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of primary parasitoid is prediclable. Delays in the emergence of the two other
h)perpardéitnids, P. aphidis agd S. aphidivorus could be described as the low dependency on
T pailidus. Both species attack a wide range of hosts and have been observed to emerge from
several aphid parasitoids (17).

P. aphidis has been known as a cosmopelitan and polvphagus secondary parasitoid (13)
‘which has been also reported as a hyperparasitoid of walnut aphid in California (14) and
Portugal (5). It is worth to note that this species has also been reported previously as a
primary paragitoid of olive psylla, Euphyllura olivina (Costa) in Tran (10). The third
hypefparasitoid was S. aphidivorus, which has previously been reporied as a hyperparasitoid
of walnut aphid from California (14, 15, 16) and Portuga! (3).

Generaly, hyperparasiloids seemed to have a negative effectron both population~and
activity of T. ;iaffidus. Kavallicratos er af (9) also showed that the parasitism raic of
Binodoxys angelicae (Haliday) was negatively influenced by "th; activity of hyperparasitoids
on Aphis gossypii Glover, a fact that resulted in the reduced efficiency of parasitism in the
A. gossypii populations on citrus. Further experimentalion is required in order to investigate
the role of hyperparasitoids in relation to the populations of C. Jjuglandicela and its complex
of primary para':sitoids.

Diapause is an important factor in the ecology of T. pallidus, an effective parasitoid of
aphids. Aestival diapause in T. pallidus could cause some physielogical changes in the host
(14). We found that the collected parasitoids in the late spring, remained as mu111mies and did
not produce the next generation in laboralory condition (temperature; 26 £ 2 °C, RH: 60 £ 5
% and a 16L:8D photoperied). The sharp decline of aphid density and oceurrence of &iapaus&:
in T pallidus caused the disappearance of hyperparasitoids during the summer. Temporal
synchronization is largely & function of diapause {14). Synchrenization of 4. citripes and |
T. pallidus is result of diapause in this hyperparasitoid. Our observations of diapause in this
hyperparazitoid supperted the Brodeur and McNcil's (2) idt:a: “Diapause is adaptation of
multiveltine species with a short developmental time, perm:'rling the parasitoid to assess

adequately seasonal changes in the environment”.
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X ) g
T pallidus. 5. aphidivorus and P. aphidis disappeared from early summer and emerged
occasionally Irom mummics in fafl. furthermore, only 7. pallidus and 4. citripes emnérgéd“

] - . A
from several collected mummies in the next spring.

T

. IR
Discussion

. pallidus was revealed to be the most important parasitoid of walnut aphid. T&h'é host
plants of aphids that could be parasitized by T pallidus were not observed in the near
surrounding of the walnut orchard studies. It has great degree of efficacy ihat it s derived

'L:frc-m its full spatial and temporal synchronization with ils specific host, C. juglandicofa (14).
In our study arcas, T. paifidus was active during the whole period of the walnut aphid acﬁ:'ity
in spring and autumn. The carly spring population of parasitoid had a significant effect on the
aphid density. A. asyechis was recovcered rarely from walnut aphids, therefore, it seemed to be
poorly adapted to C. jugfﬁndc‘caia or its habitat, It has been the first limé that A -a.s‘j}chis
reported as a parasitoid of walnul aphid. Although C. juglandicofa and A. asychis are native to
Iran, the interrelation of this host-parasitoid was very weak and parasitism ratc was extremely
low, which indicatcd that this aphid was not a suitable host. Aphelinus perpafiidus Gahan has
previously been reported from California as an unadapted parasitoid of walnut aphid (14).
Carver and Woolcock {4) demenstraled that 4. asvehis parasitized several gencra’ of
Aphididac. In both of our study rcgions the parasitism by 7. paflidus was impaired by
hyperparasitoids. Among three hyperparasitoids, presented in our study areas, 4. citripes
observed to have the main efTect on the éfﬁcacy of T\ pallidus. Qur cxperimer{lalﬂrcsults
supported the previous studics by Cecilio and lihrace (5), Frazer and van den Bosch (7} and
Ozkan and Turkyilmaz, (11) which reporled hyperparasitism of C juglandicola .as an
important factor for reducing the cfiicacy of T pallidus. Fvenhuis (6} feared A. citripes on
T. patiidus, and reported this hyperparasitoid species as a specialized parasitoid of 7. paffidus.
Carver (3) mentioned alloxystines as the only true hyperparasitoids of aphids, Furthermore,

* Andrews (1) also reported Afloxysta xanthopsis (Ashmead) as hyperparasitoid cmerging fmrﬁ

c Juglandicola aphids as well as many other hosts. Sullivan (13) mentioned that, in Palearctic

regions in which walnut aphid and T, pallidus arfe native, the dominant hyperparasitoids
52:]611g to Alloxystinae, whereas in California in which walnut aphid was introduced, the

Alloxystinae were rare and their ccological niche were replaced by species of Syrphaphagus.

