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ABSTRACT

Theterm “mimicry” is racking the brain of scientists, novelists, ecologists,
evolutionists and lay man readers since this behavior has been observed.
Many plants have evolved to appear like other plants, its own parts,
inanimate objects, animals, fungi, or most commonly insects. This can
have wide ranging benefits including increasing pollination, protection,
and imitation and so on.

The present review is a huddle of information about the so called
“MIMICRY” in plants viewing grounds of it; predominantly the talk on
plants which mimic animals, other plants, inanimate object and fungi.
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Further, mimicry hasbeen portrayed in diverse way naming “Ant mimicry”,
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“Aphid mimicry”,
being mimicked by plants.
© 2013 Trade ScienceInc. - INDIA

INTRODUCTION

It iswiddly accepted that mimicry evolvesasapos-
tive adaptation. Thelepidopterist and writer Viadimir
Nabokov argued that athough natural selection might
stabilizea“mimic” form, it would not be necessary to
cregteit. It may bethat much of insect mimicry, includ-
ing theViceroy/Monarchmimicry, resultsfromsimilar
self-organizing processes, and thusthetendency for
convergence by chancewould be hightYl.

In evolutionary biology, mimicry isthesmilarity of
one speci esto another which protects one or both2,
Thissimilarity can bein gppearance, behaviour, sound,
scent andl ocation, withthemimicsfoundinamilar places
to their model 3. Mimicry occurswhen agroup of or-
ganisms, themimics, evolveto sharecommon perceived

caterpillar mimicry” on the basis of which object is

characteristicswith another group, the models. Cam-
ouflage, inwhich aspeciesresemblesits surroundings,
isessentially aform of visual mimicry. Crypsisisa
broader concept which encompassesal formsof avoid-
ing detection, such asmimicry, camouflage, hiding etd”.
Inany case, thesigna awaysfunctionsto deceivethe
receiver by preventingit from correctly identifying the
mimic. Inevolutionary terms, thisphenomenonisaform
of co-evolutionusualy involving an evolutionary ams
racel. It should not be confused with convergent
evolutionhttp://en.wikipedia.org/wiki/
Convergent_evolution, which occurs when species
cometo resemble oneanother independently by adapt-
ingtosmilar lifestyles.

Mimicsmay havedifferent modd sfor different life
cyclestages, or they may be polymorphic, with differ-
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entindividudsimitating different models. M odel sthem-
sdlvesmay havemorethan onemimic, though frequency
dependent sel ection favorsmimicry where mode sout-
number mimics. Modelstend to berelatively closely
related organismg®, but mimicry of vastly different spe-
ciesisalso known. Most known mimicsareinsects?,
though many other anima mimicsincluding mammals
areknown. Plantsand fungi may a so bemimics, though
lessresearch has been carried out inthisared> ™.

Themost widely accepted model usedto explain
theevolution of mimicry in butterfliesisthetwo-step
hypothesis. Inthismode thefirst step involvesmuta
tioninmodifier genesthat regulateacomplex cluster of
linked genes associated with large changesin morphol -
ogy. The second step consists of selectionson genes
with smaller phenotypic effectsand thisleadingtoin-
creasing closeness of resemblance. Thismodel issup-
ported by empirical evidencethat suggeststhat there
areonly afew single point mutationsthat causelarge
phenotypic effectswhiletherearenumerousothersthat
produce smdller effects. Someregulatory e ementsare
now known to beinvolved in asupergenethat isin-
volved in the development of butterfly color patterns.
Computationa simulationsof population geneticshave
also supported thisidea®.

Speciesresembleeach other owingto ashared phy-
logenetic history or adaptation to asimilar abiotic or
bi oti c environment. Among the vari ous adaptationsthat
plants show, deception of other organismsisarguably
oneof themost intriguing. Traditionaly, mimicry has
been the primary concept put forward to explain de-
ception. Themimicry hypothes srestsupon theprinci-
pa assumptionsthat themodel (speciesthat isimitated)
andthemimic (peciesimitatingthemodd) interact with
thesamerecaver individuds, that therecel ver mistakes
onefor the other, and that this mistake hasimportant
fitness consequencesfor the mimic and, often, asofor
the model (>3-

Plant community ecol ogy offerstoolsto study flo-
ral colours. For example, theinfluenceof floral colour
asadriving force of evolution was addressed™, who
eva uated colour distributionwithin plant communities.
They discovered that rare plants tended to be more
digtinguishablefrom therest of thecommunity than com-
mon plantsby hymenopteran pollinators, and thiswould
hel p to secure pollination.

