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Entomological Society of Ontario

REPORT OF THE COUNCIL

The Council of the Entomological Society of Ontario begs to present its re-

port for the year 1928-1929.

The sixty-fifth annual meeting of the Society was held at the Ontario Agricul-

tural College, Guelph, Thursday and Friday, November 15th and 16th, 1928.

The morning and afternoon meetings were held in the lecture room of the

Department of Entomology, the public lecture in Memorial Hall and the smoker
in the Faculty Club room.

The meetings were well attended by members of the Society and by a number
of visitors.

During the course of the meeting the following papers were presented :

—

Commencing Thursday Afternoon, 1.30 o'clock.

"The Present Status of the Corn Borer Parasites in Canada"—A. B. Baird, Entomo-
logical Branch, Chatham, Ontario.

"Laboratory Breeding of the European Corn Borer (Pyrausta nubilalis Hubn.) with
Special Reference to Equipment and Cages"—L. J. Briand, Entomological Branch, Chat-
ham, Ontario.

"Notes on the Life History of the European Corn Borer in Ontario"—G. M. Stirrett,

Entomological Branch, Ontario.

"Corn Investigations in Relation to the European Corn Borer at Michigan State
College Corn Borer Experimental Station"—A. R. Marston, Monroe, Michigan.

"The Percentage and Number of European Corn Borers Wintering in the Parts of
Corn Stalks below the Surface of the Ground"—R. W. Thompson, Ontario Agricultural
College, Guleph.

"The Corn Borer Situation in Ontario in 1928"—L. Caesar, Ontario Agricultural Col-
lege, Guelph.

"A Method of Preparing Entomological Exhibits"—A. A. Wood, Entomological
Branch, Strathroy, Ontario.

"Laboratory Breeding of Microgaster tibialis Nees"—W. E. Steenburgh, Entomologi-
cal Branch, Chatham, Ontario.

Meeting adjourned.

Public meeting commenced, Thursday evening, 7.45 o'clock. .

Dr. G. I. Christie, President Ontario Agricultural College, Chairman.

"The Economic Field in Entomology"—Dr. A. C. Baker, Bureau of Entomology,
Washington, D. C.

Meeting adjourned.

Meeting commenced again Friday morning, 9 o'clock.

A symposium on the more injurious insects of 1928 in Canada :

—

British Columbia '. E. R. Buckell
Alberta H. L. Seamans and E. H. Strickland
askatchewan Ellis McMillan

Manitoba Norman Criddle and A. Y. Mitchener
Ontario W. A. Ross and L. Caesar
Quebec '. C. E. Petch
New Brunswick R. P. Gorham
Nova Scotia F. C. Gilliatt and W. H. Brittain

"Notes on the Biology and Life History of the Mexican Bean Beetle in Ontario"

—

G. M. Stirrett, Entomological Branch, Chatham, Ontario.

"Notes on Miasis of the Urinary Passage caused by Larvae of Fannia"—J. D. Det-
wiler, University of Western London, London.

"Value of Trap Crops in Controlling Wheat Stem Saw fly"—H. L. Seamans, En-
tomological Branch, Lethbridge, Alberta.

"Notes on the Hemlock Looper"—J. J. deGryse, Entomological Branch. Ottawa.

Meeting adjourned.

Meeting commenced Friday afternoon, 2 o'clock.
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"Notes on the Life History of the Oriental Peach Moth"—T. Armstrong. Entomo-
logical Branch, Vineland Station, Ontario.

"The Present Status of the Oriental Peach Moth Parasites in Ontario with Special
Reference to Trichogramma minutum"—C. \V. Smith, Entomological Branch. Chatham,
Ontario.

"The Present Status of Insecticidal and Biological Control for the Oriental Peach
Moth"—Alvah Peterson, Ohio State University, Columbus. Ohio.

"Large Scale Production of the Egg Parasite Trichogramma minutum"—Geo. Wis-
hart, Entomological Branch, Chatham. Ontario.

"The Red Spider or Common Spider on Bush Fruits"—W. G. Garlick, Entomological
Branch, Vineland Station, Ontario.

"The Apple Maggot Outbreak in Ontario in 1926-1928"—L. Caesar, Ontario Agricul-
tural College. Guelph.

"The Codling Moth"—J. A. Hall. Entomological Branch, Vineland Station. Ontario.

The Meeting adjourned.

The Canadian Entomologist, the official organ of the Society completed its

sixtieth volume in December last. The volume contained 308 pages, illustrated

by twenty-five full page plates and thirteen original figures. The contributors to

these pages numbered forty-two and included writers in Ontario. Quebec. Mani-
toba. Alberta. British Columbia, New Brunswick, Saskatchewan and also sixteen

of the United States.

It is with deep regret that the Council records the death of Mr. J. A. Flock,

who for the past nine years has been lecturer in Entomology at the Ontario
Agricultural College. Mr. Flock was formerly Society Librarian and Curator of
the Society's collections. He died in July of 1929 after a long and painful illness.

REPORT OF THE CURATOR AXD LIBRARIAN

The Society's collections have been examined from time to time and the nec-

essary steps taken to prevent injury from museum pests. At the present time

they are in good condition.

During the past year the Society's Library has been transferred to the new
ground floor of the Ontario Agricultural College Library. This has greatly in-

creased the accommodation available for the Society's Library. For a number
of years back the Society's Library has been in such crowded quarters that proper
arrangement has been impossible. A start has already been made in re-arrang-

ing the whole library and it is planned to continue this during the coming year.

Attempts will be made to bring up to date any periodicals which are incomplete.

When the re-arrangement is completed, it is hoped a statement of available pub-

lications will be prepared and sent to all members.

During the past year numerous additions have been made to the Society's

Librarv.

INSECTS OF THE SEASON 1929 IN NOVA SCOTIA

F. C. GlLLIATT,

Dominion Entomological Laboratory. Annapolis Royal, N.S.

Orchard Insects

Green Apple Aphid (Aphis pomi DeG.)—During the month of July the

green apple aphid became prevalent and widespread in the Annapolis valley. It

was the opinion of most observers that had there been the average precipi-

tation during July and August, or sufficient to have produced a tender growth
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of foliage, an outbreak would have occurred similar to the one in 1927. Parasites

and predators became numerous including syrphus fly larvae, lady-bugs and a
mirid adult (Atractotomus mali Meyer).

Rosy Apple Aphid (Anuraphis roseus Baker).—The eggs began to hatch
on April 28. The nymphs were widespread over the fruit belt and where nicotine

was omitted in the delayed dormant and early sprays some injury occurred.

Wooly Apple Aphid (Eriosoma lanigera Hausm.).—There was very little evi-

dence of this insect in 1929.

Black Cherry Aphid (Myzus cerasi Fab.).—This aphid was only present in

very small numbers at a few points in the Bear River cherry district.

Apple Red Bug (Lygidea mendax Reut.).—The nymphs were observed in

several localities but not in sufficient numbers to cause damage.

Green Apple Bug (Lygus communis Knight).—This insect is considered
among the major orchard pests of the Annapolis valley, ocurring periodically.

During 1927-28 there were decided indications of an upward swing of this species

and preparations had been made by many growers to pursue vigorous control

measures in 1929. An undetermined natural control factor or factors intervened,

but this control was not general in every section of the Annapolis valley. In the

Roundhill district, which experienced an outbreak in 1928, the nymphs in many
orchards could only be found by diligent search during the present season. Some-
what similar circumstances were observed in other districts. However, there were
orchards to be found in other parts of the Annapolis valley where the insect ap-

peared as numerous as in 1928. Viewing the situation as a whole, this pest was
not nearly so troublesome as the previous year.

Brown Tail Moth (Nygmia phaeorrhoea Don.).—Xo winter webs of the

brown tail moth were collected as result of the scouting in 1928-29.

Green Bud Worm (Argyroploce variegana Hbn.)—More reports were re-

ceived concerning this insect than the previous year and moderate infestations

occurred at Wolfville, Bedwick and Spa Springs.

Cigar Case Bearer
(
Haploptilia fletcherella Fern.)—The infestation of this

insect was general over the entire fruit belt and considerable leaf injury occurred

in the early spring in many orchards. Where numerous the cases were also ob-

served upon the apple surface with small injuries produced upon the fruit.

Codling Moth (Carpocapsa pomonella L.)—Less in evidence generally than

in 1928. In one orchard near Canning, side injury to the fruit caused by the newly
hatched larvae was observed.

European Apple Sucker (Psyllia mali Schmid.)—The spread of the apple

sucker westerly on the peninsula of Nova Scotia has not been so rapid as in other

directions. In 1929 the most westerly point was at Stony Beach a few miles

west of Annapolis Royal. Although there has ocurred some severe infestations at

various points in the Annapolis valley, the insect, generally speaking, has given

less concern this year than in the previous year. The general use of nicotine in

the delayed dormant and other early sprays have materially assisted in reduc-

ing this pest.

Tent Caterpillar (Malacosoma amcricana Fab.)—Not present in sufficient

numbers to be of any economic importance.

Oyster Shell Scale (LepidosapJics ulmi L.)—The scale has apparently de-

clined during the past season, no reports were received of its presence in numbers
to cause material injury.

Serpentine Leaf Miner (Ncpticula pomivorella Pack.)—This is a species

common upon the apple and more numerous in orchards receiving little or no
sprays. At its worst it is one of the minor fruit insects.



8 THE REPORT OF THE

Eye-Spotted Budmoth (Spiloiwta ocellana D. & S.)—Without hesitation

decided improvements can be recorded when considering this one time threatening

pest. This is indicated by the marked improvement when examining the fruit

for side injury in practically all the warehouses and noting the clean fruit in this

respect in comparison with a few years ago. A considerable number of parasites

attacking this insect were found during the winter of 1928-29. These parasites

(undetermined) do not prevent the larvae from spinning their hibernacula in the

usual manner, but early in the winter all that remains of the larva is the head
capsule, the hibernaculum being completely occupied by the minute hymenopterous
parasites. More parasites were also obtained from hibernating larva after they

emerge in the spring than in previous years. This indicates that parasites are now
probably exerting some considerable measure of control. Nicotine however, is in

general use and still remains the growers' most reliable source of protection.

White Triangle Leaf Roller (Cacoecia persicana Fitch).—Such vigorous

measures of control have been conducted against this insect in the worst infested

orchards that this leaf roller has caused less injury to fruit in 1929 than in the

previous year.

Grey Baxded Leaf Roller (Eulia mariand Fern.).—In the few sod mulch
orchards where this leaf roller has become established, marking of the fruit was
again pronounced. This is a species that spreads rather slowly but under favor-

able environmental conditions is capable of becoming a serious orchard pest.

European Red Mite (ParatetranycJms pilosiis C. & F.).—This pest must
be considered a major one in the Annapolis valley. During 1929 severe infesta-

tions were common in many districts and judging by the numerous winter eggs

that have been deposited there will be no reduction in 1930. It is a habit of the

mites to lay numerous winter eggs upon the fruit, especially about the calyx. The
dormant oil spray was used by man}- growers in the spring of 1929 and although
good results were obtained, the mite, by its great reproduction, increased to a
marked extent during the late summer. In many instances it therefore becomes
necessary for these growers to use oil spray again in 1930. In a few instances

some unknown natural factor has reduced the mites materially.

Tctvanychus flamis Ewing.—Only a few observations were made during the

summer, but the mites were apparentlv more numerous" at Annapolis than during
1928.

Fall Canker Worm (Alsophila pomctaria Harr.).—About the usual number
of outbreaks during 1929, occurring almost invariably in neglected or semi-

neglected orchards.

The Dusky Leaf Roller (Amorbia humcrosana Clem.).—This leaf roller,

which was first observed in 1926, has become quite common in apple orchards m
the vicinity of Annapolis. Previous to 1929 the larvae were observed only as leaf

feeders, but during the present season feeding upon the fruit has been quite pro-

nounced. As the life history is similar to the grey-banded leaf roller, the insect is

liable to become a pest of considerable importance in sod mulch orchards.

Green Fruit Worms (Various species)—The green fruit worms which are

found in small numbers in most orchards were about of average importance dur-
ing 1929.

Oblique Banded Leaf Roller (Cacoecia rosaceana Harris).—There was
apparently a greater dissemination of this leaf roller than usual and the larvae

could be found in most orchards. On account of the small numbers the damage
caused has been of minor importance. The larvae were parasitized heavily every-

where.

Plum Curculio ( Conotrachelus nenuphar Hbst).—There was considerable
loss to both plums and cherries at Annapolis Royal. The insect was also respon-
sible for development of brown rot on these fruits.
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Tussock Moths (Rusty and White Marked).—Many complaints were re-

ceived during July and August, of the presence of small hairy caterpillars gnaw-
ing small holes into the growing fruit, which wherever examined proved to be

Tussock Larvae. These insects are widespread with increases to be noted in

many localities since 1928, with appreciable damage to some orchards.

The Rose Leaf Hopper (Empoa rosae Linn.).—The hoppers were wide-

spread and more prevalent in apple orchards than since 1926. The foliage in

many instances was white blotched to a considerable degree.

Apple and Thorn Skeletonizer (Hemerophila pariana Clerck.).—Al-
though this skeletonizer has only been observed in Nova Scotia for a few years it

has spread rapidly over the entire fruit belt as well as other outlying areas. Para-

sites were numerous and assisted materially in lessening its depredations, but the

second brood larvae, generallv speaking, were slightlv more numerous than in

1928.

The following insects have been recently identified, the larvae of which have
been observed feeding on apple: Argyroploce bipartitana Clem., Cacocia pur-
purana Clem., Sparganothis idaeusalis Wlk., Cacoecia fractivittana Clem., Spar-
ganothis sulfureana Clem., Cryptolcchia tentoriferella Clem., Campaea perlata

Gn., and Ancylis apicana Wlk. The writer has been unable to find records which
would indicate that these species have been previously reported from Nova Scotia

orchards.

Field and Garden Insects

Carrot Rust Fly (Psila rosae Fab.).—Injured carrots were found at least

in small numbers, in manv fields. About the average amount of injury occurred
during 1928.

Wireworms (Agriotes mancus et. a!.).—Xo serious damage from wireworms.
although observed to be quite abundant in several localities at harvest time.

Slugs.—Due probably to the drier conditions, this pest was not nearly so

numerous as in 1928.

Corn Ear Worm (Heliothis obsolcta Fab.).—The larvae of the corn ear

worm was only observed in one field near Bear River during 1929.

Colorado Potato Beetle (Leptinotarsa dccemlincata Say.).—The adults

were more prevalent than usual in the early spring, and eggs were deposited free-

ly upon weeds, sticks, grass, etc.

Tarnished Plant Bug (Lygus pratensis L.).—There was a decided drop in

the tarnished plant bug population in comparison with 1928.

Cucumber Beetle (Diabrotica vittata Fab.).—This beetle was prevalent in

gardens during June on seeding cucumbers and squash. During late July and

August the adults wTere particularly numerous, especially on corn, and were fre-

quently observed eating the silk of the ear.

Strawberry Weevil (Anthonomus signatus Say).—This species was re-

sponsible for considerable danger at Smith's Cove.

Zebra Caterpillar (Ceramica picta Harr.).—Throughout the. summer cater-

pillars were frequently observed feeding upon various garden crops. In one
instance at Roundhill an arsenical dust was applied to prevent complete defoliation

of a turnip field.

The Black Vine Weevil (Braehyrhinus sitleatus Fabr.).—The grubs of

this weevil were numerous at Smith's Cove attacking strawberries, and serious

loss resulted to a few growers, especially to second year fields. The grubs eat off

the fibrous roots and also feed to a certain extent upon the crowns at the base.

In one large field whole rows were nearly devoid of living plants by blossom time.

The Common Red Spider (TetranycJius telarius Linn.).—This species of

mite was prevalent upon cultivated strawberry at Smith's Cove.
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European Corn Borer (Pyrausta nubilalis Hbn.).—Resulting from the corn
borer scouting, this much dreaded species was found for the first time in Nova
Scotia in 1929. Although present in only small numbers, it was widely scattered

in Yarmouth, Digby, and Annapolis counties. It is apparent that this is the two-
brooded strain, the same as in the New England States. In Nova Scotia the sec-

ond brood adults were emerging during late August. Late in October first brood
larvae were found in small numbers in the Bear River district, these varying from
very small probably second instar larvae, to apparently mature or nearly mature
forms. It would appear doubtful if the smaller ones woul/i survive the winter in

Nova Scotia. Diligent search upon the surrounding weeds revealed no presence
of the larvae.

Potato Flea Beetle (Epitrix cucumeris Harr.).—Potato and newly set

tomato plants were severely attacked in many localities.

The Cabbage Looper (Autographa brassicae Riley).—This looper was ob-

served feeding on cabbage in considerable numbers at Annapolis.

Turnip Aphid (Rhopalosiphum pseudobrassicae Davis).—This aphid was
common with some slight injury to the turnip crop at Deep Brook.

Cutworms—Although no reports of material damage were received cutworms
hecame somewhat more common than in 1928.

Cabbage Root Maggot (Hylemyia brassicae Bouche).—From Lunenburg
county reports were received that some cabbage fields suffered a fifty per cent loss.

Miscellaneous Insects

The Maple Leaf Cutter ( Paraclcincnsia acerifoliella Fitch).—The larvae

of this forest insect were found feeding extensively upon apple foliage in an
orchard in Lunenburg county. The orchard was surrounded by a maple grove
also infested, and from which the larvae had probably migrated. It was not de-

termined if the species bred on the apple.

Larch Case Bearer (Haploptilia laricella Hb.).—Severe defoliation of the

larch was in evidence in many localities in Hants, Kings and Annapolis counties.

Where groves of this tree were found, the defoliation was more pronounced than

where single or a few trees stood alone.

Raspberry Saw Fly (Monophadnoides rubi Harris).—The larvae during

June were observed at Annapolis feeding upon raspberry foliage.

An unknown species of saw fly larvae was observed defoliating alder trees

during the summer at several points in Annapolis county.

A leaf roller was observed feeding extensively on oak at Perotte, Annapolis,

L'Equille, and other places in the south woods during September. The mature
larvae resembled those described and illustrated by S. W. Frost as Stenoma
algidella Wlk., in Extension Circular Xo. 96, from Pennsylvania.

Bees, wasps and other related insects were more numerous throughout the

summer of 1929 in the Annapolis valley than previously observed for some years.

INSECTS OF THE SEASON 1929 IN NEW BRUNSWICK
R. P. Gorham, G. P. Walker and L. J. Simpson

Dominion Entomological Laboratory, Fredericton, N.B.

Field Crop and Garden Insects

Pea Moth ( Laspeyresia nigricana Steph.).—The pea moth was present in

moderate numbers in the Fredericton district.

Cabbage Aphid (Brevicoryne brassicae L.).—A field of cabbage at Sackville

was severely injured by the cabbage aphid, a somewhat uncommon insect. It was
seen in small numbers in the Maugerville and Sheffield market garden district.
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Carrot Rust Fly (Psila rosae Fab.)-—Owing to a late spring, carrot plant-

ing was delayed much later than usual. Few carrot seedlings were through the

soil when the spring generation of carrot rust flies appeared ; in consequence, the

infestation was light. Outside of town gardens, the insect was decidedly scarce

and on farms a good crop of carrots was harvested.

European Corn Borer (Pyrausta nubilalis Hbn.).—The European corn

borer was not found on any of the five farms where it occurred in 1928. It was
found on five other farms ; one in Charlotte county, two in Sunbury county and
two in Queens county. Only a few hills were found infested on any farm.

Potato Stem Borer (Hydroecia micacea Esp.).—The potato stem borer

insect continues to be one of the most common pests in town gardens. Corn,
potatoes and rhubarb are the favored host plants but many others are subject to

attack. Specimens were received from Campobello Island, extending its known
range in New Brunswick. Ninety-four larvae were taken from six three-year

old rhubarb crowns on Julv 5. Moths were taken at trap light Julv 29 to August
28.

