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Abstract
Two thirds of the 66 species of the fles beetle genus
. Aphthona Chevrolat for which records are available have been

collected from the plant gehqs Euphorbia L., about half

efclusively so. Most other;confirmed%ﬁfé "5CSSociates are | g
limited to a few famiiies. ‘ i ,

In the field individual- Sped&ﬁ&jﬁéy *;ﬁvén erF several
spurges, but were not equally distributed.amohgst them,
A. flava Gﬁillu and A. cypaﬁissiae,Koch occur |
proportionately more often on E. cybanisslas L. This
apparent preference seems to be real in A. Flava, and a
consequence of the preference for exten51ve contlnuous host
stands by A. cyparissiae. A. nigPichtis Foudr. ;s found in
dry habitats and cbnsequentlf on dry-land—inhabiting\
'spurges, A. lacertosa Rosenh. is fduné on'loamy soi1s”and
although accepting a wide range of spurge species seems to
discriminate against E esula. A. czwalinae shows a
preference for E. esula and an aversion for dry habitats.

A. ”_cypér*issiae,;A". flava and A. czwélinae were studied .
“in the laboratory. The hest used was North American ieafy.
spurge, commonly referred to as Euphonbla esula, but ‘
considered here to be a hybrid complex. |

Individuals of A. cypaﬂlssLae and A. flava survived as
aéultg for 3 to 4 months, with oviposition taking plaee
throughout this period. Eggs of A. cyparissiae-and
A. CZwalinae hatch in about 13 days at the optiﬁum

temperature of 23°C, and those of A. flava in 12 days at the

/ L]
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optimum of 25°; egg hatch rate is reduced and the incubation
period protracted at higher temperatures. Eérly development
is arrested below 10°, |

There are 3 larval ins;ars. At a given temperature the

larval period is quite variable. At 20.5° the first instar

LV

of A. cyparissjae, A. flava, and A. czwal inae lasts 8 days,
the second instar a minimum of 19 (4. flava) to 355days
(A. czwal Inae), and the third a minimym of 45 days.
Post—feeding third instar larvae require a cold treatmentwgo
initiate pupation. The pupal stage lasts 20 days at?i@%%gﬂ}
Post4feeding larvae of A.‘flava are killed by acute expggg:e
to -6.6° temperatures. Some A. cyparissiae laxgae are
killed at about -9°, but others survive to at least -13°.

| Laxvae feeding on leafy spurge usually_mine the roots
but Fay feed externally. First instar lar§ae initiate
feediné and have a greater survival rate on filamentous and
young roots than on older perennial roots. Encounters with
young roots are more likely to lead to feeding by,secohd and
third instar larvée‘than encounters with pefennial roots,
but they aré found more often on largé roots since they
spend longer there. All tissues'except the phellem‘and the
vascular elements of theixylem are eaten, but there is a .
Qier;rchy of acceptability. High laticifer and.sclereid
deﬁsity and vigorous latex flow reduce acceptability. The
selecti?itf exhibited by a given larva depends on its size

relative to that of the thickness of the tissues concerned

and thus to its physical ability_to do so. The probability

v
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of initiation of feeding is greateét at points of previous
damage, including points of previous attack (resulting in
aggregation), and least on unbroken thick phellem. Larvae
feeding on other&ise‘undahaged roots tehd to feed towards
the root apex.

of the species studied, A. cypaPlssiae is con31dered to
have the greatest potent1a1 as an agent for the control of
1ntroduced perenn1al spurges. Its long developmental perlod
may preclude its use in reg1ons w1th short growlnb seasons.

The type of damage 1nf11cted may 11m1t ‘its efficacy at s1tes

where other stresses on the plant are minor.

viii
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1. Introduction

141 Backgrounq

Leafy ;nd cypress spurges are herbaceous perenniél
plants of palearctic origin, conéidered to be serioué veeds
in Noftﬁ America due to their ability to invaée nativg plant
~communities, their unpalatability and toxicity to livestock,"
and Fheir\resistance to control measures,

Because their cghtrol by mechanical or chemical means
is, in most loéationé, botﬁ economically and envifonmentally
unsound, and because in North America (unlike thejPaiggnétic)
they are not associated with any spurge-specialized
herbivore, nor fed ?n to any extent by polyphagoUs'anihais,
these plants were felt to be good ¢andidates for a
biological céntrol_pfggramme. Such”a’programmg ;%s \
initiated in tﬁé.early 1960's (Harri§ and Alex, 1971).

Among the insects feeding on'spurges in Europe are
species of the chrysomelid genus Abhthona Chevrolat. ‘It was
decided in the mid-197 ‘ to investigate the potential of
this group as control agents, énd in 1978 work was begun on
the project by the Commonweal£h Institute of Biological |
Control under the spénsorship of the Province of A}berta. A
geneqal>fﬁterest in,plant-insect interactiohé, and é '
particular interest in spurées, combined to intefést me in
‘the Aphthona project, and I became involved with it at its

“inception.



- 3. Those species for which sufficient reco ds were .

Al .

1.2 Objectives

Before this study was begun 1itt1e was known
Aphthona species (except the flax. pest A. euphorblae
(Schrank)) beyond the followzng-

1. .Host records 1nd1cated that most species are restr1ct
to sgqrge species,

2. The’adultsnare leaf feeders, the larvae root\feeders.

aveilable*showed noAspecies—specifioity in éheir host
requirements’, but‘tend to be somewhat hebitat
«-restricted | |

4, Collectlng data 1nd1cate phenolog1ca1 d1fferences

between speczes. 'f_ o | . Z

Even the basic natural history of the group, ‘then, was
inadequats}y’known. The first requirement of the Stody is
therefore to gain e more precise knowiedge of habitat
requirements, host renge,‘and life history throogh extensine
ffeiﬁmoolleoting,«1n order to prov1de ‘a flrmer base for
laboratory work and a sultable context for realxstlc
assessment of lab results. T

An extensive root system is the principle character of

leafy and cypress spurges contributing to their succeSs as

invasive and persistant weeds(Coupland and Alex, 1954).

The key to understanding the spurge-Aphthona v

1nteractzon 1s therefore an al 515 of the feedin tterns
anaiy e > g pa

of the root-feeding 1arvae. g R

-/
° .




The latex found in these plants is probably a major // \

contributor to the dearth of feeding by generalized
‘herbivores becaise of its: toxicity and the
-mechanical difflculty it preSents to smell organ1sms
‘penetrating the latlcxferous tubules. Therefore, the methods

‘used by .the larvae in dealzng with the latex syste are of

1nterest.' B1ochem1cal 1nteract10ns certaznly play a very. N

important role. However, 1 have restricted myself to the

T,

mechanical and behaviodra;-components Jf thiskprbhlem.
In light of the above, the objept}k

es of this study may

.
v L

be stated thusly.
///,4~,Obta1n data on hab1tat requ1rements and host range -

from fleld collectlons.

$

2. 'WOrkaUt life h1story.

:

3. Determlne the locat1on of feed1ng on the root system,

and the tlssues consumed ;e

G

At f1rst)1t was not clear which speeies of Aphthona
 w§uld be the most suitable\for‘investigation. Ddring‘the
'tir§t suﬁmereof work, experieheefeith evailahility,' -
tractability in the lab, host“?anéeﬂ'and;comparability of

habitat tora;éas in North Amer}ca wherebjpurge is a broblem,
,comb{hed with~ava31&bi1ity in subSeqeenbhyeers, codépired in
the end to}l1m1t my laboratory studies to three spec1es-'
A. cyparfsslae Koch, A. flava Gulllebeau -and A czwalinae
Welse, w1th emphas1s o; the flrst twoj
of leafy and cypress spurges, leafy spurge was the most
readily available to.me. All laboratory tests were,'

e

P N . . /
. M \ B .



therefore conductod ‘using this plnnt, althouqh a tuu vere

repeated using cyproau spurgo.

Also includod are dnacriptions of tho immaturn stages

of the genua in ganeral and of those spcciol mcncﬁoncd

above in particular.. I nlsorfblt that a discussion
LA '

' of . the host plant relatdons of the gcn as a whole

would prove useful,

_In order to accqmmodate these diveri 'eleﬁintsfdr
have a:rangedthys_report‘inmtourtgectxonsz o

I. a general intro&uction,‘intrgduction to the épurggs}{-
_and an introduction-to Aphthbnaﬂ with a discussibn'bf the

host reIéEionships" I1. descr1pt10n of immatures;

MII. field data; and Iv.” results of laboratory studies.

e



I . N
2, Overview of the Genus Euphorbia

7
/

2.1 Iﬁttodﬁcti&ﬁ’to the Genus | : c'. -

Euphorbia L., -with anywhererfromA7b0 to 2000 pecies,,‘
“is the largest genue of the family Euphorbieceae. It
':consiéts of an exteemeli,diverse‘assemblage‘of prqstrete
annual Hefbe, herbaceous perenniale, sﬁrubs aﬁd trees, and
”succulentwstemmed cactoid forims (Lawrence, 1955). In North
‘America there are about 150 native species (Kartesz and
Kertesi, 1980) (of thch only'three‘inconspicubus prostrate
annuals reach the Cenadian pgaffies'(Loomanhand Best,
1979)). 1In adéifionna number of palearctic species are
adventive to this co?tinent. o

'Euphorbia is chdracteriéed by the peculiar streeture of
its.inflerescence. A S1ngle pedicillate plstlllate flower,‘
the perlanth of whlch is reduced to a rudimentary calyx or
absent is surrounded by several stamlnate flowers, each
;con51st1ng of a 51ng1e naked stamen, usually with minute
.usubtendlng bracts. The whole is contalned wlthln a
campanulate or cqpnlételfive—IObed involucre with one td
five separate élandcb the.entiré’unit being Known :z a
cyethiuh. The cyathla are usually assocxated w1th
subtend1ng, more or, less mod1f1ed often coloured, leaves
(cften called bracts, but should be differentiated from
"those.subtending;the staminate florets). Tﬁe fruit is a

triloculate explosive‘capsule, and the seeas‘have a basal

RN
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caruncle (Smith and Tutin, 3968; Swift, 1974). As is tfugﬁ\\\‘
df'most'euphorbiaceous genera, members.of this genusIEossess“%A
a~systeh of létex-cdhtaininé'tubules. i
_Many species are of éommercial interest a§ sources of
waxes, rubber andvpetroleum‘(Uphof; 1959; Buchanan et al.,
1978; Calvin, {978;’Harris et al., MS). ‘Others are of
ornamental Galué-(Bailey, 1925). Spurges are common
[ingrediehﬁb of folk rémedies (see for examplg AyenSu, 1978,
- -and Choppélet al., 1956). /Kupchan'et’a].;11976) found that
extracts of E. esula L. 5ﬁd another eupPbeiaceous p%aht,
Croton figlium L., have antileukemic_proéerties, -
Besides the weed problems presented by the perennial’
leafy and cypressvspyrges, many annual species are weedy in

cultivated field crops.
. ) ,

:2.2,Compositi6n and Properties of Latex
The system of laticiferous tubules in spurgés
permeates all parts of -the ﬁlant. These
laticﬁfers_are of thé non-articulatea type — that 1is each.
_tUbule,is a siﬁgle intrusivecell;'rathe;ﬁthan a series of
interconnected cells (Esau, 1877) ~ and Q}e apparently
"~ derived from a very few”(s to 12) laticifer_ini;ials in thé
rembryb, the number being characteristic of the species. :
have studied the morphology of the system in the embéyo and

.seedling ofvseVeral species, and Gaucher (1898, 1902) in



mature plants.

fhg iatex cdntéined'by these tubﬁles is an opagque,
white, somewhatﬁvfécous fluid., It islappéréntly under
positive'; with‘fespect to, atmospheric — pressure, and
freely wells out from any wound to the plant, fdrming a
gummy semi-solia on drying.

.The latex_o% most, if ﬁét all, euphorbias is, to some
extént, irritanf aqd/dr‘tOQic. In mammals emesis aﬁ
purgation Tesult if it is taken integnally( ana\temporary
blindness often follows application to the‘éyes iMillspaugh,
'1974). Contact witﬁ the skin‘céuses anything from a
reddening.and slight itéhing to seQere blistering,_depending

on the»spurée species and individugi;sensitivity (Johnstén\
~-and Sméliak,.1965). The latex ofvE.\maninéta hag been .used
for branding cattle (McIndoo, 1945); Consumption of several
species by man; cattle and shgep has resulted in deathl
"(Verdééurt and Trump, 1969; Kingsbury, 1964) . it has been
demonstrated fhéf certain COmponents of iatex are
co-éarcindéenié - that is,_they reduce ‘the dose of some
known carcinogens/requiégd\to induce malignancies (Roe and

. i

Price, 1961; and many SUbseQUent authors). |

Latex is a complex mixture of dissolved,_emdisified and
éuspended substénces.‘ The white coléuf, and possibly.also
to a large extent, its viscosity, fsfimparted by starch
granules, of whiéh the shape is often specific to a species
or species group; Many authbrs have assumed that the latex

- system is therefore a medium for storage and transport of

~



starch and ofher primary metabolites. However,.Bieéboer and
Mahlberg (1978) report that starch in the latex of E.
hetérophylla'and E. myrsinites.is removed from the plaht's
‘utilizable reserves. If the plants are kept‘inffhe dark,
starcﬁ stored in parenchyma is depleted while latex starch
'1eve1§»are maintained. | |
Among the othér'components are sterols, other free
alcohols, free fatty acids, trig}Ycerides,'di- and
triterpenoid esters, and hydrocarbons, the relative
proportiéns-vérying with species (Buchanan, et él., 1978)7
The heptane extractable componentsvpf E. lathyrus constituﬁe
-4 to 5%.of plant dry‘weight (Nemethy et al., 1979). The
most iﬁgéresting of.the‘components beiong to a part;cular
ciass bf‘polycyciic diterpene esters, the ingenénes,
daphnanes, a?d tiglianes, It is apparently these compounds
" which arg‘respdnsible for the irritant, bo—cércinOgenié and
even the anti-leukemic activity Bf latex. Since Roe and.
‘Price‘s’(1961) report of co-carcinogenicfproperties,for
.latex.of7a number of‘species, thefe has.been an explosion of
papers on the isolation and identification of bioactive
diterﬁenes from spurges. Evans and Soper (1978) have
érdvided.a review of the structure, distribﬁtion, and
’bidlogical activity of thesé subétances. Daphnanés occur
bnly in plants of the famiiies Euphorbiaceae ana
Thymelaeaceae. Tiglianes have been isolated only from —

several euphorbiaceous genera. Ingenanes are restricted to

the genus Euphorbia and the very closely rglated genus



.10
Elaeoﬁhorbia. One species of Euphorbiafexamined'contained
at least 30 different diterpene esters. The one species of-
section Anisophyllum and the two species of section
Poinsettia of the genus Euphorbia so far tested are unique

L

in their,complete'lack of ditefpenes’et this class.

2.3 EuphObeé spp:~and Insect Herbivores

There have been repeated allusions in the literature to
the resistance of euphotbias to insect attaek.; For'example,
Liebmaﬁﬁ tj910,‘qubted-by Heikertinger;'1916), writing of
‘the oecurrence of.therspurge hawk moth on cypress spurge,
referred to it as "a piant avoided by‘all other animals due
to its poisonous latex (einer Pflanze, wegen_ ihres giftigen
Milchsaftes von .allen anderen Tieren gemieden wird)."
Bailey (1925) “in reference to the use of spurges as
ornamentals, states that they are "remarkably free from
1nju:10us 1nsects." In North America minor feeding has been.‘
noted on 1eafy and cypress spurges by polyphagous |
leathoppers and Lepidoptera only (Harris et al., MS).

However, as Heikertinge: (1916) pointed'out, the
spurges have, at least within their native range, a
kcomplement of insect associates,comparéble in divefsity with
that of any othet{plaht gfoup. ‘On the other hand, a
‘.disproportienately high number (about three quarters) of the

.1nsect species recorded from Euphorbia have been recoraed

only from that genus (Harris et al.,.MS). Furthermore,



1
" .local spurge—feéaiﬁg insects do not often transfer to
adventive spurges’ .

Prepafations of sevetél species have been used-
hlstorlcally as insecticides or 1nsect repellants.
E. thucaIIi L is planted in Tanzania as a mosqu1tp
repellant and extracts used as an inseéticide in India (Watt
and‘Breyer-BrandWijk 1962; Verdcourt and Trump, 1969%“
E. nerilfolla L. and E. antiquorum L. have been used in
concoctions for kllllng maggots 1n wounds, and the latex of
neriifolia has béen used as a generg}/jnsecticide (Watt and
Breyer—BrandwiﬂkQ'1962: Choppa et al.,-19éé). The equier
mentioned use of E. margihaféﬁlatex in cattle branding was
considered superior to the hot iron-sinqg;screwworm larvae
deposited-ihto the wound'ﬁére unaBle to suqvive (McIndoo,
1945). e

Recéntly there have been several investigatiqu of the
insecticidal and repellant properties bﬁ spurges.' Ether
extracts of cypress spurge were found to be fatal to
houseflies on contact (Srbova/gpd Paleveyeva, 1962) »and an
extract of the bracts of po1nsett1a was found to be more
toxic to S)tophvlusronyzae (L.) than a\51mllar.concentgati6ﬂ
of pyrethrum"(Rao, 1957). _E; Poyleéna 3ois. extracts have
}ggen-assessed aslantifé;dantsifor é crucifer-féedihg sawflj

in ;ndia (Pandey et al., 1977, 1979; Sudhakar et al., 1978).

—— v - ———_— — o ——————

' Hence the above mentioned lack of 1nsects on leafy and
cypress spurges in North Amerlca, and probably also the
source of Bailey's 1mpre551ons, consideririg his
hort1cultura1 peint of view.
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The larVéenof the qrucifer—feediné piutellid moth PIute7la.
maculata (CUrt.f could not'be iﬁdﬁced fo feed on sinigrin-.
impregnéted»E, lathyrus or E. mflii, although there was some
feeding on E. poinsettiana so treated (Gupta éhq : ¢

Thdrsteinson; 1960) .



3. Leafy and Cypress Spurges g,

3.1 Introductién

Thé_lével of concern about leafy spurge is high,and two
recent symposia have be devoted to it?.

This plaht'occurs as a weed on both cultivéted and
uh;ultivated land in all éoil tYpes, under most mbisture
regimes, in‘woodland‘and‘gféssland. However, it is most
abundant in mesic,.open areas on lighter soils (Selléék,
1959). On cgltivated‘isnd, adéquate control may-be achieved
with a combination of cultural and chemical control ﬁeasureg
(Derscheid et' ‘al.., 1960, 1963).

The serious problems arlse on non- arable land.. Once
eétabllshed this plant is able to compete.successfully with'
‘native vegetatidh (Selleck, 1959) . bIts presence in basturé
. land is undesirable since it is‘unpalatable to livestock and
therefore~ihcreases'0n grazed land at the expense of more
palatable plants.—Carrying capacity~reductions of up td 75%
" have been reporteé.in Montana (Reily and Kaufman; 1979).
Control Qf large infestations on such land is difficUlt,
-siqge‘the deep/f6ot-system‘usuélly.survives treatment of the
aerial%parts and surface roots. Production of new |
adventitious shoots from considerable depth and germination
? Leafy sburge Symposium, 5 No?) 1976' Regina, Saékatchewan;
sponsored by Agriculture Canada Regina Research Station.
Leafy Spurge Symposium, 26, 27 June, 1979, Bismarck, North

Dakota° sponsored by .ND State University, USDA and US
Forest Service, : '

13
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of dormant seed quickly reestablish the patch, so that
repeated treatment is necessary until seed reserves in the
soil and food referves in the root are depleted (Bowes and
Molberg, 1975; Bowes and Thomas,‘1978). The success'of the
.treatment‘depends on soil type (see Harris et al., MS),
dnaturevof competing vegetation and ylgilance and persistence
of the responsible individuals (Selleck et al., 1962).

On large -areas, or in areas whlch have no 1ntr1n51c
economic value, but act as reservoirs for 1nfestat1on, such
,treathent often becomes uneconomlcal; Treatment of large
areas, especially lnfestations along waterways}.brings with
it the.deleterious effects of intensive, widespread use of
vpersistent herbicidee, and removal of desirable plants from
the treared area. For these reasons, biological control is a
potentially,valuable component'of'the overall control

programme. L

i

] Cypress spurge is not looked upon w1th as much

rz consternation. Most stands are quite small and on
economically:unimportant land. Since most patches are of a
sterlle d1p101d strain, there is a lowver probablllty of

spread onto more valuable land However,-a fertile

tetraploid occurs at a few localltles and poses a potentlal

Aproblem 51m11ar to that of leafy spurge (Dunn, 1979).

¢
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3.2 Review of the Literature

A reasonably complete survey of the literature relevant
to leafy spurgé in North America may be obtained by
consulting Selleck (1959), Selleck et al.(1962), Messersmith
(1979), and Best et al.(1980).and there is no need to repeat
it at lengfh heré. The literature dealing with systematic
problems and root morphology is considered elsewhere in tﬁis
* chapter. The princip;e{basié.invespigationsﬁa;e those of

Bakke (1936), Hanson and Rudd (1933), and Selleck (1959).

3.3 Taxonomic Status

The term 'leafy spurge’ in ifs narrowest sense refers
to the species E£. esula L., but may be somewhat more 1Qose1y
applied to a group-of closely related; morphologically
similar‘speqiés,‘of which}the most common is E.vvingata
Waldstein and Kifabel,'more correctly cailed»upright spurge. -
’Cypress spurge, E. CypénfSSias L., is a very cloéely‘related‘
species. — | , | ‘ .

Members of the leafy spurge group preseni‘many
taxonomic diffécﬁlties.' Not only,afe the taﬁa\yéry similar;
'butithéy'exhibit conside;able gcotypic ahd ecophenotypic
variation (Croizat, 1945). 'Hybrids apparently occur
frequéntly (Hegi, 1930), énd there.is probéﬁly -
considerable genetic in;rogreséibn as weil;, A hybrid of
cypress and leafy spuréés'hashbegg_gecorded in,Ontario'

(Moore and Frankton, 1969). Pax and'HofﬂQ?n (1931) have
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braken the genus EuphQrblia down into 9 sections, and these

further into subsection Leafy and cypress spurges are

placed by them in section Mithymalus, subsection Esulae.
Prokhanov (1949), using a somewvhat different arrangement,
piaces them in. subgenus Paral ias\(often called Esula in
recent works),, section Esula,‘subse tion Esulae®. ﬁithin
subsection Esulae, Prokhanov piacesuE. sula in series
Esulae, along with 10 other Russian specie while
E. cyparissias is placed in series Virgatae with E. virgata
- and 11 other Russian species. Prokhanov is a splitter and
_many of his species are con51dered synonyms or subspecies of
established European taxa. Smith and Tutin (1968) go .
as to demote E; virgata (under the name tomasinliana) to
subspecific status within E£. esula. However, most Eufopea
botanists maintain botﬁ E. esu{a‘and,f. virgata as full
species.’ | .
The e#act identity of North American leafy spurge has

beeqvthe subject of yggprrent dispute. According to Groh. |
(1935), the first‘collections.onvthis continent were referred
to E. ésula; However, by the 1930's the steady range | |
expansion of leafy spurge had become a major conéefn and was
lboked’at more éarefully. Doubts first arose when western
material neither fit- the descriptions well, nor could be
matched }1th certa1nty to the available herbarlum spec1mens -
"of eastern 'esula', and it was the oplnlon of several

" pax and Hoffman's section Esulae is much broader than
Prokhanov's, 1ncludlng species that the 1atter author places
in two other sections. :

b3
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botanists that’American‘material wasg in fact virgata.

~ Hanson and Rudd (1933), in the earliest study of‘its
bioiogy, adopted this name. Groh (1935)"obta§ned series of
European specimens of both species and cOneluded that ali
Amefican specimens could be assigned to esUIa according to
the shape ef tne leaf base. Bakke (1936), eqmparing'his
specimens to keys and descriptiens, vas of‘the‘opinion that
esula and virgata are not separable and beet considered
synonyms urider the name esula. Morten (1937) beiieved that
all American specimens‘age‘é}operly assigned to virgata.
Croizat (1945) undertook a éetailed review of‘specimens,
both American andnEuropean; of what may be 163§e1y called‘
leafy spurge, housed in\the‘Gray Herbarium and the Arneld
Arboretum. He encountered no American specimens ot,E. esula
in these collections, but found spéc1mens referable to .
E. v:rgata sensu strlcto E virgata orhentalls Boiss.

in DC.,»and E. virgata montana Reich. However, he belleVed;

that most. North Américan material could be referred'fo a

\.
.

further taxon, E. intercedens Podpeta. This name turned out
to be a junior homonym of E. intercedens Pax and he laterxf\
(Cfoizat 1947) provided podpeﬁae as’'a substltute.

In 11ght of the 1nd‘t1s1on on the part of taxonomists,
the weight (and perhaps 1nertla) of opinion among‘those who .
simply wanted a name en'which to hang b'ological and
agronomic data favdured/EEUIa.b This pr ct1ce has continued
until today in agrxcultural circles. -The use of;esula was

qxj;rmed with reservatlons‘by Moore (1958), He conSidered‘

c o
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. this taxon to:befvery varzabie but distinct from virgata.
- The problem was recentlyxrevived when it Ves found that
a clear-w{nged‘moth} Cﬁamaesphecia tenthbedlnlfdrhls and ;n
aphid, Acrythosiphum neerlandicum, specitic to E. esula in
Europe, could not survive on‘North‘AmeriCan leafy spurge
(Harris, 1979). Spec1mens from throughout the United States
compared to European spec1mens in the Kew herbar1um yleldedlo
results similar ‘to Cro1zat 8 (1945) fxnd1ngs- leafy spurge
_;n North Amerlca is not a S1ngle entity. The spec1mens
comprised E. esula sensu stricto, E. esula androsaemifol la
Willd.,_E. virgata uralensis (Fisch. ex Link) Boiss., E.
virgata orlentalis Bois; and E. xpseudovingata (Schur) Soé
. (believed to be an esula—vtrgata hybrid) (Dunn and
Radcl1ffe Smith, MS). The lastwnamed taxon, a synonym of
" E. podperae Croizat, is the most w1despread, and western
‘Canadian -populations are-apparently,best assréned to tnis
taxon (Harris'et al., MS). |

After “some field exper1ence wlth European populat1ons
of both esula and virgata, and Saskatchewan leafy spurge, and
after consultlng or1g1na1 descrxptlons of pseudov:rgata and

:'1ts synonyms and Cro1zat s (1945) useful dlscuss1on of this -
A —

- taxon, 1 f1ndwth1s treatment more satlsfactory than trylng

to force our plants 1nte e1thé; esula or vtrgata, or
comb1n1ng them into a 51ngle varlable taxon which 1nc1udes
vlﬁgata.~ It-is espec1a11y»1mportant‘to make ‘the dlstlnctlbn'i
| in the context of this study, glven the d1scr1m1natlon shown

-

by some 1nsects.
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. / ' o
' However, Dunn_and Radcliffe-Smith's report is

. preliminary only, and I think.it premature to asalgn North

American'leafg spurge to any particular palearctic taxon

with any certainty;‘ As’ noted by Croizat (1945) -"the burden

-

of nomenclature in the 'Esula’ group is‘overwhelming' due to

*

the parochial nature of 19th century floristxc works,

comb1ned with the inherent var1ab111ty of the taxa 1nvolved.

pJFurthermore, the*extent to which the variation seen in

_ North America is the result of plastic responses to local-

' conditions, as opposed to genetic differences} is unknown.

Groh (1944) reported that roots wh1ch produced vlrgata—llka

shoots in Saskatchewan, producedesula -llke shoots when
o
transplanted t'o Ottawa. on the other hand, I have seen

infestations near Reging, Sask., in which shoots could be |

v

; assigned to specific adjacent; and.otten'partlgkoverlapping,

clones;'on the basis of predominant leaf density, shape, ahd 5
coldnr{ number'of‘axillary florescent shoots, and\IengtH'oT
inflorescence rays.' Clones also dlffer in” date of flrst
flower1ng dur1ng sprzng growth and ratio of sterile to
flowerlng shoots produeed 1n late summer growth.

_For the purposes of thls study, E. esula and E. virgata

» refer to European populat1ons as dist1ngu1shed by current .

European fIOras- typ1f1ed by Hess et al. (1970).' North

American populat1ons, commonly égsxgned ‘to one or the other

of these taxa, are regarded as part. of a complex of an

aff1n1ty, probably of hybrld or1g1n.

"undeterm1ned number of undetermlned taxa of the same

—



3.4 Distribution
: _ 538
3.4. 1 Or1g1ns

The centre of orlgln of subsectlon Esulae is apparently
the Cauca51an region (Cr01zat 1945; Kuzmanov, 1964).°

_ Accordlng to Kuzmanev (1964), Prokhanov s (1949) se:ies
Esulae ef this'subsect}on now has representatives from the
Atlantic across Siberia and‘Nofthetn éhina to the Pacific.
The greatest diversification in the group has been to the
east of .the CaUCasus — only E. esula extends westward,
occurring throughout Edrope from the Atlantic.to the Urals
except the eXt;emeynorth and south. ,According’to_Smith-and
Tutin (1968) it is not native in the northern parts egeits;
present range. 'THistpeciesghas also been intreducedete
northern China'(Prokhanov, 1949) . |

Series Vlrgatae also reaches 1ts greatest dlver51ty to
the west of the Caucasus. E. VIPgata is a southeastern
European Asiatic spec1es, extend1ng from eastern Austrla and
,Czeckoslovakla 1nto central A51a, and localky establlshed in
“western Europe (Hess et al., 1970; Smith and Tutln, 1968) .
E. cyparissias is Qriginally a‘Mediterranean species

but is teday widespread in Europe (Smith and'TUtin, 1968).
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3.4.2 North ‘American Dlstr1but1on
3.4.2.1 Leafy 5purge ° |

Because North- Amerlcan leafy spurge taxa have been
lumped under the 51ngle name esula, good distributional data
are available only for the complex as a whole. Noble et al.
‘(1979)kest1mate about one million hectares are infested in

North America. ' Dunn (1979) has mapped the relative density.

of leafy spurge on a county by county basis for the United

States. It is v1rtually absent south of 40° north latltude,’

'and almost no infestations of 'economicﬂ or ‘potentially
‘economic' density‘occﬁr east of the Mississippi River. The
most-widespread infestations.occur_in Minnesota, but the
weed.problem is most severe in North Dakota, followed-
closely by Montana (Noble et al., 1979).