Since walnut orchards are. permancnt ecosystems, therefore the high degree of dependenty

between A, citripes, T. paf:’idiis and the regulating cffects of the hyperparasitoid on population
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occurred on May and then declined sharply because of the occurrence of the acstival
diapause. In contrast to the population of 7. paflidus occutring in other orchard, this species
seemed 1o have a moderate population in our study area. There was no significant resurgence
in the aphid and parasitoid population during summer. Following an increase in the
population of aphids in autamn, parasitoids began to emerge from the mummies (figure 3).
The presence of parasitoids in autumn was partly overlapped by the appcarance of sexual
aphids. The mean number of mummified aphids and 7. paflidis were observed to be
(.2440.03 and 0.05+0.02 per leaf, re{spectivcly, in gach season.

The population fluctuation of 7. peffidus and three hyperparasitoids are shown in figure 4.
As other orchard (ARC), hyperparasitism had significant effects on efficacy of T. paifidus. 4.
cilripes was presﬁnt during T. pallidus activity peried. Population of this hyperparasitoid
remained in a low density in the first wecks and then increased gradually, to generate up to
more than 50% hyperparasitism in mid May. Two other hyperparasitoids, S. aphidivorus and
P. aphidis appeared much later (figure 4). The population of hyperparasitoids appeared in
autumn when there was a slight increase as other orchard. The mean percentage of

hyperparasitism was observed to be 45.81% and 28.79% in spring and uulumn, respectively.

Diapause

1n our study regions, T. palfidus had two steps of diapause. The [irst step occurred late in
spring with a sharp decrease in the population of walnut aphids. The second slep accurred in
autumn and last until next spring. Disappearance of 7. paflidus in late spring seemed to be the
result of diapause. All of the collected mummiss (rom both regions had an acstival diapause.
Most of the collected murmmics remained in diapause until the next spring. As a result,. mary
of the parasitoids did not emerge from the collected mummies in summer and autumn (figures
5 und 6). T. patlidus appeared in autumn, when the aphid population was developing again.
Hibernal diapause occurred in both parthenogenetic and sexual aphid, but the number of
scxual aphids containing the parasitoids was very low., Emergence of T pallidus from
diapause occurred in the spring time ceincident with the initial activity of aphid, which
resulted in an .i:I_'t:‘_CI‘EﬂSC in proportion of attacks on aphids

The sestival diapause of 7. pallidus started when hyperparasitoids began 1o disappear.
Hyperparasitcids became active in fall, shortly afler T. palfidus. Ameng the three
hyperparasiteid species, A. cifripes was remarkably synchronized with T pallidus.

Occurrence of aestival diapause and cmergence in autumn were happened in the presence of
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Results

Five sper.z_ies in lotal were recorded from the study'ing regions and their popl-;lation
fluctuations u:crc evaluated. Two primary parasitoids including Trioxys pallidus (1aliday)
{Braconidae. Aphidiinae) and Aphelinus asychis Walker (Aphelinidae), and three
hyperparasiteids including Affoxysta citripes (Thomson} (Cynipidac); Pachyneuron aphidi;
(Bouche) (Pteromalidac) and Syrphophagus aphidivorus (Mayr) {Encyrtidae) were idcntiﬁ;:d.
A. asyehis collected occasionally from the TCA samples, but they pI‘OdI.—'ICEd many offspring

under the laboratory condition.

Alborz Research Center (ARC): The parasitoids that had emerged from diapause earlier
in the spring showed a high. activity that increased gradually with increase in aphid
population. Trioxys pallidus performed a very low activity during the summer and the
mummics remained until autumn when a few number of the wasps emerged (figure |). The
mean number of mummied aphids and T palfidus during the season were calculated to be
0.7910.06 and 0.0310.02 per leaf, respectively. The seasonal fluctuation of the population of
T. pallidus and its hyperparasitoids is shown in fig 2. The trend of hyperparasitism was
markedly upward, The activity ol 7. ;:raﬂ:'a‘usl in this regim; was obvinuély affected by threé
hyperparasitoids, P. aphidis, S. aphidivorus and 4. citripes, so that the number of emerged
hvperparasitoids was oflen significanily higher than 7. palfidus. Among the hyperparasitoid
wasps, A. citripes was strict to T. pallidus and was active during the whole activity preiod of
T. pallidus. The significant effect of 4. citripes on the population of T, pallidus was observed
early in the season, The highest population of A effripes occurred (about 1,52 wasps/leaf
shortly after the peak of the aphid population (figure 2). Two other hyperparasitoids appeared
with a longer interval, three weeks afier the emergence of T palfidus and A. citripes. The
activation period of this hyperparasitoids continued until end of May. The highest population
occurred in the first week of emergence. No parasitoid and hyperparasitoid was emerged from
the mummies during the summer and early autumn (figure 2). After this time all of wasps

appeared with low densitics. The total percentage of hyperparasitism was calculated to be