Imperial Cabbage Worm (Pieris rapae L.).—The green larvae of the

imported cabbage worm were moderately common in all gardens where cabbage
or cauliflower were grown.

Cabbage Looper (Autographa brassicae Riley).—Cabbage looper larvae were
not noticed until very late in autumri and then were of very small size.

Diamond-Back Moth {Plutella maculipennis Curtis).—The diamond-back
moth insect was decidedly scarce in New Brunswick in 1929.

Purple-Backed Cabbage Worm (Evergestis straininalis On.).—The larvae

of the purple-backed cabbage worm insect seem to be particularly fond of horse-

radish foliage. They stripped many plants in late September. Defoliation of a

field of white turnips by these caterpillars was noted in Queens county and slight

injury to cabbage in a Fredericton garden.

Striped Cucumber Beetle (Diabrotica vittata Fab.).—The striped cucum-
ber beetle though generally a common insect was very scarce in most parts of New
Brunswick. It was only seen in three places, miles apart, during the summer.

Tarnished Plant Bug (Lygus pratensis L.).—Another usually common
insect which was somewhat scarce in the Fredericton district in 1929 wa sthe tar-

nished plant bug.

Four-lined Plant Bug (Poecilocapsus lineatus Fab.).—Various ornamental
shrubs were injured by the four-lined plant bug in spring. It seems to be particu-

larly common in Fredericton gardens.

Root Maggots (Hylemyia Spp.).—Very little injury by cabbage root maggot
or seedcorn maggot was noticed during the year. Swede turnips were injured

to some extent by a root maggot in late spring.

Turnip Aphid (RhopalosipJium pseudobrassicae Davis).—White turnips in

portions of Queens county were injured by aphids in September.

Bronzed Cutworm (Nephelodes emmedonia Cram.).—The bronzed cut-

worm insect did not cause as much local injury on the Tantramar dyke lands as in

1928 but was present over a larger area. The estimate of injury was 50 acres

completely stripped, 1,300 acres partially stripped and 20 square miles infested to

some extent.

Greasy Cutworm (Agrotis ypsilon Rott.).—Potatoes, turnips and sunflow-
ers were injured by the greasy cutworm in July. The insects were most numer-
ous in the Fredericton district of York county but were also noticeable in other

countries. Injury to potatoes amounted to an average of 7.5 per cent, of the

plants cut in a valley 40 miles long by 4 miles wide. Several fields of turnips and
sunflowers were completely destroyed.
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Zebra Caterpillar (Ceramica picta Harr.).—After being scarce for a num-
ber of years, the zebra caterpillar insect appeared in outbreak form on farms in

the Maugerville and Russiagornis districts attacking turnips, beets, mangels, cab-

bage and potatoes. They were also common on the silk of sweet corn but did not

appear to cause much injury to the corn plant.

Forest and Shade Tree Insects

Rusty Tussock Moth (Notolophus antiqua L.).—This inset was observed

this season but not in outbreak form.

Birch Skeletonizer (Buccidatrix canadensisella Chamb.).—This insect

appeared in outbreak form this season, its distribution being quite general

throughout the province and the damage to birch foliage very noticeable.

Birch Sawfly Leaf-Miner (Phiebatrophia mathesoni MacG.).—This in-

sect appeared again this season in outbreak form and severely damaged the foliage

on white and grey birches throughout the province of New Brunswick.

Black-Headed Budworm (Peronea variana Fern.).—This insect was dis-

covered in outbreak form for the first time in Eastern Canada this season. Large
areas of spruce and balsam on Cape Breton Island, Nova Scotia, were severely

damaged by this defoliating insect.

Felted Beech Coccus (Cryptococcus fagi Baerns.)—This insect has been
active in Nova Scotia for a number of years and large areas of beech have been

killed. It was first discovered in New Brunswick in 1927. A survey of the

beech areas conducted in 1928 showed the insect to be widely distributed in West-
morland and Albert Counties, N.B., and also on Prince Edward Island. Ap-
proximately 8,000 acres were found affected by coccus in New Brunswick. An-
other survey of the same area in 1929 showed the insect was spreading north and
that the beech trees in some of the more heavily infested stands were beginning

to die.

Larch Case Bearer (Haploptilia lariceUa Hbn.).—In Nova Scotia this

insect severely damaged the foliage of larch this season but the infestation in New
Brunswick was much lighter, slight injury being noticed only in the southern

portion of the province.

Larch Sawfly (Lygaeoncinatus crichsoniae Hartig).—Injury by this insect

was not observed in any part of New Brunswick this season.

Spiny Elm Caterpillar (Aglais antiopa L.).—The injury to elms caused

by the caterpillars of this insect was about average this season. No severe out-

break was reported.

Spruce Gall Aphids (Chcrmcs Spp.).—These insects were very abundant

this season on young growth spruce trees throughout the province.

White-Marked Tussock {Hem crocampa Icucostigma A. & S.).—This in-

sect was reported from different parts of the province as causing damage to

shrubs and ornamental trees but was not active in outbreak form, although it ap-

pears to be increasing in New Brunswick.

Fruit Insects

Apple Aphid (Aphis pomi DeG.).—This insect appeared generally through-

out the province. In some sections it became so numerous as to attack the fruit,

necessitating control measures being taken.

Apple Leafhopper (Empoasca mall LeB.).—Several heavy infestations of

this hopper were noted at Queenstown, Hampstead and Evandale in the lower

fruit section of the St. John River Valley and also in the Moncton section of

Westmorland county.

Apple Maggot (Rhagoletis pomonella Walsh).—Severe outbreaks of this

insect appeared in sections of the province where it has been present for some



ENTOMOLOGICAL SOCIETY 13

years. It was also noted as having spread to sections where it has never been
noted previously, although in such places the infestations were not severe.

Brown-Tail Moth (Nygmia phaeorrhoea Donovan).—A male moth of this

species was captured in a moth trap at Fredericton by Mr. R. P. Gorham on the

night of July 16.

Buffalo Treehopper (Ceresa bubalus Fab.).—Although several infestations

of this insect in the Gagetown and Burton section have died out, new scars and
eggs were found in quite large numbers in the French lake section of Sunburn-
county.

Cigar Case Bearer ( Haploptilia fletcherella Fern.).—A severe outbreak of
this insect was noted at Chartersville, near Moncton, and several lighter infesta-

tions in Sunbury county.

Codling Moth (Carpocapsa pomonclla L.).—Althuogh a heavy outbreak of

codling moth was noted in Northumberland county in an unsprayed orchard, only

occasional signs of it could be found in sections where orchards receive spray

treatments.

Eye-Spotted Bud Moth (Spilonota ocellana D. & S.).—Two quite severe

outbreaks of this insect were noted in the Moncton section. In the St. John
River valley it has, apparently increased to some extent. A severe infestation

was reported from Albert county.

European Red Mite (Paratetranychus pilosus C. & F.).—This pest has

never before been noted in more than incipient numbers in the province but made
its appearance this year in several orchards of the St. John valley in such num-
bers as to discolor the foliage. Investigation during September and October
proved it to be in general heavy outbreak form in the St. John River valley from
Springhill to Welsford and also in the Moncton section. Large numbers of

winter eggs are to be found in all sections, pointing to a serious outbreak next

year.

Fall Canker Worm (Alsophila pometaria Harr.).—No signs of this insect

have been notd this year.

Fall Webworm (Hyphantria ciinea Drury).—The records show that this

insect has been gradually increasing since 1926. It was noted as more prevalent

this year than at any time since that date.

Fruit Worms.—These fruit feeders have been increasing gradually in the St.

John valley until this year when their work has been noted in such quantity as to

cause some alarm.

Green Apple Bug (Lygns communis var. iiovascoticnsis Knight).—This

insect, which was present in serious outbreak form at Shediac in Westmorland
county last year was well controlled by the spray method this year. Its work in

other sections of the province was noted as possibly less than in 1928.

Lesser Apple Worm (Laspeyresia prunivora Walsh).—The lesser apple

worm has been present in small numbers throughout the province generally for

several vears. This year it was noted as having increased greatly in an orchard

in the French lake district of Sunbury county and another orchard at Springhill.

York county. Both orchards had been well sprayed.

Eastern Tent Caterpillar (Malacosoma americana Fab.).—In all parts

of the province this insect is apparently increasing. It was noted as extremely

abundant at Fox Creek, Westmorland county, and as considerably increased in

the French Lake section of Sunbury county.

Oyster-Shell Scale (Lepidosaphes idmi L.).—Considerable trouble has

been caused the fruit growers of the province by this pest this year and in spite of
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stringent control measures by some growers, considerable was infested. The
increase seems general in the St. John valley south of Springhill and in the
Moncton section.

Pear Leaf Blister Mite (Eriophyes pyri Pagnst.).—Several local infesta-

tions of this pest were noted at Queenstown, Queens county, in the Moncton
section and at Maple Grove, Northumberland county.

Pear Slug (Eriocampoidcs limacina Retz.).—A few cherry and plum trees

in and near Fredericton, and some plum trees at Maple Grove, Northumberland
county, were infested.

Plum Curculio (Conotrachelus nenuphar Hbst.).—No serious infestations

of this pest have been noted this year but its work is still very noticeable in apple

orchards of the St. John valley, especially in Sunbury and Queens counties.

Red-Humped Caterpillar (Schizura concinna S. & A.).—Only one cluster

of the larvae of this moth was noted by the writer this season. This cluster was
seen at Burton, Sunbury county.

White-Marked Tussock (Hemerocampa leucostigma S. & A.).—This in-

sect is continuing to increase generally throughout the province.

Yellow-Necked Caterpillar (Datana ministra Drury.).—Occasional clust-

ers of the larvae of this moth were noted in the St. John valley between Spring-

hill, York county and Burton, Sunbury county; also, in the French Lake section

of Sunbury county and in the Moncton section in Westmorland county.

INSECTS OF THE SEASON 1929 IN QUEBEC

Prof. Georges Maheux

Provincial Entomologist, Quebec and

C. E. Petch,

Entomological* Laboratory, Hemmingford

This past season has not witnessed very serious damage due to an excess of

injurious insects in Quebec. The situation was a little above normal because a

great variety of moderately noxious species were found on a large diversity of

hosts. The outstanding entomological feature of the season was undoubtedly the

abundance and agressiveness" of plant lice which were sometimes quite hard to

control. The following review takes into account only the most important insect

pests recorded by both federal and provincial men.

Fruit Insects

Green Apple Aphis (Aphis pomi Deg.).—These insects appeared on open-

ing apple buds during the latter part of April. Their spread was quite general in

the apple growing districts which necessitated spraying for their control. This

is not usually necessary in Quebec.

Cherry Case-Bearer (Coleophora pruniella Clem.).—This well known pest

causes serious injury to apple foliage every year, especially in localities surround-

ing Montreal. Although it is widely distributed, our most important apple grow-

ing districts are not seriously affected. In the districts where it was abundant,

the trees were seriously defoliated. No artificial means of control have given

satisfactory results so far. At the present time, hymenopterous parasites are

preventing an epidemic of this species.

Apple Bud Moth (Spilonota ocellana Schifr).—According to our observa-

tions there was an increase in this species this year. This has been the situation

for the past several years and a serious outbreak may occur in the near future.
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Codling Moth (Carpocapsa pomonclla Linn.).—The codling moth, while

distributed over the province, has not been a very serious pest to apple in the past

several years. In a few districts very serious losses are sustained every year

from the new brood or the side-worm. For success in its control the late sum-
mer sprays must be timed correctly.

Apple Curculio (Tachypterellus quadrigibbus Say).—The apple curculio

has been especially injurious in south-western Quebec. It was the most injuri-

ous pest to apples this year. The losses were especially heavy in the Abbotsford
and Rougemont districts. Where spraying does not control the curculio, it is

recommended to place hogs in the orchards following the June drop.

Round-Headed Apple Tree Borer (Saperda Candida Say).—The losses

from this insect have been very large in the past. However, since the discovery,

at the Hemmingford laboratory, of its simple control by Calcium Cyanide-Oil
mixtures, its numbers have been very materially reduced due to the wide applica-

tion of this remedy by the growers themselves or through the cooperation of the

fruit instructors.

Apple Maggot (Rhagoletis pomonclla Walsh).—There were no serious out-

breaks of this insect this year in the commercial apple growing districts because of

the wide application of special arsenical sprays which are necessary for its control.

Strawberry Weevil (AntJwiwinus signatus Say).—This species is slowly

invading the strawberry growing district surrounding Quebec city. In some fields

damages amounting to 40% of the crop were suffered. Early applications of

arsenate of lead have proved successful in most cases against this pest. Actually

the Island of Orleans is the seat of its operations.

Shade Tree and Forest Insects
Hemlock Looper (Ellopia fiscellaria Gn.).—Balsam fir pulp wood stands

along the north shore of the St. Lawrence were not so seriously injured this year

as in 1928. In several areas, the outbreak has died away very noticeably but one
large infestation has continued with also undiminished intensity. Experimental
aeroplane dusting on a large scale was carried on this season with very gratifying

success, through the cooperation of all interested parties and under the direction

of Dr. J. M. Swaine.

Sawfly Injury to Jack-Pine. -A sawfly allied to Neodiprion banksiana,

but not yet identified definitely, has caused extensive injury to jack-pine forests.

This outbreak has given rise to a great deal of uneasiness in certain areas of

western Quebec.

Maple Leaf Cutter (Paraclemcnsia accrifoliclla) .—In most parts of south-

western Quebec, the outbreak of Maple Leaf Cutter was very considerably re-

duced during the past season.

White-Marked Tussock Moth (Hcmcrocampa Icucostigma S. & A.).—

A

serious outbreak of this species was witnessed in Montreal and Quebec districts

two years ago. Hymenopterous and dipterous parasites were then actively at

work and, due to their activities, very few tussock caterpillars were seen in 1928.

Though still rare in Montreal, they have shown a large increase in Quebec city

this year. With fewer parasites observed, a serious outbreak may be expected in

the latter city for 1930.

Spring Elm Caterpillar (Vanessa antiopa L.).—Although this species

never develops in serious outbreaks, elms are partly defoliated in some years as

was the case in Quebec city in 1929. This condition shows a large increase over

the last year.

Farm and Garden Insects

The Cabbage Butterfly (P. rapae Linn.), was very common during the

season, the larva feeding on horseradish, turnip, cabbage, and cauliflower.

Spraying was necessary in many cases.
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The Cabbage Maggot (Hylcmyia brassicae Bouche). was quite common in
the Farnham district, causing severe injury to cabbage and cauliflower.

The Onion Maggot (Hylcmyia antiqua Meig.), was still a serious pest on
onions in all districts.

The Horseradish Flea Beetle (Phyttotreta armorosiae Koch), was
numerous on horseradish, causing very pronounced injury in the Hemmingford
district. The injury was quite distinct from that of the cabbage maggot.

The Grape Vine Leaf Hopper (Erythroneura comes Say), was abundant
on the foliage of wild grape, cultivated grape and Virginia creeper. Injury was
quite conspicuous during the dry weather of late July and during August. Sev-
eral Virginia creeper vines at Hemmingford were so badly injured by the leaf-

hoppers that growth ceased and the vines remained at a standstill until the insects

were killed by spraying. Wild grape was heavily infested in a number of cases.

On Virginia creeper the leaf-hopper injury was further shown up through the
injury of a very common thrips, at present undetermined as to species. There was
a very marked increase of this insect over the previous year.

The Cyclamen Mite (Tarsonemus pallid us Banks), was found at St. Anne-
de-Bellevue on cultivated strawberry, but in small numbers, although the con-

dition of growth of the plants would suggest a moderate infestation. Search
was made for the mite at Sherbrooke, Farnham, Hemmingford and intermediate

points although no infestation was discovered, either on cultivated or wild plants.

The Cabbage Maggot (Aphis brassicae)
,
seriously damaged turnip fields in

Quebec district.

The Zebra Caterpillar (Ceramica picta Harr.), was very common this

season. At St. Joseph, larvae swarmed over broad-leaved plantain Plantago
major and later migrated to early cabbage, where they caused extensive damage
to foliage. Considered numbers were also found on common weeds such as

lamb's quarters, during May and June. At Hemmingford, the zebra caterpillar

was very common on cabbage during the latter part of the summer.

The Larkspur Leaf Miner (Phytomyza dclphiniae Frost), was consider-

ablv more numerous than during 1928. Obviously parasitism was heavy during

the 1928 as rearings showed.

White Grubs (P. anxia Lec.) were excessively common during 1929 and
ranked easily as the most destructive farm and garden pest in the province.

A wide range of plants suffered injury and in many cases under exceptional con-

ditions. Individual oat fields, at Hemmingford and at Missisquoi Bay, near Clar-

enceville were seriously injured by white grubs, although in all cases the fields

were plowed during 1928 and planted during 1929. Oats are fairly resistant to

grub injury and the fact that fields were seriously attacked this year only shows
how numerous the grubs were. Injury to potatoes was reported at intervals

between Hemmingford and Pike River and at the former locality some plots were
so seriously injured that digging was unprofitable.

Injury to timothy sod was very common over the southern section of the

province. Over some fields, the yield of hay was reduced at least 60 per cent.,

while in a few cases all the sod was killed during August and the low, damp spots

were the only places where it was liable to become established again in a reason-

able length of time. Injury to strawberries was reported from Hemmingford,
Clarenceville, Pike River, Lacolle, Farnham, Abbotsford, Rougemont, and Sher-

rington.

Injury to grasses of various types, garden seedlings and ornamental plants

were also reported. At Berthier severe injury was caused to coniferous and
deciduous seedlings. At Farnham severe injury was caused to phlox, aster and
several other ornamental plants.
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Cutworms were very injurious in tobacco fields. Around St. Cesaire, especi-

ally many fields were completely ruined and had to be replanted. In Montcalm
and l'Assomption counties, less damage was suffered but the distribution of cut-

worms was general in this tobacco growing district.

Plant Bugs (Lygns pratensis L.) and (Poecilocapsus Uneatus).—These
two species, and especially the former, were on the increase this year. Flower-
ing annuals were their chief victims, with a few perennials. In many cases,

leaves and buds were destroyed in August and no effective control measure could

be found at this late period.

INSECTS OF THE SEASON 1929 IN ONTARIO
L. Caesar,

Ontario Agricultural College, Gitelph, and

W. A. Ross,

Dominion Entomological Laboratory, Vineland Station, Ontario

Seasonal notes by Messrs. Dustan, Crawford, Stirrett, Hudson, De
Gryse. Hutchings and Twinn of the Dominion Entomological Branch are in-

corporated in this report.

Orchard Insects

The only insects, which caused serious concern among fruit growers this year,

were the green apple aphis and the oriental peach moth.

Codling Moth (Carpocapsa ponionella L.).—Codling moth injury, while

severe in some Niagara peninsula orchards, was somewhat less than "normal" in

most sections of the province.

San Jose Scale (Aspidiotus perniciosus Comst.).—This pest is still at a low
ebb, but it is worthy of note that more scale infested fruit (apples) was observed
in the Niagara fruit belt than has been seen for several years, and that there was
a slight increase of the insect in nurseries.

Oyster Shell Scale (Lepidosaphcs ulmi Linn.).—As mentioned in last

year's report, this insect appears to be on the upward swing. This year it was
particularly common and, in some instances, very abundant on lilacs.

Apple Maggot (Rhagolctis pomonclla Walsh).—Due to the quite general

adoption of control measures, the apple maggot has been largely brought under
control in the commercial apple growing sections. It was reported from many
localities, but generally speaking was only injurious in neglected or semi-neglected

plantings.

Green Apple Aphis {Aphis pomi DeGeer.).—The one outstanding entomo-
logical feature in Ontario apple orchards was the widespread and severe outbreak
during July of the green apple aphis. In the Niagara peninsula and south-west-

ern Ontario, the outbreak was practically over by the first of August but east of

Toronto it continued until about the 20th of the month. In eastern Ontario the

infestation, according to the growers, was the most serious one in their experi-

ence.