In Canada, leafy spurge hes beenrreported from all
provinces except Newfoundlandl The main concentrition of
infestations occurs in southern Manitoba, the'southern half

- of Saskatchewen‘; and in Alberta north to the Peace River

District (in other -words, the prairie provinces south of the

Precambrian Shield) (Lindsay, 1951; Selleck et al+, 1962).

. Simply stated, the North Amerlcan dlstrlbutlon 1s
primarily the Northern Great Plains. Noble et al. (1979)
estimate that about 90% of it may.be found within 1000 km of
Wolf.Point in nortneestern-Mdntana.

W o ———— . W T T o

‘Saskatchewan infestations have been mapped over much of the
settled area’ of the province as part of the Saskatchewan
Weed Survey, 1952 to 1955 (University of Saskatchewan,
Department of Plant Ecology)

€}



_of the fertile tetraploids are known at several sites in

~

_dyiﬁg_béck~to ground level in winter. The underground part

22
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3.4.2.2 Cypress Spurge

Dunn (1979) provides a map of cypress spurge

'infestations‘in the United Stétgs; and Lindsay (1951) and

Moote (1958) éive the known Canadian distribution.

This plant has been reported from scattered localities
in all Canadian provinces and in 25 American statéé._
However; §tands are numetous only in southern Ontario, the
northeastern States; and Minnesota. Large stands also occur
at a few locationg inrQuébec, Nova Sdotia, and Virgiﬁia;

Most stands are of the sterile‘diploid form, but populations

o

Ontario and New York, and one in Massechusetts. The larger

patches in Québec and Nova Scotia are also suspected to be

tetraploid. A fertile diploid occurs ih Europe but has not

been reported on this continent.

3.5 Description

3.5.1 Leafy Spurge - General Description

The leéfy spurge of the northern Great Plains has been

‘described-by Hanson and. Rudd (1933), Greh (1935), Bakke

(1936), Selleck (1959), Messersmith (1979) and BesEJet al.
(1980). The following description is based on Selleck p
(1959) and Best et al. (1980) with supp ements as‘noted.

The plants are perennial hemicryptophytes, the shoots

[

°

|
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'of the stem produces advent1t1ous shoots the- follow1ng
spring. ’Stems are erect, glabrous, 0. 3 to 1.0 m tall, tough
(previeus year's dead stems persistent), unbranched &t the
base, with or without axillary vegetative branches
(branching profuse if main axis damaged) above with
» axlllary flowerlng rays and a termlnal compound
inflorescence. Stem leaves alternate, entlre, glabrous,;
only the midrib consplcuous, brqadly linear to
lineat-lanceolate or oblanceolate, 20.to 80 mm long, 2 to 10
mm wide, apex acute or obtuse. See Groh (1935) for a |
descriptien/of variation in leaf shape and comparison with
typical European E vinafa and E. esula. In my experience
early spring leaves, those of shaded plants and those of
- greenhouse-grown plants are often more esula—llke than those
- grown in the open later in the @eason. ~The stem and leaves
of plants growing under dtler.ebnditions usually have a
heavier waxy bloom (similar to that characteristic of
E. Vir'gata). The main shoot. terminates' in a singlé'r‘tive
cyathium subtended by a whorl of seven or more green eaves,
shorter and broader than the stem leaves,‘each with an
ax1llary floral ray. Floral rays with a terminal cyathium
5ubtended byfa.pair efpgteeniSh—yellow to yellowish green
‘broadly ovoid?cordate leaves, these each with an axillaty
floral ray, the pattern repeated to 3 or 4 levels. vThe
‘floral rays arlslng 1n the stem leaf axils are similar but-

- usually branch only once. The cyathla are as described for

‘the genus in Sectlon 2.2, stam1nate florets 15-to 20, glands
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four in number'(ébortive cyathium a shoot apex usuélyy with
more), yellow to orange-yellow, crescent shaped with 2
horns. Bakke (1336) illustraﬁes~thé variation observed in

- gland shape of Iowa specimens‘(hdrns short to long; straight
or curved, divefgent, convergent; or parallel). ! |
Saékatchgwan ma£erial has in addition élands with the horns
cia?ate and sometimeé multilobate or den;iculate (identical

to the shapes,seen*in European viﬁgata).

3.5.2 Leafy spurge — gross foozvmorphology
This and the following sections are intended to provide
the necessary background for chapters 7 and 8.

“The morphology and'development,of the.underground parts
of thé léafy spurge plant have been described by Hanson and
‘Rudd.(1933); Bakke (1936), aﬁd in a series of papers bj
-Coupland and his co-workers (Cdﬁpland/and Aléx,‘1954,'1955;
Cbupland et al., 1955; Bakshi and,Coupland{'1959; Réju ef
_al., 1963, 1964). B

7The'rod£ﬂ§ystem of leafy spurge (Figure'1) has
extensive horizontal and veftical components. Thelméjor
horizontal parts were in.the‘pasﬁ refeffed to as fhizomes
(pndergfound horizqntal‘Stems)‘gut,‘as shown by Myéfs et al.
(1964) (and earlier implied by Raju et al.(1963)),,they’are
in faét”roots, ahatomically-indistinguishable from the
verticgl rgots: Theré aré; howevérp‘two diStinét‘rOOt
types,‘called by Raju;et al.(1963) short (or filiform) and

Jong (or thick) roots. The long roots constitute the



Figure 1. Root system of leafy Spﬁrge;-éiﬁﬁlified from a

photograph of a plant excavated near Regina, Sask.

Pt

A - vertical and horizontal long roots; B — root dfowing
adventitiously from underground part of shoot; C — shoot

buds on underground part,éf shoot; D — shoot buds on long
. - ' Ty
root; E — short roots. 7

/
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prlnczple hor1zontal and vertlcal framework of the mature -
root system, sometlmes reach1ng depths of several metres
(4.8 m reported,by Bakke (1936)). 'These rootS‘are
persistent, exhibit secondaty‘tissue de;elopment,‘and are’
1ndeterm1nate in growth. Shoot buds are located_gt
1ntervals along the roots,. the density decrea51éiiw1th
increasing depth (Coupland and Alex, 1955). The sho;t toots_
are-determinate in growth, show no secondéry tissue ﬁﬂid
developmentfiand last fox ohly a single season. They may be

'somewhat branched.
Short roots and those long roots which have not yet
'begun secondary growth are ihdistinéuiéhable, and I will
__refer to them together as filamentous roots. Long roots a
year or less old with obvious secondary tissues will be ~
called yearling roots. ‘Roote‘over'a_year 6ld will be
referred to/as,pefénnial roots;‘

_Long roots erise-from‘other long roots or
a@ventitiously‘from,the uhéetotound garts of'stems, Shoot
buds also form at great density on both the roots and shoot
baees near the root-shootﬂjunction, SO that over the yearsva
large root crown deyelops,oforming the centre of oriéin of a

large number of radial longitudinal roots; - e

3.5.3 Leafy spurge — root anetomyh
A section of mature spurge root may be easily separated

with the fingers into a woody central core, and a thick
/ fleshy, outer layer, erroneously refetred to in the
e

e
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iiterature as thé 'éortei‘ﬂ‘ - |
| .The tissués of a typicgllplder root are schematically
fepreSented in Figure 2;, | |
'”ﬂThe'xylem contains numerous broad parenchymatous rays.
Invadditién, spring xylem does not differentiate into
vasculaf élements,‘so that a large proportion of the Xyiem ’
consists of parenchyma.
The phloeﬁ;is divided into two distinct zones. The
inner phloem consists of both sieQe elements and pare;chyma. )
As the phloem ages, the parenchymg cells enlarge, the sieve
| elements are_crushed, éndmthe'tissueAis invaéed by
iatiéifers, to form the outer phloem (and will be‘feferfed to
later as the Jaticiferous zone} .
| The remaining tissues are éerived primarily from the
phellogen (cork cambium), which gives rise inwards to the
thick»parenchymafous phelloderm, and outwards to;a'dénsé. h
‘protective'phellem (or cork). Laticifers also invade the
. phelloderm t§ some exfent,ialthough they are rarely as-

numerous here as in the ph%oem. The laticifers adjacent to
. E .

the,phéliogen are usuaiiy ﬁuchvmore actiVe,‘with those in
the,dlder phelloderm tend{ng to degeneréte; . . "—;
Also occurring in the phelloderm are thick-walled
brachysclereids.\ The relative proportion of sclereids to
parenéhyma'is quite variabie;,; haQe found plants with
almost almost allef the cells of\€his tissue converted to
‘sclereids, but less than 10% is usual. Sclereids may also be

found among the xyiem‘parenchyma, and, rarelyj in the phlbem,/'



Figure 2. Distribution of tissues in a mature perennial

leafy spurge root (cross section). Location and dénsity

if laticifers indicated by stipling..
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The surface of the rootAis'covered‘by the remains of ! -
crushed primary cortex'andiepidermts, and dead pnellen.

The roots I have designeted yearlings are essentially.
similar, except that the phloem'is not yet oistinctly

‘,; i
,d1v1ded into two aones, and the surface cover Stlll cons1sts

: largely of 11v1ng cells.

0

3.5.4 Cypress Spurge v
i

Cypress spurge is a much 1ower, more/combact plant,vr
with a tendency to branch more than leafy spurge.' Shoot.0.1
to 0.5 m tall, erect, glebrous,-with manjgaxillary~sterile
branches, few axillary inflorescence rays. = Stem leaves~j

alternate,'closely spaced “linear, 15 to 30 mm long, 2 to 3

mm wide. Terminal inflorescence s1m11ar to that/of leafy

' spurge, but pr1mary rays more ‘numerous (10 to—20, usually

about 15) and the rays_shorter. Cyathia as in leafy 'spurge,

the glands crescent'shaped Roots not as thick as those of'

leafy spurge w1th less tendency to form massive root crowns.

The number of shoots arlslng from the prev10u5 year's stem

base is much larger, giving a more tufted appearance.

.on



4. Introduction to Aphthona Chevrolat

4.1 Systematlc status
Aphthona Chevrolat is closely related to the well known

genera Phyllotﬁeta Foudras,vof economic interest: because of

,A:IES predllectlon for cruciferous plants, aed

Longitarsus'Latrellle, whxch tends to feed on ooraginaceous
plants. These among others are placed together in tribe
Aphthonlnl of the chrysomel1d subfam1ly Alt1c1nae, commonlyr{
known ‘as flea beetles. ’ : )

The néme Aphthona (from Greek for plentiful ) first
appeared in Dejean s Catalogue of 1837, where it was
attrlbuted to Chevrolat;' Under 1t were.llsted 4 or 5
spec1es now. a551gned to thls genus, along Wlth several other
taxa currently_plac(d elsewhere.> A generic d1agnos1s was'g
not publlshed by ¢hevrolat ungjl 1842. Maulik (1926) : —
deslgnatedAHa{ﬁjca.cyparissiae Koch, the first species
listedvby(Dejean,.ae’txge.

‘ The'genué is ;osmopolitan;in dlstribution, althongh-the
vNearctic'is very depauperate. At the time of the most

J

- recent review (He1kert1nger, 1944), over 200 species ﬁere
_place§~here,'and more than 100 others have been descrlbed
‘51nce, partlcularly ﬁ\:f:the.Ethloplan and Neotroplcal :
realms. N T . "//ﬂg’ ; . |
: In ‘North Amerlca, there are five spec1es./fThese are.

generally southern in dlstrlbutlon, but one, A. texana
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Crotch has been reported from as far north as 80uth Dakota
: (Balsbaugh 1975). ( ' *
Adults may be recognxzed by the external pos;tion of

the metat1b1al spur, lack of tr&nsverse antebasal and .

o long1tud1nal laterohasal*1mpressions on the pronotum,

1mpunctate vertex, postantennal tubercles ovoxd and more or
, less oblique, 1nterantenna1 space subequal to diameter of
the antennal socket,cantennae quite long, reach1ng the“

‘ ‘elytral disc (Samuelson, i973). Keys'té the alticinefgenera
| (Heikertinger,'1925; Arnett, 1963}4Scherer, 1963; Mohr,
1966; Balsbaugh and Hays,§1972) require that the ef}tral

' “punceation be if%egnlar, Thls is true of palearct1c

'epecies. However, at le t ‘two 9" merican species, and
many from-elsenhere, currently a sjf ﬂ;!to_Aphthbna,~have‘
'feebly but dlstznctly str1ato-punctaa qiytra; |
- In the last thg@g decades,9 a number of spec1es have been “
transferred to, other established genera, or to new genera, -
espec1ally by Bechyne (1955\\1956 1958) Bechyné and -
Springlova de Bechyné (1960, 1965) Scherer‘(1963 1969),

and Samuelson (1973)G A thorough rev1s1on of the world

aphthon1ne fauna is requ1red to clar1fy the\51tuat1on.

—
’ : w . - r
< : _ SRR

: 4 2 Review of the therature v"‘?

o

The best known Aphthona species is certa1n1y - “
‘A- eupfvr‘bj CSChrank), aﬂ 1mportant pest of flax crops. 1n,
Europe. P 1nc1p1 (1941) gave a fa1r1y detaxled descrlptxon
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- of the ultlmate larval 1nstar, a ppears in Oglobl1n .

and Medvedev s (1971) key to the larvae of eastern USSR

S

) chrysomellds The life history and ecologY:was described by

Pr1nc1p1 (1941) and Frltzsche (1958) Jourdheuil and

L Than51gaud (1961) dlSCUSS 1ts para51tes, and ritzsche

‘(1958), Jourdheuil (1960), and. Manolache and Dobreanu (1959,
1960) discuss methods of ,pntrol Jourdheu111g1963)-
provides a review of the blology and;control of thfswinsebt;’°
"Only a few otﬁer‘epecies are discussed in the |
,5literature‘outside of.new species'deeCrlptions and regional/

_faUnal'tfeaLmentgy' A. coerulea (Paykul has been reported

&

as a peet of Qarden iris»and.nethods“fo: ixs control given
(van Poe%erin, 1930, ‘1935° Beneczﬁr,ﬂl930)‘ Buddeberg-
(1878) described the larva and 1ts hablts ThlS 1s the only
’other Aphthona spec1es ‘to appear in Ogloblin and Medvedev s
J(1971) key The larva of A cyparISSlae (Koch) and 1ts

» habits vere descr1bed by Buddeberg (1878), apdifhe larval
"head by Grandi (1938) Lakhmanov (1970) briefly d1scussed
'damage to flax durlng an outbreak of the 'yellow spurge flea
be€tle' which he called Aphtha {sic) abdominalis.
Heikertinger dlscussed the food plant- relatlons of the genus

(1916) and rev1ewed the palearctlc spec1es (1944)

[y ' ‘ -
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4.3 Host Plants okaphthona,species ‘
- N %

<o

e

4.3.1 Introdyction

My intentionghere is to briné'together’the available .
host;data for thevgenusSAphthoné?as a whole. |

‘Most of the information in the literature is of the

form 'insect A on plant B', presented-without further
qualification,. The 51gn1f1cance of such bare statements is
.difficult‘to-aéeesq. Was A feed1ng on B, or just resting?
- were there only a few or perhaps just one'specimen of A, or
were there‘many?.was the collectorxselectively_searcﬁlng on
plant B .(a fault of ny own collections)}cor sampling;all
plant species? was A col}ected.by sweeping, orvhandpicked
from Bg if collecting was by sweeplng; was ltla pure‘stand
of B, ,or-was‘B merely an obvious dominant species? gThe
answers to such questlons are essent1a1 for proper H
1nterpretat10n,rbut are rarely prov1ded Concordance of
_ several 1ndependent reports greatly 1ncreases the value of
such weak records.‘ Europe 1s suff1c1ent1y well collected
that such concordance is avallable. Furthermore, lack .of
nrecords from other plants is not as llkely to be due to a
flack of collectlnga Unfo&tunately,thls-ls not so in most
'other parts’of the world. | The records there are'usually
SOlltary and frequently rd%ult from attempts to 1dent1fy an
:funusualwansect found on a crop plant and therefore hav1ng a

; ‘%

h;gh probablllty of belng an. acc1dental on that plant.
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‘it ¥s necessary also fo be aware that some
non—paleatcticvspecies ne& assigned to Aphthoha_may be ﬁ
better piaced elsewhere._ For example, A. bfméculafa Jacoby,
long known as a sesame pest has been'transfetredetoAlocypa
by‘Scherer‘(1963)5-

_Inferences dtawn’frOm the available records must
therefore be made with care, keeping the_above problemsvjn

mind. _' . —

4.3.2 Patterns in'the Aphthoné foed—plant assemblage -

4.3.2, 1 Adult food plants‘

The collection records for the adults of 66 spec1es are
summarized in Flgure 3. The complete list, w1th sources, on
which this figure is based is,provided in Appendix 1 (Tables
A-1 and A-2)°. | h
, The most str1k1ng feature of Flgure 3 is the spec1al
felat;onshlp between 4Phthona and spurges. ‘Although 33
plant femilies are’repfesented a full two thirds of the 66
heetle spec1es have been collected from Euphonbla,‘and

c/almost half exclus1vely so. Only 20% cf the spec1e5fac§ not

. known from one or more of five families: Euphorbiaceae;‘:
Linaceae~(Linum) GeraniaceeeTCéeﬁanium,AEPodium);hCistaCeaer
(Hel ianthemum) , and Ir1daceae (Inls) AOf the femainihq 23,

families, 10 are assoc1ated WIth the s1ng1e spec1es,‘\‘

5

- ‘ » .A&,{@A‘, : - a, 4 ',,,7'\ o i ’ ‘
*  The most doubtfull &f:"the récords included in the appendix
have been ommitted f m figure 3; 'several others, although
suspect, lack any 1ntr1nsxc bas;s for thelr exclu51on.

. }x A : i" . u) | . .

G - -



Figure 3. Summary of host’reco:ds" dults of 66 Aphthona

. w ot tiedy .
B ?\"\ EL ok

-

spec1es. Number of spec1es in a category is proportlonal to
thefangle subtended by the def1n1ng arc. Radial overlap of
categories ‘indicates species whlch feed on plants in more

than one .category.

C - Clstaceae (HellanthemDm) G - Geranlaceae (GePanlum

. 1 — Irldaceae (Ir'is) L — Linaceae (Lfnum);
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;A‘ euphorbiae. Most of the others are isdlated repdrts and

must therefore be regarded w1th sOoMme degree of scepthlsm

for the time being. , One well suppOrted association is that

dhetween,A..lutescens (Gyll.) and.Lythhum‘sallcaPla L.

(Lythraceae), add‘damage to"rosaceéus plants has been ) -

attributed to this species by two ahthors~(Ritzema—Bos,

1915; Mityaev, 1960). - . ‘ - .
The pattern seen here ig somewhat muddied by additional L

'records,/hut is otherw1se little’ d1fferent from that

presented by He1kert1ng in. 1916 ﬁe llsted the ‘hosts of 27

European and North Afr1can spec;es, of which 19 had been

:collected only from Euphorbia, one (euphorblae) from

Euphorbla and, Llnum, and the other seven dlStrlbUted among

Iris (2), Hel ianthemum (1),,L1num (1), Lythrum (1), and B

Geranium/Erod ium (2) . ) |

'4.3.2.2>£arvai food plants

‘. Field data.en larval'hosts:iS‘knOWd fer‘oniy three
WhhSpecies& A. cyparissiae from E, GYPaPiSSiaS (Buddeberg,'
1887; Grandi, 1938), A. coerulez from Inis sﬁeeiee
(Buddeberg,'1887-‘Beneczﬁr, 1930, Jathoeterin, 1924), and
A. euphorbiae from Linum usrtatléslmum (many authors; see
‘Jourdheu1l 1963). Helkertlngef (1925) has observed : ‘
~oviposition by A. cypanrssias, dellcatula palrda, lutescens,
‘venustula, pygmaea, ovata, and Iac&rtosa, a11 on Euphorbia

spec1es; and coerulea and semicyghfa on Iris.
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4.3.3 Rev;ew of phylogenetic relations between food- plantS' o
| The relationships between Euphorbiaceae and other
food-plants of Aphthona are difficult tO’define,'51nce,the
ordinal placement Ofteuphorbiads_and'the relationships‘

between plant/orders are much in dispute. Traditionally,

l
i

Euphorbiaceae has beenbincluded in the order Geraniales or
in a. separate order, Euphorbiales, closely related‘ to the
Geraniales (system_of Engler as given in Dalla Torre and
Harme,‘1907; Bessey,  1915; modified system ofeEngler of
Melchior; 1953). All of these systems include Linaceae in
‘Geraniales. It is. interesting to'noteﬁalso Bargagli'e
(1887) collection of the geranium*feedlng A. nigriceps from‘
'Cltnus (Rutaceae) and Lopatin's (1960) collection of .

‘Af euphonbiae‘from Peganum (ngophyllaceae)’ given that

Rutaceae and Zygophyllaceae are also included- in Geraniales

\

T

(or.Rutaceae in Rutales;ne;r Geraniales) in all of the above

-syStems.

More recent authors tend to remove Euphorbiaceae
B 4
from the v1c1n1ty of Geraniales entirely. Hutchinson (1959
. ; ) _ o

1967, 1969) splits the angiosperms into twolevolutionary .
‘series. Linaceae, Euphorbiaceae, and Rutaceae are placed in

different orders*® in one series, and Geraniaceae in the

———-————————-—————— -

¢ i.e. juxtaposed in a- linear sequence presumably 1mply1ng
some degree df 51m11ar1ty and relationship in the author's
mind. ° ..
" This association is perhaps of limited value in the
context of the present discu551on, given euphonblae s .
apparent broad polyphagy. : -
-* His concept of interordinal relationships changes through
time, but essentially those of interest are separately
. derivable from Violales or Tiliales. G

1“)
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other. Takhtajan (1959, 1969) keebs Linaceae and\
Zygophyllaceae in Geraniales, thls order bexng derived from
the Rutales, and/places these groUps in the class R051dae.
»Euphorblales, however, is placed in the class D111en11dae.
Takhtajan' S, arrangement 1s of interest in that the 51ster‘
’group of Euphorblales is Thymelaeales. Recall from Sectlon
2.2 that the diterpenes known as daphnanes are known only
from Euphorbiaceae and Thymelaeaceael‘ The thymelaead
Ed@ewé?thia papyhiferé is_reoorded as a host for the far
eastern A. perminuta. A. hUbiIa'iswrecorded/from Elaeagnus

- glabra. - Although Takhtajan con51ders Elaeagnaceae only
distantly related to any of the other: taxa here con51dered
Melchior (1964) places this family in Thymelaeales.

S Cron@uist'&1968)‘keeps_Geraniaceae,4Linaceae}/

Zygophyllaceae and Rutgceae together, although the ordinal

—

boundarles differ from those 1n any of the prev1ously

ment ioned systems (Zygophyllaceae and Rutaceae in

hY

Saplndales, Linales and Geran1ale§(der4ved from Sapindales).

Euphorbiales are on a separate;liheage within the class

%, Y

Rosidae. Thymelaeaceae are placed in Myrtales on a 11ne
'1ndependently derlved from the basal r051ds. Cronqu1st N

— -
apparently agrees with Melchlor in cons1der1ng Elaeagnaceae

close to Thymelaeaceae, for although he places them 1n a

different order he deriveS'this/tamily from within the

.Myrtales near Thymelaeaceae. |
What - of the other plants for whlch the ev1dence that

’they act as éood plants is strong? Lythraceae are ge -rally

ok
R
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(except by Huﬁcﬁiﬁson) considered to be members of the qrder'
Myrtales’ As- mentloned Cronqu1st (1968) places
'”thymelaeads here, but otherwise no direct. relat1onsh1p‘1s
hypothesised between Lythraceae and the other taxa
considered above. Despite this lack of.phylogeﬁetic.
closeness to other hosts, ané the unique status offtae”
Lythrum-A. lutescens association‘wiﬁhin Abhthona, there is
almost certainly some f5;;'of chemical»similarity, since a
number of spurge-feedihg insects feed on Lythrum, or are
elosely related to species that do so (Schréder,,197é); The
Cistaceae are placed somewherevwithin a group of families
generally conceded to be closely related_among'themselves,
- although concepfs'qf ordinal limits vary cohsiderably. Both
Hutchinson‘and Takhtajan_deéiye Euphorbiales;ultima;ely from
within this group'®, but the relationship to the Cistaceae
themselQes;is not direct;: The cher_systemsreanider-the
relationship‘remote.s The Iridaceae, as Monocotyledonae; are
opviously qpfelatedbge any oéher‘majo; food planf.

The ordinal distribatioﬁ'of the dicotyledoneus,families
dichssed above under the different classification schemes
are eutlined in ?igﬁfe 4 : We may summarize -the |
relatlonshlps as follows: Geranlaceae and L1naceae
conta1n1ng known ﬁbhthona food- plants, along with
‘Zygophyllaceae and’ Rutaeeae containing plants from whlch ,

—— - ——-———— - ——— o~ —

' Note that Psidium in Myrtaceae is saldAto“pe the-host of
A. guavae (Bryant, 1927, Hargreaves, 1937).

'® Takhtajan frem Vlolales (formerly called Cistales or
Cistiflorae); Hutchinson from Tiliales (note ‘Verdcourt's
(1950) . :eport of euphopbiae from Tllfa (restlng?))
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Figure 4. Ordinal placement and hypotheSizéd'relationships
between reported host-plant families,.according to different

schemes of cldssification.
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Aphthona species have been collected are generally
consxdered to represent a natural grouping, of the maaor
schemes only Hutchinson s disagrees. The prxmary host ;,
ifamzly, Eusgbrb1aceae, has trad1t1ona11y been placed vithin
-ofhxs group, hut recent authors tend to consider th;s famxlygf
. more or less distantly’related, perhaps arising from a group
of plants related to a'confirmed‘host 'Hélfanthemdm spp.
(C1staceae) but not near the latter within thgs group.
Thymelaeaceae, conta1n1ng a p0351b1e Apbthona host ‘and
sharing peculiar secondary plant substances w1th )
‘Euphorblaceae, are placed near Euphorb1aceae by Taihtajan'
~alone. Other known hosts‘are-only remotely related to
either Euphorhlaceae or~the Geraniales affinlty;' =

-

4.3.4 ﬁost“selection and"transger .
4 The range of plants that an‘individual‘of=a species of

insect herblvore will accept as a food-plant 15 the result

of a complex 1nteractlon of Several factors, both
s1mu1taneous and sequentlal as revzewed by Tnorste1nson ,ﬁfﬁ
:(1960) .and Schoonhaven (1968) : The plant must be temporale

and spatlally ava:lable, that 154-must occur in a. habztat»v

that qyerlaps 1n full or in part w1th that of the insect

o

,r1ght season._I]- T ‘ ’A~ . f . - £
: v = . S 2
The plant must be recognlzable, if the 1nsect 1s a 2

? v1sua1 searcher 1t must have the correct conformataon and/ﬁf
'_vcolour-‘for an olfactory searchef it musu’conta1n those

1,k

";/fﬁ e
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chemicals which act as att@actantu br arrostants for thc

;,_1nsect involved»in the>prope:‘proportions‘ A porfoctly

good' plant in othcr respects will be passed up if Lt

-

| cannot be recognized as such.ﬁft o |
The plant 8 physicar stripture must be suited to the
phy51cal and bohnviourel makoup o£ the insect. A leat
thlckly beset with halrs w1ll £oxl a small leaf feedet
 without elongate mouth parts forwpenetrat1ng between the"
hairs. A herb 15 not su1table for a large wood borer.
The plant ‘must not indﬂce behaviour antagonxstzc to C
£eedan, that is 1t pust lack effectxve 1evels of those
‘compounds whxch act as feedxng 1nhi51tors or repellents.
‘The plant must be palatable, contaxnlng the proper
comb1nat1on/of chem:cal constituents ‘to 1n1t1ate samplxng x'
~‘~Jand mazntaxn feeding. o 7
A 51m11ar set “of cxxtetla appl1es to 1nductxon of

L

yov1p051t1on where this behavzour 13 assocxated with a range

Tof hosts whlch may or may not be*the same as the adglt a‘

_ e . T ’
% f in ran e. - - o e T %#~ R

o fgpaingrenge. T T e
‘ 'thzn any populatxon of 1nsects, there are 11ke1y to be

somewhat sh1£ted relative to fhe~mode. Such 1ndxvxduals

normal host range q,;iﬁe populatzon. Host.raqge cenvv‘”'to\;
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-

similarly be narrowed if individuals that recognize and
| , _ . a .
accept a somehow inferior host arg at a reproductive

'disadvantage. Cycles of broademlng and narrowlng of range

may ultlmately result in complete sh1fts from one host taxon
to another. The current host range of a spec1es represents
the'product of a”long‘history of suchmshifting and fixation.
We may regard clgiely related ‘species as populatlons with'
dlfferent ‘such. h1stor1es.

