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ABSTRACT

To investigate the effects of variation in host lgyaon densities and sizes of three levels of
consumers, a cabbage-aphid-parasitoid foodweb wab/zzed. Three close related cabbage
populations were studie@rassica oleracea var. gemnifera cv. Cyrus, a feltassica oleracea
and a wild cabbage type OIld Harry as source ofatian in host plant quality. A field
experiment were established in Wageningen, Thedyletids to measure the effects on densities
of herbivores. Aphids and lepidopteran species weoeitored weekly during eight weeks on
fifteen randomized plants within each plot. Pdissi in aphids and numbers of predators
(coccinelids and syrphids) were also estimated eRigal Measures Analysis of Variance using a
Mixed Model was used to compare insect densitiedliffierent cabbage populations in each
spatial arrangement. Mummies were also collectexh fihe field during the whole season. Size
of mummies oB. brassicae and hind-tibia length of the emerged parasitoidsenetermined to
investigate the effects on sizes. Moreover, thagtid was identified and sex determined. To
analyze mummy sizes and parasitoid sizes a Geher@dr Model (ANCOVA) was used, with
fixed factors (cabbage population and spatial gearent) and mummy size as a covariate.
Groups of treatments were made based on LSM aneéylalpost hoc correction. Effects of
cabbage population were found to be significantdensities of the aphitl. persicae and the
lepidopteran specieM. brassicae, P. rapae, P. xylostella and coccinelidae. No effects of
cabbage population were found for densities of dplid B. brassicae, the lepidopterarP.
brassicae, syrphids and parasitism iB. brassicae and in M. persicae. Effects of spatial
arrangement were not significant for all the speaxé aphids, lepidopteran, predators and
parasitoids analyzed. Effects of time (week) wageiicant for all the species analyzed.

Effects of cabbage population on sizes were sicanifi for overall mummy size and for sizes of
mummies hostindD. rapae, A. suspensus and Alloxysta spp. For sizes of mummies hostiAg
vulgaris the effects were not significant. Sizes of mumntiesting males and females Df
rapae and A. vulgaris were comparable but significant differences werentl for mummies
hosting males and femalesAfsuspensus andAlloxysta spp. Effects on overall hind-tibia length
(parasitoid size) were significant for cabbage pafan and for sex of the parasitoid. Sizes of
males and females db. rapae and A. vulgaris were comparable. However, females Af
suspensus andAlloxysta spp. were larger than females.

These results indicate that effects of plant qualit aphid densities were different to those on
lepidopteran densities. Aphids performed bettefeiral Brassica and lepidopteran better in
Cyrus. Differences in plant chemistry between cgeljgopulations, effects mediated by content
of glucosinolates very probably are playing a rahe lepidopteran-cabbagge interactions.
Possible effects of phenological variation in hplstint-food quality between the three cabbage
populations can be occurring for the lepidopteMnbrassicae, P. xylostella or P. rapae.
Differences for parasitism were not significant dodpredators differences in characteristics of
the physical environment possibly play a role snabundance. The effects of host plant quality
were transmitted to the second, third and fourtiphiic levels as variation in body sizes.
Mummies were the largest in fefatassica plants, and in turn parasitoids and hyperparatstoi
were also the largest. Mummies, parasitoids anctpgrasitoids in Cyrus and Old Harry were
smaller.
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. INTRODUCTION

The study of multitrophic interactions aims to alist@ understanding of insect-plant
relationships and structure of insect communit@strent approaches in the ecology of insect-
plant interactions aim to understand how the iatgva between top-down (consumer driven)
and bottom-up (producer-driven) forces impacts tvacture of insect communities and how
these effects may influence community level proegsand population dynamics of single
species (Underwood & Rausher, 2000; Teder & Tamm2002). Indeed, the role of the third
trophic level as part of the range of plant’'s defnagainst herbivores must be considered to
understand plant-herbivore interactions. Plantehaany effects, indirect and direct, positive
and negative, not only on herbivores but also @neahemies of herbivores (Prieeal, 1980).
For example, direct effects of host plant (bottomaifects) on herbivores can occur through
exploitative competition between two aphid spedeesling on the same host plant (Muller &
Godfray, 1999). On the other hand, insect commesitan be influenced by indirect interactions
(top-down effects) between organisms of the samghtc level through apparent competition
when herbivores share a common predator, parasitgddthogen (van Veeat al, 2008). Indeed,
aphid-parasitoid communities are likely to be mioftuenced by indirect interactions mediated
through predators (Muller & Godfray, 1999; van Vetal, 2008).