Several authorg>2% have proposed that mimicry

of varioustypeshel psin plant defense. M ore specifi-
cdly, Miillerian mimicry was already proposed to exist
inseveral defensive plant signaling systems. Thefirst
wasfor several spiny specieswith white-variegated
leaved 2728, The second was for some tree species
with red or yellow poisonous autumn leaves®.. The
third casesareof amixtureof Miillerian and Batesian
mimicry, of thorn automimicry found in many Agave
species?,

Aposematic (warning) colorationisabiologica phe-
nomenon in which poisonous, dangerousor otherwise
unpal atable organismsvisudly advertisethesequaities
to other animals. The evol ution of aposematic colora-
tionisbased ontheability of target enemiesto associ-
atethevisua signa withtherisk, damage or non-prof-
itable handling, and later to avoid such organismsas
prey. Typical colorsof aposematic animalsareyelow,
orange, red, purple, black, whiteor brown and combi-
nations of thesgl13:30-33,

Many thorny, spiny and prickly plant specieswere
proposed to be aposematic becausetheir sharp defen-
svedructuresareusudly colorful (yelow, orange, red,
brown, black, white) and/or associated with similar
CoNspi cuous col orati onit327.28:3447

Themechanismsinvolvedin plant deception, with
an emphasison pollination hasbeenreviewed“d. They
proposed that generalized food deception evolvesif
plantsexploit theinnate preferences of pollinators, and
thusrepresentsaform of exploitation of perceptua bi-
ases(EPB). They contrast thiswith florad mimicry, which
isviewed asadigtinct phenomenonthat might originate
with EPB before selection honestheresemblance be-
tween amimic and aspecific modd . They argued that
EPB intheform of pre-existing biasisnot limited to
deceptive plants, but rather drivestheevol ution of flo-
ra traitsof anima-pollinated plantsingenerd. Further,
intheir view, EPB iscentral to theevolution of flora
mimicry, whichdiffersfrom generdizedmimicryonlyin
theexploitation of specidized pollinators, leadingtoa
close resembl ance between mimicsand specific mod-
els. Schaefer and Ruxton highlighted theimportance of
preexigting biasesin pollination through the EPB modd!.
They agreed that EPB isanimportant mechanism for
understanding theevolution of flord traits, but suggested
that itismorewiddy applicabletoflorad evolution, and
that it cannot explain the evol ution of deceptiveflow-
ers. Theprerequisitesfor EPB to select for particular
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plant signasare: (1) pollinators having specificinnate
preferences; (2) plantsbeinglimited intheir reproduc-
tive success by access to pollinators (i.e. increased
pollinator attractionincreasesplant fitness); and (3) in-
sect perceptud systemspredating plant signds, thusthe
evolution of plant signalsexploits pre-existing sensory
preferencesinthepallinators. Thereisampleevidence
for dl three conditions across plant and pollinator lin-
eages. Severa studieshaveshownthat plantsareoften
pollinator-limitedintheir reproductive success*.

Phylogenetically informed approachesto theevo-
[ution of sensory systemsin insectsand the correspond-
ingsignasin plantsindicatethat insect vison and olfac-
tory systemspredated the evol ution of flora colour and
scent in angiosperms®e®, Examplesof flora signals
influenced by preexisting pollinator biasincludethecon-
vergent evolution of red colourationin bird-pollinated
flowers, which may result from better detection of the
colour redin birds, possibly becausered servesasan
intra-specific communication signal in birds®3. Floral
guides (gtripes, dots) might have evolved under innate
preferences of beesfor radiating stripes, dark centres,
and peripherd dotg®. Yellow spotson flower petals
arethought tomimic pollen, selected for by innate pref-
erences of pollinatorsfor theyellow colour of pollen
and/or itscontrast with petal colours™. Patternsof flora
scent have recently been shown to converge onto pat-
ternsof chemical communicationininsects, suggesting
that plantshave co-opted signalsoriginaly usedinin-
sect chemica communicationfor pollinator attraction™2.
Floral traits may thus evolvewith the perceptual pref-
erencesof pollinatorsinrewarding aswell asdeceptive
plants including systemswithfloral mimicry. Hord mim-
icry systemsdiffer from generalized deceptionintheir
exploitation of specidized pollinatorsasoperators. Such
pollinatorsusually visit only afew flora speciesor, in
sexua deception, court nongpecificfemaes, dbetwith
preferencesfor ‘allopatric’ scent bouquets™. Insuch
casesthe perceptual filter of the pollinator can be ex-
pected to bemorefinely tuned, soacloser resemblance
tothegivenmode will evolve, leadingto aclassifica-
tionasflord mimicry.

Thereisanatural continuum between generalized
food deceptionand floral mimicry: many plantscannot
be conveniently assigned to one or other category be-
causethebasisfor their pollinationisacombination of
EPB and preferences conditioned by particular food
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plantg®. Proximate mechanismsof floral trait evolu-
tion may not differ appreciably between rewarding and
deceptive plants. Thekey to understanding deception
in plants can befound among the ultimatereasonsdriv-
ing theevolution of nectar-lessflowers. A seeming para:
dox in deceptive plantsisthat experimenta addition of
areward usually leads to a strong increase in gross
pol lination success, making deception appear ma adap-
tive®. However, pollinatorsa so tend to move between
plantsmoreoftenif flowersaredeceptive, thusincreasng
therate of outcrossing™. Deception may thusrepre-
sent one of the many plant strategiesthat reducein-
breeding.

