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Lepn'hatarsa beetle and their- Manaceous hbst plants
,,,grovide an informativea system’ for investigating the
‘ sonsory basis of host plant insect: interactions.’ ‘The Colorado
xpomo bootlo;» chttnomma -deeemlineata -and two-related -
species, L. haldemani and L. texana, were used to study
mtersp?t’ific differences in feeding specialization,

."  behavioural discrimination of host plants, anatomy of
galeae, responses of galeal gustatory sensilla and to assess
evolutionary and genetic. relationships of the' beetles. ,

 Each of the three” Leptinotarsa species was characterized
4 * by distinctive . behavioural patterns of host plant _ |
discrimination. Behavioural bioassays performed in the lab
;_:'corresponded to field- observations. Number of bites in 60
“ ', scadnds provided the most useful mdwator of 'host plant
_preferences S

,L

i Gd‘Iéal sensrlla were investigated as a major site of contact
chemoreception. No major differences irt numbers or
~ distribution of ‘semsilla were noted among the three
- species. ElectrOphysmloglcal responses of galeal gustatory
sedsrlla to four solanceous plant saps showed differences
" among beetle species as well as among individuals within a
- species. For L. decemlineata- and L. texana, similarities - +
~were noted. in responses to saps from three Solanum
species while responses to. Lycoperszcon were more
‘ complex. Responses of galeal gustatory sensilla to plant
saps do not - clearly correspond to . behavioural host plant
d1scnm1nat1on of the same solanceous plants
Polyacrylamide ‘gel electx*Ophoresis of allozymes was used
‘to establish geneticArelationshxps for the above three .
- Leptinotarsa . species as well as two others: L. lmeolata
) and L. rubzgmosa Significant dewauons trorn ‘gene pool



| homogenelty in eevml populeﬁonu my lndloete looiplent
~ ‘yiotypes. Relative degree of hetefozygosity Yid not
oorregpdnd to degree of feeding specialization of
populations ‘Differences ‘for populations within epeoles
were always substantially less th fferences among
- species.: L. lineolgta- -was-blearly. t'divergent of.the
5 species sampled UPGMA and Wagner trgee__ﬂf several
genetic distance measures-indicate shat L. decemlineata
and L. haldemani are more closely related to each other
than exther is to L. texand.
! QA . ‘ A
The- evolutxon of degree of feedmg' specmhzauon appears to
be from monophagy to oligophagy. The Leptinotarsa-
« Solanum  relationship is useful for investigating a
proximate behaviour within an’ evolutionary- framework
| and contributes to better understanding of an economic .
problem the Colorado potato beetle. ' '

. o
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1. Introduction

N 3_fhost plants

monophagy and extends from feedrng an related plants
5 fbelongmg to several genera of the same. famrly to
: '_.fon a vanety of genera belonglng to drfferent plant orders.

he‘?her these “plants belong 10 a single plant
ecles or to ma y plant specles ‘ the evolutron ‘of insect -

\ Most: plant rnteractlons and the abrlrty of msects to fmd
preferred plants |s rntrlgulng S

| The sensory basrs of such host plant-msect |:teract|ons
.'has often been studled and debated Sensing and encoding | , :
e of responses to compounds present in plant tlssues may be o
il based on diagnostic stimuli, ratios” of deterrent and '
strmulant compounds or: patterns of multtneuronal
'+ responses. This thesis explores gensory physiolog ,
. .‘-eoologrcal and phylogenetrc constralnts Host plant cholce
is discussed as a complex process medlated by mrxtures of
o chemicals - percerved in. part,. by contact chemoreceptors
’on the galeae of three chrysomelid beetles |

S Phytophagous msects have developed drfferent degrees of

feedmg specralrzatron a contmuum whrch may be k

' f’.partrtrened into monophagy, olrgophagy and polyphagy

e “Monophagy and oligophagy are.each sub-divided. into tlg\

" degrees. ‘First degree monophagy, or specrfrc monophagy, :

s used to descrlbe feedrng on a srngle specres of. plant N
“‘-Second degree monophagy descnbes feedmg on several e
. :plants wrthln a similar; sectron of a plant ‘genus. Thlrd ‘

L »,degree monophagy, or genenc monophagy descnbes feedrng o

T oon many ‘or all specres within a given. plant genus.’ B
'Olrgophagy descnbes broader feedmg preferences Ean R

edrng

Polyphagous insects feed ona great number of plants

“ belongmg to genera in drstahtly related orders (Jolrvet e

.‘471986)

ed;f wrth speclflc ranges of..' o



53

| .Evolutlon of degree of feedlng speciallzatfon is: a result of‘ o

composite selection, pres\sures Since host plants for
phytophagous msebts provide protectlon from blotlc and |

X abrctlc factors as well as. prov:dmg a source of food,

| costs associated with broad acceptance of host plants
must be balanced with beneflts of .flexibility in feeding -
hablts Selective advantages of restricted acceptance of -
food plants include: = less competltlon with other -

s jherblvores specuahzed adaptatnons to mfcrohabltats and -

~ host phenology, reduced metabolic costs and protectfon by
. -sequestenng of plant secondary compounds (Mlller and

~ ‘Strickler, 1984) in order to ‘take advantage of the

. basis of ‘host preferences with each b

'-,'beneflctal characterfstlcs of a plant and to. avord plants '
_wuth detnmental features the msect must be able to " .
'recogmze surtable host plants. Recognltron of host plants%
~is thus an important consideration when dnscussmg hos;/

| plant-msect mteractlons | e /
~ The genus Leptmotarsa Stal is weII suited to i
»comparatwe studres of host plant affmmes smc/e there s

" are relatrvely few specres and many of the spedres of this

genus. may be considered ohgophagcus for some members
_ of the: plant famlly Solanaceae (Jacques, 19 -2 1988)

'From 32 Leptlnotarsa specres I have s lected three
g specues for this study. These species were chosen on the
zecfes havmg its
own pattern of ’feedlng preferences ' descrlbed by
“ Jaoques (1972“1988) and Hsiao (1 74 197?) ‘The three
specles examfned in thIS thesis are Leptmotarsa

= decemlmeata (Say), L haldemam ‘Rogers and L. texana ’

o (Schaeffer) Each oceurs in North America and feeds on
-members of the plant famnly Solanaceae Dcpendcnce of.

; Solanum specles‘ on msects is lumtcd to syrphxd flies and ,
Hymcnoptera Whlch funcuon as pollmatcrs (Symon, 1975).,




.- histories -and developmental requu’
““nutritional  criteria, as measme
‘rate of development and papal welgh

~ host specific, and L. haldemani andlL.d
~ less host specmc L. decemlmeéta 'was{'oonsldered to be

" catalogued host plants for eleven |
: specles -ocourring .in the United States.
cana-is recorded ‘only- from Solanum

-elaeagnitalium. L. decemlineata " is recorded from ten
. Solanum speores, one Physalis species, and Lycopersrcon

esculentum. L. haldemani is -recorded from two Solanum-
species, two Physalrs specles and Lycoperszdon

- esculentum. ‘L. haldemani has also been descnbed on
Lycium. spec:es,.another genus of the" famrly Solanaceae,
-and in the Benson, Arizona area, Lycium species may be a
‘major host plant (pers obs. and Bernon, pers comm). Based

on these host plant records, L% dscemlineata ‘and L.

chaldemam ‘are first’ degree ohgophages and L. texana is a
}speorfic monophage usmg the crltena of Jolwet (1986)

X
N
S

”~

Hsiao (1974) documented larval feedrng hablts of elght :
Lept:notarsa species. All eight spet:les had srmrlar llfe

the more polyphagous of the two ollgophagous ‘species

"‘ deSprte an equal number of plant spec:es consumed by both
(Hsrao 1974)

Although L decemlrneata is consrdered to be» a flrst degree
" oligophage, blotypes of L. decemiineata are "

N

/ VA,
For example, L. decemlrneata in:Benson, Arrzona is adapted

10 S. elaeagnrfolrum (Hsaio, 1978) and in North Carolina
- toS. carolmense (Hare and Kennedy, 1986) A blotype in

Colorado is also adapted‘ to hairy nlghtshade Solanum
sarrachordes (Horton and Caplnera 1987, Horton et aI

. _1988) The exnstence of brotypes has led many people to

. » .,

P - "
L



- spewlate that species polyphagous over thelr entlre range

‘may be Iooally speclelized (Fox and. Morrow, 1981) Host
location and. seleetlon may be similar for partlcular
bretypee of L. deeemllneata -and. L texanaweven thouqh Lo
decemlrneata is- constdered more polyphagous as a specres_-_ ’
than L. texana..For‘the purposes of this thesis, a single S
population of each of the species was studied for .

. morphological, behavioural and electrophysrologlcal

- differences. L. decemlineata were from the Edmonton
area where they feed on S. tuberosum. L. haldemani were
fﬁom the Pena- Blanca. Arlzona regton where they feed on
at’ Ieast two- Physalis specres and S. douglasn L. texana
were from Hidalgo county, Texas where they feed
excluswely on S ‘elaeagnifolium. Electrophoretlc data
were gathered on several populatrons to assess the extent |
of - mterpopulatro drfferences

~_ Phylogenetic relationships amang plant species may be |
- implicated in - feeding specialization. Examples of

taxonomic congruence among host plants and insects
include’ aphids (Eastop, 1973), Yponomeuta moths (van

‘ Drongelen 1979; van Drongelen and Povel, 1980) and

papilionid. butterfhes (Miller, 1986) Phylogenetic
relationships are consldered to be reflected in their
taxonomtc arrangements ' a

The centre Of‘ diversity. of Solanaceae at the generic level
is in we?n and southern America (D'Arcy, 1975) ‘which

- roughly cofresponds to the centre of drversrty of the genus

_ Leptinotdrsa “which is in Mexico (Jacques, 1972, 1988).

Ta@nomlc congruence betweéThLeptrnotarsa beetles and
thair solanceous host plants suggest:a co-evolutlonary
|elat|onsh|p between L. decemlrneata and its close |
relatives with the sub-genus Leptostemonum of the genus
Solanum (Hsrao, 1981). The natureof this relatronshrp was
not mvestlgated and the distinction between sequentlal



s evolutl}m (Insects" l.fallow plants)
, ‘(eaoh species, greatly Influerices the o her) was not\made o
“by Hsiao (1981). Unless a true co-evoll.ltlbnary oo T
| relatlbnshlp can be descrlbed I assume that sequential |

"‘“""'"evolution is the basis of Hsiao's statement. =~ *

,' The famlly Solanaceae consasts of 84 genera and almost
3 3000 species. D'Arcy’ (1975) placed the 84 genera lnto

“ Nolanoideas. All of the described host plants of the |

Physalls and Solagu (Hunznker 1?75)

. For this study, | ¢Rolb to detall resbo ns

and true co-evolutlonw“"' o

The plant family - Solanaceae contalns host plants- for seven |

_of eleven Leptinotarsa species found in the Umted States“

while the. plant families Com‘ﬁositae and Zygophyllaceae
contain host plants fo? the four othgr species (Jacques

" 1988). The Leptinotarsa spaeles considered in this.thesis
- are restrlcted to plants of the famlly Solanaceae

three sub-families: Solanoideas,” “Coestroideas and -

Leptinotarsa ‘species discussed in this thesis are within '
the sub-family Solanoideae. The sub-family . Solanoideae ﬁ
has seven tribes. The tribe Lycieae conﬁms the genus
Lycium.and the tnbe Solaneae contains’ L)lqopersmon

to Lycopers:con
esculentum Mill., Solanum dulcamara L) S. elaeagnifolium

o Cav..and S. tuberosum L. “These plants cover a spectrum of

larval feedmg responses from unacceptable as host plant
(Leptlnotarsa -haldemani on_S. elaeagmf’ jum) to n‘

,moderately acceptable (L. decemlineata on Lycopersico

esculentum) through to solely acceptable as host plant. (L.

o -‘»texana on S. elaeagmfollum) {Hsiao, 1974) Within the
~genus Solanum, there are seven sub-genera (D'Arcy, 1972).
- Solanum elaeagmfollum is in the sub-genus - ‘
‘ Leptostemonum section Leprophora; s’ tuberosum and S
 dulcamara are in the sub-genus Potatoe.. - Within the sub-
genus Potatoe, S dulcamara is in the. sectlon Dulcamara -



' were introduced to Europe

“dnd 's tuberpsum Is In the soctlon Petota (D‘Arcy, 1972)
Although relationships ‘among Solanaceae are uncertain, ,
‘the groupings of D'Arcy (1972) imply that Solanum L

" dulcamara_‘and 8. tuba’ m are more closely related to

~ each-other than eiﬁ\er is to S. elaeagnifolium.

Furthermore, the implioatlon is that species: of the genus
Sélanum are more closely related to each other than to .
“species of the genus Lycopers:con

| , _
Feeding specnallzatlon theories based on taxonomic ,
affinities may.be tested by Solanum dulcamara‘a native of
Europe (House, 1934). Leptinotarsa species have.
~ undergone. most of their evolution on the North American
continent since it was net until the 20th century that they
acques, 1988). Solanum -
'dulcamara was introduced to-the North Amencan -
continent 'from Europe by settlers, that is wigmn the last
400 years. Until recently, S. dulcamara did not belong to
the normal range of host plants because of its :
) distribution. With a- change in distribution of insects and
plants, new host plant affinities have arisen. The

presumed phylogenetlc relationship between S dulcamara .

and S. tuberosum (both in the sub-genus Potatoe)
ermitted recognmon and use of these plants
eptmotarsa specles ‘ |

which prevent insects from feeding on othenmsa suutable
/plants include temperature, - “humidity, light or. soil*’

conditions which render the plant unacceptable or exclude

suitable -pupation sites. For example, Leptmotarsa ,

decemlineata. in the Benson, Arizona area is usually.found

on | olanum elaeagn:fol:um However L. decemlmeata is

found on S. elaeagnifolium only in areas such as in guilies

and near free-water where mmsture conditions allow

actors other than geographic dlstnb tlon of ‘host plants B

p pation. Tower (191 8) descnbed a sgnllar dlstnbutlon in




’fMexbo whm hoet plants ere foun& on Open pIalne and near
siream: beds ‘while L. decemllneeta Is feund only on plants.
near stream beds. Soft ‘fertility muy also influence: beetle
'distributlon.,quonq potato cultivars, foliar nitrogen is a -

- better. predigtor- .of. beetle abundanee- than -follar .biomass -

Q(Jansson and Smilowitz, 1986). Conditions that favour
high foliar nitrogen would favour high*beetle populatiops.
. Host plants may also be suitable but nét coincident in

- time. Leptmatarsa haldemani can grow and develop

~ optimally on. Solanum tuberosum in culture, however L.
‘haldemani has not been described on cultivated S.

~ tuberosum in. field conditions. It is possible that s.

* tuberosum, a winter crop in'the area where L. haldemani *
occurs naturally, is not grown while L. haldemani is; active

‘above ground If S. tuberosum were grown earlier in the
season or L. haldemani were present during ‘S, tuberoéurh
growing season, L. haldemani could potentlally be found on
this Solanum specres :

Description of the ’evolution of feedingﬁbehaviour is not
possible without consideration of, ovrposmon behaviour.
Oviposition behaviour is probably a major focus of

- selection and is related. to- feeding preferences for these
beetles. May and ‘Atimad (1983) are of the opinion that
‘oviposition by adult females' is the point at which . the
most important ‘host selection behaviour takes place.

- Oviposition preferences have been studied by Bongers
(1970) and: Hslao and Fraenl\gl (1968b) for Leptlnotarsa
decemlrneaté‘

,'Ovrposrtron preferences are not necessarily influenced kb'y
- the same stimuli-as feeding preferences. For the genus
" Leptinotarsa, adults .and larvae feed on members of the

" same specres of host plants or even on the same host

plant.  Within this genus, however, desplte similar

nutritional requirements for Iarvae and adults, oviposition -

¥



" preforences are ot necossarlly & oon«quonco of feodlng
patterns. Solanum luteum was preforad to'S. tuberosum
in a choice test for oviposition by L. decemlineata even
~ though S. luteum reduced fecundity In aduit females.
Reduction in fecundity 'was thought to-be a&-result of
reduced food Intake even though sufficient leaf area for
adequate nutrition was availgble (Bonhgers, 1970). Hsiao

and Frdenkel (1968b) have also described an ovipositional -

~ preference by L. decemlineata for S. nigrum . despite
reduced feeding by adults and larvae. Field observations
(Jacques,1972) report larvae of L. decemlineata on -
Polygonum convolvulus Chenopodium album and
Amaranthus retroflexus none of which support contmued
growth of the larvae (Hsiao and Fraenkel, 1968a).