"Both the range of hosts accepted by a sxngle

polyphagous populat10n and the overall range of a. group of
closely related populatlons or spec1es can give some
i1nd1cat10n of the factors anvolved 1n.host-select1on placing :
kthe greatest restrlctxons on that group. While manyiinsects
are heav1ly dependent on the presence of distinctive |
secondary compounds as chem1cal recogn1t1on ‘cues, others

. apparently rely largely on concentration proflles of

prlmary, and therefore generally w1despread plant

, i

' substances (Thorstelnson, 1960) . .The latterrforms may be

(

expected to moVertovplants unrelated to the host with a

/
/

greater‘degreevof probability than the former, ,resulting in

s

either polyphagous spec1es or greater host plant d1ver51ty

v

at hlgher taxonomxc levels. ‘On the other hand, any

d1ver51ty exh1b1ted by those forms respondxng to secondary

/“

compounds is more llkely to be in habitat than host taxon

(not to 1mply greater absolute habitat d1vers1ty than may be

o

«found among the other).
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Th/‘prevalence of Euphorbla spec1es as hosts of K,
Aphthona species, combined with ‘the extreme varletx in
structure and habitat to. ‘be found among those spec1es
>reported as hosts, suggests that pecullar secondary

compounds are a strong component of the relatlonsh;p between,

these beetles and the1r hosts.:

Several questions then arise.‘ij the no”f'
hosts represent transtrs from Euphofbfakor‘do.thésew(or at
least some of these) reiationships‘predate the |
d1ver51f1cat10n of Aphthona on Euphorbia? if.these do’

. ]
~ indeed represent transfers from Euphorbla, do those species

occurrlng on a given non euphorb host represent a
_monophyletlc group ~ that 1s, did- the transfer occur once or
several tlmes? ﬁ
Any attempt to reconstruct the events leading to the
current patterns in the host plant_assemblage is serlously
. handicapped by the lack of a phylogenetic analysis oflthe
- genus Abhthbna; In the absence of such an analys1s, we must/
rely on. the 1ntu1t1oh of those early workers, culmlnatlng
w1th Helkertlnger, Who devised the llnear sequence in which
;Mthe spec;es are nowll1sted -in order to 1nfer relatlonshlpsw
.between species - % rather hazardbus procedure. There is
also no 1nd1catlon/of the age of Euphorbia and the"

'Euphorb1aceae relat1ve to that of Aphthona ‘and the

Aphthon1n1. i S ' : ;” jfv ]

The Iris-feedlng spec1es do not seem to be espec1ally j

'closely related to each other. The extreme remoteness of
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the'relationship between Iris and EuphOrbiaréugée%tshthat
the associaéion'is not a-historical.relict ‘and tnet it
arose 1ndependently by transfer from Euphorb&g— One
spec1es, A. violacea, has in fact been reported{from both of
these gehera. The»lmportance of habltat 51m11ar;¢y in
facilitating host transfer ie also‘illustratea by thfs
.'gpecies. The éburges fed on ere wetiand species, asuis the
common European iris I. pseudacorys. ,k ? |

All of the known Geraniaceae- feedlng Aphthona spec1es,
on the other_hand,-are.falrly uniform 1n apﬁearance; and a
fairly Small species group may,be defined on superficial
structural grounds which includes all of these species (as
well asisome spurge“feeders).‘ The tranefer’EoGeran@aceae
may well have been a unique event. ;

The flax-feeding speciee are_superficially simiiQ} but
reanrelationShios are completeiyfob5cure at'present.’
Because several specieé are.reportéa”from both Lindm and‘
Euphorbia, w1th dlfferent spec1es exh1b1t1ng dlfferent
‘degrees of f1de11ty to .one or the other, 1 suspect that the‘
adoption of tlax has occurred several txﬁés in parallel

ny

1ndlcat1ng a definite chemlcal afflnlty betweq&ﬁ$hese plant:v

o

' v N By

",groups. L _"', Con A :
‘ A. éuphbrbfae is epparentiy an example of:a population
7“w1th a lowered threshold — common plant components are B

suff1c1ent‘to trlgger feedlng‘ln the absenCe of specxallzed*

cues, glv%ng rlse to polyphagy.) 0v1p051t10n, however, seems
\_{/

to st111,kequ1re that addltlonal signal.

. j L o ~ . - v s e . )
. i . .



In summary, the genus Aphthona is closely t1ed to thei,
‘genus Euphonbia through the agency of _peculiar secondary
plant compopnds. Exceptlonsvto spurge- feedlng are-usually
not random ifanSEérs; butﬁaré the result of‘single,éVgnts

" with subsequent diversification; 6r of independent; but
parallei tgéﬁéférs to chémica11y,related plants ;uch as‘iris

-

or flax., - e L S
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5. Description of Immature Stages of some Aphthona species

-

5.1 Subfamilial bﬂ;ractgrs

| The larvae of the chrysqmélid‘subfamiliés Galerucinae
and Aitgcihae,»as they are currently,defined, are not
distiﬁguishable;‘and, indeed, the two haQe been considered
by‘ﬁaﬁy authrs'(fdr example, Boving and Craighead, 193i5 to
represent a single taxbn>éoordihate with the other |
subfamilies of Chrysomelidae. The‘larvae’afvthe

‘ o , ,
galerucine-alticine complex have been characterized by

Boving (1927, 1929)} Patterson (1931), ahd most completely .

-

by Ogloblin and Méavedev (1971). 1In brief, they may be
diétihguished frommothéf thyso;elids by the following
cdﬁ%ination of characters: Y-shéped epiéranial sutufe.
'(frontél‘+ co;onal sutures) well develoged;/forhae
‘(swellings at the lateral ends offﬁhe epistomal suture) J
‘absent; ocelli one ﬁair or absent, if absent then cofonai
suture sﬁort; anténnal artiglé 1 lacking, sensory céne of
articigﬂz well developed, article 3 reduced; lacinia
presént,.membggnous (Sometimes lacinia and galea fused aqa
réauced); maxillary~§qlpus with 3 or‘4 arﬁicles;_labialf
| éaipué with 2 a;ticles (absént,in leaf"miﬁers);»eighth
'aﬁabminél spiragieypneséht, latgral;imandibie palmate; with
3 to'S teeth;:legs‘with a paronychial lobe adjacent téfclaw.
FOgibblinvénH Medvedev (1971)‘recognize.three mofé/q;
’léssﬁdiétihct groups based on both'stEUCturai'and habitat
. , ,

53 . L
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:characters. A majority of galer&kines and/some alticines;
'”notably Altica spp.,ifeed openly//n,leaves both as larvae
‘;and as adults. These larvae are rather stout bodled well

'plgmented have well deflned usuvally large scler1tes,‘

sually possess— oce111 (a: s1ngle pair), and tend towards

“polychaety. Most al%%?&nes, 1nc1ud1ng Aphthona, and some

galeruc1nes are root feeders as larvae, elther as
edaéheb1t1c root graZers or as partlal or complete
endophytic feeders, with transition .in a few genera to stem
mining. TneSe larvae are pale,‘vermiform, ocelli absentr

(sometlmes present in the flrst instar), epicranial suture -

» shortened, ninth abdom1na1 terglte expanded to form a-

sclerotized termlnal plate, tenth segment ventral. The
third.group'comprisesua few alticine and a .very few

galerucine genera. - These are the leaf-minjng forms,,

fprognathous, yellow colouredi and with reducéd legs,

N
sclerites and number and size of setae.

5.2 Methods
/Theudescriptions_which'fol;owmare based on drawings

made using a SM-Lux compound bfnocular micrgseobe/ﬁighf/

drawing tube attaohmentr'.Specimens,nere cfgared in hot 15% /

ROH; rinsedyin 10% aeric'acid,rtaken ro 70% ethanoi, SEainedx

with Eosfn (3% w/v in 70% ethanol for an hour‘or“more) and

mounted in glycerlneg Detalled observatlons of mouth parts \

5,
were made on 1solated méuth parts under 011 1mmer51on
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(x1300) For determ1nat10n of chaetotaxy and scler1te
dlstrxbutlon on the soma, the head fas removed,- and the
1ntegument slit aldng one side and mo‘l'ed flat
The light observations were suppiemented by scannlng _

4

electron micrographs.

)
5.3 Notes on_Termindlogy
'Homologies.Bgtween the parts of the generalized insect

;abium and hypopharyhx»and those of chrysdmelid larvae are
uncertain. I have adopted tﬁ;/;nterpretatlons of ‘
Bov1ng (1927), viz. postmentum (submentum + mentum) for the
region posterlor to the semicircular sclerlte (submentum of
<‘Oglob11n and Medvedev (1971)); eulabxum (presumably’
c0mpr151ng the undlfferentlated prementumfand palplgers)bf6}
the region immediately in front of the semicifcuiar sclerite
bearing the palpi (ligula of Patterson k1931)y‘pramentum +,
-mentum of Ogloblln and Medvedev (1971), prementhm'df T

-Anderson (1938)); l1gu1a for the anterior reglon with paired\

mr/'osetae (hypopharynx -of Patterson (}831)),/hypopharynx
‘ for the entire- dorsal surface and and anterlor margin of the«
lablofhypopharéagealjcomplex; paragnatha for the lateral
iObes of the hypopﬁarynx (supeg}inguae'qf Eattérsoq (1931)).

\Nomenciature fof/Eﬁe "sclerites' of the abdominal-

e
e

segments follows Boving (1929) but I have interpreted
~certain. thorac1c scler;tes dlfferently.v The setal numberidg

syspem.1s modlfxed from Patterson (1931,
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S.G-Chaéacterslof the Immatures of Gepus Aphthona

The larvae of too few species of Alticinae have béen
adequately descr1bed to perm1t reliable generic ‘
characterlzations. Ogloblin and Medvedev (1911) prov1&é a
- diagnosis of larval Aphthona based on two spec1es,‘
A. coerulea and A. euphopbiae » and provide a key to the
genegp of Galeruc1nae + Alt1c1nae based ‘on larvie.
Unfo:tunately, Aphthona is reached through statemenf 12
(p. 80) which says, in part, that the terga of the abdominal
‘'segments have two transverse rows of sclerites ("Tergiti
bryushn ikh segméh?ov s 2 poperechnimi._ryadami sklenifov"a.
Their Figure 47.4 (p;_98) depicting abdominal segmenﬁ 2 of
- A. coerulea in dorsal aspect is in agfeemént with ‘the key.
However, all of the specimens Ilhave seen (including
~ specimens of A. coeﬁolea) have ; third interoaléty.dorsal
sclerite (sc of my”Figure 7), as does Principi's (194l)
’figure of A. éuphorbiae. '
| " The following dEEailed description eﬁg;mpasses all nine\
Aphthona species—~of which the larvae are known to mé. These
‘are: A. euphorbiae (Schrank) from literature descr1pt1ons by
Principi (1?41),cgpurdheu1l (1963),{and Ogloblln and
- Medvedev (1951)~plus,eight spécies reared ‘by ﬁys;lfﬁfﬂ
comprising: eggs, all larval instars and pﬁpae'of
A. cyparissiae (Koch) (also th1rd instar descrlptlons by

quuddeberg (1878) and Grandi (1938)) A. flava Gu1llebeau and,

A czwallnae Weise; eggs and all larval instars of

A coePulea (Paykul) (also descr1pt1ons of th1rd instar by

o .
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Buddeberg (1878) aud>bgloblin and Medvedev4(197iy'ﬁndér the
‘name ndnstniata)- eggs and first instar larvae’of _'" -

A.‘venustula Kutsch., A pygmaea Kutsch., A ovata Foudras,

P

and 4 Lgcertosa Rosenh.
Bl | Y
Descnrption of immature stages of the genus
_ Aphthona Chevrolat
EGG: ' o | —
'Elipsoid ratio of major‘axls to minor axis about 1.8;
very. pale yellow at dv1p051t1on, darkening to a sl1ghtly
brunneous ygllow‘ln about_18/hours; microsculpture -
alVeoléteﬁ somewhat irregular, sqme~specie$ with

secondary ﬁadial ridges within the depressions of the

primary network.

LARVA: o — "
l - There are three,iarval instars. The first instar lacks
any specialized egg burster. _The following desctiption»«
applies to all iﬂ%tars.w{;urexceptions'as.notgd. \ |
.Head (Figure "5) .\ - o R , n

Well sclerotlzed subcompressed,‘hypognathous:vgenefal

/ 'outllne somewhat oVoid-cordate “the'posté}ior'dorsal

e

mmargln be1ng excavate, coronal suture narrowly open
beh1nd for a short dlstance. ' .

Ocelli abSent. - o o



Figure 5. A. cyparissiae Koch, larval head;'a) head cﬁésﬁlg,
fronto?aorsél,aspect; b) head capsuie, lateralnqépect;

c) left antenna, dorsal view. | /
" abm — basal membrane of antenna; a.sc fisensorf;coné of
‘second antennal article; a, — third article of antenna;

F,., — troﬁial setae; G,.., — genal setae; L,., — basal

labral setae; V,., — vertical setae. .

~Scale bar = 100 um fof“a)'ana b):v12 um for c¢). . y
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7 setae 43vantero-dora1 (v...) one postantennal (V.)'f

‘length subequal to greatest width
postclypeus w1th 3 pa1r§/o£ m1crosetae, ‘and a: pair of

.these.

‘backwards-d:rected,tr1chae, posteve‘laterad of thls
' regxon‘

post

Each pari&ta?a (vertex + gena + occzputJ.

one hyperstnmlal (6—%’ and . two or th:ee genal (Gz-,))'l .
occxpxtal reg1on thh a curved series of aunken peg ;
sensxlla, genal regzon with about 3 such sensxlla and a
microsetae (G ). | | |

Frons w1th 2 pair of epxstom;al (F,-,) and one paxt

: of submedxan setae (F,); one or two paxrs of submedian

campan1form senszllafpostgglor to the submedxan setae,

Clypeus dzv;ded into an ante' and postclypeus-

- campanxform»sens1lla located medxad of the outermost of‘

f':l' : e
° . . -

e

Labrum'ﬁith 2 ﬁa&rs of basal éetaé'(Figure’Sa,"”

_L.-z), the external palt longer, anter1or qprgxn with 2

’paxrs of short setae (Fzgura 63, L:-.)

Ep(pharynx (Fxgure 6a) at latero~anter1or margin .

'wath several palrs of 1ncurvea setae (adjacen; to

’/'marglnal setae of labrum) anterxor céntral reg:on

_densely beset w1th numerous tr1angu1ar 1nwar3§->and

pa:r of sclerotzzed mult1lobed structures' 

of these an un8c1erotxzed szmllar/

cep1pharyngea1 organs of D;ctyOptera descrxbea by Moul:n - B

~
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.y R“d."ti"l‘m B ,(,' . ‘

~mmm«ﬂ§ﬁ~£irct erticle oheolete. llcond bearing ' lerge (JTL

‘Eombrenous, eensory oone' (a.sc), * bicilliform to oonic

8
eppendeqos (1 querior end 3. poster1or ta the insertion

. ot ettiele 3) and 2 cempeniform sensilla: ‘third ertici

(a;) reduced, bearing 3 bec;lliform appendlges.
e g: Mbndubls (Flgure 6b) 5—toothed the - gosterxor tooth
| ﬁ small-vexternal surface b:setose~ oral marg1n basally

o with a bhlck subconxcal to cylxndrzcal pegl1ke setal

derivative (pog) and a serxes of long slender setae set

s

&

in a groove w1ﬁh second ser1és of longer setae at the

\,‘

Pl

bqsal angle curv1ng dxsﬁtd. . , :
B %vl H&kllla (Fighde 6c) separated from labxun by a deep
« gfoove8 Ca:do (bd) with a single seta. Stipes (st)
exte:nally WIHH 2 sétae ‘and a campan1form sens1llum,

SrE e
Qear ape;b 1ntennal hﬁaf of stipitg} body and area

5’1
>//_around bﬁbe df,pqlpifer membranoﬁs(*’?alpzfer bzsetose.
}‘iMauallary p&lp*with thtee a;ydcles. the.b;sal twd |
wshorter then b:o&d, the second with a dorso-lateral

“;4fseta- ;woﬁoenponxform sensille et junctiok of besal

e

el}art;cle elongate, truncete-conic v1th

S

,5i;i<““ana z, tefmin

;smbll poonly §eveloped tetm&nal lobes. &n elongate

‘;eral pleeerlike sensxllum (pylni and one or tvo

: f . Antanna-vith heaol menbrane (;ﬁgure 5c- a&lﬂpexten!ivo:f”

<

-~

1ntefna1ﬁmaggin extendxng forvard bear:ng a short set:a\.~



4 L

. Figure 6. A. flava Gu§lleb., larval mouthparts. a) right
rhalf of ep1pharynx, ventral/aspect b) rxght mand1ble, oral o

: surface- c) right maxilla, Ventral aspect‘ d)-r1ght galea

‘}and lac1n1a, dorsal aspect' e) lablo-pharyngeal complex, v

v r1ght half, la1d fl;t- f) Lab1o pharyngeal complex, sagxttal

sect1on, Show1ng orlentatlon of parts.

i ed -~ cafdo- eul ,,eulablum"g = galea°~gcap - central ;

L

appendlx of galea, gtp - tr1chal plate of galea- ‘
'1 = lac;nla- 1g - 1gula, L,-. - marg1na1 ‘labral setae-:_

l‘m - mentum- p,ls - lateral plate sen51llum df th1rd artlcle
of max111ary palp, peg - mandybulat peg, pgn - paragnath of
hypopharynx, sc —_gem1c1rculaﬁ scler1te of 1ab1um,'\ '

3 e

"sm - submentum, st;~~st;pes.,fk'

~

.'-Scale bar = 50 um for a, b c e), 20 um: for d)

i
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Ami"@osetae. .Galea (Figure*ﬁd)~short,'cylindrical;,two
~ sHort setaeﬁyentrally near stipito-galeal junction, apex .

‘;truncate, membranous,“furnished nith a‘circle of
| arg1na1 setae, the dorsal ones longer, and a complex
central append1x (gcap) conS1st1ng of a con1ca1 |
_ qstructure supported on a larger dlameter cyllndrxcal
”w\ bagg ~and a conic structure ventro- laterad of the first
| and adnate to 1ts base (probably homologous w1th the
'lateral' and medlal sensilla’ of Chrysomelznae

(Mitchell.and Schoonhoven, 1974), dorsal surface of

galeafwitn‘dense fields-of flattened tr1chae‘“--a group -

-

of basally fused trlchae form1ng a dorsal 771cha1 plate

abMthe margln of the ‘truncate galealvapex ( gtp)

Labium (Flgure 6e, £) merglng 1mpercept1bly anto the -

LA

hypopharynx. Submentum-(sm)~w1th one.palr of setae- |
:f‘yl ' i o /j .
‘ mentum (m) with one pair of long proxlmal setae, a pair ’/“

i of dlstal m1crosetae, and a.pair of dlstal peg sen51lla.\~h’»
vv Sem1c1rcular sclerlte (sc) thh a pa1r of submed:al
setae. Eulablum (eul) w1thout setae. Labial palpus
| w1th 5&0 artlcles, the basal short \the aplcal'
truncate con1c, w1th small poorly developed term1nal
' lobes' w1th ‘a campan1form sen51llum, without setae.
L1gula (lg) wzth sxx palrs of mlcrosetae and one parr of

campan1form sen51lla antero laterad of the prox1mal
. ’ . .
setalﬁpa1r.-sv 9_2 L '
- ~'Trxpha ‘is. ‘here used to 1ndxcate~a\ha1r~l1ke cutxcular
f,expre381on ‘merging smoothly with the surroundzng 1ntegument
- probably non sensory in funct1od - ;

-

o, o T p N . . W s
& . . N / . Lo . - Y
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Hypopharynx (Figure.6e,f) with a pair of

postero-lateral oonvek paragnatha (pgn); the paragnatha \f
_and the anterlor median’ reg1on of the hypopharynx

_densely covered “by m1nute postero medlally dlrecfed°-'

trlchae, arranged in arcs to form sllghtly 1mbr16ate
fflmbr1ate scales- postero median area: between paraghatha‘

‘glabrous, membranous. | .

Somgjfl |

Setae‘set on dlstlnct smooth, oonvex sclerites;”the

'_1nterven1ng CUthle membranous, minutely paplllose.id

P

Except where noted all postcephallc cuticle is
A o7 S ,

colourless._

A generallzed body segment (Flgure 7) has two S
v R
etae, w1th thEII assoc1ated

,complete annu11 of prxmar

sclerites, and an incomp ‘i ntercalary row dorsallyv.

and ventrally. Thetterga; e-lerites‘anteriorlyrcomprise
‘aQSubmedian,intéﬁéph prescu a  (prss‘),va dorsolateral"

3nd a- sublateral anterion

A

posterlorly,»an lnternal

, Xternal’pre9cut37 (prsc ),

'parasqutal sclerite (pasc.);

7

scl ), and a postenlor‘/,v

‘and external scutellar (scli{

5barascutal sclerite. (pasc,) ubmedlan scuta] sclehité”"

(sc) between the prescutals and scu ellars."The'pleuralrr
‘reglons bear an antenion and posterlor eplpleunal (epl,,w
.epl ) and -an anterlon and posterlow hypopleural SClerlte-v'
(hpl,,Ahpl ) - Sternum Wlth an anterxor ventrolateral»b
:wpnesternal (prst), a posterlor ventrolateral panasternal

ﬂ_‘:(palt), a«&%£¢*‘?°?,5“bmedla" stennellar:(stl), and;gnv.'

o e



.ufigure 7. Generallzed 1arval body segmeﬁt a) homenclatu;é

of sclerlteS’ b) setal number1ng ‘scheme,

-y
oy

epl,;— anter1or eplpleural, epl - poster1or eplplqigal,: '

‘eust - eusterna} shpl, — anterlor hypopleura1°'

v
-,

1fhpl, - posterxq popI%ural* pasc.’— antgr1or parascutal-

,tf

pasc, — poster1or parascutal' pas€W— parasternal o
“-prsc, ~ internal prescutal prsc, . aﬁﬁernal prescutal*

prst -~ presternal‘ sC. — scutal- scl, — 1nterna1 scuﬁ@ﬂlar,

.,‘7‘/
scl; —Aexternal scutellar, stl - sternellar scleﬁlte._;_

°Sp —,Splracle.' ’ o ’?Mﬂ1 S o



a
©prme pracy pasc, e holy o

S OO C ooo.. )
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scl, scl, pasc; epl, hpl, past

e mid-dorsal . Lo
anterior _ ’
posterior e
8 -

L . . . )
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'/k/' stl and past fused to each other and across the m1d11ne fR

pus

Y

A (eust) There

1nterca1ary submedlan eusternal scler1t
‘has been a varying degree of fus1on (both 1ong1tud1nal
and transverse) and loss on d1fferent body segments,
resultlng in a reducxd number of scler1tes and w;s
multlsetose sclerltes. 'Setal‘nﬁmbering,is.given in
Flgure 7b) ,a . _'; " |

. PPothorax (Flgure 8a; T1) with extens1ve fus;on of
tergal sclerltes and epl to form a lightly plgmented B
tergal Shleld Wlth midline sllghtky impressed,

)

colourless- dlSC w1th a. l1ght1y 1mpressed coarse”
alutaoeous sculpture‘ anterior‘aargln f1nely alutaceous
to paplllose' seven palrs of subperlpherally arranged ;w
setae (seta 5 shorter) two to four pa1rs‘$§wtampan1form
sen51iiﬁw and one or two. pa1rs of mlcrcsegﬁﬁ in the

antero lateral reglon. epl, free, oval . Hypopf%ural

scler1tes form1ng the antero- dorsal and postero dorsal

"margins of“%he coxa%ﬁgavity (ccx) hpl;‘with'a' 3

&

sclerotrzed ridge on wh1ch the coxa art1culates. ‘eust .

fused across the mldglne w1th 1ts contralateral

sounterpart to form'a broad»oval'or subtrlangular‘plate.

to form a trape201dal or. somewhat campanullform median

plate- approachlng, contlguous with, or narrow1¢ﬂ301ned

- to eust+eust midline more stronly sclerotlzed prst

- far forward, 1n cerv1cal reglon,;wlth several m1crosetae

t,along 1ts anter1or/m§r§1n,v1ts pr1mary seta (seta 13)

. - . L . - —

mrssxngq,;f L e L ', 7;; o S
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s

‘V:gure ‘8. A cypaﬁ//sjae Koch, larva sclerlte and setal
dlstrlbutlon. g)ﬂ&hoﬁﬁ%}ﬁ §egments, right half; b) flfthﬁ )
abdoﬁlnal segment, ‘right half° ¢) elghth and ninth abdomlnal

segments, dorsal ‘aspect; d) eighth to ‘tenth ‘abdominal o i
L » o
pegments, ventral aspect. i -vv/

- . Pl
L N .

T1 - prothorax' T2 - mesothcrax- AB 10 - g?;hth to tenth

abdom1na1 segements, ccx — coxal cavigy, other abbrev1at1ons

-

_—~.as in Flg. 7. S S T .

Scale bar = SOlum.

e c )



70 -



Mesothorax (Figure 8a, T2) with less extensi&e/
fusion. prsc"syfused across midliﬁéfzeach with a
forward directeé socketed>peg sensillum on-its anterior
margin,'iscl.'s fused/aCrossrthekmidline, each with a
cémoaniﬁorm sensillum} anterior margin medially
approxlmate ‘to- the prsc.."sc 1arge,‘triangn1ar, the-‘
apex ofgthe tr1angle iutruﬁzng between prsc, and scl..
préc, transverse- oblnque, the dorsal apex poorly
defined, intruding between prsc, and/the precedlng o ,
_segment; its primary seta reduced, very short or
represented by a,Mioroseta; dorsal apex‘with a sunken
peg ;sensillum, this sometimes found on the

interscleritic membrane. SClz, pasc, and pasc, fused

-

into a 51ngle un1t’w1th qae long, two shorter, and one
,very-short seta- epl bear1ng a. splracle on 1ts
vpostero-ventraI margln-kseparate from epl.. hpl,

formlng the antero dorsal margln of the coxal cav1ty,\

bearlng an/art1cu1arfr1dge- “its seta/very short. hpl,f;ﬁ*w"'

£

form1ng the postero dorasal~margln of coxal cav1ty
' _ N
eust—and stl fused to each. other, and across the

mldllne, to form a trlangular plate- seta 15 reduced to'

. a m1croseta on the anter1or margln of thzs plate. prst‘

i
\

anterlor tovh 1l,; .seta much-reduced ast separate, on
PL i P

the ventral margln of the. qoxal caV1ty\

Métathorax szmxlar to mesothorax but without a
splracle.'/[

-

o
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 Abdominal seaments 1 to 7 (Flgure Bb) 1dent1cal

‘prsc, fused acrosé’the m1d11ne. scl, fused ecross thex"
midline,_w1;h a campanzfonm sen3111um’anteriad"o£ tth
setd. sc\sepafate; located beeween ptsc. aéd*nei‘,fits;'
seta shos;er. prsc,, scl,, pasc, and nesc,-Separate;"
pasc, with one long seté,}cqefshort'seta end a

microseia. Spiracle (sp) located ventrad of pasc;'on a |
separate peorly defined sclerlte w;thout setae. epl,
sand,eplz fused, seta 9 shorter than 10; a socketed peg

on epl,. hpl, and hpl, fused, seta 11'shorter than 12.

— 7eust'fused acrossdthe midlineg large. past lateral tb

"stl -and fuseﬁ@to 1t, these noﬁ’fused across the mldllne,

EE
-

‘seta 16 shorter thé\\14f prst‘absent.

AbdomJnaI Segment 8 (Flgure 8c,d: A8) 51m1lar to

,fsegmen;s 1 to 7, but with sc more transverse, conf'

. or. fused at the m1dl1ne, and scl, fused to scl..
Abdominal segment g (Flgure 8c d: A9) w1th a11

;déisal scler1tes fused:;nto a more or less sem1c1rcular,
-[v margxnally reflexed sclerotlzed anal plate°'the ) '”'_z%
'-sllghtly swollen marng~weak1y de11m1ted by a proad '\;'

shallow submarglnal 1mpress1on- margln evenly roundedr~ ‘

smboth, excep; second and th1rd 1nstars of A. coerulea

-

‘whlch/have a palr of ralsed subap1cal dentlculate .

f1eld‘*’; each half with 2 short setae on the dlsc, 4
"13 not a. s1ngle pair of blunt 'sp1nes as’ 1nd1cated by o
Buddeberg (1878;-zwel Kurze, stumpfe Spitzen uber dem i
-After), -and Ogloblin and Medvedev (1971; ¢ 2 shiroko = — -
rasstavienliml korotkimi, zagrut imi kverkhu, khltlnovimi
OStPiyami), at least'xn the jbec1mens I ‘have seen. ‘

—

i . : o ! R
N . s .



Thorac:c appendages*‘(F1gure 9)

-cyiindrzcal, eversible; sclerztes end'macrosetae absent;\enk;}

- " B

1ong setae on the perf fgry, and u very &hort seca

1eterally on the undernxde of tha ref;exed margin. ‘.i¢ j'%‘»J

Abdomxnal segment 10 Lrigure 5 Gd. 510) small,

4 pairs of mlcrosetae nround anus. R -

. All thoraclc legs equally developed o : T
Coxa (ox) wzth a transverse anterior basal sclerlte
wzth 4 macrosetae alcng 1ts stronly sclerotezed dﬂstal

margxn and 4 m:crosetaexnear base, posterlor face thh

o
one" macrcseta and one mzcroseta, poster:or*basalfmarg1n '

with a stronly sclerot1zed ‘band hearxng one or two
m1crosetae.;fﬁ, : S e T -\ﬂfﬁﬁV

‘!
Yl

Basal marg1n of - trochanten (tf) Wlth a V-shaped

sclerot1zed band thh a serx& of campanxform sens111§ N
\

and a microseta on the anter1 ifarm, ventral surface

\

wlth 5 macnosetae and a campan1form sensffium. ,«& }anvy\

- 5urface°'one dorsal and 6 ap1cal macrosetae.

| dorsal—apraal campanzform sen31llum.;fd‘54?,f?

