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Bird predation on cryptic larvae and
pupae of a swallowtail butterfly

C. STEFANESCU

INTRODUCTION

Cryptic coloration in Lepidopteran lorvae and pupae has presum-
ably evolved becouse of o selective pressure exerted by accurate
visual predators, most likely birds. To what extent birds are primary
predators of swallowtail butterflies (Papilionidae) is, however, a
controversial subject. Experimental work has shown that birds
ignore or reject unpalatable farvae with warning colours, but their
impact on those species with cryptic larvae is still lorgely unknown.
In a study of the population ecology of the Scarce Swallowtail
butterfly Iphiclides podalirius, predation of larvoe and pupae by
the Greaf Tif Porus major was recarded on several occasions.
Direct observations, together with indirect evidence, indicate that
the impact of this bird on the butterfly population was very impor-
fant and, on an evolutionary timescole, may hove represented o
strong selective pressure favouring the cryptic colorotion of larvae
and pupae. Moreover, the dato presented conclusively demonstrote
the fotol ineffectiveness of the farval osmaterium os o defence
mechanism against predation by the Greaf Tit.
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studies cimed ot determining their moain
predators {Feeny et al. 1985, Scriber

Butterfly larvee and pupoe are of-
ten subject to very heavy mortality as o
result of parasitism and predotion by
both invertebrates and vertebrates (e.g.
Warren 1992}, Swallowtail butterflies
{family Papilionidae), in porticular, have
been the subject of several detailed

et al. 1995). Available information
shows that birds are indeed important
predators of the pupal stage (West &
Hazel 1982) and it has even been hy-
pothesised that green pupoe evolved
from the ancesirol brown condition as
a result of the natural selection imposed
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by visual predation by birds {Hazel &
West 19954).

Evidence of the impact of birds on
larvae is, however, somewhat contradic-
tory. For example, Dempster et ol. (1976)
investigated the population biology of the
European Swollowiail butterfly Papilio
machaon in England, and were able 1o
record the Reed Bunting Emberiza
schoeniclus, Sedge Warbler Acrocephalus
schoenobaenus and Bearded Tit Panurus
biarmicus taking orvae, but no further
details were given by these authors. How-
ever, in o set of experimental studies in-
volving the some butterfly, wild-caught
Great Tits Parus major ond hand-raised
Blue Tits Parys caervleus and Quails
Coturnix coturnix, Wiklund ond co-work-
ers found that almost al! larvae were ig-
nored or immediately released ofter be-
ing seized in the bill by the birds {J&rvi et
ol. 1981, Wiklund & Jarvi 1982, Wiklund
& Sillén-Tulloerg 1985). These authors
concluded that the larvae of P machaon
were unpalotoble, and suggested that
their distasteful substances lie in the outer
parts of the body, thereby enabling them
to survive tasting by predators without any
further injury. Moreover, the coloration of
ioter instars of this species consists of a
striking combination of green with black
stripes nterrupied with red spots, hence
larvae display a typicel oposematic pat-
tern (Bowers 1993).

In contrast to P mochaon, the larvae
of a number of other swollowtail butter-
tlies are extremely cryptic on their
hostplants. Heinrich {1993} suggested
that both the impressive patterns of com-
oufloge and the activity patterns in cryp-
tic (and palatable) Lepidopteran larvae
have evolved because of a selective pres-
sure exerted by accurate visual preda-
tors, mest likely birds, Indeed, mony field
studies centred on tifs {Poridae} indicate
not only that they take huge numbers of
caterpillors, especially during the breed-
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ing season (e.g. Gibb 1955, Cowie &
Hinsley 1988, Biondel et al. 1991), but
also that their breeding success seems to
correlate with caterpillar abundance (e.g.
Parrins 1991, Seki & Takono 1998). In
addition, exclosure experiments have
shown the negofive effect of bird preda-
tion on caterpillor density in control plots
{e.g. Holmes et of. 1979, Aflegrim 198%9).
Moreover, although caterpiliars foce o
vast array of invertebrate enemies le.g.
predatory wasps ond parositoids), mony
of these display very litfle visual discrimi-
nation and rely mainly on scent fo locate
their prey {Heinrich 1993}, Therefore,
aceording to Heinrich’s hypothesis, birds
should hove been important potential
predators of cryptic swallowtail larvae.