Differenc‘es between feedind_ and oviposition preferences

- appear to be of minimal importance for Leptinotarsa
decemlineata. Newly emerged females require a pre-
- oviposition feeding period.. Ovaries develop immediately

after pupal- adult ecdysis and eggs are formed exclusively: h

- from nutrients ingested during adult life (de Wilde and de
Loof, 1973). Oviposition normally takes place on the plant
upon which the female has completed her maturation
feeding since females feed nearly every day and -gravid
females are too heavy to disperse easily (Bongers, 1970).
This pre- ovnposmon feeding period would tend to ensure
that correct host plants are chosen for larvae which are .
even less mobile than gravid females‘and which would

- probably die if forced to take their first few meals on an

unsuitable host plant. Field observations of L.
-decemlineata indicate thais oviposition sites and suitable
.sites for larval development~are linked (Moreau,1976)."

The major objective of this study is to compare host
selection and gustatory chemo!'eception of three
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Leptinotarsa »‘inspoom. Thlo compmtlve appmoh to

sensory physlolegy is auqmented by the Inclusion of an
abbreviated phylogeny for several Leptinotarsa specles

_The first chaptﬁr of thls thesis Is an lntroductlon to the
beetle genus Leptlnotarsa and Its assoclated host plants ,

‘Chapter two is an analysis of behavioural responses of

- Leptinotarsa decemlineata, L. haldemam and L. texana to
intact leaves of four solanaceous plants These
behavioural assays characterize short range sensory
discrimination of plants by beetles. Plant acceptability is
ranked for: the beetle species. This behavioural context is

" necessary for interpretation of electrophysiological data.

* Chapter three describes comparative anatory of the tip of

the galea of the three Leptinotarsa species. Only features
visible with scanning electron microscopy are described.
Numbers distribution and gross™ anatomy of sensilla are
compared among species. This chapter serves 1o alloW
electrophysiologicak studies to be compared on the basis
of sensitivity to plant saps alone since scanning electon .
micrographs for all three,}sﬁecles are srmllar B

Chapter four is a dlscussnon of differing responses of
galeal contact chemoreceptors to crude. extracts of plant
saps. Electrophysrologlcal responses to plant saps are

- compared within and among differsnt specles of beetles.

Patterns of single sensillum responses are related to

“  behavioural acceptabilty of the plant.

An abbrevuated phylogeny and evolutlon of selected
characters is brrefly explored in- Chapter five. This
phylogeny is based on ‘an electrophoretic survey of five
Leptrnotarsa specles L. decemiineata, L. haldemani and L.
Irneolala L rubrgmosa and L. texana Measures of

-



hmrozygoolty of these spucm are also rolutod to dogrn
~ of polyphagy. * :

Chapter six is a concluding discussion describing possible
evolution of hos specificity of Laptlnotaru

" species. Data frém ‘the' preceedlnq chapters are interpreted
within an evolutionary’ framework. Speculation on the
potential usefulness of this work for past management
strategies is included. )
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"'.“'II Behavroural drscnmrnatron of solanceous plants by

-

>

Short range sensory drscnmmatron is mvolved in host plant
',-f‘chorce Behavroural mamfestatrons of preference are used to
B establlsh a relatrve rankmg for 4 solanaceous Pplants.. The )

‘ behavroural assays descrlbed in thrs chapter compare
solanaceous - plant acceptabthty for each of ‘three .
, Leptmotarsa specres Drfferences among beetle specres are

- also compared in an effort to charactense host plant

o ‘i»‘preferences for L decemlmeata L haldemam and L texana

g

[

Tests usrng beetles w1th no prevrous feedmg expenence are

'often referred to as bloassays of host plant recognition. .
| :Alth‘ough host plant’ cognition rs not host plant recognmon,
,for the purposes of this. thesrs I contend that we are dealmg
with host plant recognrtron even though the - beetles tested

* had: no’ feeding experlence as adults. Recogmtron unplres that

a neural pattern for plant 1dent1f1catron exists in newly
: emerged beetles. Recogmtlon need not be a-simple
.acceptance or rejection of a host plant but may be a
~ gradation of responses. Dethier (1982) defines recbgmtron as
. a set of stlmuh matchmg a model in the neural world. The

| existence of a ‘template against. which -stimuli can. be
| w;matched 1s ‘the basis of this charactensatron of ho¥t: plant
recOgmnon Each beetle specres could ‘have a drfferenzf host
plant template . agamst whrch sensory input ‘is. compared
.Drfferences in the templates are expressed through short
: -term behav1oural assays‘ R - :

P’ N
S 8

‘ Host plant preference 1s descnbed as a subset of host plant
. recognition by Dethrer (1982). Therefore the condmon of

f_»recogmtlon is needed for a preference to rnanlfest itself;

T preference"lmplles prevrous cogmtron The actlons of an

\

S



- E indwrdual are a mamfestation of host plant preference. R |

oo Component behavmural actions ‘of an mdrvrdual are. bmary " “

. as.opposed. to..graded; a behaviour is. mamfequ; itis not gt

mamfest Informatron from behavroural assays 1’?’ thus a
reflection of graded sensory input in a reduced form.

Preference is not an absolute measure and is mfluenced by' -

pre- and p‘ést 1ngest1ve factors
e "\t

Behav1oural mam,festatrons of" preference ‘may be grouped

into two mam qategon%s . correlatrve studles and broassays.‘, |

Descriptions of host preference have tradmonally relied on’
‘host plant records using field observations of msect-planl
~ associations. Ovrpomuon studies describing distribution of
eggs are ‘another’ mdex ﬁf host plant preference. Feedrng _
behaviour is also an 1ndex of host plant preference Long
'term assessments of feedmg preference may be measured
"flndlrectly by . larval weight gain and larval development
rates, by amount of foliage consuiiiii by larvae and adults
.over several hours and by fecal pr*uﬁon Behavmural
assays of insect feeding preferences %y include  whole

-~ plants, intact leaves or leaf disks. '

Leptinotarsa decemlineata, has been extensively studied

s

" using long and short term biaossays. Host plant records are -

available (Jacques, 1972,1988) and oviposition preferences
have been documented .(Bongers, 1970; Dimock and Tingey,
1985; Hsiao and Fraenkel, 1968). Feeding differences by
larvae are manifest in total duration of> feeding bout and |

T extent of food consumptlon (Chin, 1950). Behavrour of adult

L. decemlmeata in the: presence of presumptive feeding

,deterrents has been reviewed by Szentesr and Jermy (1985). -

" They found that antifeedant effects on behaviour are
‘ .;_exl'lblted by 1ncreased agltauon, d1spropomonate egg

- distribution, reduced egg producuon and 1ncreased adult
-'drspersal ‘



L Host plant records are avarlable for L haldemam and L.

- texana (Jacques, 1972,1988; Neck, 1983). Neither of these =
“ - speciés has Been as’ exten“‘iVe’[y "stidied ‘a8 L, "decemlineata.”

Hsiao (1974) studred larval- feedmg of eight Leptmotarsa

“species by companng percent mortality, rate of .

. development and pupal werght Hsiao ranked L.
decemlineata as most polyphagous of the elght spccms, L.

" haldemani as moderately host specrfic and L. texana -as

hlghly host speclﬁc - ‘

"Host selection bchavrour has two major . components
‘,.searchmg for host plants (long range discrimination among
,plants) and short range recognition of appropriate host
plants. Visser (1986) has demonstrated\that “adult
Leptinotarsa ‘decemlineata percclve olfact and visual
plant characteristics from a distance. These aracteristics
provide cues nscd in searching for host plants. Ldng' (>6m)
and medium (0.5-6m) range olfactlon of L decemlmeata
‘suggest that antennal olfactory ‘sensilla are impgrtant in
indicating, the presence of a potential host plant’ upwind. L.
decemlmeata demonstrates positive anemotaxls which is.
increased in the ‘presence of potato leaf volatiles (Visser and
Thiery, {985) Vlsser (1979) concludes that the initial ‘
olfactory orientation of L. decemlmeata is dlrccted towards
solanaceous plant species. The process of host plant selection
| begms with " distinction ~among . potential host plants
restricted by long range olfactory chcmrcal proﬁles
Individuals move toward a populatlon of plants contamrng a
. particular odour blend. No single plant attractant -has been
identified, instead attraction seems to be due to a mixture of .
" plant volatiles. ‘Relative ratios of odour components are
~ critical for chcmng olfactory responses from the beetles -
- (Visser, 1979). Although form of host plants has not been
“-mvesngated for visual attactiveness, studies of colour "

— attraction  indicate that ycllow traps wrth peak reflectance



PR

E at. 550- 850 nm were most arrractive. Thls range is slmilar
to. reflectance of potato leaf Miaterial (Zehnder and Speese,
. 1987) S - | |

‘ Further host p}ant drscnmmatlon occurs when the insect is
~in the. 1mmed1ate v1cm1ty of . a potential host plant. Short
range(<0 5 m), behavioural mdlcanons of preference for a |
plant include a tendency to spénd-more time in the vicinity
‘of a pgmcular plant, decreasmg speed of locomotxon
stopping and swaying antennae more frequently ‘when

~ presented with a particular plant (Bongers, 1970). Harrison
(1985) used vrdeo recordmgs to- describe feedmg behav1our
of L. decemlmeata Behavroural sequences of ‘adult L.
‘decemlmeata when intact leaves were presented, had 4
stereotyped components: sampling, feedmg, grooming and
rest. Elements in the transitfon from sampling to feeding
éx&‘ described as exploration, gustatory samplmg, small
biting and sweep feeding. Vanauons in duration of each

- element &ﬁ}l mterrupnon in the pattem of component
feeding behaviours are related to host plant discrimination.
"~ On plants less preferred. for feeding, time spent exploring
the leaf prior to gustatory sampling and time spent sampling

 leaf fluids increased. Re-initiation of the behavioural

sequence was usual on_less preferred host plants

Compansons among these three Leptinotarsa species |

~ prov1de a frameworlt for generalizing the clear behav1oural
distinctions of L. decemlmeata to other Leptmotarsa

| species.

Quantity of food ingested“as a measure of behavioural

response involves both pre- and post-ingestive factors.

. Bioassays over 3 period of several hours may glve stnkmgly )

different result$™rom bioassays over several - ‘minutes.
Longer term bloassays may result in severely deprived
insects sampling otherwise unacceptable plants. Toxic

effects of various compounds in leaves and conditioning of

' i x-'a B
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1 ‘_ Short term btoassays presumably reduce confoundmg
effects of . satiated, and famished msects and malaxse due to

_.tofocompounds contalnei in, test-mmatemls. A. bioassay over e

several mmutes provides a more accurate measure of the
~ sensory basis of host plant insect interactions than does a
bioassay over several hours. The use of beetles with no
-'Iprevmus feeding expenence in a short term bloassay
'prov1des an approxlmatlon of dlfferences in the ‘innate
neural pattern. whlch is the basxs of the template of host
“plant  recognition. ‘

METHODS AND MATERIALS B X
P
Adult beetles of Leptmotarsa decemlmeata L ha(demam
and L. texana were used in the behavioural assay\4 - 24
hours . after emergence Consequently, age and physiological:
- conditions of the beetles were comparable Each beetle was.
tested during the third to sixth hour of the photophase to -
. minimize effects. of diel penodlcny Overhead lights were
turned on to provide uniform illumination of the
- behavioural locale while a fibre-optic light source  was
Airected at the leaf to, enhance lighting of the i
- mouthparts. A small fan directed air acreg# %he leaf towards
the beetle to standardize air flow. Temperature was |
mamtamed_ at. 25 +/- 0.5 °C w1th 40 60 % relative humidity.

Individual beetles did  not interact dunng the behavmural

- assay. Beetles were placed on a teflon rod of 1 c¢m diameter
at approxunately 25 cm from a slit at one end of the rod.-

The extreme® oppos1te end of the rod held the edge of- the
leaf in a slot. Each beetle was tested for all leaves.

: Ind1v1dua1s,,wer.e offered a freshly cut leaf or leaflet of one ¢
of four plant species in a haphazard order which was
recorded. Time taken for a first mgpl by adult L.

N\



| decemlineam onS tuberasum 'was 251 35 +/- 5246 %

" seconds (Sen; 1987). Beetles wer only allowed to feed fora
maximum of 60 seconds, 8o that shtiation¢of. the beetles was

. ».unlxkelyl Order - of presentauon .of. l&tq*m not- sigmficantly‘ -.
affect the, approach time, exploration time or number of

bites in 60 seconds indicating that satiation and. short term
memory were not significant factors in these blowssays

| Leaves or leaflets were selected from healthy plants. The

Ik ~ petiole or. petiolule was cut with a razor blade and placed in |

a. vial containing tap water to maintain turgidity of the leaf
dunng the experiment..Each leaf or leaflet was used only
once to reduce variability of: volatile release from damaged
leaves. Slmxlarly sized leaves and leaflets were chosen
whenever possible. No effort was made to cut leaves to
present an equal area of leaf material since damaged plants
may. release different volatiles than undamaged leaves.
Samples of 10- randomly chosen sample leaves .or leaflets
were selected and measured for leaf area. Leaves from
Solanum dulcamara averaged 743 .mm?2, leaves from S.

' elaeagnifioium averaged 805 mm2 leaflets from S
tuberosum averaged 960 mm2 and leaflets from
Lycoperszcan esculentum " averaged 1223 mm2. Leaf area
might. influence rate of locomotion - of the insect towards the
leaf since leaves with larger leaf area would presumabley
release more volatiles than leaves of a smaller leaf grea.
Greater release of volatiles might be more attractive to the
beetles in the. case of preferred plants and less attractive m,
the case of less preferred host plants. Since rate of |
locomotion towards leaves varied among beetle specxes and
not among leaves presented to a parucular beetle species,
the range in leaf area is considered 1ns1gn1ficant even
though release of volatiles may be -very different.

Observations were made through one: way mirror to reduce
the startle effect of the experimenter as ‘she drew closer to



) "‘,i“better observe the anlmals. ‘A ba

' necessary during observations 'V

. passed a red mark painted oh, the teflon rod at' 10, 8 cm from
~ the. leaf edge, a timer was started. Time to the nearest ,

- second-was ‘recorded frorm the ’sftime ‘the 'red ‘mark was

oy

' d lens was used when |
én any part of the beetle

passed to when the leaf was firsty touched by any part of the
beetle, usually an antenna or front tarsus. This time was
designated approach time. A bite was defined as squeezing

- the leaf with the mandibles. A second time called

‘exploration time' is the time from first contact with the leaf
to the time the beetle first squeezed the leaf with' its
mandibles- to release plant sap from the interior of the intact
leaf. If individuals did not feed within three minutes,. they
were assrgned an explorauon time of 180 seconds which = °
represents a maximum value, The three rmnute interval was
based on the minimum inter-meal interval ‘as determined -

‘ by Harrison (1985). The thu'd factor measured . was the

number of bites in 60 seconds 1mmed1ately following the

~ first. bite. If no bites were recorded within 180 seconds of
" first touching the leaf, the trial was concluded. Beetles which

did_ not -bite before 180 seconds elapsed were assigned a b1te
tune of 180 seconds and zero bites in 60 seconds. All tlmes
were measured by Mountam clock timer installed in an

_ 'Apple IIe microcomputer and appropnate software written
for this expenment

The sex of each beetle was deterinined at the end of eich

L day by presence of a dlmple in the last sternal sclerite if the

beetle was male or by a rounded sternal sclerite for _
females. In cases where sex was not readily obkus, beetles ’
were frozen and drssected to ascertain sex. Dlssectlon to

'deterrmne Sex was most- often necessary for L. haldemam

| Stansucal analyses were accomplrshed u,smg SPSS X .
/ statistical package (Nre et al 1975) and UANOVA as a user-
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.defined procedure UANOVA is a multivariate alysis of
‘covariance  developed at ‘the University of Alberta by Terry
---Taerum, Statistical analyses used a repeated measures

RESULTS

ANOVA with individuals nested within beetle species

crossed with plant  species. The beetle spécies had unequal - —

sample sizes! Data ‘'were not normalized because of large
sample size and rehance on AN@WA ‘which is based on mean

of distribution as a method of comparison (Denenberg,

1976). TukeyB (Tukey's dtéﬁatc procedure) was used as

"an a posteriori contrast_test-at alpha equal to 0.05.

H1stograms of behavioural assays are included to
demonstrate form of distribution which is nat distinguished
by ANOVA. Correlation of hlstograms is used as a measure of
similarity of dlStl'lbUthﬂ

. ) i\
Some individuals of each of the species displayed the four

~ component behaviours in  plant assessment dnd feeding as

described by Harrison (1985). Percentage of individuals of
the three beetle species, on four plant species, that
proceeded to the stage of gustatory sampling~is given in

‘Table II.1.

