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different known host species and the implications for the use of alternative
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Abstract
A series of host-transfer trials using both laboratory-cultured and field-

collected individuals of the aphid parasitoids Aphidius ervi Haliday and A.
rhopalosiphi De Stefani Perez were done in order to clarify inconsistent
results from several previous studies. A. ervi cultured on Acyrthosiphon
pisum (Harris) produced very few mummies when confined with Micro-
lophium carnosum (Buckton), whereas those cultured on M. carnosum
produced as many mummies on A. pisum as they did on their original host.
Mummy production was correlated with the attack rate of adult parasitoids
on potential hosts. The production of mummies on M. carnosum by parasit-
oids reared on A. pisum was often greatly improved if their male parent had
been reared on M. carnosum, suggesting that genotype strongly influences
host preference. Aphidius rhopalosiphi from laboratory cultures produced
significantly more mummies on Metopolophium dirhodum (Walker) than on
Sitobion avenae (F.) regardless of their original host, but this preference was
not shown by parasitoids from field populations. It is concluded that inadver-
tent selection occurs in laboratory cultures of aphid parasitoids as a result of
low founder numbers, genetic drift and genetic bottlenecks and that this can
strongly influence experimental results in biology and behaviour studies,
which has important implications for biological control workers.

Introduction
The impact of insect parasitoids on crop pest populations may be enhanced by the

availability of alternative hosts in or around the crop (Powell, 1986). It has been suggested
that alternative hosts can help to improve synchrony between parasitoids and their pest
hosts, improve parasitoid distribution and reduce intraspecific competition in the parasitoid
population (van den Bosch & Telford, 1964).

The usefulness of wild plants within arable farmland in providing alternative hosts for
parasitoids attacking aphids on nearby crops has been suggested by Stary (1986) and Stary
& Nemec (1986). Both Perrin (1975) and Stary (1983a) have proposed that the aphid
Microlophium carnosum (Buckton) on its host-plant, the perennial stinging nettle (Urtica
dioica), could act as a reservoir host for the parasitoid Aphidius ervi Haliday, which also
attacks pest species such as the pea aphid, Acyrthosiphon pisum (Harris), and the cereal
aphid, Sitobion avenae (F.). Aphidius ervi has become one of the most widely used
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parasitoids in aphid control programmes, particularly against Acyrthosiphon pisum and A.
kondoi Shinji on lucerne.

However, the value of an alternative host will depend upon the facility with which
parasitoids will switch between it and hosts on nearby crops. In laboratory trials, Aphidius
ervi reared on Acyrthosiphon pisum would not attack the nettle aphid, M. carnosum, and
gave reduced rates of mummy production when switched to S. avenae (Cameron et al.,
1984). Similarly, Pungerl (1984) failed to induce Aphidius ervi from M. carnosum to
transfer to S. avenae, and although it did transfer to Acyrthosiphon pisum, very few
mummies were produced. Reduced mummy production when Aphidius ervi was switched
from M. carnosum to Acyrthosiphon pisum was also noted by Stary et al., (1985). In an
effort to shed more light on this problem, a more extensive series of host-transfer trials,
using both laboratory and field populations of Aphidius ervi, was carried out.

It is known that aphid parasitoids respond to odours from the food-plants of their hosts
in olfactometer tests (Read et al., 1970; Powell & Zhang, 1983) and that kairomones from
these food-plants can influence the behaviour of the parasitoids (Powell, 1986; Nordlund,
1987). Therefore, as the main host species of A. ervi occur on very different food-plants, a
complementary series of trials was done using a closely related species, A. rhopalosiphi De
Stefani Perez, transferring between the cereal aphids 5. avenae and Metopolophium
dirhodum (Walker) on the same food-plant, wheat.

Materials and methods
Laboratory cultures

Laboratory cultures of A. ervi were established on both Acyrthosiphon pisum and
Microlophium carnosum and of Aphidius rhopalosiphi on both S. avenae and Metopo-
lophium dirhodum, using 10-20 parasitoids reared from field-collected aphids of each
appropriate host species. All aphids were collected from Rothamsted Farm, Acyrthosiphon
pisum from lucerne, Microlophium carnosum from nettles in field margins and the two
cereal aphids from winter wheat crops. To maintain the parasitoids in culture, all host
aphids were reared on potted plants in a glasshouse, A. pisum on broad bean, Vicia faba,
seedlings, M. carnosum on nettle cuttings and S. avenae and Metopolophium dirhodum on
winter wheat seedlings. All cultures were maintained in wooden-framed cages with glass
doors and fine-mesh, nylon-netting sides, and the parasitoid cultures were kept in a
constant environment room at a temperature of 20 ± 1°C with an 18-h daylength.