From 1996 to 1999, in NE Spain, an
investigation wos undertaken into the
population ecology of immalure stages
of the Scarce Sweallowtail butterfly
Iphiclides podalirius, o species with cryp-
tic larvoe and pupoe. In this paper | re-
port o study designed to quontify the im-
pact of bird predation on larvoe and
pupae ond interpret the resulis in the
context of Heinrich's hypothesis, as a
complement of a general study focused
on inverlebrate predotors and parasitoids
on the buiterfly population (Stefanescu
et al. in press).

MATERIAL AND METHODS
Study species

lphiclides podolirius is a swallowtoil
butterfly widespread in the Polaearctic
region. |t feeds on different woody plants
belonging to the family Rosaceve, nota-
bly blackthorn Prunus spinasa, fruit trees
of the genus Prunus, and hawthorn
Crataegus monogyna (Toiman &
Lewington 1997). In NE Spain, the spe-
cies is partially trivoltine. Adults of ihe first
generation appear from pupoe which




have overwintered and emerge in early
spring; butterflies of the second and par-
tial third generation fly from the end of
Junetothe beginning of September, Eggs
are laid singly on hostplants, with a pre-
dilection for those growing in hedgerows.
The caoterpillars are highly sedentary:
they live on a silk cushion on the upper
surface of o leaf selected s a resting site,
aond only move to feed upon nearby
leaves. First instar larvae are black with
two transversal white marks, a common
pottern in most swallowtail butterflies,
often interpreted as a bird-dropping mi-
mesis (Edmunds 1974). Next instars are
green with yellow siripes and constitute
an excellent example of cryptic larvae on
their hostplants. At the end of their de-
velopment, ofter three o six weeks, lar-
vae can measure up to 5 ¢cm and weigh
as much as 1.5 g, and they may use small
twigs instead of leaves as resting sites.
Caterpillars from the first generation,
as well as those from the second gen-
ergtion thot develop direcily into o third
generation, usually pupote on the host
plant, and green pupae cre wel! hidden
among branches and foliage. Coterpil-
lars of the third generation and those of
the second generafion with no direct de-
velopment always lecve their host plant
and become brown pupae, which hiber-
nate hidden among ground vegetotion
{usually amongst dry grasses). Pupation
behaviour has been studied in detail over
the tast five years and shows o remark-
obly stable pottern. Whether pupation
occurs on the hostplant or ameong the [it-
ter, lorvae entering the prepupol stoge
begin o wondering phose in search of a
pupation site mostly at 10-12 o.m.
(57.6% observations, n = 92); the initial
time of the wandering phose hos never
been recorded before 9 a.m. and in un-
der 15% of coses before 10 a.m.
{Stefanescu in prep.}. Therefore, disop-
pearance of mature larvae from the
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monitored hostplants before 9 o.m. wos
attributed fo predation.

. Study system

The study was corried out in Can Liro
(Sant Pere de Vilomojor, 41°41716"'N
2°23'07"E, 310 m a.s.l., NE Spain}, on
ogricultural areo surrounded by ever-
green holm oak Quercus ilex forest, in
the lower sections of the Montseny hills.