‘Order of presentation of leaves did not significahtly affect

the approach time (P<0.450, d.f.173,545 ), exploration time

'(P<0.733, d.f.173,545) or number of bites in 60 seconds

(P<0.967, d.f.173,545). Sex did not affect approach time

(P<0.601, d.f.162,485) or exploration time (P<0.999,

d.f.162,484) or number of bites in 60 seconds (P<0.325,:
d.f.162 4§8) :

i
Tabis -11.2 shows means and standard errors for apgs

“times. Approach time varied among species (Pﬂdgz Gt

d.f.182.545).  Multiple comparison using Tukev® indicaie
. : . : & \
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: thht no ‘a‘izﬁlfiéant diffmncea Were 6bierv6d for L.

decemllncata and L. haldemani among leaves and that L.
decemlineata and L. haldemani were not significantly -,
different fa;om each other but that both were significantly
different from L. texana; There were no significant -
differences among leaves for L texana.

Exploration time (Table II.3) varied among species (P<0.000,
d.f.182,544). Multiple comparisonsy using TukeyB indicate
that exploration times for L. decemlineata and L. haldemani
_did not differ from each other or among ,plants. Explorauon
" time for L. texana on S. elaeagnifolium did not differ from L.
decemlineata or from L. haldemani however exploration
time for L. texana on S. dulcamara, S. tuberosum and L.
esculentum was significantly longer. There were no
significant differences among S. dulcamara, S. tuberosum
and L. esculentum for L. texana. -

Bites in 60 seconds (Table II.4) varied among species
(P<0.000, d.f.182,543). Multiple comparison using TukeyB
were tested for host plants within species,-For L.
’decemlineata, S. tuberosum and S. dulcamara were not

~significantly different from each other; S. elaeagnifolium and

L. esculentum were not significantly different from each_
other while both S. tuberosum and S. dulcamara were

~ different from either S. elaeagnifolium or L. esculentum. For

L. haldemani, S. tuberosum, S. dulcamara and L. esculentum
were not significantly different from one another while all
three were significantly different from . elaeagnifolium. '
Comparisons among plant species for L. texana show no
significant differences despite significant differences seen
when comparing L. fexana against the other two species.

Table IL1 contains values for -percentagc of individuals that

proceeded to the stage of gustatory sampling while Table “




| ILS contains values of - aiéuge number of bites fqi-
individuals which took at least one bite.

'Frequency histograms of ‘number of bites in 60 seconds
demonstrate the form of distribution. None of the
distributions is normal; all are heavily skewed towards
values of zero bites. L. .decemlineata on four plant species is
shown by Figure IL1. Figure IL2 shows L. haldemani on
four plant species. Figure I1.3 shows L. texana on four plant
species. Correlation” values for frequency histograr_ﬁs- among
plant species for a single beetle species are shown in Table™
IL.6. '

DISCUSSION | r

;\ll three species expressed the four component behaviours
in plant assessment and feeding as described by Harrison
(1985). Patterns of reduced exploration time and increased
bites in 60 seconds were similar withjn beetle speci'es
although plant species were ranked differently for each
beetle species. '

Although approach time distinguishes L. -texana from the
other two species, approach time is not a useful distinction
for host plant preferences within any of the species (Table
~1L2). L. texana approached ail plant species at a slower rate
“than L. decemlineata and L. haldemani. The slower
.approach time for L. texana may be due to inherent
differences among species or to the slightly smaller size of L.
texana” (Table I1.7). Since approach time for all three species
did not vary among plants within the family Solanaceae,
acult beetles at 10.8 cm'from an intact leaf proceed to the
leaf and contacted it regardless of the subsequent
acceptablity of the leaf as a food plant.

3‘, i ‘«



- m luck ;! slgniﬁcant difference hi approach dme,
exploration sime or number of bites in 60 seconds for both
sexes of L. deccmllncata contrasts with. several reports of
differential mobility for male and female L. decemlineata.
Szentesi (1985) studied distribution of adult L. decemllneata
in experimental plots and concluded that males arg . more
mobile than females. This difference in mobility was not
manifest in this. behavioural assay. Increased mobility may
be evident in a field situation where reproductive as well a
feeding behaviour have active roles in determining
_mobility. )

Morph#logical differences which might account for
differential mobility between males and females are size
and tarsal sensilla. Sexual dimorphism, females being
'siightly nger than males, is described by Jacques (1972).
Tarsal haits which adhere to smooth surfaces and impede
locomdtion of L. decemlineata were described on tarsi of
males by Pelféger-and Smilowitz (1987). In both. of these
' instances, females would presumably be the more mobile
sex. Since no sxgmficant differences were® eévidént between
the sexes, potenhal differences in locomotion due to larger
size of females were insignificant for these bioassays. The
roughened surface of the feflon bar may .have reduced .
differen¢és in adherence by males and females. The
horizontal aspect of the bar could also have reduced
differences in locomotion since adherence to smooth
surfaces was most obvious when male beetles were upside-
down (Pelletier and Smilowitz, 1987). Significant differences
in mobility, could have been confounded by interaction$§
between inherently greater mobility of males (Szentesi,
1985) and restrictions in mobility imposed by morphologic'al
differences between males and females (Pelletier and

- Smilowitz, 1987). Lack of significant differences for all*
parameters measured by these bioassays is similar to

- results of Harrison (1985), Sen (1987) and Visser and



L
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Thiery (1985), all of whom found no effects of sex on &
feeding behaviour. |

When approach times are averaged and divided by the
distance to the leaf edge, L. decemlineata approached. at
approximately’ 7.05 mm per second. This is much slower -
than the rate described by Visser and Thiery (1985), using a .
locomotion compensator. On average, the Dutch beetles
walked at a rate of 13.6 mm/sec with air flow of 800
mm/sec and at 17.4 mm/sec in wind plu§ potato volatiles
emanating from 6 fully grown potato plants. Differences
between rates of locomotion as measured by Visser and
Thiery (1985) and rates recorded in this study are mgst
probably due to use of different measuring systems, for
example, ‘Dytch beetles may have been tested at a higher
ambient temperature and on a different substrate. -
Differehces in rate of locomotion between populations is also
possible. ‘

~ Harrison (1985) described the behavioural category of
'explore’. as including wilking, palpating and antennal
waving. All of these active movements were seen for the 3
beetle species. Exploration times, [for the present study,
when averaged for all individuals regardless of eventual
consumption of leaf matem@? similar among planfs for
L. decemlineata and L. halde ni.Q’Only‘for L. texana, was
average exploration time indicative of eventual host plant
acceptance. Exploration time for L. texana on S.
elaeagnifolium, its only described host plant, did not differ
from exploration times of L. decemlineata or L. haldemani.
However, exploration times for L. texana on S. dulcamara, S.
tuberosum and L. esculentum were significantly longer
than exploration time on S. elaeagnifolium. Differences
©arong exploration times for S. dulcamara, S. tuberosum and
L. esculentum were not significant for L. texana. L. texana
was more discriminating earlier in the behavioural



al approximately tne same tume interval as L.

Wam ‘and L. haldemani,
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Values for exploration time for Alberta L. decemlineata in
these bioassays are much longer than values given bye .
Harrison (1987) and Sen (1987). Harrison's values are only
for individuals who proceeded to consume the leaves. When
exploration times for individuals who proceeded to: bite the
leaf are counted, exploration times are comparable to
values given by Harrison. In Sen's bioassay,/Teaves were cut
and therefore a greater concentration of vdlatiles would
haxe been p:esent' for the beetles to sampla, The cut edges
may also have released liAuid that gbald have~been sagapled
during palpation‘without having to break the integrity of
the leaf surface. ‘

Schneider (1987) states that gustatory sampling is an
important step in host plant discrimination. In support of
this statement, number of- bites in 60 seconds, an indication
of gustatory sampling, allows ranking of plant species for all
beetle species.. Ranking of plant species based on gustatory
sampling is given in Figure I1.4. For L. decemlineata, .
tuberosum and S. dulagmara are ranked higher than S.
elaeagnifolium and L. esculentum. For L. haldemani,S. |
tuberosum, S. dulcamara and L. esculentum are not
significantly #fifferent from one another while all three are
significantly different from S. elaeagnifolium. For L. texana, ”
S. elaeagnifolium, is ranked higher than S. tuberosum, §.
dulcamara and S. esculentum. Adult ranking of host plants
corréspond exactly with larval rankings with two exé‘ep(ions
(Table I1.8). For L. decemlineata, L. esculentum is ranked
lower by larvae than by adults. For L. texana, the gradation

»
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bioauayc using adults. -

When number of bites in 60 seconly is calculated excluding
values of zero, the same ranking of host plant acceptability
is found as with number of bites in 60 seconds including -

~ values of zero with one exception (Table ILS). S. dulcamara

moves up in ranking for L. fexana  when only individuals
who proceeded to the stage of gustatory sampling areN,
included. Possibly, for L. texana gustatory samphng ofS.

dulcamara provides similar stimuli to S. elaeagnifolium. lf fa

beetle proceeds to the stage of gustatory sampling, S.
dulcamara becomes nearly as acceptable as S.
elaeagnifolium. Preliminary results with 10 L. texana
indicate that if adults are starved for longer than 72 hours,
no adult L. texana bit L. esculentum while 2 out of 10 adult
L. texana consm;ed S. tuberosum. These results, although
preliminary, suggest that Hsaio's results with larvae
correspond to adult food choicg. ' \

Percent beetles proceeding to the stage of gustatory
sampling is not significantly different for L. decemlineata
on S. tuberosum, S. dulcamara or L. esculentum. In light of
the possibility of emerging L. decemlmeaxa biotypes
specialised for L. esculentum (Kennedy etmal., 1985), these
behavioural data suggest that until the Stage of gustatory
sampling, these three plants provide similar behayioural
cues. L. haldemani proceeded to the stage of gustatory
sampling at approximately the same rate regardless of the
eventual ranking of the plant species. This corresponds to
the more polyphagous feeding habits of L. haldemani.
Behaviourally, L. haldemani may b2 cued to sample leaves
and make its dec1s:o?s“based on gustatory samples. The
majority of L. texana did not proceed to the stage of
gustatofj sampling in less than three minutes. This
behavioural finickiness (terminology of Dethier, 1982)

»
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demonstrated byr JfL.«'téx‘ana . corresponds to. ‘lfs monopha‘gous;;.fﬂ:j; S
',"Hlstograms of number of bltes in. 60 secondi prov1de
f‘mformatlon that is otherwise lost in ANOV "analyses Table
II 6 lists correlatlon values among gra@hs, anged 1n ’
descendmg order’ of correlation coefflctents, The
‘ arrangement of hlstograms mdleates decreasmg s1m11ar1ty m
_form of distribution.. Form of distribution is another factor
-~ which’ links equally ranked host plants S. elaeagmfoltum .
* , and L. esculentum, two lower -rtanked host plants e most
similar followed by the two 'highest ranked host pg:lts, S,
| »;’f_,tuberosum and S. dulcamara.  Highly ranked host plants
; '.compared to less hlghly ranked host- plants have the lowest

’ ;‘-’,correlatron coefficients. For L. decemlineata which sampled

the leaf in Jess than three mmutes, the drsmbuuon o
,approxlﬁ‘lates normal except for L. esculentum whtch tdnds “
towards blmodahty This suggests that L esculentum mgly1
.be an ‘interesting; plant to study for Alberta L. decemlmeata.ﬁ
The Alberta populatlon cons1st of two groups of ‘”
1nd1v1duals, those which” ect L. escu]pmum after few ,
bites and those wh1ch do not. Th1s dlstnbutxon maymfavour
the development of new biotypes by provrdlng two groups
which could become sympamcally 1solated on .two- host o
plants in relatlvelx few generatlons Figure I1.2 shows form\ o

of dlstnbuuon for L. haldemani “on four plant speclest "The

trend .of highly . ranked host plants being - most similar in

dlstnbutr6n when compared to ‘other each” other~ and least

'~ similar when compared to the lowest: ranked ‘host. plant is
-'_upheldt S. elaeagmfolzum is the’ least similar for each paired -
: comparison. Hlstograms for L. texana (Frgure 11.3) are based

~ on very few 1nd1v1duals thereforewno f1rm conclusxons can-
- be’ rawn



]

: Behavmural assays descnbed in thts chapter estabhsh

- 18lative.. ranktngs of 4. solanaceous plants for L.

- decemlineata, L. haldemani and L. texana (Flgure II4)
Number of btles in. 60 secOnds is the most rellable mdtcator

~of host plant rankmg, suggcsnng that ‘ gustatory samphng

“provides the best opportunity - for dxscrtmmating among host
'plants ‘Ranking of preferred host plants based on adherence _

“to stereotyped feedmg sequences corresponds to ranking of
these host plant using - ‘larval nutritional cntcna (Table II 8).
. Heritable vanablltty between individuals w1th1n 4
population prov1des an excellent substrate for natural

’-selectron to. act upon. . | ‘ , |
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HI. Comparative extemal morphology of the tip of ga.leae
B ¥ ﬁn .

o :

"The ‘gustatory seri_sory" complex 'of 'Le}rtinotd?s‘a beetles

includes chemoreceptors-on tarsi (Mitchell and Harrison, — -

'1985), antennae (Sen, pers comm), and mouthparts (Sen,

1987). The galeae contact leaf saps intermittently during

- maceration of leaf material (Mitcltell, 1988) providing

opportumty for. parnaI sensory information to the beetle.
The sensory totallty perceived by the insect has not been

. measured and’ therefore the exact contnbutlon of galeal .

chemoreceptors to mformatlon on leaf saps is unknown

! "'tions of living chrysomelid beetles demonstrate the
fiical importance of the galeae in feeding behavmur

| For" E‘fuomoscel:s americana, movements of the galeao and

laciniae are essential for efficient transfer of food to the food
canal (Sutcliffe. and Mitchell,. 1980). Observations of living
Leptmotarsa beetles - suggest a similar role of .galeae for =

/ members of this genus. From among the ‘mouthparts of adult

Leptmotarsa beetles, the galeae were chosen foﬂ study since

_.they are in a position to monitor food dunng g and are

Sy

easily accessible for electrophysmloglcal recordmgs usmg
the technique d,gscnbed by Sutcliffe and Mitchell (1982).

¢
8 ]
L.

The galeae of Léptinotarsa decemlineata have been

examined structurally ~ and electrophyswloglcally Thqy
possess numerous 'mechanosensilla as- well as apptoximately
15 chemosensﬂla (Mxtchell ‘and Harrison, 1985 Sen*and '
“Mitchell, 1987) Mechanosensmve hairs are more densely

- distributed on the dorsal side -of the galea than on the
ventral side (Sen, 1987) Chemosensmve sensilla’ of the

' galeae of L. decemlmeata are divided mto two groups,
: aplcal pegs and’ aplcal hairs, based on size, structure of the J
' po&( and ultrastructure There are 11 to 15 umporous, '

46 .
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- cylindrical apical pegs which are arranged on the tip of the
‘galeae in an 1rregular fashion. Most apical pegs are
mxurvated by 5 neurons: 1 mechanosensmve dendnte and |
4 chemosensm"‘bffs dendrites. Among the apical pegs is a
sensﬂlum q :,‘n,\)lgulshable with the _Scanping - electmn L
mlcroscope, but which differs in ultrastructure from the
other pegs. This sensillum’ has 1 mechanosensmve dendnte
- and 3 rather than 4 chemosensitive dendrites.’ There are 2
apical hairs in addltlon to the apical pegs. Apical han‘s dlffer
from. apical pegs in that ‘they are shorter and have finger-

- like ‘projections at the tip. They have two lumina and no
apparent. dendritic. sheath. These aplcal hairs may_ be .

. mechanosensitive, chemosensitive or both. No firm

- conclusions have been drawn regarding their ‘functlon (Sen
and Mltchell 1987) ¢ : | . ™ »

The a’pical pegs described by Sen and Mitchell (1987) may
be divided into two physiologically different ¥lasses. Most
are sensmve to sucfose and only a few respond to gamma
ammo butync acid (GAB}}) and L-alanine (Mltchell and |
Harnson 1984 1985; Mitchell, 1987). One apical peg, the
-alpha-sensxllum responds  especially well to GABA and L-
alamne ‘and has a hlgher conductance than the other aplcal
‘peg (Mltchell and Harrison, 1984)

1'{ : :
Thls chapter is a survey&ibf chemosensﬂla which are
dlsungulshable on the basis of scanning eﬁctron -
1 "mlcrographs ‘Numbers, dlstnbutnon and gross anatomy of
- sensilla are compared among specles Descriptions for L.
decemlineata are based on the work of Sen (1987). Only

~ the galeae of L. haldemani and L. texana are included in

-~ this study. Compansons of the galeae of L. decemlmeata,L
haldemam and L. texana were undertaken to determine if
gross anatomlcal dlfferences exist. among beetle ‘species.
Charactensatlon ‘of the t1p of the galeae using electron :

’

!
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mxcrographs ponmts choxce of prosumably homologous
sensilla for . electrophysmlogxcal studies. -

Methods and Materials .
0 o : R

All 'Sp'cc;imens were studied using‘-a, Cambridgc Stereoscan
250 electron microsoope. Heads of 6 newly emerged male
and 6 newly emerged female L. haldemani and L. texana
were examined. Heads were removed and placed in warm
soapy water. The left maxillae were removed from the head
and sonicated for 3 minutes in warm soapy water, washed
in tap water then sonicated for 1 minute in distilled- water
The maxillae were then. placed in carbon tetrachlonde and
soaked for 5 mmutes, sonicated in carbon teu'achlonde for 2
minutes, and followmg a change of carbon tetrachlonde, _ ‘r,
sonicated for a further 2 minutes. Specimens were air .dried
and mounted on stubs by inserting the base of maxillae into
a drop of silver conducting paint. All specimens were - |
“sputter coated with gold in a Nanotech Semprep 2.

