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INTRODUCTICN

The study of the peppergrass beetle (Galeruca externa Say)

and the red turnip beetle (Entomoscelis adonidis (Pallas})), was begun

‘during 1928 on the suggestion of Mr., Nomman Criddle, Entomologist in
charge of the Dominion Entomological Laboratory at Treesbank, Manitoba,
who for seversl years ﬁad been eware of the similarity in'hgbits of
the two species as well as the degree to whiéh the larvee resemble
each other. It was, however, carried on only as one small phase of
g minor investigation in conjunction with other more important pro-
jeets. Increased attention waé given both species during the winter
of 1930-21, but 1t was not until the spring of 1931 that they were
glven the full ettention and status of & separsate project. Thus most
of the observations were made near Treesbank, Menitoba, during the
summer of 1931, and.the morphological studies were conducted elmogt
entirely dﬁring January end February, 1932, at the Dominion Entomolog~
ical Laﬁoratory, Saskatoon.

The insects being garden pests, and the writer holding a
position as an investigstor of e?onqmic entomological problems, it
wes natursl that the economic aspect of the study should be stressed.
A few of the experimen%s, however, are only remctely app;icable to
" the economice field, and were included more for the ﬁurpose of obtain=~
ing leade to other, possibly new, econcmic studies.

Though the red turnip beetle, at least, has been trouble-

gome in gardens for several decadeé, very little has been written
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regarding its life-history. Nor does there.appear to be any experi-
mental data available on the control of either species, though the
commonly used chemical methods are fecbmmended. Fletcher's report
of 1892 conteins a brief description of the larvae, but most liter-
ature on the species refers only to outbreaks.in varicus localities
from year to year. This 1s discussed later.

frum various members of the Dominion Entomological Branch
and from entomologists of provincial universities the writer has ob~
tajned valuable informstion and edvice, He welcames this opportunity
to express his appreclaZtion and extend his sincere thenks for their
unstinted kindnesses.

For four seasons the writer has worked under the direction
of Mr. ﬁbnnan Criddle and during that time has received only the kind-
est consideration and most useful advice, Mr. Criddle's keenness of
observation and wealth of entomological experience have enabled him
to point out man& pltfalls which might easily have caused much waste
of time and effort. Mr. R. M. White, also of the Treesbank lsboretory,
has on seversl occasione indicated points of interest that the writer
hed overlooked. Miss M. Criddle and Mr. E., Criddle have assisted in
locating infestsations end in collecting specimens.

From Dr. L. G. Saunders of the Unlversity of Saskatchewan,
to whom the plans ¢f the study were submitted for final approval, meny
valuable.suggestions were réceived, especially in regérd to morjho-
logical technique and the preparation of the msnuscript.

Mr, K. M. King, of the Saskatoon lsboratory aided the writer
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in choosing his thesls, and has done everything possible to provide
adequate facilities for the winter work on the ﬁroject. To ths other
membera of the Saskatoon staff —— Messrs. Arnason, Paul, Glen, and
McMillan - the writer also owes much for advice and assistance.

The writer is Indébted to Mr. Arthur Gibscen, Dominion
Entomologist, and Mr. He G. Crawford, Chief of the Division of Field
Crop and Garden Insects, for their kindly aettitude towsrd his work
and for permission to present in this thesis the data secured while
worldng on projects of the Entomologicsl Branch.

Professor A. V. Mitchener of the Manitoba Agricultural
College, from whom the writer recelved his first instruction in en-
tomology, furnished information cn the distribution, seasonal sppear-
ance, and food habits of the adults, especially E. adonidis, which
infomsation very suitably supplemented similar data collected by the
investigator himself.

Messrs. H+ L+ Seamens, Alen G. Dustan, W. Downes, E. R;
Buckell, ¥« L. Skinner (Proprietor of Hardy Plent Nurseries et Drop-
more, Manitobé), K. E. Stewaert, and K. M. King, have supplied ihe
writer with unpuﬁlished data on the distribution of these species.
With the permission of Messrs. Swaine and Crawford, the unpublished
records on the distribution of E.adonidis, by the- late R. C. Treherns,
in tﬁe files of the Dominion Entomologicasl Branch, Ottawa, have also
besn used.

The data and discusslons .presented in this thesis are pot

considered complete or conclusive in every respect. BRather has en
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attempt been mede to extend the lines of investigation in as many
directions as possible, pushing each project td its econclusion only
when such extension did not prevent the investigation of ather vhases
of the study. In some of the sections included below, the data are
not presented in full, only summarigs being given in a few 1nstances.
Howsver, the data are available in detail in the writer's reports

to the Dominion Entomologist, Ottawa, for the years 1928 to 1931
inclusive, one copy of which i1s filed at the Treesbank leboratory

'and another is in possession of the guthor,

RECORDS OF ECONOMIC IMPORTANCE

The earliest report on Galeruca externa Say, to come to the

attention of thg writer, was one by Noman Criddle in the entomoclogist's
report for 1905 (published 1906). A few other insects of Manitoba are

discussed therein and the report goes om 1o Bay "..... Galeruca externa

Say, & chrysomelid which feeds naturally on Lepidium apetalum, an in-

digenous member of the cress family, turned its attention teo turmips

and cabbages." In 1911 and 1912 Criddle mentions the larvae as being
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enormously abundant on Lepidium, Arabis and other wild Cruciferae at

Aweme, Manitoba, during May. That they were not present on farm c¢rops

he attributes fo the scarcity of members of Cruciferse asmong the crops
grown. Larvae and adults were again reported abundent at Aweme in 1923
and injury to turnips was expected. The next report of actual injury

was made by Buckell in 1924 when adults were observed at Qotsa Lake, B, C.,

alding Entomoscelis adonidis in the destruction of radishes and turnips.

At Aweme the larvae serlously injured Alyssum saxatile, a perennial flower,
in the spring of 1929, and have attacked it to some extent each succeed-
ing spring.

Entomoscelis adonidis (Pallas) is ﬁentioned by Fletcher (1892)
as causing injury to rape in Hungary in 1865. In his report for 1891
Fletcher refers to localities in Western Canada where injury was done to
eruciferous crops in that year. The species is mentioned in nearly all
reports from that time forward, several of the reports intimating that it
wes present every year. OSome of the comments are of special interest.
Fletcher (1906) says, "The Red Turnip Beetle is every year abundant
throughout the prairie provinces, but there are so many wild weeds of the
Mustard fami;y all through the West, that these plents have prevented
" the Red Turnip Beetle congregating upon cultivated crops to any serious
degree." Injury has been reported almost yearly since that time, though
there was only onijgzzgng 1929, Very few reports were recelved during
1930 and only one (from Therien, Alta.) in 1931, though this latter was

a report of an outbresk on weeds only. Attention should be called to

the fact, also, that the reports were not always from the same localities

in successive years. Reports of larval injury have been very few, the
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adults seeming to have caused most of the damage, Whether this is
because of the very early appearance of the larvae, or because the sgpecies
was not recognized, is a point that should be kept in mind for further
investigation.

In Manitoba, Professor A. V. Mitchener received five reports
in 1922, one in-1925, two in 1926, two in 1927, five in 1928, one in 1929,
and one in 1930. No two of these seventeen reports were from the same
locality., This does not necessarily mean that the insects digappesred after
each outbreak, but it suggests that some such occurrence must have taken
place in at least some instances. This view is supported by the absence
of the speeles at Dropmore, Menitoba, in 1931 though they were present

in large numbers in the years 1929 and 1930.

GEOGRAPHICAL DISTRIBUTION AND ECOLOGICAL NOTES

Leng (1920) records G. externa as occurring in Washington,
and from Kansas to Ariéona, but the species is mentioned in so few
publications that tﬁé'wfiter has been forced teo securé distribution
records from ccllections and unpublished records. Records were obtained
as follows:- B

Manitoba.- Aweme, Napinka, Winnipeg.

Sagkatchewan,— Flaxcombe, Gull Lake, Plato, Regina, Saskatoon.

Alberta.- Crows! Nest Pass, Elkwater Lake, Jasper Park, Nordegg, Oriom.

K-Mhimﬁ Ootsa Lake.
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Lochhead (1919) mentions Eﬁ_gdonidis asg occurriﬁg in the
prairie provinces, Essig (1926) includes Furope and Siberia in its range,
and Crosby and Leonard (1918) do not limit the species to Siberia, but
simply state that it occurs in Asis as well as in Europe and western
North America. That the species is native to Western Canada all writers
seem to agree, but there appears to be no hypothesis in the literature
as to why it ocecurs on three continents.

Ag in the case of G. externa, the distribution records listed
below for Western Canada were secured from the unpublished data of several
members of the Dominion Entomological Branch {see Introduction).

Manitoba.- Awene, Bngoral, Beaver, Beulah, Binscarth, Boggy Creek,

Brandon, Dropmore, Elkhorn, Fort Ellis, Gladstone, Gypsumville, Kirkella,
Marchﬁnd, McAuley, Minmnedosa, Morden, Neepawa, Rorfkgon, Rosebank, Roseisle,
Snowflake, Souris, St. Lazare, Swan River, Treesbénk.

. Crystal Springs,
Saskatchewan.~ Alemeda, Birch Hills, Cailmount,, Dafoe, Delisle, Dilke,

Dilton Park, Eston, Foxdale, Frenchman's Butte, High Hill, Indian Head,
Jordan River, Kinistino, Lanigsn, Leslie, Lorlie, Marsden, Maryfield,

| Maymont, Meota, Midnight Lake, Norguay, Prince Albert, Quill Lake, Richard,
Rosthern, Saskatoon, Scott, Spruce Lake, Traymor, Unity, Wadena, Weldon,
Yorkton.

Alberta.— Albert Park, Beaver lLake, Beaverlodge, Bernie, Calgary, Chauvin,
Coaldale, Edmonton, Enilda, Gleichen, Lacombe, Lesser Slave Lake, Leth-
bridge, Magnolie, McLeod, Nauton, North Bank, Olds, Peace River, Peace
River Crossing, Red Deer, Rivieré qui Barre, Shaftesbury, Spirit River,
Strathcona, Strathmore, Therien, Tremblay, Vermillion, Wainwright, Wayne.
British Columbis.~ Buckley Valley, Burns Lake, Dawson Creek, Fort.St.John,

Francols Lske, Hazleton, Henceville, Lillooet, Lower Nicola, Midday Valley,
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Qotsa, Pouce Coupe, Rolla, Spence's Bridge, Telegraph Creek, Vernon.
Yukon Territories.- Carggss, Dawgson, Forty Mile, White Horse.

On examining the maps of rainfall, vegetation, railways, ete.,
one learns that the districts listed above for adonidis are all either
within, or just ouiside, the grove belt, where the yearly rainfall
averages about eighteen inches. In Saskatchewan the beetles have been
reported much farther outside the grove belt than they have in Manitoba
or Alberta, but the areas of moderately heavy rainfall extend fatther
%pto the prairie section in that province. In Manitoba neither speqies
has been collected in the dryer areas of prairie south and west of a line
‘running through Virden, Treesbank, Glenboro, and Pilot Mound. That the
type of soil ig of less importance than rainfall and shelter is suggested
by the fact that the soil at Awenme, wheré the beetles have been present
in considerable numbers, is quite sandy, while the soil at Dropmore is
heavy black loam.

Conclusions as to the climatic requirements of externa can
scarcely be drawn from the limited distributional records available, but
this specles has been collected at points more widely removed from the
grove belt than has sdonidig. At Aweme the Jarvae were discovered in the
first two, and the adults (externa only) in 211 three of the areas
described below.

AREA A.— This is a flower garden just outside the eastern

limits of the laboratory grounds. The insects were found on clumps of

Alyssum saxatile in the perennial border. The garden itself is somewhat

lower than the surrcunding areas and slopes gently {toward the south. One

of the groups of A. ssxatile was sitmated in the lowest part of the

parden. A group of poplar trees stood about twenty feet south of it, but
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it was never shaded except toward evening. The other two clumps were
nearer the laboratory on slightly higher ground. The trees here were
also about twenty feet to the south, but shrubbery shaded the Alyssum
at certain periods of the day.