For convenience, parasitoids reared from A. pisum and from Microlophium carnosum
will be referred to as Aphidius ervi-A.p. and A. ervi-M.c. throughout this paper. Similarly,
A. rhopalosiphi-S.dL. and A. rhopalosiphi-M.d. will denote parasitoids reared from S.
avenae and Metopolophium dirhodum, respectively.

Host transfer trials
Parasitoid performance was measured in terms of mummy production in standard pot

trials. All trials were done using plastic plant pots (13 cm in diameter) covered by 17-cm-
tall, ventilated, clear plastic propagator covers. Pots used for trials with A. ervi contained
either 40 (instars 2-4) individuals of Acyrthosiphon pisum on a four-leaved broad bean
seedling or 40 (instars 2-4) individuals of Microlophium carnosum on a four-leaved nettle
cutting. In trials with Aphidius rhopalosiphi, either 40 (instars 2-4) individuals or 002 g
(all ages), which provided 60-80 aphids, of either S. avenae or Metopolophium dirhodum
were placed on 20 two-leaved wheat seedlings in each pot. In all cases, the aphids were
allowed to settle over a period of 24 h. In one trial, the parasitoids were given a choice of
hosts, each A. ervi pot containing 20 individuals of Acyrthosiphon pisum on a broad bean
seedling plus 20 of Microlophium carnosum on a nettle cutting whilst each Aphidius
rhopalosiphi pot contained 20 individuals of S. avenae plus 20 of Metopolophium dirhodum
on 20 wheat seedlings.

Prior to their use in the trials, newly-emerged female parasitoids were placed in glass
petri dishes (5 cm in diameter) together with male parasitoids, water and dilute honey

https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0007485300015546
Downloaded from https://www.cambridge.org/core. BBSRC, on 14 Jun 2021 at 12:10:54, subject to the Cambridge Core terms of use, available at

https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0007485300015546
https://www.cambridge.org/core
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solution for 24 h. Usually, two parasitoids of each sex were placed in each dish. After
being allowed access to males and food, the female parasitoids were released into the trial
pots, at one female per pot, and removed again after 24 h. The pots were then kept at
20 ± 1°C for 10-12 days, and all the mummies that developed in each pot were counted
and placed individually in small glass tubes until adult emergence. Emerging adults were
sexed and either discarded or used in further trials. In all trials, ten replicate pots were set
up, but pots were subsequently discarded if the female parasitoid was not recovered alive
and apparently in good condition at the end of her 24-h period in the pot. All the trials set
up to measure mummy production are listed in Table I.

Parasitoid performance was also measured in terms of attack rate. Individual female
parasitoids, fed and mated as described above, were released into small glass petri dishes
(5 cm in diameter) containing 20 aphids in instars 2-4 on leaves of the appropriate food-

TABLE I. Trials set up to measure mummy production

Trial
1
2
3
4
5
6
7
8
9

10
11

12

13
14
15
16
17
18
19
20
21
22
23

24

Parasitoid
Aphldius ervi
Aphidius ervi
Aphidius ervi
Aphidius ervi
Aphidius ervi
Aphidius ervi
Aphidius ervi
Aphidius ervi
Aphidius ervi
Aphidius ervi
Aphidius ervi

Aphidius ervi

Aphidius rhopalosiphi
Aphidius rhopalosiphi
Aphidius rhopalosiphi
Aphidius rhopalosiphi
Aphidius rhopalosiphi
Aphidius rhopalosiphi
Aphidius rhopalosiphi
Aphidius rhopalosiphi
Aphidius rhopalosiphi
Aphidius rhopalosiphi
Aphidius rhopalosiphi