R \
Distribution of sensilla were observed at high magnification.
- Short, robust sensilla with a uniporous tip were classed as
contact chemoreceptors. Long slender semnsilla with no
visible pores were classed as mechanosensilla (classification
of Zackaruk, 1980). \ -

RESULTS

The maxlllae of Leptmotarsa haldemani and L texana have a
lateral, 4 segmented palpus, medial galea"and cutlass

shaped lacinia (Figure III.1). The galea is approxlmately'
300 um long. ‘Numbers and distribution of sensilla on ,tho
galea did not differ between sexes. The cuticle is relatively- .
smooth and has numerous glandular opehings (Figure II1.2).
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‘The galeae of both L. haldemani and L. texana have
numerous mechanosensitive hairs on the dorsal side and
fewer on the ‘ventral sidg (Figures III.3 and III.4).

There are.10 to 15 chemoéensxlla arranged at 1fregular :
mtervals on ‘the tip of the galeae of L. haldemani and L.
texana (Figutes II.5 and 1I1.6). Each chemosensillum
arises from a s1mplc socket (Flgurg I1L 2).

The pore of chemosensilla examined is in the side of the tip
of the sensillum (Figure IIL7).

DISCUSSION

The maxillae of L. decemlineata, L. haldemam and, L. texana
‘appear similar using, SEM technique. The galeae possess
mechanosensitive sensilla and apical pegs. Distributions of
galeal sensilla did not vary with s@ for any of the three
species. Since male and female begtles do not. differ in short
‘term feeding behaviour (see chapter 2; Harrison, -1985; Sen,
1987) "similar,distribdtion of sensilla on the galeae,is »

| expected. There are no dat'a to support the use of galeae in
functions other than feeding behaviour.

Pores distxjibutéd over the surface of the cuticle are similar

to those found in Entomoscelis americana ‘(Sﬁtcliffe and
Mitchell, 1980). For E. amencana, ultrastructural evidence

~ indicates that the pores are associated with secretory glands
The functlon of the secretions is not known.

S S : ¢ | |
The role of m®hanosensilla in discrimination of host- plants -
is unknown. Mechanosensilla could function in

e dlscnmmatlon,of host plants before the stage of gustatory
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sampling by providing informmion on texture of leaves.
"*"Mechanosenstlla may be useful in reducmg abraslorr@ on the

chemosensilla since specimens older than 20 days -had worn *

T

~ mechanosensilla (unpublished SEM observation)
Mechanosensilla may also monitot the passage of food as
" suggested by Sutcliffe and- Mitchell (1980)

L. haldemani and L. texana havy{() to 15 chemosensilla at
irregular intervals on the tip of the galea, similar to L.
decemlineata which is described as having 11 to 15
‘chemosensﬂla Gro s anatomy of chemosensrlla of all three
specres s srmllar

- L. haldemam and L. texana may possess alpha- sensrlla and

apical hairs as described for L. decemlineata. However,
.confirmation these sensilla awaits electrophysiological and
ultrastructural evidegce.

Indirect ev1dence suggests that the ultrastructure of galeal
sensilla is also comparable among these three species.
Conclusions on ultrastructure of the sensilla await TEM -
‘studies, however SEM micrographs give partial evidence of
‘s1m11ar ultrastructure. Several specimens examined with
SEM had sensilla broken off at the base, revealing 5
apertures within the larger ring of the socket. One aperture
was, ﬁ'arger than the four others. Companng these - |
‘oigeérvations to ultrastructural details of L. decemlineata

described by Sen and Mitchell (1987), th§ larger aperture "

probably contained the remams of a mechanosensitive
dendrite while the 4 smaller apertures probably contained
the remains of chemosensitive dendrites. TEM  studies of
the galeae of L. decemlineata show that mest apical pegs |
are 1nnervated by 5 neurons, 4 of which extend their
sensory processes up to. the tip of the peg while the alpha-
sensillum . has only 3 chemosensitive dendrites (Sen and
Mltchel.t 1987) Four chemosensitive dendntes have been |

—
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- described by Mitchell er al. (1979) and Sutcliffe and Mitchell

., (1980) for larvae and adult galeae of E. amcricana

Therefore, the working hypothesis derived t‘rom these SEM
observations is that L. haldemani and L. texana possess 10
to 15 apical pegs with 4 chemosensitive dendrites and l
mechanosensitive dendrite. Since gross anatomy of the txps
of the galeae of L. decemlineata, L. haldemam‘ and L. texana
- is similar among species, electrophysiological studies

- (Chapter four) are assumed to have been performed on

homologous sensilla. .
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IV. Responses of galeal gustatory sensilla to plant saps.

The, galeal sensilla of adult Leptinotarsa beetles are well
placed to contact plant saps during maceration of leaves and
aro assumed to be important ‘in responses to feeding stimuh
Galeal sensilla are easily accessible for electrophysiological
* recordings using the method described in Sutcliffe and

~ Mitchell (1982). The abundance and distribution of
chemosensilla on the galeac do %t vary substanuallw for
Leptmotarsa decemlineata, L. haldemani and L. texana
(Chapter Three) although each species differs m feeding
preferences (Chapter Two). Choice of homologous sensilla is
relatively simplg so that variable electrophysiological
responses of chemoreceptors may be related to different
host plant preferences. |

Insect fecding\ behaviour is regulated by specific messages °
from chemosensory cells associated with the antennae and
mouthpgts (Frazier, 1986). Three main, theories have been
proposed. for peripheral nervous system (PNS) input to the
central nervous system (CNS). The labelled line theory states
that PNS response to a single compound may elicit a
behavioural response. The direct relation ‘of a single

' compound with a behavioural response has been noted for
sucrose and pxoboscxs extensmn as well~ Aas sodn;m chloride
and retracuon or 1nh1bmon of extenslonwﬁr tbe blowfly ,f

(Schoonhoven, 1967). Accumulatcd ,9v1§ex§‘ does fﬁt al ¥
such a s1mple model to exgialn the coﬁlpim T’_nagmc"“v‘

interactions of most insects: ‘pemes gfth?%heig&,en § nieof
Across-fibre patterning has 'B’%ﬁfff' proﬁé;sl;"‘;ﬁ 55{ Be ic e




patterns are produced across dendtites in.a single sensiflum.
Various patterns elict behavioural responses according to
this theory which has proven useful in explaining respenses
of Danaus plexippus larvae, Manduca sexta larvas and :
Phormia regina adults to leaf saps (Dethier, 1980). The third
theory is an amalgamation of the first twa theories. Sign
stimuli perceived by labelled. lines may be a part of the.

' pattem of gsensory input necessary for feeding behaviour.
The *role of these labelled lines in discrimmatin‘among
plants may be relatively more or less important depending
on the population of insects investigated or on the
physiological states of a particular individual.

Flea beetles of the genus Phyllotreta are stimulated to feed
on non-host leaves treated with glucosinolates, however
Nielsen et gl. (1979a) could find no correlation between
plant acceptability and stimulatory activity due to isolated
glucdsinolate \ mixtures. In a subsequent study, Nielsen et al.
(1979b) ’detg ined that flavonol glycosides in combingtion
with 'sinigrin gre more effective than sinigrin alone. They
suggest that a\combination of glucosinolate and specific
flavonol glycosides could be a major cue in recognition of
plant species for the Phyllotreta species studied. Labelled
lines for sinigrin may exist in this instance, however sinigrin ﬁ
alone is not sufficient to explain behavioural specificity.
Modification of the response to sir(xigrin by flavonol
glycosides could be explained by intéractions on a single
dendrite pr by, across- fibte patterning motg nearly matcbmg
a template fOF acccptablllty

The sensory basis of host plant discrimination for :
Leptinotarsa beetles has been extensively debated. The role
of attractants, feeding. stimulants, feeding deterrents and
integration of complex stimulus patterns as means of plant

p@rFep%ion by the beetles have been reviewed by Mitchell
(1988)! |



.For Leptmotarsa specres, four tyﬁés of plant chemrcals are
~hel responsrble for 1""t'1atron and regulation of feedmg

'.il_“_respon_es. These a.re srgn spmulants (host specxftc

‘chemxcals) feedmg stlmulants (sugars, ammd aclds,
- phospholrplds), feedmg cofactors (potasstum and other .
' inorganic’ salts) - and deterrents (alkalpids). (Hsiao, 1974)
Contact chemoreceptors on the galea of L. decemlxneata i
'respond to, or. are affected by, amino aclds, sugars and:
_'glycoalkalmds (Mltchell and Harrison, 1984, 1985). Galeal
'contact chemoreceptors of L. haldemam ‘and L. texana also
"respond to ammo acids and sugars (Haley, unpubhshed
data) ‘ : VA » :
} ‘Leptznotarsa specres ‘are consrdered sensmvo to repellent
. and deterrent chermcals whlch are " often assumed ‘to be

/ secondary plant chemlcals “Within' the - genus Solanum,
' *.j‘stermdal glycoalkalolds are claimed to have a decxswe role

in regulatmg feeding. behawour and host selectlon Slnce the

- mid- 1940's,,glycoalkalords have been’ nnphcated as- feedmg o

, 'deterrents for L. decemlmeata (see Bongers (1970) for an
“extensive list of references to early papers) Glycoalkalords e
- are thought of as. token stimuli whose presence or absence

- influences the suscepublhty or 1mmun1ty of a plant to .
attack by Leptmotarsa specres o / Sl

; Harnson (1985) falled to demonstrate dlfferent pattems of
: mmal host acceptance for L. decemlmeata when stermdal |
:".}glycoalkalords ‘were. tested in behavroural assays usmg

whole - leaves. L1kew1se tropane alkalords are unhkely to

-~ restrict host range of L. decemlmeata s1nce plants contalmng

_gtropane alkalords may ‘be. recogmsed on the basrs of olfactxon
s 'before plant fluids contammg tropane alkalords are sarlrpled

:(Hamson 1985) Harnson concludesyhat alkalmds are not
’responsﬂ)le for determmlng dlfferent patterns of 1n1t1a1 host
L acceptance He states that the pnmary constramt on host |

N
i



"acceptabtltty s determmed bya’the beetles sensory SYStem -

which . functrons mdependently of secondary plant S
’compounds R : SR

‘Mitchell and H 'son (1985) rev1ewed the relatlonshrp of
alkaloids and their, .on the: chemosensory"system of
Leptinotarsa dec ta. Their remvesnganon of the’
_hypotliesis that Soramwum glycoalkalords are feedmg
deterrents and p;:owde drfferentlal acceptablhty of host '
plants did not uphold the hypothesm of alkalords 1 as S1gn _
- stimuli. They conclude that there are no spec1f1c receptors |
- for these compounds in' larval- galeae, adult galeae or adult

. vtarsal chemoreceptors ‘and that the action of glycoalka101ds
s non-specrfic Responses of sensory cells. support the idea

s ~ithat total glycoalkalord levels are partly responsrble for.
drfferences in host" plant acceptance Galeal sensilla do not
appear capable of drfferentlatmg among “the three alkalords
tested by Mltchell and Harnson (1985)

"Compounds may mteract w1th one another to produce
“several types of summed responses Theoretlcally, responses
- of s1ng1e cells may be affected through ‘synergisms and

- suppressions. Inhibition of a cell respondn{g to sucrose has
been demonstrated for three alkalords (Mrtchell and ,
Sutchffe, 1984) Furthermore, responses of cells are not
'necessanly 1ndependent Lmkage of dendrrtes within ‘a

B ‘smgle sensrllum 1s pos51ble through tlght Junctlons
(Zackaruk 1980) | o - ,

- The complex envrronment in which sens1lla evolved must be
con51der,ed when drscussmg host plant preferences among

_insect species. Leaf saps provide snmuh for the Leptmotarsa” 2
spectes in th1s study leferences in sensory patterns could

| reflect differences among specxes as ‘well as between
: -‘Solanum and non-Solanum plants at the level of the PNS
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'Leptmotarsa beetles used in tlus study were - field collected lj
- and* maintained: g7 Zeulture for no- longer ‘than'. one - year "
(approxrmately 8.gen erations). The ‘L. decemlmeata culture
".was .established usmg -tndtviduals from the Edmonton -area..
. The L. haldemam culture ongmated from the Pena Blanca -
area of Aneona L. texana ongmated from Hldalgo county, -
~ Texas. All cultures were maintained at a _photoperiod of
- 16L:8D at 25' q+/ 1°C under full spectrum fluorescent™
" lights. -Each cultur > was prov1ded every second day with -
. flasks. contalmng eshly cut leaves of suitable "host plants ,
L, decemlmeata culture was allowed free access to leaves of
| 'Solanum tuberosum var. Norland. L. haldemani was
presented with leaves of Lycoperszcon esculentum var,
o Earliana, S. dulcamara and S. tuberosum var. Norland L
xtexana was allowed access tp S, elaeagmfolzum .

Newly emerged adults were collected twice daily and set
aside in plastic " petn dlshes Beetles ;zere 1nd1v1dually
~identified for the behavroural assays described in Chapter -
, Tweo. After the behavroural ‘assays, beetles were placed in .
Vo petri dishes contamlng damp Kimwipes. Each peétri dish *
'contatned ~one beetle and its- assxgned 1dent1f1cat10n number,
- Beetles »remamed in the culture room for a further 24 hours -
. ' with no access to plant leaves .A random subsample of * ,
individuals for ‘which behavroural ~data were available was L
mchosen each momm%r electrophysrologlcal testmg
«-e. T . :
.Preparatron of beetles for electrophyswloglcal recordmg is
R ;descnbed in Sutchffe and Mltchell (1982) and Mitchell and
Harrison (1984). - The recording method is similar to the
-~ method described by Sutcliffe and Mitchell (1982) and
" Mitchell and Harrison (1984) ‘with the followmg changes
vThe srgnal from the stlmulatlng electrode was- amphfled



w1th a George Johnston clamping preamplier and displayed

- on a dual beam Tektromx 5112 oscilloscope - wi,th 5A22N
drt‘ferential “amplifiers. “Filters for less than 001 kHz and

greatét than’ 1 kHz were in
: .-.s;gnals were - :ecorded

recordmg adapter. A TEAC
used. |

“
i

‘the electncal cxrcult before the

The potentlals were recorded on
" magnetic' tape after encodmg

in FM with a Vetter 2D FM |
}22 4 multxtrack recorder was

Stimuli- tested _were saps from Solanum dulcamara, §.

, ~e1agagnzfoltum, S. tyberosu
| esculentum var Earhana,

‘mtrogen ‘with a mortar and
was mixed with 40 ml/cold
* was centrifuged at 2000 g's
" was placed

E Chlorophyll content of leaf

a
were, prepared by gnndmg ji

]

‘in 1.5 ml Eppe
: immediately . frozen in liquid

'var. Norland and Lycopersicon
‘well -as 100 mM KCl. Leaf saps .
reshly cut leayes in liquid - .
pestel. 20.0 g frozen leaf powder
100 mM KCI. The resultant slurr)t
for -5 minutes. quuxd leaf sap
ndorf - tubes  which were

nitrogen and stored on dry ice.
homogenate was determined

o
.

_usmg the method of Bnun ma (1963). Spectrophotometnc@ -‘

’ -measures were taken at thr e. absorbances 645, 652 and

7663, using an HP 8451A s ectrophotometer Mllhgrams per
o 'htre chlorophyll a and chlorophyll b were detemuned as
well as chlorophyll a+b. If 1fferences exceedmg 3% were -

found between the two - determinations, saps were - rejected

- '#s containing excessive bre

made at two week intervals
sto&gd for longer than two

100 mM KCI was used to: d

- of the t1p of -the mlcroplpet

to thlS concentratwn of KCl
- .shghtly more respcmswe at

1nd1v1dualswere tested for

4‘7whlch reﬁondﬁ v1gorously

3

'weeks

down products Saps were .
50 that no saps used had been

;., 'L,

lllife plant *saps o reduce pluggmg
L. decemlineata .rarely responds
L. haldémam and L texana are \
thls concentra'ﬁon S0 that all |
response to' KCGIL. Ind1v1duals

to KCl were rejected




Y

' Electrophysiologxcal recordmg took place between. the third T

~ and' seventh hours of the. photopMe. This corresponds to
the hours for which behavnoural results are avaxlable |
lzpsponse to_saps was recorded for a total of 15 seponds Sap

" from an acceptable host. plant was used to select a sensrllum'
w1th a good srgnal to noise ratio. S tuberosum was used for
'L Wdecemlineata, S. dulcamara for L. haldemani and S. |
eldeagnifolium for L. fexana. The next stimulus was 100 mM-
KCI If an excessrve response was found to KCl, the sensillum
was rejected. The' next two plant saps were selected

‘. randomly. with the exception of L. esculentum. L. esculentum
was always the second to last stimulus, ,Burstln_g responses -
“of cells to L. esculentum sap were often noted several

- seconds after the ‘stimulus onset. Since this burstmg pattern
. has been descnbed as mdxcauve of - cell damage tlie first sap‘
. of the senes was re- tested A dxsadaﬂtatmn penod of 3.