PLANTSTHAT MIMICANIMALS

Orchid and bee

Through pseudoantagonism, Orchidsexploit theter-
ritorial behavior of some Hymenoptera, which attack
theflowerswhenthey arevibratingin thewind and pol-
linatethemin the process. Thedefensivebehaviour of
territoria bees(Centrisspp.) may beexploited by some
Oncidiumand Tolumnia specied®%I, Thismechanism
has not been thoroughly studied and seemsto be ex-
tremely rare. It was suggested® that thisinteraction
may be mutualistic as bees become better territorial
defenderswith practice. However, no evidenceyet sup-
portsthishypothesis.

Because of rendezvousattraction, someorchidsex-
ploit thesexua drive of maebeesduring mate-seeking
flights. Ma e bees, when inspecting surrounding flow-
ersfor femalesforaging on pollen or nectar, are de-
ceived by orchidswith similar colour, shape and scent
as co-blooming rewarding plants. Thismechanism has
been reported in the European orchid species,
Cephalanthera rubral® and Orchis papilionaceal®?,
aswell asintheAfrican Disa obtusa and Ceratandra
grandiflora specieg®64,

Passifloraflowersand butterfly

TheAmerican genus Passifloraisthe best-known
plant genuswith regard to severd morphol ogical adap-
tations suggested to have evolved to reduce herbivory
viaanimd mimicry. Thebest-studied caseisof butterfly
egg mimicry by theleavesof severd Passifloragpecies,
which has been suggested to reduce egg-laying by
Heliconiusbutterflies, but ssemsto operatead sofor other
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plant and butterfly taxal64¢6,
Passifloraflowersand caterpillars, dugs, or snails

Another type of defensive anima mimicry in
Passiflora genus was noted by Rothschild®® for the
stipulesaong the branches of Passiflora caerulaethat
resemblecaterpillars, dugs, or snailscrawlingaongthe
gems.

Passifloraflower sand ant or aphid presenting “Ant
or Aphid mimicry”

Ant mimicry isnot necessarily the sole option of
defensive mimicry by meansof thedark spotson flow-
ersof Passiflora. Such spotsmay also mimic aphids.
Aphid mimicry has already been suggested to defend
plantsfrom herbivory because gphidsrefrainfrom colo-
nizing plantsalready occupied by other aphids?. In
2009, Lev-Yadun concluded that!®” in the flowers of
many Passiflora speciesthe coloration pattern raises
thepossibility of avisual defensiveant or aphid mim-
icry. Whiletheevolution of such coloration patternsin
flowers could beattributed primarily or solely to polli-
nator attraction, the occurrence of such color patterns
on stemsand leaves seemsto bepurdly defensive. The
physiological functionsof anthocyanins(the pigments
respons blefor thesuggested ant mimicry patterns), such
asdefending the plant from photoinhibition and photo-
oxidation“, do not explainthedot and stripe patterns.
Thus, itispossiblethat visua ant mimicry by plantsisa
common phenomenon, the extent of which should be
studied globaly. When studying the complicated plant—
ant relationships, defensiveant mimicry by plantsshould
a so betaken into account. Thesuggested ant mimicry
in Passiflora addsto theincreasing number of casesof
apparent defensiveplant col oration.

Plantsand ant perfor ming “Ant mimicry”

The stems, branches and some of the petiol es of
Xanthiumtrumarium (Asteraceae) are characterized
by scattered congpi cuous dark-coloured dotsand flecks
usually 2-10 mm in size. Dots predominate in some
individud plants, flacksinothers. Similarly, thepetioles
andinflorescence stemsof Arisarumwulgare (Araceee)
are covered by many dark flecks. Thus, to the human
eye the shoots of these two species appear to be cov-
ered by aswarm of ants. Ant swvarmsaretypica ly made
of many moving dark flecks, each varyinginsizefrom
severd mmtoover 1 cm. Theswaying of leaves, sems

or branchesin thewind in combination with thedark
spotsand flecks, some of which arearrangedin lines,
may givetheillusonthat the ‘ants’ move.

Plantsand aphid showing “Aphid mimicry”

Theanthers of Paspalum paspal oi des (Poaceae),
awind pollinated plant, are about 2-3 mm long, dark
coloured, and danglefrom the green inflorescences,
gently movingwith thewind. Theanthersthus appear
to be covered by dark aphid colonies (Homoptera:
Aphidoidea, e.g. Aphis, Toxopteraand Macros phum).
Similarly, the stems of Alcea setosa (Malvacese) are
covered with dark flecksthat look like aphids. Many
species of aphidstend to aggregate on young stems
and leaves of their host plantg®®, and two common
polyphagous species Spha maydis Passerini and
Rhopal osiphum maidis (Fitch), both 2-3 mm long,
arefound on many species of the Poaceae.

Plantsand cater pillar presenting “Caterpillar mim-
icr-y”

Theimmature pods of threewild legume species:
Pisum fulvum, Lathyrusochrusand Vicia peregrine
(Fabaceae) have conspicuous spots of several shades
of red. Vicia peregrine hastwo distinct morphs. Red
spots characterize the first, resembling those of L.
ochrusand P. fulvum. Red circleswith green centres,
the pods characteri ze the second morph. All these pods
mimicthegenerd shape, Szeand colour of lepidopteran
caterpillars ornamented with spiracles or other spots
ontheir sidessuch asapieride moth (Pieridag).

