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Movement away from Feeding Site of the Aphid Sirobion
avenae (F.) (Hemiptera: Aphididae) when Parasitized by
Aphelinus abdominalis (Dalman) (Hymenoptera: Aphelinidae)!.2

D.P. LYKOURESSIS?® and H.F. VAN EMDEN

Department of Agriculture and Horticulture
University of Reading

ABSTRACT

The aphid Sitobion avenae (F.), parasitized by Aphelinus abdominalis (Dalman), tends to
leave either the feeding sites gathering in particular parts of its host-plant or even the
host-plant. This behavior partially explains the phenomenon of reduced parasitism con-
tribution to the overall mortality in several aphid population studies as interpreted by

Hughes™ method.

Introduction

Behrendt (1968) found that the last instar larvae
of the parasite Aphelinus chaonia Wilk. fre-
quently caused Aphis fabae Scopoli to leave the
aphid colony and usually the infested plant
(Euonymus europaeus). Furthermore, Powell
(1980) found that Toxares deltiger (Haliday)
parasitizing Metopolophium dirhodum (Walk.),
formed only 1% the parasitized individuals
whem mummies were collected in the field,
whilst it comprised 67% of the mummies
formed when aphids were reared in the
laboratory. Powell also reported that most
mummies of M. dirliodum parasitized by T'. del-
tiger on potted wheat plants in the laboratory
were found on the floor of the cage or on the
underface of the pot. The above mentioned
studies indicate that some aphids parasitized by
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certain parasites tend to leave the plants. How-
ever from these studies it is not clear whether
parasitized aphids have increased motility as
compared to healthy aphids.

It was the purpose of the present study to
investigate the rate of movement away from
feeding site between healthy and parasitized
aphids.

Materials and Methods

Aphids (Stiobion avenae (F.) ) and parasites (Aplie-
linus abdominalis (Dalman)) used in this study
origimated 1rom stock cultures mamtamed in a glass-
house at approximately 20" C. 60-50% relative
humidity and 16 hours light daily. About one
hundred apterous and alate adults of S. avenae taken
from the stock cultures were placed on barley leaf-
pieces to produce offspring in each of four plastic
containers 10 cm in diameter. Barley leaf-pieces
were placed on cotton wool moistened with distilled
water which covered the bottom of each plastic con-
tainer. These containers were placed in an environ-
mental cabinet at 22.5° C, 70 + 3% relative
humidity and 16:8 hours light-dark cycle.

Adult aphids were left in the containers for 24
hours for larviposition and then removed. Subse-
quently 15 adults A. abdominalis were introduced
into each plastic container, by means of an aspirator,
to oviposit on the newly born first instar aphids
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(Lykouressis 1982). Prior to their use the parasites
had been kept for one day without aphids in small
plastic containers, 3.5 cm in diameter. to have a
higher supply of eggs available for deposition. Sub-
sequently, they were left for 24 hours in the contain-
ers with the first instar aphids and then discarded.
Groups of 20 of these first instar aphids taken ran-
domly were removed and put in each clip-on cage. 3
cm in diameter, on the middle part of the second leaf
on each individually potted barley plant maintained
in the glasshouse mentioned above. Each pot was
covered by a cylindrical plastic cage keeping the
plants free from aphids and parasites. The soil sur-
face in each pot was covered by white filter paper
bearing a centrally positioned hole allowing the stem
of the plant to pass through it. A total of 30 caged
pots were used.

The infestation by S. avenae took place at the
stage of seedling growth (3 leaves unfolded)
(Tottman et al. 1979). Clip-on cages were retained
for 24 hours and then they were removed carefully.
The number of the aphids with their stylets inserted
in the leaf tissues was recorded for each replicate at
that time. Eight days after the removal of clip-on
cages, the number of mummies and live aphids as
well as their position on the plants was recorded.
The period of eight days is the mean duration from
oviposition by A. abdominalis to aphid mummifica-
tion (black mummy) (Lykouressis and van Emden
1983). First instar aphids were excluded from these
records to avoid errors because they would have
been born after the parasites had been removed.

. No. 2 (December 1983

Results

In preliminary experiments it was observed that
mummification of §. avenae parasitized by A.
abdominalis usually took place on certain parts
of cereal plants, i.e. more mummies were
found on the top and the basal part of the first
leaf, stem and coleoptile as well as on the inner
walls of different kind of cages than on the
upper leaves. The number of mummies found
was considerably reduced on the upper leaves
of cereal plants, although aphid densities were
high on these leaves before ear emergence.
Particularly in an experiment conducted in in-
dividually caged pots with cylindrical plastic
cages (Lykouressis 1982), the percentage of
mummies found 10 days after the parasites had
been removed from the cages, was considera-
bly higher on the first leaf, stem and coleoptile
(44.76%) and on the inner walls of the cages
(26.19%) than on the upper 2nd, 3rd and 4th
leaves (29.05%). Also, only 4.28% of the
mummies formed were found at the feeding
sites at which the aphids had been placed in-
itially. These results indicated that parasitized
aphids show a tendency to move from their
feeding sites to lower parts of the plants or
even to leave the plants entirely at a late stage
of their parasitization.
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FIG. 1.4 Mean number of mummies and live aphids found away or not from their initial feeding sites. b. Mean ratio of