Meost observations were performed,
in June-July 1999, at a hedgerow con-
sisting of 14 small blackthorns with
heights ranging from 35 cm to 65 cm
{hereakter referred to as Hedgerow 2,
following Stefanescu et al. in press}. These
were young shoots resulting from the
cutting, in February 1999, of a dense old
blackthorn hedge. Following very high
levels of oviposition by first generation
butterflies, the locations of all eggs or
larvae found were marked with plastic
tags, and were periodically revised. In the
period 2-25 lune, larvae were checked
twice daily: in the early merning, at 7:00-
9:00 o.m., and just before night, at 9:00-
10:00 p.m. Thus it was possible to record
the disappearance of several mature lar-
vae in the early merning that had still
been present the evening before; be-
cause wasps and other divrnal inverte-
brate predators are largely inactive until
the heat of the morning builds up, bird
predation was considered to be the prob-
able couse of these disappecrances. To
confirm this assumption, regular obser-
vations of birds foraging in the hedge-
row were undertaken on 12, 24, 28 June

 and 6 July. From a vantage point, birds

were observed with binoculars at 6:30-
7:30 a.m., coinciding with the period of
their greatest activity shortly ofter dawn.

In addition, a number of green di-

| rect-developing pupce were arfificially

" monipulated in on experiment aimed ot
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determining the main pupcal predators.
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Twelve pupae were placed in naturally

simulated positions on the hostplants, or
relecsed as old lorvoe thot had been kept
inside protective sleeves —as o defence
against predators— until their develop-
ment was completed, ond then allowed

|
\
\

jo select a pupation site. The fate of these

pupae was recorded, as well as the ap-
proximate time of disappearance, if they
were subject to predation.

A few other data were obtained in
another hedgerow consisting of four
blackthorn bushes, two peach trees ond
o howthorn growing between two fields
{henceforth referred to as Hedgerow 1}.
Their height ranges were 180-200 cm
(trees) and 50-215 ¢m {bushes)},

Circumstantiol observations olso sug-
gested that birds could be important
predaiors of overwintering pupce. In or-
der to improve further on this informa-
tion, during the winters of 1997-98 and
1998-29 birds foraging in Hedgerow 1
and in on odiacent alfalfa field Medicago
sotiva harbouring overwintering pupae
were observed with binoculars for vari-
oble periods from inside o house, on 30
oceasions. Birds were grouped into three
classes according to the regularity of their
oppearance in censuses: regular forog-
ers {>50% of censuses], commen forog-
ers {10-50% of censuses) and cccasional
foragers (< 10% of censuses).

RESULTS
Lorval predation

In June 1999, cltogether 59 larvee
were monitored in Hedgerow 2 (Fig. 1}.
Later stages (i.e. larvae of instars 4-5,
the most likely to be preyed upon by birds)
increased steadify untif 10 June (Fig. 14},
when five 4- and six 5-instar lorvoe were

recorded on the hostplants at 10:00 p.m.

On 11 June, however, two 5-instar larvae
had disappeared before 7:30 a.m. and
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between 9:30 and 10:00 a.m_, respec-
tively. A third larva left the hostplant to
pupate of 1:00 p.m.

On 12 June, ot 8:00 a.m., three 4-
and one 5-instar larvae from o total of
five old larvae that were present on o
small blackthorn the evening before had
already disappeared. Indirect evidence
of predation was provided by the pres-
ence of a blot of body fluids of the 5-
instar caterpillar of its resting site on the
twig. A few minutes afer, a Greot Tit was
seen arriving ot the hedgerow, directly
alighting on the blackthorn, hopping «
couple of times on the branches, captur-
ing the singie 4-instar larvo that siill re-
mained and flying awoy with the farva in
its bill. At 9:00 o.m. o Great Tit appeared
again. The bird hopped around on a
couple of shoots before hopping to a third
blackihorn, where it found a 5-instar cat-
erpillar, gripped it with its bill, and flew
away. Observahions stopped at this point,
but during the day the only two 4- and
S-instar lorvae still present in the hedge-
row disappeared, presumably as a re-
sult of Great Tit predation.

The disoppearance of six 2- and four
3-inster larvae was recorded on 14 June
{Fig. 1o}. This represented o significant in-
crease in the proportion of losses of younig
larvae vs. young larvae olive, with respedt
1o what was recorded in each of the previ-
ovs five 2-day periods, in which the mor-
tality of young larvoe had remained un-
changed {2-12 June, G =1.8,df. =4,p
=>0.7;2-14June: G=1392,df. =5,p=
0.015}. Although ne diredt observations
were available on 14 June, these results
suggest that young lorvae could have been
captured by the Great Tit once older ores
were no longer available.

