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Abstract The parasitoid wasp Pnigulio agruttles 1Wlk.)
is  a key natura l  enemy of  the horsechestnut  lcat ln incr
Cunrerariu oltriclellu Deschka and Dimiö (Lepidoptera:
Cracil lari idae). As a basis tbr mark-release-recapture stud-
ies.  a imecl  at  invest igat ing the d ispersal  of  th is  parasi to id in
the l icld. aclults ol ' P. ugrutrle.s wcre rnarked using a verte-
bratc-spcci l ic  inr rnunoglobul in  ( lgG).  The r larkcr  was latcr
dctected by douhle ant ibody sandwich enzynre- l inked
imrnunosorbent  ass i ly  (DAS-ELISA).  The IgG was e i thcr '
appl icd extcrnal ly  by spraying or  in ternal ly  by l 'ecdin-u an
Igc-enriched diet. Dil l 'ercnt concentrations of the markcr
were used and the in f lue nce o l 'ab iot ic  (c l imat ic  condi t ions.
t ime e lapsed hctwecn rnark ing and rnarker  exarr inat ion)
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and biot ic  factors (sex and age o l ' the parasi to ids)  on thc
de tection of the immunomarkcr was tested. External mark-
ing by splav ing led to more homogeneous label l ing than
t tcd ing the rnarkcr .  Parasi to ids label led wi th 0.25 mg rabbi t
IgC per  ten inc l iv iduals conta incd enough immunomarker
to bc casi ly  c l is t inguished t }om unrnarked ones.  Nei thcr  the
cl inrat ic  condi l ions nor  the sex or  age ot ' the insects had an
inllucncc on thc cletection of the marker. The IgG remained
wcl l  dctectahle dur ing the ent i re l i f 'cspan of ' the parasi to ids.
which was not negatively al1'ected by thc rnarking proce-
durc. Serological rnarking can be used to investigate the
dispersal behaviour ol ' beneficial insects within mark-
t  c leusc-rccupl  ure s lud ies.

Keywords Insect marking. Pnigalio agraules .
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Introduction

The chaf cidoid Pnigalio ugraules (Wlk.) is one ol'thc most
imp<lr tant  natufa l  cnemies of  thc horsechestnut  leafminer
Conentria ohridella Deschka and Dimiö (Lepidoptera:

Craci l lar i idac)  (Grabenweger and Lethmayer 1999:  Hel l -
rigl and Arnbrosi 2000: Grabcnweger 2003: Sto.janoviö and
Markoviö 2004). C. olridella is an invasive pest of
unknown or ig in that  was f i rs t  obscrvcd in  Macedonia in
1986 (Deschka and Dimiö 1986).  Sincc i ts  l i rs t  detect ion
has spread rapidly over most ol ' Europe (Heitland et al.
1999:  Skuhravy 1999:  August in et  a1.2004:  Lupi  2005) and
hecorre thc most prominent pest ol ' the white-l lowerin-u
horsechcstnut tree. Aescrrlus lt i1t1tocasttutunt L. (Tomiczek

and Krehan 199t3:  Skuhravy 1999:  Lupi  200-5) .  Outbreaks
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of C. ohridella can cause extcnsivc danrage. rcsulting in
early delbliation in summer ancl the total loss ol' l ir l iage of
heavily inl 'estcd trees by r.rridsurnrner. otien tir l lowed hy a
second budding in  la te summer (August in et  a l .  2004).

More than 20 species ot'parasitic Hynrenoptera native to
E,urope are known to be able to develop on the horsechest-
nut leafininer. nrostly chalcidoids ol'thc t 'arni11, Eulophidac
(Grabenweger 2003; Stojanoviö and Markoviö 2004: Girar-
d<rz et al. 2006). However. parasitism oI' C. ohritle llu
remains extremely low. In Central E,urope percentage para-
sit ism varies betwcen 0 and l-5% and nornrally cioes not
exceed 57c (Hei t land et  a l .  1999).  In  contrast ,  parasi t ism
rales o1'more than -50% are comrnonly recorded liom native
European leat'miners (amongst others Askew and Shaw
1979 ;Corne l l  and  Hawk ins  1993 :  Mey  1993 ) .

