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Abstract. The univoltine leaf miner Chromatomyiafuscula Zetterstedt is a Scandinavian cereal pest. We wanted to compare the phe
nology of C. fuscula in southern Norway with that of its most important natural enemies: 15 parasitoids of the families Eulophidae 
and Pteromalidae (Hymenoptera: Chalcidoidea). The use of two Malaise traps in an organically-grown spring barley field and its 
boundary through 6 seasons (1992-1997) also allowed us to compare these two habitats and to observe the effect of harvesting on 
the parasitoid activity without interference from pesticides. C. fuscula overwinters as an adult and oviposits in May/June. Few speci
mens of the next generation, emerging in the crop, were caught in the boundary traps, suggesting the fly hibernates elsewhere. In 
contrast, the F i generation of the parasitoids was caught in considerable amounts both in the crop and boundary. The abundance of 
parasitoids was highest in July/August; in the crop it usually started decreasing well before harvesting; in the boundary it peaked two 
weeks or more after harvesting. The results suggest that many parasitoids (especially females) move from the crop to the boundary 
(or beyond) before harvesting. In both habitats parasitoid species richness usually increased until harvesting, and thereafter 
decreased. The pooled parasitoid female proportion was 0.36; in crop and boundary it was 0.30 and 0.66, respectively, and the 
majority of species had a higher proportion of females in the boundary than in the crop. The phenology of two of the most common 
parasitoids is presented: The pupal parasitoid Cyrtogaster vulgaris Walker (Pteromalidae) had a high activity in the boundary, also 
very early (females only) and late (both sexes) in the season. The larval parasitoid Diglyphus begini (Ashmead) (Eulophidae) was 
less active early and late in the season, and had a much smaller boundary activity than C. vulgaris. Both sexes were present 
throughout the season. The annual sex ratio of D. begini was density dependent, being highly male biased in the two years with 
highest catches. In C. vulgaris neither density nor habitat explained the sex ratio. D. begini probably overwinters inside the mine as a 
preadult, having one generation on C. fuscula in the crop and another one in an alternate host away from the habitats sampled here. 
C. vulgaris overwinters as fertilized females in the border habitat.

INTRODUCTION

The leaf miner Chromatomyia fuscula (Zetterstedt) is a 
regular pest of cereals in Scandinavia (Andersen, 1991).
It is univoltine and overwinters as an adult, probably out 
of arable fields (Andersen, 1991, pers. comm.). In a 
seven-year project we studied C. fuscula and its parasitoid 
complex in an organically-grown spring barley field in 
southern Norway. Barley is the most important cereal in 
Norway, and is often heavily attacked by C. fuscula. The 
project is described in Hagvar et al. (1998), who also pre
sented the annual total Malaise catches of the adult leaf 
miner and 15 of its parasitoids over a period of six years, 
plus the annual composition of the parasitoid complex in 
the barley crop and its boundary.

In the present paper, we use the Malaise data to study 
the phenology of the leaf miner and its parasitoids 
(Hymenoptera: Chalcidoidea) in the two habitats. The 
questions asked at the outset were: (1) How does the phe
nology of the parasitoids relate to the phenology of C. 
fuscula, and are there any differences between the field 
and the boundary? (2) Does harvesting affect the parasi
toid population ? (3) How does the sex ratio of important 
parasitoids vary through the season in the two habitats?

The answers to these questions are important to under
stand the biology of the parasitoids and their interactions 
with C. fuscula, and ultimately, why C. fuscula is a pest. 
The answers may also contribute to a better under
standing of how to preserve and enhance natural enemies 
of pests in general (Barbosa, 1998). In this context, the 
function of boundary habitat has received considerable 
attention (e.g. in Altieri, 1994; Ekbom et al., 2000), but 
the effect of harvest on the beneficial fauna is less 
studied, and we are not aware of any previous work on 
the effect of harvesting on adult parasitoid populations in 
cereals.

