the female decreaces with an 
increase in the population density (Boyce 1946, MacLagan and 
Dunn 1934-35, Rich 1956, Stanley 1938). Cannibalism greatly 
affects the egg mortality, a result of the scarcity of food. 

In the field, we find a complex of inter-related factors, and the 
influence of the different factors is difficult to determine. The 

I main reason for the oscilliations of populations varies. Within 
certain limits the temperature encourages the population den- 
sity (Ebeling 1933), the climatic factors influence the outbreak 

1 of aphids (Walker 1954), and the cold and moisture during 
hibernation are also of importance (Maercks 1953). Especially 
during the oviposition period, the climate is of significance. 

Disease affects the population dynamic to a great extent 
(Bucher 1953, Steinhaus 1954). As a rule, contagious disease 



does not annihilate an insect species, but this can often be redu- 
ced 95 to 99 per cent. The importance of predators has been 
emphasized by Bruns (1954) and Janvier (1956), but the preda- 
tors as regulating factor are mentioned in different publications 
(e. g. Lejeune 1955, Pearson 1953). 

The parasites have been attributed great importance where 
the development of the population dynamic is concerned. Usu- 
ally these insects act with other factors, and their influence 
varies like the other factors mentioned. The regulating effect 
has been discussed by Barnes (1940), Hammond (1954), Lejeune 
f1955), Varley (1947) and others. 

According to the investigations mentioned in the foregoing, 
no general rule can be set down for the regulation factors. Each 
species must be appraised separately. 

The theories concerning the fluctuations in anima1 populations, 
were first raised by Thompson (1939) Schwerdtfeger (1941) and 
Solomon (1949). Later the theories have been discussed by 
Andrewartha and Birch (1954), Glen (1954), Lack (1954), Nicholson 
(1954 b), Thompson (1956) and Solomon (1957). In this publication 
some of the recently published theories only will be discussed, 
and only the essential points will be mentioned. 

Andrewartha and Birch (1954) write as a summary of their 
views that the number of animals in natural population may be 
limited by shortage of resources, by the inavailability of these 
resources, and by lack of time for the positive rate of increase. 
At the same time they state that very few of the natural popu- 
lations become numerous enough to make use of al1 their stocks 
of food. Materia1 resources, such as food, are probably the least 
important, the time for increase probably the most important 
in nature. 

According to Lack (1954), food shortage, predation or disease 
are the limiting factors for the population density, but these 
factors are not necessarily alternatives, they may act in combi- 
nation. He examines the factors which affect the regulation of 
the anima1 numbers, but has drawn no general theoretical con- 
clusion. 

Nicholson (1954 b) concludes that populations are self-gover- 
ning systems. The regulation of the density occurs in relation 
to the populations' own qualities, and those of their environ- 
ments. ((The mechanism of density governance is almost always 
intraspecific competition either amongst the animals for a criti- 
cally important requisite, or amongst natural enemies for which 
the animals concerned are requisiteso. 

The general conclusion in the publication of Thompson (1956) 
is that populations are not self-governing systems which regulate 
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their own densities and maintain inimica1 factors only to the 
limit of tolerance. vIf an organism does not multiply without 
limit this is because it is restricted by its intrinsic specific 
limitations)). 

Solomon (1957) concludes that it niay be the heterogeneity of 
environments in space and time that independently bring about 
natural control, but he cannot see a logica1 basis for this at  
present. ((On the other hand, there are many examples of natural 
control by density-dependent processes)). Earlier Solomon (1953) 
has pointed to foodstuff and the physical conditions as being 
the most important factors of storage pest. 

The reported theories show how the different authors have 
highly different views. They agree with each other on some 
points, but on others they are of opposite opinion. This shows 
that at  present we really know little about the mechanism of 
anima1 fluctuations. We have gained information from exami- 
nations of different species, and different orders of animals, but 
in most cases the investigations comprise only a few factors, 
and the results do not explain the more complex mechanism of 
fluctuation. The theories of natural control, published hitherto 
are hypotheses only, without any fu11 explanation of the fluctu- 
ations in animal populations. 