The lack ol phenological synchronisation between C.
oltridellu and its main parasitoids rnay explain the low level
of parasitism (Grabenweger 200.1). In spring. most of the
parasitoids emerge liom hibernation at least 4 weeks betbre
the occurrence of thc first suitable larvae ol' C. ohridella in
the lcaves of horseclrestnut. Consequently. since no hosts
are available whcn they cmerge. the polyphagt'rus parasit-
o ids appear to leave the v ic in i ty .  fbcussing wi th thei r  f i rs t
generation on new hosts. e.g. P. agruules is considered
highly polyphagous: there are 42 drll 'erent host records so
tar (Noyes 2002). This afl 'ects negatively parasitism rate of'
the flrst generation ol' C. ohridel/a. Howevcr. there is no
experirnental proof l irr Grabenweger's theory yet.

In order to test this hypothesis. it is necessary to gain
detailcd knowledge of thc biology of these parasitoicls.
especially their dispersal behaviour. Furthennore. knowl-
cdge ot ' the mobi l i ty  and d ispersal  of  rc lcasecl  parasi to ids is
an important t 'actor in deterrnining their efl iciency as bio-
Iogical control agen(. Generally. insect dispersal is deter-
mined by mark-release-recapture studies (Southwood 1978;
Hagler  1997):  thc insects are in i t ia l ly  lahel led us ing a
marker, then released into the field and finally collected at
g ivcn t ime and d is tance intervals .  There are var ious nreth-
ods firr marking insects. The rnost common to date are
using paints or dyes, such as l luurescenl dust. to mark
insects externally, or f 'eeding them with artif icial diets con-
taining trace elements. such as rubidium, to mark them
internally. The method ol'choice for applying the marker
deprends on the specific insect. especially its sizc and li l 'e
stage. fhe marker should not aflbct the normal behaviour.
reproduction. growth or I if 'espan. Furthermore, the nrarker
should be applied and clearly iclentif iable and detectable tbr
a suf l ic ient  per iod o l ' t ime (Hagler  and Jackson 2001).

Neither paints. dyes nor trace elements could be used in
this study with P. agraule.s'. paints and dyes are not suitable
fbr marking minute insects such as P. agraules. which
reaches a maximum body length of ahout 2.-5 mm. In addi-
tion. many are toxic and may inhibit normal dispersal
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behaviour  (Hagler  and Jackson 2001).  Trace e lemenls are

useful f i lr rrarking srnall insects but their retention in the
markcd insccts may hc verl '  short-l ivcd. In addition, the
detect ion o l '  the e lements can be d i tT icu l t .  expensive and
t inre consuming (Hagler  and Jackson 2001).

Hagler  et  a l .  (1992) developed a mark ing technique that
overcomcs thcse drawbacks. They used vertebrate-specific
i rnmunoglobul ines ( lgG) to mark insects and the n exarn-
ined them for the presencc of protein by doublc antibody
sandwich enzyme- l inked immunosorbent  assay (DAS-

ELISA).  us ing ver tebrate-speci f ic  ant ibodies.  To datc.  th is
method was used lbr nrarking plant bugs (L,r'grr.r ltcsperu.s'.
Ha-uler et al. f 992), ladybirds (Hippotluttriu t-otrtergctrs'.
Hagfer 1997), parasitoid wasps (Eretntocerus sp.: Haglcr
et af . 20()2) and pink bollwornr (Pectittophont gtsst' l t iel lu'.
Hagler  and Mi l ler  2002).

Our s tudy was carr icd out  t ( )  examinc the lcasib i l r t l '  o f '
us ing th is  technique to mark the chalc idoic l  P.  ugruules.
Two methods to apply thc nrarker wcre c()lrpared to iden-
t i fy  the most  su i tablc  one.  and thc concentrat ion o1 '  IgG
necded lbr  unambiguous resul ts  was dete lminccl .  The in l lu-
encc of  age and sex of  the parasi to ids.  as wcl l  as c l i rnat ic
conditions and time on the retention ol' the marker. werc
tcsted.