MATERIAL AND METHODS

Two black Malaise traps (“Museum” type collecting head) 
sampled flying insects continuously from the barley crop and its 
forested boundary, respectively, during the season in 1992-1997 
(no boundary trap in 1994). The collecting bottles (with 70% 
alcohol) were emptied about once a week, and C. fuscula and 15 
species of chalcidoid parasitoids were sorted out. These species 
had been reared from C. fuscula mines in the area (Hagvar et al., 
1994), and made up the majority of parasitoids attacking C. fus
cula in Norway, although none of them has C. fuscula as their 
only host (Trandem, 1998; see also Hagvar et al., 1998 and
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Darvas et al., 1999). A total of 51,600 specimens were sorted 
out, including the host C. fuscula (22% of the catches). C. fus
cula pupates in the mine, and the parasitoids were larval, larval- 
pupal and pupal, all of them solitary (i.e. producing one progeny 
per host).

The crop trap sampled for a shorter period (usually from May 
to harvest in August/September, but continuing after the harvest 
in 1996 and 1997) than the boundary trap (usually May to 
October/November); exact periods are given in Table 2* in 
Hagvar et al. (1998). The barley crop made up one sixth of a 
15.5 ha field with crop rotation; therefore both traps changed 
positions every year, the crop trap being placed about 60 m 
from the forested boundary of that year’s barley field (see 
Hagvar et al., 1998, for a map). In 1995 and 1997 the boundary 
trap was placed in a 2-5 m broad strip with semi-natural grass 
and herb vegetation between the eastern part of the field and the 
forest. In the other years, the boundary trap was placed among 
the bordering trees of the forest south of the field (with a ditch 
and narrow grassy strip separating it from the crop). Mines of C. 
fuscula and other leaf miners were present in the grass along the 
field, but in much smaller numbers than in the crop. Weather 
data were available from a station about one km south of the 
field, and relevant monthly temperatures and precipitation for 
all six years are given in Hagvar et al. (1998).

RESULTS AND DISCUSSION

Phenology of C. fuscula
The parent generation (Fo) of adult C. fuscula came into 

the crop and was very active from the last weeks of May 
to about middle of June. Later in the season few flies 
were sampled, except in 1993 and 1997, when a distinct 
second generation (F1) was caught (Fig. 1). In the other 4 
years, a high preadult mortality was observed (see Hagvar 
et al., 1998). The weekly catch of F1 in the crop peaked 6 
weeks after Fo in 1993 and 5 weeks later in 1997 (Fig. 1), 
the time lags roughly corresponding to the development 
time of C. fuscula at constant temperatures of 12 and 
15°C, respectively (44 and 35 days, or 424 and 402 
degree-days; Andersen & Fugleberg, 1997). These tem
peratures are somewhat lower than the average monthly 
temperatures in June and July in the present study: 
13-15°C in 1993 and 16-18°C in 1997.

In the boundary, relatively few flies were caught, usu
ally with no distinct peaks (in contrast to the crop). Even 
when F1 emergence was high (1993 and 1997), the 
boundary catches were poor. Assuming that the traps col
lected flies active in the nearby vegetation throughout the 
season, as they apparently did during the oviposition 
period in the crop, the flies did not seem to use the 
boundary for overwintering or foraging. The capture 
height of the Malaise traps was only 1 m, so if the flies 
were not using the boundary, they would have no difficul
ties in flying above the traps. A. Andersen (pers. comm.) 
confirms that although the overwintering habitat for C. 
fuscula is still largely unknown, the majority of flies 
invading the crop in spring do not come from the near 
boundary.

Phenology of the parasitoids: abundance and species 
richness

Parasitoids were present in the catches from the time 
the traps were set up in April-May until they were 
removed in October-November (when normal average 
monthly temperature at the locality is 0.4°C), but not all 
species were present for the whole trapping period (Table 
1), and the number of individuals early and late in the 
season was usually low (Fig. 1). Table 1 gives the com
plete parasitoid list, showing their average monthly pres
ence in the catches (for more information on their 
biology, see Trandem, 1998). They are sorted in order of 
first appearance each year and this order is obviously 
influenced by how common a species is, because (other 
things being equal) an abundant species will have a 
higher probability being trapped early than a rare species 
(C. vulgaris and D. begini at the top of the list confirm

Fig. 1. Phenology of Malaise catches in crop and boundary 
for C. fuscula and its parasitoids (15 species) in 1993 and 1997. 
H -  harvest.

this). However, abundance alone cannot explain the order 
in Table 1, as some rare species appeared earliest in the 
season and vice versa. Table 1 therefore reflects differ
ences in phenology as well as in abundance.