Nicholson (1954b) is of the opinion that observations and 
experiments do not themselves provide answers to our problems. 
((It is necessary to devote at  least as much care and energy to 
their design and interpretation as to the collection data)). 

Thompson (1956) states that we cannot deductively obtain 
a detailed prevision of natural events. ((It is on observation and 
experiment that we must rely to reach a realistic understanding 
of the changes in population)). ((If we desire to find principles on 
which to base our theories of populations, we must look for them 
in the behaviour of individua1 organisms.)) 

For the author of the present paper, further observations and 
ex~eriments seem necessarv. The different elements of nature 
r n h t  be examined separately, and the produced results and 
theories carefully examined. 

A great continuous attack of the leaf-mining moth Plzylloc- 
nistis labyrintlzella, has given rise to the present examination. 
Uuring the season, sufficient materia1 has been available, but 
the season has always been too short, unfortunately. The inves- 
tigation deals with one of the factors, the parasites to which 
different authors have attributed great importance where the 
population dynamic is concerned. Thc iield conditions seem to 
be idea1 for a widely applied examination of the problems con- 
nected with the abundance of anima1 populations. The present 
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paper does not solve the riddle of the continuous attack of 
Phyllocnistis labyrintheila, but the autbor wanted to study the 
parasites during the present heevy attack with the intention 
to increase the understanding of the parasites as individua1 
organisms. 

The author is indebted to The Norwegian Research Council 
for Science and the Humanities and The University Jubilee 
Fund for financial support. For helpful criticism and valuable 
advice, the author wish to express her deep gratitude to Professor 
Dr. B j ~ r n  F ~ y n ,  the late Professor Dr. Fridthjof Hkland, Assi- 
stant Professor Arne Semb Johansson and Bachelor of Science 
Hans Sztren. The author also wishes to express her appreciation 
to Dr. V. Delucchi, Feldmeilen for help in the determination of 
the species of E@ilam@sis, to Professor Dr. Lindroth, Lund for 
the admittance to the collection of Thomson and to Curator 
Per S t~ rmer  who classified some of the plants. The author also 
is much iiidebted to Professor Dr. Hygen who spared his assistant 
to the author for some months, to mr. O. Bache and Curator 
Bengt Christiansen for taking the pictures, to mrs. Inger Szetren 
who has typed the manuscript, to mrs. Gerd Lander for impro- 
ving the translation, to miss Ingeborg G j ~ e n  for valuable assi- 
stance in finishing the drawings and to al1 who in one way or 
another have assisted the author in this work. 

Problerns 

As mentioned in earlier publication (Sundby 1953) the leaf- 
mining moth Phyllocnistis labyrinthella has occurred frequently 
in large areas of Norway the past 15-20 years. Before that time, 
the moth was present (Haanshus 1933) but seldom appeared. 
The last years, on the other hand, the population has risen to 
a high level, and small fluctuations only have been observed. 
The distribution of the moth is shown in figure 33. Within these 
areas, the devastation of the aspen is clearly visible. From a 
distance the aspens look like silver poplars, and are plainly 
distinguished from other hardwood trees. The population of the 
moth is almost saturated, only a few animals more have the 
chance to develop on the greatly attacked trees. The food short- 
age seems to prevent a further increase of population density. 
Outside the areas with the attacked aspens, Phyllocnistis labyrint- 
hella does exist, but the population density is low, only a trace of 
attack has been observed. 

According to Hesselberg and Birkeland (1956) climatic changes 
have taken place in Norway in the last years. The climate has 
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become warmer, but the rise in the mean temperature in the 
years 1941-50 is small compared with the annua1 mean tempera- 
ture in the preceding decade (193140). 

The increase in the population of Phyllocnistis labyrinthella . occurred about 193940, accordingly after years with increasing 
temperatures. I t  seems natura1 to connect the sudden rise in 
population density of Phyllocnistis labyrinthella with the change 
in the climate, and of course, such connection cannot be denied. 
No examination was carried out before 1950, and nothing is 
known about the circumstances immediately before and during 
the first heavy attack. 