Femur (fm) wzth a saddle shaped sclerxte on dorsat

Tibha‘(th) cylindricel most of sutface 11ght1y

sclerot1zed 3 dorsal'and 4 ap1ca1 macrosebae, and a

Tarsunauls thh a szﬁgle claw aqd a membranous.,



‘lpon - paronychial‘lobdyxtiu-»t1bia~t
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PUPA:(Figure 10) - L E R f
' Head with one pair of ocular, one paif of .

supraorbital- and one pair of subantenuallsetae.
Promotum with 2 pa1rs submedlan setae on the anterior: °
margln, 2 pa1rs at the anter1or angle, one palr at the
posterlor angle, one submed1an pair ‘on the hind maggln
( and one or two pairs on the disc. Terga uf meso- and
| metatuoraces eacu with 2 pairs of setae. Abdominal
terga 11to 6 with 2 or 3 paits of setae; pleura with ;

supra- and subsplracular seta.' Sevehth and eighth

-

labdpmlnal segments w1th 3 pa1rs of setae° Segment 9 w1th
\ 3 pairs og-setae and provided with a pair of large

curved heavlly sclerotized ‘spines. All femora with 2 or _

3 subapical setae. Seg@ent'loﬁof'iemale fepresented‘by

a'paif\of~ventral papillae on segment 9.

[

5.5 Immatures of Selected Spec1es : o e
‘Only the three spec1es A. cypaFlSSIae, A. flava, -and
A. czwal inae for. wh1ch complete reared mat@rlal is ava1lable

and which are treated in the subsequent chapters are dealt

with here.

The}larvae of the three species arefextremely difficult

to separate. The followihg characters are held in common by

<

these three species, but not by all the species examined in

the previous sections:



Figure 10. A. czwal inae Weise,

s . 4

pupa.
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Eggemicroeculptu:e combouﬁd‘rather than simple

aiveolate,‘similar'over the entire spfface. Frons
.with.2 pairs of campaniform seﬁsilla._ Posterior

pair of ligular setae 1ongef than the'othefs. |

eust#eust of abdominal‘segments wider than long.
Margin of anal plate.emoethlyvfounded. The second
anterior coxal seta ;sethellongest and the fourth

the shortest of the f0ur;

Measurements_of lafyae‘}ere made to the nearest 5 um

and‘means have - been rounded off in the same .way .

: & L,

5.5.1 A. cyparissiae

EGG: o a "
Measurements (n=120)

Lengﬁh: mean 0.67 mm, standard dévi?tidh 0.03 mm, range

-

0.56 to 0.77 mm. - ‘ L

Width:Ameaﬁ 0239 mm, s.d. 0.0§4@m,'fange 0.31 to .

~ ‘ B

0 43 mm,

) Ratio length to width: mean 1. 73, range 1.37 to 2.29.
Sculpture as” in Figures 11a and b. ;aimary'a1§e011 20 to

24 um ﬁn_diameter; ridges in cross section flat topped,

T

rounded at edges (Figure 11c). Number of secaﬁdary,

‘cells per prlmary alveolus vafies w1tﬁ locallty' Rhine
valley materlal with 3 to 6, mode 5 (Flgure 11a' eastern

Hungarian material with 6 to 10, mode 7 (Figure 11b).

.o



&

Figure 11. Egg m1crosculpture. a,c) A. Cypa ISSIaev
., Rhine- Valley, b) Hungary, d,e) A. flava,
£,9) A. czwal inae. :

i,b,d,f) superficiél'aspect, sgale bar = 20 umy

c,e,qg) section throﬁgh primary alveolus.
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LARVA: ‘' ‘.

" Measurements:

-

Fffst instar (n=25)

gion 40 um, range

YRS

T

. Head width: 180 um, standard deuf

Anal plate width: 180 um, Gddﬁw 3 k@tange\160 to
| T e
205 um, . \

Anal plate length: 175 um, s.d. 35 um, range 165 to
195 U.m- ’ . . ) N "~
— S /‘ :
Second instar (n=20) ‘ !
' Head width: 355 um, s.d. 45 um, range 340 to 395 um.
Anal plate width: 450 um, s.d. 90 um, range 425 to

470 um. —

Anal plate length: 445 um, s;d. 80 um, range 430 to
- 485 um. |
Third instar (n=30)
Head,wihtps 420 um, s.d. 55 um, range 405 to 450 um.
' Anal plate width: 525 um, s.d._jo um, range 540 to
625 ‘un. / | “
Anal plate 1ength:*550-um,‘s;d. Bd"um, range 480 to
510 um. ‘ |



Diaénosis:
Mandibular éeg straight,_biﬁnt or abruptly narrowved
(Figure 6b). Galea with lateral component of gcap
(Figure 6d4) terete in cross sgction; harginal
trichal plate of 5 to 6 trichae (only 4 in first
instar larQae). Posterior ligular setae about
equidistant betweenlmidale ligular setae and iabial
palpi. Anal plate, on average}‘longer than its

greatest width in third instar; isodiametric - =~
. ,/-‘ 15 -‘g} : :J ,';
w

first and second instars. - Fat bodies white.
PUPA: Yo
Pronotum withfouter,gubmedian anterior seta iéss than
v 2/3~length of inner; 2 discal pairs of setae. -Abdominal

segments 3 to 6 usually with 2 posterior and 1 anterior

teﬁgéi setae. Femora with 3 setae.

5.5.2 A. flava

F”EGG:‘

Measurements: (n=60)
Lengthﬁ mean 0.69 mm, standard deviation 0.03 mm, range

0.66 to 0.775mm.

vwidth: mean 0.40 mm; s.d. 0.04 mm, range 0.36 to,0;42 mm, -
Ratio length to widfh:-méan 1.72, rangé 1.49 t6.1.97.

Sculpture as in Figufe 11d. Primary alveoli 20 to 30‘um
in-diametér. Interveniﬁg ridges‘in Cross sectionvflat
tbpped,‘edges more precipitous, sometimes overhadging
the alveoli (Figure 11e). Number of subcells per

primary alveolus 4 to!10,:mode 8.
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LARVA:
Measurements;
First instar (n=25)
Head width: 180 um, standard deviation 35 um, range
160 to 195 um.

Anal plate width: 180 um, s.d. 40 um, range 160 to

&=

190 um.
Anal pilate 1eng€h: 175 um, s.d. 40 um, range 155 to
185 um. |
Second instar (n=20) |
Head width: 365.um, s.d. 50 um, range 345 to 395 um.
Anal plate width: 420 um, s.d. 55 um, range 395 to
445 um.
Anal plate length: 395 um, s.d, 50 um, range 375 to
420 um, | |
Third instar (n=30)
' Head width: 435 um, s.d. 20 um, range 405 to 450 uﬁ.
Anal plate‘width: 575 um, s.d. 70 um, range 540 to
610 um: .
Anal plate length: 530 um, s.d. 55 um, range 4?5 to
595 um. o |

AP
«



Diagnoﬁis: '
Indistinqguishable from A, cyparissiae, except that
hatchling§ have yellow fat bodies, fading in a few days
to white (bleached out in alcoholic preservatives), and
most speciméns wfth length of anal plate less than the
greatest width.

PUPA:

Similar to that of A. cyparissiae.

5.5.3 A. czwal inae
EGG:
Measurements (n=30)
Length: mean 0.68 mm, standard d;viation 0.03 mm, range
0.59 to 0.79 mm. |
Width: mean 0.35 mm,_s;d. 0.04 mm, range 0.26 to
0.48 mm.
Ratio length to width: mean-1;94, rangé 1.61 to 2.54.
Sculpture as in Figure 11f. Primary alveoli 18 to 25 pm-in
| diameter. ,?rimary ridges in cross section narrow at top
(Figure 11§), higher at\intersection points., Secondafy
cells 3 to 6 per primar§ cell; mode 5, arrénged
radially, hub peaked. =
LARVA:
Measurements:
anst instar (n=20) .

Head width: 180 um,. standard deviation 5 um, range--

170 to 185 um.
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.
Anal plate width: 155 um, s.d. 10 um, range 140
to 165 um,
Anal plate length: 140 um, s.d. 10 um, range 130 to
155 um. B

Second fnstar (n=20)

Head width: 260 um, s.d. 10 um, range 250 to 270 um.
Anal plate width: 260 um, s.d. 30.um, range 235 to

, 295 um, |

Anal plate 1ength:‘260 um, s.d. 35 Gm, range 220 to

_ 290 um.

Third instar (n=30) o h
Head width: 435 um, s.d. 15 um, range 420 to 455 um. ,
Anal plate width: 455 um,. s.d. 25-um, range 430 to

510 um. “ | |
Anal plate length: 430 um, s.d. 10 um, range 420 to
450 um- | |

Diagnosis: ‘

* Mandibular curvéd,.acute, gradually tapered.‘ Galea with
lateral component of gcap compressed in cross segtion,
at least in basal half; marginal trichal plate of 4
trichée. Posterior pair of ligular setae nearer labial
palpi'than-middle pairs~ Length of anal plate less than
greatest width. v

PUPA: | \

Outer submedign‘anter&br seta of” pronotum only a little"

shorter than inner; one pair of discal setae. Abdominal

terga 1 to 6 with 2 setae. Femora with 2° setae. _

~—
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\ '
6. Observations on Field Collections of Adults
f :

-’ :
6.1 lntroduitiqh

The results of two centuries of collecting indicate
that the more common spurge-feeding Aphthona species, for
which multiple records are available, may be taken from
several, but not all available spurges (Appendix Table A-1),
and are generally known from characteristic habitat types.
In this chapter, 1 examine the nature of these apparent
agsociations. Are the observed host 'preferences' and
tanges'a result of differential acceptébility or simply
relative abundance of a set of equally acceptable plant
species? To what extent are habitat associations a function
of host habitat, ;ather than intrinsic requirements of
the beetle?

&
6.2 Sampling Sites

“In theAdiscuséions which follow, 'site' should be taken
to mean an.area more or less homogenous with respect to
physical'parameters‘and-general vegetational characteristics,
containing patches of one or mofe species of potential host
plants; a 'sample' is.all beefleS‘yielded by a single plant
species yithin a site; a 'collection' is a series of beetles
of a pafticUlaf species collected from a given hést at a
given site. |

During the summer of 1978, Gisela Sommer of the

Commonwealth Institute of Biological Control, and I, sampled
. k4

“ ’ - . ; - 88 v
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populataons of .as’ many spurge speC1es as p0551ble for the
occurrence of Aphthona spec1es. Samples were taken from.
other known hosts of E&ropean Aphthona spec1es, namely,
Llnum, Geranium, Hellanthenum and Ims, when encountered
Eollegtlons;were made in northwest Sw1tzer1and in May, June,
July and September; the Rhine valley on both sides of the .
.German-Erench border,“in Sune, July and Sep}ember; in Lower
Austria,'ianune'and July; and in Hungary in July. A total
J‘of 380 samples were taken ‘at 203 sites, y1e%d1ng 16 spec1es
of. Aphthona from Hellanthemum nummllanlum (L ). Dunal, Iris
pseudacorus L. and 17 taxa of Euphorbla._ Samples from
Géfénidm and Llnum were barrgn.; The'number ofksites.for
each plant taxon, 1n each of the regxons surveyed is glven
in Table 1. Eastern and western Hungary show several .
_gifferenees in spurge flora and aie l1sted as separate regions.
Only)four spec1es, A. cypamssrae, vrr;gata esula, and

'_psegu1en1ana, were found at more than 20 51tes and three- é‘
others (palustms sal:c:folza, and engua) .at only a’ smgle
‘locallty, Although the spec1es appearlng most often in our
,ysample.sites are also>the most abundant spec1es,ltne'

frequency of>ocourrence in the table should not be taken as

an 1nd1cator of actual abundance. Rather,-an empha51s on .
'the sampllng of mesic to dry, open habitats not under
«cultlvatlon means that certain groups of qu1te common'

species are severely under-represented. E. palustris and E
. Salicffolia,‘for,example, are'éértain y not uncommon, but
are plants of_very.wetsareas.r Ef—héfiéscbpia and exigua,

) w
{‘ . . N ‘“ .
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f | : | . B |
/among others, are common weeds'of‘cultivated.crdps.
.ﬂppehdiX'3 gives the‘classification according to Prokhanov'
T (1949) of the Euphorbia spec1es encountered and summarizes

their character1st1cs., ‘

Table 2 shows the number of sites and nuhber of'samples
in which.each Aphthona species was present. |

A complete'list.cf sites, with dates of collection,

potential host plants present, and beetle species collected

" from each host, is provided—in Appendix 2 (Table A-3).

& | - |
6.3 Methods o ' o

When practical, spurge population and patch dispehsion,
and density ahd frequency of occurrence (explained later)
-were estimated for each Aphthona species, at each site;

The significant differehces_ihDarchitecture‘between
spurge species , and:differences'in nature ef interspersed
vegetation densxty, an in patch size within spec1e5'ﬁade use
of a standard technique for all samples counterproductlve.
Instead, the follow1ng procedures were used depend1ng on

, growth form and patch conformity of the particular spurge
populatlon.

The counting ‘unit for the spurges depended on the
growth hablt of the spec1es. For creeping perennlal.species

"(malnly E.'esula, virgata, cyparissias, Iucida),ﬁav'unit'
‘should he taken as one or more shoots arising from the same
shoot base or root crowng(see descriptions_inEChapter 3).

For tufted perennials (E. seguieriana, pannonica, verrucosa),
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4

a unit is”eguivélent to the individual. plant: that is, a
number of rarely branched shoots arising‘from‘a common
crﬁwn. A unit for annual species.(E.-Sfﬁicta, platyphyllos,
hel ioscopa, exigua, falcata) is the pIant,\consiéting of a
- single often, branched shoot. |
The total popuiation of a'patch‘(ngmber of units) was
éounted dirécfly,when units wefe not extremely numerous.
For larger populat?gps, the number of units!per m? was
counted in 10 (orfhore in-very large ﬁgkches) one squafe
‘métre a;eas, and the mean thus obtaineduigd to estimate the
total population for the‘patch. The/pé}iicular sbots to bé
couﬁtgg were selected sYstehatically‘as every fourtﬂwpace
~along transects through>the pétch. o
To.estimate relativekbeeyie populations where units.
were n&t numerbus, the-individaéi shoots‘were‘placed in.the
 mouth'of a.éollecting netlgnd the béétlgs shaken out and
aspirated’fggm.the.net,_or the beeties agﬁiﬁgg?d diredtly._

from small plants. The same technique was used\Tﬁ{\the
— I T

large species (E. lucida, palustris, salicifolia} and for.
E. esula and E. virgata when discbntinuodsly distributed,4
even wheﬁ‘abundant. Continuous stands of E. cybarfééias,
esula, and virgata wéfe'swept in‘their enfirety in thé
normalvmanner with 5 net flattened on one side to give a
wider inténception area near the ground. About 50 'unitsﬁ
wére sappled in the manner described above to correct for
the rglative inefficiency of sweeping. This correction

factor proved‘to be about 3.5 for collections from

N
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E. cyparissias and 3 for collections from E. esula and
E. vingata on sunny days. (Beetle abundance data for

collectlons on cool or wet days were coded as missing for

ana1y51s) . : - . e

g

The values obtalned in the manner éescribed above were
F

:gg\

recorded as follows:
Spurge population was converted to a scale of 1 to 5:
1. <10 units per patch, scarce ’
2. 11 - 100, few L -
3. iOT—1000;’moderate |
4. 1001 - 10 000, abundant
5. >10 Obof*very §buhaant

Patch dispersion was assessed on a very subjective

- <

. basis as:
1. isolated‘units
2. plants in,smail patches or weii
intermixed with other vegetation
3. continuous stand -
BeetTe popu7ation was converted to a scale of 1 to 5:
1. 1 - 5 individuals ° '
2.6 -20
3.'51 - 100
4. 101 - 400
-5, >400 Doe
In maklng adjustments for dlfferences 1n eff1c1ency bétween
sweeping and beatlng, 1t,was assumed that allAphthona |

spec1es are sampled w1th equal eff1c1ency. " This is not



) '\ : ) 9 5

.strictly true, since. laboratory observations indicated that
certain species reguire somewhat more \wviolent stimulation.

thén'others to'diélodge them from their host, but ‘the

difference is probably not-significant ynder the imprecise

‘sampling methods used heré.
. \
Beetle frequency is the number of beetles per spurge

unit. This was coded as:

1. <0.001_ s
2. >0.001 to 0.010
3. >0.01 to 0.10
4, >0.1 to 1.0
5. >1
»Voﬁchef specimens of all distiﬁguishable spurge phena
wwer§~collected. Limitafions of spa&g permifted the
collectionvof'represeﬁté£ive spurge ;pecimens only.
Spurgé'species weggkdeterminéd using Flora der SchweiZ"
. (Hess et al., 1970), FIora,EUropeae (Smith and Tutin, 1968),
and Flora URSS (Prokhanov, 1949). Heikertinger's“f1944) key
was used to identify specimens of Aphthona.
lSeveral supe;ficial'habitat characteristics were assessed
5ubjectively. Soil texture was‘détermiﬁed using,the 'finger
teéhnique' des;ribéd by Osmond (1967) and assigned to one of
‘the cEasses indicated in Column 1 of Table 3. My
-classificétion‘is much siﬁplified and does not coincide
exactly'With ény standard system‘of classifying soil
texture. I have essegpiélly substituted a clay-sand

distinction of particle size for the usual clay-silt-sand
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1

Table 3: Soil texture classes used iﬁ this study and
compar?ble standard classes (see Soil Survey Staff, USDA
(1951)). '

~J [ep]
o

Classes used here ~ Standard Classes

1. heavy cLéy _ heavy clay 0

2. clays Vyrclayﬁ silty clay

3: clay loam v | clay loam, silty clay loam

4. loam = loam; silty loam, silt (part)

islsandy~ioam - - sandy loam |
ioamy sand, fine sand loamYﬁsaqd, silt (part)

. sand " o . sand
8.Asandy g;avel : —_
9. gravelly clay . o —_ ?

to gravelly loam
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distinction. Certain complex soils did not fit

satisfactorily into this linear sequence and én additional
’\\class (9) was formed to accommodate these. As a check on
l.constaﬁcy of my subjective class assignments through the
season, and for comparison to standard classification systems,
20 soil samples before, 12 after, and 5 during the field
season, were collected and their composition later determined
in terms of proportion of clay, silt and sand sized -
particies by the hydrometric metbod,(Day, 1965).' These
‘results were compared to previous subjective determinations.
The reéults of these analyses are plotted in Figure 12a.
Figure 12b. maps my texture classes as a function of percent
of clay, silt and sand sized particles based on these
results. Note that clay—sana mixtures do not fit into this
system. Standard classes corresponding to my classes are

shown in column 2 6f Table 3.

Available moisture at each site was coded on a scale of

1 to 5:
1. Saturated
2.’ Wet .
3.’ Mesic
4, D;y,

5. Very dry
Class assignment was based on a subjective estimate of
chronic moisture conditions as implied by the presence of

indicator plant species and associations.



Figure 12. Soil texture as a function of per cent §and

(> 2 um), silt (0.02 to 2 um), and clay (< 0.02 um) sized
particles. a) results of particle size analysi§ of check
'samples (numbers correspohd to subjective texture classes
as giﬁen in Table 13); |

b) map of texture subjective classes used in this sthdy.
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The microclimatic conditiqng experienced by a beetle in
the immediate vicinity»of‘a host plant aré strongly
influenced by the moderating effects of evapotranspiration
from, and shading by, the)surrounding vegetation, The
vegetat lonal character of the site was therefore recordedl
and coded as follows: ' .

1. closed canopy — host plants an understory component in a

closed canopy'wOOds.

2. open canopy — host plants'an undengtory component in an
opeﬁ canopy woods. | ' ; \\, |

3. transition - host plants‘among sh;ubs or at margin of
wooded area. A

4. -tall/dense = surrounding veéefation.herbaceous, taller’

than host piant,.shoots in general more or less

cohtiguous (host plant closely invested by other

vegetption).
5. .tall/sparse - surrounding vegetétionvherbacéous, taller
than host plant, shoots in generaiynot‘ggptigUQUS.
6.‘ short/densé ; surrounding'vegetatipn herbaceous, shérter
than host plant,'shoots in general conFiguous (host
plant freevst;nding). | , | /

7 - ‘ i
7. -short/sparse — surrounding vegetation herbaceous,

shorter than host plant; shoots in general not

contiguous (host plant free standing).
8. bare - no;other vegetation, sufrbunding ground bare .
(host plant free standing

~ —_—

Ve
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Slope angle and aspect were noted where applicable,

The estihated ﬁabitat parameters are certainly strongly
interrelated. The moisture levels of coarse-grained soils,
which have a lower water holding capacity, are very |
sensitive tobtbpog;aphic variations, and therefore dry or
very“dry habitats are much more likely to occur on sandy
soils. Available soil moisture has a strong influence on
the general nature of the vegetation. The trends from
wooded to open, tail to short, dense to sparse, ihdicated
earlier, are largely correlated with a wet to dry trend. The
sites labelled 'bare' are generally elevatgd sandy or
gravelly sites which usually c;n be invaded only from the
periphery by a plant'iike cypress spurge with a deep,
creeping root system. However, wet‘areas may also be sandy
and unpalatabie ;ypress sﬁurée may stang as sentinels on
closely éropéed shee§ pastgrééﬁ;hich would otherwise support

a lush growth of other plants, It was therefore felt that N

the three parameters taken togethér would best indicate the

overall nature of :the habitat given that thi

.

~

survey, requiring an extensive rather than

was an initial
fntensive

approach. _ : .

6.4 Results
For reference, the distribution on the various habitat
parameters of the more common hosts encountered are shown in

"Figure 13, , S



f

»‘Figure'13. Relative frequency of s0il texture, vegetation, -
and hydric claéses at sites for the most commonly collected

spurge species.
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6.4.1 A. cyparissiae

s6.4.1.1 Hosts K
| . |

The host data are summarized in Figure 14a.. The left
half of the figure shows the number of samples from each

P

host in whioh A. cyparissiaé was present ('encounter T
frequency'). B |

Most collectlons were from E. CypaFISSIas, dlstantly
| followed by esula, seQUIeniana and virgata. ‘The absolute
values confound any dlfferences in occurrence w1th the -
relat1ve abundances of the spurge spec1es. In order to
_controlrfOr this, we must consider the proportion-of sftes~
for‘eachlspurge species at which.g@g,beetle was present
('encounter rate;). After such cofgection‘for relative
abUndance of’the“épurges within the range of'A; typarissiae
(j,e, eastero Hungarian sites excluded) (fight'side of

Figure~14a),"£he same pattern is shown. Ofvpartioular

interest is the Very low incidence on E. virgata, and absence

&

B - _ . " .
from all annuals. Expected encounter frequencies are

e

calculated in Table 4 under the hypotheses that a) this

beetle occurs. on all spurge spec1es in proportlon to thelr
abundance, b) no dlscrlmlnatlon 1s/ggoyn between those
speoies on which it does occur, and c) no discriminetionbis
showh'between E.‘esQIa, E. virgata, and E. seguieriana. |
Expected volues under hypotheéfg/(b) are3indicated On.the
"left side of Figure 14a by cross bars. Qalculation of the

X* statistic shows that the departure from the expected
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Figure 14. Encounter frequency and encounter rate for .

A. cypaPISSIae at sites w1th dlfferent a) spurge spec1es, b)
soil textures, c)‘vegetatlonal classes, and d) hydric
classes. | “

'Encounter freQuency' (left side of graph) is the total
number of sites at which the beetle was present' 'encounter
rate' (rlght 51de)1s the proportlon of the total sites of-a
: glven éharacter at Whlch beetles were present Cross bars on .
the left 1nd1cate encounter frequenc1es expected if

beetles show no dlsérlmlnat1on among those spurges on whlch
they occur, glven the relatlve number of sites at which those
spurge.spec1es’were sampled. » |

Euphorbia species: c - cypa;'issias; v - _virgata”;: e = esula;’
x — esula x \(irgata} 1 — Jucida; s — seguieriana; -
p - pannonica; o — others. .

Soil;texture.classes as iﬁ'Table:6.3} vegetational classes

as on page 100; hydric classes as on page 97. 7
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- Table 4. Comparison of observed and expected frequency of
encounter for A. cyparissiae on spurge species. Expected
values calculated according to three different hypotheses:

‘a) all spurges equally acceptable, b) no discrimination shown
among E. cyparissias, virgata, esula, and sequieriana,

c) no discrimination among E. virgata, esula and seguieriana.

Encount®r Freqﬁency (# semples with beetles)

# of ' o Expected

Spurge Sites Observed a) b) ° c)
. cyparissias 92 57 28 34 »
“yirgata - 40 5 12 15 7
esula 48 1 14 18 9 ’
seguieriana. 31 .6 9. 12 6
others 51 -0 15 - -
X? ‘ . 52.4 28.3 1.3

Kk E xk % NS

*x*x - p<0.005; NS - not significant (p>0.10)

P
-

Table 5. Frequency of encounter of A. cyparissiae (number of
samples with beetles) at sites where two host spurges- occur
together, -

cyp = E. cyparisszas, vir = E. virgata,
esu = E. esula, seg = E. segurenlana, + = beetles present

- =. beetles absent. .

. ¢ir+ vir-  esu+ esu- seg+ seg-
cyp+ 2 7 4 11 5 13
cyp- 1 - 1 . 1 S
vir- - = 2 A 0 -
vir+ ~ - 0 1 0 0
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values is hidhly significant (p < 0;005) under hypotheses
(a) andv(b); No statistically supportable discrimination
' canrbe demonStrated among the three hosts exclusive of
E. cyparissias (p > 0. 10)

The matter is. not one of a 51mple preference hlerarchy,
however. Table 5 shoy5‘the encounter frequencies on
poﬁential hosts where thcee plants occur together at .a site;
often in mixed stands. Beetles were present on each of E.
esula, virgata, and seguier'iena and absent on E. cyparissias
at.one site. Similarily,(beetle\yere present on esula over
seguieriana at one and over vipgata at two sites, and

virgata over esula at one.

6.4.1.2 Soil Texture

Encounter frequency ana encounter rate for
A, cYpaPissiae’cn diffetent soil texture clesses‘iihshown'in
Figuré‘14b. Most collections were from areas with sandy to |
send—gravel soils, but the deviation from what would be
expected g1ven tne frequency of .occurrence of the soil types,

1s,not 51gn1f1cant (p > 0.10, Table 6)

6.4.1.3 Vegetaticnal characfer of site.

- Encounter frequenciee and rates for A. cyparfSé}ae in
different vegetational-character‘classes is shown in Figure
14c. Most collectlons were from 51tes w1th sparse
vegetation, Aga1n~—thls is a reflectlon of’host plant -
habitat since encounter frequenc;es were as expected

(Table 79).
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Table 6. Comparison of observed and expected encounter
frequency (number of sites with beetles present) for
A. cyparissiae at sites with different soil texture classes.

Soil 9 1 2 3 4 5 6 7 8
# of Sites - 5 7 -5 2 16 13 13 24 21
Observed frequency 3 1T .3 0 7 8 8 16 20
Expected frequency 3 4 3 1 10 8 8 14 13

- X* = 7.2, p>0.1 (classes 9, 1, 2, 3, grouped).

Table 7. Comparison of cbserved and expected encounter
frequency (number of sites with beetles present) for

A. cyparissiae at sites with different vegetational -
character classes.

Class 1 2 3 4 5 '6 7 8
# of Sites 0 3 15 25 43 11 26 10
= Observed frequency 0 2 8 10 21 8 21 4
Expected frequency - 2 8 14 24 6 15 6

X* = 5.4, p>0.1 (classes 2 and 3 grouped).

-

Table‘8. Comparison of observed and expected encounter
frequency (number of sites with beetles present) for
A. cyparissiae at sites with different, hydric character.

Class | 1- 2 3 4 5

© .. f# of Sites 2° 10 40 35 7
__  Observed frequency O 4 26 25 7
Expected frequency 1 7 26 23 5

XZ

]

3, p>0.1 (classes 1 and 2 grouped).
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6.4.1.4 Hydric character of site

Encou;ter frequencies and rates are shown in Figure
14d, and expected frequencies in Table 8. Mesic to dry
sites predominate, but once again the observed frequencies
conform to the relative proportion of the different moisture

classes in the samples.

6.4.2 A. flava -

6.4.2.1 Hosts

Like A. cyparissiae, A. flava shows a marked prefefence
for E. cypanissias (Figure 15a;ﬁTable 9) and an absence of
collections‘from annuals. In fact, A. flava was collected
“from only fh;ee siﬁes where E. cyparissias was absent.
Beetles were present at 5 sites where E. cyparissiés
occurred with E. virgata, 7 with E. esula, 18 with
E. seguieriana, 4 with E. pannonica, and 4 with annual
spurges. In all cases,vexcept three sites with

E. seguieriana, A. flava was found on E. cyparissias only.

6.4.2.2‘Soi1 texture

Because A. flava is apparently éo strongly tiea to
E. Cyparfssias, only those.sites where thﬁs plant was
present are taken jnto consideration. Sites with sandy

soils are most prominent in Figureyisb, and lighter soils

|
o

seem to be over-represented, while heawier soils are under-
represented after adjusting for overall sdil texture class .-

frequency. Although this deviation is not significant -



—

Figure 15. Encounter frequency and encounter rate for _
A. flava at sites with different a) spurge species, b) soil
'textures, c) vegetational ciasses, and d) hyaric classes

See Table 14 for explanation.
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Table 9. Comparison of observed and expected encounter
frequency (number of samples with beetles present) for
A. flava on spurge species. Expected values are separately
calculated for all spurges sampled, and for those species
from which this beetle was actually collected ('Hosts').