mummnies and live aphids found away to those found in the initial feeding sites. Vertical bars represent 95% confidence
limits.
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Figure la shows the results obtained from
the present study,i.e. the mean number of
mummies per potted plant at the initial aphids’
feeding sites and those which moved away
before mummification,as well as the number of
unparasitized aphids which remained and those
which left their initial feeding sites. It is obvi-
ous that the mean number of parasitized aphids
which became mummies at their initial feeding
sites (2.15 & 1.37) was lower than the number
of aphids mummified in other parts either on
the plants or on the cage surface (3.17 £ 0.43).
In contrast, the mean number of healthy aphids
which did not move away from their initial
feeding sites was higher (7.73 * 0.65) than the
number of those that moved (4.47 + 0.60).

Figure 1b shows the ratios of mummies
found away to those found in the feeding sites
and live aphids moved to those that did not
move away from feeding sites. A highly sig-
nificant difference was found in the mean ratio
between these two treatments (t = 4.5, P <
0.001 with 27.78 d.f.). The results demonstrate
that the rate of movement away from feeding
site in a colony of §. avenae is much greater in
parasitized than in unparasitized individuals.
This response of parasitized aphids might be
associated with physiological changes in the
aphid, mainly due to disturbances in its nervous
system.

Discussion

The tendency of parasitized aphids to mummify
on some particular parts of the plant, such as
the lower leaves and more specifically on the
basal and top part of the first leaf, coleoptile
and stem, lead to inaccuracies in the estimate
of parasitism. This inaccuracy is further in-
creased by the fact that a considerable percen-
tage of parasitized aphids leave the plants be-
fore mummy formation. In fact, by Hughes’
method, parasitism is estimated by asample (1b)
equivalent to the first sample (1a), counting the
number of mummies formed during one instar
period (Lykouressis 1982). This procedure
underestimates parasitism, since some parasiti-
zed aphids might have left the plants sampled
before the sample (1b) was taken. A proportion
of parasitized aphids are therefore excluded in

the assessment of the true rate of parasitism
within an instar-period. Therefore the distrib-
ution and density of mummies formed on a plant
should be considered during sampling.

In fact parasitism and fungal diseases in
aphid population studies interpreted by
Hughes’ method have been found to contribute
very low percentages to the overall difference
between the theoretical and observed popula-
tion in each twin-sample, whilst predation (re-
sidual mortality is rather a large unexplained
mortality ascribed to predation) contributed the
greatest part of the overall gap (Foster 1972,
Barbagallo et al. 1972, Dransfield 1975, Foster
and van Emden 1976, Dickson 1979). In addi-
tion, in other aphid population studies,parasites
have been found to play an unimportant role as
compared with predators when based on counts
of mummies in the field (Smith 1966). How-
ever in other studies on the effects of parasites
and fungal diseases by methods other than
counting mummies in the field or Hughes’
method, such as estimating parasitism and dis-
ease rates by dissecting live aphids from field
samples or keeping them in the laboratory and
counting the mummified and killed aphids,
much higher values due to parasitism and dis-
cases have been found (Sluss 1967, van den
Bosch et al. 1966, Dean and Wilding 1971,
1973, Latteur 1973, Jones 1976, Jones and
Dean 1976).

These discrepancies have two main causes.
Firstly, some already parasitized or diseased
aphids are eaten by predators or sucked by
adult aphelinid parasites at an early stage of
their parasitization (Lykouressis and van Em-
den 1983) or fungal infection, before mummy
formation or their death from infection. Sec-
ondly,a large proportion of parasitized aphids
might leave the plants well before their mum-
mification and some diseased aphids may fall
from the plant before they die as it was as-
sumed by Foster and van Emden (1976). The
low rate of parasitism found in aphid population
studies using Hughes” method may well be due
to the second cause, as it is demonstrated in the
present study, if similar behaviour occurs with
parasitized individuals of other aphid species.

In order to estimate parasitism rates more
precisely another procedure has been
suggested, as far as the time of taking the twin-
sample, which is part of an intergrated theoreti-
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cal model (Lykouressis 1982).

References

Barbagallo, S., R. Inserra and G.N. Foster. 1972. Popula-
tion dynamics of Myzus persicae on potato in Sicily.
Entomologica &: 21-33.