" minutes was allowed between Solanum saps. ~ After L.
‘escule“ntum, as rmnute dlsadaptanon period was allowed.

: Actlon potentlals were separatéd usmg height as a - _V
- pardmeter. Data were itised using the method of Mltchell '

| _"and McIntyre (1986), modrfled for use on a Zenith 286
~ computer equipped with a Metrabyte DASH-16 A/D card.

' ‘Dlgrtal records of responses were  visually mspecg;ed and -

- -action” potentlals rhanually selected. Spike heiglits ‘and “time

* of occurtence were criteria for re]ectmg spxkeﬁ’ as probable .

superposmons Splkes representing single action - potentials .

were méasured for height from peak . to trough and the

3 re”sqltmg heights' were plotted as’ frequency hlstograms with
25 #possible: classes, referred to as bins. Each bin contains ° the

fmean number of splkes for. each height category for all

~1nd;v1duals Standard error bars are shown for - each bin.

. ".I]"ie’_fmiddle ,500fmillliseconds of the first s,eco,nd of _response

. were analysed for 18 L. decemlineata, 18 L. haldemani and :



‘23 L. texana for each of 4 plant saps. Also, the entire second
between the third and fifth’ seconds was analysed for 9 L.
dec:emlineata 12 L. haldemam and 11 L. texana

The . nme of occur:ence of burstmg Jatterns is. also. described

for all plant’ saps Bursting patterns are identified by

repeated, vigorous firing of one or more cells. ’ T W
The acceptability ranking for each‘ sap is based'.on the ' ’w
rankings assigned in Chapter Two, Figure II.4. ‘ - &

Resultse‘

Figure IV.1 shows electrophysiological records for randomly
- selected. md1v1duals of the three beetle species in response
to each of four plant saps. The sensillum representing the
beetle specxes is the same for all four plant saps. Responses
to plant saps are different for the three beetle species. Of
the three beetle species,.the response of L. decemlineata is
the least complex for all Solanum species; a single gell
i producmg a large spike dominates. the response. No smglc
~ pattern emerges for acceptable or less acceptable host plants
for all three beetle species.

o

pr

" Figures IV.2 through IV. 4"describe responses of four
randomly chosen individuals to each of the four plant saps
The order of prcsentanon of .the traces indicates the same
individual beetle: the first trace for each sap is from the flrst
| beetle, the second trace for each sap is from the second |
beetle and et seq. L. decemlmeata (Flgure IV2)is =«
- predictable in its responses to Solainum saps, however,
- responses’ of the individuals vary greatly for L. esculentum.
‘A cell producing large spikes is easily identifiable on the -
basis of spike height and regularity of firing for al.l Solanum ,
saps. Figure IV.3 indicates a s1m11ar trend& t L. texana



(e .althohgh the complexity of response cannot be

- “precisely as with L. decemlineata. ‘The ceH producing large
- spikes can ‘be 1dendﬁed for most traces. Responses of L.
haldemani (Figure IV.4) are ‘extremely complex

| ‘Identification of the cell producmg large splkes is not always
-possible for all-saps. S e ‘

‘Flgure IV. .‘:“I shows four hlstograms descnblng #esponses of

18 L. decemlineata to the four plant saps. The responses to

‘the three Solanum saps are similar ‘while the response to L.

esculentum is more complex. A cell producing a large spike
is predominant in the response to S. fuberosum, although a
cell producing a' smaller spike contributes to the response.

Responses to' S. dulcamara show an increased contrjbution of

this second cell. The histogram for, §. ‘elaeagnifolium is
simliar to ‘the histogram represenu“ responses to §.

dulcamara: two cells firing, with the eell producing a large
~ spike firing more often than the cell producing a smaller

Splke, Responses to L. esculentum do not permit
determination of the number of cells firing.

Histograms in Figure IV.6 summarize responses of L. texana
to four plant. saps. Responses - 1o Solanum saps are

. qualitatively similar for L. rexana while responses to L.

esculentum  are more complex. Two or. possibly* three cells

-.are involved in the response to Solanum -saps.  The cell A
- producing the largest spike fires more frequently than the .
other cells. One or more cells producmg smaller spikes

- contnbute to the respons& to Solanum saps. Response toL,

. ‘esculentum -does ‘not: -allow determmauon of the number of
“cells fmng Hlstograms for L. texana are remarkably s1m11ar

to hlstograms g;nerated by averagmg 'responses of L.
decemlineata.

o

Loew



Responses of L. haldemani  to plant saps are. shown in Figure o

IV.7. All. four hxstograms are complex when compared with -
those for the other Leptinotarsa ‘specles. ‘A minimum of
three cells: is involved in the responses to all four plant saps.
Response; 0 ‘L. ‘esculentum are’ sitnilar to responses to S.
-elaeagni ium ‘and responses to S.- mberosum and . -
dulcamara are similar to each oth‘ based on these
hlstograms -

Relating his‘tograjnts describing responses of L. decemlineata
to behavioural ranking of host plants indicates a regular
arrangement of - acceptability of host plant and least:
complexlty of response. This arrangement cannot be
genegalised to the other two Leptmotarsa species. For L
tex»hrla, the response to its preferred host plant, S.
elaeagmfolmm appears more complex than the response to
8. dalcamara orS. {tuberosum. Responses of L. texana to .

g elaeagmfolzum are not the same as responses of L.
- xdecemlzneata to'S. elaeagmfoltum nor S. tuberosum, the
preferred host plant for' L. decemlineata. Although Solanum

- saps” may be \dlsnnguxshed from responses to- L. esculentum
for both of these beetle species, no single response of these
two Leptinotarsa specxes indicates a behavxourally
acceptable or unacceptable host plant. Electrophysiological

~ responses of L. haldemam do not correspond to responses by
- either L. decemlineata. orL texana. Responses of L.
haldemam cannot be\related to acceptabhty of plants for
feeding.

-~
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Figure IV.8 shows selected_,res‘ponses to the four saps for an
~individual of each beetle ’s'p“ecies during the fourth second of
response. The entire second: of response is shown. Fewer
superpositions. of spikes are seen during the fourth second
and 1dent1ﬁcatlon of md1v1dua1 cells based on time interval
between firing is less d1ff1cult than during the first Second

Seneee L &



response when cells are firing ‘more rapidly.. Hiltograms of

~_'fourth second: data are shown in Figures IV.9 throygh V.11,

- The patterns. tha& emerged during the first second are snll
present durmg the fourth second. Histograms descnbmg
responses to L. esculentum are equally complex during the
first and fourth seconds with the fourth second response
showitig a much’ reduced total height for L. esculentum
when:compared to the Solanum saps The response to L.
esculentum appears to diminish more qurckly during the
.féurth second thdn thé responses to the Solanum saps.

Responses of eagh beetle species to L. esculentum are
distinguished from responses of these beetle specles to the
three Solanum |saps by bursting patterns. Bu::stmg patterns
were only seen|for L. esculentum for all beetle species. with
the exception of one rn_drvrdual of L. texana which showed
bursting patterns for S. dulcamara a8 well as L. esculen;um.}
Number of i drvrduals showmg bursting patterns for L. "
~esculentum and time -of occurrence of bursting patterns are
given in Table IV.1. L. texana had significantly more.
1nd1v1duale( showmg the burstmg patterns than either of the
other m;o species. L. decemlineata and L. haldemani, had _
approximately equal numbers of mdrvrduals {demonsttatmg
bursttr/lg patterns. Although no s1gn1flcant differences were
noted, a general trend exists showing L. haldemani has the
- greatest. time ifiterval before burstmg patterns were seen.

N ‘wCussion
: "Specific messages based on number of cells firin a smgle
~galeal gustatory sensillum are sufficient to dtstﬁrsh |
- Solanum  saps from L. -esculentum sap for L. decemlmeata

and L. texana. Dlstmct patterns dlstmgulshmg preferred
from- less preferred Solanum species are not evident. For L.
-texana and L. | decemlmeata,kthe pgnpheral gustatory ;

o \
O i _— \
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system may have the major role in - discriminating among
solanaceous and non-solanaceofis plant species.

Messages. using number of cells firing in a galeal gustatory
sensillum are not sufficient to dlstinguish among these saps
for L. haldemani. Sensilla- on ther mouthparts, antennae or
tarsi may be crucial for drscnmmauon -of plant saps by L.
haldemani. ‘

Mitchell et al. (in press) demonstrated that the response of
a single galeal contactchemoreceptor to potato sap is
uniform and has a single cell predominating for L.
decemlmeata Responses have low vanabthty among sensilla
tested as 'Well as low variability with multiple hits on a
single sens1llum Mitchell and McCashin suggest that firing of
the cell producing the large spike may be an important part
of the code mgnallmg an acceptable host plant For these :
three Leﬁtmotarsa species, the ‘total number of cells firmg as
-well as the vanablhty across sensrlla could provide a total

' sensory firing ”battem which correlates with host plant
preference. ‘

Behavioural correlations for host plant acceptability and
electrophysiological responses of L. decemlineata are
possible, however this trend cannot be generalised to the
other Leptmotarsa species. Responses of L. texana provide
an interesting comparison since, electrophysiologically,

- distinctions between Solanum and Lycopersicon species are
clear. L. texana provides an especially clear behavioural
plant-insect relationship and yet electrophysiological -
records ‘cannot be used to predict the behavioural patterns.
In addition to clear behavioural differentiation of plants, L.
texana is also distinguished by its high signal to noise ratio
compared to L. decemlineata and L. haldemani.L. texana



~would be a good species to chose for further work on neural
coding. = |

A

A comparison of the responses of beetles during the first
and fourth seconds indicates that the pattern established
during the first second is still seen during the fourth second.
It is uncertain if beetles are using information obtained
early in the response, later in the response or perhaps a
contrast between early patterns and later patterns.. The
fourth second response shows a slower firing rate of Yhe
cells when compared to the first second. Adaptation rates.
have not been established for any of the cells; each cell
could have the same or a different exponential decay rate.
Until decay rates have been established, the fourth and first
second data cannot be adequately compared. Adaptation |
rates of cells compared within an across-fibre pattern could
contain necessary information for plant discrimination and
should be established as a response parameter. The most
important information necessary for this analysis is a’
certain identification of cells in a trace. Ohly the cell
producing the largest spike height can be accurately
identified for L. decemlineata.

Responses of L. haldemani do not allow behaviour to be‘D‘
correlated with electrophysiological responses as megsured
by spike height. The use of saps of natural host plants, for -
“example Solanum douglasii, Physalis and Lycium species,
may allow clearer relationships between electrophysiological
responses and behavioural responses to emerge. The clear )
relationship evidenced by L. decemlineata is unlikely since
the relationships of L. decemlineata and Solanum species
exist even when the biotype of L. decemlineata has never
been presented with leaves of S. elaeagnifolium. A further
investigation of L. haldemani should include studies on
circadian rhythm of feeding activity. L. haldemani in Texas



may be nocturnal feeders (Dickinson, [m's. comm). If L.

. haldemani is truly a nocturnal feeder, patterns’ of
electrophysiological responses may emerge during the
scotophase that differ from patterns generated during the
photophase. L. 'h'aldemani may make its host.plant choices
during the scotophase and remain on the selected host plant
during- the photophase without acute sensory discrimination
of host plants. : B ‘
The significance of bursts of impulseé (bursting) has been
reviewed by Dethier (1976b). Several instances of bursting
being considered- a pathological conditioh are discussed as
well as a report of bursting being a regular phenomen for
grasshopppers (Haskell and. Schoonhoven, 1969).
Behavioural significance of - bursting has been demonstrated
by (McCutchan, 1969) who relates bursting patterns to
behavioural aversion. Bursting patterns correlate with .
behavioural acceptance of L. esculentum.L. texana.had the
greatest number of individuals ddnonstrating bursting
patterns as well 4s the shortest time before bursting

~ patterns were evidenced. L. esculentum is an unacceptable
host plant for L. texana based on behavioural assays and
larval nutrition. No significant differences were noted
between L. decemlineata and L. haldemani with regard to
burstihg patterns, however L. haldemani tended to have the

longest time interval before bursting patterns. L. esculentum

is behaviourally accepted by L. haldemani and is only

~ marginally acceptable to L. decemlineata. Further evidence
that bursting patterns are associated with a damage
response is the much lengthened recovery time for the
sénsillum when bursting 'p,attems were seen.

‘Antifeedants, -substances that prevent or inhibit feed{ng, '
may disrupt normal behaviour by creating sensory input
that fails to stimulate feeding or by causing a sensory input
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responses based on a dose-response curve Examig ion .\o
saps from leaves treated with each ‘of these antlfe\e fsh,
would provide mterestmg electrophysielogxcal t'!sults #
responses of L. decemlineata become :less co 1cated
responses to saps from untreated leaves, blocking “of

‘Teceptors might be a valuable avenue for investigation. If

responses to treated leaves become more complicated than
responses to untreated leaves, the patterning of responses

as indicated by the across-fibre patterning theory would be
upheld. The simple pattern of a single cell predominating

with lesser contributions from another cell would be the v
pattern for an acceptable host plant. A more complicated
pattern would indicate a less acceptable host plant.

.Investlgauons using treated leaves are of partlcular interest

since the effects of the mxxture of compounds would be the
same except for the effect of the compound under
investigation. Synergism, suppression and other means of
affecting mixtures could be scrutinised,

Ma (1972) and Blom (1978) illustrated the importance of
considering  combined input from several sense organs
when dlscussmg behaviour. No correlauq: existed for
sucrose and feeding behaviour however when responses

from all sensilla were added together, a linear input/output

relation emerged. These Leptinotarsa beetles provide an
especially useful model system for describing reponses for
summed inputs. Electrophysiological recordings are

- accomplished on live beetles so that a single preparation

easily lasts for an entire day. Sufficient time for recordmg of



e

. in CNS integration have thus far been assumed. This

numerous contact sensilla on mouthparts and tarsi {s

‘available. Input from antennal’ sensilla wowld also be of
intérest since behavioural observations joats that the ~ -
beetles touch laaves with their antennae before sampling
~and during gustatory samp ¢ maintain their antennae over
the broken leaf surface.

L v

3%’.¢Boer and Han?on (1987), in a study of host and non-host
plants for Manduca sexta, concluded that sensory organs
n?cesgary for host plant discrimination vary with the plant
species tested. Both olfactory and gustatory stimuli are
needed for normal behavioural acceptance of Lycopersicon .
esculentum, the host plane of M. sextd..Either olfactory. or
gustatory organs are suffitiéiit to distinguish ‘Brassica napus
from the normal host plant. Gustation alone is sufficient to
manifest complete :rejection behaviour for Canna generalis.
Roles of chemosensory organs could “differ among these
Leptinotarsa spécies. Contributions of olfacto:y and
gustatory organs could result in c&mprehe'nsive input of
differing ratios for the three species. For example, gustatory’
sensilla may have a minor role for L. haldemani in
production of sepsory codes for plant species. .Alternatively,
L. decemlineata may rely heavily on gustatory input.

Taxonomic relationships of Yponomeuta moths are reﬂectee
in gustatory sensitivities to selected compounds (van ‘

. Drongelen afid Povel, 1980). Most Yponomeuta species can
-. be iQeA;ified on thé basis of their chemosensory pattern§
*(van Drongelen, 1979). A further study of these Leptinotarsa -

species “including sensitivities to single compounds and

’ ch@ractérization of response spectra for each cell would
‘provide a further refinement on PNS capabilities of these

species.

Variability~ at the level of the PNS with con,servatﬁre changes’

L



;';“"‘;'»assumption 1s vrsull untestea Vanabrllty in ?‘PNS resp nses

. these insects is. ‘temarkable and may represent an, enormous B

source  for selectron to act upon Conversely, untll CNS
ff;mtegratlon of srgnals is- elucrdated (it may be argued that . -
gPNS vanablllty may be a tnvral reﬂectan of even greater - .‘
wvanablhty in CNS capabtlmes Lt ~

, V.
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- necessarily exphcable by reference to present -
, env1ronmenta1 condmons

Leptinotars

Spectes comparisons should mclt\dra phylogenetic context
smce interpretation of complex - comparative - results is' most
likely to belmeanmgful when the contnbution of
evolutionary history is taken into account, 'I‘he _phylogeny
proposed in this chapter is intended a¢ an fid for .