Jluring the present investigation the moth was found distri- 
buted in areas with different temperatures, and no marked 
differences in climate have been observed near the limits of the 
pest attack. The data on the temperatures in the different areas 
are gathered from Norsk meteorologisk arbok, and the tables 
of the five days mean temperatures. This information is al1 rela- 
ted to the macro-climate and an examination of the micro-climate 
in the different territories would be desirable. The circumstances 
during the experiments have hitherto been insufficient for the 
mentioned research. 

No connection has been found between the geology of the 
country and the distribution of the moth. In the territories where 
the geological conditions have been examined, the limits of the 
pest attack cross the geologica1 boundaries. 

The mortality in the first larva1 stages of Phyllocnistis laby- 
rinthella is probably due to different diseases. The daily death- 
rate in these instars within the greatly attacked territories, has 
previously been estimated from 1.6 to 4.6 per cent (Sundby 
1953). In the territories without any attack, the mortalityin the 
earlier stages of development seems to be smaller than in the 
areas first mentioned. 'l'he microsporidian and the virus were, 
during the preliminary study of these factors, not fouild to have 
a marked different effect in the attacked and unattacked 
territories. 

The predacious insects seem to be of little importance during 
the preseilt heavy attack. The ant Formica rufa L. only is poin- 

1 ted out as predator on the moth. By cutting a slit in the leaf's 
I cuticle, the ant plunders the larvae during the pre-pupa1 stage. 

The number of killed larvae is low. The aspens visited by this 
predator have great populations of aphids, and a larva is rarely 
taken. In the territories without any attack of Phyllocnistis no 
incect is pointed out as predator on this moth. 

This summary shows that nothing is known about the rise of 
the population size in 1940, and that the regulation factors, 
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above mentioned, namely the climate, the geology, the disease 
and the predators seem to be of little importance. The only 
factor which remains is the parasites. 

During the present investigation 14 parasitic species have 
emerged from Phyllocnistis labyvinthella. Available literature 
gives only slight information as to the parasites of the moth. 
One species only, Eulophus pectinicovnis is reported to emerge 
(Jansson 1952). Bjerkander (1790) indicates the presence of 
parasitic insects, but without any determination of the species. 
The 14 species are al1 found to be primary parasites. Two hyper- 
parasitic specimen only of the genus Anagrus Hal. are found. 

The problems in connection with the continuous heavy attack 
of Phyllocnistis labyvinthella are numerous, and obviously, an 
explanation of the slight fluctuations are impossible to give on 
the basis of the examination of one of the {cregulating~ factors. 

Materia1 and methods 

The examinations have been carried out partly in the field, 
and partly in the laboratory. Three different areas were chosen: 
1. the territories around Oslo (stations 120-125), 2. Telemark, 
about 120 km south/southwest of Oslo (stations 1-89), and 3. 
Tr~ndelag, about 400 km north of Oslo (stations 101-112) 
(fig. 33). In addition, material was collected in Rade, 70 km 
south of Oslo, and around Arendal, 190 km south/southwest of 
Oslo. In al1 territories, the aspen grows singly or in groups and 
mingled with other hardwood or fir trees. Only in Telemark the 
fir trees may make up the greater part of the woods. In Tronde- 
lag the stations are located between 10 and 100 m;  around Oslo 
about 100 m, and in Telemark between 100 and 250 m above 
sea level. 

To secure the most complete emergence of the parasites, 
material was collected in July, immediately before the emergence 
of the moth and parasites. The samples were always taken from 
different aspens, and from different sides and heights on the 
trees. Each sample consisted of 3 4 0 0  leaves. The collection of 
the material for the calculation of the proportion between emer- 
ged moth and parasites was started after the animals had quitted 
the leaves. The emergence in the laboratory takes place in 
bottomless bottles placed on filter-paper (fig. 28). The humidity 
is controlled by moistening the latter. The bottles were 10 cm 
in diameter and 15 cm deep, incide measured. The pockets where 
pupation takes place were cut off, and were placed in the bottles. 
Thus plrasites of other insects living on aspen leaves were pre- 
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vented from emerging. After the emergence, the parasites creep 
into test-tubes placed on the opening of the bottles. These 
tubes were changed every day. The specimen for use in experi- 
ments on parasitation were kept alive on honey and water. 