Food-plant quality often varies among genotypeshef same species (Golg, al 2008) and
intraspecific genetic variation in plants has bekhown to extend to the third trophic level and
even beyond (Poelmaat al, 2008). A study done by Harveyal (2003) has demonstrated that
the effects of qualitative differences in herbivatiet are much more apparent on the fourth
trophic level (the performance of the hyperparagiloysibia nana) than in its primary host
Cotesia glomerata, and in its secondary hoBteris brassicae. In the study of Fritz & Price (1988)
it was found that plant genetic variation is a comgnt of the variation in insect community
structure in the field. Furthermore, the authorggest that there could be an important influence
of plant location on herbivore community structasemeasured by proportional abundances of
each species. In addition, Agravell (2006) has mentioned that the strength of plaritere
interactions vary analogously with the variancaliversity, structure and composition of plant
communities. For instance, it has been hypothesiaatithere is a latitudinal gradient in the
intensity of herbivory, which has favored a greatsersity of unpalatable plants closer to the
equator compared with other regions. However, tioddical processes driving diversity and
complexity of insect communities at different trophlevels are poorly understood.
(Bukovinszkyet al., 2008). In contrast, it has been revealed howesoomponents of the insect
community are affected by spatial heterogeneityef@mple, Bukovinszkegt al (2004) showed
that searching behavior of parasitoids can be &feby plant species composition of the host’s
habitat but many more biological mechanisms reralre investigated.

Aphid-parasitoids systems are suitable for the ystfdcascading effects of variation in plant
quality, because parasitoids have a tight physic&dgoupling with their host insects and they
also feed “plugged in” to the phloem of the plaeiny particularly sensitive to variation in host
plant quality (Teder & Tammaru, 2002; Muller & Goaly, 1999). Aphids are attacked by
hymenopterous parasitoids which deposit their @gdise aphid; the larvae normally kill the late
instar or adult aphid forming a mummy (Mulkgral, 1999). The primary parasitoids in turn, are
attacked by two groups of hyperparasitoids: koioots, which allow their host to continue
development after oviposition; and idiobionts, whpgaralyze or kill their hosts in the process of
oviposition (Sullivan & Volk, 1999). In an aphidiadaage system, Bukovinszlet al, (2008)
showed that cascading effects in three trophicléewt consumers can occur mediated through
variation in plant quality influencing body size dadensities of herbivores and diversity of
parasitoids and hyperparasitoids (Bukovinsekgl, 2008). The results demonstrated that plants
-cropped in monotypic stands- of feBilassica oleracea L. population supported larger aphids



compared withBrassica oleracea L. var. gemnifera cv. Cyrus. Larger mummies yidldi@rger
primary and secondary parasitoids and a highergotion of females, affecting fithess and sex
ratios, respectively. The effects of variation ilarg quality have been tested in laboratory
experiments but rarely in the field among brassaac Golset al (2008) showed effects on
survival for generalistsM. brassicae), whereas, effects on fitness were recorded fer th
specialists . rapae and P. xylostella). Moreover, development of the specialist parasito
Diadegma semiclausum was affected directly by development of the hostl a&orrelation
between survival oDiadegma defenestrale and host performance was less clear. However, the
same author suggest that to achieve a better duaddisg of the role that variation in plant
quality has played in shaping the structure of chs®mmunities, insect communities-plant
populations should be examined in plots in whiclatispp heterogeneity of plants is also
manipulated . Furthermore, it is unknown how inseespond to different spatial environments
(homogeneous and heterogeneous). These respomskav@evident consequences in foraging
decisions, oviposition behavior and in turn effeots densities and sex ratios (Bukovinszky,
personal communication) Thus, a wild cabbage pdloulaOld Harry) is introduced in this
study and two different spatial arrangements irfigld: pure and mix stands were tested.