AREA B.- This area, situated in a pasture north of the laboratory,

supported many plénts of Arabis brachycarpa, A. holboellii, ground cedar,
bear berry, gramma grass and other grasses. frées surrounded the area at
a distance of about fifty feet. The insects ﬁere usually found in
depressed parts of the clearing or else on the parts fhat sloped in a
northerly direction.

AREA C.— A small section in a field of scattered brome and -
western rye grass, about three -quarters of a mile south of the labofatory,
harbored a large number of adults (and eggs) during the autumn. The part
in whiéh the beetles were found was about six yards wide by twelve yards
long. It was rectangular in shape, though somewhat rounded at the south
end., It sloped gently to the north. The grass clumﬁs occcupied very

little space, but there was considerable Lepidium apetalum, Sisymbrium

altissimum, Artemisia frigida, A. dracunculoides, green foxtail, pigweed,
sweet clover, and low rose bushes, besides a considerable area of bare

soil.
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MORPHOLOGY

The detailed study of the external morphology of the mature
larvae of both species was conducted during Jan. and Feb., 1932, under

the direction of Dr. L. G. Szunders.

() Galeruca externa Say *

The Mature Larva

Methods and Technique

A careful study was made of ten mature larvae off%xte;ga and
drawings and descriptions made from one most nearly average of the group.
The mouth parts of additlonal specimens were mounted on slides with gum
argbie for study of characters not easily seen on the undissected larva.
Mounts were also made of larval skins. The head was removed and the
skin cut with small dissecting scissors along.the pleural areas between
the spiracles and the epipleural sclerites. In order to prevent folding,
it wag necessary to 1lift them with a small fléttened wire and float them
en’ - & drop of gum arabic considerably diluted with water (aleohol or .
xylol could be used if mounting ineuparal or Canada balsam). After
some of the water had evaporated 2 drop of the undiluted mounting medium
was placed on top of the skin and the cover glass dropped into place.

Some of the skins were cut along the middle of the dorsal and vemtral

areas glving a better view, when mounted, of the pleural sclerites.
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The colour descriptions were made from living specimens. In
order to eliminate individual ideas of colour, Windsor and Rewton's
chart of water colours, as shown by Smith (1908), has been used as a
bas%g for these deseriptions.

The terminology of Bgving (1929) and BOving and Craighead (1931)

was used almost entirely, supplemented to some extent from MacGillivray(1923).
General Description

The mature larvae of Galeruca externa Say (Fig. 1)ars sub-

c&lindrical in shape, slightly flattened dorso—ventrally, and taper .
slightly from the middle both ways. They vary in length from 11 to 16
mm., ten of them averaging 12.6 mm. The head capules are from 1.36 mm.
to 1.5 mm. with an average of 1.4 mm. The early third Instar larvae

in length. ‘
average about 7.1 mm., The dorsal area being greater than the ventral
area, the larvaezsppear slightly arched when resting. ©Small,. setiferous
sclerites, are present on all the body segments. These scierites are
raised buf are never higher than their narrowest axis.

In living specimens the head is mostly a shiny black; the
prothoracic shield is nearly black, but not shiny; the remasining dorsal
areas are a Cologne earth with a suggestion of chrome lemon showing
through, especially between segments and along a mid-dorsal line; the
dorsal sclerites are even darker than Cologne earth; the ventral aréa is
between chrome lemon and olive green, the sclerites ranging from brown

to Cologne earth or darker; the latersl area shades gradually from the

dorsal to the ventral colours.



Fig. 2

Galeruca externa

Head. Dorsal view.
Head. Lateral view.
Head. Buccal view.
Head, Posterior view.

=Nl N2
L]

-

-

ant, antenna ga, galea

¢, cardo lab, labrum

¢ly, clypeus 11, ligula

ecr, epicranium 1p, labial palpus
ecrs, epicranial suture m, mentum

f, frons nd, mandible

fs, fontal suture mn, mandacoria

nxp, maxillary palpus
oc, ocellus

of, oceipital foramen
pm, prementum

sm, submentum

S0, sensory organ

st, stipes
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The setase on each sderite, especially the dorsal ones, vary
greatly in length. The longest setae of the dorsum are approximately
half the length of a normal segment; and those of the ventral areas are
short, usually shorter than the width of the sclerite on which they are
found. The setae of the head, legs, and ventral aréas are pointed; the
lateral setae and setae of the prothoracic and anal shields are mostly
blunt with a few capitate ones; and the dorsal setas are mostly capitate
with 2 few merely blunt. The ventral setae are pale brown, and the
dorsal setae almost white. The setae of the boéy sclerites, except
those on the legs, varﬁ considerably in number in diffefent specimens,

hence the numbers given later are representative only of the average for

" the sclerite named.

Head

HEAD CAPSULE (Fig. 2} hypognathous. Epicranial suture. extend-
ing slightly farther than one-third of distance from occipital foramen to
clypeus, yellowish white; frontal sutures similarly coloured and caudo-
laterally bordered én snterior two-thirds by a yellowish brown streak;
blackish brown of epicranium shading to lighi brown.in genal areas;
mandibles brown; all membranous parts of head yellowish white. Setae
varying in length on different parts of head, but those figured (Fig. 2,A)
fairly constant in size and arrangement. WMedian line of frons not
extending to elypeus. | .

Single OCELLUS (Fig. 2,0c) caudad to antenna by a distance

approximately three times its own width.

ANTERNA composed of one segment and a tactile organ (Fig. 2, so),

situated just beyond anterior end of frontal suture and posterior to

e
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Fig. 3

Galeruca externa

Right maxilla
Labrum
Left mandible

Cy
g2,
1s,
ss,
st,

cardo

galea
lacinia
sensory seta
stipes



dorsal end of mandacoria by less than its own diameter. The single
segment chitinized except on distal end, and almost completely enveloped
by a transparent membrane in all gpecimens examined.

FRONS obliquely depressed from middle of median line to’ corner
of mandibles and slightly elevated in transverse direction just caudad
of c¢lypeus.

CLYPEUS fairly heavily chitinized only at base. Three pairs
of small setae on chitinized parﬁ.

LABRUM (Fig. 3, B) broad and well-developed, emarginate anterior-
ly, bearing two pairs of larger diseal setae and two pairs of small
setae near anterior margin. Three pairs of cephalo-mesally directed
spines protruding from beneath anterior margin. Discal setse not always
in same ratio, but interior pair usually about three-quarters the length
of external pair. A few irregularly spaced depressions present.

MANDIBLES (Fig. 3, C) hollow, palmate, each with five teeth;
fourth tooth slightly serrate , second end third seldom so, fifth uSually
bluntly rounded or even truncate, not pointed like fhe other four.
Two flirly large setae present on exposed basal hglf bf each. Membranous
mandacoria (Fig. 2, mn) partly covering base.

. MAXILLA composed of usual parts; cardo small and without setae,

J&

but stipes strongly developed (Fig . 2,

Fiq.
and:B,A ), carrying three fairly
large setae. Maxillar& palpi four-jointed with two setae on first, two
small ones on third and one minute seta on fourth segment. Distal area

of each segment membranous. Except for the membrancus distal surface

galea strongly chitinized, carrying about six ordinary setae and one

sensory seta (Fig. 3, &, ss), all minute. Lacinia enﬁirely membranous,
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bearing three to fivessetae. These setae about twice as heavy as thoée
of gdea,

SUBMENTUM largely membranous with a lightly chitinized discal
area supporting at least three pairs of setae, other unpaired setae
frequently occurring.

MENTUM (Fig. 2, B and C) containing pair of lightly chifinized
areas with two comparatively large, and from three to five minute, setae,
the latter more ususlly in row of three near each lateral margin.

PREMENTUM (Fig. 2, pm) fairly heavily chitinized at least at
base, mesal portion somewhat extended anteriorly. Setae of prementum
about half as long as Jarge pair on mentum.

LIGULA 1lightly chitinized anteriorly, membranous area
containing at least six very small, paired setae, posterior pair slightly
larger than others.

LABIAL PALPI two-jointed; distal area of each segment membrancus;

palpi separated by about thelr own length.
Thorax

PROTHORAX (Fig 4). Prothoracic shield heavily chitinized and
transversely depressed, completely surrounded by narrow membran®ous marging
setae variable in size ané number, averaging about 80, all marginal
except three or four. Dorso-laterzal sulcus indistinct, hencerepipleural
area not clearly defined dorsally; epipleural sclerite large, somewhsat
(ph)

dome-shaped, carrying about eleven setae. Prehypopleural sclerite,large,

raised, bearing about seven setae of varicus sizes; posthypopleural sclerite

#



Fig. 4

Galeruca externa

A, Thorax. Lateral view
B, Thorax. Dorsal view
C. Thorax. Ventral view

al, alar area pas,
cvm, cervical membrane ph,
¢x, coxa poh,
exe, coxal cavity pon,
epl, eplsternum post,
€3, eusternum psc,
fe, femur pst,

parasternum sc-scl, scuto-scutellum
prebypopleurum spi, spiracular area
posthypopleurun stl, sternellum
paronychial appendix t, tarsungulus
postgternellum ti, tibia
prescutun tr, trochanter
presternum
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(poh) elliptical at base, nearly slways with five setse, never less than
five. Eusterﬁal, sternellar and goxa-bearing parasternal areas not dis-
tinctly separate from each other; eusternel and stermellar sclerites
fused, bearing about nine setame, some paired.but others irregularly
gpaced, Poststernellar area well-defined but without either sclerites
or setae. | |

MESOTHORACIC AND LETATHORACIC SEGMENTS (Fig.4). Dorsum div-
ided by trapsverse aulcus anterlially curved at ends, completely limit-
ing posterior and lateral margins of prescutum.(;@g_. Scuto-scutellum
(se~sel) partly separatqd fromlglar area by an incomplete and indis-
tinct, obliqué sulcus., Spiracular area (spi) distinetly separated from
alar and epipleural areas (epl) but not from presternal area (psi).
No sulei separating eusternum, sternellum, and parasternum; poststernum
limited by fairly deep sulei im mesothorax, absent in metathoraxe

Inner sclerite of prescutum elongste, carrying about seven
setas; outer one dome-shaped with four. Usually eight setae present
on elongate inner sclerite of scuto-scutellum, and elven oa outer
dome~shaped one.- Alar sclerite alsc dome~shaped, with about twelve
setae, Spiracle surrounded by a chitinized area bearing sbout four
getae; epipleural sclerite with eight. ZFrehypopleursl sclerite flat
and quadrangular with one small seta in anterior ventral cormer; pos-
thypopleural sclsrite usually with six, never less than five, Eusternal
unpaired sclerite flat, not strongly chitinized, carrying ebout 15 eetaé
irregulerly arranged; paired sternellar seclerites similarly chitinized

but with only one small seta.
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CERVICAL MFMERANE, An examination of the ventral surface of the
prothorax (Fig. 4,C) reveals a well defined area (ggzg, extending from
one prehypopleural sclerite to the other, which, unless it is the
eusternum, has not been included by Bgving (1929) in his description of .
the Galerucinae. The eustérnal sclerites of the meso-and metathoracic.
segments, however, bear numerous setae, while the unpaired gclerite of
the srea in question has no setae at all. Again, the area immediately
posterior to the setaless sclerite. contains a chitinized portion on
which setae are numerous, strongly indicating that it is the fused secler-
ites of the eustérnal and sternellar areas. For these reasons the
writer assumes that the described area is not the eusternum, and concludes
that it is the ventral part of the cervical membrane.