\laterials and methods

Test insects

Rclatively l i tt lc is known about the biology ol P. ugrutrles.
nrost  o l ' the in lorrnat ion has been generated by i ts  issoci i r -
t ion with its host C. ohridella. To obtain parasitoids dry
horse chestnut leaves infested with C. ohridelk were col-
lected in the field in autumn and stored in darkncss at 2"C.
Pre vious experiments have shown that these lcavcs contain
an adequate proporti<ln of hibernating P. agroules (Moreth

et al. 2001; Klug et al. 2008). which nray be fbrced to cease
diapause by warming the leaves at 25'C for about a week.
The emergecl parasitoids were kept in cnrty 1.2-l Tuppcr-
waret*' containers. Each container was fitted with a gauzc-

covered hole in  the l id  l i r r  prov is ion o l ' t i roc l  and unrr lhcr
one at the side to thcil i tatc air exchange. P. rrgrrrrrft,.r ucrc
l 'ed on a solut ion o l '20% honey in watcr  thrr t  $us replacct l
dai ly .  noth ing e lse was provided.  Al l  exper i rnents \ \ 'ere
conductccJ with three rcplicatcs.

Marking procedure

Rabbit lgC [-5006. Sigrrra (Taut]i irchen. Cernrany)l was
appl ied once (a)  external ly  by sole ly  spraying ins ide thc
conta iner 's  l ids us ing an atomizer  to avoid h i t t ing thc
wasps d i rect ly ,  or  (b)  in ternal ly  by t 'eeding a honey solu-
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t ion conta in ing the markcr  Thrce d i f lcrent  c( )ncentrat i ( )ns.
0.25.  1.0 and 5.0 m.c IgG pcr  tcn inc l iv iduals.  were uscd.
For  external  mark ing.  thc IgC was d i lu ted in  3 r l l  c lH,O.
This arnount  o l 'dH.O was l i rund to coat  the ins ides o l ' the
conta iner  wi thout  causing harrn to thc parasi to ids.  Dur ing
conla iner  t reatnrent  wasps were in  the cages but  not  on the
treated l ids.  Thc conta incrs wi th thc contr ( ) l  group werc
t rcated in  the sarne way by spraying.3 nr l  dH.O using an
atorn izer .  Appl icat ion o l ' the IgG by tecding was carr ied
out  by dar ly  o l ler tng .5 nr l  t t f '  honey solut i t tn  cr tnt r t in ing
0 .25 .  1 .0  and  5 .0  mg  l gG  pc r  t e  n  i nd i v i dua l s .  r e  spec t i vc l y .
rvhcreas the control group was t 'eed with unmarked honcy
so lu t  i on .

Cl inrat ic  concl i t ions

Thc parasi to ids were exposed to d i l le ' rent  c l imat ic  condi-
t i<rns in  thei r  c<lnta iners.  in  ordcr  to check the e l l i :c t  o l 'e  nv i -
ronmental  condi t ions on thc rc tcnt ion t i rne of  thc
imrnunomarker .  Onc group (N = l5  |  )  was helc l  f i r r  a  rnaxi -
rnunr  o l -  40 days in  conta incrs which were p laced in an
cnvi ronmental  chamberat  l -5"C.757n RH and l6: t t  h  (L:D).

Conta incrs wi th another  group were exposed to the natura l
climatic conditions firr '  2.1 days. rvith tcrnpcratures and rcla-
t ive humic l i ty  vary ing belween +l  and +l t l "C and 35-
l ( )07.  respect ive l r ' .  For  a rnaxinrun ' r  of  . l0days a th i rd
group ol'P. ug,rutrle.t wüs hcli l  at a constant temperalure ()l '

23"C c lur ing davt i r r re (Of t : (X)-  l7 : (X)  h)  rnd was cxposcd t r r
thc natura l  c l inrat ic  cont l i t ions dur ing n ight  to  s i rnulatc
night  l rost  in  spr ing/ear ly  sunlntc l ' .  whcn tentperaturcs ancl
rc lat ive hurn id i ty  

" 'ar ied 
betu 'cen -3 and +12.C and 6t l  and

1007.  respect ive ly .