The parasitoid abundance, measured as total weekly 
parasitoid catch, was usually at its highest in July-August 
in both habitats (Fig. 1). In the crop, parasitoid catches

* Error in this table: read 8.11 instead of 15.10 in 1996 (both crop and boundary).
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usually peaked 5 to 9 weeks after the Fo generation of 
C. fuscula. In the two years with a distinct Fi C. fuscula 
generation, parasitoid catches in the crop peaked 3 (1993) 
and 1 (1997) week after the Fi flies (as noted above, 1997 
was warmer than 1993). Thus, the parasitoid peak in the 
crop catches probably consisted of individuals that devel
oped on the progeny of Fo C. fuscula (Hagvar et al., 
1998). In contrast to the C. fuscula catches, the parasitoid 
catches also had a clear abundance peak in the boundary. 
This occurred later than the peak in the crop in 4 of the 5 
years with trapping in both habitats (illustrated for two 
years in Fig. 1), the lag being 1-4 weeks. The consider
able catches in the boundary suggest that the parasitoids 
use the boundary to a much larger extent than their host 
C. fuscula. We will return to this point later.

Although the total annual number of parasitoid species 
caught in the two habitats was similar (Hagvar et al., 
1998), the weekly species number in general was higher, 
and peaked earlier, in the crop than in the boundary (Fig. 
2). The difference in weekly species numbers may partly 
be explained by the usually higher number of individuals 
trapped per week in the crop than in the boundary (c.f. 
Fig. 1), since species number increased with number of 
specimens up to a certain level (Fig. 3). The maximum 
species richness in the crop always occurred in July or 
August (range: week 28-34), and in the boundary in July, 
August or September (range: week 26-36).

Darvas et al. (1999) reared C. fuscula and its parasi- 
toids during a six-week study in 1992 in two Norwegian 
barley fields, one of them only 1 km from our field. That 
year had an unusually warm and dry May and June, and 
was not representative for our study period (1991-97) 
(Hagvar et al., 1998). The general flight periods given by 
Darvas et al. (1999) are based on literature from other 
countries and may be unreliable for Norway. However, 
taking into account the effect of latitude, the periods 
given in Darvas et al. (1999) accord fairly well with our 
data, except for Neochrysocharis aratus, which had a 
longer activity period in our study (Table 1).

Fig. 2. Number of C. fuscula parasitoid species in Malaise 
catches from the crop (filled columns) and boundary (open col
umns). Average of weekly catches (1992-97), 15 species 
included. Vertical lines -  SE, only calculated when data avail
able for more than two years.

Fig. 3. Plot of individual number vs. species number for para- 
sitoids in weekly Malaise catches from crop (filled symbols) and 
boundary (open symbols) in 1996 and 1997 (the two years with 
longest sampling periods in both habitats).

Effect of harvesting on parasitoid catches
At harvest the vegetation (crop) in the field was cut 

down, drastically altering the structure and conditions in 
this habitat. For most insects present, this disturbance 
must be expected to have a negative impact in general, 
and we predicted a decrease in the abundance of parasi- 
toids after the harvest (F1 C. fuscula was then long gone, 
escaping harvest by up to 4 weeks; Fig. 1). The boundary 
vegetation is left largely unaffected, so here we expected 
a concurrent increase in parasitoid catches (unless the 
harvesting killed them off).

We did observe a decrease in parasitoid abundance in 
the crop after harvesting, but this started well before har
vest time: 5 and 2 weeks earlier, respectively, in the two 
years with crop trapping in the post harvest period (1996 
and 1997). Coinciding with the decreasing numbers 
trapped in the crop, the boundary numbers increased 
(Spearman rank correlation of crop and boundary catches
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for the week when the catches peaked and the following 6 
weeks: rs = -0.72, p = 0.05 for 1996; rs = -0.85, p = 
0.006 for 1997; n = 7 for both). Also in 3 of the 4 pre
ceding years, the catches of parasitoids in the crop clearly 
started decreasing before harvesting, with a corre
sponding increase in the boundary (e.g. in 1993, see Fig. 
1). A probable explanation of the above data is that para
sitoids emerging from C. fuscula in the crop start to emi
grate to/through the boundary as the barley plants ripen 
(i.e. dry out) and the probability of finding healthy (leaf 
mining) hosts decreases.