LEGS (Fig. 4,B).- Legs widely spaced, five-jointed, heavy
deposits of chitin where that substance is present, chitinized areas
fuscous in colour. Coxal cavity sub-elliptical; coxa sessile, with large
membranous patch evident distally on exterior side, interior distal
margin notched. Trochanter subtriangular, extendiﬁg from membranous area
of coxa, in contact with at least iwo-thirds of ventral side of femur.
Femur slightly longer thén trochanter, cylindrical, a small membranous
area present ventrally on distal margin. Tibia subeylindrical, tapering-
slightly from femur to tarsungulus; presence of three weak constrictions
giving tibia appearance of being three-jointed. Tarsungulus comparatiﬁely
short; eclaw about as long as diameter of basal portion. Small paronychial
appendix present.

Except for a few very small ones, setae of legs constant in

size, position, and rumber., Coxa with four setae on anterior distal
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margin of chitinized area and one similarly'placed posteriorly, -
besides a few minute ones. Trochanter with four ventrally on discal

region, Femur with six arranged around distal margin. Tibias bearing,
six setae in a ring approximately at its middle andtprgaamaller ones

on distal margin,
Abdomen

- FIRST SIX SEGMENTS.- Abdominal segments one to six divided
gimilarly to second and third thoracic segments, but sulei less distinect.
Dorsal area (Fig. 5,A) divided, as in thorax, into prescutyrn and
combined scuto-scutellum. Parascutal area not divided into spiracular
and alar regions, no sulcus separating the parascutum from the scuto-
scutellum. Dorso~lateral sulcus fairly well defined but anteriorly
incomplete (see Fig. 1}; epipleurum completely limited ventrally by
ventro-lateral sulcus. Eusternum clearly marked (Fig. 5,C,es); no line
of demarkation separating the hypopleural (hp) parasternal (pas) and
sternellar (st1) areas.

Interior prescutet sclerites elongate; separated by about
thelr narrowest axis, bearing about seven setae; exterior pair removed
from interior ones by a distance equalling the long axzis of the lalter;
four setae present.‘ Bases of the two interior scuto-scutellar sclerites
fused, the two raised portions occurring on the same selerite; exterior
pair nearer meson than exterior sclerites of prescutum; about eight

getae present on each of the four raised aress. No sclerite surrowmding



Fig. §

Goleruca externa

A. Typical sbdominal segment.

B, Elghth abdomlnal segment.

C. Typical abdominal segment.

D. Ninth and tenth abdominal segments.
E. Nlinth and teanth abdominal segments.

Dorsal viey
Dorsal viey
Ventral viey
Dorsal View
Ventral viey

an, anua pasc, parascutum
epl, epipleurum psc, prescutum

es, eusternunm

hp, hypopleurum
pas, parasternum

se~acl, scuto-gcute
stl; sternellum Hun
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splracle; posterior parascutal sclerite shaped 1like those of thorax bﬁt‘
SQaller, bearing about eleven setae., Epipleural sclerite sub-circular at
base alsoe with about eleven setae. Eypopleural sclerite somewhat less
regularly shaped; about seven setae present. Other ventral sclerites flat,
not heevily chitinized; eusternal sclerite with sbout nine setae; sternellar
with one, parasternal with five. Two small sclerites, each bearing =
minute seta, and possibly representing vestiges of a disappearing
preeusternum, located anterior to lateral marginsg of eusternal seclerite,

SEVENTH SEGMENT.- Seventh abdominal segment similar in every
respect to preceding six excepting from one to threé fewer setae on 811 scler-
ites, the greatest reduction occurring on ventral ones.

EIGHTH SEGMENT tFig. 5,B).~ Interior sclerites of both
presentun and scuto-scutellum fused basally, each retaining its separate
raised part. Exterlor sclerite of scuto-scutellum absent. [Bgving (1929)
suggests that it has migrated and fused with the interior sclerite, which,
considering the unity of the area, seems most probsble.] In other respects
eighth segment resembling other segments, except number of setze even less
than in seventh segment.

NINTH SEGMENT (Fig. 5, D and E).— Pygidial shield sub-quadrate
to semicircular, covering most of the dorsum, and heavily chitinized
posteriorly, : .. chitin becoming gradually thinner anteriorly, finally
blending with ..., membrane of ', cephalic border; a semiclrcular depression
present discally; about 28 marginal setae and four diseal setze. HNo other
regions of segment defined by sulei. Ventral sclerites thinly chitinized,

variable in size, position, and number of setae; a row of four sclerités,
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each with & single seta, commonly present near posterior margin, though
central psir sometimes farther cephalad and bea;?three to five setae;
minute, paired sclerites present near anterior margin as in other segments.

TENTH SEGMENT.- The tenth segment (Fig. 1), which Boving terms
a pygopod, extends in a direction nearly at right angles to the ventral
surface of segment nine. Thus looking down vertically on the upturned ventral
area of the ninth segment, a very small part of the caudal margin of that
segment can be seen projecting 5eyond segment ten (Fig. 5,E); locking vert—

. dorsal

ically down on the caudal margin of the pygidial shield, however, the, area
of segment ten is easily seen (Fig. 5,D). This segment is entirely membran-
ous except for a small scleriﬁe, bearing three minute setae, on the lateral
areas. A few very small setae are present here and there on the wegment,
but a row of six such setaze is slways present across the middle of the wventral
region. The posterior area of the segment 1s three-lobed ante;io:ly‘énd forms -
a sucking dise, which is used in locomotion. The Anus (Fig. 5,E, zn) is in
the centre of this dise.

SPIRACLES.- Functional sﬁiracles are present in the mesothorax
and first eight abdominal segments and a vestiglal spiracle is clearly

indicated on the metathorax. A1l subegual, annuliform and laterally

located.

Second Instar

The second instar is practically identiecal with the third,
though there are not quite as many setae, especially on the epicranium and

the prothoracic and pygidial shields. The setae are comparatively longer
but actually shorter than those of the third ismstar, the longer ones being



Fig. 6

Galerucs externa

The eggs.
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curved slightly toward the reer. The head capsules average 0.87 mm. in

width end the body 4.5 mm. in length during the first day of the stadium,

First Instar

This instar is very slightly lighter in cplor end considerably
less heavily chitinized. A1l the sclerites are present but the setre sre
greatly reduced in nmumber. The unpaired eusternal sclerite and the epi~
pleural and hypopleursl sclerites of the abdomen beer two setae (sometimes
only one), while all the other abdominal sclerites bear a single one. The
alsr sclerite of the thorex also carries two eand sometimes three setae, the
eplpleural sclerite uéually carrying two, occasidnally'one. The body is
more nearly cylindrical than in the other two instars, measuring ebout 1.9

mm. &t time of hatehing. The head capsule is sbout 0.58 mm, in width.

The Adult

The adult beetle ia black with the exception of a narrow border
of yellow on the outer ﬁargin of each elytron. In shape it is ovel and
somewhat flattened, especlally as compared to E. adonidis. Blatchley (1910)
hgs described the genus and a closely sllied species. Say (1824) made the

original description of G. externa.

The Egg

The eggs measure 0.9 mm. by l.l mm. but they are laid in such

compact masses as to make them rather irreguler in shape. The exposed

surface becomes dark brown, but when the cluster is broken open the immer

,;-—-aur!!!!!‘!?!’ﬁﬁb‘n to be dull yellow., The chorion is rather finely reticulate
. T T ——————"—————ea R




Fig. 7

Entomoscells msdonidis

Mature larva.

amb, smbulatory warts.
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(b) Fntomoscelis adonidis (Pallas)

The Mature Larva

Methods and ?echnique

The drawings and descriptions of adonidis were made from one
mature larva and modified where necescsary from a careful study of one
other larva and seven cast skiﬁs and mouth parts mounted in gum arabie.
Before they were cut and mountéd the skins were softened in a 10% solution
of potassium hydroxide and washed in distilled water. In all other
particulars the methods were the same as those used In the study of

externa.,
General Description ~

The mature larva 6f Intomoscelis adonidis (Pallas), Fig. 7,
is superficially similar to Galeruca externa. It is not flatiened,
hqwevgr, nor does it tsper as greatly toward the head, but the decrease in
size caudally is rapld. The seétifercous sclerites are more numerous than
in G. externa and are arranged in three rows on the dorsum instead of two.
Ambulatory warts are present on the 5th, 6th, and 7th abdominal segments.
In the early fourth insta; the length varies from & mm. when at rest to
7 mm. when fully extended; when mature the larvae average 7.6 mm. when at

rest and 10.9 mm. when extended in crawling, the largest specimen being

12.5 mm. long.
Living specimens have the prothoracic shield and most of the

head shiny black; the dorsal area of the body, including the sclerites,



Fig. 8

Entomoscelis sdonidis

A, Head. Dorsal view
B. Head., Buccal view

ant, antenna
cly, clypeus
ecr, epicranium
ecrs, eplcranial suture
f, frons
fs, frontal suture
ga, mala
1lsb, labrum
1i, ligula
1p, labisl palpus

mentum

mandible
mandacoria
maxillary palpiger
maxillary palpus
ocellus

prementum
submentum

gensory organ
stipes
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darker than Cologne earth; the epipleural sclerites close to olive greenj
the ventral reglon mostly pale brown with a suggestion of chrome orange
on the mid;ventral pert of the thorax, this color fading more nearly to
pale cadmium yellow on the mid-ventral region of the abdomen; and the
ventral sclerites close to Colégne earth.

The setae of the epicranium, and dorsal area of body, including
the prothoracic and pygideal shields, are mostly capitate; those of the
epipleural area are pointed to blunt; and the remaining setae of the
head and those of the ventral srea, ineluding the legs, are pointed. The
setae are small in diameter; the dorsal setae being fairly uniform in
length, aboul cne-third the length of the normal segment, and the ventral
setae considerably shorter. The number per sclerite varies from specimen

to specimen, the numbers inecluded later representing the average.
Head.

HEAD CAPSULE (Fig. 8) hypognathous, varying in width from 1.47 mm.
to 1.94 mm., average for ten specimens 1.81 mm. Black (or sometiﬁes
fuscous) of epicranium and frons shading to brown near clypeus, around
antennae, and on genal areéé, Mandibles brown; ciypeus brown near tip;
chitinized part of ligula brown, membranzous parts yellowish white;
epicranial suture and frontal sutures yellow.

EPICRANIAL SUTURE less than one-quarter distance from oceipital
foramen to clypeus. Setae of uniform length, capitate, uniformly spaced,
about 0.1 mm. apart. Frontel sutures leaving epicranial suture at angle
of about forty-five degrees, turning cephalad at about 0.075 mm. from

median line, running parallel to median line for about 0.15 mm., hence
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Fig, 9

Entomoscelis adonidis

A. Right maxills
B. Labrum
C. Right mandible

¢, cardo
ma, mala
mxf, mexillery palpiger
mxp, maxillary palpus
8t, stipes
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curving out zgain toward antennae.

OCELLI (oc) six on each side, four caudad and two ventrad of
antenna, often on slightly raised portions of epicranium.

ANTENNAE (ant) three-jointed,arising from large protruding basal
articulating membrane on raised margins of frons and epicranium. Digtal
areas of first two segments membranZous, second segment supporting a
conical sensory organ {go) ventrad of narrow third segment. Minute sensory
setae present on distal surface of third segment. Basal membréne close
to dorsal half of posterior margin of mandgcoria;

FRONS wide, apparenily fused with epicranial halves at antennae.
Slight, V-shaped depressipn with point on median line just posteriﬁr to
middle; two other depressions near anterior margin, one on each side of
median line., ©Setas irregularly spaced, a few paired; nearly all capitate.
Median line exﬁending to clypeus.

CLYPEUS chitinized throughout, but lightly on anterior half.
Four palrs of setae present.