The aim of this study is to investigate the effaftgariation in host plant quality on densities of
aphids and lepidopteran species and on parasitisimyimenopterous in higher trophic levels.
Furthermore, effects on host-parasitoid size m@ahips will be study. The effects of spatial
heterogeneity will be assessed in a lesser debiexbivores are expected to respond differently
than aphids (in densities) to variation in plan@algy. Within the cabbage-aphid-parasitoid
system each trophic level is expected to respotierently (both in densities and body sizes) to
variation in plant quality and/or to spatial heggneity. To measure such effects, densities of
herbivores, primary and secondary parasitoids weoaitored through one season on three
different populations of cabbage plants cultivaledwo spatial arrangements: pure and mix
stand, in the vicinity of Wageningen, The NethedgnFurthermore, the effects of plant quality
are expected to be transferred to the second anthifd trophic levels in aphid and parasitoid
sizes, respectively. To verify that aphid and péoads are affected directly by host plant quality,
pair measurements & brassicae mummies and hind-tibia length of four species afagitoids
were recorded and correlated. Each species of priavad secondary parasitoid was identified
and sex determined. Sexual dimorphism is expectesecondary parasitoid species but not in
the primary parasitoi®. rapae.

[I.MATERIALSAND METHODS

1. FIELD MONITORING

Experimental plots with threBrassica populations were established in the field witiio types

of spatial arrangement: pure and mix stand. TheetBrassica populations sown were: a wild
cabbage (Old Harry), a ferBrassica and Brussels sprouts (Cyru8yéssica oleracea L.). Eight
plots of each genotype in pure stands and eighs pibthe three genotypes in mix stands were
sown in an experimental field located in the vigirof Wageningen, The Netherlands. Row and
plant spacing was 75 cm and 50 cm, respectivelg.distance between plots was a pathway of 7
m and they are sown with gral8sa spp. The monitoring of the populations of herbigoderring

the whole season was done from 16 June to1l4 Septe2008. Fifteen plants in each plot were
selected to estimate of the numbers of cabbagedspBrevycorine brassicae and Myzus
persicae), larvae of Lepidoptera P{eris brassicae, Pieris rapae, Mamestra brassicae,
Autographa gamma) and numbers of parasitized aphids and lepidopterathe thred®rassicae
genotypes. Furthermore, numbers of predators (8laphand Coccinelidae) and minor
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herbivores were estimated weekly. To compare indeasities on different cabbage populations
in each spatial arrangement the data was analyzbRepeated Measures Analysis of Variance

using a Mixed Model. Groups of treatments were miaaged on LSM and Tukey’s post hoc
correction.

2. HOST -PARASITOID SIZE RELATIONSHIPS

Mummies were collected from each plot during theolelseason and measurements were done
after parasitoid emergence. Species of primarysaedndary parasitoids were identified and sex
determined. To correlate host size and parasitsigs, hind tibia length of parasitoids and
mummy size (mm2) were measured for a number of parstsitoid pairs. Mummy surface (rfim
was estimated with a standard curve describindethgth*width of a mummy, times the constant
0.000453). To analyze mummy sizes and parasitaiessh General Linear Model (ANCOVA)
was used, with fixed factors (cabbage populatich gpatial arrangement) and mummy size as a
covariate. Groups of treatments were made basé&bhand Tukey’s post hoc correction.

1. RESULTS

1 EFFECTS OF VARIATION IN PLANT QUALITY AND SPATIAL
HETEROGENEITY ON APHIDSDENSITIES

Feral Brasica was the plant population which supported the higlessities and smaller
densities oB. brassicae were found in Cyrus and OIld Harry during the whedason. However,
differences in aphid densities between cabbage latigis were not significant §k.9 = 2.89;
P>0.05). The peak recorded in feBahssica in pure spatial arrangement was higher than the one
in mix arrangement, however no significant differes were observed between mix and pure
stands (E329= 0.62; P>0.05) (Fig 1).
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Figure 1. B. brassicae on three cabbage populations within two spatial arrangements.



Densities oM. persicae were generally higher in ferBrassica than in Cyrus and Old Harry and
these differences were significant, by = 24.99; P<0.05), densities in Cyrus and Old Harry

were comparable (Fig 2Densities in each spatial arrangement did noedgfgnificantly (F 329
= 2.88; P>0.05).
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Figure 2. M. persicae on three cabbage populations within two spatial arrangements.

2. EFFECTS OF VARIATION IN PLANT QUALITY AND SPATIAL
HETEROGENEITY ON LEPIDOPTERAN DENSITIES

P. brassicae populations presented the highest densities on<Cana lower densities on feral
and OId Harry (Fig 3). However, densities on theeé¢hplant populations did not differ
statistically (R 329 = 0.10; P>0.05). Larvae densities presented a phahdistribution were

during the whole season and the effect of spatiahgement were not significant; ({29 = 0.78;
P>0.05).
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Figure 3. P. brassicae on three cabbage populations within two spatial arrangements.