Thus, harvesting per se did not seem detrimental to the 
parasitoid population seen as a whole (consisting mainly 
of a few dominating species; Hagvar et al., 1998), since a 
large fraction had either died or left the crop by that time. 
However, since the number of parasitoid species 
increased until around harvesting in both habitats in most 
years, one cannot exclude the possibility that harvest dis
rupts the life cycle of late emerging species (Table 1), and 
indeed, may cause such species to be locally rare. Note 
that the number of parasitoids still present in the field at 
harvest time may be higher in this organically-grown field 
than in a conventional one, because more flowering 
weeds were present (e.g. Jervis et al., 1993) and because 
the field was undersown with clover which grew consid
erably after the barley was harvested. This could enhance 
parasitoid longevity, but could also delay departure to 
safer habitats. For parasitoids of the cabbage-worm, 
retention of post-harvest plants may be beneficial 
(Tscharntke, in press), but subsequent ploughing would 
kill parasitoids overwintering in the soil, as shown for 
parasitoids of rape pollen beetles (Nilsson, 1985) and the 
cereal leaf beetle (Tscharntke, in press). This would also 
be the fate of C. fuscula parasitoids trying to overwinter 
in a Norwegian cereal field (as adults or as preadults 
inside hosts).

Andersen (1999) found less attack by C. fuscula in 
crops with reduced tillage, compared with plants from tra-

female proportion boundary

♦ Diglyphus begini 
o  Diglyphus isaea
a  Diglyphus minoeus/chabrias 
□ Hemiptarsenus unguicellus 
x  Pnigalio soemius 
>2 Neochrysocharis aratus 
a Neochrysocharis formosa
- Cirrospilus vittatus
-  Chrysocharis pentheus 
X Chrysocharis polyzo
+ Chrysocharis orbicularis 
A Halticoptera circulus 
■ Cyrtogaster vulgaris 
o Chrysocharis pubicornis
•  Pediobius spp.

Fig. 4. Comparison of annual sex ratio (proportion females) 
in crop and boundary for 15 species of C. fuscula parasitoids. 
Each entry represents the pooled Malaise catch for one season 
of a species caught in both habitats that season. The line depicts 
equal female proportion in the two habitats.

ditionally ploughed crops, and suggested that the latter 
plants were of better quality (i.e. were more suitable host 
plants). An alternative or additional explanation could be 
that reduced tillage is better for overwintering parasitoids 
than traditional ploughing.
Annual sex ratio

studies on sex ratio in solitary parasitoids under field 
conditions are in general scarce. Apart from giving infor
mation on the biology and life cycle of particular parasi- 
toids, which was our intention in the present study, such 
studies are important to supplement and test theoretical 
models and laboratory studies of sex allocation. Below, 
we discuss the sex ratio of the two most common species 
in our study in relation to their biology. Consideration of 
all species in each habitat first, however, yields an overall 
pattern (Fig. 4): annual catches from the boundary in gen
eral had a higher proportion of females than catches from 
the crop. In the boundary, the female proportion was 
nearly always above 0.5 (with two of the notable excep
tions discussed below), while in the crop, the sex ratio 
varied more between years and species, being lower than 
0.5 as often as higher.

The pattern of a higher female proportion in the 
boundary could be explained by sex-biased trapping, i.e. 
females having a higher relative probability of being 
trapped in the boundary than in the crop. This could 
happen if females were more active (or males less active) 
in the boundary than in the crop, or if there were an inter
action between sex and habitat in preferred flying height. 
For example, Dyer & Landis (1997) found by use of Mal
aise traps that males of Eriborus terebrans (Gravenhorst), 
a parasitoid of the European corn borer, fly higher than 
females (above 4 m), and more so in the forest edge than 
in the corn field.