Detect ion of  the rnarker

Indiv iduals were tested l i r r  the prcscncc of  immunontarker
by sandwich enzyrnc-linked inrnrunosolhent assay. Each
wcl l  o l 'a  96-wel l  ELISA microplatc wus coated wi th l (X)  1t l
o f 'goat-ant i - rabbi t  IgG (Sigrna.  R200r l )  d i lu tcd l :1 . (X)0 in
coating hull 'er and incubated l irr 3 h at 37"C. The lgC anti-
bodies werc i l iscarclccl and 3(X) prl of l% non-fät dry milk in
phosphate bull 'ered saline (PBS) was addecl to each well lor
I  h  at  37"C to h lock any renra in ing non-speci f ic  b inding
si tcs on the p late.  The rn icroplate was then washed thrce
t inrcs.  l i r r  3  rn in wi th washing buf l 'er .  A l ier  ind iv idual
insccls  r rcrc honrogcnised in 500 pr l  sample hut l 'er .  l (X)  pr l
o l ' thc hornogcnised sarnplcs were p laccd in the wcl ls  ot ' the
pre-trcatcd assav plate ancl incuhatcd overnight at 4ptC. The
samples vu'cre thcn discarcled and the microplate was
washcd as described ahove. Anti-rabbit IgG ( 100 prl) con.ju-
gated to a lka l ine phosphatase (Sigma. A-36U7) c l i lu ted
I :20.0ff) in con.jugation hufl 'cr was added to each well l irr-
3 h at 37"C. The plate was again washcd as described abovc

and 100 p l  of  suhstratc was added using 4p-ni t rophcnyl -
phosphate. Atter a substratc incubation period ol' I h. thc
opt ica l  dcnsi t ies o l '  the wel ls  were measured wi th a micro-
plate rcaclcr (Rainhow Thermo Spectra. Tecan) set at
.10-5 nnr. 

' fhc 
samples are considered positivc tor the pres-

crrcc of  the i rnrrunomarker  i i  the adsorhance is  twice that
l irund with ncgativc. unrnarked healthy controls (Di.ikstra

and c le Jager l99t i ) .

Stat is t ica l  analys is

All statistical analyses werc perfbrmctl using thc SigmaPlot
l l  prograrn at  the l% probabi l i ty  level .  Pai red t  tests were
used to analysc dil l 'ercnces between treatments and control.
Mean ELISA irbsrrrhancc values of P. agraules adults
lahcllci l by spraying dil l 'erent concentrations of rabbit lgG
we re subrnitted to a one-way analysis of variance
(ANOVA) and nrean compar isons bctween conccntrat i ( )ns
conrparcd us ing Tukey 's  test  (P < 0.0 1) .

Results

Appl icat ion mcth()d

Apply ing IgG by spraying ins ide thc conta iners resul ted
in a nrark ing that  was more horr . r r rgeneous than t 'eeding
the i rnnrunolr rarker  1Fig.  l ) .  A l l  o t '  the sprayed P.  ugra-
r r le . r  ac lu l ts  scorecl  posi t ive (3.6t ( ,5 + 0.  197) .  The opt ica l
c lensi ty  va lucs wi th in th is  group cxceeded those o l '  thc
ne-sat ive contro l  hy at  least  a factor  of  20.  Hence.  markcd
parasi to ic ls  could be easi ly  d is t inguished f ior r  unrr rarked
oncs.  The opt ica l  densi ty  values fbr  the insects that  were
t 'cd ( )n an lgG-enr iched d iet  var icd considerahly
(0.939 + 1.9u6).  Two-th i rc ls  o1 ' the f 'ed P.  ug,ruules scored
posi t ivc l i r r  thc prcscnce o l '  thc immunomarker ,  excccd-
in-u opt ica l  densi ty  values o l ' the negat ive contro l  a t  least
hy u tactor  o l '4 .  Howcvcr .  16% of  the samples showcd
ELISA readings that  werc not  s igni f icant ly  h igher  than
that  o l - thc negat ive contro l .  Hence,  they rcmained unde-
tectahle.