Mamestra brassicae densities were significantly different on each s population (329 =
6.72; P<0.05). This lepidopteran reached the higtesssities in Cyrus and OIld Harry supported
smaller densities; the lowest densities were reambiid feralBrassica (Fig 4). The significant
interaction between week and genotype caused #hadittes in each genotype vary across the
season (f&.320= 2.99; P < 0.05). The effect of spatial arrangetnoe densities oM. brassicae
was not significant (Fz29= 1.44; P > 0.05).
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Figure 4. M. brassicae on three cabbage genotypes within two spatial arrangements.

Densities differed significantly between cabbag@uations (k329 = 7.04; P < 0.05). The
highest densities dP. rapae were recorded in Cyrus (Fig 5). However, densitiesnot differ
significantly between spatial arrangementszgb= 0.7; P > 0.05) but the interaction week and
genotype was significant {ls29= 5.62; P < 0.05).
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Figure 5. P. rapae on three cabbage populations within two spatial arrangements.




There was an effect of cabbage population on dessif P. xylostella (F;320 = 5.55; P<0.05).
The highest densities were recorded on Cyrus andittks on Old Harry were lower. (Fig 6).
The effect of spatial arrangement Bnxylostella densities was not significant for the three plant

populations (329 = 0.16; P<0.05). The interaction week and cablpageilation was significant
(F14,320= 2.42; P<0.05)
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Figure 6. P. xylostella in three cabbage populations within two spatial arrangements.

A. gamma did not achieve important densities during thesseaFurthermore, they did not differ
between treatments {k9 = 0.16; P>0.05), neither between spatial arrangésnéh 39 = O;
P>0.05). However, more larvae were found in Cymn feralBrassica than in Old Harry in mix
arrangement. Densities on Cyrus and Old Harry \uggker than on feraBrassica in pure stand
(Fig 7).
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Figure7. A. gamma in three cabbage populations within two spatial arrangements.



3. EFFECTS OF VARIATION IN PLANT QUALITY AND SPATIAL
HETEROGENEITY ON PREDATORS POPULATIONS

Syrphids were found more on ferBrassica than on Cyrus and OIld Harry on pure stand.
However, syrphids were more abundant on Cyrus ¢ma®ld Harry and on feral Brassica in the
mix stand (Fig 8). However, densities of syrphidsrevnot significantly different between
treatments (F329 = 1.50; P>0.05), neither between spatial arrangésni@ 329 = 0.00; P>0.05).
The interaction between week and treatment werggroficant also (F4,320= 1.39; P>0.05).
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Figure 8. Syrphids on three cabbage populations within two spatial arrangements.

Densities of coccinelidae were significantly higiveferal Brassica (F2,320= 41.84; P<0.05) than
in Cyrus and OIld Harry. Coccinelidae larvae wereranabundant in feraBrassica in pure
spatial arrangenment than in mix, but their deesitlid not differ on Cyrus and Old Harry.
Indeed, densities were not different between spatiangements ¢k29= 0.69; P>0.05) (Fig 9).
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Figure 9. Coccinelidae on three cabbage populations within two spatial arrangements.



4, EFFECTS ON RATES OF PARASITISM IN HERBIVORES SPECIES

The highest rate of parasitism Brbrassicae was recorded in fer@rassica and it was lower in
Cyrus and Old Harry in both spatial arrangementsyvéter, the rate of parasitism did not differ
significantly between treatments,{dz9 = 0.52; P>0.05). The effect of spatial arrangenvess

significant (F 320 = 13.87; P<0.05) as well the effect of interactimiween week and treatment
(F1a,320= 1.87; P<0.05).
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Figure 10. Proportion of parasitism for B. brassicae (per field).

In general, the highest rate of parasitism wereaeaell at the end of the season in Cyrus in both
spatial arrangements (Fig 11). However, the progorof parasitism inVl. persicae was not

statistically different between cabbages populat{bss.e = 2.64; P>0.05), neither between
spatial arrangements (ko= 3.35; P>0.05).
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Figure 11. Proportion of parasitism for M. persicae (per field).
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Small outbreaks in parasitism of larvaeRofrapae were record at the end of the season mainly
in Cyrus and Old Harry. In fer@rassica no parasitism were recorded in mix stand butghsli
rate of parasitism were recorded in pure stand. 1B).
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Figure 12. Proportion of parasitism for P. rapae (per field).