Thorny plantsresemblegreen zebras

Two typesof conspicuousnessof thornsaretypical
of many plant speciesoriginating from several conti-
nents and belonging to various families has been
showed®”: (1) colorful thornsand (2) white spotsand
sripesassociated withthornsin leavesand sems. Both
phenomena predominate the spine system of the spini-
est taxon—the Cactaceae in which about 90% of the
species havewhite markingsassociated withthecol or-
ful thorns. Similarly, most spinesinAgaveare colored
and in about 25% of the speciestherearestripesalong
themarginsthat mark the spines. Dozens of Aloe spe-
ciesaso have colorful thornsand many Aloe species
have both colorful thornsand whitemarkings.

Inthe genus Euphorbia, colorful thornsand white
or whitish variegation or whitemarkingsassociated with
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thorns also predominate. It was aso proposed that
multicol ored spineshave aspecific vaueasthey pro-
videmore possibilitiesthat somewill bevisibleto her-
bivoresthat are color blind to a certain sector of the
spectrum. A whitesignd hasadistinct advantage over
acolorful one: color-blind animalscan seeit, anditis
morevisibletoal under low illumination. Thus, vegeta
aposematic coloration that communicates between
plants and herbivores about be ng thorny has been pro-
posed®l. He showed that avery thorny annual rosette
speciesof theAgteraceaein Israel havewhitemarkings
that resembleazebra. Such aunigque and conspicuous
appearance should have afunction, which hetried to
determine. Thesgnificant correl ation between thecon-
spicuousness of thewhite variegation and spinyness
enabled the proposition that thisisaspecial case of
vegetal aposematic (warning) coloration that commu-
nicates between plants and herbivores about being

sany.
PLANTSTHAT MIMICOTHER PLANTS

Orchid showsdoublefloral mimicry

Dactylorhiza sambucinaisanon-rewarding or-
chid, which showsflower colour polymorphism. Natu-
ral populationsare composed of different proportions
of yellow and purple flowered individual §® rarely
pink™, which grow inmixed grasd andswith different
nectariferous species. Whileit haslong been assumed
that colour polymorphismismaintained by negativefre-
guency-dependent sel ection produced by pollinators
that over-visit therare colour morph™. Thereisno
fidd evidenceto support thishypothesig™ 7, whichin-
dicatesthat other factorsmay influencethevariableand
often unbal anced morph ratio observedin natura popu-
lationg™72,

For exampl g, interactionswith rewarding co-flow-
ering plantsmay influence reproductive successof D.
sambucina, nonethe ess, they have not been thoroughly
investigated previoudy. Moreover, whilepotentid flower
mimicry by D. sambucina morphs of aputative model
species (Mimulus guttatus) hasbeenidentified™. Ho-
ral mimicry in Dactyl or hiza was suggested byl who
observed that theremoval of polliniafrom D. lapponica
and D. traunsteineri is associated with the presence
of large quantitiesof pollenontheir stigmasfrom re-
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warding co-flowering Pedicularissylvatica. Recently,
it was demonstrated that in D. sambucinathereisflo-
ra mimicry of therewarding, dimorphic, putetivemodel
species M. guttatus™- These authors recorded that
inexperienced insectsvist both rewardlessmorphs, but
learned to avoid them after they gained experience of
rewarding plants.

Agave speciesshow weapon (thorn) automimicry

Several dozens of Agave species show spine
automimicry. InAgave speciesthedevel oping leaves
arestrongly pressed against oneanother. Thetethaong
themargins pressagainst the surface of thesamel esf or
another leaf and the pattern of the teeth along the mar-
ginsiscopied and retained a ong thenon-spiny partsof
theleaves. In Agaveamericana L., acommon orna-
menta inlsrad, theteeth copiesare seeninmany leaves.
The species showing the most remarkabl eteeth mim-
icry isA. impressa, inwhich theteethmimicry ismade
of whitemateria and isvery conspicuous. However, in
2003, the specimensof A. impressawhich was seen'?l
inlsrad werestill young and thussmaller than theones
described in™.

Additiona Agave specieswith such teeth mimicry
are A.ferox, A.lophantha, A.macroacantha,
A.marmorata, A.parryi, Atriangularis, A.utahensis
and A.xylonacanthal™®. Thesametypeof colorful teeth
along themarginsand their mimicry by impressionis
obviousin theAmerican palm Washingtoniafilifera
Wendl. (Pamaceae), acommon ornamenta and afera
treeinlsrael and in Aloe sp (Liliaceae). Regular thorn
mimicry Colorful thorn-like structureswerefoundin
severa wild speciesgrowinginlsragl.