Moderate numbers of larvae were still
present by mid-June {Fig. 1b}; becouse
most 3-instar larvae were moulling to the
fourth instar, old larvae again became
increasingly common. Until 24 Jure, dis-
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Figure ). Young {instars 1-3) and old (instars 4-5) larvae of Jphiclides podalirius present on
blackthorns in Hedgerow 2 in {A) 2-14 June 1999, and (B) 15-25 June 1999, and losses {attributed
to predation} recorded during the same periods. For a given date, “L1-3” and “L4-5" refer to the
larvae present in the carly morning count, and “pred L1-3” and “pred L4-5” to the larvae re-
corded as lost though still present in the previous count (usually carried out at $:00-10:00 p.m. of
the previous evening). Note that the sum of young and old larvae present on a given date plus
the ones that have disappeared since the previous count does not necessarily correspond to the
exact number of larvae recorded on the preceding date, because of the appearence of some new
first instar larvae when hatching from the eggs.

Figura 1. Larves joves festadis 1-3) i adultes festadis 4-5) dTphiclides podalirius presents als
aranyoners del marge 2 al (4) 2-14 juny de 1999, 7 (B} 1525 juny de 1999, 1 baixes (afribuibles a
depredacid) enregistrades durant aquests perfodes. Per a una data determinada, “L1-37 1 “L4-57
&s referelx al nomibre do larves  presents durant el comptatge realitzat al mati) § “pred L1-371 “pred
L4-57 a les larves desaparegudes perd encara presenis en el complaige anterior (que normalment
es feia a fes S00-10:00 h dle la nit anterior). Noteu que, per a una data determinada, fa suma de
larves joves | aduftes presents més les que van desaparéixer des del compiatge anferior no
necessariament es correspon ami ol mimero exacte de larves presonts en Ia data anterion, a causa
de Faparicio de farves de primer cstadi a mesura gue aquestes anaven eclosionant de fou.
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appearance was recorded in a few coses
but no direct observations ware made.
On that doy, a Greot Tit arrived in the
hedgerow at 6:52 a.m. and begon a
careful exploration of several shoots. At

6:55 a.m, the single 5-insior larva -

present of the time was defected and cop-
tured. The Great Tit flew away to a nearby

tree, hammered the larva several times

cgainst g bronch while holding it in its
bill-tip {as described in Gosler 1993, p.
40), ond aie # in 2-3 minules. Immedi-
ately after this, on a second visi, a pre-
pupa arificially positioned the day be-

fore was found and copiured. As before, !

the prey was eaten on o nearby free.
Observations stopped at this goint. On

the following day, ot 7 a.m., all larvee !

{one 3-instar plus five 4-instar) had dis-
appeared (Fig. ib}.

fn summary, all but one of the 59 ar-
vae monitored in Hedgerow 2 were, al-
most certainly, preyed upon before reach-
ing the pupal stage. Almost all (>85%)
of the 21 larvae predoted as 4- or 5-

instars disoppeared between 9:00 p.m. |

and ecrly morning {i.e. before the start
of any aclivity of potential inverebrate
predators of old larvae). On the other
hand, based on additional cbservations
during the course of the four-year study,
it is assumed thot o lorge proportion of

the 37 larvae that diseppeared in 1- jo |

3- instars were taken by predators other
than the Greai Tit {e.g. ants, spiders, eor-
wigs, coccinellid larvae, etc.). However,
the sudden increase of mortality experi-
enced by young larvae on 14 june may
also be o consequence of a change in
the foraging behoviour of the Great Tit
{see Discussion).

Pupal predation (green direct.devel-
oping pupae}

The first observafion of o bird preying

i hostplant was made on 14 June. A Great

Tit arrived in Hedgerow 1 at 10:30 a.m.,
hopped o & blackthorn ond quickly found
and seized the single pupa that was there.
immediately, the bird flew away with the
pupa in its bill. No remains were found
ciher than the broken silken girdle that
had aftached the pupa to the substrate.