Behrendt, K. 1968. Das Abwandern parasitierter Aphiden
von ihren Wintspflanzen und eine Methode zu ihren
Erfassung. Beitr. Ent. 18: 293-298,

Dean, G.J.W. and N. Wilding. 1971. Entomophthora in-
fecting the cereal aphids Metopolophium dirhodum and
Sitobion avenae. J. Invertebr, Path. 18: 169-176.

Dean, G.J.W. and N. Wilding. 1973. Infection of cereal
aphids by the fungus Entomopthora. Ann. appl. Biol.
74: 133-138.

Dickson, A.T. 1979. The population dynamics of raspberry
aphids in Eastern Scotland. Ph.D. thesis, University of
Dundee.

Dransfield, R.D. 1975. Ecology of grassland and cereal
aphids. Ph.D. thesis, University of London.

Foster, G.N. 1972. The population dynamics of aphids in-
festing potato. Ph.D. thesis, University of Newcastle.

Foster, G.N. and H.F. van Emden. 1976. Myzus persicae
Sulz., an aphid of World importance: population
dynamics on potatoes. In, Studies in Biological Control
(ed. By V. Delucchi). IBP Synthesis Rep. No 9. Cam-
bridge University Press, London, pp. 75-86.

Jones, M.G. 1976. The arthropod fauna of a winter wheat
field. J. appl. Ecol. 16: 61-85.

Jones, M.G. and G.J. Dean. 1976. Observations on cereal
aphids and their natural enemies in 1972. Ent. month.
mag. III: 69-77.

Latteur, G. 1973. Etude de la dynamique des populations
des pucerons des céréals. Premieres données relatives
aux organismes aphidiphages en trois localités dif-
férentes. Parasitica 29: 134-151.

Lykouressis, D.P. 1982. Studies under controlled condi-
tions on the effects of parasites on the population
dynamics of Sitobion avenae (F.). Ph.D. thesis, Uni-
versity of Reading.

Lykouressis, D.P. and H.F. van Emden. 1983. Factors af-
fecting the Potential Increase Rate (ex, PIR), as de-
fined by Hughes, in populations of Sirobion avenae (F.),
Entomologia Hellenica 1: 53-57.

Powell, W. 1980. Toxares deltiger (Haliday) (Hymenopt-
era: Aphidiidae) parasitising the cereal aphid,
Metopolophium  dirhodum  (Walker) (Hemiptera:
Aphididae), in Southern England: a new host-parasitoid
record. Bull. ent. Res. 70: 407-409.

Sluss, R.R. 1967. Population dynamics of the walnut aphid.
Chromaphis juglandicola (Kalt.) in Northern Califor-
nia. Ecology 48: 41-58.

Smith, B.D. 1966. Effects of parasites and predators on a
natural population of the aphid Acyrthosiphon spartii
(Koch) on broon (Sarothamnus scoparius 1..). J. anim.
Ecol. 35: 255-267.

Tottman, D.R., R.J. Nakepeace and H. Broad. 1979. An
explanation of the decimal code for the growth stages
of cereals with illustrations. Ann. appl. Biol. 91: 221-
234,

Van den Bosch, R., E.I. Schlinger, C.F. Lagace and J.C.
Hall. 1966. Parasitization of Acyrthosiphon pisum by
Aphidius smithi, a density-dependent process in nature
(Homoptera: Aphididae) (Hymenoptera: Aphidiidae).
Ecology 47: 1049-1055.

KEY WORDS: Sitobion avenae, Aphelinus ab-
dominalis, Instar-period, Twin-sample

Anopdkpoven and 16 Xnueio Aratpo@iic e A@idac
Sitobion avenae (F.) (Hemiptera: Aphididae) tav
Hapaortileton and t6 Aphelinus abdominalis
(Dalman) (Hymenoptera: Aphelinidae)

AIl. AYKOYPEXZHX

Epyastipio Newpyicnz Zeokoyias kar Evrojoioyias
Avwrdaty Fewmoviky Zyoiy Abnvaov

INEPIAHYH
H tdon agidov Sitobion avenae (F.), nupaciticpuévov and 1o napacito Aphelinus ab-



LYKOURESSIS AND VAN EMDEN: MOTILITY OF PARASITIZED SITOBION AVENAE 63

dominalis (Dalman) va pebyouy elte and Tig apyikés BEogig dratpoeng N KUl ukOpe und to
QUTO-EEVIOTY TOug amodeiynke ¢ uT TN HEAETN.

H oupmpupopc’a auth TV rrupacmcpf'vmv upidov efnynoe pepikde yrati 1 Ov-
nmuornm AOY® napumrchou NTUV HIKPT| OF TPOS TN CLUVOALKT un®Aele Tov TANOLo-
pov, 0Tav ol dLdpopol Tupayovtes Bvnoipotntug Unolovlcemcuv LE TN BNUOYPUOLKN
uebodo tov Hughes, oe nainbuopakég perétes apidmv atov aypo.
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