LABRUM (Fig. 9,B) well-developed, emarginate anteriorly, latersl
corners of caudal margin extending posteriorly to form short point.
Circular depression present in discal gurface. Digcal setae subequalj; no
anterior setae present. Six short, stout setae of epipharynx protroding
from beneath anterior marging six minute setae with rounded tips present
on anterior emargination of epipharynx but not protruding beyond margin of
labrum,

MANDIBLES (Fig. 9,C) hollow, palmate, not nearly as strongly

chitinized as those of G. externa. Five teeth present, though first tooth
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usually so small se te be scarcely noticeable. Fifth tooth well-developed
and rounded distally. Two setse on exterior basal half, Mandacoria us-
ually membranous but often chitinized fairly strongly at base,

MAXILIA (Fig. 9,A) strongly chitinized. Palpus three-jointed,
with strongly chitinized palpiger (mxf) at base. Mala (ga) present in~
8tead of galea and laciria. Palpiger imbedded in membrenocua aree; mala
membrancus distelly; small cushions of membrane present on distel regions
of segments of palpus. Cardo bearing one seta; stlpes four; palpiger
two, decond joint of palpus three; mela with about eleven, nome of them
appearing %0 be sensory in function.

MENTUM and submentum somewhat less strongly chitinized than
maxillary stipes; line of demarkaﬁion indicaﬁed by a slight bgnd in sur-
face, throwing plane of submentum away from that of mentum, i# a ventral
direction, by en angle of about thirty degrees, Chitinized area of mentum
laterally extended cephslad, parallel qu in close proximity to latersl
extension of maxillary stipqs. Pair of strong setae on each area. Latersl
arees, in contact with eardo and stipeé, membranous.

PREMENTUM (pn) with light chitinization extending cephalad &
short distance into ligula (1i) from its mesal portion; otherwise as in
Go externe.

LIGULA fairly strongly chitinized anteriorly, a trough-like
groove running baek to hypopharynz; remaining larger area membranous.
Setase minute, varied in number and position, frequently three pairs
present.s Palr of sensory pores situamted between anterior sidses of

bases of labisl palpi.
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Fig. 10

Entomoscelis adonidig

A. Thorax. Ventral view
B. Thorax. Dorssl view

alar area post, poststernellum
cervical membrane ps¢, prescutum
coxal cavity pst, presternum
epiplcyvrum sc, scutum
eusternum scl, scutellum
parasternum : spl, spiracular ares
prehypopleurum stl, sternellum
posthypopleurum



LABTIAL PALFI two-jointed, each seguent with small membrancus

area distselly. Palpl separated by about length of omne.
Thorax

PROTHORAX (Fig. 10).- Prothoracic shield strongly chitinized,
irreglar depressions present discally, shield just large enough to ob-
scure, when vliewed from above, all latera) sclerites.  Epipleurel area
(223) with large sclerite filling sll enterior part from prothorax to
ventro=-lateral suleus., TVentro-lateral suleus obliquei prehypopleural
(ph) end posthypopleural (poh) sclerites almost touching each other.
Farassternum, eusternum and sternellum not separated by any line of de~
markation. Sternellum and poststernellum separated by distinet sulcus.

Setae of uniform length aﬁd spacing, slightly more numerous
than on epieranial balves. Epipleural sclerite semicircular, bearing
about fifteen setae. Prehypopleural and posthypopleural selerites both
protuberent, the former bearing about five setae and the latier ten.
About eleven small, iiregularly arranged sclerites, each with single
setae, present on eusternum. Sternellum with flat, unpaired sclerite,
bearing sbout eight setae. Parasternal arsas bearing the legs.

MESOTHORACIC AND METATHORACIC SEGMENTS (Fig. 10).~‘Dorsum
transversely divided into prescutum, scutum, and scutellum by two trans-
verse sulei anteriorly curved at ends. No line of demarkation between
alar region and scutellum. OSpiracular area, in from of oblique dorso-
lateral sulcus, separated from presternum by ventro-lateral sulcus and from
alar srea by sulcus which follows venirsl ocutline of large aler sclerite.

Posterior part of ventro-lateral sulcus horizontal,msking epipleural area
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distinctly triasngular. Presternum and poststernellum limited dn.all sides
by sulel; eusternum, stermellun and parasternum not separated from each other.
| Sclerites of prescﬁtum irregular in size and nunber, gsually
two, often three on each side; interior pair with about seven setae,
others with from one to three. The six sclerites of scutum elongate,
subequsal, outer pair just snterior to a line drawn through cephalie
margins of other'fbur; six or seven setae present on each. Secutellum
with two pairs of sclerites about same size and shape as those of scutum;
sbout nine setae present on ocuter pair and eleven on inner ounes. Alar
region bearing group of three sclerites. Most ventral sclerite sub=lunate,
covering almﬁst full length of segment, bearing about twnnty;nine setas. i
Other two scleritea subgireular, dorsad of sub-lunate one,.anterior sclerite
beering about six setae, larger pbsterior one with about fifteen. Spiracular
sclerite large, spiracle near its dorsal margin; gbout twenty-three setae
present. Epipleural sclerite slightly smaller then spiracular sclerite, sub-
trizangular, setae about tyirtéen. Prehypopleural sclerite somewhat flatt-
ened, divided into amterior and posterior sections by distinet furrow. An-
terlor part with three small setae, posterior part devoid of sgtée. Fosthy-
popleural sclerite ovoid, bearing sbout ten setae. Husternum bearing a large
Tlat, unpeired sclerite with from seven %o eleven very small sclerites on
each side. Large sclerite with sbout ten setae, smaller ones with a single
seta each. Sternellum besring pair of small sclerites each with one seta.
CERVICAL MEMBRANE (Fig. 10, ewm).~ 4s in G. externa cervical
membrane, bearing no sclerites, separsted :rom prothoracic eusternum,

especially with larva at rest, by & deep fold.

LEGS (Fig. 11).- legs five-jointed as in G, externa, heavily
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Fig. 11

Entomoscelis adonidis

Lefti%% metathorax. Anterior view

cx, Coxa
fe, femur
pon, paronychial appendix
t, tarsungulus
ti, tibia
tr, trochanter
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chitinized exteriorly and dorsally; large membranocus area present distslly
on coxa, small membrane exposed dorsally on distal margin of £mur, ventral
areas of femur and itibia so thinly chitinized as to appear membranous;
membranous paronychial appendix small, Tarsungulus larger than that
of G. externa, elaw shorter than conical basal part; troéhanter extended
along ventral surface of femur little more than half way; other parts as
in G. externs.

Setae somewhat irregular, though usually arranged asiin figure 11.
About eighteen present on coxaj; six on ventrél region of trochanter; nine
dorsally and seven sub-ventrally on femuf; regularly five on dorsal area of
tibia and sbout three venitrally; one minule seta always present ventrad of~

claw on end of basal part of tarsungulus.
Abdomen

AMBULATORY WARTS.- Membrane caudad to paired sclerites of
sternellum oﬁ'fifth, sixth end seventh abdominal segments projecting ventrally
to form ambulatory watts (Fig. 7, amb). [Fletcher (1892) named these
"pseudopodia® and considered them to be extensile, but the writer has
observed nothing to indieate that they are retractile. These ambulatory
warts, as well as the sucking surface of the tenth segment, are used in
locomotion] |

FIRST SIX SEGMENTS (Fig. 12,A & B).- Ambulatory warts described
above, segments otherwise practically identical. Dorsum as in metathorax
except four to five sclerites present on prescutum and the six of scutum in

straight line, -Parascutal area not marked off from dorsum; two elliptical

sclerites present. Spiracle in a small sclerite adjacent to ventral margin



Fig., 12

Entomoscelis adonidis

4, Typical abdominal segment. Ventral view
B. Typical ebdominal segment. Dorsal view
C. Abdominal segments 7-10. Ventral view
D. Abdominal segments 7-10. Dorsal view
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anus
epipleurun
eusternun
hypopleurum
paresternum
parascutum
prescutum
scutum
scutellum
sternellum
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of anterior elliptical sclerite. Epipleural area defiped dorsally by
incomplete dorso~lateral sulcus and ventrally by strongly marked ventro-
lateral sultus; sclerite large, ovoid to elliptical. WNo lines of
demarkstion between eusternal, sternellar, parasternal, and hypopleural
'areas. Hypopleural sclerite ovoid, parasternal dome-shaped, sternellar
(one on each side) flat, elongate; eusternum with irregular unpaired
sclerite, and pair of small sclerites anterior to sternellar pair.

Setae of dorsal sclerites similar in number te those on dorsum
of metathorax. Anterior parascutal with about ten, posterior with fifteen,
epipleural sclerite twenty-seven, hypopleurél thirteen, parasternal seven,
sternellar eight, eusternal unpaired sclerite with about ten, paired with
gingle seta,

SEVENTH SEGMENT (Fig. 12, C and D).~ Sulci, except ventro-
lateral sulcus, indistinet. A1l sclerites of prescutum and scutum, except
outer palr of'each, fused into pair of large sclerites irregular in sur-
face and outline. Sclerites of scutellum also fused to form elongate pair
one on each side of median line. Sclerites of parascutal, pleural, and
sternal areas as in segment six, except pair of sternellar scierites touch~
ing unpaired sclerite of eusternum. "~ " - Paired sclerites of eusternum
bearing more than one seta; number of setaeon other ventral sclerites
reduced.

EIGHTH SEGMENT (Fig. 12, C and D).~ Dorsal and parascutal areas
covered except on the posterior mérgin by large chitinous shield; spiracle
opening in ventrally extended lobe of the shield. Epipleural sclerite as

in othér segments but smaller. EHypopleural and all sternal sclerites fused,
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hypopleural sclerites indicated by caudal notch on line of fusion, the
whole sclerité ventro-caudally inclined as a result of the slight
protrusién of membranous area somewhat after the manner of the ambulatory
warts of the three preceding segments.

Setae of dorsal shield spaced as on epicranium. Apout fourteen
setae present on central portion of veniral sclerite and seven on
hypopleural part; epipleural sclerite bearing about twenty.

NINTH SEGMENT (Fig. 12, C and D).- Dorsel and latersl areas
covered by pygidial shield which extends beyond tenth segmenf. Setae aboutb
as numerous as on eplicranium; row of six present near posterior margin of
ventral region.

TENTH SEGMENT (Fig. 12, C and D).- Plane of anal opening sub-
parallel] to ventral surface of segment nine; whole tenth segment dorsally
obscured by pygidial shield. Anus (an) opening between two lateral sucking
lobes, About six small depressed'lobes dorsad of lateral lobes. A& very -
few minute setae scattered over lateral areas but no sclerites present.

SPIRACLES.— Spiracle of eighth abdominal segment little more
than half of diameter of those of other segments, spiracles otherwise

as In G, externa.

Second and Third Instars

The larvae of the second and third instars do not differ
apprecisbly,except in size, from the mature larva, though in the second

instar the chitin of the sclerites is slightly thinner and the setae less

numerous, there being only one on each side of the unpaired sclerite of

the eusternum. Only one or two of the smaller sclerites are present
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on the eusterna of the thorax in the second instar (secven to eleven
present in fourth instar). Larvae on reaching the second instar measure,
on the average, about 2.8 mm. in length and 0.89 mm. acrogs the head cap-
sule. On reaching the third instar their length is about 4.2 mm. and the

head capsule about 1.39 mm. in width.

Firgt Tnstar

The larvae at the time of hatching are about 1.7 mm. long and
the head capsule measures 0.6 mm. in width. The hegd is wider than the
body which gradually tapers towsrd the posterior end, the ninth and tenth
segments being quite narrow. The antennae are guite conspicuous, being,
by comparison with the size of the head, much longer than in the fourth
instar. The genersl colour (as soon as pigmentation is complete) is much
the same &s in the other instars, but the chitin of the legs and mouth
parts is comparatively thin. The sclerites are present as in the second
instar, but those of the prescutum are p&orly defined and are without
setae. On the mesothoracie and metathoracic segments the posterior scler—
ite of the more dorsal palr of the alar region is quite heavily chitinized
and usually is raised to a small point at the centre. fhe game sclerite
on the first abdominal segment is similarly constructed. These are the
"ego-bursters” mentioned by Paterson (1931). The unpaired eusternal
sclerite of the other instars is sometimes divided into two sclerites in
the abdominal segments of the first instar, whide the interior sclerite
of the scutum i1s fused with th& one adjacent to it on the same side.