PLANTSTHAT MIMICINANIMATE
OBJECTS

Orchid flowersmimicaphid alarm pheromones

Hoverflies(Syrphidae) areimportant pollinators of
flowering plantsthroughout theworld™ and, further-
more, some species are very efficient predators of
aphids'™ Episyrphus balteatus De Geer 1776
(Diptera, Syrphidae) isthemost frequently encountered
syrphid speciesat aphid-infested Sitesintemperatere-
gionsof theNorthern Hemispherd™. Whilethelarvae
are aphidophagous (feed on aphids), adults feed on
nectar and pollen from flowerg®. Syrphid larvae are
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unabl eto dispersefart® which makesfemal e choice of
ovipositionsteacrucid factor inoffspring surviva. Fe-
malesof E. balteatusareableto locate plant and aphid
gpexies, discriminate between them and adjust their ovi-
position behaviour according to the performanceof their
larvae on different host species® and aphid colony
size® Furthermore, aphid honeydew and aphid darm
pheromone compounds (e.g. (E)-b-farnesene, a and
b-pinene) dicit ovipositionin E. balteatusfemal e384,
Visua cuesareimportant for the search for host plants
and flowers, but do not trigger oviposition behaviort®,
The genus Epipactis (Orchidaceae) contains 25-59
specieswith apredominantly Eurasian distribution® &,

Epipactisveratrifolia Don. isexclusively polli-
nated by five species of aphidophagous hoverflies
(Syrphidae), namely Sphaerophoria ruepellii
W edemann 1830, Sphaerophoria scripta (L.1758),
| schiodon aegyptus W edemann 1830, Eupeodes co-
rolla (F.1794) and E. balteatus. Flies of the genus
Paragusasovisttheflowers, but aretoosmal to carry
the polliniaand effectively pollinatetheflowers. The
flowers produce small amountsof nectar that is pre-
sented freely on thelabellum. Flowersare not autoga
mous, and the natural pollination rateisabout 15 per
cent(®,

E.veratrifolia flowers produce the same com-
pounds as arefound in the alarm pheromone of some
aphid species, e.g. M. viciae, namely aand b-pinene,
and b-myrcene®U, Theflowers, therefore, appear to
mimictheaarm pheromone of aphids, thusattracting
hoverfliesfor pollination. Aphidsnot only rdeasedarm
pheromonewhen under attack, but continuoudy release
small amounts®. Predators can thus use aphid phero-
mones asfaithful cuesfor locating aphid colonies. Al-
though (E)-bfarneseneisthe most commonly used gphid
alarm pheromone, several other terpenoids are pro-
duced by aphids and also function as alarm phero-
moneg %Y,

Madehoverfliesareoftenfoundinthevicinity of the
orchids. Males occupy aterritory comprising afew
plants, in which they try to copul ate with femal es ap-
proaching theflowers. Maesoccas ondly visit theflow-
ersin search of nectar and thereby aso pollinatethem.
Hoverfly femaesgpproach theflowersin hoveringflight,
land onthelabelum, may lick theexposed nectar drop-
letsand lay an egg onthelabellum or in other parts of
theflower. During nectar feeding and egg laying, they

pollinatetheflowerg®, Thefact that femaleslay eggs
on the flowers of the orchid is very interesting as
aphidophagous hoverfliesnormally lay their eggs ex-
clusively in placeswhere aphids are present, because
thelarvaefeed on aphids®. Based on thisfact and on
theaphid-likedark wartsin E. veratrifoliaflowers, it
was suggested that the flower mimicsthe shape and
colour of aphidsto attract syrphidfliesfor pollination
[ However, as volatiles seem to play akey rolein
host location and oviposition behaviour of syrphid
flieg®3, which had been reasoned that the flowerswoul d
dsohavetomimicaphidvolatilesif they weretoachieve
pollination by attracting fema ehoverfliessearching for
ovipogtionstes.

TheEuropean lady’s slipper orchid

Deception in pollination by orchidswasfirst re-
ported by, who noti ced that some of the pecieswithin
the genus Orchid do not produce any nectar. Interest-
ingly, heobserved that thoseflowerswere nonetheless
visited by insects. Today, the occurrence of deception
inthe pollination of many plant speciesiswidely ac-
cepted. Whileitisnot limited to orchidg®97, it occurs
intheorchid family at rates unparalleled in any other
plant family™®., Itisestimated that about one-third of all
orchidsdeceivetheir pallinatorg®- However, in many
individua speciesdetailsof themechanismsby which
pollinatorsaredeceived aretill lacking. Many studies
onthesubject call for further research®*® and amullti-
disciplinary approachl®?, The European lady’s slipper
orchid (CypripediumcalceolusL.) isanexamplewhich
illugtratesthisdeficiency.

Despitethefact that C. cal ceolushas been studied
for well over acentury™®, andisnativeto Europe, its
pollinationisstill poorly understood™™. Flowersof C.
calceolus are characterized by alarge yellow pouch
whichisamodified |abellum. The pouch hasan open-
ing onthetop anditsrimiscovered by adippery sub-
stance. Insectsthat land on thetop of thelabellum are
very likely to dip inside the pouch where they are
trapped. Tofreeitsdf, aninsect hasto use oneof the
two orificesin the back of the pouch. During thelabo-
rious processof crawlingout, thepollen massissmeared
onthedorsa sideof thebodiesof visitorswiththecor-
rect size. The sameinsect hasto fall into another C.
calceolusflower to ensure pollination. A visitor that is
too big hasachance of climbing out of the pouch with-
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out touching any reproductive parts of the flowerl%>
107 Insects, especially bees, can learn to avoid unre-
warding flowerg1021%114 Therefore, thediscussionon
reproduction of C. calceolusisdominated by research
aimed to discern all the cues that attract bees to the
flowers. Thediscussion on possible attractantsis till
ongoing andisfar from resolved.