Further observations were made in the
course of the experimental work involy-
ing pupce adificially placed in Hedgerow
2 between 17 June and 9 July. All 12 pu-
pae guickly disappeared {elapsed fime
before disappearance: 2.54 + 2.18 days,
range: 0-7), probably os o result of sys-
tematic predation by the Great Tit. The
first five pupoe were glued fo slender twigs,
well comouflaged against leaves between
17-22 June, and all were recorded as lost
on 23 June af 10:00 a.m. A pre-pupa
that was placed under o leaf on the
evening of this same day was preyed upon
by a Greot Tit of 7:00 a.m. on 24 June
fsee “Larval predation”).

Though ne pupae nor larvae were
present in Hedgerow 2, on 28 lune ob-
servations from the vantage point were
resumed. In the period 6:45-7:05 a.m.,
two Greot Tits were seen searching very
thoroughly through three blackihorns and
a peach tree in Hedgerow 1, without find--
ing the enly naturally occurring. pupa.

On 3 ond 4 July three more pupae
were placed in Hedgerow 2. Because they
were still alive on 5 July of 10:00 p.m.,
cbservations were repeated on 6 July and
predation by o Great Tit was recorded
ogoin. The bird arrived at 6:45 a.m. and

" inspected several saplings until it located

ond seized o pupo, which was eaten on o
nearby tree immediofely ofterwards. On
a second visit, another pupe was taken
and the bird flew oway with it in its bill.
Observations stopped at this point. In the
evening, the third pupa had already dis-
appeared, leaving ne frace other than the

on a green pupa naturally occurring on o | broken girdle. The experiment ended
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when three more pupoe glued to the
hostplants were recorded as lost before
8:00 a.m. on the following day.

Pupal predation {brown diapausing
pupae)

In the course of the study 88
overwintering pupce were monitored. Of
these, only 8 (2.1%) successfully eclosed,
the rest being subject to several mortality
factors, including physiological death
(Stefanescu in prep.). Only in one case,
in Jonuary 1999, was predation by the
Greagt Tit confirmed by direct observa-
tion. However, most of the pupae could
have been preyed upon by birds, as was
suggested by field observations (Table 1.
The Great Tit and a number of other bird
species were regular foragers in both
Hedgerow 1 and the alfalfa field ond
spent long periods on the ground thor-
oughly searching the vegetation sur-
rounding the pupal sites. Furthermore,
in winters 1997-98 and 1998-99 nearly
half (41.7%) of all losses were confirmed
as occurring in cases in which intense
foraging by the Meadow Pipit Anthus
pratensis, Song Thrush Turdus philomelos,
Sardinian Warbler Sylvia melonocephala
and Great Tit had been recorded around
the pupoe on the same day or the doy
before. In oll these coses, no pupal re-
mains were found other than the broken
girdle and, occasionally, the caudal seg-
ment. Alternatively, pupae ceuld have
disoppeared os a result of predation by
small mammels, the most probable
predator being the shrew Crocidura
russula, This was the only mammal spe-
cies tropped in the orea in December
1997.

DISCUSSION

This study shows that insectivorous
birds, particularly the Great Tit, can be
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' . Alfalfa

: Hedgerow _field

. Anthus pratensis R )

- Troglodytes troglodyies  +

i Prunella modtilaris +

! Erithacus rubecula +++

. Phoenicurus ochriros ++

_ Turdus merula +
Turdus philomelos ++4+

| Sylvia melanocephals  +++
Syfvia atricapilla +
Fhylloscopus colfybita  +++ 444
Aegithalos candatus 44
Farus casruleus ++
Farus major +++ 444
Garrulus glandarius + +
Fica pica ++
Sfurnus vulgaris ++ ++
Fasser domesticits 4t
Passer monfanus et |
Fringilia coelebs 4+ |
Carduells carduelis +
Emberiza cia + ;

Table 1. Bird species recorded in winters
1997 /93 (15 censuses) and 1998,/99 (15
censuses) foraging in Hedgerow 1 and/or
the alfalfa ficld where the overwintering

' pupae of Iphiclides podafirius were located.