The setae are greatly reduced in number except on the mouth

parts, but they are constructed the same as in the other instars. The




Fig. 13

Entomoscelis adonidis

The eggs.
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Junate sclerite on the aler region of the thorax bears three setae.
The larger sclerite on the slar regiom of the abdomen, &nd sll the epi~
pleursl sclerites, carry two setae. There are no setae at all on the

parasternal sclerite, but the sternellsr seclerite bears three. The Te-

maining selerites each bear a single seta.
The Adult

Fletcher (1892} describes the adult ss "a showy scarlet beetle
with three black stripes down its baek, a black pateh on the collar and
black legs; two-thirds the size of the Colorado Potato-heetle, but narrower

in outline.® The original description is contained in a work of Palles(1771).

The Egg

The egg of adonidis measures about 1,65 mm., in length by 0.7 mm.
In dismeter. The colour is burnt sienna and the surface reticulated as

in externa.

(e) The Texonomic Positions of externa and adonidis

The morphological differences hetween the larvee of externa
and adonidis mre so otvious as to make comparison unnecessary. Paterson

(1931) distinguishes the two subfamilies as follows:-

Galerucinae,~ Antenna one~jointed; maxillary palpus short, sometimes two-
jointed; one pair of ocelli; clypeo~labral suture curved; no tormae; no

egg-burstera; lacinia present.
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Chrysomelinse.- Antenna and maxillary palpus three-jointed; six ocelli;

clypeo-latral suture straight; tormae present; laciniz absent.

B8ving and Craighead (1931) raise Galerucinae to family status,

separating it from Ghrysbmelidae on the number of ocelli and number of
in the larva.

antennal joints, Attention is here drawn to the fact that Paterson did
.not study larvae of the genus Galeruca. The species externa and all those
described by Bgving (1929) have four-jointed maxillary palpi, a character
which, considering Paterson's description of thé group, would place
Caleruca outside its true subfamily (or family).

Bbving (1929) has described three species of Galeruca. These are
tanaceti‘L., laticollis Sahl., and pomonae Scop.u He distinguishes
pomonae from taﬁaceti By the much shorter setae in the former species, end
by the greater distance on the abdominal segments of the exterior prescutal
selerite from the interior sclerite of the same region. The main differences
between these two species and exierna are (1) the fusion in the lattér
species of the interior sclerites of the scuto-scutellar region of the
abdomen and the fusion of the interior pair of the prescutum of thé elghth
abdominal segﬁent, and (2) the dorsal sclerites do not project to a
distance equaffthe length of the diameter at the base. The European specieg
laticollis is very similar to exterra in this respect, but its exterior
prescutal seclerite is separated from the interior sclerite by a distance
equal the length of the diameter of the exferior sclerité, while in

externa this distance is equal to from two to three times the diameter of

the exterior sclerite. ~Another difference between these two species, though

it cannot always be used, is the regular occurrence of five setae on the
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lacinia of laticollls, thers being from three to flve present on the
lacinia of externa, most frequently four. In addition to these mor-
rhologieal differences and the faect that the one species 1s found
only in Burope and the other in North America, externa has never besen
recgrded Y ) feediﬁg on any other than c¢mciferous plants while lati-
¢o0llis has never been observed feeding on any memhers of that group.
Both Paterson (1931) and BOving (1929) are agreed that the pres-~
ence of three transverse tergal regions appears to be a more general-
izéd condition than a lesser division of that area, and Paterson ar-
ranges the two groups according to that charseter, Galerucinae pre~
ceding Chrysomelinae. ngving and Craighead, however, place the fam-
ily Chrysomelidae before Galerucidae, which, considering adonidis elone,
- would seem a more natural arrangement., Within the subfemily Chrysomel-~
inae, adonidis comes ﬁetween Timarchinl and Chrysomelinl. Paterson
ldentifies Chryscmelini by the presence of eighf péirs of abdominel
spiracles, five mandibular teeth, in&istinct palpigers, at least three
peirs of egg-bursiers, and the four larval instars, She defines Tim-
archinl as having seven pairs of abdominsl spiracles, ill defined mend-
ibular teeth, end distinct palpigers. There 1a mo méntion of the num-
ber of larval instars. E. adonidis hes distinct palpigers &s in Tim-
archinl, and though theré are eight abdominal spirseles, the eighth
pair sre only ebout half the size of the breceding seven, There are
five mandibulﬁr teeth, but the first is so poorly defined as to be
almost indistinguisheble. There are thres pairs of egg-bursters and

four larvel instars as in Chryscmelini.

(d) Characters for Repid Identificetion of the Larvae

\
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For hasty examination, either in the field or laboratory, with
field lens* or binocular, the following comparison is very useful for

distinguishing between externa and adopidis:-

First Instar‘

E. adonidis G. externa

Antennae conspicuous=-0.16 mm, Antennae inconspicuous ~-8.0505 mm.
Heirs sbout the same length in " Hairs longer in the posterior
both the anterior and posterior rows— row—0.18 to 0.28 mm.

0.2 to 0.24 mm.

Hairs either straight, or curved Hairs of anterioer row of abdominzl

slightly backward. segments, and all thoracic hairs,
curved slightly forward; hairs of
the posterior rows of the sbdominal

segments curved backward.

Second Instar

E. edonidis £ externa

Antennze 0,16 mm. Antennae 0.083 mm.

Hafly)s straight on dorsal and lateral Hairs more or less curved, usually
areas, not over 0.16 mm, backward, soﬁe as long-as 0,35 mm.
Tubercles numerous, a suggestion of Tubercles more widely spaced,

three rows per segment. definitely two rows per segment.
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Third and Fourth Instars

E, zdonidis G. externa
Antennae 0.27 mm. Antennae 0,138 mm.
Hairs not visible when magnified 6 X Rosette of hairs visible when

magnified 6 X.

Hairs difficult to see when mag- Hairs visible to the naked eye,
nified. particularly in sﬁnlight.
Hairs nearly perpendicular——0.11 Some hairs procumbent—--0.28 to
to 0.22 mm. 0,47 mm.

Three rows of tubercles per seg— Two rows of tubercles per seg-
ment, making them very close to- ment, tubercles more widely
gether. . spaced.

SEASONAL LIFE-HISTORY

The only really satisfactory seasonal data on either species
were obtained on externa during the 1931 season. Observations were made
mtermittent
at least every week, supplemented byﬂobservations at more freguent
intérvals under more favourable weather conditions. The larvae were
studied on the first-mentioned group of A. gaxatile in area A {see

section on ecology, page 8), and on nine plants of Arabis in area B.

Later in the season a few larvae were recorded on the other two clumps
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of A, saxatile in area A. The observations on adultsiwere made in
Area C, except the three recorded for July 1-7 in Area A. The records

are tabulated on the next page.
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Adults were not seen by the writer or any other members of the
staff after Sept. 86 in casual observations, but no more extensive sur-
veys were made after that date because of the anall numbers present then.

In sddition to the scasonsl data given above, 1t ia interesting
to mote that egzs (from 1930 adults) stored in the unheated insectary from
‘Oct. 18 to January, were brought into the laboretory Jan. 4 exd began
hatching Jen. 7+ They became adulta Feb. 10 and had completed asestiva-
tion by March 30.

Glancing over table I it will be observed that eggs had hetehed
by May 12. By June 20 practically all larvae had gone into the soil to
pupate, except a few belated individusals in more shaded areas thet laggeg
behind the others (see explanation prededing the table). Adults were
first observed in the field June 20, though they began emerging in the
laboratory Juns l6. However, the fact that one of the threse first ob-
served in the field was not fully pigmented at that time indicated that
emergence was just beglnning. Aestivation began shortly after June 25,
but a few beetles were observed in the more shaded areas July 7. The
next date of importance is Aug. 10 when gdulta were first observed after
aestivetion. The greatest number of adultis was present Aug. 26. Eggs
wers first discoversd in the field Sept. 5, but they, being difficult
to find, were not likely the first laid.

‘ During 1929 and 1930 the seasonal observations were mede partlj
in the field and partly from laboratory materiel. Regular surveys were
not maintained, hence the date given is not necessarily the time of earl-

iest eppearance. The table given below iﬁcludes all the data obtailned.
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The outstanding features of the sbove records may be

summarized for both species ag follows:-
1. There is only one generation per year.
2. For most of the eggs the incubation perlod, or more truly the diapause,
is fully eight months long.
3. Larvae can be found in shaded locations until after the first appearance
of the adults about June 20, though the greater number disappear, of course,
early in June.
4. The adults feed for a short period after their emergence from the pupal
stage and then go into aestivation, remaining there until near the middle
of August when they again become active. |

5. Sexual activities are not begun until shortly after the second appear-

ance of the adults.

6. " The adults remain active until late September or early October, but
their activity is greatly reduced by that time,

7. Judging by the data available, the seasonal life-history of adonidis

conforms very closely to that of externa, donidis appearing a few days earlie

in the spring and developing a little more rapidly.
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STADIA (SENS. LAT.)

The Normed Stedia

Although the preceding section gives some idea as to the length
of the larval period, incubation period, and other phases of the two
species, it gives no details regarding the rate of development of the
larvae. For this reason this separate section is devoted to the
presentation of data on larvai instars. It might be well to mention herev
that eggs of both species can be caused to hatch during the sutumn by
either desiccation or freezing and subsequent moistening and warming. The
possible applicability of this autumn hatehing is discussed later in the
section on control by weather.

In determining the time spent in their various instars the larvae
of both species were reared individually in cylindrical vials measuring
1" by 5", The vilals weré plugged with cotton batting and kept in the
laboratofy at ordinary room temperatures. lNo soil was used. The vials
were placed in an upright position in a shallow cardboard box. Blossoms
and leaves of Draba nemorgsa and Alyssum saxatile were used for feeding
externa, only the former plant being used for adonidis. The results for
externa are given in detail in table IIT on the next page, and those for

adonidis in takble IV immediately following it.

*e
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Table IIT

Time Required to Rear Larvae of Z. externs During May & June, 1929.

Date Length of Changed to Length of Changed to Length of
X Collected  lat stadia ond insd ond stadia  Zrd ins mpd ctads
(a) May 8 — May 186 9 May 25 10
(®) " -~ L 10 L7 11
(e) " — "o14 10 nop4 11
(a) J - v 18 9 mo25 n
(e) n - " 16 9 " 25 12

Date hatched 9

(f) May 9,2 p.m. 12.5 ToRR " 3L -
(g ™ n 12.5 "2 9 LI —
() n 14.5 2 12 June 5 7 -
Average 15.156 days 9,625 days 10.33 days
ﬁo; Entered pre— Length of pre- Entered Length of - Adult

upal gtage upal stage upal stage pupal stage emerged
{a). June 4 7 June 11 9 June 20
(b) L 7 o1 9 T20
(c) "og 6 " 10 9 "19
(a) "5 6 no11 9 m20
(e) "og - —_— — —
(£) — — LI 10 no2B
() — - " 16 8 "o24
{n) "1 5 Bo17 12 no29
Average 8.2 days 9.4 days
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The Effect of Temperature on the Stadia

In a series of rearing experiments at different temperatures, a
variety of results was obtained, These results are tabulated for
comparison in table V. The c;nditions under which the larvae were reared
in each instance were as follows:—
G: externa, Exp. I, 1929.- See the explanation preceding table III,
G. externa, Exp. I, 1931, -~ This figure was obtained from an exsmination &
the field data given in table I.
G. extegna, Exp. II, 1931. —~ The same as for adonidis, experiment VI, se¥ies
B, below.
E. adonidis, Exp. I, 1929, - One specimen reared in the same manner as those
of experiment II, 1931, below.
E. adonidis, Exp. I, 1930.- The three larvae of this experiment were reared
during Nov. and Dec. 1930. The vials were placed in a horizontal position
in a shallow cardboard box. During a total of about four hours slmost daily
they were kept with the near side of the box 2" beyong the end of the bulb
of a desk lamp the hood of which was 9" from the surface of the desk pad.
The bulb was 100W. power. At all other times the vials were kept at
ordinary room temperature, not influenced by the heat and light of the desk
lamp. The humidity was not controlled, hence it would Be relatively low at
all times especially when extra heat‘was applied. Only three out of seven
larvae survived. Young turaip leaves were used as focd. Otherwise the
method was the same as in experiment VIB 1931, below.