Encounter Frequency

# of ) Expected
Spurge Sites Observed All spurge 'Hosts'
cyparissias 72 36 15 30
virgata - 33 1 8 14
esula - 23 1 5 10
virgata x esula 5 1 1 2
seqguieriana 22 3~ 4 9
others 53 0 11 -
X? 51.7 27.1
* k% * %k Xk

*%xx - p<0.005

Table 10. {Comparison of observed and expected encéﬁnger
frequency (number of sites with beetles present) for
A. flava at sites with different soil texture classes.

Soil 9 1 2 3 4 5 6 7 8

# of Sites 3 0 4 8 5 3 9 12 3

Observed frequency 2 - 2 2 3 3 7 11 2

Expected frequency 2 - 3 6 4 2 6 8 1
X* = 3.5, p>0.1 (classes 2+3, 4+5, 7+8+9 rbuped'

)

-



\\ . T

(Table 10, p < 0.16), the regularity of the change in
polarity of the deviations suggests that somewtrend may wel{f
be present. |
6.4.2.3 Vegetational character of site

Except for areas where associated vegetation is sparse
and shorter than the host, A. flava was encountered in
proportion to the frequency of the various vegetation
classes in the saﬁbles (Figure 15c). The hypothesis of
proportionate rep:esentatignzcannot be fejected despite this
apparent excess of collecti;ns from class 7 (p > 0.]0, Table

1.

6.4.2.4 Hydric character of site

Cons%igring all sampléa sites within the range of
A. flava, collections of this beetle are under-represented
on wet sites'(Figpre 154, Table 123 p < 0.05). ‘However, the
proportions are about what would be expected (p > 0.010) if
we control for host éncounter rate by taking only
E. cyparissias sites‘intd cOﬁSidération, |

~
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Table 11. Comparison of observed and expected encounter
frequency (number of sites with beetles present) for
A. flava at sites with different vegetation character classes.

Class 1 2 3 4 5 6 7 8
# of Sites 0 9 12 43 45 19 13 1
Observed frequency - 2 3 1" 9 3 8 1
Expected frequency - 2 3 10 1 5 3 3

X* = 2.66, p>0.1 (classes 2+3 and 7+8 grouped).’

o

Table 12. Comparison of observed and expected encounter
frequency (number of sites with beetles present) for ‘
A. flava at sites of different hydric character classes.

(a) all sites, (b) sites with E. cyparissfas only.

Class - 1 2 3 -4 5
# of Sites (a) 11 43 62 42 0
"# of Sites (b) 1 11 32 18 0
-Observed frequency 0 5 16 15 ?
Expected frequency (a) 3 10 14 10 ?
. Expected frequency (b) 1 6 19 11 ?

X* (a) = 7.69, 0.050>p30.025 (classes 1+2 grouped)
X* (b) = 2.89, p>0.1 (classes 1+2 grouped).

- —
» 3]



6.4.3 4. nigriscutis -
6.4.3.1 Hosts,

L1ke the prev1ous two spec1es, A. nfghiscutis was
collected most frequently from E. cypaPISSIas ‘and not at all
,:from annual-spurges (F1gure 16a, Table  13). It_was also
absent tron E. virgata. E. seguieriana is well‘represented
in the.host'spectrum’of>this epecies apbafently being ‘
equally as: acceptable as E. cyparrssras. The evidence f rom
Tthe 14 51tes where E. oypaPISSIas and E segurerlana occur
together conflrms that no d1scr1m1nat1on is shown betweern
these two plants — in all cases the beetles are d1str1buted
1n‘proport;on to the.abundance of the hosts, or where one-

greatly outnumbefs‘the other, on the more abundant only.

. 6.4, 3 ‘2 So11 texture

A. nlgPiSCutds collectlons show a pecullar soil texture
‘_spectrum (Figure 16b Table 14) with a def1c1ency in loamy
;50115 (classes~3;to 5),kwh11e coarse soils, clay and
gravelly clay arecwell rep:esented, Avmajor;ty‘(SS%)vof
sﬂnngatian E. virgata sites are on 1oamy'§6ils{ Host o
'diacrimination ievnot,,nowever, sufficient to explain the
soil,textnreﬂsﬁectrnm'sincelthe pattern pepsists‘if only a
’“eingle Host‘(Ei,éypaPiséias) islconeidered (Figure 16cl;‘nor
do‘soll 'pref@rences'.explain éifferential occurrence.ont
host plants 1f we. con51der ‘the fact that 42% of Hungarxan

E virgata 51tes are on soils well represented in the

A nigr'lscutis COlleCtlon 51tes.v

a
oo



,Figufe 16..Encounter frequenCY and encounter rate for
' fﬂ.'nighiscutis at sites with‘different a) spurge species, b)
soil textures, all sites; c) soil.feiture, E. cyparissias
siteé, d) vegetational classes, and e) hydric classes.

See Table 14 for explanation;

Fan
St
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Table 13. Comparison of observed and'expected encounter
frequency for A. /nvgﬁlscutls on spurge Spec1es. See Table 9
for details. .

Encounter Frequency

‘ : K Expected
Spurge- - Sites Observed All Spurge 'Hosts'
cyparissias 72 18 9 12
virgata = 33 0 4 -
esula , 23 -2 3 - -4
Virgata x esula 5 0 1 = , ?

_seguieriana 22 5- 3 / 4

* pannonica 8 1 1 1

others = 45 0 .6 -
Xz 21,5 4.3

; . L * k¥ NS

*¥* - p<0.005; NS - not significant (0.10>p>0.05)

.t‘

Table 14. Comparison of observed and expected enclgffiter
frequency (number of sites with beetles present) for
nigriscutis at sites with, different sqjl texture classeés.

Soil .~ 9 1 2 3 4 5 -6 1 8
# of Sites 4 3 .3 12 18 8 6 19 '3
‘Observed Frequency ¢ 10 1 1 4 7 2
Expected Frequency 1 1 1.3 5 2 2 5 1

X* = 11.91, p<0.005 (classes 14243, 5+6,7+8+9'groupedf.
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'6.4.3.3 Vegetat1ona1 character of sxte
No consistent pattern of dev1at10n from expected can be
_discerned in the distrlbutlon of A. nigriscutis, in sités of

'different vegetational character (Figure 164, Table 15).

6.4.3.4 Hydric cheracfer of sites

A, nfgriscutis shows a very strong association with dry
sites (Figure 165, Table 16). agthin Hungary, E. virgata
was sampled at only one, and E. esula at no dry (class 4
or 5) sites (although a number of such sites were sampled_ln
northeast Austria, outside the range of this beetle). This
may be poetdlated as a reason for the deficiency of
A. ﬁVgPiscutis collectione from these spurges, but the
available evidence is n6tvsuffibient %o_distinguish this
from a‘feal(host discrimination on the part of this beeﬁle. -

6.4.4 A. lacertosa

6.4.4.1 Hosts
The host relations of A:'laceﬁtosa are indicaied~in
gﬁigure_17a: Once again, no COliections'were taken from
annual spurges. E. esulavie markedly under4represented.
.Cdmparison of the observed encdunter frequencies for all
host species with ‘the value expected from the frequency of
‘occurrence of those species shows a significant deviation

- (Table 1?, p‘< 0.010). 1If the'X’.anaiysis is partitioned,



Figure 17. Encounter freguency and encounter rate for

A. lacertosa at sites with different a) spurge species, b)

‘ soil'textures, c) vegetational classes, éll S@tes, a)
vegetaéiqnal‘classes, E. cyparissias sites,,énd'e) hydric
classes. | |
Sée Table 14 féf eXplénation,
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- Table 15, Compar1son of observed and expected encounter
_frequency (number of sites with beetles present) for
A. nigriscutis at sites with different vegetatlonal

" character classes.

Class

b

# of Sites ‘
Observed frequency
Expected frequency

1 OO

X* = 2,7, p>0.1 (classes 2+3,6+7+8 grouped).

Table 16. Comparlson of observed and expected encounter
frequency (number of sites with beetles present) for
A. nigriscutis at sites of different hydric character.

Class ' 1 2 3 4 5

# of Sites ©...9.26.29 22 1
Observed frequency 0 3 3 13
Expected frequency 2 6 7.5 0

—

X* = 14.4 p<0.005 (classes 1+ 2, 4+5, grouped).

D



124

Table 17. Compariéon'of observed and éxpetted encounter
frequency for A. Jacertosa on spurge species. See Table 9
for details., .

LY

Encounter Frequency

: . # of. Expected
Spurge ‘ Sites Observed All Spurge 'Hosts'
cyparissias 95 - 26 16 19
virgata 60 13 10 ' 12
esula 52 2 9 10
virgata x esula 5 2 1 1
lucida 13 3 2 : 3
seguieriana - ' 25 3 4 5
pannonica 8 2 1 2
others 44 0 7 - .
X3 ‘ 14.6 11.0

* % *

#x - 0,010 > p > 0.005; * - 0.050 > p > 0.025
for £, esula ommited, X* = 2,19,.p > 0.10
for E. esula vs. all others, X* "= 8.35, p < 0.005

Table 18. Frequency of A. Jacertosa on co¥occurring

hosts.cyp = E. cyparissias, vir = E. virgata, esu = .~
E. esula, exv = intermediate forms, seg-= E. seguieriana,
pan = E. pannonica, *+ = beetles present, - = beetles absent,
. _ cypt . vir+ esu+ exv+ luc+  seg+ pant
cyp- - 2 1 1 0 1 1
vir- 3 - 1, 0 1 0 0
esu- 2 1 -} o0 0 0~ 0
exy- 0 1 -0 - -0 0 0
luc- . 0 0 0 0 - -0 0
seg- 7 1 0/ 0 0 - 0
‘pan- 0 2 0 0 — 0 0 -
cyp+ e 1 1 0 0 1 2
esu+ - - 9 1 1 - 0 0 0
N
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tﬁe other spurges conform well to their expected freqﬁencies
(p > 0.10), while a test of the frequency of esul/a against
the combined frequencies for the other hosts remains highly
significant (p <-0.005). 1Interestingly, at both sites where
A. lacertosa was taken from E. esula, the beetle was taken
only from this plant, eQen though E. cyparissias was present
at one of the sites, and E. virgata at the gther (Table 18).
At three sites the converse applies.“Af ahother site,

A. lacertosa was collected from a patch consisting.of plants
intermediate betwgen'E. virgata and E. esula in appearance,
butfno;,found on E. vjrgafa or E. cypariséias at the same
site. There were too féw largér beetle populations_ (class 3
or more) to analyse, but a relative excess was taken from

E. virgata, The single large population on E. Jucida was at
a site where E. virgata was present, but without beetles of
this species. Three\bf the barren E. sequieriana samples
were from sites where large numbers of A.Vlacertosé~occurred

~on E. cyparissias or E. virgata.

14

—

6.4.4.2 Soil texture

Soil.texture class encounter frequency and rate for
sites with host spurges present are shown for A. Jacertosa
in Figure 17b. | |
The nonconformity with expected is significant (Table 19,
0.025 > p > 0.010), with Epe greatest deviation béing>
contribﬁted by class 3. Partitioning the analysis, oﬁher

frequencies conform to expectation, while comparison of -

~———



Table 19. Compérison of observed and expectéd encounter
frequency (number of sites with beetles present) for
A. lacertosa on sites with different

126

soil texture classes,

Soil . 9 1

# of Sites 20 1
Observed frequency 4 0
Expected frequency 5 0

2

9
4
2

3

23
13
5

4

30
5
7

5

19
4
4

6

23
5
5

7

39

8

24

>
Wouon

16.33 0.025>p>0.010 (classes 9+1+2 grouped).
4.45, p>0.10 (9+1+1 grouped, class 3 ommitted).
13.55, p<0.005, comparing class 3 to others.

Table 20. Comparison of observed and expected encounter
frequency (number of sites with beetles present) for
A. lacertosa &t sites with different vegetational
character classes. a) all sites;

E. cyparissias.

b) sites with

-

Class : 1

# of Sites (a)
# of Sites (b)
Observed frequency (a)
Observed frequency (b)
Expected frequency (a)
Expected frequency (b)

OO O —m —

N

SWNWNO

3

- TN @D —

4

32
18
16
18
13
.5

2

1

1

5
4

g9

0
9
0
5

6

16
15
10
15
7
9

12
13

13

— W N e )

nu

X*(a)
X*(b)

Table 21.

4.35, p>0;1 (classes 1+2+3, 7+8 grouped).
6.88, 0.10>p>0.05 (classes 1+2+3, 4+5, 7+8 grouped).

frequency (number of sites with beetles present) for
A. lacertosa at sites of different hydric character.

Comparison of observed and expected.encounter

Class 1 2 3 4 5 )
# of Sites 6 22 -39 28 3
Observed frequency 3 16 12 15 0
Expected frequency 3 10 18 13 1 .

X* = 4.80, 0.10>p>.0.05 (classes 1+2, 4+5 grouped).

&
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class 3 with the combined frequencies of the other classes
is highly significant (p < 0.005). There seems, therefore,
to be a distinct association between this species and loamy

sites.

6.4.4.3 Vegetation#l character of sites

1f all sites where hosts of A. Jlacertosa are pfesent
are considered, no significant departure from expected is
detectable (Table 20a, p>0.10) although there is an apparent“
peak in classes 4 to 6 (Figure 17c) | |

The two most important hosfs, E. Cyparissfas and
E. vifgata, have somewhat differegt habitat spectra. If we
‘consider only those sites with E. éyparissias,\pgesent the
trends mentioned above are even more pronounced, peaking in-
classes 5 and 6 (Figure 17d) (but still hot significant af

the 95% level, Table 20b, 0.10>p>0.05).

6.4;4;4 Hydric character of site: ,
A. lacertosa was not collected from very dry habitats,

and mesic sites are uﬁder-represented relatiVe_to both wet =~

and dry sites (Figure 17e). The departure from)expectédv

values is not sigdﬁficant (Table 21, 0.10>p>0.0§7.

6.4.5 A. czwal inae

6.4.5.1 Hosts
‘Despite the small number of A. czwal inae collections,

its 'preference' for E. esula is quite evident, occurring on
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this plant twice as often as would bé expected (Figqrev1Ba).
Large numbers (ﬁumber class 3 and 4, one site each) were
tagen from E. esula only.

Sites with co-occurring hosts provide ambiguous data.
At two localities, E.'\'\cypar'issias, E. esula and E. virgata
vere found togéﬁher, with A. czwalfnaa on the more abundant
E. CypanSSias oniy. At one site with E. CQbaPissfaS gnd
E. esdfa, thé(beetﬂg was collected from both, but at another,
from the less abundant E. esula only. E. esula and
E. v4Pgata were growlng together (without A. cyparissiae) at )
three A. czwalinae sites. The beetles were found on both
plants at two of fhese sites, the number of beetles being
approximately proportional to‘the numbef of sﬁoots of each
host. At the third )howevér, beetles were found only on
E esula, although the two were growing 1nterm1xed with
E. virgata shoots considerably outnumbering those of
ék(E. eéula. THere were no collections from annual spurges.
,6-4-5'2 Soil tgxpgze'
Our collectiogs of A. czwal inae tended to be ,found at
loamy sites (Flgure 18b), peaking in class 4 kloam).
E. esula also peaks in this soil type (Figure 13) Ifﬁ
E. esula 51tes only are consldered, the same trend holds -
, R

(Figure 18c), although the small numbers exéggerate

differences in encounter rate values.



Figure 18. Encounter frequency and encounter rate for

A. czwal inae at sites with different a) spurge species, b)

soil textures, all sztes, c) f01l textur;“ E. esula sites,

a) vegetat10nal classes, all sites, e)Ami»'

welghted for host encounter frequency, a ) hydric
e .
classes.

. See Table 14 for explanation.
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6,4.5.3 Vegetat10nal character\of s1te B -

Frequency and rate. o; encounter of A. czwallnae for

d1fferent vegetatlohal classes are shown in. Flgure 184.

Q

Class 4 1s over- represented and ng beetles,were collected
T : .

from the most open sites (classes 7 and 8). As would be
-expected from:the 51m1lar1ty of the vegetation class spectra

of the host spurges (F1gure 2), a similar pattern is

. apparent, even,after we1ght1ng for host plant (F1gure 18e).

:6.4.554 Hydric character of site ‘ N

A. czwal inae vas absSent from dr§fsites (Eigure:18f).
ﬁo saturated sites nere“sampled within the _geographic range
of this species.’ All spurges from which thislbeetlevwas
collected haee-fairly'Strong representation-on'drf’(class 4)

,sites.‘ The observed d1str1but1on 1s thus not l1kely to be a
~

-functlon of d1fferentlal occurrence on the various host

vplants.

6.4.6 A. venustula

6.4.6.1 ‘Hosts ‘ . |
With the exceptlon of the greatly over represented
.E amydaloldes, the spurges from whlch this beetle spec1es, B
' were collected are represénted 1n approxlmate proportion to
l%fthe1r deurrence in the samples (Flgure 19a, Table 22). At
tthe three 51te5/where E. amygdaloides and E. cyparissias
. vere both present A, venustuia was found on both 1n

"proportlon to the abundance of these spurges. Unllke the
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, JFigure 19. Encounter frequency and encounter rate for

A. venusfafa'at sites‘with'different'a7 spurge species, b)
soil textures, c) vegetational classes, and d) hydric
classes, |

See Table 14 forvexplaﬁatibn.. RS

a - E.:aMygdaloideS;Apther abbreviétions:as in Table 14.“ff

[ '

e




133

- N O WO N®

s

05

LJ

10

~ encounter frgquency

20

| e'hcounter_rate‘



N

Table 22. Comparison of observed and expected encounter
frequency (number of samples with beetles present) for
“A. venustula on spurge species. —_

# of Encounter Frequency

Spurge Sites Observed Expected

- cyparissias 236 .23 22
esula . 63 '3 6
amygdaloides 5 4 1 .
seguieriana 39 2 4
stricta - 14 1. -1

B



135

previous species, A. venustula was cbllected at one site

from an annualtepurge, E. stricta. At this site the beetle -

.

~was abundant on both E. amydaloides and E. cyparissias, but
only a few specimens were found on the numerous E. strlcta
plants. At other sites no beetles were found on E. stnlcta

even when-quite numerous on E. cyparissias.

6.4.6.2 Soil texture.
The.principle feature of the soil texture spectrum of
A. venustula is the h1gh encounter rate on heavy clay soils.

Otherw1se dev1atlons from expected are m1n1mal (F1gure 19b).

6 4.6.3 Vegetat16nal charactet of site

A, venustula was collected on a large proportion of
'fthose 51tes w1th taller vegetatlon than in the morg open
sites and was the most abundant Aphthona species wooded to

: c s ; . ol . :
transitional areas in Western Europe (Figure 19c).

6.4.6.4 Hydric character of site
This species was not collected at very/drY'or'very wet
sites. Actual and expected encounter frequencies were quite

close (Figure 19d).

6.4,7 Other species

e

In general, other species were collected at too few
f51tes to exh1b1t any patterns. However, a few trends are

: noteworthy. A. VIolacea was found on both annual and

perennial species, but at wet sites only. Both A. ovata and
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abdominéliskwere coilected mainly/fromvE. cyparissias, but
also occasionally from annual spurges as well as other = -
perennials. A. ovata, pygmaea, and deliculata were
‘collected primarily from mesic sites with veéetational
classes 3 or 4 f[;e. with fairly closed vegetationf.

A. abdominalis, on average; was collected from drier more open

51tes than the above spec1es.
Both A. Jutescens and herblgrada were collected from
E. cyparissias. These species have not” been previously
| recorded from spurges, elthoﬁgh'well known from Lythrum and

HeliénthemUm-respectively.

.6.5.Summary.

Ceftainiy'ho one feature of a site acts in isolation,
but the ewvidence from.thesea%pecies-is\that certein
psrameters act a primafy cﬁes. it is also apparedt that for
d1fferent Aphthona species, quite dlfferent aspects of the

5hab1tat are the best predlctors of presence.

Per%aps two generalizations may be made. First, the
large species,vA 'cypanfssiae, flava, nigriscutis,
IacePtosa, and Czwallnae were not collected from annual

7spurges, abg~there is only a single literature record of
such an association (A. cyparissiae from ¥. peplus, by
Heikertingerf(1§16)g also a specimen in the British Museum).

The smallerfspecies, on the other hand have been collected

from annuals. This is probably a reflecticn of life history'

8]
15



~if the patch is continuous, and like that species, the .
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reduirements - theAlatvée qf;ghe larger species feed well
into the autumn, after .annual spurges have died (see Chabter
7).' Second,.yellow species (A. cyparissiae, flava,
nigriscutis, end abdominal is) tend to occur in drier, more
open.habieats‘ghan the'bléek species,

A. cyparissiae is very broad in its occurrence with
respect to all habitat.parameters. It also accepts a wide
range of pefennial spurges but tends to be found most often
on E. cyparissias. It is perhaps significant that this
species was rarely found where tﬁeyho;t was sCattered, no
matter vhat the host. Since the-proportion'of»

E. cypanSsiasistands which were large and continuous was .
greater than that of any other spurge, this may be the

source of the observed host 'preference'.i‘The slight trend

towards drier, sandier habitats may also be attributed to

,'thls phenomenon, since it-is under these condltlons that

continuous. spurge stands develop
[

A. flava seems to show a.{eai‘preference for
E. cypaPissiéS, since it rareiy occuref;n other species even
when they do form-continuous stands. Furthermore,
pobulatiohs of this species are larger in patches of
E. cyparissias thaﬁ'in patches of other spurge séeeies,of
equal density and size. Among E. cyparissias sites,

A. flava, like A. cyparissiae, is more likely to be present

'trends towards lighter soils and more open. cond1t10ns

' probably are -a shadow oﬁ/thls fact. _ - é@%"

/
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A. nigriscutis , however, shoﬁs a distinct association
“with dry sites and the observed host spectrum is apparently
a reflection of this, as is its soil‘texture‘spectrum.

The primary determinant for A. Jacertosa is‘soil
texture. The trends in vegetational associat;on are,perhaps
a function of this. Host selectivity also seems to be
important in this species. It is interesting to hote that
the two perennial spurges most common on loamy soils,

E. esula and E. virgata; are sharpiy'distinguished, while
iess common more distantly related species are accepted. . \\
‘There seems also to be in this species a-tendency for looal
populatlons to form special preferences.

A. czwallnae shows partlcular assoc1at1ons in all the
parameters looked at, although this may be_a function of the
small number'of collections. The most notable'features are
its strong ties to E. esula in contrast-to rejection of rhis
species by A. Jacertosa and its absence in dry habitats.
That thlS species requ1res somewhat higher humidity is
supported by experlence w1th rearlng this species in the
laboratory — unless the cage/was covered in plastlc and
sprayed with watef daily,adult mortallty was high.

A..venustula is ma1nly a creature of shaded and
transition areas and other trends are likel& reflections of
this. & o ’

The habitat associations expressed'by a popﬁlarion'may
be avconsequeoce of aetive searching for suitable sites, or

of survival and persistance in such sites. 'The first



139

implﬁes relative mobility, the second relative immobility.
Cértainly both approaches are used by Aphthona species. The
discrimination of‘E. virgata and E. esula at the same site
shown by A. lacertosa, for example; is undoubtedly a result
of behavioural bias. However, the soil preferences shown by
this species are mdre likely a product_of differential
larval survival under differént soil conditions. ‘It is
'péfhaps no coincidence that this, the 6nly species g;amined
which clearly shows a soil preférenée, is apterous, and

therefore rather limited in its dispersal ability.
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7. Life History Studies

5.1 Introduction
Collections'ef adults indicate that there are three
distinct seasonal patterns among European species of
Aphthona. Some spegjes, such as A. euphorbiae overwinter as
adultsl_ Others appear as adults in late summer and fall,
overwintering as eggs, or perhaps as early instar larvae. A
third'group éverwinrers as pupae oOr ultimate instar larvae,
the adulté‘appearing in spring or early summer. The three
species treated here belong to this last group.

No deta1led f?%ld studles have been done. fhe

follow1ng pages describe observatlons made under laboratory

conditions.

-

, | —
7.2 General Methods and Materials ‘
Eggs were COilected by confining up to 150 adults to

cages (30 cm x 45 cm x 30 cm high or_60 cm x 60 cm x 60 cm)

~provided with cypress or leafy spurge shoots‘IOOSely wrapped

at the.base in blotting paper or filter paper and inserted
intd a piece of 10 mm dlameter tub1ng, which was in turn
pushed through a hole in the cap. of a water filled 5 cm x
10 - cm vial. Eggs were laid between the layers of the wet
filter paper. These were collected dally, placed in petr1

dishes w1th moist filter paper, and reared in darkness,

'(except for a brief daily v1sual check) at a constant

141 :
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temperature in an incubation chamber. The temperatures used
are indicated in the appropriéte context later.

Upon hatching the 1arvae were trénsferred'to sections
of field-collected spurge root in plastic dishes 10 cm in
diameter. At first; moist filter paper was placed on the T@ ‘
bottom of these dishes to maintain humidity, but it was found
that the larﬁae tended to crawi undef\the paper and become
trapped, resultiﬁg iﬁlan unacceptably high m@rtality rate.
This problem was later solved by substituting damp fine sand.

At approximately weekly intervals, the roots were digsected

‘and the larvae weighed and instar determined by heaa capsulé

fmgagurement. For finer resolution, other hatchlings were

placed on filamentous roots so that dissection disturbance —~

was not necessary, and checked daily to determine-the instar

fornth\fi}st two weeks thén transferred to larger roots.

Soﬁ?&gs of pafentallmaterial are as follows:

A. cypaniSs} | B

- Various ?géglities in'western.Hungary, colleéted fromﬁ N
«E.CYDanfssi;s\iS%early Juiy;\4978. . _ ‘@;l '%ﬂ

—_ Rhine valley, from-E. cyparfSSia§)\15 Kugust, 1979, RPN *

i E

— Swiss Valais, from E. cyparissias, {d;}z June 19§pfg%

A. flava o | : Cw l,

. . v »

' ' - SN

— Various Hungarian localities, from E. cyparissias, early.
v N 'Q ¥

&%
<

July, 1978.

July, 1979. o \ L -
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A. czwal fnae

- tzenbrugg, Austria, from E. esula, 14 July, 1978.

5 v

—~ -Various Hungarian localities, from E,JesUIa, early July,

1979.

¢

“~ — . Atzenbruqg, Ausﬁfia,'from E. ésula, 25 June, 1980.

"Adolts and larvae were reared in 1978 on E. cyparissias
at Delémont, Switzerland, and ir 1979 and 1980 on North
American leefy spurge from Township 17 Range 17 West of the

'Secomd»Mefidian, east of Regina, Saskatchewan. “ |

Special methods for. specific experiments aPTe/provided

in tﬁe following sections where appropriate.

3

oy Yy
~-7.3 Oviposition ami Egg Development

-7.3.1 Adult longevity and Edg Production.
Inlthe ‘Rhine Valley, adults of A. cyparissiae were found
from the end of May until mid- September (see Appendix_2).

oy . Teneral adults were collected in HungarYJas -date as July 8.

i
Qommer (1979) reports that - specxmens of thlS spec1es

> ?

colleﬁted in mid- August 1979 _survived in the laboratory

.:TE{E
‘;:E@’i’

unt1l November and ov1p051t10n contlnued until. the beglnn1ng

of October.- Beetles she sent me from the same collection

.surv1ved until the end of September w1th eggs belng laid
‘until this tlme. The lasta1ndiv1duale of a June 12
.-collectxon-sent xo:me-dio not die uhtil OCtobe;71Q,
produc1ng eggs up to th1s tame.A Some of these'beefles

o,

therefore 11ved ;at least ‘of 4 months as 1mag1nes. The -
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perxod of major mortal1ty, howeVer, was .mid- September (see i
F1gure 20a) or about 3 months aft%; collection.. 0v1p051t1on
in the tew laboratory produced adults began 6 days. after
emergence. A flava collected 1n the flrst 2 ueeks of July |
1979 surv1ved untxl October 5 (see F1gure 20b) The1r , |
vf’laboratory reared progeny llved as adults for 3 tow4‘months:
(F1gure 20c) prodbc1ng eggs for up to 3 5 months.;
0v1p031t10n in th1s spec1es also began 6 days after '

&)

emergence. The ov1pos1t1on per1od is thus very extended

produced aftet about 2 months decreases and 1s moreﬁger1ablewf‘

lower. o ' A

e Eachofemale hae'16 ovarioles lalthough only 15;were/&
active in almostlallifemalesrdiseected), matuging a.batch of
eggs\eéery 3'ts. 5'days during themfirst 2.5 months,/and less
complete batches at less frequent 1ntervals 1n later 11fe.
In’ order to determ1ne total egg productlon per/female, gQ"
male- female palrs of each of A. cyparissiae/and A. flava
were separately caged in 10 mm x 15 ‘mm v1als w1th the bottom
replaced by 1 mm screen1ng. Over a three month per1od the
15 A cyparisshae palrs ‘which surv1ved that long produced an
average of 285 eggs (wlth.a range of 256 to 308 (s. d. 22))
Two females caged w1tﬁbut males produced 305 and 296 eggs
(none vrable) A flava pairs produced 120 to 330-eggs with

a mean ofA224 (s d.=36, nx16). Sommer (1980) reports a mean

; of 100 v1th a maximum of 216 for 12 A cyparlssiae palrs.