Rosy Apple Aphis (AmtrapJiis roseus Baker).—While there was no serious

outbreak of the rosy aphis, it was decidedly more abundant in many localities than
it has been for several years.

The Bud Moth (Spilonota ocellana D. and S.).—In unsprayed and poorly
sprayed orchards, bud moth injury was almost as common as it was last year.

Cigar Case-Bearer (Haploptilia fletcheralla Fern.).—In most parts of the

province this case-bearer continues to be a serious pest in neglected apple orchards.
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Eastern Tent Caterpillar (Malacosoma americana Fab.).—This species

was of little importance.

Apple Red Bug (Lygidea mendax Reut.).—There was a severe attack of red
bug in a large apple orchard near Meaford, which was badly infested in 1928, but

elsewhere the insect was scarce or absent.

Fruit Tree Leaf-Roller (Cacoecia argyrospila Walker).—Although com-
mon and quite widespread the leaf-roller was not present in outbreak form in any
part of the province. In a few orchards it was responsible for a loss of five to

fifteen per cent, of the fruit.

Apple and Thorn Skeletonizer (Simaethis pariana Clerck.).—And still I
another foreign insect pest, namely the apple and thorn skeletonizer, has been

|

established in the province. This insect, heretofore not recorded from Ontario,
,

was found in several neglected orchards in the Niagara peninsula. In no case,

which we saw, was the skeletonizer responsible for conspicuous injury.

White-Marked Tussock Moth (Hemerocampa leiicostigma S. and A.).— '

Tussock moth caterpillars were more common in south-western Ontario than at j

any time for about the past eight years. In the worst infested localities there
\

appeared to be quite a high percentage of parasitized pupae.

Round-Headed Apple Tree Borer (Saperda Candida Fab.).—This species
j

was reported as being generally destructive to young apple trees on Manitoulin
Island.

Pear Psylla (PsylUa pyricola Forst.).—In pear orchards, subject to psylla I

injury and which were not properly sprayed, this pest was abundant and injurious.

Cherry Fruit Fly (Rhagoletis cingnlata Loew.).—Much less damage from I

fruit maggots occurred in cherry orchards this year than in 1928.

Black Cherry Aphis {Mysus cerasi Fab.).—There was a serious outbreak ft

of this species in sweet cherry orchards in the Niagara peninsula. On badly h

attacked trees much of the fruit was infested at picking time.

European Red Mite (Paratetranychus pilosus C. and F.).—This mite caused

conspicuous injury during late summer in many Niagara plum orchards. At I

picking time the mites were unusually abundant on the fruit and in some instances I

bothered the pickers by crawling on them. Mite injury was also conspicuous in I

several apple orchards at Burlington, Erindale and Rodney and in some peach

orchards in the Niagara peninsula.

Oriental" Peach Moth (Laspeyresia molesta Busck.).—There was a very

marked increase in the infestation of peach moth, and, particularly east of St. h

Catharines, the insect was responsible for heavy losses.

Tarnished Plant Bug (Lygus pratensis L.).—This insect was very abund- I
ant on peach nursery stock, and the injury it causes, commonly called ''peach stop- I

back" was rarely, if ever, more prevalent in Niagara nurseries.

Plum Curculio (Conotrachelus nenuphar Hbst.).—In south-western I

Ontario, unsprayed plum and cherry orchards were quite badly attacked by the

plum curculio, and in the Niagara district the grubs were unusually common in
1

early peaches at picking time. Feeding injuries to fruit, however, were scarce
\

this' fall.

Grape and Bush Fruit Insects

Grape Berry Moth (Polychrosis viteana Clem.).—There was a very light

attack of berry moth in graperies which were infested last year. Early in the
'

season parasitism was high and later there was a considerable percentage of egg

parasitism, which no doubt accounted to quite an extent for the scarcity of the

insect. It is of interest to note that Air. Garlick of the Entomological Branch
found that the caterpillars infest and come to maturity on elderberry blossoms.
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Rose Chafer ( Mocrodactylus subspinosus Fab.).—Reports of chafer injury

to several apple orchards in Norfolk county and to roses and raspberries in Mid-
dlesex county were received, otherwise the insect was apparently of little import-

ance.

Red-Headed Flea Beetle (Systena frontalis Fab.).—Discussed elsewhere.

Raspberrry Sawfly (Monophadnoidcs rubi Harr.).—This species was of

little importance, reports of injury from it being received from only two localities,

viz.. Toronto and Damascus.

Grape Leaf Hopper (Erythroneura comes Say & E. tricincta Fitch).

—

Injury from leaf hopper in Niagara graperies was negligible.

Striped Tree Cricket | Occanthus nigricornis Walk.).—As usual there were
a number of complaints of tree cricket injury to raspberries.

Red Spider (Tetranychus tclarius L.).—This pest caused severe injury to

raspberries in the Thunder Bay, Algoma and Sudbury districts.

The Currant Bud Mite (EriopJiycs ribis Nal.).—An infestation of the

currant bud mite was found on black currant bushes in the vicinity of Grimsby.
As the affected bushes were well over twenty years old, it seems likely that the

mite was present for many years, but made little headway probably because of

unfavourable climatic conditions. All the bushes showing the characteristic big

buds were destroyed.

Cyclamen Mite (Tarsonemus pallidus Banks).—A severe infestation of

this species was found on cultivated strawberries on Manitoulin Island. The mite

also occurred at Sault Ste. Marie. It was again injurious in the vicinity of

Ottawa, but in the Niagara fruit belt caused no appreciable damage.

Vegetable and Field Crop Insects

Tarnished Plant Bug (Lygus pratensis Linn.).—The most notworthy

entomological feature of the year was the serious outbreak, probably the worst in

our history, of the tarnished plant bug. This species was abundant throughout

the province and was destructive to a wide variety of plains. Early in the spring

when the apple buds were showing green, it was observed that an unusually large

number of bugs were feeding on the buds. By the middle of July early celery

was heavily infested with the insect and by the end of the month whole fields of

this crop were being seriously injured by both adults and nymphs. In spite of

costly applications of strong nicotine dust or of nicotine spray, a number of celery

growers lost the whole or a considerable part of their early crop, entailing a loss

of thousands of dollars. Late celery was not nearly so seriously damaged but suf-

fered to some extent. Among other plants, asters, dahlias, gladioli, corn and
fruit nursery stock were seriously injured by the bug. At the different agricul-

tural exhibitions held in the province, there were more inquiries concerning the

tarnished plant bug than any other insect.

Cabbage Aphis (Brevicoryne brassicae Linn.).—This species was present in

outbreak form over a large part of the province. Turnips suffered more from
the infestation than cabbage, no doubt because of the poor growth the former
made under the very dry conditions which prevailed this summer.

Zebra Caterpillar (Ceramica picia Harr.).—This species was present in

destructive numbers in the Ottawa district. Only a few stray caterpillars of the

first generation were noticed in early August but the second generation was very

numerous and attacked cabbages, cauliflowers, turnips and to a lesser extent field

crops and quite a variety of flowering plants. Some turnip fields were completely

destroyed. Turnips in Peterboro county and adjacent districts were also attached

by the caterpillar and a general but light infestation of turnip fields occurred in

Middlesex county. Severe injury to late blooming gladioli from zebra caterpillar

|#as reported from Strathroy.
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Pea Moth (Laspeyresia nigricana Steph.).—During the past few years there

have been few complaints of injury from the pea moth. This year, however,
several growers sent in peas heavily infested by this species.

European Corn Borer (Pyrausta nubilalis Hbn.).—Discussed elsewhere.

Carrot Rust Fly (Psila rosae Fab.).—Few complaints concerning carrot

rust fly injury were received this fall but a large number of requests relative to

its control were received last spring from such widely separated places as Port

Carling, Fenelon Falls, Dundas, Brussels and Ingersoll. This shows not only the

wide distribution of the insect, but also indicates that losses from it were quite

general in 1928.

The rust fly was not observed present in the Rainy River or Thunder Bay
districts but occurred in very distinctive numbers at Sault Ste. Marie and Sud-
bury.

Onion Maggot (Hyleinyia antiqua Mgn.).—This maggot was numerous and
injurious in the Ottawa district, particularly where onions were growing in light

soil. In some fields the crop was reduced at least 75% and commercial damage
was evident in most plantations. In a few other localities onions were quite

heavily infested but on the whole the loss in southern Ontario due to this insect

was apparently not any greater than usual.

The maggot occurred in destructive numbers all along the north shore of

Lakes Superior and Huron and in the Rainy River district.

Seed Corn Maggot (Hyleinyia cilicrnra Rond.).—Almost every seed in ten

acre field of corn near Woodstock was destroyed by this maggot. The field was
in millet in 1928. Neighbouring corn fields were not injured.

Onion Thrips (Thrips tabaci Lind.).—Though fairly numerous this insect

was not so abundant as one would have expected considering the dry season.

Imported Cabbage Worm (Pieris rapac Linn.).—In the Ottawa district

cabbage worms were present in Average numbers on cabbages, cauliflowers and
brussel sprouts. A few fields were noticed where the injury was severe but on
the whole little commercial damage resulted. On the other hand in Middlesex
county injury to cabbage from this insect was unusually severe.

The cabbage worm was present but in insignificant numbers on cabbage and
cauliflower in the Rainy River and Thunder Hay districts and in Manitoulin

Island. It was more abudant and of some consequence at Sault Ste. Marie and
Sudbury.

Striped Cucumber Beetle (Diabroiica vittata Fab.).—This insect was very

abundant at Ottawa in the early part of the season on cucumbers, squash and
melon. Elsewhere it was not unusually injurious.

Potato Beetle (Leptinotarsa decetnlineata Say).—The potato beetle was
generally abundant in southern Ontario. In the Ottawa district unsprayed plots

of potatoes were completely destroyed by it and even treated patches were often

quite severely damaged. In northern Ontario it was very scarce or absent in the

Rainy River and Thunder Bay districts. In the Sudbury district, according to

reports, the insect has not been seen for four years. It was destructive in the

southern part of Algoma district and was present but not particularly injurious

on Manitoulin Island.

Slug (Limax Sp.).—Due to the unusually dry season slugs were extremely
scarce. Fields, in the Ottawa district, which have been under observation for

some years and which were previously heavily infested showed no slug damage,

Wire Worms.—Many reports of wire worm damage were received from
various localities. In the Strathroy area injury to late potatoes was more exten-

sive than for several years past.
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Cabbage Maggot (Hylemyia brassicac Bouche).—At Strathroy this maggot
was responsible for severe injury to early radish—75% to 100% infestation. The
insect occurred throughout the Rainy River district and the north shore of Lakes
Superior and Huron, but was not particularly destructive.

Diamond Back Moth (Plutella maculipennis Curt.).—The larvae of this

moth was present and giving quite conspicious evidence of feeding, through little

real damage was done, in the Rainy R'iver, Thunder Bay and Algoma districts.

This insect was less abundant on Manitoulin Island and in the Sudbury districts.

Cutworms.—Cutworms apparently were of no particular importance except

in south-western Ontario where they were more abundant and injurious, especi-

ally in tobacco and corn, than was the case last year. G. M. Stirrett, of the

Dominion Entomological Branch reared Enxoa messoria Harr., Feltia subgothica

Haw, from tobacco and Septis arctica Bdv. from corn.

Tobacco Stalk Borer (Crambus luteolellus Clems.).—This insect was in-

jurious in several tobacco fields in south-western Ontario, but did not appear to

be as abundant as last year.

Tobacco Worms (Protoparce Sp.).—These insects were much more numerous
and injurious than for the past three years.

Tomato Worms (Protoparce Sp.).—Along with the tobacco worms men-
tioned above, these insects were more numerous in south-western Ontario than any
time during the past three years.

Squash Bug (Anasa tristis Deg.).—This insect was fairly abundant and in-

jurious on squash in local gardens at Chatham.

Hop Flea Beetle (Psylliodes punctulata Mels.).—This insect is present

every year and does considerable injury to sugar-beet plants just after they come
through the soil.

Wheat Midge (Thecodiplosis moscllaua Gehin.).—In Haldimand, Norfolk
and Elgin counties a number of fields of wheat were infested by the midge.
Tn most cases the attack was apparently light but one farmer reported that his

crop had been nearly ruined.

Shade Tree Insects

Walnut Caterpillar (Datana integerrima G. & P.).—The work of this

insect in defoliating walnut trees was very conspicuous in south-western Ontario
this fall, probably more so than a year ago.

Fall Webworm (Hyphantria cunea Drury).—In the Ottawa district this

insect was quite numerous on ash, elm, cherry and alder. It was also very abund-
ant in south-western Ontario on roadside plants belonging to the genus Prun us.

Lilac Leap Miner (Gracilaria syringella Fab.).—This species is now very

widely distributed in Old Ontario. Generally speaking it did comparatively little

damage in localities where it has been present for some years. It was found
causing slight injury on Manitoulin Island and in the Sudbury district.

The Pigeon Tremex (Tremex columba Linn.).—This insect was frequently

met with in wooded areas at Ottawa. Its parasite MegarJiyssa at rata Fab., also

was quite abundant.

Haploa militaris Harris, a form of Leconte's Haploa, was general on the low

growths and woods in the vicinity of Ottawa.

Epinotia aceriella Clemens, a maple leaf miner, was quite plentiful and was
the cause of much disfigurement of the foliage in the Ottawa district.

The Forest Tent Caterpillar (Malacosoma disstria Hbn.).—This species

was observed in large numbers on wild cherry and other foliage in the Ottawa
district.

White Pine Weevil (Pissodes strobi).—In Muskoka the work of this

weevil was much more conspicuous than usual even on trees thirty feet high.
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Spruce Leaf-Miner (Taniva albolineana Kearf.) ( Olethreutes abietana
Fernald).—This species was found in large numbers on Norway and Colorado
spruces close to the lake at Kingsville and caused much concern to the local florist

and others. It seemed to act almost exclusively as a leaf-miner but it also cut off

the mined needles and wove them along with intact needles into a dense unsightly
web, thickly strewn with brown castings. Under the web the larvae fed and
when full-grown pupated.

At the time of inspection by L. Caesar and R. W. Thompson, June 20th. a

score or more of adults and also numerous pupae and larvae were present. The
larvae are deep green with a light-brown head. Adults reared at Guelph laid

eggs from July 7th to July 14th. These were scale-like and translucent and were
deposited singly or in chains on the underside of the needles. (Species deter-

mined by Busck.)

The Maple Leaf Cutter (Paraclemensia acerifoliella Fitch).—This leaf

cutter which was very severe in 1928 in its ravages on hard maple foliage in the

Ottawa district, was conspicuous by its scarcity or absence this season. In one
grove alone 90% decrease in infestation was recorded. The cause of this decrease

is attributed directly to the high winds and heavy rains which occurred during the

early part of the summer.

Lencanthiza dircclla, a small lepidopterous miner on the foliage of the Leath-

erwood, Dirca palustra Linn., was abundant wherever this hardy shrub was found
growing among the low herbage of woods.

Miscellaneous Insects

Eight Spotted Forester (Alypia octormaculata Fab.).—This insect was
very abundant and injurious on Virginia creeper at Cha fham during the past sea-

son—much more abundant than last year.

Red-Headed Flea Beetle (Systena frontalis Fab.).—A rather severe out-

break of this flea beetle occurred in the Ottawa district. Such plants as asters,

heliehrvsum, dahlias, etc., were attacked as well as some of the fleshy stemmed
weeds. The damage resembled the feeding scars made by the four-lined plant-

bug (Poecilocapsis lineatus Fab.).—The flea bettle also attacked and partially

defoliated young grape-vines in vineyards near Beamsville and St. Catharines.

Columbine Borer (Papaipema purpurifascia G. & R.).—Only two or three

complaints of columbine borer were received. It is probable that the insect is on

the decline. During the previous three or four years it caused much anxiety to

columbine growers.

Powder-Post Beetle (Lyctus Spp.).—During the last five years there has

been an increasing number of complaints of floors, wainscoting, rafters and
beams in houses and out-buildings being attacked by this lumber pest.

The Cigarette Beetle (Lasioderma serricorne Fab.).—Tins of cigarettes

were found badly infested with this beetle at Arnprior, Ontario, in June.

Indian Meal Moth (Plodia interpunctella Hbn.).—A severe infestation of

this insect was found in a large warehouse at Ottawa in August, affecting raisins,

rolled oats and other stored products.

Saw Toothed Grain Beetle (Sihanus surinamensis)

.

—The great majority

of the stored grain insects sent to the Ontario Agricultural College for identifica-

tion this year proved to be this species. In most cases it was stated that the

infested grain had been stored for more than one year.

Fish Moth (Lepisma domestica Pack.)—Specimens of this species were
received from an infested house at Kingston, in August.

Mosquitoes.—A severe outbreak of floodwater mosquitoes, principally Aedes
hirsnteron Theo., developed in the Ottawa district in May, owing to the high

freshet of the Ottawa river. The outbreak was largely reduced by the efforts of
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the local mosquito control organization. The rainpool species, Aedes vexans
Mgn.. was scarce in comparison with the summer of 1928, owing to the prevail-
ing dry weather.

Hen Louse (Menopon siramineum Nitzsch.).—This louse was noted heavily
infesting a flock of hens at Ottawa in July.

Assassin Bug (Zelus exsanguis Stal.).—This insect was reported in con-
siderable numbers preying on tent caterpillars and other lepidoptera, and also on
small diptera.

INSECTS OF THE SEASON 1929 IN MANITOBA
A. V. MlTCHENER, M.A.C.,

University of Manitoba, Winnipeg, and

Norman Criddle,

Dominion Entomological Laboratory, Treesbank

The extremely arid conditions which prevailed in 1929 over almost the whole
of Manitoba brought about changes in insect activities which if continued are apt

to lead to important outbreaks in the near future. While the season was favour-
able for the development of certain species, the province as a whole was remark-
ably free from serious insect depredations.

Grasshoppers.—The tide of grasshopper fluctuation which reached its low
point in 1927 has turned in the insects favour and several species have increased

to a marked degree. This increase was particularly noticeable in the clear-winged
grasshopper (Camnula pellucida Sc.), and the lesser migratory grasshopper
(Melanoplus mexicanus atlanis Riley). All species due to cold weather were
late in hatching, but apart from that the summer was particularly favourable for

their development and egg laying.

Wireworms.—There were less complaints of wireworms than usual and only

a few fields of grain were seriously damaged by these insects.

White Grubs (Phyllophaga Spp.).—Injury by white grubs was as usual

confined to areas in the vicinity of trees. A report to the effect that about 25 per
cent, of the potatoes in a small field were badly damaged by white grubs was re-

ceived from Pierson on October 8. Some severe damage was also done to seed-

ing evergreens on the forestry nursery near Douglas. There was an unusually
heavy flight of beetle.

Cutworms {Enxoa Spp.).—Cutworms in eastern Manitoba seem to have
been scarce but in the western part of the province there was a marked increase

in their activities and a few fields of grain in widly scattered localities were
severely damaged. As the weather during egg laying was very favourable an
increase in their numbers may be looked for during 1930.

Bertha Armyworm (Barathra configarata Walk.).—Outbreaks of bertha

armvworm were not as severe as was anticipated due to the high mortality of the

moths in the pupal chamber brought about by the dry, caked nature of the soil.

Damage, however, was quite widespread in the western half of the province,

although usually confined to odd fields. Both flax and sweet clover were attacked

by the larvae.

Salt Marsh Caterpillar (Estigmene acraea Dru.).—The salt marsh cater-

pillar is another insect which has developed into a pest of sweet clover and which
has done appreciable damage during the last two years.

Sugar Beet Webworm (Loxostege sticticalis L.).—A few minor infestation

of weeds of sugar beet webworm were observed but no damage to crops was
reported.
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Wheat Stem Maggot (Meromyza americana Fitch).—The wheat stem
maggot caused conspicuous damage to headed wheat plants over a wide area of

the province. A careful survey of infested territory however, showed that the

actual injury was less than one per cent.