IgC-concentrat ion

All of the sprayed P. agraules aclults scored positive tirr the
prcsence of the imrnunomarkcr. rcgardlcss of the amount ol '
p f ( ) te in appl icd (F ig.  2) .  Even at  the lowest  c( )ncentrat ion ( ) l -

0 .25 rng rabbi t  IgC per  ten indiv iduals,  the nrean opt ica l
density values cxcecclccl those of the negative control at
least  by a f 'actor  o i  12.  Al though the in tensi ty  of  the ELISA
immunoreact iv i ty  increascd when the nrarker  was appl ied
at  a h igher  concentrat ion.  a l l  o l '  the marked indiv iduals

renraincd c lcar ly  dctectable.
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Fig.  I  Mean ELISA absorbancevaluesof  Prt igal io agrnrr Iesadul ts la-
hel led wi th rabbi t  lgG by ei ther spr i ry ing the insides of  their  contr incr
boxes or  by feeding an IgG-enr iched diet .  as wel l  as their  correspond-
ing negat ive conlro ls.  The vr t ical  l ine,r  indicate the standard deviat ion
(r  = 56;  three repl icates).  Stat is t ical  d i t lerences are indicated wi th
di f ferent  /e l tar . r  wi thrn appl icat ion nrethods betwesn contro l  and appl i -
cat ion

Cstrol 0.25 mg 1 m g 5 m g

Concentration of lgG

Fig.  2 Mean ELISA absorbance values of  Pnigal io agraalc, i  adul ts Ia-

belled by spraying different concentrations of rabbit IgG. The lertlczrl
ära.r  indicale standard deviat ion (r i  = l -5 l .  three repl icates).  Signi t icant
di f ferences between concentrat ions are indrcatcd wi th d i l lerent  /errer ,s

Sex and agc ot'the marked parasitoids

Every sample of both sexes of marked P. ugrutles adults
scored positive firr the presence of immunomarker (Fig. 3).
Even the lowest value rneasured exceeded the negative con-
trol values by a läctor of 8 in males and a f 'actor of 9 rn
f'emales, respectively. Further, every sample scored positive
lbr the presence of rabbit IgG. regardless ol'the age of the
parasitoids at the time of marking (Fig. 4). The optical den-
.sity values exceeded those ol'the negative control at least
b y a f a c t o r o l ' 6 .
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Cmtrd_male male Contrd_temale lmale

Fig.  3 Mean ELISA absorbance values of  nrale and fentalc Pnigal io
r tgraule.r  label led by spraying wi th rabbi t  lgc.  and their  corrcsponding
ncgat ive con(rols.  The vert i ta l  l i r res indicate the s landrrd dcvin l ion
(n=76. three repl icates).  Stat is t icr l  dr f ferences are indicatcd wi th

different 1t,,er.r rvithin sex
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Fig,4 N{eln ELISA absorbancc v i t lur 's  o l  Prt igt t l io  r r ( ' r r r r r l ( , r  i ldul ts
that  r lerc lahc' l lcd hv spra; in_u ui th rabhi t  lgC .1.  l { )  or  19 da. is  a l ' tcr
cnlergcnce.  Sanrplcs wcrc taken crcr !  second dav orcr  a pcr i t rd o l '
.10 days.  The lar t ical  / l r r r ' . r  indicatc thr '  s landard doia l ion.  Thc / i , r l l -

:ontal  l ines indicate thc nrean ELISA rcadings ol  the c() f respondino
unmarked ncgat ivc contro l  ( f r  = 57.  three rcpl icatcs)

Retent ion per iod of ' the marker  and c l inrat ic  condi t ions

The level of the ELISA readings did not decrcase with tir le
(Fig.  a) .  Even 40 days af ier  label l ing.  a l l  samples reta ined
as many quantit ies of rabbit IgC as on day I (0.-5t19 +
0.033). Theref ore, the marker remained detcctable over thc
whole l i f 'espan of  the parasi to ids.  The invest igatcd chalc i t ls
l ived up to 68 days.  wi th a mean of  67 days (67 + 0.002).
No dil lcrence in l it 'cspan was ti)und bctwccn labelled and
untreated indrv iduals.