R According to Morris (1955), the mechanics of collecting the 
samples require great attention. Many years may pass before the 
desirable techniques are developed. As to the present methods, 
controlling samples show that the collecting method used was 
tolerably representative. 

For the oviposition experiments in the laboratory, petri dishes 
as well as test-tubes of different sizes were employed. Test-tubes 
1.6 x 15 cm turned out to be the most convenient for the 
experiments. 

One female was placed in each tube, as a male or more females 
might cause disturbance. The larvae used in the experiments 
in the laboratory were collected in the iield. The leaves attacked 
were partly taken to the laboratory before the third larval stage 
was reached and partly isolated with celluloid-cylinders on the 
trees before this age of the larva. Either way, contamination of 
the larvae by parasites before the experiments was avoided. A 
host of the last larval or prepupal stage with a smaller part of its 
leaf was placed iii the glass tube. The piece of leaf sufficed for 
the larvae throughout the experiment. Usually only one host 
was placed in each tube. 

The oviposition was carried out at different temperatures, 
usually between 18 and 24" C. The light seems to have little in- 
fluente on the oviposition. Although by far the greater nuniber 
of eggs were deposited earlier during daytime, some were laid 
as late as 23 o'clock in the evening. During the darkest hour of 
the night, oviposition never was observed. 

To measure the duration of the development, the animals were 
kept in a thermostate from the egg stage on. The temperature 
was maintained at  22" C it lo C. The humidity was neither con- 

r trolled nor rneasured. As the development takes place incide the 
leaf, the humidity in the mine will keep nearly constant as long 
as the leaf is fresh. As soon as the eggs of the parasite had been 
deposited in or at the host larva, the leaf with the latter was 
transported to a petri dish, which was placed in the thermostate. 
To prevent the leaf from drying, the bottom of the dish was 
covered with a slightly moistened filter paper. After the pupa- 
tion of the parasitic larva, the emergence took place in small 
glass tubes, 5 x 0.8 cm. 

For closer examination of the different stages, the following 
technique was employed. The morphology of the mandibles was 
revealed partly by boiling the head in 10 0/, potassium hydroxide, 
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and partly by squashing the whole unfixed larva. The last 
method gave the best result. The number of larva1 stages was 
difficult to determine. Larvae were fixed at intervals of 6 hours, 
and the length of the mandibles measured. Alcoholic Bouin and 
Kahle were used for the fixation of the material, the former being 
the most satisfactory. As a standard cdndition for examinhtion, 
the antennae were kept half an hour in 10 % KOH at 70" C. 
Al1 the drawings were made by means of a camera lucida. 

In the description of the different species, the terms of Essig 
(1942) are used in part. 

The parasites 

During the present investigation, 14 species of the family 
Chalcididae were found as parasites on Phyllocnistis labyrinthella. 
The description and the biology of the emerged species follows. 

The species 

Cirrosfiilus Westwood. 

This genus was described by Westwood in 1832. I t  has a world- 
wide distribution with a great number of species. The genus is 
at present being subjected to revision (Delucchi, persona1 com- 
munication), and some species will probably be transferred to 
other genera. The author has preferred to use the names of 
Thomson (1878), and the species of the present investigation 
has been compared with the specimen of his collection at the 
Entomological Institution in Lund. 

Cirros@ilus vittatus Walker. 

Cirrosfiilus vittatus was described by Walker in 1838. The fol- 
lowing description of the present material is based on the author's 
observations : 

F e m a l e : Yellow, with black-green markings. Head only 
with four black streaks on pronotum. Eyes usually red, ocelli 
black. Antennae yellow, scape with black spot at dista1 part, 
pedicle and funicle segments black at base, clava sometimes a 
little darker than funicle. Thorax with a dark media1 streak, para- 
psidal furrows and propodeum black. Legs yellow. Abdomen with 
black transversal streaks. Ovipositor black. Distribution of black 
colour varies somewhat. 