E. donidis, Exp. II, 1931.- See the explanation preceding teble III,

E. donidig, Exp. VI, 1931.- This experiment was conducted for the purpose
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of discovering any influence that heat alone, or heat and light combined,
might have on the rate of development of larvae and pupae of adonidis.
Three series of larvae were reared, each series being kept under a
-condition of heat and light differing to some extent from the othér two.
One series (A) was kept in almost complete darkness; another series (B)
was subjected at intervaels to a fairly high intensity of light; the check
series (C) was placed, during the day, on a shelf near a window and
shaded from artificlal light, but during the hours of natural darkness
it was placed where artificial light would not reach it. As for
temperatures, series A and B were both subjected nearly every day to &

. temperature of between 91°F. and 93°F. for one or two periods of
approximately wo hqurs each, thé total time being 44.25 hours. To obtain
the desired heat it was necessary to conduct a fairly lengthy test of
temperatures within the vials, the vials being p;aced at varying
distances from the source of heat. The details of these tests, as well
as the complete results of each experiment, are contained in the writer's
report tobhe Dominion Bantomologist at Ottawa.

Esch larva wes kept in a vial 5" x1" placed horizontally in a
very low cardboard box. Cotton batting plugs about one inch in length
and wrapped with cheese cloth, were used to prevent the escape of the
larva. Leaves of seedling turnips, cut into discs 18 mm. in diameter,
were fed to the larvae morning and evening. N§ s0il or any other
material was put into the fials except a small pilece of paper bearing the
|exﬁeri;éntal number of the larva. Additional small pieces of folded

paper were placed in the wvials when the larva was ready to enter the pre-

pupal stage.
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Digcussion of Rearing Experiments

COMPARISON OF THE TWO SPECIES IN REGARD TO TIME.- From the
results given in table V above, it is obvious that larvae of externa
require more time to reach maturity than those of adonidis. Of those
reared at the normal time of the year, in an unheated laboratory, larvae
of externa averaged nearly 49 days (1929, I) while those of adonidis
required 40 days (1929, I) and 35 days (1931, II). Of those reared
during the winter al either constant room temperatures, or room
temperatures with occasional period of increased heat, adonidis required
from 22.to 25.5 days and externa 31 days. These results are fairly
conclusive as to the differenee in time requirements of the two species.

DIFFEBENCES DUE TO SEE.- As indicated in table IV and
supported by the detailed results of éll,the other experiments, there is
no reagon for believing that the rate of development is influenced by
SexX.

- INFLGENCE OF TEMPERATURES ON adonidis.~ On examining the results
of the experiments on the larvae in series A, B, and C, it is at once
apparent that the periods of increasedeé;% and light did not cause any
appreciatle difference in the rate of development of these larvae. Just
why there should have been no difference between the check series (C)
and the series subjected to increased heat (series & and B) is only a
matter of conjecture. There are three possible explanations.- (1) The

periods of increased heat and light may have been of insufficient duration

to give significant results. (2) The higher temperatures may have caused
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a condition of stupor during which time both activity and metabolism

were arrested. (3) The food of series C remained fresh for a longer
period than that of the other two. Of these possible explanations the
first seems unsatisfactory because the rate of mortality was considerably
higher in 4 and B, eépecially the latter, than in O, thus indieating that
the higher temperatures were having no small influence on the larvae.
Ciénsidering thé second hypothesis, it is a gquestion whether or not such
comparatively moderate temperatures would so influence adonidis, though
field obsergations on externa have shown that that species is inactive

at temperatures little'higher than those in the vials. If such was the
case, then, the inactivit& during the highest temperstures would counter-
act the more rapid development during the time that the heat was
inereasing from, and decreasing to, room temperature. This explanation
may be correct, but it is certain that the drying of the food would
contribute largely to counteracting any benefieial effects that the higher
temperatures miéht have.

In the other two experiments (I of 1230, and II of 1931) there
are slight differences in rate of development that suggest an approach
to the optimum condition. Those of experimént I, Nov. and Dec., 1830,
developed more rapidly by an average of three days than those of‘series
A, B, and C, while those of experiment II, May and June, 1931, required
an average of ten days longer. It has already been pointed out, in the
introduetion to table III, that those reared during May and June were
kept in the unheated lesboratory where the temperature frequently fell

well below normal room temperature. The temperatures to which those of

Rov. and Dec, were subjected at intervals are believed to have been lower
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than those used in A end B, though the degree of heat was not actually
meagured. This belng the case we have a gradation of temperatures up to
a point where development averaged 22 days and then taking longer (25.5
days) as the temperature was increased. These results are not con-
clusive, of course, but they do suggest an optimum growth temperature
slightly above T0Q°F. Théy indicate, too, that during warm springs the
rate of development would be correspondingly greater. It would be of
considerable interest to repeat the experiment on a larger scale, with

more uniform gradations of temperature, and with the humidity controlled.

ABSTIVATION AND OVIPOSITION

Aestivation

Indications that adults of externa go through an aestivation
period were first observed by the writer in 1929. Adults during that year
were seen in the field July 4, and no more were discovered until
September 1. It was not until 1931, however, that the occurrence of
aestivation was definitely established, as shown in table I. An

examination of this table shows that the aestivation period was
approximately 4% days in length, beginning about June 29 and ending

Aug. 10. Adults from larvae reared indoors were also inactive for

several weeks. A single msle reared during Jan., 1981, emerged




Feb. 5, began feeding the next dey, and ceased feeding about Feb. 14.
It was inactive from then until it resumed feeding March 31, a period
of 44 days. Adults from larvee reared during May and June, 1931, and
retained in the laboratory, aestivated for about 34 days.

Crosby and Leonard (1918) claim an aestigation period for
adonidié in Austrid’ and éuggest that a study of its habits in Canada
might reveal a similsr period of guiescence. Not having had an cutbreak
at hand for observation, the writer has not proved definitely that such
is the case, 'However, reports received by Mr. King of +the Saskatoon
laboratory and Professor Mitchener of the Manitoba Agricultural College,
during years when several reports were made, indicate that the beétles
probably do aestivate. These reports came in as followsi—

To Professor Mitchener -
: :

1822 June 11, 1 report Aug. 3 to Sept. 30, 4 reports
1927 July 4, 1 v Aug. 21, 1 report
1928 June and July, no report Aug. 12 - 25, 5 reports

1930 June 27, 1 report

To Mr. King -

1925 June 18 and 22, 2 reports July 25, 1 report

1827 June 19 - July 2, 4 " July 18 — Aug. 30, 9 reports

The above data are insufficient to prove definitely the oc¢currence of an
aestivation period, but the gaps between the earlier and later reports
suggest it rather strongly. It is true that the reports to Mr. King in
1927 leave a gap of only 16 days, but these reports were received from

widely separated points, differing sufficiently in soils and climate to

cause differences in the time of appesrance and disappezrance of the beetlea
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Adults of adonidis in captivity undoubtedly passed through
a period of aestivation. Those from larvae reared during Nov. and Dec.,
and held constantly at room temperatures aestivated for approximately
45 days. Adults from larvae reared in the unheated laboratory during the
. normal season were inactiye from June 30 to Aug. 5, a period of 37 days.

From the sbove data, assuming that the habits of captive
specimens of adonidis closely approximate field habits (and such an
assumption seems to be justified), it appears that beetles of both species
spend very nearly thé same length of time in aestivation.

‘Just what purpose zestivation serves has not been established.
Mating, however, has never been observed prior to aestivation. It is
efident,theﬁg that sexuai maturity is not reached until near the end
of that period. Mr. King has suggested, elso, that this adaptation
prevents the beginning of a second generation most of which would perish

before reaching maturity.

Ovipogition

The act of oviposition has never been observed by the writer

for either externs or sdonidis, but eggs of the former have been dis-

covered in the field occasionally. They are laid most commonly just
below the surface of the soil., Loose soil, around the bases 6f food
plants and aﬁong fallen stems, etc., seems to be favoured most. The
writer has never seen eggs of adonidis in the field, but in rearing cages
they were usually found under bits of wood, cardboard, and leaves.
Fletcher (1892) quotes one of his reporters to the effect that they

were found "on the surface of the ground under some dried up radishes......
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under almost any slight covering, and sometimes only under a shade that
did not amount to an sctual covering. I also found them a quarter of an
inch or so under the surface of the ground by the rootis of rough-leaved
turnips and redishes." They ere usually laid in loose masses of from
1 to 40 eggs, while externa fémales laid theirs in compact masses of about
40 eggs, from which the individual eggs could be separated only with
difficulty.

Some idea of the rate of oviposition and number of eggs laid by
femsles of externa cam be obtained by a study of table VI below.
Five five-ounce, glass-topped salve tins and a quart size glass frult jar
were used as oviposition cages. About half an iheh of cotton batting was
placed in the bottom of the sealer and a small quantity of soll, about
a quarter of an inch altogether, was sifted ug%o it through a 40 mesh screen
Soil was similarly sifted -into the bottom of the salve tins, and small
cardboard trestles were used to hold up the leaf so that the beetles could
feed in a more natyral position. Three.or four small. squares of cardboard
were dopped into each cage to assist the beetles in turning over when

they fell on their backs. The food, Lepidium apetalum, was changed

daily.

[
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- Table VI

Fggs Laid by Adults of G. externa During Autumn, 1831.

Cage No. 1 2 5 4 5 <]

Date collected :

Aug, 23 0 0 0 0 0 0
n 25 34 40 38 0 0 0
a 21 41 %9 44 0 0 0

Sept. 4 0 46 42 0 @ 0
" B , 108 45 85 102 45 47
"o 10 58 52 0 8] O 8]
L 57 48 46 57 57 47
T 15 0 0 44 0 53 0
"o 19 106 45 45 115 48 Below
" 23 0 0 39 58 53 136
"o 28 E5 —_— 0 0 50 0
" 29 54 — 0 0 0 44

Oct. 2 55 —_— _ 1056 —_— 0
" 28 f— p— — 43 — 22

Total 568 315 - 381 480 307 2686

Daily Ave. 14.2 11.7 12.3 9.2 14.0 7.0

Average of totals for group - 402.8 egges.

The femsles died as follows:- No. 1, about Oct. 26, No.2,
sept. 24; No. 3, Sept. 30; No. 4, about Oct.’a6; No. 5, Oct. 2; No. 7,
about Oct. 26.

Adults of adonidis were caged at the same time as those of
externa. Pairs 1 znd 3 were in 5-o0z. salve tins; female No. R had four
males with her; cage No. 4 was & quart glass sealer and contained one
pair. Young turnip leaves were used as food. In ell other particulars

the beetles were treated in the same manner as those of externs. The

results are given In detail below.
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Table VII

Eggs Laid by Adults of E. sdonidis During Autumn, 1931

Cage No. 1 2 3 4
Before Aug. 12 193 0 0 0
- mo1s 151 0 0 0
n n 18 144 o} 0 0
" " 20 - 97 26 0 0
" " 25 TFemale dead 141 0 ne
1 " 51 —— ?4 0 112
n Sept. 4 _— 0 0 lo6
n n 8 — 0 0 3
! vo10 - Female dead, 76  Female dead
male destroyed :
1 f 12 —— ——— 0 -
i " 15 —— — 111 —
" *19 — -— 151 -—
w 23 — — " 123 _—
" no28 — —— 69 _—
" w29 -_— — 122 ———
" o8t, ¢ —_— S 83 . —_—
b " 26 ——— — 0 _—
Female dead
Totals 585 251 715 298

Another female sdonidig, one from & larva reared during Nov.
and Dec., 1930, began ovipositing Feb. 12 and continued until Mar. 31,
laying an average of 20.8 eggs per day, a total of 991. The first male
died Mar. 25 and ancther was put in with her immediately. The female
died April 6.