Wheat Stem Sawfly (Cephas ductus Nort.).—This insect had reached a

low ebb in 1928 but the present year has been more favourable to its development
and as a result it caused marked damage in an area extending west of Brandon to

Oak Lake and northward to Hamiota. But while the injured stems in some
cases ran to 50 per cent, the actual loss was comparatively light. There is every

indication that the insect will be more abundant in 1930.

Garden Insects

Red Turnip Beetle (Entomoscclis adonidis Pallas).—The red turnip beetle

was rare in most places but abundant at Propmore where it was attacking turnips

and other cruciferous plants.

Pepper Grass Beetle (Galeruca externa Say).—The pepper grass beetle

was very common locally, especially in spring time when the larvae attacked vari-

ous cruciferous plants.

Colorado Potato Beetle (Leptinotarsa decemlineata Say).—The potato

beetle was present in moderate numbers only and comparatively little damage was
caused through its activities.

Rose Curculio (Rhynchitis bicolor Fab.).—The rose curculio was found
abundant on roses at Brandon. It was also reported from many other parts of

the country ; the damage to roses being in every case severe.

Cutworms (Euxoa, Fcltia, etc.).—Losses in gardens by cutworms were re-

markably light; this was particularly so of eastern Manitoba. In the western

part of the province the insects were more numerous.

Imported Cabbage Worm (Pieris rapae L.)—The butterflies of the import-

ed cabbage worm were late in appearing but later became very abundant, the re-

sulting larvae doing much damage to cabbage and allied plants. The insect was
much less numerous in northern districts.

Onion Maggot (Hyletnyia antiqua Meig.).—The onion maggot is becoming
increasingly prevalent and during the present year it was recorded as injurious

at Winnipeg, Douglas, Brandon, Morden and Souris.

Fruit Insects

Mealy Plum Aphid (Hyaloptcrus arundinis Fab.).—The mealy plum aphid

was moderately plentiful on native plum trees.

Currant Aphid (Myzus ribis L.).—Currant aphids were widespread and in

some districts extremely injurious to the leaves of red currants.

Currant Fruit Fly (Epochra canadensis Loew).—Currant fruit fly was
recorded from many districts from Winnipeg to Souris. Black currants were
severely infested at Miami.

Spotted Halisidota (Halisidota maculata Harr.).—The spotted Halisidota

was reported as plentiful and injurious to apple foliage at Morden.

Ugly-Nest Caterpillar (Cacoecia cerasivorana Fitch).—The ugly-nest

caterpillar was extremely plentiful on choke cherry (Primus virginiana L.) to

which the insect largely confines its activities.

Imported Currant Worm (Pteronidea ribesi Scop.).—Widespread occur-

rence of imported currant worm was noted in local farm gardens but not quite as

numerous as usual.
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Common Spider Mite (Tetranychus telarius L.).—The dry summer was
very favourable to the development of "red spider" and many plants including

currants, raspberries and gooseberries were heavily infested.

Strawberry Borer (Apamea nictitans L.).—The strawberry borer is a new
pest which has spread from wild to cultivated strawberry plants. It bores down
the crown into the thicker portions of the root, thus killing the plants. It was
found to be quite numerous in a market garden at Souris.

Strawberry Leaf Curler (Peronea fragariana Kearf.).—In the strawberry

leaf curler we have another new pest which is recorded for the first time from
Manitoba. It was present in large numbers at Souris where the leaves of straw-

berry plants were badly curled and eaten by the larvae.

Forest and Shade Tree Insects

Oak Lace Bug (Corythucha arcuata Say).—The oak lace bug was wide-

spread and very injurious to oak leaves.

Aphids.—Two species of aphids were plentiful on elm, namely, Eriosoma
lanigera Hausm. and E. americana Riley. The boxelder aphid Periphyllus

negundinus Thorn, was also injuriously numerous in some parts of the province.

Western Willow Leaf Beetle (Galerucella decora).—The outbreak of

the western willow leaf beetle so spectacular during the two previous years, has

abated but the insect was still noticeably injurious in a few sections.

Lime-Tree Looper (Erannis tiliaria Harr.).—The outbreak of lime-tree

looper near Rounthwaite mentioned in our last report has extended to cover more
than twice the original area. The insect was also found at several distinct, iso-

lated spots.

Fall Cankerworm (Alsophila pometaria Harr.).—The full cankerworm
after two vears of comparative inactivity is on the increase again.

Fir Sawfly (Neodiprion abietis Harr.).—The larvae of the fir sawfly were
again injurious to evergreens, although much reduced by parasites. These latter

have entirely overcome the outbreak at Victoria Beach.

Spruce Sawfly (Pachynematus ocreatus Harrint.).—There was a marked
increase in the amount of damage done by the spruce sawfly which was present at

widely separated places. In several instances ornamental spruces were entirely

stripped of leaves.

Household and Livestock Insects

Bedbug (Cimex lectularius L.).—Inquiries relating to the control of bedbugs
were rather numerous at the Agricultural College. They eminated from all of

the western provinces.

Mosquitoes.—The abnormally dry season had a marked influence in the de-

velopment of mosquitoes ; so much so that the province has rarely been as free of

them as it was in 1929. In a number of instances the eggs hatched but the

larvae failed to develop, in other cases the eggs did not even hatch.

Stable Fly (Stomoxys calcitrans L.).—Stable flies were abundant at the

beginning of the season but were checked later by the dry weather.

Horn Fly (Haematobia serrata R. & D.).—The horn fly was another insect

which was reduced by dry weather.

Bulldog Flies (Tabanid Spp.).—Bulldog flies were in local areas adjacent

to bogs or ponds.

Large Ox Warble (Hypoderma bovis de G.).—The large ox warble fly was
common and widespread.

Bot Flies (Gastrophilus Spp.).—All three species of bot flies were in evi-

dence but they were not as troublesome as usual.
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The Weather 1929

Rainfall in inches April May June July Aug. Sept.

M.A.C. Winnipeg 1.68 2.06 1.86 1.15 .25 1.51

1.87 1.77 1.01 1.94 .65 1.88

Hours of Sunshine
200.25 242 293 319.5 289 151.5

A/f ao n T'<=>mr»f>ratiirpiVlCd.Il J. cuipci diui l

37.47 46.50 59.62 65.50 62 50.3

38.52 47.74 61.42 59.16 66.91 50.01

•

Maximum temperature

66 80 92 95 101 100

Treesbank 71 85.5 95 103 101 99.5

Minimum temperature

13 15 33 39 31 18

Winnipeg 9.5 17 26.5* 40 34 19

*on 12th

INSECTS OF THE SEASON 1929 IN SASKATCHEWAN
Ellis McMillan and Kenneth M. King,

Dominion Entomological Laboratory, Saskatoon, Sask.

Field Crop Pests

With the exception of a few species, field crop insects caused more trouble

during the season of 1929 than during the previous two years.The major pests

involved were the wheat stem sawfly, wireworms, the pale western cutworm and
the red-backed cutworm group. Cutworms and grasshoppers appear definitely

to be on the increase, so that even more serious trouble is anticipated for 1930.

The bertha cutworm was not nearly so widespread this year. Somewhat fewer
reports than usual were received in general concerning the various minor insect

pests.

Wheat Stem Sawfly (Cephus cinctus Nort.).—The wheat stem sawfly

was doubtless the outstanding insect pest of the year, every area except the north-

west showing commercial injury, although by no means approaching the great

outbreak of 1926. Considering the province as a whole, this pest caused approxi-

mately between four and four and one half percentf damage to wheat. In a large

district around Wynyard, near the northeastern economic limit of the species, the

damage was heavier than ever previously reported there, averaging ten per cent,

loss. Although it is not understood just what effect the abnormally large amount
of fall work will have on this pest, it is believed that it is in hibernation in num-
bers considerably greater than since 1926-27, indicating a heavy infestation in

1930, should July again be dry.

*Grateful acknowledgment is given to the following who helped in the preparation of this report by
giving freely of their insect records:—Mr. S. H. Vigor, Field Crops Commissioner, Regina, in reference to

grasshopper abundance; Dr. C. F. Patterson, Professor of Horticulture, University of Saskatchewan,
chiefly concerning insects of gardens and small fruits; and Mr K. E. Stewart, Dominion Entomological
Laboratory, Indian Head, who prepared the section on shade tree insects.

tAlthough preliminary, it is considered that these estimates will rather closely approximate the final
figures. As in previous years, they are made possible through the hearty co-operation of the Statistics
Branch, Saskatchewan Department of Agriculture, to whom due acknowledgement is given.
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Wireworms.—With the exception of a few districts, the weather in 1929 was
conducive to heavy wireworm damage and this pest ranked next in importance to

the wheat stem sawfly. The estimated damage by wireworms was about one and
three-quarters per cent. The entire western two-thirds of the province is par-

ticularly affected, and this pest seems to be steadily increasing in importance.

Pale Western Cutworm (Porosagrotis orthogonia Morr.).—The outbreak
of the pale western cutworm this season was one of the most severe yet recorded.

The most serious loss was in a heavy clay soil area of south-central Saskatchewan,
extending from Balcarres west to Moose Jaw, and at Indian Head, Corinne and
Pense, probably stretching from these points southwardly to the international

boundary. It is also quite probable that some damage by this species was caused
in southwestern Saskatchewan. The total damage amounted to several thousand
acres. Due to the extremely dry conditions of May and June in this area, an
even heavier infestation is predicted for 1930.

Red-Backed Cutworm Group (Euxoa ochrogaster Gn. & Allies).—

W

T

hile

damage by red-backed cutworm was recorded over widely scattered localities, the

general damage in field crops was much less than expected. This condition was
partly due to the fact that the cutworms hatched late in the spring and the crops,

although also late, outgrew the cutworms. There is every reason to believe that

the damage by this pest will be greater next spring.

Bertha Cutworm (Baratha configurata Wlk.).—The bertha cutworm was
greatly reduced from the widespread outbreak of 1928. However, in the Biggar,

North Battleford and Saskatoon areas, and in the Pike Lake district, consider-

able damage was caused to cabbage and flax. In view of the recorded outbreaks

in adjacent portions of Manitoba and North Dakota, it was probably troublesome,

also, in a considerable area of southeast Saskatchewan ; a definite report of this

was received from Parkman. This species wras undoubtedly one of the chief

garden pests of the year.

Grasshopper.—Grasshoppers caused little damage in 1929, but were so

numerous this fall in southwestern Saskatchewan as to forecast an outbreak there

next year. One interesting report of grasshopper damage was received from a

point in northern Saskatchewan 120 miles due north of North Battleford.

Garden Insects

Imported Cabbage Worm (Pieris rapae L.).—The imported cabbage worm
was quite abundant, feeding heavily as late as September 6.

Onion Maggot (Hylemyia antiqua Meig.).—The onion maggot was recorded

as causing severe damage in various parts of the province. The infestation seems

to have been the greatest since 1925.

Cabbage Maggot (Hylemyia brassicae Bouche).—The cabbage maggot was

troublesome at Scott and Saskatoon, but the extent of the damage is not definitely

known.

Colorado Potato Beetle (Leptinotarsa deccml'uicata Say).—The Colorado

potato beetle caused moderate damage in southern Saskatchewan but in general

was less abundant than usual.

Wireworms.—Wireworms are an increasing garden pest, causing severe

losses, particularly to potatoes. It was reported that in one field the entire crop

was ruined commercially.

Cutworms.—Cutworms were troublesome fairly generally in gardens, the

estimated losses being somewhat higher than during the past two seasons. Heavy
damage was recorded in all areas of the province, except southwestern and west-

ern Saskatchewan. At Saskatoon, Euxoa ochrogaster Gn.. Rhhagrotis flavi-

collis Gm. and Feltia dueens Wlk., were the chief species involved.
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Red Spider Mite {Tetranychus Sp.).—Several reports were received this

summer of injury by red spider mite to house plants and to a great variety of
garden plants.

Judging by reports and observations, there was relatively little trouble from
blister beetles, the diamond-backed moth, the red turnip beetle, delphinium aphids,
Hessian fly and beet webworm.

Insects Attacking Small Fruits

Imported Currant Worm (Pteronidca ribesi Scop.).—The imported cur-
rant worm was abundant at Rosthern and Saskatoon, causing moderate defoli-

ation.

Sawfly Sp.—A sawfly attacking raspberries was noted this year at Saska-
toon for the first time in large enough numbers to cause severe damage.

Red Spider Mite (Tetranychus Sp.).—The red spider was an annoying pest

to a great variety of small fruits, even more so than usual.

From observations it was apparent that the currant fruit fly and the currant

aphid were less abundant than normally. Larvae of a sawfly attacking the fruit

of chokecherries, C probably Hoplocempa lacteipennis Rohwer) were very abund-
ant at Saskatoon.

Shade Tree Insects

Generally speaking, injurious shade tree insects were not as prevalent this

season as in the two previous years. This condition is doubtless attributable to

the unusual weather which prevailed throughout the year.

The most troublesome pests of the year were the various species of aphids

and the red spider mite.

Red Spider Mite {Tetranychus ununquis Jac).—Within the last few years,

the red spider mite has been increasing in numbers. Reports of their damage
are received from all parts of Alberta and Saskatchewan where spruce have been

planted. The favourable weather conditions for them this year have caused a

greater annual increase.

Aphids.—The boxelder aphids (Periphyttus negundinis Thorn.), the black

willow aphid (Melanoxantherium smithiae Monell) and the transverse poplar

leaf stem gall {Pemphigus populitrancversns Riley) have been perhaps more
plentiful this year than last year. The spruce gall-aphid (Adelges abietis Linn.)

has been the cause of some injury but as yet is not present in sufficient numbers

to be of economic importance.

Forest Tent Caterpillar {Malacosoma disstria Hub.).—The forest tent

caterpillar was in outbreak form in the northeastern portion of Alberta and

northwestern Saskatchewan, centering around Lloydminster. This appears to be

a continuation of the outbreak which moved northward through central Alberta.

It is now progressing eastward. The trees in a large number of native bluffs

and plantations were entirely stripped of their leaves. The area included is quite

extensive, although the exact limits were not defined.

Maple Twig Borer {Proteoteras willingana Kearf.).—The maple twig

borer was again prevalent this year in many parts of Saskatchewan. This cater-

pillar is causing considerable injury, especially to small trees.

Boxelder Leaf Roller {Gracilaria negundella Chem.).—From indications

last year, it was expected that the boxelder leaf roller would be very numerous

this year. Very little damage, however, was noticed and examination during

July showed that a very high percentage of the caterpillars had succumbed within

the mines. This mortality is attributed (K. E. Stewart, personal communication)

to the fact that the leaves had become so dry that sufficient sap was lacking to

maintain the larvae. An interesting observation, in confirmation of this idea,

was that in the plantations at the Forestry Farm, Indian Head, the percentage of
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dead caterpillars was not so high, probably due to more favourable moisture con-

ditions, attained by the greater protection of the trees from the drying winds and
more moisture conserved by the ground litter.

Western Willow Leaf Beetle (Galerucella decora Say).—The presence
of a fairly large number of the hibernating adults of the western willow leaf

beetle in the native bluffs about Indian Head was noticed during the early sum-
mer. It was expected that a slight outbreak would occur but this did not ma-
terialize. Light infestations of this beetle were reported from several points in

Saskatchewan.

Miscellaneous Insects

Mosquitoes.—Mosquitoes were unusually scarce in all parts of the province,

a condition doubtless connected with the early drying up of many of the breeding

places.

Fleas.—Fleas were reported to be very abundant in one household, this being

the second report of this pest in seven years.

Bedbugs.—An unusually small number of enquiries were received relative to

the control of bedbugs.

Live Stock Insects.—Observations made during the season would indicate

that the most abundant insects attacking live stock were bot-flies, warble-flies,

tabanids, and in some districts Simulium, the latter two groups presumably some-

what less troublesome than usual as a result of the low water in sloughs and

rivers.

Ants.—Several enquiries were received concerning the control of ants. Some
reported damage to lawns, others to flower beds, while in some instances, the ants

were invading houses.

Stored Products Insects.—The confused flour beetle (Tribolium confusum
Duval) and the hairy spider beetle (Ptinus villiger Reit.) were troublesome.

One report was received of the beetles of (Cartodere filum Aube) in miscellane-

ous food substances in a new apartment building ; the possibility is suggested that

the beetles were really coming out of the woodwork.

Erebus Odor.—Among the interesting enquiries of the year was the receipt

of two moths of (Erebus odora L.) from two localities, White Bear and Stal-

wart. This seems to be the first record of this sub-tropical species in Saskatche-

wan.

Weather Notes

It was reported that at the beginning of the season, there was available only

75 per cent, of the normal soil moisture. The months of April and May were

cooler than normal ; the precipitation was below normal except for eastern and

southeastern Saskatchewan, and locally at Saskatoon. June was also very dry.

especially so in the south central and eastern parts of the province ; however, the

southwest part of the province had very good rains. The month of July showed
man\- large areas with less than one inch of precipitation and with the tempera-

ture slightly above normal. The drought continued along into August, with the

exception of northwestern Saskatchewan. There is no doubt but that the long

period of dry weather seriously affected not only the crops, but insect pests in

general.
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INSECTS OF THE SEASON 1929 IN NORTHERN ALBERTA
E. H. Strickland

In the northern part of Alberta, which suffered from semi-drought conditions

in 1929, a few only of the major pests of grain and other crops were present in

sufficient numbers to cause appreciable losses.

Wireworms (Ludius aeripennis Kby.) were rather more destructive than in

former years in the Peace River District. No complaints were received from
other localities.

Cutworms (Euxoa ochrogaster Gn.) caused no recorded damage to field

crops and were observed once only, in small numbers, in market gardens.

The Bertha Armyworm (Baratiira configurata Walk.) was less abundant
than it has been in any year since 1922. We found practically none in the vicin-

ity of Edmonton and received complaints only from two outside sources. These
referred to the destruction of corn on the cob, and cabbages.

Grasshoppers were not present in sufficient numbers to cause comment. Sev-
eral species appear to be increasing as a result of the dry summer and the re-

markably prolonged fall has allowed abnormally heavy oviposition. Indications

point to some trouble from this source in 1930.

Wheat Stem Sawflies (CcpJuts ductus Nort.) had been greatly reduced
in numbers by the fall of 1928 owing to wet conditions in early summer during
the two preceding years. In 1929 the survival in wheat stems was very high and
serious losses were sustained over the greater part of the territory now known to

be infested. Unless the abnormally prolonged and dry fall conditions now being

experienced cause a high hibernation mortality it is probable that oviposition will

be very heavy in 1930.

Grain Aphids (Macrosiplnnu Sp.) were abundant in a number of districts

and they caused considerable alarm to oat growers. As has always been the case

with this insect no apparent damage resulted from very heavy infestation of oat

heads.

The Adults of Cabbage Root Maggots (Hylcmyia brassicae Bouch.) were
extremely abundant in market gardens around Edmonton in the spring. Cab-
bages planted out in May were soon heavily infested with eggs. Very few of

these hatched. We believe this to have been due to dessication induced by ex-

ceptionally severe and hot winds that swept this district throughout June. A
somewhat heavy rainstorm towards the end of July permitted the survival of such

eggs as were then present. The larval population increased rapidly but the cab-

bages were too far advanced to suffer appreciable damage.

The Potato Beetle (Lcptinotarsa dcccinlineata Say) caused much com-
ment by appearing in rather large numbers in several districts in Central Alberta

where it had not been previously observed. In 1920 it was quite abundant in

several gardens in and around Edmonton. This year, however, it has not been

recorded farther north than 100 miles south of Edmonton.

Plant Lice were very abundant on many classes of vegetation early in the

summer. Few of these were observed to have reached a migratory generation

and the majority disappeared during the dry month of June.

Blister Beetles belonging to several species attracted considerable attention

and were present in unusually large numbers. Meloc angnsticollis Say was com-
pletely stripping a flourishing clematis in an Edmonton garden. Complete con-

trol was effected with one dusting of Paris green.

The Forest Tent Caterpillar (Malacosoma disstria Hbn.).—Outbreak

appears definitely to have moved to the extreme eastern boundary of the province.