The rate of parasitism fdvl. brassicae was similar in the three cabbage populations. khozge

parasitism tended to decrease across the seasahthre populations and also in both spatial
arrangements (Fig13).
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Figure 13. Proportion of parasitism for M. brassicae (per field).

Outbreaks in parasitism &% xylostella were recorded in the three cabbage populationslynaii
the end of the season. The highest rates of parasitere recorded in Cyrus and OIld Harry in
pure stand and in ferBrassica and Old Harry in mix stand (Fig 14).
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Figure 14. Proportion of parasitism for P. xylostella (per field).

Small rates of parasitism &f. brassicae were registered at the end of the season on tke th

cabbage populations. However, parasitized larva®.dbrassicae only were found in feral
Brassica and Old Harry in the mix stand.

5. EFFECT OF PLANT POPULATION-SPATIAL ARRANGEMENT ON
HERBIVORE (MUMMY SIZE)

The effect of cabbage population on overall mumimg was significant (Fsss= 61.84; P<0.05).
The biggest mummies were found in feBrbssica. Mummies collected from Cyrus were less
big than those from feral and the smallest weraribenxmies from Old Harry (Tukey, P = 0.0004)

The sex of the parasitoid were significant on thierall mummy size (fzss = 10.92; P<0.05) for
all the species. (Fig 15).
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Figure 15. Averages of mummies sizesduringweek 5and 7.
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6. EFFECTS OF PLANT POPULATION-SPATIAL ARRANGEMENT ON MUMMY
SIZE

The effect of cabbage population on mummy hosiingapae was significant (5. = 22.5;
P<0.05). However, males and females emerged frommias of comparable sizes., (=2.27;
P>0.05). Spatial arrangement did not have sigmifieffects orD. rapae size (Fig 16).
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Figure 16. Host sizesfor Diaeretiella spp. in three cabbage populations (males and females)

The effect of cabbage population was significants(= 22.10; P<0.05) on mummies hosting
Alloxysta spp. Moreover, the differences in mummy sizes dejpg on the sex of the parasitoid
are significant (. = 4.28; P<0.05). Spatial arrangement did not hsigaificant effects on
Alloxysta spp. size (Fig 17).
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Figure 17. Host sizesfor Alloxysta spp. in three cabbage populations (males and females)
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The influence of cabbage population on mummy hgsfinsuspensus was significant (., =
13.58; P<0.05) as well as the sex of mummy paidsi{b,.,, = 4.62; P<0.05). Spatial
arrangement did not have significant effectsdosuspensus size (Fig 18).
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Figure 18. Host sizesfor A. suspensus. in three cabbage populations (males and females)

The effects of cabbage population on mummy sizéifigpé. vulgaris were not significant (5
= 2.84; P>0.05). The effects of sex were also mgnifsicant (Fs = 3.34; P>0.05). Spatial
arrangement did not have significant effectsfomulgaris size (Figure 19).
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Figure 19. Host sizesfor A. vulgaris. in three cabbage populations (males and females)
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6. EFFECTS OF PLANT POPULATION -PARASITOID SEX ON PARASITOID
SIZE

Cabbage population {ks; = 5.87; P<0.05) and the sex of the parasitoids{E 28.56; P<0.05)
affected significantly parasitoid size in the o\lleaaalysis.

The effects of cabbage population on hind tibiagterof D. rapae were translated on effects of
mummy size (B = 195.06; P<0.05). However, the sex of the prinpanasitoid was not related
with the size of the mummy from which it emerged,{= 2.69; P >0.05) (Fig 20).
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Figure 20. Mummy size-hind tibiarelationship in D. rapae

The effect of cabbage population on hind tibia teraf Alloxysta spp. was significant and it was
translated in the effect of mummy size, £ = 170.82; P<0.05). Similarly the sex of the
emerging parasitoid had an significant effect ordhibia length (E,,~7.26; P<0.05) (Fig 21).
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Figure 21. Mummy size- hind tibia length relationship in Alloxysta spp.
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There was a significant effect for cabbage genoi{fpe., = 3.88; P<0.05) and for sex of the

emerging parasitoid (k. = 25.98; P<0.05) on hind tibia lengthAnsuspensus (Fig 22).
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Figure 22. Mummy size- hind tibia length relationship in A. suspensus