Aphidius rhopalosiphi

Origin of parasitoid
Lab. culture—A. pisum
Lab. culture—A. pisum
Lab. culture—M. carnosum
Lab. culture—M. carnosum
Lab. culture—M. carnosum
Field-collected A. pisum
Field-collected A. pisum
Field-collected M. carnosum
Field-collected M. carnosum
Field-collected M. carnosum
Fi offspring of crosses between parasitoids
from the two lab. cultures
F, offspring of crosses between parasitoids
from the two lab. cultures
Lab. culture—5. avenae
Lab. culture—5. avenae
Lab. culture—5. avenae
Lab. culture—M. dirhodum
Lab. culture—M. dirhodum
Lab. culture—M. dirhodum
Field-collected S. avenae
Field-collected S. avenae
Field-collected M. dirhodum
Field-collected M. dirhodum
Fi offspring of crosses between parasitoids
from the two lab. cultures
Fi offspring of crosses between parasitoids
from the two lab. cultures

Test aphids
A. pisum
M. carnosum
M. carnosum
A. pisum
M. carnosum &.A. pisum
A. pisum
M. carnosum
M. carnosum
A. pisum
S. avenae
A. pisum

M. carnosum

S. avenae
M. dirhodum
S. avenae & M. dirhodum
M. dirhodum
S. avenae
S. avenae & M. dirhodum
S. avenae
M. dirhodum
M. dirhodum
S. avenae
S. avenae

M. dirhodum

plant. Each parasitoid was observed for a period of 30 min, and the number of oviposition
stabs which made full contact with an aphid was counted. All observations were made
between 14.00 and 15.30 h to avoid diurnal influences on oviposition behaviour. The attack
rate trials are listed in Table II. Ten parasitoids were used in each trial.

rial

1
2
3
4
5
6
7
8

TABLE II.

Parasitoid

Aphidius ervi
Aphidius ervi
Aphidius ervi
Aphidius ervi
Aphidius rhopalosiphi
Aphidius rhopalosiphi
Aphidius rhopalosiphi
Aphidius rhopalosiphi

Trials set up to measure
Origin of parasitoid

Lab. culture—A. pisum
Lab. culture—A. pisum
Lab. culture—M. carnosum
Lab. culture—M. carnosum
Lab. culture—5. avenae
Lab. culture—5. avenae
Lab. culture—M. dirhodum
Lab. culture—M. dirhodum

attack rates
Test aphids

A. pisum
M. carnosum
M. carnosum
A. pisum
S. avenae
M. dirhodum
M. dirhodum
S. avenae

Results
Aphidius ervi

A. ervi-A.p. females from the laboratory culture which originated from, and was
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maintained on, Acyrthosiphon pisum produced very few mummies when transferred to
Microlophium carnosum (Table III). In contrast, Aphidius ervi-M.c. females from the
culture which originated from, and was maintained on, M. carnosum performed just as
well when transferred to Acyrthosiphon pisum as they did on their original host. Similar
results were obtained when parasitoids reared from mummies collected from field popula-

TABLE III. Mean (±s.e.) number of mummies produced per female per 24 h in
trials using Aphidius ervi

Test aphids

Origin of parasitoid

Lab. culture—A. pisum
Lab. culture—M. carnosum
Field-collected—A. pisum
Field-collected—M. carnosum

A. pisum

28-6±2-7 (7)*
18-2±3-8 (9)
19-7±2-0 (10)
26-311-1 (8)

M. carnosum

1-3+0-5 (9)
17-6+1-2
1-2+0-5

27-3+1-3

)

A. pisum &
M. carnosum

6-7 + 1-3 & 6-6+1-1 (7)

S. avenae

0-3±0-2 (7)

* The number of replicate pots is given in brackets.
— = Not tested.

tions of these two host species were tested in the same way. Aphidius ervi-M.c. reared
from field-collected mummies of M. carnosum were also transferred to S. avenae, but only
two mummies in total were produced in the seven replicate pots. In a trial with both host
species present (set up to test whether or not A. ervi-M.c. would still attack Acyrthosiphon
pisum when its original host was also present), mummy production was the same for both
hosts (Table III).

In the attack rate trials (Table IV), the greatest number of oviposition stabs was made
by Aphidius ervi-A.p. attacking Acyrthosiphon pisum, and the lowest attack rate was
recorded for Aphidius ervi-A.p. attacking M. carnosum. A. ervi-M.c. attacked M. carno-
sum and Acyrthosiphon pisum at similar rates. Attack rate was closely correlated with the
mummy production observed in the previous trials.