If our Malaise catches were unbiased, i.e. reflected true 
relative abundances, the boundary had a higher relative 
abundance of females than the crop. As discussed above, 
the majority of the trapped parasitoids probably belonged 
to the F1 generation. The habitat may affect the F1 sex 
ratio in two ways:
(1) F1 -  females in the crop dispersing more than males

The boundary may have qualities that make it relatively 
more attractive for females than males. Boundaries in 
general have alternative hosts, food resources for adults, 
favourable microclimate and shelter (e.g. Powell, 1986). 
Female parasitoids may live longer than males (Dyer & 
Landis, 1996; Tscharntke, in press), and in any case they 
need food (sugar and pollen) for survival and future ovi- 
position (Dyer & Landis, 1997; Tscharntke, in press). Sex 
differences in migration pattern and habitat use have been 
found for some parasitoids in cornfields and in bean-corn 
intercrop (Coll & Bottrell, 1996; Dyer & Landis, 1997). 
In our barley field, as pointed out above in our discussion 
of the effect of harvest, the parasitoid catches decreased 
as the crop dried out, and we can envisage the following 
order of events to explain our data: F1 parasitoids emerge 
from their hosts and mate in the crop, the females then 
move to a better habitat for host finding, foraging or over-
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Fig. 5. Phenology of Malaise catches in crop (unbroken lines) 
and boundary (broken lines) for the parasitoids C. vulgaris 
(C.v.) and D. begini (D.b.) in 1993 and 1997. H -  harvest; C -  
crop trap put up or down; B -  boundary trap put up or down. 
Note: y-axes vary in scale.

wintering, and the males die off after mating (without 
leaving the crop).
(2) Fo -  females laying more fertilized eggs in the 
boundary than in the crop

If boundary catches mostly consisted of parasitoids that 
developed there (and not emigrants from the crop), the 
pattern could be the result of differential oviposition of 
fertilized eggs in the two habitats. This could be brought 
about by better host quality in the boundary than in the 
crop, or by sperm depletion in the crop. In a trap plant 
experiment in the same field, more females emerged from 
C. fuscula trap plants in the boundary than in the crop 
(Trandem, 1998).

These explanations are not mutually exclusive. Below, 
we return to some of them when discussing the two most 
common parasitoid species.
Phenology and sex ratio of the two most common 
parasitoids

The parasitoid patterns discussed above are the sum of 
different species with different biologies, as exemplified 
by the two most common species: Diglyphus begini 
(Eulophidae, a well-known specialist of agromyzid

larvae, overwintering as preadult in the host mine) and 
Cyrtogaster vulgaris (Pteromalidae, a less-known poly- 
phagous pupal parasitoid of Diptera and a facultative 
hyperparasitoid, overwintering as an adult). These two 
species together made up more than 50% of the annual 
catches (except in 1997, Hagvar et al., 1998), and below 
we will look at their phenology and sex ratio in some 
detail.
Diglyphus begini was present in the catches from April 
(crop) or May (boundary) to October (Table 1, Fig. 5). 
The species followed the general pattern with a more 
female-biased annual sex ratio in the boundary than in the 
crop (Fig. 4). The sex ratio was heavily male-biased in 
years with high emerging populations (Fig. 6). An 
ANCOVA model with habitat and annual catch of D. 
begini as variables explaining the annual female propor
tion was significant (p = 0.03, F2,8 = 6.1). However, this 
model was simplified, because both factors (habitat and 
density) were insignificant (see Crawley, 1993). 
Removing the least significant variable (habitat, p = 0.27) 
produced a model with only significant parameters: 
Annual female proportion (arcsin-transformed) = 
1.58-0.16*Log annual number in catches (model statis
tics: p = 0.01, F1,9 = 10.3). Hence, the sex ratio in this spe
cies appears to be density dependent. In other words, D. 
begini seem to produce a male-biased sex ratio when they 
successfully parasitize a large host population (we did not 
directly measure the size of the larval C. fuscula popula
tion, but we did find a significant positive correlation 
between annual catches of F0 C. fuscula and F1 parasi
toids; Hagvar et al., 1998).