The effects of cabbage population 4= 3.50; P<0.05) on hind tibia length was signifigabut
the sex of the emerging parasitoid 4F= 3.48; P>0.05) did not have influence on thedHibia

length inA. vulgaris (Fig 23).
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Figure 23. Mummy size- hind tibia length relationship in A. vulgaris.
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V. DISCUSSION

1 EFFECTS OF VARIATION IN PLANT QUALITY AND SPATIAL
HETEROGENEITY ON APHIDSDENSITIES

Scarce densities of the cabbage ajhidrassicae were found on the thrdérassica populations
during the first five weeks of monitoring in bothrp and mix stands, and outbreaks of the aphid
population were recorded at the end of the seaspecally in feraBrassica. However, in pure
stands densities d@. brassicae were low along seven consecutive weeks of momnigorihat
probably caused the contrast with brassicae densities found in previous field studies
(Bukovinszky, 2008) was selective pigeon grazingeral plants. The high density recorded in
feral Brassica in pure stands compared with other genotypes attiteof the season may be
attributable to differences in host quality. Indeldst plant quality is determined not only by
primary chemistry but also by secondary chemistrythe plant (Gols, 2008; Schoonhoven,
2005), and plant chemistry is also modulated bycdhsttack, light conditions and nutrient
availability among other factors (Schoonhoven, 2005 the case of Cyrus and OIld Harry, it
seems that these cabbage populations are lesblsuite feeding than feraBrassica for B.
brassicae. Furthermore, the low densities found in the farwedbbage populations at the end of
the season very probably are due to lack of flstain, where most of the aphids were found
feeding in feral. There were found differences engities oB. brassicae between pure and mix
stands, may be speculated that these differeneeslge to differences in host plant quality
between feraBrassica plants in each type of stand or to low apparerfcfei@l plants on mix
stands.

On the other hand, similar trends in densitieMopersicae were found on the three genotypes.
However, numbers of individuals per field were muolwer than numbers dB. brassicae
mainly because it is not a specialized aphid osdicaceas. In the same way, densities reached
on pure stands in fer&8rassica were higher than in mix arrangement, suggestirajnagrobable
differences in host quality among plant populationseffects of low apparency. These, results
confirm that feraBrassica is a host of high quality for aphids. Moreoverhits been shown that
effects of plant quality are affecting populationdmics of aphid species.

2. EFFECTS OF VARIATION IN PLANT QUALITY AND SPATIAL
HETEROGENEITY ON LEPIDOPTERAN DENSITIES

Pieris brassicae did not respond differently on any of the cabbagmotypes or spatial
arrangements. Furthermore, it did not reach high stable densities may be because of
unfavorable climatic conditions for developing bétpopulation.

Mamestra brassicae presented different densities on each cabbagdysnand the highest were
recorded in Cyrus. The laboratory study of Gol0@0showed thatl. brassicae perform better

in Cyrus than in feraBrassica and Old Harry. Her data has been supported byimdings in the
field. Also, early in seasoMamestra densities were not different on the thrBeassica
populations and divergence Mamestra densities occurred with a time-lapse. Also, Gablal.
(2008) showed, thaMl. brassicae performance did not differ betwedsrassica populations,
when feeding on excised leaves, which seriouslytéidnany possibilities for induced responses
in the plant to herbivory. Together with these ieafindings, our data suggest that induced plant
defences taVlamestra feeding probably contributed to the observed diffiees in the field.
However, an additional effect of differential ph&gcal (i.e. age-related) changes in

15



palatability of plant tissue in the thr&assica populations cannot be excluded. These results
corroborate that domesticated plants contain laeeicentrations of defensive compounds than
their wild relatives and consequently are more tpala for herbivores (Benrey et al, 1998;
Harvey et al, 2003). Furthermore, in the study of Gads al (2008) it was shown that
glucosinolates (sinigrin, gluconapin and total gisioolates) play a role in reducing performance
of M. brassicae in Old Harry plants.