Wel ch analyzed asymmetry of dipper orchid flow-
ersand discovered that various Cypripediumspecies
amongwhich C.calceolushavetepasal coilinginthe
samedirection'2 113 Thismakestheflowersasym-
metrica. Thecoiling tepasmight haveaspecia func-
tionininsect deception by distorting floral symmetry.
Beeshave moredifficulty memorizing asymmetrical
flowersthan symmetrica ones4119, The coiled tepals
of rewardlessdipper orchid flowersmight makeit more
difficult for beesto recognize and avoid theseflowers
during foraging. Nilsson brought attention to olfactory
cuesand suggested that undulating flight patternsof the
beesapproaching adipper orchid flower resulted from
chemicad attraction™®!, Thetheory of astrongrole of
olfactory cues in this species gained wide accep-
tance*1®17, Most of the olfactory studies so far fo-
cused onreveding thechemica compaosition of theflo-
ral fragrance of the European lady’s slipper or-
chidi1%116117  gccasionally comparing it to chemical
compounds known to be produced by insects'®l. Such
an approach can provide valid information about the
possibleroleof flower stimuli inattracting pollinators.

PLANTSTHAT MIMIC FUNGI

Draculaorchid

Draculaisagenus of epiphytic orchid that pro-
ducesflowersthat look and smdl likesmall mushrooms
Most of these orchidsexhibit apeculiar morphol ogy of
thelip-likelowermost petal of theflower (“labellum”)
that resembles the reproductive surfaces of gilled
(“agaric””) mushrooms!*#12, |n some species, suchas
Draculafdix, theoutermost portionsof theflower (se-
pals) have asuperficial resemblanceto the capsand
stalksof small mushrooms. Most Draculaflowersare
produced at the end of long stems and are oriented
towardsthe ground where mushroomsare most abun-
dant?4, Some of these orchids even produce scents
reminiscent of fungif*!¢123124 Chemical analysis of
scents trapped from greenhouse-grown flowers of

Draculachestertonii show they are dominated by the
long-chain alcohol 1-octen-3-ol and other “typical
flavour compoundsof mushrooms™'23124, All of these
flora traitsarethought to functionin Draculafor de-
ceptive pollination by “fungus gnats” seeking places to
lay their eggg8124, but therel ativeroles of the mor-
phologica and chemicd cuesinachieving pollinator vis-
tation arenot known. Itisquite possiblethat theseflow-
ers combineimitations of multipleresources, such as
places to take shelter during heavy rains or meeting
placeswhere potential mates can find each othert®,

Rationale: Why mimicry?
Ant mimicry

Thehypothesisthat visua ant mimicry, intheshape
of dark dotsand short stripes, occursin flowersisnot
exclusive. Such coloration also servesthefunction of
attracting pollinatorsand leading them to and withinthe
flowerg3121, A dua purpose of flower charactersfor
both pollination and defense has been suggested many
timesfor variousvisual and chemical flower charac-
ters[28,126— 128].

Batesian mimicry

InBatesanmimicry themimicsharessgnalssmilar
tothemodel, but doesnot havetheattributethat makes
it unprofitableto predators (e.g. unpaatability). In other
words, aBatesanmimicisashegpinwolf’s clothing, It
isnamed after Henry Walter Bates, an English natural-
ist whosework on butterfliesintheAmazon rainforest
(including Naturalist on the River Amazon s) waspio-
neeringinthisfield of study!?*3%, Deceptiveorchids
that achievepollination through theresemblanceof their
flowersto those of particular rewarding species have
been termed Batesian mimicg'219213138 Mimicsare
lesslikely to befound out when inlow proportion to
the'r modd, aphenomenon known asnegativefrequency
dependent sdlection which appliesinmost other forms
of mimicry aswell. Thisisnot the casein Miillerian
mimicry.

Someauthors, such asLittld™®, haveregected this
term onthegroundsthat Batesian mimicry inanimals
involvesrepulsion of predators®®, rather than attrac-
tion, asisthe case with flowersand their pollinators.
Neverthdess, theevolution of Batesanmimicry inplants
and animasisessentialy similar, involving rare species
that benefit from an adaptive resemblanceto more com-
mon species™*, Batesian mimicsoften form part of