It is well documented in several solitary parasitoids that 
oviposition in small hosts gives rise to males and in large 
hosts to females (Godfray, 1994). This is the case for D. 
begini, where the ovipositing female chooses the sex of 
her offspring by interpreting host size on a relative scale 
(Heinz & Parella, 1990b). However, it has been suggested

Tot. abundance (both sexes)

Fig. 6. Annual female proportion vs. total abundance of D. 
begini Malaise catches in the crop (filled symbols) and boundary 
(open symbols) 1992-1997. See text for statistics.
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that a male-biased sex ratio may be a common occurrence 
in Diglyphus, as demonstrated for D. begini in both labo
ratory cultures and glasshouse experiments, and from 
field collected D. isaea and D. intermedius producing 
heavily male-biased sex ratios (Heinz & Parella, 1989, 
1990a, b; Parrella et al., 1989; Heinz, 1991). If C. fuscula 
larvae are smaller when abundant (because of food com
petition; more than 20 mines can be present in one barley 
leaf), a higher proportion of parasitoid male eggs is 
expected. In addition, if relatively few parasitoid females 
are present in a large host population, sperm depletion 
may occur, with more male progeny as a result. We do 
not have data to distinguish between these possibilities in 
our study, and they are not mutually exclusive.

Both sexes of D. begini were present throughout the 
trapping period, although late samples mostly were 
females (Fig. 7). As expected, the F1 generation of the 
larval parasitoid D. begini started to emerge before that of 
the pupal parasitoid C. vulgaris (Fig. 5). The following 
proposed life cycle accords with our data: D. begini over
winters as a larva or pupa in a host outside the crop (but 
not in the boundary habitat investigated here), the adults 
emerge in June and immigrate into the crop to oviposit in 
C. fuscula larvae. The F1 generation leaves the crop in 
July-August to find a host for overwintering. Surprisingly 
little data on the overwintering habits of this important 
species (it is commercially available as a biological con
trol agent of agromyzid leaf miner pests) is found in the 
literature, but the finding of postfeeding, dormant larvae 
in C. fuscula mines from more northern parts of Norway 
indicates overwintering in this stage (Trandem, 1988). 
Questions remaining are which host species and habitats 
outside the crop are used by D. begini, and whether scar
city of such hosts limits the possibilities for control of C. 
fuscula.
Cyrtogaster vulgaris, the other parasitoid to be discussed 
here, makes an interesting contrast to D. begini. It was 
always present in the first catch each year (Table 1), and 
is the only species to occur in significant numbers before 
the distinct peak made by F1 emergence (Fig. 5; see also 
Hagvar et al., 1998). It deviated from the overall annual 
sex ratio pattern reported above by being as variable in 
the boundary as in the crop, and by not having a consis
tently more female-biased ratio in the boundary than in 
the crop (Fig. 4). Consequently, its annual sex ratio could 
not be explained by habitat, nor by density (p = 0.42, 
F2,8 = 0.96; ANCOVA model with habitat and annual log- 
transformed F1 number of C. vulgaris as explanatory vari
ables).

The phenology reported here (Figs 5, 7) is in accor
dance with the life cycle suggested by Askew (1965), 
who found that C. vulgaris in Britain overwinters as fer
tilized females and becomes active in early spring (see 
also Nedstam, 1985, 1987). These females are rather long 
lived (Trandem, unpubl.). Probably they disperse into the 
barley crop and parasitize C. fuscula pupae as soon as 
these occur in June/July. Males were scarcely caught 
early in the season, and did not appear in significant num
bers until July (Fig. 7), when F1 started to emerge.

Fig. 7. Phenology of sex ratio (female proportion) in Malaise 
catches from crop (filled) and boundary (open) for the two most 
common parasitoids D. begini and C. vulgaris. Average of 
annual proportions (1992-97). The first and last column in D. 
begini represent only one female.

Mating must occur in the autumn, because very few 
males seem to survive the winter. Since the male propor
tions were as high in the boundary as in the crop, it is 
possible that the mating period is more prolonged than in 
the other species, with males emigrating from the crop 
together with the females. This, and the related fact that 
C. vulgaris always had a higher relative annual abun
dance in the boundary than in the crop (Table 2 in Hagvar 
et al., 1998), point to the boundary vegetation of our 
study as particularly important to this species, also as an 
overwintering habitat. Overwintering females have been 
found in emergence traps placed in the (grass) boundary 
of the study field in the spring (Trandem, unpubl.). Of the 
high numbers of C. vulgaris caught in an additional 
boundary trap in early spring 1996 (see Hagvar et al., 
1998), 99% were females. In Britain, Askew (1965) 
found overwintering females in very diverse places, from 
tree foliage to Carex turfs and hay stacks. It is important 
to note that the habit of adult overwintering frees this spe
cies from the constraint of having to find a suitable host 
for overwintering late in the season. This means that C. 
vulgaris in theory could sustain itself on the one genera-
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Table 1. Monthly presence 9 of Chromatomyia fuscula parasitoids in Malaise catches from a barley crop (C) and its boundary (B) 
1992-1997. Species are presented in order of first appeareance.
Parasitoid species
Author