Antennae short. Pedicle longer than first funicle segment. 
Funicle segments of about the same length. Clava three segments, 
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Fig. l. Cirrospilus vittatus. 
A : Forewing. B : Antennae. D : The newly hatched larva. 

E : The mandible of the first instar. F : The full-grown larva. 
G :  The mandible of the last instar. 
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first clava segment longer than the second funicle segment. Num- 
ber of annelli two (fig. 1 B). Mesoscutum and scutellum punc- 
tured. Scutellum broader than long, with two longitudinal 
streaks. Propodeum weakly punctured, without carina. Stigma1 
vein longer than postmarginal vein. Margina1 vein four times 
the length of stigmal vein (fig. 1 A). Abdomen oval, of about 
same length as thorax. 

Length: 1.1-1.5 mm. 
M a l e : Colour same as the female, black markings often 

less pronounced than in the female. Abdomen sometimes almost 
entirely yellow. First funicle segment shorter than second. 
Clava a little more elongated. Abdomen shorter than thorax. 

Length: 0.9-1.3 mm. 
The distribution in the examined territories is shown in figure 34. 
Specimens of this species have been determined to the genus 

Zagrammosoma Ashm., but according to Schmiedeknecht 
(1909), the characteristics of the present species do not agree 
with those of this genus. Ferrière (1952) has mentioned Cirro- 
sfiilus vittatus as a species not very different from Zagrammosoma 
variegatum Masi, the latter having a somewhat darker colour 
near the stigmal and margina1 veins. He also claims that the 
funicle segments of Zagrammosoma variegatum should be more 
triangular. The main differences, however, should be the different 
characteristics of the two genera, e. g. the different numbers of 
the annelli. Unti1 the revision of the genus Cirrosfiilus is comple- 
ted, the author wants to use the name Cirrospilus vittatus. 

B i o l o g y .  
The development of this species is described by Dowden 

(1941). Duriiig his study, he reared Cirrospilus vittatus from 
the leaf-mining sawfly Phyllotoma nemorata Fall., Phano- 
meris phyllotomae and Scolioneura betulae Zadd. The present 
investigator has used as host the Phyllocnistis labyrinthella. 

E g g : The whitish egg of Cirrosfiilus vittatus is cylindrical 
in shape, with both ends bluntly rounded, one being a little 
broader than the other. The length of the egg varied between 
0.21 and 0.35 mm, the average was 0.30 mm (15 observations). 
The size of the eggs laid by a single female varies considerably. 
The length of 4 eggs were 0.21, 0.24, 0.28 and 0.28 mm. 

The egg is placed externally upon the host. Hatching takes 
place after 39 hours (8 observations, max. 46 hours, min. 32 
hours). Shortly before the hatching, the larva is visible through 
the transparent egg shell, and it is possible to observe how the 
mandibles move to make a slit in the epidermis. After the escape 
of the larva, the egg shell is left empty beside the host. 
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T h e l a r v a : The larval period lasts about 8 days, and 
during this time the larva grows from about 0.3 mm to 1.9 mnl 
in length. I ts  fina1 size may vary a little with the largeness of the 
host, usually the skin only remains of the latter. Only the largest 
specimen of the host are not completely sucked out. As i t  con- 
tains more food than necessary for the development, the parasite 
leaves the host without consuming it. The larva seems to change 
its skiil three times. This agrees with the investigation of Dowden 
(1941). 

As in other hymenopterous species, the larva consists of a 
head and 13 body segments. In the newly hatched larva (fig. 
1 D), the head is broader than the body segments, e. g. the 
breadth of one head was 0.07 mm, and of prothorax 0.05 mm. 
During the larval period, the head becomes smaller in proportion 
to the thorax, and in a fully grown larva the head may be 0.2 mm 
in breadth, the prothorax 0.3 mm. The larva of the last stage 
(fig. 1 F) has a more spindlelike shape, the front part becoming 
more rounded. On the head the diminutive antennae are ranging 
out. 

The alimentary canal is seen through the transparent larval 
skin. I t  fills the greater part of the body, and frequently shows 
rhythmic contractions. 