Thc climatic conditions to which the P. agrutle.r were
exposed. had no influence on the detection of the marker
(constant :  0 .570 + 0.013:  natura l :  0 .566 +0.O22' ,  constant /
natural: 0.-57,5 + 0.016). Every sample ol- all three treat-
nlents scored positive lbr the presence ol- rabbit IgC.
exceeding the negat ivc contro l  readin,ss by 3.8 as a r ) r in i -
mum (Fic.  -5) .

2  m  6 ?  ä  @
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Control Codant Contr. Natural Contr' ConstfNatunl

Climatic conditions

Fig,  5 Mean ELISA absorbance values of  Pnigal io agrarr les adul ts la-
bel led by spraying wi th rabbi t  IgC and exposed to d i f ferent  c l imat ic
condi t ions.  as wel l  as their  corresponding negat ive contro ls.  The ler t i -

t  a I  I  i  n e. t  indicate the standard dcviat ion (  n = l  -5 l .  three repl  icates).  Sta-
t is t ical  d i lTerences are indicated rv i th d i f lerent  let ter .s/symbols wi th in a
cl imat ic condi t ion and contro l .  Constant :  15"C.757c RH and l6:8 h
(L:D) Natural :  temp! ' raturcs rnd RH vary ing between +l  and +18'C
and 35 and 100%. respect ively,  constanVnatural :  constant  temperature
of  23'C dur ing daytrme (08:00-17:00 h)  and nocturnal  temperatures
and relat ive humidi tv f ronr -3 to +12'C and f rom 68 to 100%

Discussion

Mark ing insects wi th vcr tebrate-speci l ic  immunoglobul ines
and detecting the marker by DAS-ELISA. as developed by
Hagler et al. ( 1992), proved to be applicable to native. chal-
cidoid wasps. This method led to unambiguous results in
our model species, the eulophid P. ugruules. All ol ' the
unmarked parasitoids examincd. serving as negativc c()n-
t ro ls ,  y ie lded low ELISA absorbance values s imi lar  to  the
PBS blanks.  Consequcnt ly .  none of  the indiv iduals was
l-alsely deemed positive. Furtherrnore, the low ELISA val-
ues indicate that the anti-rabhit-lgG did not cross-react with
any proteins of P. agraules. This proves the high dcgree
specificity of the antibody and corroborates the results of
Hagler (1997) and Hagler et al. (2002), who detected only a
minimal cross-reactivity in H. conrrergens (Col., Coccinel-
l idae) and no cross-reactivity in Eretntocents sp. (Hym..
Aphelinidae) whcn applying similar methods. Furthermore,
the treatment with rabbit IgG seems to have no negativc
influence on the l if 'espan of the insects nor on the hehaviour
or l l ight physiology. The markcd P. agraules l ived up to
68 days. a time period which corrcsponds to the adult l i f 'e-
span of unmarked P. agraules under laboratory conditions.

Applying the IgG hy spraying resulted in a marking that
was morc homogeneous than the f-eeding ol'the rmmuno-
marker. One reason fbr the high variation in tests with thc
latter approach may be lhal P. agraules rapidly digests or

excretes the protein. However. there is evidence that some
parasitoid species are unable to digest the IgG (Hagler and
Jackson 2001). It is therefbre more l ikely that the test spe-
cies took up difi 'erent amounts of the honey solution, conse-
quent ly  leading to var iat ion in  IgG uptake.  Besides thc
more reliable results, an application of the marker by spray-
ing turned out to be easily practicable. The marking proce-
dure requires only minimal pcrsonnel training and allows
lbr marking of l00s of parasitoids simultaneously.