Frgure 20 Survxvorsth of adult Aphthona in the 1aboratory

Wy
a) A. cyparlssiae, collected June 12 age structure unknown-
b) A. flava, collected early'July, age structure unknown;

/

reconstructed 51ngle age

1aboratory reared

c) A. flava,
cohbrt. ' :
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7.3.2 Oviposition Sites
When caged with potted, -plants females crawl down the

shoot into the soil (if possible), then turn around and v

-
Ve

‘probe with‘the ovipoaitqr for crevices in théﬁito deposit
the eggs. ' . |

| High Hgmidity seems to be preferred but not essential.

“1f shoots wrapped with both dry and wet filter'paper are
previded, the wet is used in preference tovthe drywby a
ratio of about 3:{. Aléb,‘high humidity condition seem to
relax the requirement for crevices in which to place the
eggs. Females confined‘to unventilated vials with a spurge

shoot preferentlally lay into the paper.at the shoot base,

but also leave one in five eggs on flat surfaces.

a2 ®
R

5

e

7.3.3 Egg Development and Temperature

The effectuof temperature on %heijncubation perioduoix
each of‘the species are shown in Figure 22. The optimum
temperature for A. cyﬁarissiae"appears to-be about 23°C,
with a’deVelopmental pe:ied of 13 days, the period'increasing
en either sidevof this temperature. For the most part, the
distribution of values about the mean ia quite tight, bﬁt a
few 1nd1v1duals show rather remarkable dev1at10ns, reqﬁirihgb
as little as 5 days less than the mean. and as much as 7 days
mofe. Development period for A. flava shows a similar
pattern, and at*most temperatures it was within a day of

A. cypaFISSIae, but it continues to decrease to a higher

‘temperature (25°). The development rate for A. ‘czwal inaé is
' | M -

PLR

LTS
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Figure 22. Egg development time at diﬁferept/temperatures.

Means, standard deviations and radges'are'shown. Curves are

regre551on cutrves based on a degree day accumulatlon model.

Numbers give number of eggs in sample.

&

a) A. cypamss:ae, b) A. flava, c) A. czwallnae e

A
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essentially identical to that for A. cyparissiae at 20.5°
and 23°. This épecies was not. tested af,temperatures
between 15 and 20° or at 305; o .

At 25° eggs of'this.species failed to hatch — a ;hange
in coléur indicézéd that they,died between 5 and 8 days
'aftef being laidt The other two species experienced
‘increased‘egg mortality at higher temperatures. Figufe 23
showS'fhe relationship between temperature and per cent
hatch for A. cyparissiae and A. flava. )

A model predicting incubation‘period‘as a function of

simple degree'day accumultion takes the form

T £=D(T-T,) "

_where t is incubation period, T the temperatu;e, T, "‘the
minimum threshbd'temperaghfe at ﬁpich development takes
.place, and D the tétal fequired aécumlated degree days abo?e
To. The reciprpCalfbf t is a siﬁplé*iinear functibh of T of

the form SR
£~ '=D"'T-T,D"'.p

A least squares fégrg§sion of reciprocal hatch time on
temperatUrem(ommitting_values above'the optimum) for“
A. cyparissiae and A. flava indicates that the simpi;‘
model provides‘é fairly g56d fit to the ob;érved
data (r*= :0.869 for A. cyparrss:ae and 0.898 for A. flava).

The estimated requ1red degree days accumulation for

_A cypaFISSlae is 165 with a threshold of 10.6°. For

7

" A. flava, the value is 168 days, with a threshold of 11.0° '3

‘Figure 22. The two points for A. czwal inae predict a base:



Figure 23. Effect of incubation temperature on egg
viability. -Bars represent one standard deviatioh\based on

arcsine-transformed hatch rate of daily egg collections.
| ' _
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temperature of'13.7§ and 127 deoree days.

A base temperature‘between 10 and 15° agrees with the .
observation that, when kept at 10°, no eggs of any species
had hatched after 4\months. A. cyparissiae eggs kept at 10°
for 32 to 35 days, then transferred to 20.5°, hatched after
an average of a further 17.6 days (s.d.=3.7, range 10 to 21,
‘n=27), a period not significantly less than appropriate for'
eggs\kept at 20.5° from the time of ovioosition (p>0.05,
Student's t-test. for equal means), but the ;epresentation’of
shorter periods was relatively much greater. Egés kept at
10° for 2 months,’4;>§or 4 months, a second period of 1Q°
for 5vdays, then to ZQ.5°, hatched 20.2 days after return to‘
20.5°, a period sIthtly but notasighificantly greater -than
that for those reared at a constant 20.5° (p>0 05).

A. czwal inae eggs held at 10° for 31 to 35 days, then
.transferred to 30.5° hatched 20.9 days after‘the transfer, a‘
period significantly longer (by about 2 days; n=25, p<0.005)
than the values for constant 20.5° cohditions.

The same experiment, using A. flava, gave quite suprising
results. The eggs did not hatch until 27 to 39 days (mean ,
32 8, s.d. 4.6, n= 22) after -the tra;;ter to the hlgher ’
“temperature, compared to the 18.4 days needed at a constant
20.5°. AnTeven longer delay was obtained for this spec1es
under the 10°:2 month / 4°:4 month / 10°:5 day / 20;§° ~
regime (29 to 40 days, mean=38.2, s.d.=4.1, n=44). These

results suggest\that in this spec1es, and p0551bly also in

A. czwalinae, there is not merely a slow down in development

S
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at 10°, but a ma jor phys1ologlca1 sh1ft —~ in other words a

]facultat1ve.d1apause — and requires a readjustment per1od,’ ,& ‘a

aftef return to higher ﬁemperatures before normal N T

development can proceed.- A fecultative diapause mechénism ,
x\of this type, operating with this relatively high threshold,
temperature can be env151oned to have two possible functlons
~ to delay the hatch of eggs la1d early in the season by -

prematurely emerg1ng adults, or to prevent the hatch of eggs

laid late in the fall until the following year.‘

.

Ov1pos1t10n sites are close to the surface and, given

their geographic range, both 4. CYpaPissiae and A. F]aVa
would be expected to encounte} f:eezing temperatures if the
Seggs were to overwinter, as suggested by the latter
alternative. However,leggs g? both species e;eated ﬁith 2
months at 10°,,2 monfhs at"4°,’3vdeys at -1°, 2 months at 4°,
and 5 days at 10°, showed the colour changes asspciated wfghe/‘
‘egg death after subsequehf-exposure/fo.20.5°.' Even‘a/short
~period of light freezing was not tolerated Qnder‘TEbOratery~
‘conditions. - — |
It would be 1nstruct1ve to deterriine whether diel
alternat1on of temperatures above and below the threshold
are effective in 1nduc1ng thlS delay. Unfortunately, this
experlment was attempted with late season eggs and none

4

hatched.
\

‘ . ¥
There is at least one further complication. ~The

effects of 10° temperatures'on egg development are not

equally felt at‘allestages in this develoﬁﬁent.v A. fléva

L
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incubated ati20.§' for 12 éays, then transferred to IG*HEf, _
" hatched after an additional 24. l‘aays (8.d.=1 6, range 21 to
| 27h,n =35). Had the eggs been kep% at 20.5°, oMy 6.4
‘g%d1t1onal days would have been expected. We can then
calculate ‘that about 70 dqms would havelbeen.requireg\at 10°

-

: fer hatch-if deveiépment had progressed at this rate , .
throuqhoutr Thisyhas'seriou; implications for ﬁredietion'of}
hatch timesrbased on degree day data. An.extensive geries
of erperimeﬁ%s in3Estigating the interaction of temperature,
especially at the lower end, and stege of deVelopment, is

_needed to sort[but this problem.

7.3.4 nun1d1ty and Egy-: nortalxty '
The relatzvely dry habxtats freduented by
; A. cyparlssiae and A flava, and the proximity of the eggs‘
to the 5011 surface suggest that the eggs may be expesed to
_de51ccatran, and some drylng tolerance would therefore be
expected.- ;t_yogld,not be suprising if eggs of
A. czwalinaé; dsually*foﬁnd inxmore moist areas, were less
tdlerant to - dryzﬁq. In order to test th1s,'exght groups of -
10 eggs each of A. cyparissiae and A. czwal inae -~ + -

L]

were reared at 19 5° in de51ccators at saturat1on

%

def1c1ts of 0 0 12, 0 24, 0. 35 0.45, 0.70,
and 1.12 kPa (equ1va1ent to 100, 95, 90, 85, 80 70, and 50%..

relative humadlty respectlvely at the temperature used),

£

‘ mh1nta1ned by’approprxate\cencentrat1ons of H 2SO0,
The results are 1nd1cated in Flgure 24. Both spec%es‘

falled to hatch after 1 month at a def1c1t of 0 45 kPa

— '
n N
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kPa th n A czwalrnae (p<0 05), although I am not conv;nceé
that t‘1s is a-real d1fference., Thppe A cyparisszae/eggs a
the lower hum1d1ty levels which did not col}apsed were/’~

trans@&rred to saturated a1r-after 1 month. Nonevhatched.
bl . Skl ! e A ec.

. e . Y o T :
“Eggs -of both.species, then, cannot withstand conditions which -

may bekexpected in?very;dry soil.

L SR
7 & Larval Growth o R
7 4. i Instar Duratlon S

Therevare three larval instars. The‘auratio /of each
-varlei con51derably w1th1n a speC1es but is- very/Z;mllar ;
; .%between spec1es., F1gure 25 1llu§trates the proportlon of
the‘larvae of each,lnsﬁar'at a.g;ven age (reared.atv20.5 ){‘
The minimum durationfoffthevfirst'instar for aﬁi speciesifs
uaboot'ﬁ days at'this_temperature. The mlnlmum observed
secoad’instar‘ouration”vas 24 oays for A flava,’ 19 days for
— A, cypanissfae; and.35”oays'roriA 'Czwaiinae" The aCtlve o
feed1ag@g§r1od of the thlrd 1nstar lasts a minimum of 45 |
days. The total actlve feed1ng perlod therefore lastslat
least 75 days.: However, as ﬁan be seen 1f Figure 2@ some
1a¢vae are’ Jtlll 1n the secon& 1nstar at this t1me. Many
fd' vere st111 actlvely feeding at 4 months of age. ‘;b- %;--
| At the end‘of the feeding perlod the larva enters thea.
= 8011 andﬁforms a cell 1n which 1t w1ll eventually
pupate.' In,£0tm1ng thls cell the larva arches '-'f794~
1ts bodj to compact the sozl partxcles and applxes a
. L —_— . ST R T P

et - ’ Co : I K E ol e
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Figure 25. Proportion of larvae in’each ins:

age, reared at .20.5C.

'L, — first instar; L, — second in
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: ‘cementing fluid which penetrates to a depth:q;'abdut.1 mm in

the fine sandy soil used.' The orig{n.of this secretion is

. _ 5 A .
not known. Larvae moving across a smooth surface may be

seen to'secretelafsmall amount‘of;fluid'from the anus as an

adhesive-aid‘for’the anal proleg, and this may be the same
\. o

- fluid used in forming the pupal cell.
Slmllar cells are formed by ‘some -second instar larvae

for the change tovthlrd 1nstar“ Many larvae, however,‘

o

excavate a chamber within the root in whlch they wer@ feeQ1ng

if it is suff1c1ently large.

spent in this cell.
— - o>

- The extreme heterogenelty of de elopment rat?
> ,

on growth rate.
*.

confounded the effects of temper%‘r
b i rst 1nstar*ﬁﬁrat10n was 6 to 7 days at 25° and 9 to

Mini i

10 days-at 15° for Al CypaPISSIae, and the first ‘appearance

of post- feedlng third instar larvae was at ii days at 15° :

7 4,2 Larval Weights SR e

Table 23 _gives the live welght of larvae at
1dent1f1able p01nts in their development —i.e. at eclosion,
;ecdyses,‘andwfeedgpg cessation. 4. flava 1s, in general
heaviest! and A. czwal inae lightest, at any glven stage (1n
aceord with relative adult siZes) In all spec1es, the total
weight gain in the last 1nstaa>1s/4 or 5 times- that of the'
-

-prev1ous two 1nstars ngbzned.

T . s X . T R
[
o

P
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Tablé/23 L1ve welghts of larvae at spec1f1c points in
development., L,/L, - first to second instar ecdy51s,
L,/L, - second to thlrd instar ‘ecdysis.
. A Mean Welght + s.d. (mg)
Larval staqge — (range) L
arissi flava czwalinae -
Hatchling* 0.05 - 0.05 - 4 0.05 . . —
‘ - (n=150) (n=130) %" An=50)
L, /L 8N 0.16£0.01 0.22+0.03 _« 0.12£0.00 ~—
o (0.14-0.18) (0.18-0.38) (0911-0.12)
_iﬁ>\k - (n=18) (n=14) ~(n=12)
Cr,/L, = 0.91£0.09 1.23£0.22 0.7420.04 ;
(0.66—1.46) (0.83-2.37) (0.70-0. -
M (n=g#) . (n=36) (n=4Y@% -
N . ) /-/ ' ®
. Cessation of ¥ = 5.82%0.98 6.27+1,03
. feeding . (3.45+7,10)  (3.83+9.05)
' . (n=150) - (n= 185) .
v . — ‘/‘
% Hatchlings weére weighed in bulk rather than individually.®’

~  The total number of larvae 1nd1cated represent 6 batches of *
each species.
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7.5 Overwintering -

7.5.1 Temperature Requirements

7.5.1. 1 Introduct1on
Many 1nsects have obllgatory diapause perléﬂsk which

@ must be broken bt specific stxmull. Among these stimuli are

gwr freezing -or near- -freezing temperatures. The three Aphthona

species being considered spontanedhsly ‘enter a quiescent .

B

”perlod at the end of the third 1nstar, suggestlng the

;p0551b111t¥§0fﬁ&1apeu5e in thlS groups .The follow1ng

’fgxperlment was. performed to determine whether the quzescent

L7

’-

perlod would cease:spontaneously, and if thlS is not: true,
— - *
to determlne whether a perlod -of low temperature 1s

necessary and suff1c1ent to break dﬂg$ause.:><:2'

7.5.1.2 Methods . —
_Because 10° seems to be a criticel'temperature in'egg‘
<. development, I felt that this was a suitable intermediate

temperature. 4°-conditions were readily available as a.

[

"o

epregsentative 'cold' temperature, and has been shown to be

isufficieﬁt to break diapause infether insects.

Twle Three'to four and a half month old’larvae, reared at
20, 5° were subjected to flve dlfferent teméerat&%e regrmes,'
over a 12 week period. Both feed1ng and post-feedlngvlarvae

"of all three sbeciesVWere usee. All larvae were prov1ded .
Mwirh food. The number of larvée‘used\depended on the numbere"

" available when the»treatment wvas begun., ' a

-
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' 7.5.1.3 Results

166

In initial trials, it was found 'that a direct drop from

20,.5° to'4° resulted in increased mortality. A three week

acclimation peniod at 10° was therefore included in all 4°

‘treatments.

The treatments were:

1. Coqtinuation of 20.5° cond1t1ons (A. cyparissiae: 40

feedihg larvée, 148 post feedlﬁ/, A. flava: 20 feed1ng,
30 post feedlng, A. czwallnae 9 feedlng, 12
post feed1ng)

2. 12 veeks at 10° %bllowed by return to 20.5° v
(A cypaPISSIaei*éoy?eed1ng, 100 post-feeding; A. flava
20 f’edlng,"BO Qgst feedlng, A. czwal inae: none).

3. 3 weeks at 10%& weeks at 4°, 5 dans at 10°, return to
20.5° (A. cypa:?SSIae 46 feeding, 154 post feed1ng,.§

~A. flava: 26 feeding, 94 post-feeding; A. czwal inae:

9 feeding,’18‘post-feeéing).

L

‘4. As in Treatment 3, but with only 3 weeks at 4°

;
R

- {A. cyparissiaé- 40 jpost-feeding).
i Y-

,5‘ 3/weeks at 10°, 8 weeks at 4°, then to 10°

(A cyparlssiae 125 post-feeding).

-
-

e i

Under Treatment 1, two A. cyparissiae adults 4ppeared.

~All other larvae of all species“éradually lost weight. All

but a Single-A./cypaPissiaé larva were -dead three months

later.

ps
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Under Treatment 2, feeding larvae continued to feed and
eventually reached the post-feeding stage. However, all

*

were dead within 1.5 months of return to 20.5°. All

.

e

original post-feeding larva lost weight and died within one -
month of return to 20.5°.

Under Treatment 3, those larvae which had ceased —
feeding bq&pre the low temperature treatment fared much
better — 69% of the A. cyparissiae, 60% of the A, flava, and -
5 of the 18 A, czwal inae had become at least pharate pupae
by 1.5 months afﬁer-thé’retufn.to 20.5°, The remainder had
died or becomeegevérelf ﬁnderweight. Feeding larvae |
_continued to feed at-4° (albeit very slowly). Some reached
the post- feedlng stage dur1ng this period and fo;;ed pupal

cells, and, after being returned to h1gh temperatures,

developed 1n a manne identical to that of those larvae which

had geached the post-feeding stége before the cold A
treatment. The remaining feeders eventually reached the
'*pbst—feeding-stage after‘return to 20'5?, but then lost
. weiqﬁt;. All wvere deaa after 3 months. : |
- ‘Under Treatment 4, only 20% of the larvae 'became.
. pharate pupaé.
o ;thder Treatment 5, 64% pECameAObViOUS pharate pupae
| after return to 10°, comparable‘to the results for
__Treatment 1, . |

. It is evident from thefabove that4e_periodlof cold

temperatufe after the Yarvae have ceased feeding and entered .

the soil to form a pupal cell is required to initiate

i ~
1
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pupation (with the exception of 2 individyals). Cold g
treatment before this time has no ejfeet. Individuals
derived from late hatcﬁing eggs are likely to survive the .
winter, but they willvﬁot contribute tb the follewing
generation if they do not dbmplete feedlng before the cold
perlod is over.

Three weeks of treatment is not a sufficient period for
most individuals (compare Treatments 3 and 4). The upper
limit for the temperature required te break diapauée‘
(between 4° and 10°) remains undetermined.

—

7. 5 2 Low Temperature Tolerance

~

' 7 5 2.1 Introduct16n 1*\;

Although well protected from temperature extremes by

their edaphobltlc habits, overw1nter1ng larvae are
enough to the surface that they are l1kely to experlepce
freez1ng temperatures. An organ1sm may survive such
temperatures elther by hgv1ng the ability to withstand
freez1ng of its tissues, or by avoiding fre;zlng of its
tissues. ThlS freezlng ‘point depression may be “
brought ahout by 1) a h1gh solute concentret1on in the body
fluidé,kz)‘inereaseg‘concentretions of eompdunde, sﬁch'as
"glycerol, wHich haQE'anti;freeze‘capabiiities beyend simple
solute depression,’or- 3) coeling below the~norma1'freezin§/
point without free21ng by -avoiding formation of freezing

nuclei (supercoolxng) The following experiment was
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vde51gned to determ1ne the freez1ng point of post- feedxng

third instar larvae of A. cyparissiae and A. flava.

‘ r -

7.5.2.2 Methaods
\The larvae used had exper1enced 2 weeks of 10° ana‘tp 6
weeks at 4° before being used in this experlmentt A tOtaI
of 5‘indiv{dhals of A. flava and 6 of A. cyparissiae vwere -
-tested.. | B ‘

A light coating of silicon grease was used to fasten

‘each larva to a small (3 mm diameter) thermistor prebe. The

p{obé was attached via avtelethermometer to a chart |
‘recorder, and inserted into a small controlled~tempeiature
ehambef. “The temperatute was lowered. from +4f‘at a rate
of" 1°¢per hour inuapproximately 0.1° decrements.'"At the
p01nt of free21ng the heat of crystalllzatlon results in a
momentary r1se ih temperature. Thé tempetature was then \

1ncreased to 4° (also at 1°/h), held at this temperature ﬂor

|
- a day, then taken up to 10° to determlne if the larva was |

st1ll allve -(dead 1arvae exh1b1t a loss of turgor). -\

-

.

Once a free21ng point was determlned, the proceduremwaeﬂ

~ . : NG . .
_repeated using 5 additional larvae, but with the minimum.

'temperature just above the maximum'obserVed freezing point;

as a control treatment. The minimum temperature that can be

" achieved with the apparatus used is -13°, operating at room

__temperature. f \
f
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' def1ned freezlng point, indicates that supercooling is
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7 5.2.3 Results

A representatlve tracmg of temperature versus tlme is

shown in PFigure 26.

v

All A. flava specimens froze. The individual freezing

ooints were- -6 2°, -6.5°, —6.8°,.and -7.0°},for a mean of

~6.6°. All were killed by the treatment, while the control

'group taken . down to -5.5° survived with no apparent ill_;gﬁ_

“

effects. . \ . :

Two of the six A. cyparissiae larvae\nad not frozen

E

after an hour at the minimum attainable’tempetatgfs/gﬁ/-13o;

and were still ‘alive after the experiment.  The others froze

2

at —8.0°;_—9.0°,-~9.0°,'and -9.7°. (mean 8.9°). . The

‘ treatment was fatal The five controls taken down to -7 2°

showed no ill effects

>The 1on concentratlons to be found in any organlsm will

depress the freezing point below that of‘Water.QyThe )
freezing points obtained are someﬁhat lowér than*would be
expected from th1s cause alone, suggestlng that these'

spec1es possess a.spec1alﬂzed mechanlsm for freezlng

-

resistance. The fact that two A. cyparissfae 1nd1v1duals

were dgoled to well below what was otherwlse a fairly well.

- —

p0351b1e._‘ S I

A

“The importance Ypf supercooflng as a freeZIng av01dance
P

A3

mecﬁanzsm 1n these anxmals rema1ns unknown.‘ Thesge latvae

’33; g?dgated in thelr quxescént sgage, a condltlon

FEA . . . Y . . \
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/

freezing nuclei. 1In addition} larvae in their pupal/¢e117
_are in close contact with theVSbil allowing ample‘f

opportunlty for invasive nucleation from ice form1ng in the

.

soil. I therefore suspect that supercoollng is not a

reliable mechanlsm in these -organisms, but may be of beneflt

during acute exposure to temperatures below their free21ng

p01nt.

9 -

Some indication of the temperatureS-egperiencea in
purge*grbwing‘areas of the Canadian Prairies, may be
obtalned by considering the soil temperature records at
Reglna (Agrlculture Canaaa\Résearch Statlon) The mean
m1d January temperature (for the perlod 1965 to 1977) at 20
cm depth is abdut -7° and the mean mld January minimum

about -13°, The temperatures were recorded at a site with

little snow-trapping vegetat1on.ﬂ A typ1ca1 spurge habltat

_would be expected to Rave a~deeper snow cover, ‘and

consequently, higher temperatures. Temperatures at 20 cm
depth may 'be expected to be about 4° hlgher under a constant
20 .cm cover of loose snow, than under bare. ground (Shul'gin,

1965). This, however, can'be no morepthan a very gross

B

estimate for a given site, since the history of snow
accumulation is as important as the immediate snow depth.

Given a deep enough snow cover 4. cyparissiae may be

expected‘to survive, at this_depth'in‘the soil, in this
region. Long term survival of A. flava is somewhat less
likely unless larva migrate downwards fairly-deeply into the

J2

soil.



7.6 Pupae

7.6.1 Pupal Weights

Only -the heav1er of those third 1nstar larvae tha; quit
feeding became pupae. The. mean pupal weight for
‘A. cyparissiae was 6.12 méy(e:d;=o.86, n=§31 with the
minimum at 5.95 mg. For A. ;;éva, the mean was 6.67 mg
(s.d;=1.0;, n=34) and the’minimum, 4.94 mg-(the next
emelleet, 5.65 mg) (compare weights for post-feeding larvae,

last row of Table 23). ' ‘ T
7,6.2'Pupa1 Development .

The'fpllOwino description appiies to both A. flava and
A. cyparzsszae ' ‘ |

Larvae overw1ntered in cold storage and transferred to
19.5° temperatures began to show ev1dence of pharate pupal
development (shortening and thickening of the bdﬁy and
development of a hump;backed ‘appearance) from 28 to 57 days
later. -Threefquarteés (§? of 68) had shown this chenge by
the 33d day.‘iThose overwintered larvae taken up to 10°
became pharate pupae after the same length of time,?
indicatiné that this may be a reIatively temperature-

[

\»independent physiological shift from»a diepause condition

~

rather than a temperature- dependent developmental period.
Pupal ‘ecdysis took place 9 days later. Total pupal
duration was 20 days with a few stragglersvtaki%g up to 25

days (mean 21.1%1.5 daYS,’n=32). Deveiopment of body7

174
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pigmentation followed a fairly rigia schedule: eYes on day
11, appendages on days 14 to 16, ﬁings (both elytra and hind
, wings) on days 17 to 18. After imaginal eqlosion, the
beetle rémaiﬁed in its pupal cell for up to 8 days whilg\i}
devéibped full pigmentation'and.scleroﬁization. :This Y
sequence was described by Buddebéré (1878),with»similér
results. .n ' ' ‘
. o o -
Unfortunately, the culture of pharate pupae at 10°

#» developed a fungai infestation and all were killed.

; ) “

7.7 Discussion
'__ The development of the 3 species considered here is
“very protracted. At a constant 20°, a miniqpm of 21 weeks‘_

is required from end of diapause until cessation of feeding.

—

Such extensive periods at this temperature do. not occur

within.the geographic range of these beetles, so the

—

' ‘developmental period in the field is ceftainly.longer. The
initial diapause-breaking stage would not be much extended
by the lower Spring'temperatures, so that allowing for —an

" extended pupal stage, 10 to 12 weeks from diapause break to

appearance of adults should be sufficient. Soil

—

tehperatures in thg vicinity of Regina do not reach the 4 to
10° rangeruntil late April. Imagines may be expected in
early July, a month later than in the warmer Rhiné yalley.
Oviposition onld_thén’begin during the summer temperature

maximim, a desirable state of affairs, given the //
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sensitivity.of egg development rate to temperatUte, and
hatchlng in late July and August. Since larvae continue to
. develop normally down to 4°, feeding can~cont1nue unt1l .
mid-November; provided larvae near the surface m1grate
downwards as the soil cools, so that early. hatchlng larvae
may be expected to.complete development. On the other hand
-1f the larvae must _go down too far 1nto the soil, either~to
permlt late feeding, or to avold véry low temperatures,;
spring emergence may be delayed, \ |
The‘life cycie, then,.may be completed under ajj(’

temperatnre regime SUChJas that~found at Regina but it‘may
‘ be a tight fit, representing the northern limits of its
;potential range inbNorth'America. A. flavawill have to go
’deéper'into the soil to eu;vive.the winter at a given site,
than.will A. Cybaﬁfssfée} and may, therefore,‘have greater
‘difficulty in completlng full development the following
'cseason. Slte aspect’ ‘and sngw Eover will play important

roles in determlnlng whether or not any of these species can

become egtabl1shed at a partlaular locatlon.

o : & . . <4
P .

7
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8. Feeding by Larvae on the Root System of Leafy'Spu;ge

8.1 Definition of the Problem - -

‘The effects that the larvae will have on their food
plant depends to a large extent on the exact location of
feeding, since not all tomponents of the root system are
TN : ) L h ) '
equally important in the propagation and peremhation of the

i

plant.

. Where larvae feéd is a complex.queStion, and may be

- broken down info a number of cOmponénts. The following afe
considered in this cﬁapter.‘

1. Do different‘instafs have .different: feeding patterns?
2.  How vagile are the larvae? if the lar;ae are relatively
mobile, they at least have the capacity to séarch for

:"p§rticular'preferred SiEEF' but if'they cannot mo&e mucH~
sé;ectivity may be disadvantageous.
3. What orgéns are attacked? Do the larvae preferentially
 feed on shoot(paSes, shoot buds,short roots or long
roots? - ' - _ A
4., 'Are there any pé:ticUlér\gonfbrmational conditions
reqUirea? For examplé, does feedihg“begih,under a leaf
scale, or perhaps at root junctidné?

— |
5. Within a given organ, what tissues are’eaten?

—

6. IWhat effect does the physiological state of a particular
part of the root System have on the prObability.that
feeding will be initiated or sustained? . L

177
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8.2 General Methods  “°
Three separate procedures were followed

1. Isolated Roots: Hatchllngs or second or third 1nstar
larvae were placed on sections of fllamentous, yearllng

‘or perennial roots freshly dug uf " the f1eld The

o "

'

rear1ng contalners were cloaag p‘?&&lgsdlshes 10 cm wlde N
I.,,,"}

x 10 cm deep with a layerx?ﬁﬂnégt Qubd on the bottom.
Ca 1
After 1 week for hatchllngs and seconﬁ 1nstars, and
~after 2 weeks for: thlrd 1nstars, the. root ‘was placed .in
FAA (formalin- alcohol acet1c acid'?) for later ‘
dissection.
ﬁponqdissedtion the foilowing were~noted§,

‘a. Root type.and diameter.~4 ;

b. Location of initiation of non-sustained *feeding with
ﬂrespect to ldcation of shoot‘buds,.jhnctions between
pr1nc1ple and lateral roots, and presence <or absence“
of prev1ous damage, and phellem thlckness.

c. Locatlonzof 1n1t;atlon'of sustalned‘feedlng\with
respect to the»above’characters.

er Laticifer den51¢y ln Eroes seotion,in phloem and
phellodern on 5 scale of low, moderate, high, very
high (low — ratio of non= laticifers to lat1c1fer5‘=

3: 1;- moderate - 3:1 to'1-1- high — 1:1 to 1:5; very

high — less than 1:5).

l
——————————————————

'3 formalin:glacial acetic ac1d absolute EtOH:water =
6:2:46:46

|
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f. Density of. sclereids, in the phelloderm on a scale of
low, moderate, high, very high (low —

parenchyma:sclereids = 1031~ moderate — 10:1 to 5:1;
i \. ,
-high - 5:1 to 1:1; very- h1gh - scf%relds more

_abundant than parenchyma ‘cells)

h

The rearlng temperature was a constant 19.5° or 20. 5 c,

oty

in darkness.