With the rapid evaporation of snow water in the spring the maturation of

mosquito larvae was a somewhat unusual occurrence. As a result, mosquitoes

were 'rare' insects in northern Alberta.
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INSECTS OF THE SEASON 1929 IN SOUTHERN ALBERTA

H. L. Seamans,

Dominion Entomological Laboratory, Lethbridge, Alberta.

The extreme southern part of Alberta had sufficient moisture to produce good
crops though the latter part of the season was dry. From Calgary northward

conditions were much drier and crops were generally light. The insect conditions

in the south varied greatly with the seasonal weather variation.

Wheat Stem Sawfly (Cephas ductus Nort).—The wheat stem sawfly is

very scarce south of the Bow river. In the generally infested area centering on
Drumheller the numbers were greatly reduced by the two seasons just passed.

The infestation in wheat increased in localised areas in 1929 due to the failure

of the native grass crop. The dry spring did not allow native grasses to start

with any vigor and consequently the sawflies emerging from all sources found
wheat the most available host for oviposition. The early wheat suffered the

most as the adults concentrated in such fields.

Red-Backed Cutworm (Euxoa ochrogaster Gn.).—Red-backed cutworms
were plentiful in gardens and in the sugar beet growing areas some fields were
damaged. Only two fields of wheat were recorded as being infested with this

cutworm but the wet weather brought on disease that terminated the outbreak.

Bertha Armyworm (Barathra coufigarata Wlk.).—Bertha armyworm was
reported from Brooks in serious numbers. It threatened alfalfa seed production

but this outbreak was also wiped out by disease.

Sugar Beet Webworm (Loxostege sticticalis L.).—The first generation of

the sugarbeet webworm was abundant in a few beet fields but the second genera-
tion was greatly reduced and no losses were reported. This is the opposite of

what generally happens as the second generation is usually more abundant than
the first, and is much feared by the beet growers.

Sugar Beet Root Louse (Pemphigus betac Doane).—The sugar beet root

louse was reported from several widely separated beet growing areas. Some of

the fields were heavily infested at digging time and there was undoubtedly some
loss of tonnage and sugar content. The amount of this loss has not yet been
determined. This is the first time this insect has been reported in injurious num-
bers in Alberta.

Aphids.—Aphids of all kinds were very abundant on garden plants, shrubs

and shade trees. Practically nothing was free of plant lice this season. During
September the air was filled with winged migrants.

Grasshoppers.—Grasshoppers are not yet back to normal numbers but the

long dry autumn will undoubtedly cause an increase of some species. A few-

areas of local concentration were reported in the south this season but none of

these were found which would indicate future extensive trouble.

Army Cutworm (Clwrizagrotis auxiliaris Grt.).—The army cutworm was
very scarce in Alberta this season. The moths of this species recorded in the

light trap were less than any time in the last ten years.

Pale Western Cutworm (Porosagrotis orthogouia Grt.).—The pale west-
ern cutworm showed a very slight increase this season in the southeastern corner
of Alberta. The numbers of moths in the Drumheller area this fall indicate an
outbreak in that section next season.

Wireworms.—Wireworms were scattered but caused very slight losses in the

south. In the drier sections considerable damage was done to wheat.
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INSECTS OF THE SEASON 1929 IN BRITISH COLUMBIA
E. R. Buckell, Vernon, B.C.

The following notes include the insects of general interest in the interior of

the province and particularly in the Okanagan valley.

Fruit Insects

Codling Moth (Carpocapsa pomonella L.).—This insect is becoming
increasingly abundant throughout the Okanagan valley, and extends almost con-

tinuously from the U.S. boundary to Vernon. The Salmon Arm area is at pres-

ent free.

Since the Provincial Department relinquished their quarantine measures the
spread has been rapid.

Lesser Apple Worm (Laspeyresia prunivora Walsh).—Although very little

damage was seen at thinning time this pest caused very serious losses when the
fruit was picked and brought into the packing houses. As high as 60% of the

apples in some orchards were consigned to the cull dump on account of the damage
from this insect.

Tarnished Plant Bug (Lygus pratensis L.).—Considerable damage was
done locally to apple buds in early spring by this bug. The damage to stone was
less noticeable this year.

..Woolly Apple Aphid (Eriosoma lanigerum Hausm.).—This aphid has
been very bad in some parts of the Okanagan Valley. A detailed study of its

anatomy, life history, control, and relationship to the spread of perennial canker
of apple is being conducted by the Dominion Entomological Laboratory at Vernon
in co-operation with the Laboratory of Plant Pathology at the Summerland Ex-
perimental Farm.

Oyster Shell Scale (Lepidosaphes ulmi L.).—In some sections of the

interior of the province this scale is becoming a serious pest and has been the

cause of a lot of trouble this season, as so many apples when picked had enough
scale upon them to grade them down of to cause them to be discarded entirely.

Apple Curculio (Tachyptreikis quadrigibbus Say).—This curculio was
found damaging pears in the Salmon Arm district. Very serious losses in pears

were noticed in some orchards.

No instance of apples being attacked were found, although the affected pear

trees were in the apple orchards. The species has been beaten from hawthorn,

but this is the first record of damage to fruit in British Columbia.

Thrips (Frankliniella tritici occidentalis Pergande).—This thrips was not

common this season and the pansy-spot injury of apple caused by its ovipositing

habits was markedly absent in most sections.

Vegetable Insects

Grasshoppers.—Throughout the vegetable growing section of the province

grasshoppers were remarkably scarce.

On the cattle ranges in the Nicola valley and throughout the Chilcotin district

they were fairly numerous, and considerable poisoning was resorted to by the

larger cattle owners.

Mela noplus mexicanus atlan is (Riley) was the chief species in the Nicola

Valley, and Canunila pellucida (Scudder) in the Chilcotin district.

It would appear that another outbreak is pending throughout the dry cattle

ranges of the province.

Cutworms.—Cutworms were very scarce this season for the first time for

some vears, and no reports of anv serious damage were received at the Vernon
Office.'
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Colorado Potato Beetle (Leptinotarsa dccemlineata Say).—The control

of the Colorado potato beetle has been continued very favourably in the East
Kootenays and no outbreaks have been so far recorded from the main portion of

the province.

Continued high winds spread the beetles in small numbers for some distance

up the Upper Columbia Valley, but immediate control measures have, we hope,

controlled the situation.

Cabbage Aphid (Brevicoryne brassicae L.).—This aphis was very bad in

some sections of the province, and did considerable damage where not properlv
controlled.

Cabbage Maggot (Hylemyia brassicae Bouche).—This pest was rather

worse than usual and a lot of loss was sustained where remedial measures were
not employed.

Oxiox Maggot (Hylemyia antiqua Meig.).—About the usual amount of loss

was noticed from this maggot. Most of the loss occurred very early, and the

later brood did not appear to be as destructive as usual.

THE HISTORY AXD PRESENT STATUS OF ENTOMOLOGY IN THE
UNIVERSITIES AND COLLEGES OF CANADA

Presidential Address—A. W. Baker

It has occurred to me that in the presentation of a presidential address before

this society might be an opportunity for an inventory of entomology in our colleges

and universities :—a sort of academic stock-taking. I realize that this survey of

our resources might much better be made by one who is not associated with
academic work. Such a person would feel more free to offer criticism or make
comparisons than one who. like myself, is engaged in teaching. I shall endeavour,

however, to make a fair statement of the situation with respect to undergraduate
courses within our collegiate institutions and shall make some reference to gardu-
ate instruction.

I wish to thank members of the various universities and colleges who have at

some inconvenience to themselves provided me with information in regard to the

courses in entomology within their particular institutions.

A formal undergraduate course in entomology appears to have been offered

first at the Ontario Agricultural College in 1877. Courses appeared in the curri-

cula of the following institutions in the years indicated.

Nova Scotia College of x\griculture, 1905.

Manitoba Agricultural College, 1906.

Macdonald College, 1907.

University of Toronto, 1908.

Agricultural College of Ste. Anne-de-la-Pocatiere, 1915.

Oka Agricultural Institute, 1917.

Queen's University, 1918.

University of British Columbia, 1919.

University of Saskatchewan, 1919.

Laval University, 1919.

University of Western Ontario, 1924.

University of Manitoba, 1929.

As would be expected, the great growth in entomology has been recent. With
the exception of the course offered at the Ontario Agricultural College in 1877,

all our undergraduate courses in entomology have appeared on the curricula of
our respective institutions within the last twenty-five years.
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At the present time fourteen of our colleges and universities are offering

undergraduate courses in entomology and Acadia University is contemplating the
establishment of a course in the near future.

The departments offering these courses are variously designated in the differ-

ent institutions. In two the courses are offered by Departments of Entomology

;

in three by Departments of Entomology and Zoology ; in two by Departments of
Zoology; in three by Departments of Biology, and in one by a Department of
Applied Biology.

In three of the colleges offering courses in entomology there is apparently no
definite organization into departments dealing with entomology or biology.

The general history of entomology within .these institutions is briefly as fol-

lows :

—

Ontario Agricultural College.—Entomology as a subject appeared on the

curriculum in 1877. In that year Peter H. Bryce examined. In 1879 J. Hoyes
Panton was appointed. He was succeeded in 1880 by J. Playfair McMurrich,
now Professor of Anatomy and Dean of the Graduate School of the University
of Toronto. Mr. McMurrich became Professor of Biology in 1881. In 1885 J.

H. Panton returned as Professor of Biology, which post he held till his death in

1899. W. Lochead was then appointed Professor of Biology which post he held

till 1905. He had associated with him at various times during this period : M. W.
Doherty, M. N. Ross, T. B. Jarvis, J. W. Hotson and V. Jackson. In 1906 a

separate department of Entomology and Zoology was organized with Franklin

Sherman Jr., as head. In 1907 Dr. C. J. S. Bethune was appointed professor

with T. D. Jarvis as associate. At this time the headquarters of this society were
removed from London to Guelph. In 1908 L. Caesar joined the department, in

1911, A. W. Baker, and in 1914, G. J. Spencer. In 1920, Dr. Bethume retired

and L. Caesar was appointed Professor of Economic Entomology and A. W.
Baker, Professor of Systematic Entomology and Zoology. In that year also, J.

A. Flock joined the department. R. H. Ozburn was appointed to the staff of

the department in 1924. Following the death of Mr. Flock in 1929, W. E. Hem-
ing joined the department and also J. F. Sykes as fellow.

The first courses given at the Ontario Agricultural College were general

courses of an economic and systematic character which were required of all stud-

ents. This practice has been followed in principle to the present time, separate

courses being given in later years to diploma and degree students. In 1900, with

the extension of the course to four years, an option in biology was established of

which entomology was an important feature. Previous to this time there had

been an option in biology but entomology was not a feature of it. For some
years, however, an option in horticulture, botany and entomology had been in

existence. In 1920 a separate option in entomology and zoology was established.

Nova Scotia College of Agriculture.—The College of Agriculture inagu-

rated in 1905 is the successor of the old School of Agriculture which had been in

existence for many years previous. W. H. Smith as Professor of Biology car-

ried on the instruction in entomology until 1912. In that year Robert Matheson,

as Provincial Entomologist took over the entomology with C. B. Gooderham as

assistant. In 1913 W. H. Brittain succeeded Professor Matheson and remained

until 1926. During this time he had as assistants, among others, C. A. Good, L.

G. Saunders, G. E. R. Hervey and W. E. Whitehead. During Professor Brit-

tain's leave of absence in 1925-26 Mr. Whitehead carried on the work in ento-

mology. In 1924 A. R. Prince became Professor of Biology, but by special

arrangement Professor Brittain who had gone to Macdonald College still lectured

in economic entomology. In 1928 A. D. Pickett became Provincial Entomologist

and is now in charge of the instruction in entomology.
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The early courses were general courses for all students and later were modi-
fied for degree and diploma students. At present only courses for associate or
"farm" students are given. This seeming retrogression will be explained later.

Manitoba Agricultural College.—The first work in entomology in 1906
was taken by F. W. Brodrick and carried on by him, in association with horticul-

ture and forestry, until 1916. In that year J. A. Neilson was added to the depart-

ment and shared the work in entomology with Professor Brodrick. In 1918 A.
V. Mitchener joined the staff and assumed charge of the entomology. In 1920
Mr. Mitchener's title was changed to that of Lecturer in Entomology and in 1921
he was appointed Assistant Professor of Entomology in charge of a separate

department.

Early courses were general in character. The greatest modification appar-
ently came after a revision of the college curriculum in 1919. In this year
optional courses in more advanced entomology were offered to fifth year students.

Macdonald College.—Entomology at Macdonald College was, at the begin-

ning in 1907, under the Department of Biology with W. Lochhead as Professor.

The first instruction was given by J. M. Swaine. In 1911 W. H. Brittain joined

the department. In 1912 Messrs. Swaine and Brittain left and E. M. Duporte
became a member of the staff. A separate department was created in 1920 with
Professor Lochhead as head. A. D. Baker joined the department in 1923. In

1925 Professor Lochhead retired to be succeeded in 1926 by W. H. Brittain as

head of the department. W. E. Whitehead also joined the staff in that year.

The first courses given were general courses to all students and an advanced
course in Economic Entomology to specialists in agronomy and horticulture.

There was at that time no option in biology or entomology but students were
allowed to take a so-called selective option. Under this scheme several selected

entomology. In 1920 an option in entomology was established.

University of Toronto.—Prior to 1908 entomology was not taught as a

subject distinct from Invertebrate Zoology. Work in entomology is given in the

department of Biology. From its inception it has been under the direction of E.

M. Walker, Professor of Invertebrate Zoology.

In 1908 a course in Forest Entomology was first offered in the Faculty of

Forestry. Other courses in entomology have been developed as parts of courses

in Invertebrate Zoology and Parasitology.

Agricultural College of Ste. Anne-de-la-Pocatiere.—Previous to 1915

entomology at Ste. Anne was not a regular feature of the course. In 1915 Pro-

fessor G. Bouchard took charge of the subject and since then it has developed to

form a recognized feature of the four year programme. The course is a general

one given to all students.

Oka Agricultural Institute.—Previous to 1917 the teaching of ento-

mology was very casual. In this year F. Letourneau was appointed Professor of

Entomology. He was succeeded in 1921 by Father Leopold who has carried the

work since. The course has always been general in character.

Queen's University.—The first course was established in 1918 as an honour

course. This has been and still is, under the direction of Professor A. B. Klugh
within the Department of Biology. Part of one other course is devoted to ento-

mology.

University of British Columbia.—The first course in entomology was

given in 1919 bv C. Fraser, Professor of Zoology. In 1921 and 1922 instruction

was given by R. C. Treherne; in 1922-1924 by Mr. Leckie. In 1924 Kenneth

Anden delivered a course in Forest Entomology and in the same year G. J.

Spencer joined the Department of Zoology as Entomologist.

Instruction in entomology has always been in the Department of Zoology in

the f aculty of Arts though most of the students have been in agriculture. The
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first course was a beginner's course in morphology and taxonomy. This was
followed by courses in economic entomology. When Professor. Spencer joined

the department the courses were remodelled and enlarged to provide an under-
graduate major in the subject.

University of Saskatchewan.—The first course was given in 1919 by A.
E. Cameron. He was succeeded in 1925 by L. G. Saunders as Assistant Pro-
fessor of Zoology who is still in charge of the subject. The course given is

general in character and was formerly a half class course but was extended last

year to its present scope.

University of Laval.—Entomology was first offered as a course in 1919

—

required of all students in forestry. This has been and still is in charge of Pro-
fessor G. Maheux.

University of Alberta.—The Department of Entomology was created in

the Faculty of Agriculture in 1922. It was extended to embrace the Faculties of

Arts and Medicine in 1923. E. H. Strickland as Professor of Entomology car-

ries on the instruction within the department. General and special courses are

given.

University of Western Ontario.—Xo courses in entomology were given

previous to 1924. In that year two courses were offered within the Department
of Zoology. This year two additional courses are being offered within the new
Department of Applied Biology. The work has from its beginning been under

the charge of J. D. Detwiler, Associate Professor of Zoology and Applied

Biology.

University of Manitoba.—No courses have been available in entomology
other than those in the Agricultural College previous to this year. R. A. Wardle.
Professor of Zoologv is planning to offer a general course within the Department
of Zoology in 1929-30.

Undergraduate courses in entomology now offered in the colleges and univer-

sities are listed and described as follows. The time is given on a weekly basis in

most cases. A few are listed with total time.

University of British Columbia

Zoology 4—General Entomology.—Elements of morphology, anatomy,
physiology of insects, indentification of specimens of all orders represented in the

province down to families and some common species ; key work to families and
the elements of wing venation.

Collection—100 specimens.

2 lectures and 4 laboratory hours for one term.

Required of agricultural students majoring in Agronomy and Horticulture.

Zoology 7—Economic Entomology.—Life histories of economic insects of

the province, special attention being paid to those likely to be introduced; the J
rearing during the term of one insect through at least one life cycle ; seminar
work on literature and the writing and presenting of summaries of reports and
bulletins.

6 hours for one term—two units.

Required of agricultural students majoring in Agronomy and Horticulture.

Zoology 7a.—The principles of Forest Entomology, with special study of the
life histories and work of the chief destructive bark beetles of the province

1 lecture and 2 laboratory hours for a half term.

Required of fifth year in Forest Engineering.

Major Courses— (a) external morphology and wing venation.

(b) internal anatomy and histology.



ENTOMOLOGICAL SOCIETY 37

Students majoring in entomology receive individual instruction in these

courses in key work to species, a full course in wing venation, further work in

comparative morphology and practice in dissection and sectioning of insects.

Practice is given in photomicrography where time permits. A thesis is required

of specialists. Time and units for these courses are arranged separately with

each student.

Honours Arts students majoring in entomology are required to take compara-
tive anatomy of inertebrates and vertebrates, normal vertebrate histology and
vertebrate embryology. These subjects are not required of students in Agricul-

ture who major in entomology.

University of Alberta

Entomology 1.—Deals with causes of insect outbreaks, methods of control

and a detailed account of the more important insect pests of the prairie areas.

2 lectures for two terms.

Required of all students in Agriculture.

Entomology 61.—Morphological adaptations, ecological relationships and
medical significance stressed.

3 lectures and 3 laboratory hours for two terms.

Elective—Pre-medical and medical students.

Agriculture and arts students with prospects in teaching.

Entomology 62.—Taxonomic features and habits in general of all the more
important families in all orders.

6 hour lecture—laboratory course for two terms.

Elective.

Entomology 63.—Study of two or more families in separate orders ; mor-
phological, taxonomic and bibliographic.

6 laboratory hours for two terms.

Elective—Pre-requisite Entomology 61.

University of Saskatchewan
Biology 15.—Anatomical structure and classification of insects. Studies of

the life histories, habits and control of insects of economic importance.

2 lectures and 6 laboratory hours for two terms.

Pre-requisite Biology—General Biology.

Required of third year specialists in Agricultural Biology.

Manitoba Agricultural College
Entomology 16b—General Entomology.—Characteristics of insects; gen-

eral external and internal structure; metamorphosis of insects; insecticides; life

histories and methods of control for the most common insects of field, farmyard,
garden and household.

2 lectures and 2 laboratory hours for one term.

Required of third year Diploma students.

Entomology 16c—Introductory Entomology.—Position of Hexapoda ;

external anatomy ; internal anatomy
;
metamorphosis ; characteristics of the most

important orders ; characteristics of the most important families in these orders ;

identification of insects of economic importance. Collection—150 specimens and
an additional collection after second year of 40 insects of economic importance.

2 lectures and 4 laboratory hours for one term.

Required of all second year degree students.

Entomology 16d—Economic Entomology.— Insecticides ; spraying and
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dusting machinery; life histories, identification and control of insects injurious to

field crops, farm animals, the garden, the shelter belt, stored products and the

household.

2 lectures and 4 laboratory hours for one term.

Required in third year of General Agriculture.