+++: regular foragers (>50% of censuses);

© ++ common foragers (10-50% of censuses);
.+ occasional foragers {<10% of censuses).

Taufa 1. Ocells observats durant els hiverns

de 1997/98 (15 mostratges) i 1998,/99 (15
" mosttatges) mentre s'alimentaven al marge

1i/0 af camp d'alfals on hi havia les pupes
hivernants d Tphiclides podalirius. -
++#: visifants regulars (>50% dels
mostratges); ++: visitants comuns (10-50%
defs mostratges); +: visitants ocasionals
(<10% dels mostratges).

important predaters of larvae and pu-
poe of I. podalirius, Direct chservations
of predation were relatively scarce, but
indirect evidence {especially a highly con-
sistent pattern in the timing of disappear-
ance of prey items thot mainly eccurred
before any activity of cther potential di-
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urnal predators began) strongly sug-
gested that most losses recorded in June-
July 1999 were indeed o consequence
of bird predation, shorily after dawn. On
the other hand, they can hardly be at-
tributed to the shrew, the only small mam-
mal trapped by night in the area, as
records of this species climbing info trees
and shrubs are exiremely rare (A.
Arrizabolago com. pers.).

Furthermore, the very high mortality
experienced by overwintering pupae may
also be parially aitributed to bird pre-
dation. Since actual predation by a Great
Tit was only recorded in o single occa-
sion, this assumption relies once agoin
on indirect evidence, us for example the
broken girdle left after o pupa had dis-
appeared (consistent with iraces found
in confirmed cases of bird predation) and
the regular presence of several bird spe-
cies foroging for very long periods in
close vicinity of pupae. Some hirds
searched for seeds in mixed flocks (House
Sparrow Passer domesticus, Tree Sparrow
Passer montanus, Chatfinch Fringillo
coelebs, Goldfinch Carduelis carduelis
and Rock Bunting Emberizo cia; cf.
Cramp & Perrins 1994 or mainly preyed
on moving insects from o perching site
{Robin Erithacus rubecula and Black Red-
start Phoenicurus ochruros; cf. Cramp
1988}, but others such as the Meadow
Pipit, Blackbird Turdus merulg, Song
Thrush and Sardinian Warbler fed pri-
marily on invertebrates on the ground (cf.
Cromp 1988, 1992), and, in addition to
the Great Tit, should be considered os
potential serious predators of overwin-
tering pupae.

The present study clso suggesis that
insectivorous birds could have really se-
rious consequences on the butterfly popu-
lation in question. Thus, all but one of
the larvae recorded in June 1999 in one
hedgerow were preyed upon within o very
shor pericd, probably as the result of the

toraging activity displayed by o breed-
ing pair of Greci Tits that were present
in the area. Once the birds found the
habitet patch, they visited 1t repeatedly
ond quickly exhausted the supply of lar-
vae. The same wos true when pupoe were
artificially placed on the hostplants, as
none survived ond all quickly disap-
peared.

Interastingly, massive disappearance
was first recorded in 4- ond S5-instar lar-
voe but, as soon as these were exhausted,
2- and 3-instars also disappeared in high
numbers, probably as the result of Greot
Tit predation. A very similor situation was
reported by Tagaki et af. (1995} in o ex-
perimental study with Papilic xuthus lar-
vae and Japanese Tree Sparrows Posser
montanus saturatus. Once the prey habi-
tat was discovered, Tree Sporrows cap-
tured oll those larvae oriificiolly placed
on several citrus trees, staring with those
of 4- and 5-insters, before turning fo the
smaller 3-instar lorvee ofter the bigger
tarvoe had been depleted. These authors
considered that birds selected first the
most profitable prey items in terms of
energy expenditure and reward, o com-
mon finding in the confext of classicol
optimal foraging theory (Crawley & Krebs
1992).