Potted plants. Leafy spurge plants grown ﬁrom root
cuttings in the green house in 3 for0 cm clay pots

4 ‘to 6 months were placed in a Cage w1th adulgs fqr

5 days then removed ‘and grown at ~r.oom temperﬁtjﬁdﬁﬁnder
a regime of 16 hours light, 8 hours darkness. Eight

pots were $so treated for each of A. flava and

.

‘A. cyparissiae. Two pots for eath species"weretﬁashed

" free of soil 4, 6,.8, and 14 weeks‘afterﬁremonal from

the cage,dqnd/the roots examined and dissected. ‘The
characters listed above under jsolated roots were noted,
as well‘aslthe polarity of the feeding track — that ils

whéthef the larvae went towards or away from an active

shoot or root. crown after initiation of feedlng.

Root boxes Plants grown in clay pots for 4 mOnths were
washed free of so0il and replanted in narrow plex1glass
boxes 150 5& x 150 mm X 6 mm, such that allvthe roots .
were lying against one face of the box. The roots were‘

trimmed as required to allow-them to lie flat without

-overlapping of roots. The boxes were stored at a 30°

angle from vertical at all times with the roots on the
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1owen'f5oe so that the geotropic responses of th .root
tibs would cause new growth to stay in contact with the
front face of the box, thus remaining visible. Aﬁter
ailowingn3 weeks for the plant to adjust to
transplanting procedure,.S to 10 eggs or hatchlings wdte
".bl;ced in positions at the shoot bage comparable toc‘
those in "which naturally laid eggs would be expected
. The. movements of individual larvae both through the
SOil-and'within the thinner roots were able to be traced
from ‘twice daily observationS‘(continuous observation at
first, until the larva began sustained feeding) and
7recorded on photographs of the root system. |
The‘looations of initiation of sustained and .
non-sustained feeding were noted as before. Aalso noted

was the location of any new g;owth~re1ative to feeding

~

sites; the number and total length of new roots per unit
1ength‘of otiginal main root; and the relative
nprobability of'encountering roots of a given type. The
latter was estinated.by laying an acetate sheet‘divided
ipto 5 x 5’mm squares over the root box and counting the
number of squares in which each type occurred. . ‘'

The observations were continued until thé-iarvae
ceased feeding or untif most of the available root had
been eaten. ‘

‘Ten such boxes were grepafed for both A. flava and
A} Cypaﬁfssiae~using leafy spurge es well as 5 wfthout.

e

larvae, and 2 with A. cyparissiae on cypress spurge.

<

[
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The rearing temperature was '19.5° or 20.5°.

»
v

All three of A. ;'Iava, A, c;ypariss)ae,‘ and A. czwal inae
were uéed'in prdéedures»j and 2 A. czwalinaé‘was~no£ used
in proceduzf 3. | | ' |

In order to détermine the limits of the variousnti§sues
in preserved material (}aticifers“are especially difficult
to distiﬁguish from pah;nchyma), tﬁick sections were soaked
for 15 minutes in a warm Clorox-10% KOH solution, r{nsed in
10% acetic acid-30% EtOH, stained wifh a mixture of equal
parts of 10% light green, 5% aléoholic oil red, and 5%
aniline blue for 30 minutes, rinsed in water for an hour,
and finally\placea in;ﬁ% acefjc acid for obséfvation.
‘Sclereids showed dark, parenchyma and sievé céils
blue-green, and xylem elements red. The latex sweiled and
extruded from the tubules, appearing on the surface of the"
section as short lustrous white hairs. This treatment is

not suitable for production of permanent preparations.

* In the following discussions the term sample encounter

&

will be used. This is meant to aescribe an encounter with a
root im which theblaryé takes ane o& more bites, forming a
hole ;n‘the root up to head capshle*size, but'does'not
continue féeding. I1f feeding continues it is a feeding

encounter.
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8;3”Type of Root
8.3.1 First Instar

Upon Hetching the'iarva is adjacent or very close to
the underground partfofha ehoot; or, if the female was able
to get down far enough neer its junction with the root. It
then has 3 p0551b1e courses of action. It can remain where "
,;t is,,feedlng'on the shoot° follow the shoot dowh and feed
there; .or strlke off through-the soil uhtil it finds a

su1table feedlng Slte.” All of the hatchl1ngs under'

continuous obsérvation in the root boxes f0110wed the €h1rd
qcourse, wandering through the soil for several hours
sampling roots, béfore engaging in sustained feeding.‘ Only
8 of 85 A. cyparissiae and 12, of 65 A. flava larvae, followed -
in detail had ceased their wanderinos efter 6 hours, and 5 “
A.’cypéﬁissiaé and two‘A.‘FVava did not begin to feed in’
‘earnest unt#l 35 hours after hatching. Thirty-nine
A.'cyparfssiae and 36 A. flava never did begin to feed, and
died after 3 days. . ‘ -

The frequency of saﬁple encounters with roots of‘each
type and the frequency of sustained feeding on each type are
compared in Tables 24a and 24b (A. cyparissiae and A flava

T
7;espect1vely) to the proport1ons*1n which those types occur

4 iﬁ . 3

in the root. boxes. Both species sampledyroots in the same
proportion in which they,occur. However, sustained feeding
occurred less often on perennial and more often on yearling

roots than would be expected..
: , 3 7
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. Table 24a. Frequency of sample and feeding encounters by

- - N [
M

first instar A. cyparisslae larvae on organs of different
types compared to expected distribution. F = filamentous

‘roots, Y = yearling roots, P = perennial roots, Sh = shoots. .

Freqencies are relative, with absolute frequencies in
parentheses, ‘

F Y P __Sh X2
Relative frequency 0.41 0.31 0.25 0.03
of root type

i - . N

Obgerved sample 0.37 0.34 0.26 0.03 2.41
encounters (85) (79) (60) (8)
Expected sample ° 0.41 0.31  0.25  0.03
encounters (92) (69) (56) (7)
Observed feeding  0.43 0.52 0.04 0 16.50
frequency (20) (24) (2) (0)

0.26~ =70.02

Expected feeding 0.
( (12) (1)

frequency

A
O >
)
—_—
e
=, )

S
7

e

Table 24b. - Frequency of sample and feeding encounters by
first instar A. flava larvae on organs of different types
compared to expected distribution. Abbreviations as in
Table 24a. : ‘

F__ Y . P ._Sh X:

Relative frequency 0.46 0.32  0.20 ' 0,02

of root type . R ' ‘

Observed sample 0.49 0.24 ’ 0.26 0.08 4.16

encounters: (58) - (29) (31) (1) o

Expected sample 0,46 0.32 0.20 0.02

encounters’ 53) (37) (23) - (2) ’

Observed feeding 0.45 °~ 0.48 0.07 - O 6.35

frequency (13) (14) (2) (0) a
| Expected feeding 0.45 0.31 0.20 0.03

frequency = - C(13) (9) (6) - (1)

—
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»
Data from iJQlatad root sectibns show tﬁat about 80% of
first instar laniae which begin feeding successfully on .
filamentous and/yearling roofs survive to ‘the second instar
N X7} Cyparissiae; 100 of 124%on filamentous, and 116 of 140
on yearling réots; A. flava: 82 of 110 on filamentous, and
116 of 140 on, yearling roots) while only about 50% sugvdve
to this age‘on perennial roots (A. cyparissiae: 25 of 52;
A. flava: 6% of*125). These results indicate that large
roots present greater obstacles to first instar larvae than
do younger roots. ,Tﬁose larvae whieh sampled perennial
roots, and then abandoned the attempt, never penetrated the -
phéllem. “This tough tissue may well have made the
difference to such small organisms.
Dead larvae within perenniallrooﬁs were often coated

with latex. Whether this was a causé of death. or occurred

subsequently is unknown.

8.3.2 §§cond and Thifd Instars
‘ Results for the root boxes and potted plants indicate
that at a given time third and late second ipstar larvae are

" almost always found feeding on pereﬁnial roots, and early
second instars on both yearling and‘mai; roots.
Observations 'on the root boxes show, on the other hand, that
a higher oportion of the total encounters with fllamentous
and yearl?ég roots result in. feedlng than do those with

perennlal roots  (Table 25). The observed instantaneous

distribution of larvae has its basis not on 'preferences' of
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Table 25. \Encounters‘by-second'and third instar larvae of
A. cyparissiae and A. filava with.leafy spurge roots of ,
different types, resulting in sustained feeding, L,

(Roots grown in root boxes) . ® : .

» T oq . Co0 .4 ‘
Root Type T
_ Filamentoﬁs-‘Yéarling Perenngal
. . . . ) ‘ . ‘ ’ o
A. cyparissiae. . S C , A
total encountzaﬁn : .85 - 93 _ -38 -
feeding encounters . 33 52" T8
feed(ng/topal ': ©0.39 \ 0.56 0.21
A. flava S e
“total encounters ‘o : 85 12 .49
) feeding enéountérs . 41 - 56 . . 12
‘feeding/tofal . b.48 0.50 .  0.24
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tne ia;Vae but bn the different amount of'time sbe;t on the
different root types. Any larna,.althéugh,not es mobile as
a hatchling;‘will move to a new location if it exhausts the
food supply at ﬁhe:oid‘site. A large larva which begins”

feeding on a filamentous root will soon destroy it, but if 
it stérts to feed on dﬁlarge'root it can‘complete
development on the\glngle root segment

It should be keép\ln mind that the soil moisture levels
in.all rearing procedures was falrLYnhlgh. It .is possible
tngt\underxdriervseil cenditions larvae‘may show 4 |
preferenceAQOf roots large enoth for them to mine, rathen
than'risk desiccetion by feeding extefnally on smailer
foots. 7 | o

Slmllar patterns were observed of A cypaPISSIae on
cypress spurge. Of the total of 22 encounters w1th

-

filamentous, 11 with yearllng, and 8 with perennial roots,‘

. 50, 18 and 0% respectively resulted in feeding.
o y

-8.4‘Tissue type
.13.4.1 First Instar
First instar larvae mine longitudinally in filamentous
roots, consuﬂing“all t.issues except'the epidermis.
Yearling roots have a much more stfongly lignified

xylem. First instar larvae always avoid this tissue in

theée roots. Consumption of other tissues depends on the

N
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state of the latex system. In isolated root fragments with

apparently low latex pressure, all tissues except the xylem

and phellem are eaten. Roots still attached to actively

growing plants (ae in the root boxes), but with a low or

moderate laticifer density,  are treated similarily.

However, in attached roots with a high laticifer density’

only the phelloderm is eaten. No:excepﬁions to this pattefn
were found among the feeding traces examined (Table 26 gives
the number of feeding traces examined on roots of different
types and conditiOne for first instar larvae).

All fiﬁgt insgaf larvae were restricted to the_"

phelloderm of perennial roots.

8.4.2 Second Instar

Filamentous roots are eaten in their entirety, or the
epidermis left intact, depending on whether the larvae is

larger in diameter than the root or not. All tissues except
.

the xylem and phellem were eaten in yearling roots,

regardless of the state of the latex system.

The tissues consumed in perennial roots depends on the

_state of the latex system, sclereid density, and size of the

‘root relative to_the»sizedof the larva. All tissues except'

phellem and xylem are eaten in roots with low laticifer

“density and dow to moderate sclereid density; Isolated root

fragments with hlgh lat1c1fer den51ty are treated

similarily. If the laticifer den51ty is h1gh to very high

i

and sclereid density low to moderate, feeding is primarily
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Table 26. Number of larval feeding traces examined on leafy
spurge roots of different types and conditions, for

three species of Aphthona. - ~ ’\\i
Instar/Root type - cyparissiae - flava wal in
First instar |
Filamentous roots .30 20 5
Yéarling-roots ‘ . ¢ \
isolated sections - 20 20 3
high laticifer demsity = 14 ¢ 8 2
low laticifer density 11 21 .0
Perennial roots ‘ 30 | 30 5

Second instar

 Filamentous roots\\\;/f*f‘\ 15 15 5

Yearling roots 5 15 4

Perennial roots _ : :
high sclereid density 4 .0 0
latex flow strong* 12 Y 2 : 0

others , 28 18 16

Third instar

Filamentous roots - 20 30 15
feérling roots -  40 40 | 15

| Perennial roots .
high sclereid density 6 . 8 - 0
latex flow strongx - 16 . 18 4
otherS'/ . | | q 38 42 22

* i.e. laticifer density hljh ‘and root attached to actlvely
growing plant. .
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restrioted‘to the phelloderm, although if a feeding track is
followed along the root it can be seen to dip into the outer
phloem fairly frequentlf, especially as the larvae becomes'
larget. Occasional spec1mens may be found feed1ng on. the
inner .functional phloem between the xylem aﬂé 1at1q1ferous
outer phloem. 1In roots with h1gh or very hlgh deqstty of
sclereids in the phelloderm, feeding was restrictea to to

phloemﬁ both outer and inner zones.

The number of feeding traces examined is tabulated in

I3

‘Table'26.

v

8.4.3 Third Instar-_

Third instar larvae entirely obliterate filamentous
roots. All tissues of yearling roots, including the xylem,

but excludlng the phellem, are eaten.

5 e

Most feedlng traces in main roots 1nvolve all tlssues
~between the xylem and phellem. However, hlgh sclereld\~
density will restrict feeding to the phloem, /and hrgh

N

.
laticifer den51ty in 1ntact plants will restrict it to fhe\

— \‘

phelloderm. Feed1ng in the phelloderm often takes the form
of surface groov1ng of the root, since the body size is
normally greater than the thickness of the phelloderm.

V:Two very stunted larvae (0.38 mg) were found feeding in
the xylem parenchyma. Following the excavations back to

their origins it became apparent that they had been

originally feeding in a yearly lateral root and followed the,

xylem fibres into the xylem of thgk:;}n root. This is

.
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clearly an aberrant (noé to mention counter-product{ve)_

situation.

The number of feed1ng traces examlned on roots of

dlfferent types are- shown in Table 26.

8. 4 4 Summary of T1ssues Eaten

~

> -

Consolidation of the foregoing patterns shows that all

tissues except the very toughest (0old xylem and outer

~——

phellem) are eaten, but a hierarchy of acceptability/is

apparent.

1.

‘where laticifers are at low to moderate densities and

‘Periderm with high sclereid density, and the

Periderm with low to moderate densities of sclereids,
the inner phloem, and the laticiferous zone in roots

#

the latex sYstem.has been disrupted by damagé or

pfeyiqus feeding, are accepted>without restriction.

© -

laticiferous zone in roots with an intac a exlsystem
but only moderate laticifer density are ac£eptable but

aboided if the Size of the larva relafive to the widths

of the various tissues permits it to feed selectively in

a particular zone of the root.

‘Xylem parenchyma‘and pith, very stoney periderm, and

recently pfoduced pheliem‘are generally sshunned but may
be,eatgn when no altérnative is available. : _;\
The qﬁﬁer phloem with -a high,to'Very high density of
laticifers and a yigorous latex flow},the:Qeséel,

&

P
elements and tracheids, and mature phellem are avoided.

Ve
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8.5 Orientation of Feeding Traces x

8.5.1 Polarlty A

The polarlty of feeding traces was not ra dom (Table
27). Larvae which 1n1t1ated feeding in undamag d roots
attached to an act1ve1y grow1ng plant mined towards the root

tip more often than. in the other direction. Feedlng on root

fragments, or attached roots which had been'damaged'by prior
gfeedlng at a p01nt above the po1nt of feodlng 1n1t1at10n,
exhibited no dlStlnCt dlfferences in polarity. Results are
the same for boég veptjcal and horizonal roots.
_There‘afe several boésitle explénat;ons of these
observations. The iatex pressure will be maintained aboys a
damége point at a ‘greater level than below\ since*the ;
resources of the entire plant body are still available to
the root sectlon above this point - thls may be observed
directly by comparing the diameter of laticifers above and
" below a‘oamége point.in sections of fixed specimens. It may
therefore 51mply be mechanlcally easier to mine towards the
root tip. It is also p0551ble that the. metabollc drain of
detoxifying tho more noxious latex components is suff1c1ent
to make this course of action energetically'advantageous.

‘Thirdly, séparation of a root section from the plant body

causes a numbeg\of chang7é, among them the release of shoot
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Table 27. Polarity of feeding by third instar larvae in
yearling and perennial leafy spurge roots.

Polarity of feeding*

Root type A. flava : A. cyparissiae
and condition + ~ _+ =
Yearling / ’ - )

- undamaged “ ' 25 - 9 ‘ 22 1.
damaged-attached - 27 29 .31 28
isolated 25 30 33 .31

Perennial : L ' . '
undamaged , 48 19 42 26
damaged-attached 42 38 : 58 - 63
isolated v 84 ‘96 o 74 61

X + = towards root tip, - = away from root tip.
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buds from inhibition. Presumably associated with this
acceleration of growth is a mobilization of nutrients. Such
changes might increase the concentration of sapid chemicals

in that part of the root making it more attractive.

8.5.2 Trace Conformation

Feeding traces are, in general, more or less

o~

longitudinal. However, the larvée‘é;éﬁeasily deflected by
the vascular traces of shoot buds. and lateral roots. A
deflécted larva frequently then continues to move Qb;iquely.
As a ;eéu}tl most mines tend to form a more or less loose
spiral tragk ﬁlong the root. Regions with a high density of
vascular traces, as-in an old'root crown, cause many

direction changes; and usually broad 'blotch' mines are

formed at these locations.

8.6_E§E£ors Influencing Initiation of Feeding

The characteristics of feeding initiation sites on

- 2 ~.

perennial roots are shown in Table 28. Encounters with the
general surface rarely lead to feeaing. This.was especiélly
true when the phellem and the dead tissue overlying it
(together called the dermis in the table) were thick. Over
half'thé feeding on‘isolgted roots-began at the cut ends.
Ignoring this for compa:ison tohattached-roots, encounters

with sites of previous feeding by other larvae resulted in

‘the highest incidence of feeding, followed by shoot buds,

-~

[N
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Table 28. Proportion of total encounters with perennial leafy
spurge roots resulting 'in feeding, according to the nature

of the encounter point (combined data for A. cyparissiae and
A. flava). ’ :

Feeding Total
Encounters . Encounters % Feeding
Cut ends. | 138 186 T 7a%
General surface | - |
dermis > 0.2 mm thick 3 - 74 ' 4%
dermis < 0.2 mm thick 8 64 13%
Prior feeding | | 55 " 84 65%
Other damage . 2 3 C 67%
Shoot bud : 21 65 33%
Root junction - 17 58 29%

Total , 244 ' 543 b
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and iq;ersections of yearling and perennial roots.
The éuitability of sites of previous feeding resulted in
aggregations of larvae. Roots were often found with four to
five larvae feeding in parallel, virtually oblitéréting all
tissues betvéen the phellem and xylem around the entire V
circumference of the root. ‘ |

Enéounters with intact yearling roots showed no
specific patterns, encounters with unmodified root éurf;ce
ieading to feeding as often as root or shoot bud junctions.

' The over-riding factor for intact roots seems to be
abiiity to penetrate the dermis‘and the superficial
laticiferous zone associated with it. The developing
pheligm of yeﬁrling roots apparently presents no obstacle to
penetration. The build ﬁp of dead tissues as the root agés
frustrates many feeding attempts. -This layer is

. » o . )
absent on filamentous roots anqashoot buds, and once feeding

has begun on these they provide easy access to the interior
of the main root. Co - ‘ ’

The situa@ion on roots with feeding damage may be more
complex. The same argument o c¢e5§ability still applies,
but also coming into tﬁe picgi:§\;}e the changes in-latex

flow and nutrient mobilization mentioned in Section 8.5.1

with respect to polarity of feeding.
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8.7 Effect of Feeding on Plant Growth
The total length of' new roots produced ‘per unit main

root was greater ‘in the infested root boxes than in the
contrqls (meants.d. — control: 4.8:0.4; infested: 8.7t2.6).
Total number of new shoots was also greater in the infested
boxes (nené in contréls, none or one in infested).. However,
total length of shoot produced per unit length of main root

was greater in the controls (2.8+0.6 in contrbls;AO.QiO.sein

\ ¢

infested). Larval feeding evidently stimulates root
production and shoot disinhibition, but slows produetibn of

new shoot material.

8.8 Summary and Diecussion
Ultimately, no-matter what the local effects, larval
feeding is of consequence enly through its contributeoe to
changes in~gtow£h and reproductive potential. The secondary
effects of feeding which have a bearing on these aspects are
as folloys. ‘ " .o o _
1. Feeding on the stofage parenchyma of t?e phelloderm
_reduces stored reserves. C |
2;'”Remova1 of feeder'roéts-reduces water end nutrieht
uptake ab111ty of the root system.
3. Destructlon of phloem sieve elements and lat1c1fers
disrupts t;anslocation. -

4, Demage to the phellem increases water loss (even

-thouéh rarely eaten the phellem above a mine soon dies).
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5, Penetration of the phellem provides sites for the initiation
secondary damage and infection. The amount
of tissue killed by feediﬁg is greater than that
actually consumed due to die back from the edgeé of the
feeding zone, _ ‘
6.“ Feeding ‘isolates root fragment$. Depending on the location
of breaks relative to shoot lﬁcation, this essentiaily
removes photogynthetic'input to‘thelroét section. If
fﬁe size of the roo%.sectioh and its depth are sich that

it does not have sufficient reserves to send a new shoot

.y i

. ' : \
to the surface, it will die.
The' buffering capacity provided by the extensive
.

“lateral interconnections within a q}one is considerable} S0
that any given unit of‘damage is ﬁﬁdh less disruptive to the
plant as a whole, thén'Qould be gxperiencedfby a'tap—foéted
. plant, for example. ; , ,

Larvae are small relaiive to the pfimary elements‘ot
the root system. A single larva feeding on'a giver root
segment generally affects 6dly'a narrow strip>aﬂd}probab1y
has minimal gffecﬁé‘on the host. It is here that the .
tehdency to;feed at"préviously attackednsiﬁes is Of',-k

importarice. Severalrlargae feeding ‘in barallel virtually

destroy a séEEjon ofvroot, "A large number of blp ch.hines in

~ . a root crown effectively girdles it/cauéing'die-bgck‘of the

asso ﬁated shoots.\_J N |

o 1¢ is eQidént\tbat relati&qiy high densit;és of\lagvae

arem{equired to place a significént lqadNoﬁ a w?li o
- I
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establiihod'clonc - high enough that feeding is fairly vell .,

distributed laterally in the clone, while still allowing for

\ -

multiple feeding at each point of invasion



9. . General Discussion — Suitability of Aphthona spp. as
Biological Control. Agents : ‘

- The assessment of the suitability-of an agent has three more

oo

or less independent components: determination of Host range

‘to establiSh thevsafety af introduction; determination of

" the ablllty of the agent to survive in the reglon of

.1nterest* and an 1nvestlgat10n of the ablllty of the

potent1a1 agent to have a noticeable negatlve effect on the

«©

target population. ST

The first of these is in the final phases of
investigationmby G. Sommer of the Commonﬁealth Institute of
B1ologlcal Control at Delémont, Switzerland Certain
elements of the other two aspects of the problem have been
touehed upon in the preceed1ng pages, although no final

resolution is offered.

9.1 Potentlal for Survival

All three species con51dered here d1d well on
Saskatchewan leafy spurge and there should be no concerns in
‘this dlrectlon. Slm1lar11y, cypress spurge is the- major
natural host of two oé-these spec1es (A.“flava,

A. cyparissiae) and acceptable as an alternate host to the
third (A. czwallnae)

Habltat cons1deratlons present more serious
dlfflcultles. Overwintering A, Flava larvae are at least
potent1ally at r1sk from iree21ng over the northern and
probably greater part of the leafy spurge range, particularly

where snowfall accumulation. is 1ow.‘ In this respect,

N 199
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A. flava 1is probably of more limited vélue.

The relatively high humidity requirements of
A. czwal inae may restrict its usefulneés to riparian spurge
sites. Such infestations are a major concéfﬁ_in many areas
ané this beetle should be kept in mind for future
Consideratiqn if a more generally adaptable agent does not
provide adequate control.
| Leafy and cypreés spurges tend to form extensive
Stands on this continent larger than those of any
spurge species found in Europe, ana commonly occur on’
1ig§ter soils in somewhat dry-mesic habitats, This is in
coﬁcord with the preferred habitat assoc}ations of |
A. cyparissiae reported in Chapter 6, and this is therefore
the beetle of choice in this respect.

%he protracted i{fe histories of all three species also
poses a potential obstacle. As mentioned in1Chapter 7,
early hatched individuals are likely to compléte development
‘undef southern Saskatchewan temperature regimes.> In order
to maximizé the probability of establishment,'careﬁul
cthideration éﬁ local témperature regimes'should.be
undertakén before making initial releases. It is:gossible,
given the variable developmental response in the lab, that
nutritional quality of the roots may be greateb-in field
plants, ;esulting in a greater growth rate. Perhapé, also,
a more quickly developing, strain will appear through genetic
shift in the population. The magnitude of the increase

in developmental rate need not be great.
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9.2 Potential Effects on Host Plant

Successful blologlcal control of a plant 1nvolves
sh1ft1ng the equilibrium in a complex 1nterplay amongst the
plant, competing vegetation, abiotie factors, other
heterotrophs associated with the plant, and phenologicai
‘ccnsiderations, by préviding added stress. The ultimate
”effects of a given degree of damage inflicted by an agent
will depend on~the total stréss due to other factors. \

The mechanisms by whjch Aphthona larvae can affect the_
hoet plant were listed at the end-of the last chapter.
Certainly-theéeasieit of these to relate to etfeSEes from \
othet sources is the disfuption of water supply. Even:
-single 1a£;ae can sever the feeder roots, and these a;e the
most susceptlble to- attack by wanderlng larvae. .Larger
roots subject to mu1t1ple feeding can also be segregated
from the main root. network. If chronic low soil moisture
levels and/cr competition frcm other vegetation 'have ehifted
the available water towards the limitvof the optimal range,
then larval feeding, by reduc1ng the plant's ab111ty to
fully use actual available water supply, reduces the

effective available supply to a point below this limit. The

plant then has two possible responses. it’can“cut back on
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growth, and poséibly suffer some die~back, or it can

‘compensate for the lost roots by expending energy to

produce new fegdér roots. Both of these processes were.
observeé in the root boieé. Root frigggﬂfation also . /
disinhibits shoot buds, causing a further drain of stored
Fééerves.’ Reserves lost due to-damagé{?&cUrred early in the
feeding season may Be fecouped once the lost organs are
replaced. The deeper the root, however, the greater the
drain on resources to push a shoot tovthe surface. The late
bﬁt prolonged feeding season énsures that at least some of.
the loss will not be recovered before winter sets in.
Inrcontrast'to“the above, plaﬁts growihg in sites with
higher soil moisthre probably havg considerably greater
uptake capacity than_neceséary to maintain the ‘internal
water balances at optimal levels. Lafval feeding in this
situation would havg little real effect. -
AsSeésment of the real effects on'thé host will, howevér;
‘require field testing. The extensive root system of fhese
plantsbprovides a buffering system impossibié‘to duplicate in’
under labo:atory conditions, and any effects of feeding
observed in the laboratory are certaiﬁ Eo'be considerably
: aamped under field conditions. The same prinéiples hould,

[P

however, apply. -
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9.3 Recommendat1ons
Of the three spec1es studled A. cypartss:ae shows
the greatest potentlal, There are, however, certain

limitations. First, its prolonged life cycle, although

———
e

advantageous in that it prolongs the stress on the plant,
necessihates careful choice of initial releagé areas.
Second this agent may not be effective in wetter sites.
Combination of this agent with another, such as the recently
‘introduced shoot- and sEfmrboring cerambycid begtle
Oberea erythrocephala, may provide the additional stress
required at such sites. ‘ .
In order to makimize‘éurvivalﬁpotential, ;heFEnitial
releaSe sites should have the fpllowing features:
largé/and continuous sburge stand;'southé}n aspect to-
prolohg the length of the‘féedihg ééason; and a good winter
‘snow cover for protection of oVerwinﬁeringvlarvae.
A moisture gradient across the.Site is also fecommended, as
pértial protection against unexpectedly dry conditions
durlng the egg 1ncubat10n period, and at the time~of hétch.
In summary, I feel that as long as its limitations are
vrecognized, A. cyparissiae is a potentially useful tool in

redUCing‘the reproductive capacity of introduced perennial

spurges.
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 Appendix 1
'\ . o - N
Recorded host plants for Aphthona spp. K
A list of blants from whiqh'Aphthoha spp. have been
collected has been compiled from the following sources:
1. Records reported in the literature."
2, Observationsbb§-GiSela Sqmﬁer and myself in the summer
of':978, sﬁpplemented by 6011ections by Sommér’in'1979
(e Austria, Hungary; nw Switzerland, sw BRD,'ne France) .
3. Collections by the USDA,;1978. (Romapie, Hungéry,
Itély)(A. Rizia.and P. Pe;gra‘).
4. Daea from speciwens in the British Museum (Natural
History) (Compiled by D. Schréder?).
5. Data contained in a letter from O.V. !{,ovalev3 to
P. Harris*.
An aptempt has been hade to avoid published accounts
which are 51mply repetitions of earller records, but} ,
dupllcatlon has cerba1nly/occqrred; Certain of the Br1t15h
'Museum records are probably specimens on which some of the -

literature reports arevbased. In particular, there is a \\\;\“_2
suspicioUslyvcldse correspondence between these records and
those of Heikertinger (1912a, b, 1916, 1925).
\' A. Rizza and P. Pecora. 19#8. Euphorbia project.
~ Unpublished annual report of USDA-ARS, Biological
" Control of Weeds European Lab, Rome, Italy :
3 Commonwealth Institute of Blologlcal Control, European ~
Station, Delémont, Switzerland.
* Zoological Inst1tute, Academy of Sc1ences of the USSR,
Leningrad.
s Agr1culture Canada ReSearch Statlon, Regina, Sask



226

All but a very few records (see Section 4.3.2.2 for
o N \ . .
references to larval hosts) are based on adults only. Many

of these are undoubtedly restxng records: very few actually

. specify that feeding has occurred, and neither the number of

-

specimens nor number of sites is indicdted. Records

repo;géd by-a single source must therefore be interpreted -
w1th care, particularily for non- euphorb1aceous,

non- l1nacebus or non- geranlaceous plants. Those records

which irfiternal evidence indicates are resting recdrds; or
whiéh I feel:are resting recordé, of seem to be due to
beetléymisidentification; I have placed in parentﬁeses. See
the notes following Table A-1 for furtﬁetvdetaiis. There %;3

f\maln many suspicious records about which I am less certain

and Wthh I have therefore leg tand.
A further co licatiOn i¥i§ e lack of a world revision
or review of the species. Spon-palearctic sbecies have

in recent years been assignéd “ other genera} Until the

ﬂrelatiqnshipégbetween the palearctic Aphthona species and

the world Aphthonine fauna have been elucidated, inférénces

~ . ) "
about the host range of the genus as a whole are somewhat

T !