The shape of the mandibles of the first and the last larval stage 
is seen in figure 1 E, G. In the newly hatched larva, the chitinized 
part is slightly curved, but later becomes nearly straight. The 
length of this part during the different stages is 0.006, 0.008, 
0.010 and 0.013 mm. 

The respiratory system consists of two longitudinal trunks. In 
the last larval stage there are 9 pairs of spiracles, which are 
situated in the second and third thoracic segments, and in the 
abdominal segments 1 to 7. The spiracles of the thoracic segments 
are slightly bigger than the others. The first had a diameter of 0.015 
mm i11 a fully grown larva, the main abdominal spiracles having a 
diameter of 0.011 mm. The spiracle in the first abdominal segment 
was smaller than the others, with a diameter of 0.008mm. The larva 
is capable of considerable movement. Immediately after the 
hatching, the larva starts the feeding action. By means of the 
mundibles, the larva cuts the host's cuticle, and sucks the emer- 
ging juice. As distinct from the habit of other parasitic wasps 
(e. g. Ezbpteromalus rtidularts Thoms. Proper 1931), the larva of 
Ci)o,ospilus vittatus has been observed changing feeding place 
severa1 times. I t  attacks the host a t  different spots, no place 
seems to  be preferred to the other (figs. 31, 32). 

T h e p u p a : When the larva is full-grown it leaves the host, 
and then remains inactive. The mid-gut opens posteriorly, and 
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the waste material accumulated during the larva1 life is elimina- 
ted. This material, which appears nearly black, is set off in small 
lumps beside the larva, generally two to three on each side. In 
this way, the full-formed pupa remains surrounded by black 
excremental pellits. The formation of the pupa commences with 
a stretching of the thoracic segments, while those o£ the abdomen 
are contracted. I t  now attains the genera1 appearance of a pupa. 
The exuviae remain fastened to the last abdominal segment, and 
fix the pupa to the leaf. 

The newly formed pupa is white, but after a few hours the 
skin darkens by a black pigment. I t  is naked and incapable of 

movement. The eyes, mouth and thorcic appendages, and the 
thoracic and abdominal segmentation are fairly well defined. 
The pupa is approximately 1,5 mm in length. (Of 21 pupae the 
min. length was 0.7 mm, the max. 2.0 mm). The duration of the 
pupa1 stage is on an average of 8 $5 days (17 observations, max. 
111/2 days, min. 5 %  days). I t  takes about one day from the 
defecation unti1 the pupa is fully formed. 

4 

\ 

T h e  d u r a t i o n  o f  t h e  l i f e  c y c l e :  The develop- 
ment of Cirrosfi i l i~s vittatus from the egg to the emergence of 
the wasp lasts on an average about 18 days ( l7  observations, 
max. 20 days, min. 15 days). The whole development takes place 
inside the leaf, at the place where the host was n~ining. As 
pointed out earlier, the pupa is incapable of movement, and 
the emergence occurs inside the leaf. The wasp therefore gnaws 
a little round apperture in the leaf, through which it escapes 
(fig. 30). 

Cirrospilus pictus Nees. 

This species was described by Nees 1834, under the name 
Eulo$hus, but was placed in the genus Cirros$ilus by Walker 
1838. The following description of the present material is based 
on the author's observations. 

F e m a l e : Body iridescent black-green, sometimes with a 
slight purple tinge. Cheek and clypeus usually yellow. Sometimes 
the greater part of head yellow, with only a black ocellar space 
and a dark hind part. Scape dark with a yellow streak on ventral 
side. Pedicle and flagellum dark brown. Scape sometimes yellow 
on dista1 part, flagellum with yellow ventral part. Mesoscutum 
with a yellow streak just in front of scutellum. The size of this 
streak varies slightly. Tegulae yellow. Pronotum sometimes with 
yellow spots. Legs yellow, first coxa usually yellow, second aild 
third completely or partly dark. First and second tibia and third 
femur usually with dark spots. Second tibia always with a longi- 
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Fig. 2. Cirrospilus pictus. 
A :  Forewing. B :  Antennae. C: Egq. D: The newly hatched larva. 