: mterpretatlon of ‘ptesent. charactenstlcs of Leptmotarsa

species. Present properties of an orgamsm are, in part, a
product of the ~organism's phylogenetic past.. These .
- properties may may not havé emerged as adaptattons to-
- past conditlons However these properties are not.

The taxonomy of the genus Leptinotarsa Stil was most
recently revised by Jacques (1972, .1988). Jacques - descnbcd
32 species based on morphologlcal_ characters, ihcludmg
genttaha No phylogeny for Leptinotarsa specxes is
suggested in :his work. Usmg species /descriptions prov1ded
by Jacques only a few morphologlcal characters allow
comparisons, since character sets descnbed are not always
complete for each of the spe ies. Furthermore, no
polanzation of ‘characters intol ancestral or derived states is
ggested. The absence of a phylogeny for Leptznotarsa
- species and the inherent difficulties of comparing characters
avatlable in the hterature\ provided the impetus for |
constructlon ;of this abbrevrated phylogeny

————

£

Ting Hsiao of Utah State Umversrty is prepanng a :
phylogeny of many of the Leptinotarsa species found in

| - Mexico and ‘North Amenoa (pers comm). The phylogeny

;proposed in this chapter is 1ntended as- an interim
hypothes1s untll Hsalo publlshes his more complete

, phylogeny

A

88

\7 Recog,etmction of phylogenetic relationshi' s among 5 o

»
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'Towe‘r (’1~906) attempted to describe 'natural’ 'grOupings of

'Y,.ulu

The genus Leptinbtarsa is a member of “the tribe Doryph(mm
~of the famsly Chrysomehdae The tnbe Doryphorini ‘consists .
of +four genera. Calligrapha, Chrysolma,\ngbtdamera .and
Lepnnotarsa (Amett, 1963). The genus Leptmotarsa is
considered to be most closely related to the genus
Labzdomera (Jacques, 1972, 1988). All species of- the genus -
Leptznotarsa are phytophagous as larvae and adults,, Of the.
32 species described by Jdcq ques (1988),  host plant records
are available for 14 species. Of these’ fourteen species, 10 -
species” feed -on Solanaceae, 2 species on Composir_ae"and 2
species an Zygophyllaceae. *

s

the genus Leptinotarsa. The usefulness of these groupings is’
questionable since their derivation is unclear. It would

- appear. that the. grouping's'are ’based on elytral colour

“patterns. The seven groups described by Tower (1906) are
as follows: flavopustulata group, haldemani group (mcludmg
L. haldemani), lacerata group, rublgmosa group (mcludmg L.

~ rubiginosa), lineata group (including L decemlmeata),
‘dilecta greup (including L. lineolata) and zetterstedti group.

Tower (1918) concentrates on the lineata group and includes
both L. decemlineata and L. texana in this group. If these
‘natural’ groups may be considered to reflect a common
evolutronary history, L. decemlineata and L. texana are more
closely related to each other than to the other species
consrdered in this thesis. Their relatlonshlp to the . other
~species is uncertain since no mdlcatron of relationships
among groups is provided.

Tower (1906) descnbed southem Mexico as the centre of
origin for Leptmotarsa This was based on greatest specrfic -
dlfferentratxon greatest abundance of individuals, location of
qlo_sely related_ forms and of lines of dispersal. Tower also

" sugg‘eSted polyphagy and least dependence on A restricted

-t
" A v



*

’

wstioned (Néck, 1983) Whether Leptinotarsa species .
* ofjginated in Mexico (Tower, 1906) or the southern United
States (Neck 1983) is - not of critical 1mportance to this -
study. Distnbutlons of these’specres do however suggest that
the populatrons sampled are at’ the northem lmfuts' of species
ranges.

-

-Data on the dxstrbunon of L decemlmeata, L. haidemani and
L. texana are found in Table V.1, Distributions of these
~ 'three Leptmotarsa ( specres suggest that they are geneucally
.4 isolated. L. decemlineata and L. texana are sympatric in
Texas where both feed on Solanum elaeagnifolium. L.
deccmlzneata is also found on other Solanum species in
Texas (Neck, 1983) Hybrids of L. texana and L. decemliineata
~ are not reported (Brown 1961; Neck, 1983; ‘Tower, 1918). L.
haldemam and L. decemlmeata are sympatnc in the Benson:
area of Anzona ‘In the Benson area, L. decemlineata is found
pnmanly on S. elaeagnifolium while L. haldemani is found
" primarily on Lycium species (pers - obs) Hybnds of these

-v-two specres have not been rtecorded.’
. : v

1

- There are four possrble schemes for relatmg these three
’ Leptmotarsa species: all three species may be equally
dlstantly related, L. decemlineata and L. texana .may be ‘
more closely related, L. decemlmeata and L. haldemani miy
be more closely related or L.- texana and L. haldemam may
'be more closely related . Elytral colour patterns suggest that .
L. decemlineata (stnped) and L. texana (stnped) are . more.
similar to each other than either js to L. haldemani
(umcoloured) Based on degree of polyphagy, one tmght
hypothesize that L. decemlmeata (oligophagous) and L.
haldemani (oligophagous) aré riore similar to one another
- than to L texana (monophagous) However "these characters



R R TR A A AT ) o [ i A“'un‘:. .

R \ S : : -. /’”""7'7
. may.$ impty eflect: nmestral st tea. ralaﬁomhip: . m.u‘ .
open to’ ques op, ~ vy ' ]

L 4

-‘Chromosome analys1s ot‘ 13 Lepunotarsa specxes and 2 ‘
Labidomera species provides information which is

‘ potcntlglly useful‘ for establishing rclanonshlps ‘among these |
' species (Hsrao and Hsiao, 1983). Chromosome .numbers, ‘)
karyotypes and chiasma frequencies ‘are .compared with, hast
plant utlhsanon and geographic distribution.” Hsiao and stao
did not use these data to establish 'phylogenetlc '
‘relatmnshlps - .

l"-'

&
-

A complete r{x‘orphometric' study of these three species- is
outside the scope of this thesis. An alternative strategy for o
deterhnnmg relq?onshxps..ls the use of electrophoretic '
characters- as the basis for companson Although geneuc
'relatxonshlps do not necessanly imply "~ phylogenetic &
relationships, “phenograms based on overall similarity of ’
electrophoretic characters may be used to -estimate |

"' .. phylogenetic treés (Ferguson, 1980; Richardson et al., 1986):

A major advantage in using electrophoretic characters for
otherwme morphologlcally distinct species is that the extent
of geneuc dNergencc may be quantified; the use of

. .morphometnc characters results in more subjecuve indices
of extent of dlvergence Coupled with its use in esumatxon of
'phylogenctlc relauonshxps, electrophoretic data also .
discloses  information on heterozygosxty ‘The ecdfogical
}gm‘ﬁeance of heterozygoslty is . dlscussed ‘

" Electrop’horetic c_'haractcrs wei'e available for 5 Leptinotarsa
species: L. decemlineata, L. haldemani, L. lineolata, L.
rubiginosa and L. texana. UPGMA phenograms and~ Wagner -
trees based on electrophoretlc data are presented A



TR md*os;rﬁdm.‘ of* electrophoretic

' Methods and Matetials -
Adult Leptinotarsa wete collected in late August of 1986

and 1987, Distribution of each species, number of specimens
- collected from each locality, host plant upon which they - |
were found and years collected areylisted in Table v.1.

Voucher spegjmens from ° have been deposited
in the Strickland Museum iversity of |

' : - ‘ ’ V
-Adult _ beetles were 'cq}lccted live and ‘_kepi in -cult/;;r“e on °
host plants for a minimum of 7 days before electéophor:sis.
This ensured that all individuals were at least a week old
befoge preparation ‘for electrophoresis. Thoracic tissue was -
obtained by first removing elytra and wings, cutting off the
abdomen and then the head. Abdomens were retained . for
later dissection to determine sex of the individual. Thoraces v
- were split before homogenation for ease of. handling,
Homogenizing buffer contained 300 mg polyvinylpyrolidine,
10 mg dithiothreitol, 7 ml distilled water and 1 ml
phosphate buffer pH 6.7. 600 ul of homogenizing buffer was
used for each individual in 3 aliquots. Homoge‘nate not used
immediately was frozen and stored at -20 °C.

‘Homogenate was electr:pl;dre;sed in 9.% or 11%
polyacrylamide gels, Tris-HCl PH 8.9, under conditions
described in Rolseth and Gooding (1978) and Sperrling
'(1987). For fresh homogenate, 30 ul was used. When
homogenate had been frozen and then thawed before use,
60 ul ‘\was,injected into each slot in the stacking gel.

'» Sta.ininé of gels used standard in@dific:_ations_ of Shaw and
Prasad (1970), Brewer (1970) or Richardson ‘et al. (1986).
‘Filter paper overlays were used insteadof agar. Overlays
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firmly between 2 laybrs of paper towel to remave excess ‘
Stalning solution

. s
- s . .

ke

Individuals of each of the § species gave interpmable »

"bands at 18 loci. Enzyme Commission (EC) nymbers are from

the Nomenclature Committee of the Internatiokal Union of
Biochemistry, 1984. The data used for phylogenetic .analysis
and estimates ‘of heterozygosity were from the following
enzymes adenylate ‘kinase (AK, EC 2.7.4.3), arginine
phosphokinase (APK, EC 2.7.3.3), ethanol dehydro,genase,
(ETOH, EC 1.1.1.1), fucose dehyrogenase (FUDH, EC 1.1.1.122),

. fumarate hydratase (FUM, EC 4.2.1.2), glutamate-
- oxaloacetate transaminase (GOT, EC 2.6.1. l), gylcerol

dehyrogenase (GLYDH, EC 1.1.1.72), hexokinase (HK, EC
2.7.1.1), hydroxybutyrate dehydrogenase (HBDH, EC -
1.1.1.30), isobutanol dehydrogenase (IBDH, EC 1.1.1.1),

- isocitrate dehydrogenase (IDH; EC 1.1.1.42), Pisopmpyl

dehydrogenase (IPDH, EC 1.1. 13’0) mahc enzyme (ME, EC ‘
1.1.1.40), octanol dehdrogenase (ODH,: EC 1.1. 1.73) using 1-

, octano!/ phosphoglucose isomerase (PGI, EC 5.3.1.9), sorbitol

dehydrogenase (SODH, EC 1.1.1.14), xanthine oxidase (XO, EC
1.2.3.2). Two loci were scored for hexokinase (HK.1, HK.2).
Banding patterns suggest that 4 loci produce monomers (AK,

~ APK, HK.1, HK.2), one locus producea)a tetramer (ME), two

loci produced undetermined multimers (SODH, XO) and the
rest produced “dimers.

Enzymes assayed which did not yield interpretable bands
include aldolase, aldehyde oxidase using heptaldehyde as
well as benzaldehyde, glucose oxidase, alpha-
glycerophoshate dehydrogenase, glucose-6-phoshate

. _dehvdrogenase, lactate dehydrogenase, malate

dehydrogenasé ‘octanol dehydrogenase usmg 3-octanol,
phosphoglucomutase, succmate dehydrogenase " superoxide -

13 « o



ol "ee ;ﬂepfiyed diltinct bands ..

for at lem 3 loei Homologiee for esterases oould not be
" established .among species so that. eferases could not be
used for. constructtng a phylogeny Smeared. banding
patterns  were the most common cause of Jdifficulty in
mterpreting loci consistantly

Electrophoretic data were analyzed using BIOSYS-1

(Swofford and Selander, $l981) to produce allele frequ?iies,

. tests for Hardy -Weinberg equilibrium, genetic' distanc
“\\. measures, UPGMA phenograms and Wagner trees. T-tsts

\and simple regression for heterpzygosity measures wer -

‘calculated using Statworks ™ versron 12 (© Cncket
Software)

Chromosome comparisons for L. decemlmeatf L. haldemani,
E. lineolata, L rubiginosa, L. texana and 2. Labtdomera
species were determined by examination of Figure. 37 of
Hsiao and Hsiao (1983). f-Iomologous chromosome sets could
not be determined for all chromosomes described.
- Chromosomes with secondary constrictions were assumed to
~be homologous. Total length in millimetres for chromosomes .
. 'thh secondary constrictions was used as a character. The
presence of two chromosomes with secondary constrictions
distinguished L. decemlineata. The secondarily constricted
chromosome closest in length to the secondanly constncted
chromosomes: of the other species .was chosen for the
character state of L. decemlineata X chromosomes were
also dssumed homologous. The total length of the X
chromosome was used as another character

' Morphologlcal data was based on descnptxons found * m
Jacques (1972) for Leptinotarsa species. Labidomera specres
descriptions . were taken from Blatchley (1910), Brown -
(1961), and Headstrom (1977). Table V.2 contalns

/]
4

!
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| ""ﬁ".descripdona of chm,cter states for oach of the lpecioa.

MacClade Version2.1(® W.P, Maddisop and DR. Maddison)
was used to determine tree length of.cladograms based on
published data. All possitle combinations were tested and

the most parsimonious cladogram selected.

] o .
._\‘n . .
Results ‘ . >

Allele freq'uencies were calculated for 5 Leptinotarsa species
(Table V.3). Complete allelic substitutions among species
were not found. The conditions of Hardy Wcinberg ;
equlhbrlum were not met in 35 loci of 180 tests performed
using exact probabxhty measures (alpha=0.05). Genetic
variability measured by mean number of alleles per locus,
percent polymorphic loci and mean heterozygosity
(proportion of ' individuals sampled( which are heterozygous
(direct count) and 'Hardy-Weinberg expected) are contained
in Table V.4. '

Biased estimate of mean heterozygosxty per. locus (1-sum of /‘
" chi2 averaged over. 18 loci) and number of food plants
associated with each species or biotype are contained in

Table V.5. Mean heterozygosity for populations with one

host plant (HX=0.5) and greater than one host plant (Hx=0.5)
did not differ sxgmflcantly using a T-test at alpha= 0.05.

.Simple regression of heterozygosity for populations with one
host plant and greater than one host plant had a coefficient

of determination of R2=0.3 (n=10 populations).

-

‘Genetic similarity and distance measures were calculated for

13 measures of genetic s1m11ant{ and distance. Nei's (1972)
identity (I) and Nei's (1972) distance (D) are given in Table 7
V.6. For Nei's I, values ranged from 0.878 (intraspecific
comparisons) to 0.294 (interspecific comparisons).
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TTUMOM ‘phienio ere( calculated for 13  measures of .

getietio similarity and disfance availaple in Biokys-1. Tablf®

V.7 groups thy phenografns according to similarity in

topology.  UPGMA of Net's (1972) genetic distance is shown'

- inFigure V.1. Disrbgarding variation among - populations of L.

lineolata, 2 major topologies emerge. Topology one is the
same as Nei's (1972) genetic distance. Topology two groups
L. haldemani with L. decemlineata rather than L.

.~ “Fubiginosa. Lo

Wagner trees were computed for all posaibl; Goefficients,
The. optimised Wagner tree of modified Rogers distapces
(Wright, 1978) is.shown in Figure V.2. ;

Characters extracted from the literature for establishing an
independent cladogram are shown in Table V.2. The states
- Shared with Labidomera clivicollis or L. suturella yere
designated as ancestral states. Ancestral states were
necessary to polarise characters. The most parsimonious
cladogram for 5 Leptinotarsa species and a combination of 2
Laptdomera species is shown in Figure V.3. This cladogram
su[;sts that L. decerplineata is more closely related to L.

4

texana than to L. haldemani.

Discussion
A. Hardy-Weinberg equilibrium

Hardy-Weinberg fequilibrium expectations were not met for
35 loci over all populations (Table V.3). There are a number
of possible’ methodological problems which could contribute
to -an apparent deviation from Hardy-Weinberg

expectations, such as the presence of null alleles, samples
composed of a few large groups of siblings, or heterogeneous
distributions of alleles in space or time (Wahlund effect).
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orts m made to dp!ect these factors, all d chh*cgu_ld
have contribysed to the oxcess of Homozygotes tha wl
found in some population, samples in this study. Null alleles
were probably not present at appreciable’ froquency, if at'
all, since there was no indication that"the failure of some
individuals to produce bands for a particular locus was due
to anyihing other than* degraded 'homogenne. It is possible
that a numbqr o’f\leividuals were siblings,’\since collections

were made from relatively restricted “areas. However, .