With such high fecundity it is little wonder that outbreaks,
especially of egdonidig, come almost from no apﬁarent source. Why these
outbrezks are not maintained is a question that i1s discussed in the

section on control by weather.
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FOOD AND HABITS OF FEFDING

Food Plants

The plants listed below are those upon which larvae or adults
of adonidis or gxterna have been observed by either Mr. Criddle or the
writer,

Alyssum saxatile —- externa only

Arabis brachycarpa — " n
Arsbis holboellii —- M n

Brassica oleracea — gdonidis only

Brassica pleracea caulo-rapa — adonidis only

Brassica rapa —— both species

Capselia bursa-pastoris - zdonidis only

{rambe pinnatifida — " n

Draba caroliniana — externa only

Draba memoross —— both species

Erysimum ssperum —- externa only

Frysimum cheiranthoides — adonidis only
Lepidium apetalum — edenidis externa only

Matthicola incana — exlterna only

Raphenus gativus —- adonidis only

Sisymbrium altissimum —- externa only
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This list is not likely complete, but at the present time the
writer is not prepared to say that the specles feed on all cruciferous
plants. An extract from the original notes of A. P. Arnason of the
Saskatoon laboratory reads, — "Mr. Pavlochenko reports this species”
(adults of adonidis) ¥very thick on the wormseed mustards (and a few on
the tumbling mustards) in his weed experimental plots {Saskatoon U.), but
not on the following piants that were growing in elose proximity to the
wormseed mustard: Hare's ear, ball, false flax, and other mustards." In
some reports to the Saskatoon laboratory adonidis has been said to feed
on potatoes and nasturtium, while other reports mention this species as
feeding on "everything but potatoes." Lettuce has been included as & food
plant in reperts to Professor Mitchenér, end Crosby and Leonard (1918)
have listed beans for the same species. Of these four (nasturtium,
potatoes, beans,and lettuce) the writer is of the opinion that . the last

three, at least, have not been used as food by either adonidis or externa.

Fletcher (1892) says that "the insect takes its name adonidis from one of
its food plants in Europe, Adonis antumnalis, a plant belonging to the
Ranunculaceae.” He is of the opinion that it mey feed in Western Canada
on members of that group as well as Cruciferae. His prediction has
apparently not been fulfilled,

In 1928 the writer found adults of externa collected on a turnip
plant of second year growth with well-developed flowers and seed pods.
‘Since that time it has frequently been observed that both adults and
larvae, of externa at leést, seem to prefer the blossoms of the planis

as food.
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Feeding Habits of Larvae in the Field (G. externa}

A series of field observations on larvae of externa were mede
durirg several days for the purpose of securing information that might
be used as a guide in applying artificial control.

The larvae were present in area B described on page f¢ 9. Nine
plants were selected and marked and the number of larvae feeding on them
was recorded at the intervals given in the table VIII. In making the
observations it was necessary to approach the plants slowly else the
larvae dropped to the ground and could not be recorded correctly. Neither
could the plant be touched because of the same tendency of the larvae,
hence the examination was made only by sight, from as low an éngle as
possible. All larvae seen were recorded in ithe notes, but only those N
either feeding or moving asbout actively are included in the totﬁls of
table VIII. During observations of verf early morning and late evening
it was necessary to mse a flashlight, but this did not seem to disturb
' the larvae. The hour given in the table is that at which observations
were begun.

The temperatures given in the fourth column of the table are
those recorded by the thermograph which was mounted in a regular Stevenson
temperature smcreen about fourteen feet south of the laboratory. Those in
the third column, for May 15-18 inclusive, were taken in the field at a
point three inches south and half way down the six ineh stem of plant No.7;
© but those beginning May 19 were taken from the standard thermometer of the
Treesbank meteorological station, located about 100 yards from, and several

feet higher than, the thermograph.
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An exemination of table VIIT shows that during nearly every

" day most of the feeding was done in the early morning; during days of
average weather there was less feeding at noon and another period of
nearly optimum feeding during the late afternoon; during very warm &ys a
period of dormancy occurred from late morning until late afternoon, fol-
lowing which falrly heavy feeding occurred again.

In studying the temperatures in the table it must be borne in
mind that beginning May lghthose in the third column are shade temperatures,
and they are from five to fifteen degrees lower than the temperature in
the sun, the difference depending on the time of day. The sun temperature
for optimum morning feeding is close to 60°F., the evening temperature
seemlng to be slightly higher. The range is from 48°F. to 86°F., though
very ligtle feeding was done after the thermometer (in the sun) registered
75°.

The inactivity of the larvae during the very early morning and
late evening indicate that they do not feed during the night. Only one
larva (May 31) was observed feeding before daylight, but a few sometimes
continued feeding at dusk (June 1 especially). Temperature probably plays
the greatest part in influencing the time of feeding, but on June 1 the
temperatures were more mearly optimum a2t 10.00 p.m. than during the early
morning, yet twélve larvae were feeding at 5.30 a.m. as compared with twe
at 10.00 p.m., suggesting that light intensity has some influence. It is
likely, too, that the condition of the larvs, as regards quantity of food
previously consumed, is another cause of the sarly morning voracity and

late evening inactivity.
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Larvae seek shelter under the plant when either rain or soow
is falling, but begin feeding again as soon as there is sufficlent warmth
(May 17 and 19). They also crawl down to the so0il under the basal leaves
when temperatures are too high for feeding, though the excessive heat during
May 21 apparently forced them to forsake the hot soil for the shade of the
stem and upper leaves of the plant. Wind and dust (May 18) seem to cause

delayed feeding even when temperatures are optimum.

Feeding Habits of Adults in the Field (G. externa)

Field obgervations similar to those above were also made on the
adults, during the autumn, in area C described on page 9. Only the adults
in sight were counted, even though searching for a few minutes under
Teraxacum, Artemisia, ete., usually revealed considerable numbers. They
are recorded as "feeding" or "crawling" or "inactive," but those feeding
and crawling are consideréd as practically in the same category because
those crawling were usually either seasrching for food or else had just
ceased feeding. Care had to be taken not to move zbruptly, otherwise the
beetles ceased feeding and dfopped to the ground.

Temperatures were recorded from three thermometers.— The shade
temperature is that of the thermograph at the laboratory. The sun
temperature was obtained from a Tycos pocket thermometer hung vertically
with the bulb six inches from the surface of the ground. A soil
thermometer lay : borizontally with the bulb half buried in the soil among

the stems of a clump of grass. Some of the temperature records are

tabuleted in auxiliary table IX to facilitate examination.
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Though the observations were limited, table IX shows fairly
clearly the reaction of externa adults to varlious temperatures. The range
of feeding is very great, being from 48° in the shade and 54° in the sun to
95%in the shede and 102°in the sun. On hot daye (Aug. 21 and 28) especially,
two periods of feeding occurred. The first feeding was done during the
morning, reaching a maximum between 8 and 9 o'clock when the thermometer
registered between 72° and 87° F. in the sun. The second period of feeding
took place at slightly higher temperatures during late afternoon or early
evening. Between these two periods of feéding the beetles either crawled

under Taraxacum, Artemisia, and other plants, or climbed the shady side of

blsdes of grass, etc., and remained inactive. Most of the beetles ceased
feeding and began seeking shelter when the morning temperature reached
about 88°F. in the sun, or a little lower, and a few began climbing into the
shade of the plant just before the soil reached 100°, On cooler dys a
feﬁ beetles could be observed feeding throughout the day (Sept. 3 and Sept.
10), and on Aug. 28 the greater number were feeding at noon, a complete
reversal of the activity observed on hot days.

The tendency to leave the soil and seck shade temperatures is
probably due to the excessive heat at the soil surface. On bright days
the air warmed more rapidly than the soil (Aug. 21, Aug. 28, and Sept. 3),
but the soil temperature‘eventually rose above that of the air, mcept on
Aug. 28 which had been preceded on fhe previous evening by almost an inch
of rain. On Aug. 21, when many beetles were inactive in the shade of the
plants, the temperature in the sun was 104°F,, the surface of the bare goil

was 1249, and the soil in the original location of the thermometer was 103°.
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That the shade temperatures were lower than any of these is shown in
auxiliary table IX. However, the soil under Artemisia, ete., must not -
have been too uncomfortable because only a small proportion of beetles

climbed the grass blades.

Feedipg Periods of Larvae in the Laboratory.

Crosby and Leonard (1918), Lochhead (1919), and Essig (1926),
state that the larvae of adonidis are nocturnal feeders. Since it was
imposgible to learn the field habiis of this species the wrlter observed
and recorded the habits of a few specimens under somewhat uﬁnatural
conditions. Larvaze of externa were reared at the same time under identicél
conditions for purposes of deduction, it being hoped that the habits
of adonidig in the laboratory might indicate probable field activity.

The larvae of both specles were placed in the Stevenson
temperature screen in glass—-topped salve tins containing moist seil. The

food was changed at the intervels shown in the table below, externa

being fed on leaves of Arabis and adonidis on leaves of Draba. The
quantity eaten was carefully estimated and recorded in square millimeters.
The first instar larvae were fed individually in two-ounce salve tins for
a period of four days; the larvae of the final instars, reared nearly

two weeks later than those of the first instar, were all caged in the same

five—ounce salve tin (one tin per species) and fed for three days only.
The first instar larvae of both species were the same age, but those of
externa moulted early in the experiment while those of adonidis remained

in the first instar throughout.
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It was occasionally impossible to change the food at the
desired hour, and at such times it became necessary 1o apportion the
quantity for each period sccording to the amount of time. These
calculations did not interfere in the least asg far as direction of the
results were concerned, though they may have slightly reduced the degree
of significance. Only the totals of the experiment sre given here.

It is of significance that the temperature never rose above 80°F.
except during the first day of the experiment, and only once did it fall
below 32°. The average temperature for the first instar larvae was & little
above 60° and for the older larvae it was almost 70°F. In every instance

the greatest total heat occurred between 12 noon and 4 p.m., the maximum

being reached at, or maintained until, 4 p.m.

Table X
Feeding Period of Larvae of G, externa and E. adonridis

in the Laboratory.

Period No. 1 2 3 4 5

4 a.m.— 8 a.m.~ 12 noon 4 p.m.~ 10 p.m.
Time 8 a.m. 12 noon -4pm., 10p.m. -4 a.m.
C. externs, lst inst.  15.3 36.5 9.6 22.8 7.2
E. edonidig, " M 2.6 7.7 8.2 1.7 3.3
G. externa, 3rd ° 9%.6 271.4 £30.0  560.0 23.0
E, adonidis, 4th " 172.7 R92.3 320.0 445.0 23.0
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Reducing the figures of ﬁeriod No. 4 by one~third to make the
interval correspond to that of periods 1-3, there is little of significance
left except that none of the larvae fed to any eppreciable extent during
the hours of darkness. It appears,too, though the experiment was too
small to be conclusive, that the larvae of adonidis feed under very nearly,
if not altogether, the same conditions asg those of externa.

That the newly hatched larvae of'both species quickly respond to
light was cbserved while measuring larvae under a microscope, the lighi
stimmlus éoming alternate=ely from the window and the desk lamp., The larvae
were first observed to move steadily in the direction of the desk lamp.
When the lamp was turned off, however, the larvae almost lmmediately turned
in the direction of the window. Thig led the writer to try a few
experiments at night with only a single source of light stimulus, all sur-
faces reflecting white light having been removed from the desk. The
larvae were placed on a sheet of paper which was pivoted around, to
change the direction of the source of light, at intervals of three min-
utes., The larvae invariably, with but momentary hesitation, turned and
again crawled toward the light. Heat may have formed part of the
attraction, but there was certéinly no heat coming from the window in the

first instance, light evidently being the only stimulus.