TABLE IV. Mean (±s.e.) number of mummies produced per female per 24 h
compared with the mean number of oviposition stabs per female per

30 min in trials using Aphidius ervi

Origin of parasitoid

Lab. culture—A. pisum
Lab. culture—M. carnosum
Lab. culture—M. carnosum
Lab. culture—A. pisum

Test aphid

A. pisum
A. pisum
M. carnosum
M. carnosum

Mean no.

28-6
18-2
17-6
1-7

of mummies

± 2-7
± 3-8
± 1-2
± 0-5

Mean no. of
oviposition stabs

25-0 :b 3-2
8-6 ± 1-8
9-7 -
2-4 :

b 1-8
b 0-8

Aphidiine parasitoids are arrhenotokous, which means that fertilized eggs give rise to
diploid females and unfertilized eggs to haploid males. Thus, the production of female
offspring indicates that the parent female has successfully mated. On this basis, successful
mating was much more frequent in the case of Aphidius ervi females confined for 24 h with
males from the same host species than for females confined with males which had emerged
from a different host (Table V). Some of the female offspring from successful cross-

TABLE V. The percentage of successful matings (as indicated by the subsequent
production of female offspring) between Aphidius ervi cultured on the

same or different host species

Origin of female

Lab. culture—A. pisum
Lab. culture—A. pisum
Lab. culture—M. carnosum
Lab. culture—M. carnosum

Origin of male
Lab. culture—A. pisum
Lab. culture—M. carnosum
Lab. culture—M. carnosum
Lab. culture—A. pisum

n
20
18
27
18

% Successful
matings

45
17
70
6

matings were used in mummy production trials. In all cases, the offspring had been reared
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on the same host species as their female parent. Although in the earlier trials (Table III)
individual A. ervi-A.p. females had never produced more than four mummies when
confined with M. carnosum, some offspring of the crosses in which the male parent had
been reared on M. carnosum produced large numbers of mummies on that host, even
though they themselves had been reared on Acyrthosiphon pisum (Table VI).

TABLE VI. Number of mummies produced by individual female offspring from
matings between Aphidius ervi adults cultured on different host species*

Test aphid
Female

Origin of female parent Origin of male parent offspring no. A. pisum M. carnosum

Lab. culture—A. pisum Lab. culture—M. carnosum 1 31 —
2 24 —
3 — 2 7
4 — 3 9

Lab. culture—A. pisum Lab. culture—M. carnosum 1 18 —
2 24 —
3 — 14
4 — 14

Lab. culture—A. pisum Lab. culture—M. carnosum 1 18 —
2 0 —
3 — 0
4 — 2

Lab. culture—M. carnosum Lab. culture—A. pisum 1 — 3
2 — 2 1
3 5 —
4 17 —

* The offspring were reared on the same host species as the female parent and released onto 40 test aphids for
24 h.

Aphidius rhopalosiphi
In the mummy production trials (Table VII), A. rhopalosiphi-M.d. produced signifi-

cantly fewer mummies when transferred to S. avenae than when retained on Metopo-
lophium dirhodum. In contrast, A. rhopalosiphi-S.a. showed an increase in mummy
production when transferred to M. dirhodum. Thus, A. rhopalosiphi from the laboratory
cultures always performed better on M. dirhodum than on S. avenae, regardless of the
original host. When given a choice of hosts, A. rhopalosiphi-^A.d. produced very few S.
avenae mummies but A. rhopalosiphi-S.a. showed no apparent preference. In contrast,
parasitoids reared from field-collected mummies performed equally well on both hosts,
regardless of their original host. On average, laboratory-reared individuals produced more
mummies (51-1) than did field-collected individuals (33-7) in trials with M. dirhodum
(t = 2-79, P<0-01), but in trials with S. avenae laboratory-reared parasitoids produced
fewer mummies (17-8) than did those from the field (320) (t = 3-18, P<0-01).

In the attack rate trials (Table VIII), again using females from the two laboratory
cultures, both A. rhopalosiphi-M.d. and A. rhopalosiphi-S.a. attacked M. dirhodum at a
greater rate than they attacked S. avenae. As was the case with A. ervi, these results reflect
those obtained in the mummy production trials.