Habitat
Apr. May Jun.

Month
Jul. Aug. Sep. Oct. Nov.

Cyrtogaster vulgaris C © © © © © © ©
Walker B © © © © © © © ©

Diglyphus begini C © © © © © © ©
(Ashmead) B © © © © ®

D. isaea C © © © ® ®
(Walker) B ® ® ® ®

Pnigalio soemius C © © © ®
®(Walker) B © © ®

D. minoeus/chabrias C © © © © ®
(Walker) B © ® ® ©

Hemiptarsenus unguicellus C © © © ©
(Zetterstedt) B © © © ©
Neochrysocharis aratus C ©

© © © ©
(Walker) B © © ©

Chrysocharis orbicularis C © © © ©
(Nees) B © ® © ® ®

Pediobius spp.2) C © © © ©
B © © © ©

Chrysocharispubicornis C ® © © © ®
(Zetterstedt) B ® © © ®

Halticoptera circulus C ® © © ©
(Walker) B ® ©
Cirrospilus vittatus C ® ® ® ® ®
Walker B © ® © © ® ®

Chrysocharispentheus C © ©®
(Walker) B © © ®

Neochrysocharisformosa C © ®© ®
(Westwood) B ®

Chrysocharispolyzo C ® © ©
(Walker) B © ® ®
Mean No. of species C 3.0 (1) 3.0 (5) 8.5 (6) 12.2 (6) 11.5 (6) 7.0 (3) 3.0 (2) 0(2)
(No.of years trapping) B 1.0(2) 2.0 (5) 4.4 (5) 8.2 (5) 11.0 (5) 8.6 (5) 3.0 (4) 1.0 (3)
9 Given as the percentage of years each species was found: 1=1-20%; 2=21-40%; 3=41-60%; 4=61-80%; 5=81-100%. Years
without trapping in that month excluded from the calculations. For accurate sampling periods: see Hagvar et al. (1998). 
2) P. epigonus group, mainly P. metallicus (Nees), see Hagvar et al. (1998) for details.

tion of C. fuscula pupae available each year, specializing 
on this abundant host. Regarding the question of whether 
C. vulgaris in practise has one or more generations, we 
have to conclude as Askew (1965): “(it) is not clear”.

CONCLUSIONS

(1) The parasitoids of C. fuscula were active in crop 
and boundary for a longer period than their host. The 
main differences between these two habitats studied were: 
The crop had one or two peaks of the leafminer followed 
by a single parasitoid peak, while the boundary had few 
leafminers with no clear peaks, and parasitoids present 
throughout the season (with a peak in late summer). Thus, 
C. fuscula seems to use the boundary to a lesser extent 
than its parasitoids.

(2) The phenology of parasitoid abundance suggests 
that the majority of parasitoids starts to move from the 
crop to the boundary (or beyond) before harvesting. Har

vesting thus does not seem to harm the most common 
species which might be important control agents of the 
leaf miner.

(3) Parasitoid annual sex ratio was more female biased 
in the boundary than in the crop, and the phenology of the 
sex ratio suggests that females are more likely to emigrate 
from crop to boundary than males. The common D. 
begini seems to have a density dependent sex ratio.

(4) The importance of the boundary differed between 
parasitoid species, as exemplified by the two most 
common species: D. begini probably has one generation 
on C. fuscula and another one in an alternate host away 
from the habitats sampled here, where it overwinters 
inside the mine as a preadult. The near boundary thus 
seems unimportant for overwintering. In contrast, C. vul
garis overwinters as fertilized females, and the near 
boundary is likely to be important for the overwintering 
ofthis species.
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