Quantity of Food Reguired to Bring lLarvae

of E. adonidis to Maturity

The quantity of food eaten by the larvae of experiment VI, 1931

(see table V), wag estlmated and recorded for use in calculating possible
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injury to ecrops. The results, however, suggested an interesting problem
deserving of future study. By using a uniform disc of food 18 mm. in
diameter (or 254.57 sq. mm. in area}, the estimates of food consumed could
be made with a fair degree of asccuracy. The totsls were as follows:

The three larvae of series A,- 501.0, 500.8, and 3%9.9 sg. cm.

The one larvae of series B,- 297.0 sq. cm.

The two larvae of series C,- 370.4 and 378.9 sq. cm.

The third larva of series A consumed somewhat more than the larva
of series B, but the first two ate almost exactly the same amount as that
of series B, Those of series C, however, each ate very nearly the same
amount, that quantity being considerably more than the quantities consumed
in the other two series.

An examination of table V shows that these differences were
certainly not due to differennes in time required to mature. Nor could they
be attriyuted to sex, all being males except No. 1 of series C. However,
the differences do exist in this one small experiment, and it would be
interesting to discover (1) if they would occur, and be significant, in an
experiment on & larger scale, and (2) what the effect would be on the

sexual activities in the different groups.
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CONTROL

None of the publications deal with control measures for
externa, and no data have been discovered showing the results secured by
the methods advocated for the control of adonidis. The following spray
is recommended by several authors for the control of the turnip beetle:-
2 1bs. argenate of lead

40 gallons of water

4 1bs. of soap if used on cabbages or cauliflower.
In addition to this, King (1927) recommends the destruction of cruciferous -

weeds, thus reducing the food supply.

1. XNatural Control

Disease

Three larvae of externa in the third instar were found dead in
their cages June 13, 1931. The bodies were soft and considerable ligquifaction
had oceurred. Death was believed to have been caused by bacterial
organisms. Another larva of the same specles was apparently killed by a
fungous disease, the body being covereci by white fungous growths. Mr.
Criddle has informed the writer that in 1913 the larvae of both species were

greatly reduced in number by a fungous disease.
Parasites.

Dr. Paterson {1951) resred Braconid pagasites of the species




Sigalphus luteipes Thoms. from an adult female of Tamarcha

tenebricosa, but neither parasites nor predators have been observed to

attack either externa or adonidis.

Weather

(a) Entomoscelis adonidis

The occurrence of fluctuations in the population of adonidis was
discussed in the section on the economic imporiance of the species.
Considering the enormous number of eggs 1laid, it is not difficult to
understand an outbreak occurring, under favourable conditions, from the
progeny of a very few pairs of adults. Just why they should disappear so
suddenfly is more difficult to explain. Fletcher (1892) includes in his

report a passage from the "Annales de la Socidtd Entomologique de France®

which gtates that in Europe, where the beetle does serious injury to
rape, doughts favour its multiplication and cold rainy weather greatly
retard it. In Western Canada drought appears to have the opposite
effect.~ As previously discussed there were very few outbreaks reported
to entomological authorities in the dry year of 1830, and only one out-
break (Therien, Alta.) was reported during the still dryer year of 1931.
How drought may decrease the numbers is suggested in the two parapgraphs
below,

LARVAL MORTALITY.- The rate of larval mortality in aréificial
rearing is high (60%-80%), but it was especially high in experiment VI,
1931, series A and B, where the larvae were subjected to increased heat.

The extreme heat and lack of humidity, as well as rapid drying of food

and possible injury due to handling, must certainly increase the rate
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of mortality. There is every likelihood that considerable mortality
occurs during warm dry springs owing to the fallure of thg lsrvae to
reach food and shelter before being affected by the dryness and heat.
AUTUMN HATCHING OF EGGS.- Though the larval mortality in the
spring may reduce the population to some extent, eautumn hatching and sub-
sequent death of the larva, or death of the embryo by desiccation, is more
likely to seriously affect the numbers present the following season.
Eggs laid during September, 1950, were allowed to dry until
November and then were moistened. There were 105 eggs in the group and 17
of them hatched. The others socon grew mouldy and were discarded. Other
groups were dried for different intervals up to five weeks during the
fall of 1931. Only those dried for five weeks had any percentage of
hatch (12%), the total time from oviposition to hatching being 43 days.
The results of these experiments suggest a possible cause of
the disappearance of the infestation at Dropmore. As previously menticned,
the adults were numerous during the antumn of 1929 and again in 1930. The
autumn of 1950 wag extremely dry for over a month. A heavy fall of snow
camé Oct. 18 and this was followed by another period of mild weather. The
period of drought was of sufficient length to cause hatching of the eggs
when the moisture came during October. A gimilar hatching was made possible
by the warm weather of february. Either of these periods may have caused
the disappearance of the beetles. The crops affected were largely peren-—

nial and the soil was seldom disturbed by cultivation.

(b) Galeruca externa

Aweme is the only place that externa has been reported as being

present in large numbers, being first mentioned in 1905, During the

! LT - |
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writer's observations, 1928 to 1931, the beetles were present every year,
gradually increasing until they were fairly numerous in s few small areas
in 1931. This evident stability of numbers may be partly explained by the
smaller nugber of eggs laid and a grester larval mortality counteracted
by a greater resistance of the eggs to conditions tending to ecause autumn
batching. A few larvae were reared to maturity during the winter of
1930-31, but the eggs had to be frozen before they would hatch and the

larvae were reared with difficulty, the mortality being extremely high.

2. Artificial Control

The Effect of Poisoned Dusts on Larvae

The poisoned dust commonly recommended for the potato beetle,
1 part Paris green to 19 parts hydrated lime, was found ineffective

against larvae of externa and adonidis.

Four larvae of each species were placed in two—ounce, glass-
topped salve tins, one larva to a tin. An area of two square yards

in which plants of Arabig brachycarpa were growing was marked off and

dusted with the poiscn at the rate recommended, 50 1bs, per scre, Leaves
were removed from the dusted plants and placed in the tins with the larvae.
The larvae fed, bubt they avoided the more heavily dusted parts. Only one

larva died, the others seemingly remaining perfectly healthy.
The Effect of Poisomed Dusts on Adults of G. externa

No adults of s2donidis being available, an experiment was

conducted on adults of externa for the purpose of obtaining information
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as to the strength of poison, type of carrier, and rqte of spreading
of the dust, necessary to bring about a kill of 100%.

Fos. of tins snd strength and quantity of peison.-

l. One part poison to 19 of lime at 50 lbs. per acre.

2_ n " n n 1g " n " 100 ) n n

5; Two perts % n 18" w50 ®w W "

4. ] n - H " 18 n n ) 100 n " )

5. (Check) Lime alone w100 " n

6-10. A repetition of the sbove with flour in place of lime,

Beetles.— The beetles were collected four days previous to
poisoning and were &ll kert in one 2 qt. fruit jar containing soddy seil and
a screen top. The day before poisoning, 3¢'s and 2 males were placed in
each of ten 5-oz., glass-topped salve tins and given turnip leaves which
they ate guite readily.

Procedure.— The food, both turnip leaves and peppergrass, was
poisoned Sept. 2 soon after 8.00 a.m. Plots, 3 s8q. y#d. in area, were
marked out on & well-clipped tennis court. A piece of turnip leaf =nd
snother of pepper-grass was laid on each plot and the dust screened on
through a 40 mesh screen. The poisoned food was left there for 48 hours

and then removed and fresh leaves put in in their stead.
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Table X1

Adults Killed by Various Poisoned Dusts.

No. After 48 hours After 72 hours After 144 hours Total
1 0 0 16 & 29; other 2 quite active. 3
2 0 e : 19; other 2¢ active but crippled;

other & quite active, 2

3 14 29 0; two left are crippled. 3

4 o I¢ & 29 19; other ¢ slightly crippled. 4

5 0 0 0 0

5] 9] 1< 59; other @ quite active. 4

7 2F 0 39 5

8 0 0 %9 & 19; other & active. 4

9 0 19 & 29 0; 13 crippled; ¢ active. 3

10 0 0 0 0

The results as far as rate of spreading and strength of poison

are concerned, are too varied to be conclusive. The flour, however, gave

slightly better results than the lime, though the latter was also reasonably

effective.

If beetles are sufficiently congregated during the early summer
attack, poisoning at that time would prevent oviposition. It appears,
however, from table I, that the greater concentration cccurs during the
autumn, and if control measures are appliéd early in August, the numbers
could be greatly decreased before many eggs had been 1laid. Dusting is
best done during early morning of a warm day when the beetles are just
beginning to feed and while the dew is present to hold the particles of
dust. ©praying could be done as effectively during the late afterncon on

a day when the temperature (in the shade) has reached a maximum of at least

8OOF,
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The Effect of Plowing Down the Eggs of E. donidig,

In 8 lsboratory experiment, larvae from eggs buried even ss
deeply as one inch did not reach the surface of the soil, Eggs of sdonidis,
200 in number, were placed in each of seven tins and left in a well-
protected location in the woods throughout the winter. In the first tin
the eggs were barely covered with soil, in the next they were buried to a
depth of one inch and successively one inch deeper in each of the
remaining five tinss. The next spring larvae haiched from 171 of the eggs
buried at the surface, but no.larvae were discovered in any of the other
tins. In a similar experiment using eggs of}?:d-backed cutworm, Euxoa
cchrogaster Gn.,’the newly hatched cutworms reached the surface from a
depth of four inches. It may be concluded, then, that thoroughly plowing
down the eggs of adonidis would result in the destruction of practically

all of either the eggs or the larvae. This may be the mejor reason for

the disappearanc€ of infestations from fields in which annual crops are

ETOWha
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SUMMARY

From the studies made by the writer the following facts
have been established:~
1. Crops usually are not attacked by the larvae, this stage appearing very
early in May and reaching maturity early in June, adonidis preceding
externa by just a few days. Two attacks arée made by the adults, one for
a short period du:ing the latter part of June and the other beginning
about Aug. 10 and continning until late autumn. The beetles aestivate for
a period of about five weeks between these two attacks, sexual maturity
being reached during that time. Eggs are laid during the autumn but do
not hatch until spring, this diapause lasting fully eight months for the
first eggs laid. There is, as the above statements indicate, only one
generation per year. '
2. Outbreaks of adonidis appear with little warning and disappear as
quickly. The increase is easily accounted for under favourable conditions
by the enormous fecundity, the females being capable of laying aver
500 eggs, one in captivity having laid 991. The rapid decrease may be due
to the hatching or desiccation of eggs during the autumn, aided by larval
mortality in the spring. Autumn or very early Spring plowing is believed
to account for the checking of many outbresks.
3. The population of externz changes much-more gradually. This éppears to
be due to the smaller number of eggs laid {an average of about 400) and to

a greater rate of larval mortality counteracted by a greater resistance

of the eggs to conditionscausing autumn hatching.
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4, Only cruciferous crops are attacked. Both larvae and adults of

extefna have two periods of feeding on warm days, one during early morning
and another during late afterncon. Temperatures of feedigg are given,
Larvae of adonidis are helieved to feed at sbout the same temperatures

s externa. They are NOT nocturnal feeders.

5. A poisoned dust composed of 1 part Paris green to 19 parts flour, spread
at the rate‘of 100 1bs. per acre, was the most effective against adults of
externa. Lime can be used instead of flour but is slightly less effective.
A dusgt of 1 part Paris green to 19 parts lime at 50 lbs. per acre was in-
effective against larvae of both species,_the lime appearing to act as a
deterrent,

8. A fungous disease destroyed a larva of externa in the laboratory in 1931

and three died of a bacterial disease. FPredators and parasites have not
been observed to attack either sﬁecies;

7. There are three larval instars of externa and four of adonidis. The
larvae of both species are figured end described in detail. The larvae
of the two species are very similar in superficlal appearance, but can
easily be distinguished by a comparison of the antennae, those of externa
being one-jointed énd those of adonidis three-jointed. Other important

differences between these species and other more closely allied species are

included in the section on morphology.
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