The largest populations &f.rapae andP. xylostella were supported by Cyrus plants. Densities
of P. xylostella were generally lower on feidassica than on Old Harry during the season. Also
densities ofP. rapae recorded in feraBrassica and Old Harry were lower. In fact, a similar
effect as above was observedPnrapae densities, they were higher in Cyrus than in ttreeio
genotypes. Indeed, results from laboratory expearimmeéemonstrated th&. rapae performed
better in feralBrassica and Cyrus than in Old Harry (Harvey al, 2003). Densities of the
specialistP. xylostella were higher in Cyrus than in fefatassica and higher in feral than in Old
Harry, suggesting that the latter plant populat®not suitable foP. xylostella. Indeed, results
of Harveyet al (2008) demonstrated thBt xylostella did perform better in Cyrus than in the
wild cabbage Old Harry. As stated by these authspscific glucosinolates may be responsible
for reduced performance &f. rapae and P. xylostella in Old Harry. EvenM. brassicae is a
generalist herbivore its performance is being a#i@an Old Harry and feraBrassica plants.
Generalist hervibores are usually more sensitivenigh levels of specific allelochemicals
compared to specialists (Gols, 2008).

Similar to earlier studieshutographa gamma, an extreme generalist adapted to feed in many
species of plants, was found in very low number8iassicas (too low for statistical analysis),
suggesting that this is not the preferred food tplainthis lepidoteran species. These results
acknowledge the differences between domesticatddwald cabbage populations in terms of
plant chemistry and; physiological differences lesw generalist that can detoxify a wide range
of toxins (e.gM. brassicae) and generalists well adapted to feed in certgde f brassicaceas
(e.g.P. rapae andP. xylostella in Cyrus) (Golsgt al 2008). Furthermore, the results suggest that
bottom-up effects are more likely influencing tleeidopteran densities in this system.

3. EFFECTS OF VARIATION IN PLANT QUALITY AND SPATIAL
HETEROGENEITY ON NATURAL ENEMIES

3.1. Predators

The populations of predators were affected diffdyerby plant population and spatial
arrangement. In first instance, syrphids were ithgted differently on the thre®rassica
populations, when cropped in mix and pure stanggpids were more abundant on Cyrus and
Old Harry in mix spatial arrangement than on f@&wssica. However, more syrphid larvae were
found on feralBrassica in pure arrangement probably because this plaoviges a better
sheltering for them. Indeed, temperature and huyni@ivor egg laying behavior in syrphids
(Bukovinszky, 2004). Furthermore, the abundanc8.dfrassica on feral in pure arrangement
represents an important source of food for syrpdmdae. On the other hand, coccinelidae larvae
were also more abundant on feBahssica in both spatial arrangements. Plant architectuag m
also be playing a role in sheltering these predatbien it can be suggested that Cyrus and Old
Harry are not attractive for coccinelidae femalesglace to lay eggs. It means that the presence
of predators on is being determined by physicatattaristics of the habitat and availability of
food as well. Thus, spatial arrangement is influggpghysical characteristics of the habitat
leading to high densities of predators.
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3.2. Parasitoids

Parasitism orB. brassicae reached its maximum rate late in the season intlihee plant
populations in both spatial arrangements. The lsighete of parasitism was recorded in feral
Brassica (30%) in both spatial arrangements, and lowersrateparasitism were recorded in
Cyrus (20%) and in Old Harry (21%). These low raikeparasitism suggests what Hafez (1961)
reported, that mortality due to parasitism contsdua small fraction of the total mortality and is
not a main factor affecting population changeBofbrassicae. Because the population ™.
persicae was smaller than the one Bf brassicae the rate of parasitism d¥l. persicae was
higher than the rate of parasitismEfbrassicae. Moreover, a high rate of parasitism registered
in pure arrangement at the end of the season appais responsible of the decline ®f.
persicae population. Both aphid species can be parasitlaed. rapae, however; apparent
competition may be occurring, judging by the lowesof parasitism irB. brassicae, even
though the latter is the preferred aphidihyapae (Gols, 2008).

Parasitoid wasps of lepidopteran species were aohd regularly through the period of
monitoring and did not cause high rates of mostalRarasitism byC. glomerata was not
important in regulating the populations & brassicae during the season. However, an
increment in parasitism was registered at the drileoseason mainly in Cyrus and OIld Harry.
Parasitized larvae @1. brassicae were not found in feraBrassica in mix arrangement but some
parasitism did occur in pure spatial arrangemehe attractiveness of the three genotypeS.to
glomerata has not been studied so far, then is still unkndwih glomerata respond differently