51.71% and 67.5% in spring and avtumn, respectively. H

College of Agriculture (TCA): The Scascnal fluctuation in number of 4th instars apEiEI

nymphs and T paflidus is illustrated in figure 3. The population trend of T. pallidus was
synchronized with the population of the walnut aphid. The peak population of the parasitoid

Vi
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Introduction

The walnut aphid, Chromaphis juglandicofa (Kaltenbach) has long been recognized as a
serious pest of Persian walnut (Juglans regia L.) in Iran and some other parts of the world (5,
7,11, 12, 14, 15}, An ecotype of Trioxys patlidus (Haliday) was successfully imported from
Ef-aﬂ 1o California, as a biclogical control agent, and rapidly decreases the aphid population (7,
16).. Although van den (14) reported only 7. pallidus, as a parasitoid of walnul aphid; there
were scveral active hyperparasitoidshprcscnt Moreover, Cecilio & Itharco (5} also reported
some hyperparasitoids of wainnt aphid from Portugal. Although there are well established
data conccrning the relations between T pallidus and its related aphid hosts, very little
information is available for estimating the population of parasitoids on C. juglendicola since
these data might be useful for evaluating their efficiency in biological control programs.

In this study, we experimentaily investigated Lhe seasonal abundance of the primary

parasitoids of C. juglandicola as well as hyperparasitoids, atlacking those primary parasitoids.

Materials and Methods

The study was conducted in two walnut orchards, Alborz Research Center (ARC) and College
of Agriculture of Tarbiat Muodarres University (TCA) which located in Karadj and the west of
Tehran respectively, These two stations are 40 km. far from each other. Ten trees, randomly
chosen, were sampled weekly, The number of the healthy and parasitized aphids was counted
for four middle compound leaves, randomly chosen from cardinal points of cach tree. The
aphid infested leaves were collected and transferred to the laboratory. The aphids were reared
in gfowth chamber (temperature: 26 £ 2 °C, RH: 60 + 5 % and a 16L:8D photoperiod) until
parasitoids emerged. The cmerged wasps, except for T. pallidus, were examined for the
determination of parasitoid or hyperparasitoid type. Aaphids, wasps and walnut leaves were
caged together, using plastic-clip cages (10 cm in diameter), to allow parasitization. If
parasilism was obscrved, then the wasp was considercd to be a primary parasitoid; othcrwise
the experiments were continuced. Groups of different stages of C. juglandicela nymphs which
were parasitized by T poilidus prepared. Two. four and six duys after the initial
parasitiziation, the aphids were transferred 1o petri dishes, and a female tentative wasp was
introduced into the petri dishes and its behaviour was observed under a stereomicroscope for
up to 30 minutes. IF eviposition behaviour was observed and offspring were preduced, then

ihe examined parasitoid considered 1o be a hyperparasitoid.
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the season. Population fluctuation of the parasitoid marked by a spring population peak,

-mummies on the soil after leatf fall. The efficacy of T pallidus rovealed to be restricted mainly

*by Alloxysta citripes which seemed to be a specialized hyperparasitoid of this wasp species.
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Seasonal Parasitism and Hypérparasitism of Walnut Aphid, Chfomaphis jugiandicola

(Hom.: Aphididae) in Tehran Province
E. Rakhshani', A. A. Talebi!, S. E. Sadeghi®, N. G. Kavallieratos’ and A “Rashed"

Abstract

Seasonal parasitism and hyperparasitism of walnut aphid, Chromaphis juglandicola
{Kaltenbach) were studied in Tehran. Five species including two primary parasitoids, Trioxys
paltidus Haliday (Hym.: Braconidae: Aphidiinae) and Apheflinus asychis Walker (Hym.:
Aphelinidae} as well as three hyperparasitoids, ANoxvsia citripes Thompson (Hym.:
Cynipidae), Pachynewron aphidis {Bouche) (Hym.: Pteromalidae) and Swrphophagus
aphidivorus (Mayr) (Hym.: Encyrtidac} were identified and the seasonal fluctuations in their
population were accounted. Trioxys pallidus appeared to be fully synchronized and adapted to
C. juglandicola, but 4. asvehiis was recovered on occasion, and it seems poorly adapted to

walnut aphid or its habitat. The population of T~ palfidus was observed to be fluctuated during
{ollowing changes in its host densities, and a summer disappearance, which was followed by a

weak autumnal increase. Trioxys pallidus over winters as summer-winter or winter diapause

The two other hyperparasitoids, Pachyrewron aphidis and Syrphophagus aphidiverus were

seemed to be more generalist,

Key words: Chromaphis juglandicola, Parasitism, Hyperparasitism, Tehran.
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