TABLE VIII. Mean (±s.e.) number of mummies produced per female per 24 h
compared with the mean number of oviposition stabs per female per

30 min in trials using Aphidius rhopalosiphi
Mean no. of

Origin of parasitoid Test aphids Mean no. of mummies" oviposition stabs

Lab. culture—S. avenae M. dirhodum 25-6 ± 2-7; 440 ± 6-1 48-3 ± 1-5
Lab. culture—M. dirhodum M. dirhodum 21-3 ± 4-2; 581 ± 6-1 39-7 ± 5-7
Lab. culture—5. avenae S. avenae 11-5 ± 1-9; 18-1 ± 2-6 24-6 ± 7.0
Lab. culture—M. dirhodum S. avenae 3-5 ± 0-7; 17-6 ± 4-8 22-0 ± 3-1

a 40 nymphs; 0-02 g of aphids per trial pot.
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Origin of male

Lab. culture—S. avenue
Lab. culture—M. dirhodum
Lab. culture—M. dirhodum
Lab. culture—5. avenae

n

48
17
49
22

% Successful
matings

38
59
49
41

Unlike A. ervi, females of A. rhopalosiphi were as successful at mating with males
which had been reared on the alternative host as they were with males originating from the

TABLE IX. The percentage of successful matings (as indicated by the subsequent
production of female offspring) between Aphidius rhopalosiphi adults

cultured on the same or different host species

Origin of female

Lab. culture—S. avenae
Lab. culture—5. avenae
Lab. culture—M. dirhodum
Lab. culture—M. dirhodum

same host species (Table IX). When the offspring of cross-matings between A. rhopalo-
siphi-M.d. and A. rhopalosiphi-S.a. were used in mummy production trials, variable results
were obtained. In the first series of trials (Table X), each pot contained 40 aphid nymphs
in instars 2-4, and no more than three (in most cases two) offspring from each individual
parasitoid pairing were tested on each aphid host. Examination of the results suggested
there was a tendency for the offspring of any individual cross to prefer one of the two host
species, but this was not always M. dirhodum as might have been expected from the results
of earlier trials (Table VII). In the second series of trials (Table XI), each pot contained
0-02 g of aphids of mixed ages, and more offspring from each cross were tested on each
host. The tendency for siblings to all perform better on one host than on the other was no

TABLE X. Number of mummies produced by individual female offspring from
matings between Aphidius rhopalosiphi adults cultured on different host

species*

Origin of female parent Origin of male parent

Lab. culture—M. dirhodum Lab. culture—S. avenae

Lab. culture—M. dirhodum Lab. culture—S. avenae

Lab. culture—M. dirhodum Lab. culture—5. avenae

Lab. culture—M. dirhodum Lab. culture—S. avenae

Lab. culture—S. avenae

Lab. culture—S. avenae

Lab. culture—S. avenae

Lab. culture—S. avenae

Lab. culture—M. dirhodum

Lab. culture—M. dirhodum

Lab. culture—M. dirhodum

Lab. culture—M. dirhodum

Female
offspring

no.
1
2
3
4
5
1
2
3
4
1
2
3
1
2
3
4
1
2
3
4

1
2
3
4

1
2
3

1
2
3

Test

S. avenae

—
—
30
34

8
10
. .

9
9

2
14
7
7

—

7
1

—

27
19
—

16

aphids

A/, dirhodum
2
8
1

—

14
32
—
—

21

—

23
40
—
—

38
40

39
33

3

0
1

* The offspring were reared on the same host species as the female parent and released onto 40 test aphids for
24 h.
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Origin of male parent

Lab. culture—S. avenae

Lab. culture—5. avenae

Lab. culture—M. dirhodum

Test
S. avenae

16-3 (7)
1-49

28-9 (9)
21-42

33-8 (4)
16-46

aphids
M. dirhodum

63-3 (8)
43-93

42-5 (8)
29-54

46-5 (4)
27-64

TABLE XL Mean number and range of mummies produced by female offspring
from matings between Aphidius rhopalosiphi adults cultured on different

host species*

Origin of female parent

Lab. culture—M. dirhodum

Lab. culture—M. dirhodum

Lab. culture—S. avenae

* The offspring were reared on the same host as the female parent and released onto 002 g test aphid for 24 h.
The number of individuals tested is given in brackets.

longer apparent, and variability between individuals was very high, suggesting that the
apparent host preferences noted in the first series were not real but a result of the low
number of parasitoids tested.