Plant Science and Animal Science Options. Elective in Agricultural Busi-

ness Option.

Entomology 16e—Systematic Entomology.—Classification to species in

the orders Orthoptera, Coleoptera and Lepidoptera.

Collection—500 specimens.

8 laboratory hours for two terms.

Elective in third year Plant Science Option.

Entomology 16f—Systematic Entomology.—Classification to species in

the orders Diptera and Hymenoptera. Life histories of at least two species of

insects must be worked.

8 laboratory hours for one term.

Elective in fourth year of Plant Science Option.

Entomology 16h—Household and Medical Entomology. — Poisonous
and parasitic insects ; insects as simple carriers of disease ; insects as essential

hosts of pathogenic organisms ; insects injurious in the household.

3 lectures and 2 laboratory hours for one term.

Elective in fourth year Home Economics.

University of Manitoba

General Entomology.

6 hours lecture and laboratory for two terms.

Since this course is being offered for the first time this year details are not

available.

Presumably elective.

University of Western Ontario

Zoology 31

—

Elementary Entomology.—An elementary course dealing

with the structure, development, life histories, economic relationships and classifi-

cation of representative insects.

2 lectures and 4 laboratory hours for one term.

Prerequisite—Zoology 20—Invertebrate Zoology.

Elective in third and fourth year General Course.

Zoology 406

—

Entomo \ogy, Morphological and Systematic.—The ele-

mentary morphology, life histories and classification of insects.

2 lectures and 6 laboratory hours for one term.

Prerequisites—Zoology 300 Comparative Anatomy and Botany 300 Crypto-
gamic Botany.

Elective to fourth year honour students in the Zoology Option.

Applied Biology 400

—

Arthropoda.—A study of the Phylum with par-

ticular reference to groups of economic importance. Elementary morphology,
taxonomy and post-embryonic development of the insects will receive special con-

sideration.

2 lectures and 6 laboratory hours for one term.

Prerequisite—Zoology 200 Invertebrate Zoology.

Required of fourth year honour students in Applied Biology.
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Applied Biology 402

—

Hexapoda.—A continuation of the morphological

and taxonomic study of insects with general histology, physiology and embryo-
logy.

2 lectures and 4 laboratory hours for one term.

Prerequisite—Applied Biology 400—Arthropoda.

Collection required.

Required of fourth year honour students in Applied Biology.

Ontario Agricultural College

Entomology and Zoology 15b—General Entomology.—Elementary anto-

my and physiology of insects: common orders of insects; beneficial and injurious

insects ; natural control factors ; insecticides and their application ; life histories,

habits and control of the most important insects of the farm.

Collection—100 specimens.

1 lecture and \y2 laboratory hours for one term.

1 lecture for one term.

Required of second year diploma students.

15d Economic Entomology.—Beneficial and injurious insects, methods of

distribution ; imported insects ; rate of reproduction ; natural control factors

;

losses from insects; insecticides and their application; life histories, habits and
control of the more important insects of the household, domestic animals, field

crops, vegetables, bush and tree fruits; the spray calendar.

1 lecture for two terms.

Required of second year degree students and students of the intermediate

year.

15c Systematic Entomology.—The classification of common insects into

families ; where possible the immature stages are studied as well as the adults

;

identification of economic species.

Collection—150 specimens.

1 lecture and 3 laboratory hours for two terms.

Required of second 'year degree students and studencs of the intermediate

year.

15f Economic Entomology—Fall Term.—Study of the insect enemies of

cereals, grasses, stored grain and mill products ; methods of rearing insects : in-

sects as disseminators of animal diseases ;
elementary insect photography.

2 lectures for one term.

Required of third year students of Entomology and Botany Options.

15g Economic Entomology—Winter Term.—Study of insect enemies of

shade trees, ornamental shrubs and greenhouse plants ; brief study of forest in-

sects with general methods of control.

I lecture for one term.

Required of third year students of Botany.

Entomology and Horticulture Options.

15h Systematic Entomology.—Chiefly a laboratory course on the classifi-

cation of insects
;
practice in identification and key work to general and species in

various orders.

Collection—500 specimens arranged in so far as possible to species.

Third year Botany Option—4 hours for one term and 3 hours for one term.

Third year Entomology Option—5 hours for one term and 4 hours for one
term.
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Fourth year Botany Option

—

A l/2 hours for one term and 5 hours for one

term.

Fourth year Entomology Option

—

\y2 hours for one term and 8 hours for one

term.

Required Options as indicated.

15j Systematic Entomology.—The families of the order Hymenoptera; key
work to general and species of Apidae.

Collection—50 specimens of Hymenoptera—arranged to species in the Apidae.

3 hours for one term.

Required of fourth year Apiculture Option.

15k Economic Entomology.—Insect ecology; insecticides and their action;

safe and unsafe comhinations of insecticides and fungicides; spraying and dust-

ing machinery ; insects as disseminators of plant diseases ; life histories, habits and
methods of control of insects attacking vegetables, bush fruits and fruit trees

;

construction of a spray calendar for orchards and bush fruits; literature on eco-

nomic entomology.

Collections—Horticulture Option—40 economic forms and two life histories

to be worked.

Entomology and Botany Options—life histories of four insects to be worked.
3 hours for two terms.

Required of the options indicated and of the Agricultural Science Option for

one term.

15i Insect Morphology.—An advanced course on the external morphology
of generalized adults and larvae followed by a comparative study of the morpho-
logy of a number of specialized types; anatomy in relation to phylogenetic de-

velopment; special studies in morphology required of individual students.

Third year Botany Option—4 hours for one term—5 hours for one term.

Third year Entomology Option—5* hours for one term—4 hours for one term

Fourth year Entomology Option-—2 hours for one term—6 hours for one term

Required of the options indicated. Botany Option course completed in one
year.

15m Insect Morphology.—The external morphology of generalized adults

type of adults and larvae in the Hymenoptera ; the roney bee in detail.

Third year—4 hours for one term—3 hours for one term.

Fourth year—2 hours for one term—5 hours for one term.

Required of the Apiculture Option.

15n Insect Physiology, Internal Anatomy and Histology.—Lectures

and laboratory; dissections of internal anatomy of various types; histology of in-

sect types; practice in microtomic sectioning of insect tissue; general laboratory

technique with insect material
;
phatomicrography.

Apiculture Option selected portions of the above and special work on the

honey bee.

Third year Apiculture Option—3 hours for one term—2 hours for one term.

Third year Entomology Option—4^ hours for one term—3 hours for one

term.

Fourth year Apiculture Option

—

\y2 hours for one term—5 hours for one

term.

Fourth year Entomology Option—3 hours for one term—5 hours for one term.

Required of options indicated.
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15u Bibliographies.—A lecture course on scientific literature, its character

and sources ; the standard keys to zoological literature ; indices and bibliographies

and their preparation.

Required of Entomology Option.

Thesis.—A thesis is required of all fourth year students.

Zoology 36 Forest Entomology.—A lecture and laboratory course on for-

est insects.

25 lectures and 50 laboratory hours—total.

Required of fourth year students in forestry.

In the following courses a considerable portion of the time may be devoted to

the study of insects.

Zoology 1 1

—

Parasitology.—Lectures and laboratory work on the parasites

of man; a large part of the course is medical entomology.

50 hours—total.

Elective in third year Medicine.

Zoology 24 Advanced Invertebrate Zoology.—Lectures, laboratory and
museum work on the morphology, embryology classification and distribution of

the invertebrates
;
training in laboratory methods and microscopic technique. This

course may be largely restricted to the Arthropoda.

100 hours—total.

Elective in fourth year Honour Biology.

Zoology 25 Classification and Natural History of Animals.— Special

reference to those of Ontario or Canada ; a large part of the course is devoted to

determination of insects.

100 hours—total.

Elective in fourth year Honour Biology.

Queen's University

Biology 34 Economic Entomology.—A study of the principal insect pests

of the farm and forest and methods of control. Prerequisites Biology 1—Ele-

mentary Botany and Zoology, Biology 2—General Biology, Biology 21—Canadian

1 lecture and 4 laboratory hours for two terms.

Elective honours course.

Biology 21 Canadian Zoology.—The classification, distribution, life histor-

ies, habits and economic importance of the commoner and more important Cana-
dian animals. Study of museum specimens.

A considerable portion of this course is devoted to insects.

2 lectures and two laboratory hours for two terms.

Elective honours course.

Entomology 3.—An elementary treatment of the structure, habits and classi-

fication of insects. The relation of structure, habits and life-history to control

measures. Identification of the common pests of field, garden and orchard.

2 lectures and 2 laboratory hours for one term.

Required of first year diploma students.

30 Insect Morphology.

2 lectures and 4 laboratory hours for two terms.

Required of third year Entomology Option.

University of Toronto

Macdonald College
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32 Technique.— (a) Histological Technique; (b) Entomological Technique.

1 lecture and 4 laboratory hours for two terms.

Required of third year Entomology Option.

33 Economic Entomology.—A survey of the orders of insects in their eco-

nomic relation to man. Studies of representative species. The principles of in-

sect control. Methods of investigation. The taking and tabulating of notes and
records. The preparation of popular and technical papers.

Collection—50 adults and 20 larvae—5 complete life histories.

2 lectures and 4 laboratory hours for two terms.

Required of fourth year Entomology Option.

34 General and Economic Entomology.—A general study of the principal

insect enemies of field, garden and orchard crops, designed for students not tak-

ing their major work in entomology. A study of spraying schedules for different

farm crops. The principles of insect control.

Collection—25 adults and 10 larvae of common economic insects—one com-
plete life history.

2 lectures and 4 laboratory hours for one term.

Required of third or fourth year Horticulture and Plant.

Pathology Options.

35 Systematic Entomology.—The classification of the principal groups of

insects. Each student will be asked to choose a special group for more detailed

study and to bring to the class an original collection in that group.

1 lecture and 4 laboratory hours for two terms.

Required of fourth year Entomology Option.

36 Insect Ecology.—Classification of habitats and the factors influencing

them. Modifications in structure and life history correlated with variations in

the environment. Behaviour as a response to environmental changes. Protective

devices. Insects in relation to plants. Social insects. Insect distribution.

2 lectures for one term.

Required of fourth year Entomology Option.

37 Seminar.—Presentation and discussion of reports on d) Assigned topics;

(2) Recent work in entomology and zoology; (3) Original investigation.

2 hours for two terms.

Required of third and fourth year Entomology Option.

38 Projects.—One or more problems entailing private investigation will be

allotted to each student at the beginning of his third year. The work done should

be equivalent to 4 hours for two terms.

Required of third or fourth year Entomology Option.

Oka Agricultural Institute

One general course is given dealing with the morphology of insects, the prin-

cipal orders, forms of economic importance and their control. Economic features

stressed.

2 lectures and 4 laboratory periods for one term.

3 lectures and 4 laboratory periods for one term.

Required of third year B.S.A. students.

A special time table may be made out giving additional work in his spare time

to a student who is especially interested in entomology.

Laval University

Entomology—Part 1

—

Elementary Entomology.—A course in general

entomology.
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20 lectures and 16 laboratory hours—total.

Part 2 Forest Entomology.—A study of forest insects.

25 lectures and 20 laboratory hours—total.

Required of third or fourth year in School of Forestry.

Agricultural College of Ste. Anne-de-la-Pocatiere

One general course is given.

50 lectures and 15 laboratory periods—total.

Required of all second year degree students.

College of Agriculture, Truro

One course now given in economic entomology to the "Farm Course" stud-

ents. This is of a practical nature dealing with the recognition, habits and control

of the more common farm pests.

First year 2y2 hours for two months.

Second year 2 hours for three months.

Required of both years.

Previous to this year (1929-30) a general course was given to degree students

but this is now dropped to keep the programme in line with that of Macdonald
College with which Truro is affiliated.

An examination of the courses offered in entomology at our Canadian institu-

tions and the conditions under which they are available brings out a number of

points of general interest. These I will discuss under the following headings :

—

I

—

Required Courses

A. For Students in Agriculture.

(1) General Courses for all students or technical options.

University of British Columbia.—Courses in systematic and Economic
Entomology are required of students majoring in Agronomy and Horticulture.

University of Alberta.—A lecture course in Economic Entomology requir-

ed of all students in agriculture.

University of Saskatchewan.—No requirements under this section.

Manitoba Agricultural College.—A general course required of all diploma
students and an introductory course required of degree students. A course in

Economic Entomology required of the option in General Agriculture.

Ontario Agricultural College.—A general course required of all diploma
students and courses in Systematic and Economic Entomology required of all

degree students. An additional course in Economic Entomology required of

Horticulture Option third and fourth years. Courses in Systematic Entomology,
Insect Morphology and Internal Anatomy and Histology are required of Apicul-
ture Option, third and fourth years.

Macdonald College.—A course in General and Economic Entomology is

required in the Horticulture Option. A general course is required of diploma
students.

Oka Agricultural Institute.—A general and economic course is required

of all degree students.

Agricultural College of Ste. Anne-de-la-Pocatiere.—A general course
is required of all degree students.

Agricultural College, Truro.—A course in economic entomology is re-

quired of all diploma students.
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A summary of this statement shows us that four institutions are requiring

courses in entomology of all diploma students in agriculture and five are requiring

courses of all degree students. In addition two are requiring courses of two
"technical" options and two are requiring courses of one "technical" option.

(2) Other Required Courses—
More advanced courses in various phases of entomology are required of stud-

ents majoring in entomology or biology as follows.

University of British Columbia.—For students majoring in Entomology.

University of Saskatchewan.—For students majoring in Agricultural
Biology.

Manitoba Agricultural College.—For students majoring in Plant Science
or Animal Science.

Ontario Agricultural College.—For students majoring in Botany, in

Entomology and in Agricultural Science.

Macdonald College.—For students majoring in Entomology and in Plant

Pathology.

Certain of the courses mentioned above for technical options are also required

of these groups.

B. For Non-Agricultural Students :

(1) Forestry.—A course in Forest Entomology is required of students major-

ing in Forestry in the University of British Columbia, the University of Toronto
and Laval University.

(2) Applied Biology.—Two courses are required of students in Applied
Biology at the University of Western Ontario.

II

—

Elective Courses

One or more elective courses in entomology which vary in extent and char-

acter are offered by the University of British Columbia, the University of Alberta,

the University of Saskatchewan, Manitoba Agricultural College, the University

of Western Ontario, the University of Toronto, Queen's University and Mac-
donald College.

In most cases these courses are elective only for certain groups of students.

The University of Alberta apparently has its courses in entomology available for

the most widely diverse student groups.

Ill

—

Undergraduate Majors
A careful examination of the curricula of our educational institutions with a

study of the character of the courses offered and the time involved leads me to

suggest that at the present time three institutions are offering what can properly

be called, undergraduate majors in entomology. These are the University of

British Columbia, Macdonald College and the Ontario Agricultural College.

As previously indicated several other colleges or universities are offering cer-

tain advanced courses but in none of these cases is the number and extent of these

courses and the time involved sufficient, in my opinion, that these may be consid-

ered majors in the field of entomology.

I wish now to discuss briefly these points to which I have just referred and to

lay before you certain opinions which I hold with regard to them. It is probable

that some of you will not agree with these opinions but the expression of them
may help to clear the air.

First, with regard to required general courses for men in agriculture:—

I

have pointed out that only four institutions, out of nine with undergraduate agri-

cultural training, are requiring courses of all diploma students and five are requir-
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ing courses of all degree students. It seems to me highly desirable that all stud-

ents in agriculture in degree or diploma courses should be required to take at least

a general course in entomology. Such a course should be one in Economic
Entomology with such work in Systematic Entomology as may be necessary to

acquaint the student with the more important insect groups and outstanding eco-

nomic species.

I am quite familiar with the trend of development in our undergraduate cur-

ricula toward the more general establishment of courses in the fundamental
sciences and am heartily in favor of it. Such a course as I have suggested need
not come, however, in the first or even the second year of the degree curriculum.

I would suggest further that such a course should be built on a background of

Zoology approaching the standard of the first or second year university honour
course. Incidentally this course in Zoology would also be basic to courses in

Comparative Anatomy. Vertebrate Histology, Vertebrate Embryology and Animal
Physiology which in the future will be features of the work of undergraduate
specialists in Animal Husbandry at least. I expect to see this prophecy fulfilled.

May I point out that some of our best equipped entomological departments are

not rendering service from the point of view of courses offered to the average

student of their respective institutions. This of course is not from choice of the

department staffs, but because of institutional policy. Let us cite Macdonald
College as an example. Without being professionally egotistical we may say that

the Department of Entomology and Zoology at Macdonald is one of the best

manned and best equipped departments of the College. Yet in so far as I can

learn from the curriculum, no students of the degree course except specialists in

Entomology, Plant Pathology and Horticulture receive courses in entomology.

(Since his address was delivered, Professor Brittain has informed me that other

students may and do elect certain of these courses in Entomology).

Let us turn now to the matter of elective subjects. I have pointed out that a

number of our colleges and universities are offering elective courses in entomology.

It is of interest to again note that these are in general available only to certain

groups of students. In practically all cases I am also glad to report that a fair

standard of prerequisites is maintained. This is secured by a definite prerequisite

requirement, or in other cases, by the position which the course occupies in the

undergraduate programme. Despite the relatively satisfactory condition which

exists with respect to our electives in entomology may I presume, however, to

utter a word of warning. I see a tendency, especially in some of our western

universities toward considered freedom in the matter of elective subjects. I sub-

mit that the breadth of our courses and the background required, has done, in the

past, as much as high scholarship to bring success to Canadian students in foreign

academic fields. I am still sufficiently old-fashioned to think that the undergradu-

ate is not a finished expert in the matter of course outlines. I will not discuss in

detail the evils which I think may follow in the train of a free elective system.

Classic examples will occur to us all.

I have stated that it is my opinion that three institutions in Canada are offering

undergraduates majors in entomology. In the University of British Columbia

students in arts who major in entomology are required to carry courses in Com-
parative Anatomy of Vertebrates and Invertebrates and in Vertebrate Histology

and Vertebrate Embryology. Agricultural students who major in entomology are

not required to carry these courses and are not permitted to receive an honours

degree. This lack of cognate courses in animal biology in the curriculum of the

students majoring in the agricultural faculty seems open to criticism. There has

been a tendency on the part of some to consider the academic standing of agricul-

tural students as lower than that of other faculties. A condition such as I have

stated provides a basis of argument for such persons.
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Students majoring in entomology at Macdonald College are required to carry

a course in Comparative Vertebrate Anatomy, Histology and Embryology.

At the Ontario Agricultural College students majoring in entomology are

required to carry courses in invertebrate Zoology, Comparative Anatomy of Ver-
tebrates, Vertebrate Histology.

The whole question of undergraduate specialization is one which at present is

reaving much attention. How far we should go in this matter is a much debated
point. My attitude would be that we should allow as much specialization as time
will permit—when the fundamentals in science and mathematics have been pro-

vided for—and, in the case of students in agriculture, a general background in the

technical subjects. Provision of course should also be made in an undergraduate
course for English and foreign languages.

Graduate Work
It is not my intention to enter into a detailed discussion of graduate studies in

entomology in Canada.

Dr. Robert Newton's recent report to the Canadian Society of Technical Agri-

culturists on Graduate Instruction in Agroculture in Canada covers much of the

field of graduate studies in entomology.

At the present time graduate instruction in entomology is offered in the Uni-
versity of British Columbia, the University of Saskatchewan, the University of

Manitoba, the University of Western Ontario, the University of Toronto and the

Ontraio Agricultural College, the University of McGill and Macdonald College.

Courses in entomology appear in the graduate calendar of the University of Al-

berta, but up to the present no students have been accepted.

Equipment and Collections

I have said nothing in regard to collections or equipment. Some of my corre-

spondents have given me a full account of collections and some of equipment.

Others however, have made only a passing reference to collections and none to

equipment. In view of my lack of detailed information I feel therefore, that it

would be most unfair to discuss these questions.