Generally, the intensity of the ELISA reaction increased
when the protein was applied to the parasitoids at a higher
concentration (Fig. 2). This conflrms the results of Hagler
et al. (2002) who achieved similar results with marking
a<lult Eretnocerus sp. with different concentrations ol rab-
bit IgG. However. even at the klwest concentration. the
marker was unambiguously detected in our experiments.
Consequently, a concentration of 0.25 mg rabbit IgG per

ten individuals is sufl icient fbr marking P. agraules.
It is remarkable that the IgG remained detectable on P.

agraules during their entire l ifespan at the same level. Even
at 40 days afier labell ing, all of the individuals retained as
many quant i t ies of  rabbi t  IgG as on day l .  In  contrast ,  the
retention of the immunomarker decreased rapidly in simi-
larly labelled H. convergetrs (Hagler 1997) and P. gossl'pi-
ella (Hagler and Miller 2002). Behavioural patterns of P.
ug,raules may be one reason for the prolonged retention of
the marker. Video-supported studies on the host-searching
behaviour ol ' P. agraules have shown that parasitoids spend
a long t ime wi th c leaning thei r  whole body wi th thei r  tars i .
When fbraging in the boxes which were treated with the
marker. parasitoids took up the IgG with their tarsi and pre-
sumably dispersed the marker evenly over the whole body
during cleaning. In addition, the marker may be worn-ofT
more easify f iom smooth body surtäces. as in H. conver-
gerrs. than liom the roughly structured and hairy antennae.
head, wings and mesosoma ol P. agraules.

Neither the age of the insects at the tinre of marking nor
their sex had an influence on the detection ol'the nrarker.
The same was true l i)r temperature and relative humrdity.
ELISA readings gave clear results lbr the discrimination of
marked and unmarked parasitoids, regardless of the cli-
matic conditions to which the parasitoids had been
exposed. Recent field-release studies with marked P. agra-
ules at temperatures between 4 and 30'C and relative
humidities between 25Vo and almost 1007c corroborated
these results. In their experiments with H. convergeils,
Hagler (1991) lbund the IgG marker to be photo-stable.
heat-tolerant and water-resistant. even under extreme field
condi t ions.

The presented study indicates that the marking technique
developed by Hagler et al. ( 1992) is an excellent method to
study the field dispersal of eulophid parasitoids. However.
the costs tor the substances required and the time-consuming
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dctect ion of ' the nrarkel  l i r l i t  the lcasib i l i ty  o l ' th is  nrcthod.
Approximatc ly  20 h o l '  incubat ion arc needed to run thc
ELISA as descr ihcd horc.  Horve vcr .  a  rc t luct ion o l ' thc t i r rc
needcd firr the ELISA proceclure nray be possiblc hy l<lwer-
ing the incuhal ion pcr iods.  Hagler  c t  a l .  (2(X)2)  conductcd a
DAS-ELISA. us ing incubat ion in tervals  that  rangecl  f ior r  5
to 60 rn ins pel  incubat ion.  t i r r  dctect ing H.  t 'o t tve rgct ts
label lcd wi th labbi t  I -uG. Al though the E[- lSA rr :act ion
increascd s igni l icant ly  wi th increasing incuhat ion in tcrvals .
cven the shortesl incuhation pcri()ds u'ere suli icient l irr
douht less ly  c letect ing the rnarker .

Onc way to improve the cost  e l lcct ivencss o l ' the systcnl
may be to l 'urthcr rcduce thc concentration ot' protern
appl icd to thc insccts.  Even the sr la l lest  anr( )unt  o l '  IgC
uscd in th is  s tudy lcd to opt ica l  dcnsi ty  va lucs that
exceeclecl the negative crrntrol reaclin-us by a lactol ol ' l2 as
a nr in imunr.  whi le  opt ica l  dcnsi ty  va lues twice as h igh as
thc contnrl u,ould be sufl icicnt l ir l the detection ol' thc
marker .  The costs o l '  mark ing could a lso be s igni l icant lv
reduced i l '  the pur i f icd rahbi t  lgc rnarker  could be subst i -
tu ted wi th a lcss-expensivc prote in.  Rabbi t  IgG is  a cornpo-
ne nt  o l '  no l rnal  rabhi t  serurn which has bcen iso lated f ionr
the whole serurr .  Joncs et  a l .  (2(X)6)  appl icc l  ch ickcn egg
alhunr in.  hol" ' inc case in and sov ; r rotc in to r rark inscct  pt rp-
uf  at ions such as pcar  psy l la  (Cucopsr l l t t  l ) \ ' r ico ld)  lnc l  cod-
f ing rnoth (Cttl iu ltotrtottelltr l. Thcse nrarkers detcctable hy
ELISA lcd to a dccrease ol' costs rrf at lcast 2.0(X)% corn-
paret l  wi th pul i l icc l  vcr tcbratc IgC.  In h is  expcr i rnents wi th
H.  Lor tvereur .s .  Hagler  and Naran. jo (2(X)r+)  uchievccl  thc
h rghcs t  op t i ca l  dcns i t l , va lues  w i th  bcc t l cs  t ha t  wc re
rnarked wi th pur i f icc l  nrhhi t  lgG. However.  H.  < 'ot t t ' t , rgens
lahcl lcd wi th sonrc o l ' the nrore concen(rated rabbi t  serunr
di lu t ions a lso -y ic lc led s igni l icant I l '  h igh ELISA absolhancc
values.  prov ic l ing a c lear  dctect ion o l ' thc nrarker .  I t  is  l ikc ly
that  an accclcrat ion o l ' thc ELISA proccclure ancl  thc usc o l '
Iowcr concentrali()lrs o1'lcG or nornral rabbit scrunt arc also
possih le l i r r  rnark ing and detcct ing parasi t ic  e u lophids.