- weak.

Fortunately, most of these records are from the
g:?atlvely well known west palearctic fauna (Europe, North
Afr1ca, the Mlddle Bast, and the Casp1an region) where the.

generlc concepts are more . stable. The remalnlng spec1es may -

be broken down gecgraphlcally as follow5°



. [

: Eastern: éalearctlc region - y
a. Ceqptral Asia: jacuta, sarjanlca, samartica, tolli
b. Far east: fbrmosana, foudrasi, nubila, perminuta
2, Orlental reglon'— Indla. hugel i |
3. Oceania: bicolorata, nanyoensrs,.samoana,,veltchz
< 4. Ethlopean reglon-‘guavae, marshalll, s:erraeleonrs,
whltfle]dle(also blmaculata, buﬁ s¢e note 6. )
‘5. Macaronesia: crassipesg Iaevrss:ma,rpaxvana o
_ 6. New: World: ahgentinae, cnucifera, insolita, texana
1 have followed Helkertxnger s (1944) treatment of the
palearct1c spec1es in a551gn1ng names used in the literature
“to the1r synonyms and to ‘sort out the mlsapplxcatlc, of the

name 'euphorbrae to several other ‘species by mid-nineteenth
century authors. : .,ef’ :
¥ /
Table A 1 llStS records alphabetlcally bj beetle, with
their‘source reference, and 1s followed by explanitory notes
referenced in the table by number. Table Afz lists records

- by plant fam1ly.
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Explanatory Notes for Table A-1
! in@itates collections by G./§bmmer and E. Maw, summer

1978: !! by Sommer, summer 1979, BM indicates data

~ taken from specimens in the British Museum (Natural

History) by D. Schroeder. USDA indicates collections by

USDA personel, 1978 (A. Rlzzd & P. Pecora,‘unpullshed

annual report, 1978).

"Heikertinger" has beeﬁ abbreviated "Heik.

?This recora is perhaps referable té A. flaviceps.
Listed by Heikertinger as pdssible hosts oﬁly.

Due to confusion of A. biColorata and nanyoensis these
records aré 1ndef1n1te . ~
Scherer(1963) has transferred A. blmaculata to the genus
Alocypa and probably sbould properly not be in thls

. T . ' . : s
list. However, since 1t has appeared in the economic

llterature as Aphthona it has been included.

: "...1hr schrleb 1ch die Blﬂstellen zu,...“ ("I ascribe

the bite marks to it"). As this 1s very
uncharacterlstlc of A coerulea I doubt that hlS
conclusion was correct. Bargagli (1878) also found'this

record questionable.

All literature reco7ds as E. Gerardiana.

Palm* (1943) collected large numbers by treading the
vegetation at the edge of Spagnum-margined ponds.

Although he could not establ1sh the host plant he

‘suggests Comanum Menyanthes, Andromeda, or Oxycoccus,

which he reports as the‘only plants present-("...v11ka



10.

1.

12.

13,

14 .

15.
16.

17.
18.
19'
20.

21,

22.

236 .

vora de enda Brterna, dar insekterna antraffades.”").
Perhaps-Carex was also present? Cf. record of Oéloblin
and Medvedev (1971).

Several spec1mens in May and August but no damage seen
("...pero—non ho mai notato erosioni.").

A. euphorbiae is a pest of cultivated flax,

particularily in the USSR.

Skeletonized. ‘ L
Teﬁefal.aggregations. Heikerﬁinger (1912a) questions
the validity of thls record L /
Swept from d¥tch vegetatlon whlch included Lythrum
~

sal icaria and Mentha aquatica. = T

Single specimen.

As E. pilulifera.

According to Maheshwari (1963) the colloquialxﬁaﬁe
"dudhi" refers to both Euphbrbﬁé hirta and E. clarkeana.
Slhgle female, "probably Ovata".r- , /o

Feedlng on eap:
"Wohl sicher nur zuféllig auf den Pilz gelangt."
(certainlyvaﬁ\acciaenfal occurrence) n
These beetles were apparentl; under901ng a populatlon
boom and accordlng to Allen (1950) was one of the most
common flea beetle spec1es in Br1ta1n at this time.
Longltarsus parvulus, another flax pest, was also
abundant’ / - ) e~

Note that-PePeskla (or any other cactus for that matter)

is not native to India, the source“of this record, and

.
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'so cannot be the natural host of A. hugel i.
23._Samuelson(1973)‘demoﬁed A. nanyoensis to sqbspecific
status in A. veitchi. The two are maintained’ps
separate enfities for the purposes of this list.

24. By swéeping.- This record as A. samoana G:essitt;

synonymy according to Samuelson (1973).
. R ] N ‘
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; Appendix 2

~ List of Sampling Localities

-

MR

— T

Table A-3 l1sts the beetles found on eaqm‘host at each
sampllng locality, for collections made by Glsela Sommer and
myself in the summer of 1978.

Entrles are grouped by country and by major polltlcal
subd1v151on w1th1n country (departnents of France, cantons

3

of Switzerland, states of West Germany, prov;nces of

B .
“

Austria, counties of -Hungary). S —

Unless preceded by abbreviated'generic&names
(é.=‘Genanium; H.= Helianfhemum, I;=‘Iris)\the host -entries
.in the third column are Euphorbia species. o \
‘A dash in the fourth column (Aphthona species) 1nd1cates no..

beetles were found ' Note that all collectlons were of
_;maglnes only. N

Five spurge populatlons%in eastern Hungary exhibited

. characters intermediate between those approprlate/to 'good’
E. esula and E VIPgata, or were, mosalcs of these

&

characters, and could not be assigned to spec1es w1th whzch

we were famlllar.f Tn the list I have;
these 'esu. x virg. 9"tor.convenience: %our’aoditionai‘
non- flowerlng populatlons from the same reglon were
,tentatlvely de51gnFted halry esula in the fleld I have
'here hesitantly as51gnéd these populatlons to E hebecarpa

Boissier ‘(a’ specles of Asia Minor to wh1ch/Cr01zat (1945)

. . : .
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assigned the Central Europea‘ﬁ andr Balkan E. Eéu'la pube$¢ens
Griseb., E. Saliicifol ia ahg\us,;ata Roch. .,a'nd E. paradoxa
Borb.). 1 am reasonably confident that the ‘r.ema‘ini'h:g
determihations are Cbrrect within the confines of ‘cu\r}ent
European fldristic}ﬁparéctices. |

| e o



mabe a-3

LlSt of sampllng loca11t1es, Sommer and Maw, 1978.
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N
Tk

Lo&alxtx

SWITZERLAND
Jura :
“Delémont

i

o
i o
‘Soyhieres I

d

N,

Soyhieres II

Liesberg

FRANCE

Bas Rhin

"Marckolsheim I
e

Marckolsheim'II

"~ Haut Rhin
Roggenhouse

Aphthona Sp.

—

venustula
pygmaea

venustula

pygmaea
venustula
cyparissiae
deiicatula
cyanella
cyparissiae

,del ula

herbigrada .
cyparissiae
delicatula
pygmaea
venustula
herbigrada
venustula

pygmaea -
vgnustula.

—

abdominalis

e

abdominalis -
cyparissiae
cypar1551ae
cyparissiae
venustula

————

cyparissiae

. venustula

Date Hqst
19,V cyparissias
27.V. amygda101des
25. VII falcata
7,8.VI G.robertinianum
6.V1 cyparissias
verrucosa
27.VI cyparissias
H. nummilarium
19.1X cyparissias
H. nummilarium
6.VI amygdaloides
‘ cyparissias
stricta
verrucosa
27.VII  cyparissias
6.VI- cyparissias
stricta
. verrucosa
21.V1 G.robertiniandm
10.V1 ' cyparissias
‘ ~ stricta
10.VI ~ cyparissias
' seguieriana
10.V1 cypariséias
4,IX 'cyparissias

cyparissiae
venustula :
herbigrada

~—



‘Host

Locality Date
Rosenau _ 22.VII
Kembs 22.VII
GERMAN ?EDERAL REPUBLIC
‘Baden-Wurttemberg
Vogelsang 17.V
Istein I 29.V
4.1X
Istein II - . 29.V
- Istein III 29.Vv
¥
41X
Isteih IV 2.VI
4,.1X
,Rheinweile: 2.VI
~~Bellingen 2.VI
Steinenstadt I 2.VI
Steinenstadt .11 2.V1

,/ .

‘stricta

cyparissias

seguieriana
H. nummilarium
cyparissias

stricté

cyparissias
amygdaloides
cyparissias
amygdaloides
cyparissias

stricta
cyparissias

"cyparissias

H. nummilarium
cyparisstas’

cyparissias

cyparissias’ .~

cyparissias
cyparissias.

seguieriana —

cyparissias

- .seguieriana

246

Aphthpna Sp.

cyparissiae
herbigrada

cyparissiae.
herbigrada

venustula
venustula
venustula
venustula,
cyparissiae
venustula
venustula
abdominalis
cyparissiae
pygmaea
venustula

cyparissjiae

pygmaea
herbigrada

pygmaea
venustula
cyparissiae
herbigrada

pygmaea
venustula

- abdominalis

pygmaea
venustula -
abdominalis
venustula

‘cyparissiae

pygmaea
pygmaea
cyparissiae
pygmaea
venustula
abdominalis
cyparissiae

__ pygmaea



.

Lgcalitg

Neuenburg I

Neuenburg II

E ey

Huggstetten tﬁ&f

Vogtsburg I

Vogcrsburg I1I

Jechtingen
Sasbach

AUSTRIA .
Niederosterreich

St.. Polten I .

St. Polten II

Tausehdblum

e -
Kirchstetten I

" Kirchstetten II

Sichelbach

—~

Date Host .
2.Vl cyparissias
H. nummilarium
seguieriana
stricta-
: verrucosa
4.1X cyparissias
o
H. nummilarium
17.V I, pseudacorus .
9.vVI 1. pseudacorus
9.VI- - cyparissias
seguieriana
G. pratense
9.VI cyparissias
seguieriana
9.VI I. pseudacorus
10.VI ., cyparissias
seguieriana
~
21,.VI  cyparissias
stricta
~~~. Linum sp.
22.VI cyparissias
- esula
22.V1 esula
22.V1 cyparissias
esula
helioscopia
14.VII cyparissias
22.VI esula
14.VI1 esula
22.,VI  stricta
. virgata
22.V1 cyparissiay
esula o
exigua
- falcata o
" helioscopia
14,VII_  esula ’

247

Aphthona Sp.

pygmaea
venustula
herbigrada

cyparissiae

pygmaea
venustula

~herbigrada

coerulea
coerulea
venustula
venustula

————

coerulea
cyparissiae

—————

ovata

: pvata

cyparissiae
ovata

ovata -
cyparissiae
venustula
cyparissiae
ovata

et
3

ovata

czwalinae *

1]

cyparissiae
lacertosa
—
cyparissiae
czwalinae

w//



Locality.

Boheimkirchgn I

Boheimkirchen II.

Kogel
Streifhofeh i
Streifhofen I1I
Atzenbrugg

BN

Saladorft
Judenau

L4

N Tulln

P R
Trubensee 1

Trubensee II
Starnworth

Stetteldorf am Wagram

-Absdorf 1I :
Absdorf 11I
Kleinwiesendorf
GroBweikersdorf
Unterthern

Oberthern I
Oberthern II
Aspersdorf
Raffelhof
Maria-Roggendorf

Haslach-~
Enzersdorf

Stronsdorft

' Unterschotterlee
Wultendorf

Date Host
22.VI  cyparissias
esula ‘
22.V1 esula
23.V1 cyparissias
23.VI cyparissias
23.VI cyparissias
23.V1 esula
14.VI1 esula
»'23.VI-" helioscopia
23.VI cyparissias
: esula
24.VI  cyparissias
esula
virgata
24.V1- cyparissias
e esula ™
~ virdata
25,V1 cyparissias
25.VI cyparissias
25.VI virgata
25.VI esula
25.VI - esula
25.VI  virgata
25.VI seguieriana
25.VI virgata
seqguieriana
25.VI virgata
25.V1 virgata
25.VI virgata
25.VI1 esula
25.VI esula
: virgata
26.VI esula
virgata .
- helioscopia
. 26.VI virgata
26.VI esula
virgata
26.VI - esula
virgata -
. 26.VI -virgata
26.V1 cyparissias
virgata

248

Aphthona sp.

cyparissiae
cyparissiae
venustula
cyparissiae
venustula
cyparissiae
cyparissiae
cyparissiae
czwalinae
cyparissiae
czwalinae
venustula
cyparissiae
cyparissiae
czwalinae
cyparissiae
venustula

——

——

cyparissiae

ovata’
cyparissiae
lacertosa
lacertosa
lacertosa

lacertosa
erto:

czwalinae
czvwalinae

czwalinae

cyparissiae

lacertosa

cyparissiae _

S

e



Locality
Staatz

'Falkenstein

Poysbrunn
Ernsdorf bei Staatz

Schletz
Pfaffstatten I
Pfaffstatten II
Gumpoldskirchen
Modling I

Modling 11
Neu-Guntersdorf

Laxenburg
Munchendorf

Mitterndf.a.d.Fischa

Gramatneusiedl
FiSchamend‘Markt
Maria Ellend
Haslau an der Donau .

Regelsbrunn .
Hundsheimer Berge

Deutsch Haslau

Neulengbach

T~ —

Burgenand
Gattendorf

Zufndé?f

Host

Date
~26.VI cyparissias
esula \
26.V1 cyparissias’
esula
4 virgata
26,VI virgata
26.VI esula
helioscopia
virgata
26.VI virgata
27.V1 virgata
27.V1 virgata
27.VI cyparissias
27.V1 cyparissias
. ~ virgata
27.V1 esula
27,VI virgata
27.VI esula
27.V1 esula
virgata
27.V1 esula
27.VI cyparissias
- virgata
28.VI- cyparissias
28.V1 helioscopia
28.VI cyparissias
esula -
28.VI  -esula
28.VI cyparissias
' , segdieriana
- 29.VE cyparissias
‘helioscopia
14.VI1 cyparissias
o esula
29.VI helioscopia
: virgata
29.VI esula '
4 virgata

249

Aphthona sp.

cypar19543e
abdominalis
cyparissiae

|1

czwalinae
venustula

NERRERN

cyparissiae

|11

czwalinae
flava
Jacertosa
cyparissiae

1]

cyparissiae
cyparissiae
czwalinae

cyparissiae

L ———

cyparissiae

[

. A

‘cyparissiae

[

cyparissiae .



Localifz/
HUNGARY }
Gybr-Sopron

Hegyeshalom
Hegyeshalom

Hegyeshalom

Mosonmagyardvar

.Qtteveny

Abda

Gybdr I

Gydr I1I

.Gyétﬁjbarét

Gyérszémere

Gydrszemere — Tét .

I
IT

III

e

N

Vamosszabadi I

vamosszabadi 1I

'
-

Arak

Date

Host
29.V1I virgata
13.VI1 cyparissias
esula
13.VII1  wvirgata
29.V1 cyparissias
29.VI cyparissias
esula -
platyphyllos
13.VII cyparissias
29.V1 cyparissias
helioscopia
" platyphyllos

29.V1

=

13.VI1
—~

30.VE-.

30.VI

"30.VI

30.VI

13.VII

13.VII

13.VIT

cyparissias

seguieriana
cyparissias

seguieriana

virgata
stricta
cyparissias

esula
virgata
cyparissias
cyparissias
esula

cyparissias :

esula
virgata
virgata

virgata

250

Aphthona sp.

mve———

cyparissiae

. cyparissiae

cyparissiae
cyparissiae
czwalinae
flava
lacertosa

‘venustula
walinae

B

cyparissiae

flava

nigriscutis
= .

cyparisslae

-Jiczwalinae

flava
cyparissiae
cyparissiae
czwalinae
flava
cyparissiae
flava '

e tunte
\ ——

cyparissiae. -

.czwalinae
- £lava

lacertosa
cyparissiae

e

czwalinae

-flava

cyparissiae
czwalinae
flava



Locality

Vesprém
Takacsi

‘Jariféld

Bakonyjaké

Farkasgyepu

Vorosberény

§2entkiré1yszabodja

Aszofo
.

Péscely I -

“Péscely II

Tétvazsony
3

7
‘Somogy-~
-Kéroshegy

Jct. #61 & #66 Huy.

santos

Date, Host
30.VI - cyparissias
helioscopa
stricta
30.V1 cyparissias
seguieriana
30.VI cyparissias ’
30.VI cyparissias
30.V1 cyparissias
C- - pannonica
seguieriana
30.VI ~cyparissias
seguieriarna
virgata
1.VI1 cyparissias
. seguieriana
" G, pratense
” Q§ Linum sp.
1.VI cyparissias
seguieriana
.-

. pannonica
1.VI1 ‘cyparissias
- pannonica
1.vII -cyparissias

" seguieriana

1.VII cyparissias
seguieriana

2.VII cyparissias
2.VII cyparissias

platyphyllos

251

Aphthona Sp.

flava

————

abdominalis
flava
lacertosa
lutescens
nigriscutis
flava
venustula
flava
nigriscutis
venustula
cyparissiae
flava —
lacertosa /
pygmaea
nigriscutis
nigriscutis
flava
lacertosa
nigriscutis
cyparissiae
flava
lacertosa
lacertosa
lacertosa

pygmaea

]

lacertosa

‘nigriscutis

-flava/

lacertosa
nigriscutis
nigriscutis

flava .

nigriscutis

——



Locality
Cserénfa

Kaposgyarmat

Galosfa.

Boszenfa
- Pécs
~ Szentdenes
Szentdénes — Sumony
- Sumony
Nagycsany-

{

Sik16
Villany

Koml6

Zobakpuszta
pécs — Vasas
) !

_,Bogad

Rumony
-Pereked 1

‘Pereked II

Berkesd

e

Pécsvarad I

Date Host
2,VII esula
: platyphyllos
o 2.V1I cyparissias
, esula
' seguieriana
platyphyllos
2.VII esula ,
platyphyllos
" stricta
2.VI1L  cyparissias
: esula:
2.VII esula
2.VII esula
stricta
2.VII cyparissias
stricta
2.VII cyparissias
esula
2.VII virgata
2.VII cyparissias
3.VII cyparissias
; ‘virgata
3.VII cyparissias
~esula '
3.VII esula
helioscopia
platyphyllos
"3.VII cyparissias
3.VII° cyparissias
3.VI1  cyparissias
- , virgata
3.VII cyparissias
‘esula
seéguieriana
virgata
3.V1I| cyparissias
pannonica
: seguieriana’
3.VI11 .- cyparissias,
pannonica

seguieriana-

252

Aghthoha gg..'

{1

flava

|1

pygmaea

X

flava .

NRRRIN

flava
nigriscutis
venustula
nigriscutis
lacertosa
abdominalis
flava
lacertosa

- pygmaea

flava
© ovata

pygmaea

™

KRR

flava.
flava

L
§

|

L —

cyparissiae

|

flava

flava

lacertosa

Yacertosa

flava
“.nigriscutis

flava-

c—



Localitz«

pécsvarad 11~

I

Erzsébet

Katoly

Himeshaza I

Himeshaza I1I

Fazekasboda
Dunaszekcsd
Tolna

Bata .

Tg%na
Dombqri

Porboly I
Porboly II

Kiskun
Baja

Bacsbokod

Csikeéria

.

3.VII

3.VI11

3.VII

4.VII

-4.VII

. 4.VII

4.VI1

4.VID

3.VII

5.VII
5.VII

5.VIT

5.VI1I

5.VII

cyparissias

seguieriana’

cyparissias

seguieriana
cyparissias

helioscopia
seguieriana
cyparissias

seguieriana

cyparissias

esula
seguieriana
virgata
.cyparissias
seguieriana
seguieriana

cyparissias

platyphyllos

lucida

- cyparissias

lucida

platyphyllds
seguieriana

lucida
“lucida
palustris

£y

™

cyparissias

esula
pannonica

cyparissias
pannonica
esula

e
. 4.-\"‘ . Yt
V“ﬁkhﬁ'

lacertosa:
czwalinae
cyparissiae
flava

lacertosa

cyparissiae’
flava

pygmaea
cyparissiae

.flava

nigriscutis
cyparissiae
cyparissiae
flava
lacertosa
cyparissiae
flava
pygmaea
venuystula
flava

b,

violacea
flava °
nigriscutis

H

cyparissiae

|

violacea

|

flava

nigriscutis

T



ek
Lice

>

" Kondpros -

»Kérébs"f

Nagyta
‘Segéd — Maroslele I
Seged ~ Maroslele II
Maroslele .- Mako

nges N
Totkomlos

Kamut I

axamut 114

Murony
‘*«l
Megxesbodzas

Lokoshaza
Gerla 1

" .Gerla Il

Doboz

)

_ Sarkadkeresztur

Nagygyante »Jv’"f”

PO

o
»
. .

ZSadany

A4

oMo

_ Zsadany —fBiharuga
B1haruga *“‘

§

Tarkds ia

Békéscsaba - |

:mﬁ'
Ormenykut
‘Endréad ’

Gyoma 2;”Q“

LY

Korosladény[ ~3

Qéu

A
Y E h %a

?

6.VII ,cyparissias
- seguieriana
LT ’ virgata .
6.VII lucida -

' . virgata
6.8DI, «vitgata ,
6.VI4. ‘esu. g!g ?

_6.VII lucida o

"~ 6.VI11 wvirgata

. L4

# -
6.VII cyparissias
6.VII virgata

" '~ esu, x virg.?-
6.VII virgata
6.VII cypar1581as ,
b helioscopia_

o vxrgata '
'7.V1Il . virgata
7.V1I cyparissias
. B.VII- esula
8.VI1 lucida
R 8.VII- * lucida
’ platy§byllos
g 8.VILI cyparissias .
7 . platyphyllos
. 8.VII ~ lucida '
’ o ’v1rgata
8.VII ,'v1rgata
.8.VIl  platyphyllos -
8.VII  cyparissias
o ;hebeéarpa?

.. 8.,VII ‘lucida :

1 8.VIT. vzrgata
9.VII = cypar1551as

e virgata .~
9.Vil cyparissias
3 virgata |
-4 -esu, X-virg.? .
. 9.Vv11 cyparissias
9.VIiI. .virgata
~ - esu, x virg.?
- 9.VII, ‘virgata .
. . platyphylles
- 9.VII  cyparissias
L {v1rgata

~‘!£$£‘;; st _

254

).
- ’ s ’ . :
Aphthons sp,

i

nigriscutis

yiolacéail

|11

ﬁldva
lacertosa

imag—-
*
m—————
——————
en——

lacertosa
lacertoss
}acertosa

.
gy

ovata

lacertosa
violacea

- euphorbiae

———
violacea
lacertosa.
violacea

. onm———"

cyparissiae

" lacertosa .

lacertosa

- ev————

‘lacertosa

¢ at—

-
——

rn——

lacertosa:
- lacertosa

lacertosa
L
lacertosa

. —

lacertosa .



Lotalitz , :“*
Hajdu-Blhar

Kor
. M bsas

/Bere
Bere

. Bere

Furta

snagyharsah}

ttyou;falulx
ttyéujfalu 11

ttYéﬁjfalg

.Bélmegyer

“Biha
‘Nagy

rnagyba]om
rabe

= Bakgnszng

Hoss
_Mons

Kismarja -

Bedb

Nadu
Hajd

zupalyi
torpalyi -

var
uszovat I

Hajduszovat 11

Hajd
Levé
Vamo
Ha jdu

'Nylr

uszoboszlo
rtes
spe?ts,
usamson

adony -

Szabolcs—Szatman

Nyir

: Terem

beltelek

“Nyirgyulaj

 pest

By

'Aszéd ’

Pili

svorosvar:

I11°

P

- © 285

Aphthona sp.

..5 .

B flava

lacertosa
euphorbiae

myomtanann.

‘lacertosa

lacertosa
lacertosa
violacea-

_— ¢

lacertosa

——

violacea
-~ violacea

lacertosa

lacertosa

lacertosa
— ¢

lacertosa

" vioclacea

euphorbiae .

‘nigriscutis

nigriscutis
T)

R SO
.nigriscutis

pygmaea

flava
‘nigriscuytis

flava =~
nigriscutis

~ pygmaea

Date Host 4
8.VI1 hebecarpa?
8.VII esu, x virg.?
8.VII cyparissias
9.VII esula.
e vxrgata
- 10.VII. cypar1ss1as
8.VII cyparissias
8.VIiI lucida
-~ 9,vi1 cyparissias
'9.VI1 cyparissias
§.VII hebecarpa?
- virgata
- 9.VII . platyphyllos
9.VII 1lucida
' - salicifolia
"9.VII - cyparissias
' 9.VII hebecarpa? -~
. , platyphyllos
- 10.¥11 wvirgata
10.VII <¢yparissias
10.VII - cyparissias
. virgata |
“10.VI1 cxpar1551as
10.VII" lucida C
10.V1l. platyphyllos
~11.VI1 esula N
11.VI1 cyparissias '
L f /
11.VII ﬂypar1551as
11.VII ﬁdyparissras.
11.VI1I ckparisSias
12%VII cyparissias
) pannonica
12.VI1 cyparissias
esula
~ seguieriana
\

nigriscutis =

,é}.



Locality.
"~ Komarom

. Tat

- Labatlan I

Labatlan II P

Date Host
12.VI1 cyparissias
12,VI1 cyparissias
. esula
- .~ platyphyllos
12.V11 cyparissias

sequieriana

i

J
(
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Aphthona sp.

!

Yoo

i

cyparissiae
cyparissiae
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, / ~ nppendix 3 _ o
b ' i J : ¢ . P
Euphorbia species encountered during fieldg’%rk
: : 1o  (see chapter 6)
i . — R o= ~ T
~ v _ o . -
1. Classification (according to Prokhanov (1949))
@ﬁisubgenus Esula .
~section Tulocarpa
el o
subsection Lutescentes stnlcta, platyphyllos
o — — palustris
;“ subsection Purpuratde ) o verrucosa
subsection Helioscopiae’ _ helio opia
section Murtekias = ' N
7 . subsection Con1ocar§5§ o S ’ i
. : |
series Sequierianae o | seguieriana
series Nicaeensis & - pannonica
fg; section Esula
&3, AR ESESS T -
) subsection Esulae
series Esulae - Cor N esula
'9535 seriés Lucidae _ luc:da salicifolia
N r:gn' N — X ) .
series virgaéae | . v:rgata, cypaﬂrssraS“
SubSeCtIOn Patellares~-' — . amygdaloides, . _
, Jsectlon Cymatospermum A
\ ; subsection,Oleraceée< - exigua, falcata
/,' "‘ .
N



'l

2. The spurges

E strrcta, platyphyllos, hel:o' pia, ex:gua,

and falcata are annual, often wveedy gpecies.
E. seguieriana,}pannonica} and vérrucosa are
on mesic

is a plant

tufted perennials. E. Venrucésa occur
sites in*weStern Europe. E.}sequieniana
of ‘mesic to dry sites across Europe, ahd
E. pannon}ca in south- eastern Europe.

E. palustrrs is a tall perenn1a1 of wet
'habltats. - ' -
.E IUCIda and saIICIFOIIa are creeplng

_perenn1als of mesic habltats.

E. e$U7a, vrngata, ‘and cypantss:as are creep1ng

perennlals asadlscussed elsewhere.

3' .
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BiographicalvNote
1 was born in April, 1955 in Oxford Erigland, but grew ‘up in”

‘Belleville, Ontario, ompletlng my prlmary,'and beglnnlng my

'jsecondary schoollng there. My family-later moved to Regina, ~

st
'Sask., where I completed my secondary educatlon.

. In 1973, 1 entered the Un1ver51ty of,Reglna,'and
obtalned a Bachelor of Science Degree in Biology in 1977. In
the same year, 1 enrolled in a Master of Sc1ence programme
in this Department, the results of which are,preseqted

herewith.