I have tried to make a fair statement of the situation with respect to under-

graduate instruction in entomology in Canada. I have freely expressed opinions

which may be quite antogonistic to those of some of you. Only in this way, how-
ever, can we make real progress.

In conclusion may I say that though entomology, in the light of academic his-

tory, is a comparatively new subject in Canada it is fast taking a prominent place

in the curricula of our universities and colleges. It remains for us as entomolog-

ists to see that it is maintained on a high scientific plane.

SOME PRELIMINARY OBSERVATIONS ON THE FLIGHT OF THE
EUROPEAN CORN BORER

Geo. M. Stirrett

Dominion Entomological Laboratory, Chatham, Ontario

The purpose of this paper is to record a few preliminary observations upon the
flight of the European corn borer (Pyrausta nubilalis Hubn.). The work upon
which these observations have been made was carried on at Chatham, Ontario,
during the seasons of 1927, 1928 and 1929. The writer was assisted in this

work by the following men : 1927, Messrs. W. E. Steenbury, N. B. Stevens
; 1928,

Messrs' R. M. Alton, G. S. Mathews, F. F. Smith; 1929, Messrs. H. E. Heming,
W. E. Lindsay, J. A. Adams.
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The flight period is very important in the life economy of the corn borer, be-

cause during this period mating and egg-laying take place, and therefore, the sub-

sequent infestation and injury to the corn crop is largely, although not entirely,

determined during this period. The number of eggs laid depends to a large ex-

tent upon the length of time the moths are in flight during the season and the

length of time they are present in the fields on each night of the flight season.

Our studies were undertaken to learn all Ave could regarding flight and par-

ticularly to determine its seasonal limits, yearly variations and their causes and to

determine, if possible, the physical factors, if any, regulating or determining the

number of moths present in the fields on individual nights. Xo account was
taken of the biotic factors influencing flight such as the stage of growth of the

corn at the time of flight, except that wc tried to have our plots in the same stage

of growth in the successive years. It was assumed that once emergence had be-

gun some moths would be in the field every favourable night until the natural

culmination of the flight period. Because the height or the maturity of the corn

at the time of flight, has a great influence on the number of moths present, the

average heights of our plots will be given. Our corn did not vary a great deal in

height on the same dates year after year because in 1927 the average height was
nineteen inches, on July 15, and twenty-one inches on July 18. During 1928 the

average height on July 9 was fifteen inches and on July 16 twenty-three inches,

while in 1929 the corn was thirteen inches tall on July 8 and twenty-four inches

in height on July 20.

Methods of Study.—Each year a plot of Wisconsin number seven corn was
planted on or about June 5. The plots each measured 40 x 240 feet, except in the

vear 1928, when each measured only 40x 120 feet. For this reason the actual

number of moths secured in this year have been doubled, in order to make the

plot comparable with the other years. Observations were made each hour of the

evening and night from the beginning to the end of the flight season. The first

six or seven minutes of each hour were used in measuring and recording the

physical factors of the environment. Temperature was recorded by the dry bulb

thermometer of a sling psychrometer during the first year and by a Friez ther-

mograph during the last two years. Relative humidity was determined by a Tycos
psychrometer during the first year and by a Friez hygrograph during the last two
vears. Evaporation was not recorded the first year but was obtained by use of a

Livingston spherical atmometer cup during the last two years. It was recorded

for a period of five minutes at each observation. Precipitation was unrecorded in

the field the first year, the Chatham weather station records being used. It was
recorded in the field by the use of a standard rain gauge during the last two years.

Wind was measured by the use of a Biram portable anemometer. Five readings

of one minute each were taken at each observation and the average of these used

as the wind velocity for the period. Pressure was recorded at the Chatham sta-

tion of the Meteorological Service of Canada, located about one-half mile from the

plots. Light was not recorded because we do not possess a photometer.

After the physical factors had been recorded the plot was examined for moths
for a period of fifteen minutes by walking up and down the rows. By the use of

a four-celled flashlight, moths could readily be seen in flight or resting on the corn

plants. When a moth was observed it was caught by the use of an insect net,

identified and killed. When the fifteen minute period ended the plot was vacated

until the time for the next observations. The hourly observations began gener-

ally at 7:30 p.m., and continued until one or no moths were observed, which was
generally about 12 :30 a.m.

The Yearly Flight Period.—The length of the flight season during the past

three years has not varied greatly in respect to dates and length of duration as is

shown in the following table :

—
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Date flight Date flight Length of Actual number of

Year began ended flight in days nights moths flew

1927 July 8 Aug. 7 31 25

1928 July 7 Aug. 9 34 25

1929 July 4 July 31 28 22

The actual number of nights the moths were in flight is lower than the length

of the seasonal flight because on a number of nights when it was expected moths
would be in the field they were absent, due, in most cases, to undetermined fact-

ors. There were six such nights in 1927, nine in 1928, and six in 1929.

The length of the flight season for each year is shown in the figure below :

—

Fig. I. Graph Showing Flight of Com Borer Moths Laboratory Field, Chatham, Ontario
1927-1929 Inclusive

The total number of moths observed during the flight season in the three

years, varied considerably. In 1927, 258 moths were observed, while in 1928,

370 were observed and in 1929, only 108 were recorded. In 1927, therefore, the

average number of moths captured for each night of actual flight was 34.2, in

1928, 14.8 and in 1929, only 4.9. The reduction in the number of moths is shown
in the above graph which shows the actual number of moths caught each night for

the three years.

There are several factors which might cause- this reduction in the number of

moths during the past two years. Any serious thought on this point admirably

illustrates the compexity of our problem. Of the factors which might cause a

reduction the following are probably the most important:— (1) Weather and

other factors regulating the number of eggs laid, the percentage hatching and the

mortality in larval establishment. (2) The compulsory farm clean-up of corn

refuse. (3) The increase in the corn acreage from 1927 to 1929. We have, no

means of evaluating many of these factors at the present time. It would appear,

however, as if the farm clean-up and the increase in acreage were responsible for

a great part of the reduction.

It is felt that the decrease in the number of moths in 1928 under that of 1927

throughout the district is fairly accurately shown in our plot records. We feel,

fhowever, that our plots in 1929 show a greater decrease than was actually the

case. In 1927 and 1928 our plots were grown on the same site and the nearest

corn was several hundred yards distant, while in 1929 there were two early sweet

corn fields and one earlier field of field corn within a short distance from our plot.
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One of these fields of sweet corn was observed throughout the season and it was
found that it attracted over twice as many moths than did our plot, although these

plots were practically the same size in area. It is felt, therefore, that these fields

attracted some moths which, under the isolated condition of our plots of 1927 and
1928, would have remained in our field. During the past season a plot of corn

was grown very close to the location of the plots of 1927 and 1928 in order to

secure the relation or corrective factor between the site of our 1927 and 1928 plots

and that of the new location of 1929. Unfortunately this corn was very poor

and hence, cannot be used in comparison with the other plots. In spite of its

poorness the plot attracted an average of four moths each night for the period of

observations. This is not quite one moth less per night than the plot of this year

on its new location.

The increase in the corn acreage during the past two years in Kent county
must have had some effect in reducing the number of moths within definite plots

because the moths had more corn over which to fly and lay eggs. The increase in

corn acreage in Kent county in 1928 over the acreage of 1927 was 5.785 acres or

twenty-eight per cent. The increase in 1929 over 1928 was 10,919 acres or forty-

one per cent. Thus in 1927 the moths had only 20,751 acres of corn over which
to lay eggs in 1929 they had 37,455 acres.

The effect of clean ploughing in killing the larvae of the corn borer is well

known and it must be a fact that enormous numbers of larvae were killed during
the clean-up of 1927-28, thus reducing the number of moths which would be pres-

ent during the 1928 flight season. Because of very wet weather in the spring of

1929, the clean-up of 1928-29 was not quite as well done in Kent county as that of

the previous year, and it is felt that this factor did not have such an influence in

reducing the numbers of moths flying in 1929 as was the influence of the 1927-28

clean-up on the moths of 1928, although it must be remembered that there were
less larvae in the corn refuse than in 1927-28.

Most of the moths found in the field were females, in fact, it was rather rare

to find a male. In 1929, in two plots observed, only 3.7 per cent, and 3.6 per cent,

of the moths observed in the fields were males.

The Nightly Cycle of Flight.—The moths begin to fly about 8:30 p.m.,

and gradually increase in number until about 9 :30 p.m.*, when the maximum num-
ber are usually present. After this time, they gradually decrease until nearly all

have left the field by 12:30 a.m. The following table shows the number of moths
captured for the entire season, of 1927 and 1928, at hourly periods. It must be

understood that the actual observations were probably not made at exactly the

hour indicated but are grouped to their nearest hourly period, thus an observation

taken at 8:15 p.m. would be recorded as at 8:30 p.m.

Time
Year 7:30 p.m. 8:30 p.m. 9:30 p.m. 10:30 p.m. 11:30 p.m. 12:30 p,m, 1 :30 a.m.
1927 281 263 151 117 48
1928 38 204 74 46 8

Under certain conditions there is a secondary flight taking place between 2 :00

a.m., and 4 :00 a.m. The extent of this secondary flight has not been studied, ex-

cept on one night, that of July 17, 1928. The following is a table of the numbers
of moths observed at hourly periods throughout the night.

Time— 7:50 9:00 10:00 11:00 12:08 1:10 2:05 3:05 4:07 5:08
No. of p.m. p.m. p.m. p.m. a.m. a.m. a.m. a.m. a.m. a.m.
Moths 10 8 4 2 02420

In future, further consideration should be given to the observation of this

secondary flight to determine its extent and magnitude.

The Physical Factors Affecting Flight.—As has been stated above,

moths were absent from the field on six nights during 1927, nine nights in 1928.
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and six nights in 1929, during the flight season and when one would expect that

they would be present in the field. We have not been able, with the data at hand,

to explain their absence on each of these nights, but it is certain that low temper-
atures had the controlling effect on certain nights as will be pointed out later. Of
the other physical factors, precipitation is the only one which might have been
responsible for the absence of moths on certain of these nights. Although we have
definite records for relative humidity, evaporation, pressure and wind, none of

these throughout the progress of our work had any definite influence over flight.

This may, however, be due to the fact that we have not as yet encountered ex-

tremes in these factors. Winds of cyclonic velocity must certainly prohibit flight.

When the temperature reaches as low as 57° F., it is almost certain that no
moths will be found in the field. Very few moths fly when the temperature
ranges around 58° F., or 59 F. On the graph, presented in figure 1, this is

clearly shown on the night of July 19 when in 1927 and 1929 the mean tempera-

ture for the hours of our observations reached 56.8° F., and 55.7 F., respectively,

and no moths were taken on this night in either year. In 1928, however, the mean
temperature was 70.2° F., and twenty-four moths were obtained. The other

physical factors for this night in the three years were fairly constant and did not

show any appreciable divergence from the preceding or the following nights.

Only the temperature was lower. The prohibitive effect of low temperature can

be brought out more clearly by showing the temperature for each individual hour
of observation.

Date Time 8:30 p.m. 9:30 p.m. 10:30 p.m. 11:30 p.m. 12:30 a.m. 1 :30 a.m.

July 18

1927
Temp.
Moths

66.8

8

65.5

24
65.4 64.7

11 3

65.2

7

60.2

July 19

1927
Temp.
Moths

58.7 56.3 55.3

July 20
1927

Temp.
Moths

62.6

7

57.3

9

56.0

July 21

1927

Temp.
Moths

67.4

51

65.2

21

65.3 64.5

11 7 Elec. Storm.

The other factors for these nights were as follows:

—

Rate

July 18

1927

Relative Humidity
Mean

82.5

Precipitation

Xone

Wind
Mean

109.1

Pressure

29.58

July 19

1927 76. None 203.6 29.54

Tilly 20
1927 87.33 Xone 27.6 29.67

July 21

1927 94. .47 181.8 29.64

It is fairly obvious that the lower temperature on July prohibited moth flight,

and is responsible for the termination of the flight on July 20 at such an early

hour.

Moths continue to fly in light rains as this occurred on several nights during

observations. On July 21, 1927, it was raining when observations began at 8:30

p.m., and it rained until about 9:30 p.m., during which time seventy-two of the

ninety moths observed during the night were captured.

It is difficult to interpret the effect of rain on flight from our data, because on
the only nights during flight when we had very heavy rains other factors may have
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been the cause of the lack of flight. On August 8, 1927, it rained very heavily

all evening and no moths were observed. Three moths had been taken the night

before, but none were obtained on August 10 and 11 or thereafter, so that their

absence may have been due to the natural culmination of flight. The only night

on which we feel certain rain prohibited flight was on August 4, 1928. On this

night .53 inches of rain fell during the night and very largely during our observa-

tions. The temperature was high, being 75° F., at 8:00 p.m. We did not find

moths in the field on this night, but had obtained six the night before.

PROGRESS IN BREEDING CORN TO RESIST THE
EUROPEAN CORN BORER

(Pyrausta nubilalis Hbn.)

A. Russell Marston
Michigan State College

Corn Borer Experiment Station

Monroe, Mich.

Wherever crop plants are cultivated injurious insects may be found and often
these insects determine the difference between success and failure in production.

It is natural that the plant breeder has in the past and undoubtedly will continue to

give in the future considerable attention to controlling these insects by plant

breeding.

It has not been many years since our friends, the plant pathologists, were
rather skeptical about accepting the plant breeders' contention that a difference in

resistance to plant disease might be due to inherent genetic conditions in the host

plants. It was rather generally held among pathologists that susceptibility and
resistance were largely determined by environment and therefore not inherited,

but to-day the pathologist knows as a fact that susceptibility and resistance are

inherited and that through plant breeding we are able to produce strains of the

different crops that may be either resistant or susceptible to the various pathologi-

cal diseases. Similarly we are going to prove that susceptibility and resistance of

plants to insects are due to. inherent genetic conditions in the plant.

Plant resistance to insects may also be dependent on environment but in every

case there is a definite genetic background for the development of the character.

Let us now assume that resistance to the corn borer is a genetic factor. What
should we expect in the way of an attack from the corn borer on the different

families throughout the generations of a cross between a borer resistant variety

and a susceptible variety of corn. Should the resistance to the corn borer be

completely dominant, we should have the plants in the Fl generation showing a

very light infestation, but should susceptibility be dominant, we should have a

very heavy infestation in this generation. In the second generation we should

have a segregation of resistance and susceptibility in possibly the following ratios

depending upon the number of independent factors involved as follows:

—

Monohybrid 1 factor ratio 3:1

Dihybrid 2 factors ratio 9:3:3:1

Trihybrid 3 factors ratio 27:9:9:9:3:3:3:1

Therefore, if susceptibility was a dominant factor in the second generation of a

Monohybrid we should have 3 plants with corn borer present to one plant without

any borers, etc. Provided, of course, that should there be no factor for resist-

ance present, all plants in the plat would be susceptible to borer attack.

Now, let us take the resistance problem that has been conducted for the past

three years at our Corn Borer Station at Monroe, and see what we have found.

We were able, at the Monroe Corn Borer Station in 1926. to obtain a borer resist-
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ant variety of corn from the Entomologists at Arlington. Dr. D. J. Caffrey

informed me that they had a borer resistant variety called Maize Amargo and
could see possible use of this particular variety in the plant breeding

study. The Maize Amargo in its native state could not produce corn

that would mature in normal seasons of the United States. I immediately asked

him to forward me some of the seed and Dr. Jones from Arlington sent us some
75 kernels of the pure Maize Amargo seed. In order to assure ourselves that

this strain was resistant we placed a small cage over one hill and liberated about

20-25 mature corn borers on these plants. We then went back later to see if the

borers had established themselves on the plants. Dr. Phillip Luginbill of the

United States Department of Agriculture, Entomologist who was with us at that

time, made the observations and could not find any of the borers that he had placed

on the plants. In 1927 we placed a large cage over several of the Maize Amargo
plants and introduced a large number of corn borer moths. These moths laid a

great number of their eggs on the cage, some 150 eggs were deposited on the

plants and in the fall only one live corn borer could be found. In 1926 we
endeavored to make crosses of this variety of corn with our Michigan varities.

We used different tactics in making our crosses from other plant breeders, who
had formerly attempted the cross. Most of the other plant breeders had been
endeavoring to use the Maize Amargo as the female and as a result the Maize
Amargo taking so long to mature did not produce any seed that would mature
sufficiently to grow. We used the Maize Amargo as the male, since the male is

equally able to transmit its characteristics as the female. We crossed the Maize
Amargo with three Michigan type corns, Duncan, Golden Glow and Red Cob
Ensilage. Of this stock, we furnished Dr. F. D. Richey with a few kernels of

each as he had been unfortunate in getting any of his crosses to grow up to that

time.

In 1927, we planted this seed and only two plants of Duncan, about four
plants of Golden Glow and about nine plants of Red Cob Ensilage grew. This
being our first generation and as we had a limited number of plants, we covered
most of these with screen cages in order to protect them from corn borer attack.

The plants unprotected suffered considerable corn borer injury.

In 1928, we planted all the seed harvested from the plants in 1927. It germ-
inated well and gave us a large number of plants with which to work. In plant-

ing these crosses we planted along with them a few rows of the parent plants.

This generation which was the F2 began to show results that were encouraging.

A heavy infestation was found oh the Michigan parent but on the progenies of

the crosses with Maize Amargo we found rather a light infestation. For
example

:

By infestation is meant, preliminary counts made under the supervision of Mr. C.

B. Dibble of the Entomology Section of our Station on the number of plants

infested and the number not infested in the plat. All these were planted at the

same time and grew normally in height. We, then, inbred by hand pollinization

all the plants to use the following year in planting each family in a single row.

In 1929, or this past season, we have found very promising results. We have

plats scattered throughout the field that show no borer attack whatsoever while

the adjacent plats run high in infestation. For example, let us take three par-

ticular rows as follows :

—

PLAT XO.
4

1

2

3

Duncan x Maize Amargo
Duncan Yellow Dent

Maize Amargo
Duncan x Maize Amargo

VARIETY INFESTATION
8%
58%
5%

18%
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PLAT NO. VARIETY INFESTATION
90633 Duncan x Maize Amargo F3 29%
90634 Duncan x Maize Amargo F3 0%
90635 Duncan x Maize Amargo F3 26%

Plat No. 90634 which carried no infestation was more mature and higher through-
out the season than the plat on either side. In studying the progeny of the three
crosses of 1926 this year out of 935 families in all we had some 708 families

infested to approximately 227 non-infested.

Let us now study this from a genetic standpoint. In the Fl generations we had
a heavy infestation, thus leading us to believe that susceptibility is dominant and
resistance recessive. In the F2 we had a lighter infestation as a whole in the

plats of Maize Amargo crosses than in the Michigan Parent plats, thus showing
that in the segregation of characteristics with the presence of the Maize Amargo
type we have a slight resistance showing up. As we did not have sufficient corn
borer attack in 1928 to infest every plant in the plat, we selfed or inbred every
plant in all plats. This year we placed all the ears from 1928 in single row plats

to find out definitely whether any particular family in that group had resistance

to the borer present or not. We found that in 935 families of the three crosses,

Duncan, Golden Glow and Red Cob Ensilage, we had some 798 families infested

to 227 non-infested, giving us a ratio of 3.1 :1 in all F3 families studied. This
would indicate that we were very close to a 3 to 1 or a simple Mendelian ratio, and
as I have shown before, in what we should expect, would correspond to a Mono-
hybrid combination. This looks most encouraging and gives us a good lead to

follow next year. First, we must get our resistance and then we must make a
profitable corn variety to grow in Michigan. We intend to start now using these

apparently resistant strains in attempting to produce a commercial strain of corn

that can be grown profitably under corn borer conditions. In producing this

strain of corn we will combine definite known strains, blend numerous strains and
use other corn breeding methods.