“beetles were usually sampled at 2 1o 3 beetles per plant,

with plants separated by several meters. Use of individuals
collected during 2 fie)d seasons may also have contributed E
to the deviations from Hardy -Weinberg equlibrium..
However, results were analysed for 1986 and for the pooled
results of 1986 and 987, and both analyses showed
sfgnificant devdations from Hardy-Weinberg expectations. It
is most likely that deviations from Hardy-Weinberg
expectations afe\ biological in origin rathet than |
methodological. Methodological problems would tend to -
result in deviations in Hardy-Weinberg expectations at loci
rather than among populations. Four loci are mecessary to .
account for over half the deviations: ME (7 deviations), SODH
(S deviations), FUDH (4 deviations) and ODH (3 deviations).
Over half the deviations -are accounted for by only three
populations: L. decemiineata, Edmonton 6 deviatibng), L.
lineolata, Gardener Canyon (7 deviations), and L. texana,
Hidalgo county (5 deviations) -(Table V.3).

Explanations for real deviations from Hardy-Weinberg
expectations could involve any facgor causing non-random
association of alleles, such as direct natural o sexual
selection on alleles, hitchhiking of alleles with selected
characters, or assortative mating. L. decemlineata i known
to- contain biotypés (Hare and Kenndy, 1986; Horton and
Capinera, 1987; Horton et al., 1988; Hsiao,1981). Detection of

_incipient host races for the other Leptinotarsa species would




AN .,')'-Wexnberg
wggests thar“panmima may not be the most
iate._population model.”. h | ’

- B. Heterozygosi'ty |

Absolute heterozygosrty and polymorphlsm measures for
~ the, Leptmotarsa ‘samples (Tablcs V.4 and V.5) were
- consistently hrgh compared both ‘to- mvertebrates in general .
- (Richardson -et al. ,1986) and to other studles on '
.Leptmotarsa Jacobson and—Hsmo (1983) showed a mean

' »_'._heterozygosxty for L. decemtmata of 0206 compared to’

" the mean value of 0 402 for L. decemlmeata found 1n th1s
study ” : , : ‘
, However Jacobson and Hsiio, (1983) drd propose .an . ,
o 'mherently high heteroiygosrty for L. decemlmeata Also, all |
;populatrons sampled in my. study ‘were from ‘the geographlc ‘
extremes of species ranges. ngh levels  of heterozygosrty
"could be ‘expected for Leptmotarsa populaﬁons at geographrc
extremes which" are associated with extreme temﬁ?atures
" For Drosophila melanogaster, alcohol dehyrogena"efhas a
greater number of alleles present in’ envgonments with -

"greater extremes m temperature (Plpkm et al 1973)

g.
. i

Part of the dlfference between Jacobson and staos and my
_ study may also have been due to my use of polyacrylarmde
- rather than starch gels. Starch gels are ‘known to‘ pfovrde

| poorer resolutron of allehc vanants (Ferguson, 1 R
‘Furthermore samples used in _this study - were Vreld-caught i
as adults.’ Jacobson and Hs1aos samples were “obtained from
lab, colomes, the initial s1ze of which was not specrfled \ -
~ However, some of the blases introduced by my methods

: ‘would have “caused’ an apparent reductlon in heterozygosrty. ‘
' Esterases were not scored 1n thlS study due to dlfficultles in',




- "f”?‘(leespleq and Koﬁma, 1968), mclusxon of -esterase loci would

,‘ R populatlon of L. decemlineata

i ce eSterases are hlghly gplymorphlc A

L homolog"' fng,

| probably have [increased levels ‘of heterozygosrty found in
_ this study Also overlappmg alleles and smeared locx were

not scored m “this study.. If techmques for homologizmg lOCI '
- and dlscnmlnatmg among. alleles had been further refined
. even greater heterozygosrty may have been described;

/

1 con'sider_it likely that 'the high ‘heterozygosity and
"poly"mOrphism estimates obtained. in this study .are more
easily explamed by - methodologlcal biases than by an /
“unusual blologrcal situation. Smce the initial choice of loc'*
" was” mtended to dlscnmlnate among spemes, I suspect it
~high percentages of polymorphlc loc1 may be due to. a/biased
. choice of logi. Since absolute values of heterozgosny may
have been mflated comparisons will be restricted /o relative
variatien .in’ heterozygosrty among populauons wfthm this
. study : ' e

“Jacobson ‘and Hsiao (1983) provrded estlmatés of relatxve
‘ _'vanauon in heterozygosrty between L. deéemlmeata
: ,populatlons They . did not find s1gn1ﬁcz2/ differences in
‘ ‘heterozygosny between dlfferent field jpopulations, and also
between fleld populatlons and a pop {auon ‘which had been
in culture for an estimated 150 - ge;an‘atmns In the present
'study, heterozygosuy measures were also found to be
similar for all populauons (Table/l .5), even for the
the Ed onton area, which -
s -known to have undergone a/ raprd receutvexpansmn into’
the area (c1rca 1925 see Hs1ao 1981). The only species -that
. was s1gn1f1cantly dlfferent was L. texana which had 4 lower-/ .
| .heterozygosuy than the other specres
He. érozygosny and polymorphrsm wuhm species may be
"expected to be mfluenced by envuonmental heterogenelty
CIf allehc vanants reflect dlfferent enzyme functlon greater



: 'Z‘Examples of“v,; .
- mdlvlﬁual f1tness—~—eorrelatmg wrth allozyme heterozygoslty
include reports by Koehn and Gaffney ( 1984), Turelli and

o mazberg (1983) and Zouros et al., (1980), Heterozygous |

snalls have been demonstrated to have lower routine
‘ metabollc costs than more homozygous individuals (Garton
: "1984) Sturgeon and Mitton - (1982) found that average

~heterozygosity was lower for mountam pine beetles

Dendroctonus. ponderosa from more restricted habitats
_than beetles from more "Variable habitats, However, _
examples abound showmg no. correlatxon or even a negative -
correlation  of heterozygosxty and " fitness. Mukai et al.

(1974) were unable to find any s1gn1f1cant correlations - in-
Drosophila melanogaster. Studles in’ “rodent- populanons |
(Galnes et al., 1978) demo‘hstr“ated”f sxgmflcant nega\lve
.correlation between heterozygomty_ 5 allozyme loc1 and ‘

, survwal and growth rate BRI

specxallzatlon Smce monopha.gous mseets presumably have -
‘a more restricted habltat thana thelr more polyphagous
‘relatives, heterozygosrty could be expected to be higher for
the _more polyphagous populatlons In the present study,
. regressmn of heterozygosrty measures agatnst degree of
. monophagy did not demonstrate hlgher leye -
_‘heterozygosny in the more polyphagous p,
,",Leptmotarsa species. However, one reason why these

~ populations did not con orm  to the. expected trend may have
" been that degree of - fee ,g speclahzaton was' not accurately
- assessed.’ Species consrdered polyphagous over their

- geographic: range may be locally specialised - (Pashley, 1988

* Scriber, 1986). More polyphagous populations’ of
Leptznotarsa may in reallty be a collecnon of numerous

v q -

specmhzed populatlons . o e




: Slnce no correlatxon was found between levels of
heterozygosrty and relative degree of host plant \
‘specialization of specxes or. populations, there is no evrdence
to support ‘heterozygote | advantage for different allehe forms
of the enzymes: studred Instead, mterpretat’ion of hrgh
heterozygosrty measures in. the context of .expected \
. genotype frequencres suggests that heterozygosity may be a
~ result of high allelic polymorphlsm - Expected values under
- Hardy-Weinberg .equilibrium were hlgher" than observed

- values for the heterozygote class for each’ populatlon, thh

" the exception of - the Gleeson populatlon of L lineolata
(Table V.3). The functlonal significance of hlgh allelic
polymorphism is unclear, though it . may be related to the
| formation of blotypes There is however, no evidence to
support the idéa that.polyphagous species of Leptmotarsa
“have greater numbErs of blotypes than monophagous
species. / | —~

r

C. Phylogeny V

~ Khe_main aim .of this phylogenetic reconstruction is to

| Msh the relative evolutionary branching pattern for L.
decemlineata, L. haldemani and L. texana These species
may be composed of . several biotypes, as evidenced in the

-previouy section ‘on Hardy-Weinberg analyses. However
phylogénetic. reconstruction using electrophoretlc characters
does not mnecessarily  require Hardy-Wemberg equlhbnum,
especially when population level differences are

substanuallyv less than specxes level - dxfferences.

L _

) __,__Phylogenetlc reconstructlon using phenetlc analys1s of_

: electrophoretxc data is used to prov1de insights igto
12lationships among these Leptmotarsa specxes Cladlsuc

~methods are an alternative approach to the phenenc
analysis of these data In some cases, cladlsncs is preferable



"'v,ﬁ 580 phenettos sineewtt allows 1an esdmuﬁun ot' phylogeny

,‘ regardless of whether events at. specxatlon such as genetrc

-drift in smail populatlons, result in' an inaccurate -
representatxon of the ancestral ‘gene pool However cladlsttc
~ analysis of these data was p&ssrble because of the high -

~ levels of polymorphlsm evidenced ~A method often

& suggested for” deahng with W levels of polymorphism in f
cladistic analyses is to perforni analyses only on the basis of "

alleles present above a certain frequency, for example 5% '
(Mickevitch apd Mitter, 1981). ‘This method was not used for
~analysis of these frequency data The maJor objection to . the
"use of thlS method is that negleaung to count alleles which
are present negates the. power of the cIadlstlc analysxs

/The assumption used in phylogenetlc reconstruction based
on these data is that cladistic analysesgare not the only '
acceptable way of denvrng phylogeneddt\ information.

Overall similarity of Leptinotarsa _species, is used for
mterpretmg electgphoretic results. Qveralf srmllanty is
sometimes. misl for phylogenetlc econstructions since

- equal rates of evolution among lineages) is an underlymg
assumption of - phenetic analyses. Use of \minimum length
Wagner trees is a meahns of mcludmg unequal evolutlonary

« .1ates in- the constructlon of the- tree A cladisti
morphologlcal and. chromosome characters

| literature is presented as a further test of the pheneuc :
Vreconstructlon pr0v1ded by the electrophoretlc data

! <
* Nei's (1972) genetic dlstance values are- presented in Table

V.6. Genetic distances range from 0.139 to 1223 The
genetlc distance coefficient. for L. decemlineata and L.
haldemam averaged across the four populations is 0.413.
Jacobson and Hsiao (1983) included L. haldemam in their
- study ‘of population differences in L. decemlmeata ‘Nei's
(1972) geneuc distance for L. decemlmeata and L.
haldemam was 0439 CJacobson and Hsiao, 1983)

>



| Nexs (1972) 1dent1ty has frequently been. used to compare
'specles elecrophoretxcally Thorpe (1982) compared RN I
numerous values of Nei's (1972) idenuty and . . found that
85% of identity values for congeneric species studied
electrophoretically exceed 0.35. Identity values for all parrs
of Leptinotarsa populations (Table V.6) exggped 0.35, with |
the exception ‘of L. liféolata. Based on these values, further
study of ‘this genus should include the possibility,of placing
L. lineolata in a separate genus. | “

'Comparisons within single species show that- values for Nei's
genetrc identity exceed 0.85 for most cases (Thorpe, 1982).
L. lineolata populations did not always exceed 0.85,

however genetic ‘identity values among populations - always
-1exceeded genetic identity values’ among species.. The genetic
1denuty value between Beénson and Pena Blanca populations
of L. haldemam (1=0.851) is similar to Patagonra and '
Gardener Canyon populations of L. lineolata (1=0. 847).
Similarity of values among populations rega.r{ﬂess of specres /
implies .that populations of the same species were sampled
(Table Vi6). The only taxonomicall dubious result indicated

by these data'involves L. lineolata. arholitig of L. lineolata -
populations and comparisons - with “other congenenc specles'
would be informative for revision of this gem&s

e unwerghted pair group method of analysis (UPGMA) of
‘Sneath and Sokal (1973) is commonly used to construct “
henograms of electrophoretic data- (Berlocher, 1984).
UPGMA trees were calculated for 13 measures of genetic
similarity and distance (Table V.7). Exact branch lengths of
| UPGMA trees do .not necessanly indicate relative

" divergence times srnce constant average evolutionary rates
- among “lineages cannot be assumed. The 13 UPGMA trees
produced were compared on the basis of topology. Four



trees‘ Groupln‘g of

’slmilarjty M dlstance coefficients‘ on the basis of resulting

“topology of UPGMA trees is sown in Table V.7. Thé® -

topology of group one coefficients is 1llustrated in Figure V. l.v

Nets (1972) genetic distance was chosen for 1llustratron
 since thrs coefficient is standard in the literature. Group two
topologies differ from group one topologies only in the

relattonshtps among L. lineolata populations. The exact

relatwnshxps among L. lineolata populauons is of minor
concern for the consttuction of this phendgram so that

. groups ong and two may be grouped together and descrlbed_

- as- topology one. Drfferences between” ‘group three and. four
-are also.in presentatton of L. lineolata populatlons ‘These ’
groups may be pooled to give topology two. Topology two
(differs from topology one in the placement of L. haldemani.
Topology one links L. haldemam fii& with L. rubtgmosa
whrle topology two links L. haldemani first with L. '

decemlmeata Rogers (1986) compared nine genetic distance s

measures for their usefulness in construction of phylogentic
trees The. gene%l?: measures preferred by ‘Rogers- suggest .
that topology one (Figure V.1) is the most reliable .
representanon of phenetrc results. . : \

The drstapclé Wagner method of  presenting electrophoreuc
data may: be mnsldered an approximation of phylogenetlc
relatlonshlps ‘'since it aims for a tree of minimum total
length. Taxonomic units once joined are considered
'hypothetlcal taxonomic units'. - Divergence of each branch is
from the hypotheticdl ancestor. Farris (1981) states that the
~ distance Wagner method is compatable with cladistic
procedures, and is the best avarlable clustering method for
arnvmg at geneologtes efficrently Optimised Wagner trees
are’ tested for minimum total length Optimised trees are the
average of all ¢ycles computed and are especially. good for
indicating bra.nch length (Swofford, 1981). éccordmg to o
Rogers (1986}, coefficrents especially useful for Wagner

'



.

SBerun ey o 4

and chord and modified -Rogers chstance (Wright, 1978).
Modified Rogers (Wright, 1978) was chosen as the
coefficient for computatlon of the Wagner tree since it was
the only one of these three available in BIOSYS 1.

Interpopulauon Roger's modified 31mllarlty coefficlents
(Wright, 1978) are shown graphically in Figure V.2 as a
Wagner tree. The Wagner tree is consistant with one of the
two major topologies obtained with phenetic analyses.

. Branch Iengths indicate that evolutlon has not been constant

for all hneages, although differences in rates of evolution

have not been sufficiently divergent ‘to confuse phenetic
results. For these Leptinotarsa species, the UPGMA analyses
and optlmlsed Wagner trees indicate the same relationships.

, Hence, branchmg pattern of phenograms and Wagner trees

substantiate a phylogeny in which . L. decemlineata is more
closely related to L. haldemani than to L. texana.

o

Morphological data was obtained from various published

sources (Table V.2). The most parsimonious tree, calculated
usmg MacClade to estimate tree length, is shown in Figure
V.3. This cladogram is proposed as an estimation of

.phylogenetlc history based on morphological characters.

When only characters from Hsiao and Hsiao (1983) are

‘considered, L. decemlm‘edta and L. texana are more closely

related than either is.to L. haldemani. Considering only those

~chaxacters :‘i.escnbed in -Jacques (1972), the same
_;,relauonshxps exist. The use of Labidomera characters for -

these cladograms was for outgroup polarisation, since
Labidomera ' has been described ‘as the most closely related
genus to Leptmotarsa (Jacques, 1972). Inclusion of
Lahidomera in this cladogram supports the use ofol. .
lineolata as the outgroup for electrophoretic comparisons.
When considering chromosome characteristics or

. trees: are modified Cavalli-SVOrza “‘d Bdwards (1967) e

’



morpliological characteristics, L. lineolata ‘consistently -
branches off before the other LeptinotaQ'a‘fspecies in this

study. , L o S .
- , (

The cladogram presented in Figure V.3 is ‘the most K . .
parsimonious for the chromosomal and morphological data' —
available. This cladogram conflicts with the Wagner and
UPGMA trees for electrophoretic data but agrees with the
relationships suggested by Tower (1906, 1918). The
cladogram indicates L. decemlineata is more closely related
to L. texana than to L. haldemani. |

If morphological data excluding colour patterns on elytra are
. eliminated from the data matrix, the resulting clagogram
indicates that L. decemlineata is equally distant from L. v
texana and L. haldemani. Since colour patterns may be |
‘.suquct to intense sélage’%p pressures because of
fundamental roles in aamoflage, deception or advertisement
(Hoffman, 1985), the use of colour patterns as critical
characters in relating Leptinotarsa species is ques#onable.
Colour patterns may be the result of convergent evolution.
For L. decemlineata and L. texdna, the lined pattern on the
elytra may be useful in breaking up the continuity of
surface and recognisable outline. The red and blue colours of
L. rubiginosa and L. haldemani suggest that either may be
berry mimics or possibly warning colours (Evans, 1984;
Hinton, 1976). Variation within a single species is also
considerable. Colour morphs of L. decemlineata have been.
described as red (Tower, 1906; Boiteau, 1987), white
(Boiteau, 1980; Hsiao and Hsiao, 1982), and black (Boiteau,
1985). L. haldemani is described as being blue, green,

_ blue-black or violet (Jacques, 1972).