424

‘Plant mimicry”: An enthralling evolution of erroneous exploitation

RRBS, 7(10) 2013

Review

pollination guildsinvolving severd rewarding plant spe-
cies that show convergent evolution to common
pollinator(s)1*3:137.1%8 Dafni & Bernhardt!** used the
term ‘guild mimicry’ to describe a situation where at
least two of therewarding speciesresembl e each other.
Although they attributed such resemblanceto ‘Mu”
llerianflord mimicry’(349 inredity Mu” llerian mim-
icryisamost impossibleto distinguish from convergent
evolution. However, insuch guildsitisnot uncommon
for anon-rewarding speciesto mimic other rewarding
species. Thispattern hasbeentermed ‘advergent’ evo-
lution asit isthemimic, rather than the models, that
undergoesthe evol utionary modification that resultsin
resembl ancelt38141,
Guild mimicry

Guild mimicry has been reported for the southern
Australian generaDiurig**3 and Thelymitra™®l, which
resemblelegumesand buzz-pallinated lilioidsor dicots,
respectively. Inthe South African genusDisa, several
speciesform part of guildspollinated by butterflies=
or long-proboscid flieg!¥144148 The convergence
among guild membersincludessimilaritiesinflowering
time, sour or flower tubelength, and flower col ourt**146,

Miillerian mimicry

Miillerian mimicry describes a situation where two
or more specieshave very similar warning or apose-
matic signa sand both share genuineanti-predation at-
tributes (e.g. being unpalatable). At first Bates could
not explain why thisshould beso; if both were harmful
why did one need to mimic another? The German natu-
ralist FritzMuller put forward thefirst explanation for
this phenomenon: If two specieswere confused with
oneanother by acommon predator, individuasin both
would be morelikely to survive#"1, Miillerian mim-
icry iscommonin aposematic animalsbut till recently,
like other aspects of plant aposematism was almost
unknown.

Thistypeof mimicry isuniquein severa respects.
Firstly, both the mimic and themode! benefit fromthe
interaction, which could thusbedassified asmutudism
inthisrespect. Thesignal receiver isa so advantaged
by this system, despite being deceived regarding spe-
ciesidentity, asit avoidspotentialy harmful encounters.
Theusually clear identity of mimic and model areaso
blurred. In caseswhere one speciesisscarce and an-
other abundant, therare species can be said to bethe

mimic. When both are present in ssimilar numbershow-
ever itismorerealistic to speak of each ascomimics
than of adistinct ‘mimic’ and ‘model’ species, as their
warning signalstend to convergetoward something in-
termediate between the twol49,

Camouflagemimicry

Camouflage, inwhich aspeciesresemblesitssur-
roundings, isessentialy aform of visua mimicry.

Food-deceptivefloral mimicry

Food-deceptivefloral mimicry isassociated with
pollinatorsthat use mainly colour, rather than scent, as
their primary foraging cug33.13.144141 Nevertheless,
even bees can be deceived by mimicsthat match the
flower colour of modds, yet differ substantidly inflora
Sca—]t[lSO,lSl] .

Defensiveor Protectivemimicry

Defensive or protectivemimicry takesplacewhen
organismsare ableto avoid encountersthat would be
harmful to them by deceiving enemiesinto treating them
assomething el se. Casesdiscussed hereentail mimicry
of organisms protected by warning colouration. Bate-
sanmimicry, where aharmlessmimic posesas harm-
ful; Miillerian mimicry, where two or more harmful spe-
cies mutually advertise themselves as harmful; and
Mertensian mimicry, whereadeadly mimic resembles
alessharmful but lesson-teaching model. Thefourth
case, Vavilovian mimicry, whereweedsresemblecrops,
isimportant for severa reasons, and humansarethe
agent of selection.

Many thorny, spiny and prickly plantsare consid-
ered aposematic becausetheir sharp defensive struc-
turesarecolorful and conspicuous. Many of these spiny
plant species(e.g., Cacti and Agave in North Ameri-
can deserts; Aloe, Euphorbia and acacias with white
thornsinAfrica; spiny plantsin Ohio; and spiny mem-
bersof theAsteraceaein theMediterranean basin) have
overlappingterritories, and a so smilar patternsof con-
spicuous coloration, and suffer from the evol utionary
pressure of grazing by the samelarge herbivores.

Miillerian mimicry was already proposed to exist in
severd defendveplant Sgnding systems. Thefirst was
for several spiny species with white-variegated
leaves?38, The second wasfor sometree specieswith
red or yellow poisonous autumn leaves®. Thethird
casesare of amixture of Miillerian and Batesian mim-
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icry, of thorn automimicry found in many Agave spe-
cies?’,
Attraction — Pollination

Epipactis veratrifolia does provide some nectar
initsflowers(dthoughvery little) and might thusnot be
atruly deceptive species. On the other hand, thefloral
signal that attractsthe pollinators advertisesadifferent
reward (gphids) than actualy provided (nectar). Thus,
E.veratrifolia hasto be considered deceptive, at least
intermsof pollinator attraction. A smilar casehasbeen
found inthewasp-pollinated Epipactisheleborineand
Epipactispurpurata, wheretheflowersmimicvolatiles
associated withthewasps’ prey. But instead of the prey,
thewasps get rewarded with nectart*>2,

Animportant question that remainsunansweredis
the cost to the pollinators when they deposit eggsthat
cannot developintheflowers. First-instar larvae of E.
balteatusarelimitedin their dispersa®. If thelarvae
do not find a suitable host and consequently die,
E.veratrifolia does harm its pollinators by reducing
ther fithess. Harming the pallinator isthought to beevo-
[utionarily unstableand, therefore, very rare®>. How-
ever, detailed dataon the survival rateof hoverfly lar-
vae on E.veratrifolia are needed to support this hy-
pothesis.