E:  The mandible of the first larva1 stage. 
G: The mandibles of the last instar. 



tudinal dark streak. Tip of tarsus dark. Abdomen usually with 
lighter spots on lateral parts. 

Antennae comparatively short, inserted below middle of face. 
Pedicle of about same length as first funicle segment. Second 
funicle segment small, shorter than the first. Clava consisted 
of three segments, first segment of about the same length as 
second funicle segment. Number of annelli two (fig. 2B) .  Pro- 
notum and mesoscutum hard fastened. Parapsidal furrows com- 
plete. Scutellum a little longer than broad, with two longitudi- 
nal furrows. Mesoscutum and scutellum slightly punctured. Pro- 
podeum with a distinct carina, nearly smooth. Stigma1 vein 
slender, longer than postmarginal vein (fig. 2 A). Margina1 vein 
the double length of the stigma1 vein, (14:7). Costa1 ce11 with 
bristles. Abdomen oval, longer than thorax. 

Length: 1.6-1.9 mm. 
M a l e : Usually lighter than female. Most of ventral thoracic 

side yellow, legs yellow, always with a dark spot on second tibia. 
Abdomen with lighter zone near base and tip. Antennae a little 
shorter than those of female. Scape broad, pedicle shorter than 
first funicle segment. 

Length: 1.4-1.6 mm. 
The distribution in the examined territories is shown in 

figure 35. 

B i o l o g y .  
The biology of this species is described by Dowden (1941)- 

The hosts in his biologica1 study are Phyllotoma xernovatn 
Fall., F e m s a  ulmi  Sund. and Afianteles euchaetis Ashm. while 
the present investigation only deals with Phyllocnistis labyrinthella. 

E g g : The white egg is sylindrical. Roth ends are rounded, 
the one usually a little broader than the other (fig. 2 C). Some- 
times the egg may be a little curved. The length is approxima- 
tely 0.37 mm (41 observations, max. 0.43 mm, min. 0.30 mm). 
The same female may lay eggs of different length. The length 
of 8 eggs laid by a single female ranged from 0.32 to 0.42 mm. 
The length of 8 eggs from another female varied between 0.34 
and 0.41 mm. 

The egg is placed externally upon the host. The hatching of 
the egg occured at  22" C & 1" C after 35 hours (13 observationc, 
max. 42 hours, min. 28 hours). 

T h e l a r v a : The larval period lasts about 7 days (37 ob- 
servations, max. 11% days, min. 5% days). During this time 
the larva grows from about 0.4 mm to 2.5 mm in length. 

The larva is of the usual ectoparasitic chalcidoid type, but there 
is some difference in shape between the first and last larval 



stages. In the first instar, the body segments are supplied with 
<mal1 hairs (fig. 2 D), while the last has a nearly smooth skin. 
The measurements of the mandibles indicate four larval stages. 
This agrees with the observations of Dowden (1941). The length 
of the mandibles measured for the present work seems to be 
shorter than the estimates given by Dowden. The fact that only 
the chitinized parts of the mandibles have been measured in the 
present investigation may explain this discrepincy. The length 
of the chitinized pzrt during the different larval stages is about 
0.005, 0.010, 0.014 and 0.017 mm. The shape of the mandiblesis 
illustrated in figure 2 E, G. In the first instar the form of the chiti- 
nized part is slightly curved, later it becomes nearly straight. 

The respiratory system is yell developed. The larva has 9 
p ~ i r s  of spiracles during the last stage. These are situated in the 
second and third thoracic segments and in the first to seventh 
,ibdomiilal segments. The spiracle in the iirst abdoniinal seg- 
ment is smaller than the others, and lies out of line with the other 
5piracles. In the fully grown larva, the thoracic spiracles may 
have a diameter of 0.017 mm, the abdominal spiracles 0.014 mm, 
and the smallest spiracle 0.007 mm. 