What the dato presented here con-
clusively dermonstrate is the total ineffec-
tiveness of the csmaterium as a defence
mechanism against predation by the
Great Tit. This orange, red or yellow
gland present in Popiliomdae larvae is
everted from behind the head when the
larvo is disturbed, releasing several toxic
and/or repelient substances (Honda
1981). However, in this study, there wos
not o single case in which o change of
behaviour by the bird was observed of-
ter the prey had been seized and the
osmaterium presumably everied. The
same was found by Tokagi ef of. [1995)
in the interactions between Tree Sparrows
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and P xuthus, and in the experimenial | evidence 30 far availoble coincides with

work by Leslie & Berenbaum [1990} with
Quuils and larvae of three swallowidail
species. In the lotter study, Papilio
polyxenes and P cresphontes, the two
species with aposemotic coloration {simi-
lar to that exhibited by P machaon} were
invariably rejected, while P gloucus, with
a much more cryptic green coloration,
was always consumed. Moreover, rejec-
tion was exactly the same whether
P polyxenes larvae were tested with and
without functional osmaterio. Jarvi ef of.
(1981} alse found that larvae of £ ma-
choon were ignored or immediately re-
jected whether they were offered to the
Great Tits intact ¢nd alive, or dead and
decopitated, and so these authors con-
cluded that the osmaterium was not pri-
marily a defence against bird predation.
On the contrary, the effectiveness of the
osmaterium against several inveriebrate
predators {nofobly ants and spiders) has
been demonstraied in many studies (e.g.
Honda 1983, Damman 1986, Takagi et
al. 1995} and has been confirmed with
field observations in the case of I
podalirius (pers. obs.).

The distastefulness of aposematic
swallowtail larvae seems io be related fo
the presence of toxic and/or repellent
allelochemicals sequestered from the
foodplonts {e.g. furanocoumaring con-
tained in Rutaceoe and Apiacece} and
allocated on their cuticle [Leslie &
Berenbaum 1990, Berenbaum 1995).
On the other hand, cryptic swallowtail

larvoe may feed on different hosiplonts

ie.g. L. podalirius on Rosaceae, P glaucus
on ot least half a dozen plant fomities,
including trees belonging to the
Rosacece} and seem to be palatable.
Further experimental work would be very
useful to continue investigating whati
seemns to be an essential difference in the
defensive mechanisms of the two groups
of swallowtail butterflies. Meanwhile, the
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the view of Heinrich {1993) ond indicates
thot palatable swallowtail larvae must rely
on crypsis as their primary defensive
mechanism in order jo avoid detection
by bird predaters and thus enhance their
chances of survivol,»
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RESUM

Predacid per ocells sobre les larves i
les pupes d’lphiclides podalirius

Prasumiblement, la coloracio criptica
de les lorves i pupes dels lepidopters és
una resposta eveolutiva o fa pressid
selectiva exercida pels depredadors
dotats d’un bon sentif visual,
particularment els ocefls. fins a quin punt
els ocells sén depredadors importants
dels papilionids és, tanmateix, un fet
debatible. Alguns treballs experimentals

. han demostrat que els ocells ignoren o

rebutgen fes larves no comestibles | amb
coloracions d’adverténcia, perd es
desconeix com responen en front les
larves amb colorocions criptiques. En un
estudi sobre 'ecologia de lo papaflona
Iphiclides podalirius es va poder
comprovar com la Malferenga Carbonera
Parus major depredava les farves | pupes
en diverses ocasions. A partir d’observa-
cions directes i indirectes es pot concloure
que I'impacte d’aquest ocell sobre la
poblacid estudiada va ser molt imporfant
i se suggereix que, evolutivament, aguest
factor ho representat una forta pressid
selectiva afavorint la coloracié criptica de
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les farves i pupes d'aquesta papailona.
D'altra banda, les dades que es presenten
demostren o inefectivitat de I'osmeteri de
les larves com o mecanisme defensiu en
front fa Mallerenga Carhonera.
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