Generalized food deception

M ost orchidswith deceptive pollination mecha-
nismsexploit theinnatefood-foraging behaviour of pol-
linatorg*>*%8l, |n order to attract pollinators, orchids
advertisegenera flord signals, which aretypicd for re-
warding plant species, such as inflorescence shape,
flower colour, scent, nectar guides, spursand pollen-
like papillag®>154, Consequently, Littld®4 termed this
typeas ‘mimicry based on nai“vete’. Dafnil** sug-
gested replacingit with theterm ‘non-model mimicry’,
ashebelieved other examplesof mimicry (i.e. Batesan
mimicry andimitation of maeflowersby femaeonesin
plantswith unisexual flowers) arebased also onvisits
frominexperienced pollinators. However, sinceorchids
adopting thisstrategy do not imitate any specific re-
warding plantsand Batesian mimicry usudly involves
experienced (conditioned) pollinatorg*, the term
‘mimicry’ seems to be inappropriate.

The pollinators may be recently emerged insects,
immigrants, or exploratory pollinatorswhosefood re-
sourcesare becoming depleted. Theterm “generalized

> Rey/ew

food deception’™! hasbecomewidely used to describe
thisform of deceptioninorchids. Relatively few orchid
generaattract pollinatorsby offering pseudopollen or
false anthers, most notably Polystachyal?",
Maxillarial®>"®, certain species of Erial'*%% and
Dendrobium*611¢2, Thebright yellow tuftsof hairson
the lips attract pollen-foraging bees in Arethusa
bulbosa, Pogonia ophioglossoides, Calopogon
tuberosus and Cephalanthera longifolialt16l,
Dummy anthers occur in Caladenia**®, Glossodia,
Elythranthera, and Eriochilus specied®®.

Imitation

Someflowersoffer insectsaflord tubeinwhichto
rest or deep, asahiding place during windy and rainy
weather*%7, or for thermoregul ation, becausethetem-
peraturein the flower tube may exceed the ambient
temperature by up to 3°C during the morning
hourg%1¢9, |n orchids, shelter imitation appearsto be
confined to the M editerranean genus Serapias, whose
extremely dark red-col oured flowers appear tomimic
bee nest entrances!®. Given that bees probably ob-
tainreal shdlter intheflowersof Serapiag'®, thechar-
acterization of thissystem as ‘deceptive’ is open to de-
bate.

Theevolution of sexua deceit was seen asone of
the major enigmasof orchid evolutioninthe past. In
this case, theflowersmimicfemaeinsect mating sig-
nals, especialy their pheromones, and are pollinated
by the lured maleinsects, which often try to copul ate
withthe flower. Roy & Widmer!*Z and Schiestl®® ex-
tended the concept of Batesan mimicry inplantsto cover
not only food-deceptivefloral mimicry, but alsoflora
mimicry of insects (sexua deception), onthebasisthat
deceptive mimicsin both systems should experience
negative frequency-dependent pollination success.
Dresd !5 suggested that rendezvousaattraction might
have been the first step in evolution towards
pseudocopulation. Thiswould befollowed by astage
inwhichflowersemit signasreleasing a least certain
phasesof thema esexud behaviorl'™, Inthe East Medi-
terranean species Orchisgalilaea, whichispollinated
exclusively by maesof Lasiglossummarginatum(syn.
Halictus marginatus), whilefemalesvisit theflowers
of other plant familied?™,

Thebehavior of themaeslanding ondark spotson
thelabellum suggeststhat the strong, musk-like scent
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of theflowersissimilar tothat of the pheromoneof the
femdes. Thisintermediate tated 0 gppearsin the South
Australian species Caladenia patersonii pollinated by
tiphiid males™3. However, sexud deceit inthisspecies
appearsto be mixed with generdized food deception,
astheflowersare pollinated al so by other insects of
both sexes, including beesand syrphid fliessearching
for food*"2, Orchid flowersthat dicit ‘pseudocopula-
tion’ by male insects possess not only sex-pheromone-
like odours, but also visual and tactile cues'™. The
odour playsakey rolein thelong-range attraction of
malesto theflower1=17],

During pseudocopulation the polliniabecome at-
tached to themale’s head or abdomen and are trans-
ferred to aflower of another plant duringthenext copu-
lation attempt*"®l. The pheromone-like odour of or-
chidsisoften even moreattractivefor maleinsectsthan
that of their own females, but malescanlearnto avoid
areas containing orchids or femalescanincreasetheir
attractiveness by walking away from the orchid
colony7”178l Sexual deception imposes strong
specialisationin orchidsasinsect pheromonesaregen-
erally highly species specificl!®. The specialization
rangesfrom speciesthat lurefew pallinator taxa™>17%1%]
to gpeciespallinated exclusively by onepallinatort8-182,
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