T h e p u p a : The feeding habits and the pupation are 
exactly the same as i-eported for Czrros$zlzis w"tatzis. The first 
stage of the pupation period begins with a contraction of the 
larva and proceeds through its extension to the fu11 length of 
the pupa. The al1 over shortening of the larva results from stron- 
ger contraction of the abdominal segments than the stretching 
which takes place in the thoracic segments. h larva measured 
immediately after contraction was 1.58 mm. Three days later 
the pupa was 1.77 mm. The same process of contraction - exten- 
sion occurs in al1 other species discussed in the present work. 

The newly formed pupa is white, but turils black after a few 
hours. Its length is about 1.82 nlm (50 observations, max. 2.46 
mn1, min. 1.09 mm). The duration of the pupa1 stage averages 
i days (27 observations, max. l o 1  , days, min. 1% days). ,\t 
22" C & 1' C the pupation takes about 2 days. The total devel- 
2pment of Czrvos$z,7zis $zctzis from the egg to the emergence of 
xhe wasp, accordingly lasts ai1 average of 1512 days (27 observ- 
ations, max. 19 days, min. 13 days). 

This species was described by TI'estwood 1832, and established 
~ L S  the type species of the genus. The specimen studied in the 
present work may be described as follows: 

F e m a l e : Green to dark green with iridescent purple cast. 



Front of head yellow, ocellar space dark, eyes dark bron-n. 
Scape brown with a longitudinal yellow streak, pedicle b r o u ~ ì  
with a lighter dista1 zone, flagellum brown to yellow. Parapsis 
yellow or only with a small yellow spot. Legs yellow and darker 
near base. Abdomen green or with yellow areas on ventral side. 

Antenna inserted slightly above leve1 of ventral margins of 
compound eyes. Pedicle shorter than first funicle segment, the 
latter longer than second fuiiicle segment. Clava three segmented, 
first segment shorter than last funicle segment. Sumber of 
annelli two (fig. 3 B). Pronotum, mesoscutum and scutellum 
punctured. Scutellum broader than long, with two longitudinal 
grooves. Propodeum punctured with distinct carina. Stiginal 
vein longer than postmarginal vein. hlarginal vein about 3 
times longer than stigma1 vein (fig. 3 A).  Abdomen oval, it 

little longer than thorax. 
Length: 1.7-2.1 mm. 
JI a l e : Coloured as the female, abdomen with a lighter zone 

near base. Abdomen egg-shaped, shorter thaii thorax. 
Length: 1.5-1.7 mm. 
The distribution in the examined territories is shown in 

figure 36. 

B i o l o g y .  
E g g : The egg of Czrrosfiilzts elegantissii~zzts 1s cylindrical. 

I t  tapers slightly from the anterior to the posterior end, and 
resembles Czvvosfizl~ts fiictzts. The egg averages 0.42 mm in length 
(10 observations, max. 0.47 mm, min. 0.39 mm). The length of 
4 eggs laid by the same female ranged from 0.39 mm to 0.47 mm. 

The egg stage lasts about 35 hours (11 observations, max. 39 
hours, min. 34 hours). The hatching habit is the same as menti- 
oned previously. 

T h e l a r v a : The duration of the larval period, is about 
7 days (5 obser\.ations, max. 9 1/2 days, min. 5 $4 days) . The newly 
hatched larva has a length of about 0.4 mm, while the fully 
grown larva reaches a length of 2 mm. The head of the larva 
is comparatively broadest at  hatchiiig. 

The larva1 body has nearly the same appearance as that des- 
cribed for Cirros$ilzts $ictlts. Here also the lar1.a of the first 
stage is equipped with small hairs (fig. 3 D), while the skin of the 
full-grown larva is almost smooth. 

The shape of the mandibles in the first larval stage is slightly 
curved, while it later on becomes nearly straight (fig. 3 E, G). 
The measurements of the length indicate four instars and the 
length of the chitinized part at  the different changes of skin are 
about 0.008, 0.011, 0.014 and 0.017 mm. 
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Fig. 3. Cirrospilus elegantissimzts. 
-4: Forewing. B: Antennae. D:  The newly hatched larva. 

E :  The mandible of the first instar. G :  The mandibles of the last instar. 






























