Problems“ with ‘reconciling élec’trdphoretic and morphological
- data indicate - that ther_e are theoretical or procedural
problems with one or both ‘analyses or that additional data
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are needed to mowb the phylozenedc reladonahips. Hillis
(1987) reviewed advantages of morphological and molecular.
approaches to systemaucs Advanta es of morphological

, on. for morphological
characters. Non- heritable variation 'rimarily a problem

for morpholégncal characters‘ I% 4 b’\

The electropho{yfc data set presented here is substantially -~

larger than the morphological data set. The morphological
data set is- also subject to the limitation of reliance on
species descriptions available, in the literature. The validity
of the cladogram produced is thus questioned. A larger data.
set for morphological characters and identical measurements
for each character would be especially valuable for resolving
phylogenetic differences proposed by these two data sets.

In the absence of a more definitive cladogram for

xmorphologlcal characters. I consider the electrophoretic data

set to Qrowde the most reliable estimate of phylogeny. In
this phylogeny, L. haldemani and L. decemlineata are more
closely related to each other than exther is to L. texana.
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S VI Evolution of host plant specrﬁcrty of Leptinotarsa

specres B | .

. Host plant Specrficrty of Leptmotarsa specres for solanceous
plants is’ described using host plant records nutritional
criteria, and ovipositional chorce tests (see Chapter one).

Feeding behaviour (Chapter two), morphology of the galeae
‘ (Chapter three),and electrophysrologrcal responses to plant
‘saps (Chapter four) are exammed in detail for Leptmotarsa
decemlmeata L. haldemani - -and L ‘texana. The phylogény

- presented in--Chapter five: allows behavioural and gustatory

- specificity described ‘in chapters two . and four to be
discussed within an evolutlonary framework

The optlmlsed ‘Wagner tree shown in Chapter five, Figure
V.2 is the basis of the- evolutionary history presented for
these beetles The optimised Wagner trec was chosen as the
best "approximation of phylogenetic relauonshlps (Farns,
1981). This phylogeny suggests’ that L. haldemant and L.
rubiginosa have shared 3 more recent evoluuonary past
than L. haldemani and L. decemlineata. L. texana diverged
from the llneage producmg L. decemlmeata L. haldemam
“and L rub‘?gmosa more recently than the dlvergence
« producmg L. Imeolata Data for the 5 Leptmotarsa species
. studied . electrophoretrcallyi may be compared with host

' plant records and presurr{ed degree of polyphagy.

] Ecologrcal forces are usually regarded as fayouring increased
spet:rahzatron Dethier (1954) descrlbes polyphagy as a
"luxnry ‘which is only pgssible when . competmon is greatly
vl__reduced amon herbrvoreﬁ In discussing the co-evolutron of
-phaytophagous&sects and plants,}Johvet (1986) concludes
that polyphagy is ancestral to monophagy and ohgophagy
Hrs conclusrons are based on the idea that exploitation. of
plant chermcal defenses by insects is the basis for
. specmlrzeg assocratlons between insects and plants
| 128 -
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. Diet spectalrzatron theones presume tlrat spectahzed insects
are metabohcally or ecologrcally more efficrent at usmg food -

- resources than more polyphagous specres Metabolrc

effrcnency of speciahzed species over generalist species has
been demonstrated for Papzlzo trolius aund P. glaucus glaucus
and ‘yet is not adequately demonstrated for many - insect
 species (Scriber ﬁld Slansky, 1981; Slansky and Scriber,

1981). In general, efficiency of food utilization is

independent of degree of speclalrzatlon and most varratton is
‘Felated to the nutritional quality of the plant (Slansky and

- Scriber, 1981). Hagen (1986), in a study of Papilio species,
demonstrates the emergence of more polyphagous lineages .
from oligophagous ancestors. He concludes that orgamsatron
of insect communities and the ‘regulation of insect"
populations is less dependent on interspecific compeutron
among, phytophagous specres than on external constraints

" such as insect enemies and plant defenses. Ecologrcal
efficiency is thus proposed as an explanatron of feedmg

* specialization. \ ' ‘

The advantages of sp\ecial!n are, however, potentrally
'counteractedg«by increased" urce avallablhty for more
polyphagous sm;es Through a series of acquisitions of

new host plants, a restricted relatlonshlp between aphids -
and plants evolved into a more polyphagous relattonshrp S
‘(Eastop,1973) Furthermore, the balance achieved - for degree
~of feeding spectahzatron is not necessarily static. Insect host
ranges-may expand and contract over evoluuonary time. A
polyphagous insect may evolve from a more specialized
ancestor and later give rise to ‘specialized brotypes |
(Dcthter 1954) ’ g

Tower (1906) suggested that monophagy is ancestral for the
genus Leptinotarsa. The switch to ohgophagy requu'es only
- Que evolutlonary step as lndlcated in" Figure VIl The .



al - basis for mOnophagy 1s suppOrted by the work of
"""son (1987) ‘The’ evolution of host - plant choice for three
geograpluc populatlons of L. decemlmeata was through host
expanslons and selection for. broad feedmg preferences.
Subsequently, L. decemtmeata, a urelanvely polyphagous

| specles, produced - specialized blo' 8, each limited to

' subsets 'of the ancestral host range. Further ev1dencc for the
expanswn of host range by L. decemlineata is provrded by
Hare and Kennedy (1986) and Horton et al. (. 1988) |

Neck (1983) suggested that adult feedmg ranges are broader .
than larval feedmg ranges for L. decemlineata and L. texana
. This is consistant with-May and Ahmad's (1983) opmnon that
ovvposmon by adult females is the point at which the most
important host selection behawour takes place. Since
feeding behaviour and ovxposmon behaviour are lmked by a°
' _Pre-ovipositional feeding period and eggs are formed |
exclusively from nétrlents mgested during .adult llfﬁ (de
Wilde and de Loof, 1 973) the role of host-chorce behaviour |
by adults is emphasised over physrologlcal adaptatlons of
'larvae for dlgesnon and detoxrflcauon :

| f‘Although mechamsms of larval competition for host plant
" use have. not been descrxbed in this study, comparisons of

B .host plant use over the geograpluc distribution of these

. Leptmotarsa specres provides interesting insights into -

. possible host plant competition as a factor in sympatric

. Speciation. L. decemlmeata and L. haldemani in Benson,

'.Anzona are found sympatrically. Although competmon for .
~ host plants would appear to be a serious problem when |

- comparing . potential Hhost plant use for all populauons of
each of these species, neither species is- cofnmonly found on
- the others food plant L. haldemam, -although one of the
most polyphagous of the genus, is not found on. S
- elaeagmfolzum In the Benson area where L. decemlmeata
and L haldemam overlap in dlstnbutlon, a blotype of L.
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‘decemlineata exlsts whrch is specxahzed on S elaeagmfolium
S. elaeagnifolium is an unacceptable Solanum species for L.
haldemani which is found most commonly on Lycium
.speclcs (pers obs). S

Potential for interactions between L. haldemani and L.
rubiginosa is found in the Pena Blanca region of Arizona. In.
'Vihis area, the two may be found on the same host plants, |
however, Solanum douglasu appears to be the most common
host plant for L. haldemani while L. rubiginésa - is found

. pnmarrly on Physalis species (pers obs). Neck (1983) .
compared host plant dist‘ributions of L. decemlineata and L.
texana in' south-eastern North America. Whereas L. ‘
deéemlineat”a is specialized on S. elaeagnifo'lium in the o
Benson, Arizona area where it overlaps with L. haldemam, L.
decemlineata is ‘most commonly found on S. rostratum in
the Austm Texas area. In the region around Austin, L.
texana is found in much greater - densities on S.
elaeagmfolzum than is L. decemlmeata (Neck, 1983). These
insect-plant interactions merit further study, in particular,
for metabolxc and ecological efficiency of host plant use
among localised populations  of each sPecws

Evaluation of behavioural results when apphed to the

. Flgure VL1 indicate that the behakurs in plant
assessment ‘and feeding descnbed by Harnson (1987) are
common to all three specres .Number of individuals
proceedmg to the stage of gustatory sampling by L. texana }
was most rcstncted when compared to L. decemlmeata and
L. haldemam L. haldemani proceeded to the stage of |
- gusratory samplmg regardless of eventual -acceptablity of

" the host plant. This corresponds to the more ‘polyphagous
"feedmg habits of L. haldemani: Since behavroux may beea

. focus of selection for specialized feeding habits, adaptatlons
may mvolve dxfferences in nme spent in various actlvmes
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- rather than changes-in ‘a fundamental sensory ability. The
~ more polyphagous L. ,haldemani does not reject a.
- potentially suitable solanceous plant as quickly in the
" behavioural sequence as the more .mdnophagou's' L. texana. .

| Sensory input may. be similar for- L. texana and L.
decemlineata . for Solanum species and yet - different
behaviours result. Monophagous gnd polyphagous
-adaptations may involve natural selection for changes in
- emphasis on ‘funfdameptally‘ different behaviours based on
different sensbry-»input . rather than sharpening of “sensory
a_bility in one mode. Monophagous insects may have no
 greater ability to detect compounds and yet have an
extremely specialized behavioural response. Further |
comparison of the sensory capabilities of these species, in
particular with single . compounds is needed to examine the
- possibility of differential ability to detect compounds among /
Leptinotarsa. species. =~ | : |

For each Leptinotarsa species, variability in »

. electophysiological responses is seen among different plants
as well as for a single plant sap. A trend for least variability
' in responses for L. decemlineata and greatest variability for
L. haldemani corresponds with ‘degree and evolution of
feeding specialization (Figure VI.1). The most polyphagous
species demonstrates no clear patterns of neural response.

~ More polyphagous species may have a broader fit for the
“presumed neural témplate for behaviour than more
restricted feeders. For more polyphagous species, component
~behaviours may result even if a series ' of PNS signals does
not indicate a perfect match for the template for feeding
behaviours, ‘ ' "

| Behavioural and electrophysiological 'dfat‘a can alsof_ be fitted
to the cladogram.from chapter five, Figure V.3. The resulting
cladogram, Figure VI.2 demonstrates that when number of
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" host ‘plants. and behavionral data are included, the most ‘
"parsrmonxous dendrogram is the Wagner tree: based ,qn

electrophoretic data (Flgure VL1). This is further evrdence
for the choice of the? Wagner tree as the most - parsimonious

phylogeny for these beetles.

Feedmg behaviour of these Leptinotarsa specxes cannot be
directly related to electrophysrologleal responses.  Studies
investigating sensory codmg across sensilla on a single galea
as well as across sénsilla on different body parts are
especxally interesting possrbxhtles for further mvestrgatxon
CNS reception of” combined sensory input is also of particular
inferest. 'Comparison's among species at the level of CNS
responses are relevant to debates on the conservatlve
nature of changes in the CNS.

Oviposition preferences could 'be narrower than feeding
preferences since larvae are restricted to feeding on the
plant 'up_on‘ which they were laid. A study including

~ovipositional choice tests would explore differences between

feeding and ovipositional choice. Tests involving S. luteum
and S. nigrum would provide interesting comparisons,

especially -at the sensory level. Both S. luteum and S. nigrum ‘.

are preferred for oviposition for L. decemlineata even
though they do not support continued growth of larvae
(Bongers 1970 Hsiao and Fraenkel,1968). Recordings of CNS
signals from semsilla on the ovipositor. as compared to the

81gnals from sensilla on mouthparts could provrde the

cruc1al tests allowmg insight into the interpretation of

sensory mformatron and the possible role of coordination of
| sensory m_formgt_ron as it applies to 1nsect behaviour.

'zé,’f«

’.Tnompson (1988) reviewed the relationship between
ovzmosmonal chhlce and subsequent larval performance in

the evolunon of host associations among phytophagous
?TSECLS Under fxeld conditions, thé use of host plants Whlch

&

-
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“do not restlt in optimal growth rates, often referred to as
oviposition mistakes, are discussed in the light of four
hypotheses, When novel host plants are recently added to
the range of an insect species, associations over many
generations may occur when adult host selection is refined

to reduce ovipdsition on the novel plant species. Conversely,
larvae may develop the ability to survive on the novel plant
species. Oviposition on less desirable host plants may also be
a result of greater availability relative to more desirable.
host plants in a given locality. Enemy-free space can
influence ovipostional choice ‘by changing ranking of host
plants for ovipostion in the presence or absence of
parasitoids and predators. Furthermore, patterns of use of
plant parts and mixed species diets may vary for the instar
examined. Evolution of host plant specificity' by Leptinotarsa
species for S. luteum and S. nigrum ‘would be an interesting
test of these four hypotheses under field conditions: The
evolution of the sensory basis of* host plant discrimination
could then be discussed within the general framework
provided by Thompson's paper. ‘

The relative saccess of holometabolous insect species over
hemimetabolous species is believed to be due mainly to
specialization of life stages. Immaturé stages are specialized
for feeding while adult stages are specialized for mating and
dispersal (Evans, 1984). This idea is exemplified by
Lepidoptera Species such as Pieris species. Coleoptera

spécics, in particular Leptinotarsa species which feed on the
same food plants as larvae and adults, could provide a
comparison within holometabolous insects, as Coleoptera are
more primitive holometabolous species than are Lepidoptera

- (Boudreaux, 1979). Leptinotarsa -species could be expected
- to have simpler host choice mechanisms than Pieris species - .
since ovipositional ranges overlap with adult food choice.
Pieris species could be expected to have tighter genetic
linkage between larval and adult ranking in host plants

\
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when compared to Leptinotar.s‘a species since differences in
choice for each life stage must be respected.

Linkage between ovipositidhal deterrents and feeding
deterrents for Pieris species provide an excellent test o
system for these hypotheses. Renwick et al. (1988) have
shown that gustatory feeding deterrents are not the same as
ovipostional deterrents. Potentially, gustatory deterrents
might be found in greatest concentration in leaf saps and
waxes while oviposition deterrents might be found
primarily in leaf véf)p.xes since Pieris species do not break
surface integrity of leaves when testing for ovipostitional
sin'tability. Distributions of ovipositional deterrents or
stimulants for Leptinotarsa species would presumably be
similar smce the' two behaviours overlap in host plant
suitability ’ with few exceptions. Comparisons of these

- exceptions could provide fascmatmg insights into ;

Qrelatlonshlps among. the sensory bases of host plant

[t

* discrimination which is vital when discussing evolution of

host piant associations.

Stuﬁles of the evolution of host specificity contnbute to the
unﬁerstandmg of mechanisms of host plant shifts. Better
understandmg of these host shifts is significant for control of
economic ‘”*fpests particularly since rational pest management
strategies should consider the evolutionary background of a
pest species. Modern factors in the evolution of L.
decemlineata include the use of insecticides, breedmg for
host plant resistance and increased gene flow among
previously isolated. populations. The economic control of L.
decemlineata. using insecticides has been complicated by .
the rapid appearance of resistance to new insecticides.
Resxstancc management techniques are of particular concern
for..best species such as L. decemlineata whose abilities to
form specialized bioutypes are well known (see Chapter one).




An alternativé to insecticidal control of L. decemlineata
currently receiving much attention is breeding for host plant
resistance. A major concern with this approach should be
the rapid biotype evolution of L. decemlineata. A balance
between time to develop new strains of host plant and
development. of biotypes "of resistant L. decemlineata must
be acheived. Groden and Casagrande-(1986) have
demonstrated resistance to Solanum berthaultii in as few as
three generations. Host plant resistance should therefore be - ._
~used as a component in a broadly based management

| program (Wright et ‘al., 1985). Consideration of increased
gene flow among biotypes of L. decemlineata by human
“activity is necessafy when» discussing resistance
management. Increased gene flo‘w in- biotypes resistant to a
particular control strategy could provide susceptible genes
and therefore be of potential use. In biotypes- currently
controlled by a -given management technique, increased
gene flow increases the probability of a registant gene being
introduced into the population. -

’The association of Leptinotarsa species with solanceous
‘plants contmues to provide an intriguing system to study
the evolution of insect-host plant interactions and the
" sensory basis of su¢h host plant-insect mteractlons This
study has provided information. on: fesponses of individual ®
adult beetles within ecological and phylogenetic
constraints.. Host plant choice is only partially explained by-
PNS’responses of contact chemoreceptors on the .galeae to £ ;(-*;

expressed plant saps. Much of the: potential for further 4@ ‘
study of contact chemoreception lies in comparisons of the N

CNS responses of these beetles.
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