Discussion
Although Aphidius ervi is commonly recorded from a number of different aphid hosts,

attempts to transfer it from one host to another in laboratory trials have met with limited
success (Table XII). In the present trials, it readily transferred from Microlophium

TABLE XII. The success of laboratory host transfer trials using Aphidius ervi and
three of its major hosts, Microlophium carnosum, Acrythosiphon pisum

and Sitobion avenae, as recorded in four separate studies

Origin of parasitoid

A. pisum
A. pisum
M. carnosum
M. carnosum
M. carnosum
M. carnosum
M. carnosum
A. pisum

A. pisum
S. avenae

Test aphid
M. carnosum
M. carnosum
A. pisum
A. pisum
A. pisum
S. avenae
S. avenae
S. avenae

S. avenae
A. pisum

Exposure
time
18 h
24 h

6 h
9

24 h
9

24 h
18 h

9

9

Result
Unsuccessful
Very few mummies
Very few mummies
Very few mummies
Successful
Unsuccessful
Very few mummies
Successful after

4 generations
Successful
Unsuccessful

Source
Cameron^al . (1984)
Present study
Stary et al. (1985)
Pungerl (1984)
Present study
Pungerl (1984)
Present study
Cameron*-/ al. (1984)

Pungerl (1984)
Pungerl (1984)

carnosum to Acyrthosiphon pisum, without any apparent reduction in performance (meas-
ured as mummy production), but it prduced very few mummies when transferred from A.
pisum to M. carnosum. However, in other trials, Aphidius ervi produced very few
mummies when transferred from M. carnosum to Acyrthosiphon pisum (Pungerl, 1984;
Stary et al., 1985). Furthermore, Pungerl (1984) successfully transferred Aphidius ervi from
Acyrthosiphon pisum to S. avenae, as did Cameron et al. (1984), but Pungerl's efforts to
transfer it in the opposite direction failed.

Similar inconsistencies occurred when Aphidius rhopalosiphi was transferred between
S. avenae and another cereal aphid, Metopolophium dirhodum. Parasitoids from our
laboratory cultures always performed well on M. dirhodum, regardless of their original
host, but did less well on S. avenae, particularly when transferred from M. dirhodum. In
contrast, Ankersmit (1983) found that A. rhopalosiphi cultured on S. avenae performed
very poorly when transferred to M. dirhodum.

How can these inconsistent results be explained? It is significant that most of these
transfer trials were done using laboratory cultures. Laboratory populations of parasitoids
are known to suffer rapid reductions in genetic diversity as a result of genetic drift (Unruh
et al., 1983). Our laboratory cultures were started from small founder populations collected
in the field, and Pungerl (1984) used single mated females to initiate her cultures. If
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genetics plays a significant role in determining the ability of a parasitoid to transfer from
one host species to another, then the performances of different laboratory populations
could indeed vary.

There are several indications that genetics does play a role in determining the success of
host transfers by aphid parasitoids. Nemec & Stary (1983) reared A. ervi from field-
collected individuals of Microlophium carnosum and then confined them with Acyrtho-
siphon pisum in the laboratory. Although very few mummies were produced in the first
generation, continued selection of these led to the development of a laboratory strain of
the parasitoid which successfully utilized the new host. Electrophoretic studies revealed
that this strain was monomorphic for those enzyme systems tested, whereas the original
field population on M. carnosum was much more genetically diverse. Similarly, when
Aphidius ervi was transferred from Acyrthosiphon pisum to S. avenae, mummy production
was greatly reduced in the first generation but subsequently recovered over several
generations on the new host (Cameron et al., 1984). Again, analysis of esterase allozymes
using electrophoresis suggested that a strain of Aphidius ervi had been selected on S.
avenae from a more diverse genotype on the original host. The importance of genotype has
been further emphasized in the present study. Mummy production by A. ervi was very
poor when it was transferred from Acyrthosiphon pisum to M. carnosum. However, this
was often dramatically improved by mating females of Aphidius ervi-A.p. with males of A.
ervi-M.c. The female offspring from these crosses, even though they themselves were
reared on Acyrthosiphon pisum, readily transferred to M. carnosum, indicating that the
male parent had provided genetic input which influenced their ability to transfer between
hosts.

There is evidence that field populations of aphid parasitoids are generally genetically
more diverse than are laboratory populations. Unruh et al. (1983) and Nemec & Stary
(1985) demonstrated that field populations of Aphidius ervi had much greater enzyme
variability, as measured by electrophoresis, than did laboratory cultures. Unruh et al.
(1983) calculated that, under the normal culturing regime operated in their laboratory,
heterozygosity of an A. ervi population would be halved in less than nine months in
culture. This would explain why parasitoids from field populations sometimes perform
differently in host-transfer trials to parasitoids from laboratory cultures, as in the case of A
rhopalosiphi in the present trials. It is perhaps not surprising, therefore, that different
laboratory populations, especially those originating from different field populations, often
vary in their behavioural and biological characteristics.