The rnost  c l i l i icu l t  par t  in  such studies is  probahly the
provis ion ot '  a  sul l ic icnt  atnount  o l '  tcst  parasi to ids l i r r
re lease .  Hagler  c t  a l .  (2(X)2)  re leased between 27.0(X) and
I  17.(XX) Eretnroceru,s t ,nr in i l t ts  in  thei r  f ic ld  cxpcr i r r rcnt  and
recapturcd bctwccn l . l  ant l  l . -7( / r  t : l ' thern.  F ie ld cxper i -
rnents in  thcse c l imensions rnay he conducted wi th a vcry
l i rn i tc t l  choicc o l '  comnrerc ia l ly  p loc luccd parasi to ids onlv.
However.  a recent  s tudy wi th a tcw thousancls o l 'P.  a,grr r -
rrir,.r 'released into a tree nursery rcsultccl in a lccapture latc
ol 'ahout  l . -1%. This arnount  o l ' test  specinrens was rearecl
wi th sel l -nradc ancl  low-crrst  cquipr i lcnt  t r r rnr  t i r l lcn lcavcs.
c lemonstrat ing thc l 'cas ib i l i tv  o l '  such MRR-stuc l ies at  rea-
sonablc cost  and work load.  The inrrnunological  inscct
mark ing technique dcscr ibcd here wi l l .  theret i r rc .  substan-
t ia l lv  tac i l i ta te the rescarch on the l ie ld b io lot l '< t l 'P.  ugru-
rrle.r ' and other inrportitnt natural encnries ol' C. ohrilcl lu.

ä Springer

Sincc P.  ugrutr lc .s  has bcen idcnt i f icc l  out  ( ) l '  l6  parasi to id
slrccies kntrwn to attack C. oltrit lellu in Berlin. Gerrnany
( .L ickc l  c t  a l .  l (X)6t .  This  wasp w' i l l  bc lur thcr  s tuc l ied as a
sui t lh le candidatc t i r r  b iocontro l  exper i rnents.  Spat ia l ly
corre lated cnvi ronrncnla l  noises.  d ispcrsal  und t rophic
interact ions havc been consic lercd by ccologis ts  as the
ci ruscs o l '  spat ia l  sy 'nchrony (Cao c l  a l .  2(X)6) .  Thc
described rnark-release-recapture technicluc can hclp to
idcnt i ty  parusi to ids r . r 'h ich arc spat ia l ly  synchron w' i lh

C. ohridellu in the l-uturc.

Acknowledgments The invcst igt t t ion:  $crc can' i r 'd  out  in eo,rpcnt-
t ron rv i th thc projcct  I ler l inCunr and part ia l l . r  l i rnt lc t l  br  thc Scnl te
I)cpartnrent  o l  Urban l )cvclopnrcnt .  l lcr l in  nnt l  thc EL'  through EFI iE
l i r nds  t  I  07 (X ) t rEP /WLr5  ) .
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