to each of these cabbage genotypes when infestBdlpgssicae. On the other hand, proportion
of parasitism inM. brassicae declined across the season for the three genotyifes result
suggests that parasitism is not involved as a titgrfactor of M. brassicae in the field. In the
case ofP. rapae, some parasitized larvae were found at the entdleofeason; however the rates
of parasitism in this lepidopteran did not reachels to reduce its population. Finally, even
though it can be predicted that parasitoids spemfiés xylostella are highly attracted to Cyrus
because the latter is a suitable host plant farhirbivore, low rates of parasitism were recorded
in Cyrus in mix spatial arrangement. It may expldia high densities reached Byxylostella in
Cyrus in this spatial arrangement. The rates aigpasm were higher than 50% between week 5
and 8 which may explain the low densitiePokylostella at the end of the season. The low rates
of parasitism in lepidopteran can suggest thatréutlidefenses induced by herbivory are not
being emitted by plants of any cabbage populatMareover, given the low densities &t
rapae and P. xylostella, especially in Old Harry and fer@rassica, it can be inferred that
differences in plant chemistry between cabbage lptipns are shapind®. rapae and P.
xylostella communities in this system.

4, EFFECTS OF PLANT POPULATION-SPATIAL ARRANGEMENT ON MUMMY
SIZE

It was found, as in previous studies (BukovinsZR908; Teder & Tammaru, 2002), that host
plant influences herbivore size. Specifically, hpksint genotype did influence aphid body size,
and in turn mummy size. Then, the three plant paiprs are different in suitability as host
foodplant for the cabbage aphil brassicacea. As found by Bukovinszkyt al (2008), inD.
rapae the size of the mummy from which males and femalasrge are comparable. However,
the size of the mummies from which females emeifferdrom the size from which males
emerge inAlloxysta spp. andA. suspensus. In A. vulgaris no differences were found between
mummy sizes from which males and females emergemiales emerged from larger mummies.
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In addition, the effect of spatial arrangement dad have any influence on aphid size, and in
turn on mummy size.

5. EFFECTSOF MUMMY SIZE-SEX ON PARASITOID SIZE

The size of the primary, hyper and mummy-parasstevds directly influenced by mummy size
as in the study of Coheat al (2005), and mummy size was influenced by cabbagelgation, in
turn. These results show that cascading effects adicur in the cabbage—aphid system,
influencing the second, the third and even thetfotnophic level, as demonstrated in previous
investigations (Teder and Tammaru, 2002; Harveal,62003; Bukovinszky, 2008). On the other
hand, the hind tibia length of thH2. rapae did not depend on its sex, which indicates thadt no
sexual dimorphism is occurring in this primary @i@d. Some other studies have also shown
minimal sexual dimorphism or even male biased (Tetal, 1999) However, body sizes in the
hyperparasitoids and mummy parasitoids dependsoown sex. Generally, females presented
larger hind tibia length than males.

V. CONCLUSIONS

There were effects of plant quality on herbivoregites. For aphid speci®s brassica and M.
persicae the host plant with highest quality was feBrbssica. Even statistically significative
differences were not found for densities, feral 8tea supported the highest densities and
formed the largest mummies. The effects of plaatiuon lepidopteran densities were different,
for M. brassicae (generalist)P. rapae andP. xylostella (specialists) Cyrus is the host plant with
the highest quality. Differences in plant chemidigtween Cyrus (domesticated population) and
feral Brassica and Old Harry (wild population) are playing a rafethis effect. Glusinolates are
known to impede a good performance of lepidoptegecially in Old Harry. Effects of spatial
arrangement on densities of aphids were not saamifibut such effects on lepidoteran could be
neglected. Possible effect of phenological varraiio host plant-food quality between the three
cabbage populations can be occurring wilerassicae, P. xylostella or P. rapae.

The highest parasitism Y. rapae was recorded in fer&rassica and the lowest in Old Harry
and Cyrus analogously with aphid densities, bueddhces were not significant. The effect of
spatial heterogeneity on parasitismbyrapae was significant. Parasitism on lepidopteran was
not influenced by cabbage population nor by spdigterogeneity. Differences in predators
populations are being produced by differences enphysical characteristics of the habitat that
promote a better shelter and places for oviposition

The effects of host plant quality were transmitiethe second, third and fourth trophic levels as
variation in body sizes. Mummies were the largaghe host food-plant of highest quality, and
in turn parasitoids and hyperparasitoids were @iledargest. Differences in body sizes between
males and females were foundAHoxysta spp. andA. suspensus but not forD. rapae andA.
vulgaris.
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