Poor mummy production following host transfer could be the result of a reduced attack
rate on the new host or of more efficient physiological defence reactions by the new
host, preventing parasitoid development. Here again, results from different studies are
inconsistent. Stary et al. (1985) recorded high attack rates by A. ervi after transfer from M.
carnosum to Acyrthosiphon pisum, but this was followed by poor mummy production.
They concluded that host defence mechanisms were the main cause of unsuccessful host
transfers. Ankersmit (1983) could not detect any change in attack rate when Aphidius
rhopalosiphi was transferred from S. avenae to Metopolophium dirhodum and so he also
attributed poor mummy production to internal defences. In the present trials, however, the
results suggest that poor mummy production was partly the result of low attack rates, at
least in the case of A. ervi. There is no reason, of course, why both factors should not
operate.

Laboratory host-transfer trials can only answer the question: is the parasitoid capable of
transferring from one host species to another? Furthermore, it seems that to answer this
question adequately it is necessary to do a series of trials, each time using fresh laboratory
populations, preferably each originating from a different field population. Based on current
evidence, the ability or willingness to transfer between hosts is likely to vary between
different laboratory populations and will not necessarily reflect the situation in wild
populations. Once it has been established that a parasitoid species is capable of transferring
between two or more host species, a more important question is: does the parasitoid
transfer between these hosts in the field? The fact that the same parasitoid species can be
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reared from field populations of more than one host species does not prove that there is
any exchange of individuals between them.

Electrophoretic analyses of field populations of A. ervi on different hosts (Nemec &
Stary, 1983) and morphological studies of their colour patterns (Stary, 1983ft) led to the
conclusion that the parasitoid attacking Microlophium carnosum is a distinct biotype,
which does not move between this host and its other main hosts on nearby arable crops,
but that transfers do occur between S. avenae and Acyrthosiphon pisum in the field. The
low percentage of successful matings between Aphidius ervi-M.c. and A. ervi-A.p. noted in
the present trials tends to support this view. Nevertheless, in these trials, both laboratory-
reared and field-collected individuals of A. ervi readily transferred from M. carnosum to
Acyrthosiphon pisum. It is obvious, therefore, that more work is urgently needed on the
population dynamics of parasitoids in the field and that comparisons of populations from
different geographical regions may prove enlightening.

The variation in behavioural and biological characteristics between different laboratory
cultures of the same parasitoid species and the genetic variability that can be present in
wild populations raises the question of selective breeding. Results of the host transfer trials
point to the possibility of selecting for the ability to transfer between designated hosts or
for improved performances on one specific host. However, there may be problems with the
ability of selectively-bred laboratory strains to become permanently established in the field.
Selection for a particular characteristic could involve concomitant selection for less
desirable traits which may reduce fitness in the wild and the parasitoids' ability to compete
with existing wild populations. Nevertheless, selected strains may prove invaluable for
inundative releases aimed at enhancing parasitoid impact on pest populations at critical
times in their development. The present trials indicate the importance of genotype in
determining the ability of Aphidius ervi to transfer between hosts. If genotype influences
the response of the parasitoid to semiochemicals during host searching and attack behavi-
our, then there could be potential for selective breeding to aid the use of behaviour-
controlling chemicals to manipulate parasitoid activity in the field. Successful selection for
specific characteristics has been achieved with other parasitoids (Wilkes, 1947; White et ai,
1970), and the potential of selective breeding of parasitoids in biological control has been
discussed by several authors (DeBach, 1958; Simmonds, 1963; Mackauer, 1972, 1976).

If efficient use is to be made of alternative hosts to enhance parasitoid impact on insect
pests, it must be based on a thorough understanding of the population dynamics of the
parasitoid in the field. We know very little about the movements of parasitoids within
agroecosystems and about how and when they utilize different hosts and other resources in
both crops and semi-natural habitats. The potential of M. carnosum as a reservoir host for
A. ervi remains problematical, awaiting more extensive field data on the parasitoid's
population dynamics in arable farmland.
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