Since 1926 we have also been successful in crossing the Maize Amargo with

several of our other varieties of corn and are carrying these through in the same
manner as we did the crosses which I have just described. One of the very inter-

esting crosses which attracted considerable attention this year is a cross we made
in 1928 between Golden Bantam Sweet Corn and Maize Amargo. The cross this

year in its first generation showed corn standing some 8 feet high with very few
suckers and a definite segregation on the ear of a 3:1 ratio of Flint and Sweet
Corn, thus showing us that the cross was successful. We also have some crosses

with our earlier types of corn for the Northern part of Michigan, 8 rowed Flint

and Northwestern Dent being two of these. This year for the first time we were
successful in crossing our Michigan Hulless Pop Corn with Maize Amargo and
obtained some 9 kernels with which to work in the future.

A few days ago I received a communication from Dr. H. A. Wallace of

Wallace's Farmer, who has this past summer visited Europe and made a study of

the corn borer, therein stating that the Vilmorins of Paris were importing every

year corn from Mexico that was borer resistant, thus showing there are others

convinced that there is such a thing as resistance in corn plants to the Corn Borer.

Discussion
Mr. H. G. Crawford:—I do not know whether the meeting as a whole

realizes what a significant point this is which has apparently been discovered, viz.,

the resistance (to the corn borer) being associated with the genetic constitution

of the plant and in simple Mendelian ratio. I look to it as a possible revolution in

our approach to the control of certain field orop insects. It presages a great deal

of attention being given to this field in the next fifteen or twenty years. What it

implies it is almost impossible to forecast, and I cannot congratulate Mr. Marston

too heartily on the progress he is making. It is a field we have not explored at all
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in Canada as far as I know, and we are watching with the greatest interest the
progress of this phase of the study in the solution of the immediate problem and
its possible application in other comparable problems.

Professor L. Caesar :—I should like to express my appreciation of Mr.
Marston's report, and particularly my appreciation of the enthusiasm with which
he is dealing with the problem of plant breeding and selection as a means of help-

ing to control the corn-borer. It is not a means of controlling the corn-borer
entirely, or the only means of controlling it, but it presents possibilities of being a
great help.

PROGRESS REPORT OX CORN BORER CONTROL
L. Caesar

Ontario Agricultural College, Guelph

Introductory Remarks
Up to the present, only one reliable method of controlling the corn borer has

been found; namely, the destruction by feeding, ensiling, burning or ploughing
under of all remnants of the corn crop each year before the moths begin to emerge.
Other measures such as trap crops, late planting and the use of semi-resistant

varieties are valuable supplementary measures but will, I think, be unnecessary in

the near future, when clean-up methods will have been simplified and improved,

as I feel confident they will be.

Origin of the Corn Borer Act and Area Under it

The Corn Borer Act, as most of you know, was passed because without com-
pulsion many farmers would not clean-up their corn fields or destroy corn rem-

nants in their barnyards or other places and without every person doing his part

there was no hope of controlling the borer.

The Act came into force in the fall of 1926, but the first year was applied only

to the eight worst infested counties 01 the province; namely, Essex, Kent, Lamb-
ton, Middlesex, Elgin, Norfolk, Oxford and Prince Edward. The next year nine

counties were taken in and at present the Act is in force in all that part of the

province south of a line running from the northern boundary of Huron County
almost due east to about the middle of Lennox and Addington. Our policy, as

stated last year, is to put new counties or areas under the Act only when the am-
ount of damage being done and public opinion make it wise to do so.

Difficulties Encountered

The success of any act depends largely upon the men who enforce it or in this

case, upon the county inspectors.Fortunately nearly all our inspectors are able and
efficient men but three or four are not so efficient yet as I should like to see them.

Hence this is one of our difficulties. A second and much greater one this year,

was the cold, wet, backward spring which retarded farm operations greatly and
caused so much congestion of work when the weather did improve that it was
hard for the farmer to have to spend any extra time on his corn field. Moreover,

the frequent rains this spring hardened and packed the land so much that in many
cases discs were not satisfactory for working-up ploughed corn fields and so

toothed cultivators had to be used. This meant, of course, that much more
stubble was dragged to the surface than if the disc had been used, and much more
hand-picking had to be done than in a normal season. A third difficulty, and one

that we have had every year, was that a large number of farmers were very slow

to grasp the idea that if they only spent a little more time and care in cutting their

corn low or crushing the stubble before they ploughed, and then were careful to

cover it all completely with the plough, and after this used a disc instead of a

toothed implement, they would have either no hand-picking of stubble to do or
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else very little. Instead of this they cut, ploughed and cultivated as they felt like

doing, and as if there were no borer and no Act. Many farmers, however, have

learned to be very careful and with them the inspector has no trouble at all except

that they very naturally want him to inspect their fields to see what a good job

they have done. But in spite of difficulties we received this year as last very

gratifying cooperation from the farmers on the whole.

The Clean-up Last Spring

In spite of the unfavourable weather and the difficulties that confronted the

farmers, a very fair clean-up was secured in all the counties ; in fact I think on
the average, it was even better than last year. In Essex and Kent, however, it

was not quite so good as in 1928, chiefly because of the flooded condition of their

land. In Oxford, Perth and Peel, we felt that the inspectors had not been quite

so strict as in most of the other countries and that the clean-up should have been

a little better.

Table showing the percentage stalk infestation in fifteen counties in the years

1927, 1928 and 1929, so far as data were available:

County 1927 1928 1929

Essex 64.7% 41.4% 35.9%
Kent 48.3 34.9 21.4

Lambton 56.9 21.4 14.2

Middlesex 36.2 18.4 9.9

Elgin 37.1 24.0 20.9

Norfolk 10.1 19.7 6.1

Haldimand 21.9 12.2 7.8

Welland 41.0 25.5 5.0

Lincoln 29.7 10.7

Wentworth 24.6 9.0

Waterloo 7.8 4.6

Brant 14.9 10.3

Oxford 14.2 14.7 17.5

Perth 9.3 15.6

Peel 10.4 11.9

If you take the ten counties from Lambton down to and including Brant you
will find that in these there was an average decrease of approximately 50%. In

Essex and Kent I think there was no real decrease for the increased acreage there

would counterbalance the decreased stalk infestation. In Oxford, Perth and Peel

there was an increase. These last three counties, as said, were not so well cleaned

up last spring as the others and this may account for the increase.

The failure to secure a reduction in Essex and Kent may be due partly to

imperfect clean-up, though it was far from bad, and partly to many farmers tak-

ing advantage of the exemption from ploughing given this year; or it may have
been due to weather conditions or other causes not understood.

On the whole, I think we may feel that progress has been made this year just

as it has been every year since the Act came into force.

Comments and Suggestions

It seems to me that the majority of Entomologists have the feeling that the

corn borer investigation except in its ecological aspects has gone about as far as it

is possible to conduct it profitably. Perhaps I should feel that way myself if I

had not the difficult task of supervising control measures in the Province and
therefore an opportunity to realize from experience that a lot more very important
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work remains to be done before we have put control on a really sound, efficient

basis. For instance, suppose that in the United States the borer spreads all over
the corn belt and that with favourable seasons it increases as it did in Essex and
Kent during the years 1923 to 1926, is any Entomologist able to-day to outline a

practical method of control, one which will check the insect and not be so costly

in time, labor and machinery, that the grower rather than carry it out will abandon
corn-growing ?

We have a vastly simpler problem in Ontario to face, because in all our count

ies but two or three, corn is grown for ensilage or fodder purposes and not merely
for the grain. You may feel that because we are making progress under the Act
in controlling the borer that therefore this is one more big entomological problem
solved. If, however, you look at it more closely you would feel just as I do, that

we must make a great improvement still before our control methods are what they

should be.

Corn is a very desirable crop for all this province and should it cease to be

grown, I believe it would be a great calamity. Many think that alfalfa or sweet

clover could take its place, but from what I can see and hear our best crop

specialists are becoming more doubtful of this and more and more inclined to place

their faith in corn. Now our present clean-up methods are a big task for fully

half of our growers because this half either cannot or will not do the cutting

ploughing and cultivating in such a way as to avoid the necessity for hand-picking

And some years weather, as last spring, will be such as to force almost every

grower to spend a lot of time on hand-picking. Violent storms too. will blow
down the standing corn some years and make it impossible to cut it low and this

will lead to hand-picking. Hence, our problem is not satisfactorily solved until

we have so simplified the method of dealing with, the corn fields that the average

man will not have to do any hand-picking and that not more than a day's extra

labor of any kind will be necessary on the average farm to comply with the law
and hold the borer in subjection. I am convinced, therefore, that we must enlist

the best brains among the farmers, entomologists and agricultural engineers to

devise much better tools than we yet have for handling corn remnants before we
can say we have done our job.

It is for this reason that I am intensely interested in the low-cutting attach-

ment for corn binders devised by the U.S. D.A. engineers and now being adopted

by the Massey-Harris Company
t

though not yet by the other companies. If this

attachment, which is simple and inexpensive, shows no weakness but works as well

as some of us think, and if we can get it adopted by the farmers, as I believe we
can, I hope that in all the dairy and stock-raising counties of the province and in

fact in almost all counties but Essex and Kent, it will mean that no more hand-
picking will be necessary and that the corn borer will no longer be a burden to the

farmer.

In Essex and Kent too the low-cutter may help solve our problem, but I am
not so sure of it, because it may not be practicable for them to cut their corn in the

fall, and also because they are so desirous of being exempted from the necessity

of ploughing their corn fields. Hence I am trying to have a simple stalk-cutter

and lifter made as an alternative for these counties. This would be used in the

spring not the fall. The agricultural engineer of the Massey-Harris Company,
has made a drawing of such an implement and believes that such a device should

work and be a real help in solving the problem in these two counties.

It is quite possible of course, that neither of the above implements will be sat-

isfactory, but, if so new and better ones must be devised. Even after they are

devised, much patience will of course, be required in getting them generally

adopted.
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THE ROLE OF CHEMISTRY IN THE CONTROL OF INSECTS

By J. W. Burns

Materlinck has said that insects are so incomparably better armed and better

equipped that they are perhaps our successors. In this part of Canada the com-
bat with the well-intrenched corn borer, as well as other insects, serves again to

forcibly call our attention to the never ceasing warfare between man and these

tiny competitors of his.

The insects have most of the odds in their favor. They were here ages before

we were. Their distribution has been greatly aided by modern means of trans-

portation and likely will be greatly intensified by the aeroplane, which makes it

increasingly difficult to properly enforce quarantine regulations, and, as a con-

sequence, we find them thriving amazingly in the new areas which are usually

devoid of their natural enemies. Their powers of flight, their color protection,

the security enjoyed both by eggs and larvae, their habit of occupying the under
side of the leaves, the protection afforded during hibernation, and the complete
change in the method of reproduction are but a few instances.

So far in this combat man has relied on materials, many of which are poison-

ous to him as well as to the insect he wishes to destroy. At the present time there

is a definite agitation, in certain parts of the world, concerning the arsenal residue

remaining on apples and other fruits. Some find cause for alarm in the steadily

increasing amounts of lead, arsenic, copper, and other poisonous substances that

are constantly being added to our soil, possibly to its detriment. These materials

must needs be renewed at intervals, and especially following rains, if the required

degree of protection is to be realized. Many of our insects are not reached or, if

so. are little affected by the materials now in use and the present methods of

application.

It is evident that the chemist has a definite part to play in helping to bring

about the control of insects. You will note that the reference is made to control

and not to extermination, for the reason that the natural enemies, plus the best

that science has been able to do, has in no case entirely exterminated a single pest,

except in localized areas. Oui aim should be for such a control that will enable

man to enjoy the use of at least the major portion of the harvest. As has been
pointed out there is a pressing need for other types of insecticides potent in

destroying our enemies but fraught with less danger to ourselves.

It is possible that the contribution that chemistry is making in regards to the

control of insects may best be shown by briefly summarizing the papers published

during the last two or three years. A careful perusal of the literature will show
that the researches, at present, have a very definite trend and are being carried out
in order to clear up, if possible, some of the more perplexing points in regards to

insecticides. A few of these will be mentioned.

What is the relationship existing between chemical structure and toxicitv?

Under this general heading reports of work will be found dealing with the struc-

ture of some of the more common organic insecticides, e.g., nicotine, rotenone from
derris root, the active principle found in pyrethrum powder, etc. The idea behind
all of this work is that the characteristic group or groups giving the insecticide its

specific toxic power for a certain group of insects may be identified so that new
compounds may be developed at a lower cost, which will be more toxic to insect

life but possibly less toxic to man. Very little success has crowned the efforts of
the chemists in this direction, but, inasmuch as only a few investigators have been
working in this field, there is hope for the future. If the chemist can so materially

improve local anesthetics as he did when novacaine, etc., were developed as sub-
stitutes for cocaine, one can readily see that the problem of new and "effective

svnthetic insecticides may be solved when chemical workers are attracted to this

field.
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How may increased contact be quickly made between insecticide and the vital

cells of the insect? Some very definite advances have been made in this field,

possibly due to the larger number of workers. It is not surprising to find that a

vast majority of the new insecticides proposed and used in the last few years,

excluding the arsenicals, are excellent solvents for fats and waxes. Experiments
have demonstrated that they give a more rapid penetration of the vital cells by the

insecticide. Coupled with this there is, however, a possibility of increased injury

to the plant. Some of the newer insecticides that show marked solvent powers
are ethylene chloride, carbon tetrachloride mixtures, petroleum and some of its

simpler derivatives, esters of formic acid— expecially methyl formate and
isopropyl formate— esters of the simpler acids containing chlorine, ethylene

oxide, etc. These have been studied in regards their effectiveness in controlling

various common insects such as the clothes moth, furniture beetle, rice weevil,

aphis, etc., and have been found to be effective. Ethylene oxide and the chlorin-

ated esters of the acids destroy the germinating power of various grains so they

cannot be used to protect stored seeds. At the present time there is a great inter-

est in petroleum chemistry, brought about to a large degree by the enormous
demand of the lacquer industry for solvents. The resulting research on petro-

leum and its derivatives will undoubtedly produce a number of compounds which
will be useful as insecticides.

A further phase of the problem of contact is the use of certain substances as

activators for materials already used as insecticides. A rather striking instance

is the use of oxidized petroleum that has been treated with sulphuric acid in order

to yield sulphonated oxidation petroleum products. These, when added to the

insecticide, e.g., nicotine, pyrethyrum powder extracts, increase the effectiveness

to a very marked degree, in fact, in the case of nicotine, the amount necessary for

the same toxic effect is only one-fifth of what was .originally required. The rea-

son for this is not definitely known and must be sought in order that the cost of

controlling insects may be lowered. The two suggestions which have been
advanced to explain activation are (1) the activator catalyzes the reaction causing

death of the insect; (2) the activator causes greater penetration of the insecticide

into the vital cells and so lessens the amount necessary.

Another phase in the various investigations has to do with the physical prop-

erties of the insecticide's, (a) Studies of vapor pressure in order that maximum
effect may result from a minimum of material, (b) Studies of effect of particle

size in order to determine both effectiveness of insecticide and degree of injury to

the plant. A definite example in this field is the work done on fluosilicates which
have been proposed as substitutes for arsenicals. It has been definitely deter-

mined that there is a limiting size of particle, any marked variation from which
causes lessened toxicity to the insect and possible increased injury to the plant.

(c) Studies in regards to solubility of insecticides in various solvents have been
carried out. At present in U. S. researches are being carried on to discover a

means of reducing excess of arsenic on apples. Mixtures of HC1 1/3%,
Na,S0^2^ or 1% NCI and NaCl 2% have been found to be effective at about

2/3 of the cost of older methods. Related to solubility studies is the work on
emulsions. Emulsions of a variety of oils with a variety of soaps have been used.

A new soap derived from a new base known as tri-ethanelamine promises to aid

greatly in this field. This soap, as well as being an excellent emulsifier is in ad-

dition an excellent solvent and many of the organic insecticides dissolve it and
are dissolved in it, e.g., CS ethylene Chloride, p-dichlorobenzene, nicotine, derris,

etc. As a consequence more complex mixtures of various insecticides may be

blended together for various uses.

Studies in solubility in soil water have been carried out, and zinc meta-arsen-

ite which precipitated in the interior of poles, ties, etc., is now being used to pro-

tect wooden structures from the ravages of ants. The material is precipitated in
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a more or less insoluble form so that protection is given over a longer period of
time. It has proven successful in the Panama Canal Zone.

Studies in the stability of emulsions, extracts, etc., have been carried out so that
losses on storage may be kept at a low figure.

The above summary must needs be incomplete but may show how chemistry
is aiding in the problem of insect control. To successfully combat the insect, the
fullest co-operation between all scientists is necessary.

SOME PROBLEMS OF A CHEMICAL NATURE OF INTEREST TO
THE ENTOMOLOGIST

Frank A. Herman,
Division of Chemistry, C.E.F., Ottawa.

In the analysis of poisonous spray and dust materials special and improvised
methods are often necessary due to the complexity of some of the preparations

under examination. The method to be followed must be flexible and readilv

adapted to the sample under examination without impairing the degree of ac-

curacy required.

Previous to the passing of The Agricultural Pests' Control Act standards

had to be set for the maximum amount of water soluble arsenic allowable in our
common arsenical preparations. As some of our manufacturing plants were not

equipped in a manner to enable them to determine this dangerous component
by the official method as defined by the Association of Official Agricultural Chem-
ists, a series of experiments were conducted to determine a method readily adapted

to any plant and yet enable the manufacturer to keep his products within the

limits defined, viz., 1.25 per cent, water soluble arsenate (As) for Paris Green.

1.00 per cent, for calcium arsenate and .50 per cent, for lead arsenate. The per-

centages of water soluble arsenic (As) obtained by several methods for Paris

Greens on the Canadian Market are shown on the following table

:

Table 1

—

Analysis of Paris Greens for Water Soluble Arsenic
;

Results Expressed as Metallic Arsenic (As)

Lab'y No. Sample Method 1* Method 2 Method 3 Moisture
Metallic Arsenic (As)

P.C. P.C. P.C. P.C.

91806 A 1.87 1.35 1.42 0.52

91807 B 1.29 0.96 1.08 0.37

91847 C 0.77 0.50 0.67 1.05

91848 D 1.26 0.85 1.02 0.82

91849 E 1.51 0.85 1.02 0.34

91850 F 1.10 0.72 0.99 1.30

91851 G 0.80 0.72 0.72 1.06

91852 H 1.74 1.31 1.46 0.70

91853 I 1.30 0.82 0.91 0.43

91854 J 2.19 1.35 1.53 0.58

91855 K 2.01 1.26 1.38 0.61

91856 L 1.25 0.89 1.13 0.80

92155 M 2.03 1.27 1.48 1.25

92156 N 1.45 1.11 1.28 1.15

*Method I.—As prescribed by the A.O.A.C. official methods of analysis. In

this method recently boiled distilled water which has been cooled to a temperature

of 32°C is used. A weighed amount of the sample is added to a litre florence

flask, water added to the mark and the flask held at the above temperature for 24
hours, shaking hourly for the first 8 hours. The solution is then filtered and the

soluble arsenic determined on an aliquot of the filtrate.

*Kelsall, A. and Herman, F. A., Scientific Agriculture, Vol. 7, No. 6, February 1926.

P. 207.
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Method II.—This method is essentially similar to Method I with the excep-
tion that the recently boiled distilled water was cooled to room temperature
(24-26°C), and all operations carried out at this temperature. This method was
tentatively adopted as our prescribed method for water soluble arsenic in Paris
Greens and other common arsenical preparations.

Method III.—This method is similar to Method II with the exception that

the distilled water used for the digestion was not previously boiled. Apparently
the dissolved gases in the water exert a solvent action on the arsenical.

While on the subject of water soluble arsenic I should like to recall a problem
experienced by Mr. Kelsall and 'myself* at the Entomological Laboratory, An-
napolis Royal, illustrating how the percentage of water soluble arsenic found fol-

lowing the official method of analysis may be at variance with that actually present

in the arsenate and only liberated under atmospheric conditions. A number of

brands of calcium arsenate were examined by the Official Method and found to

be very low in water soluble arsenic, yet when applied to orchard foliage caused
foliage injury, while other brands examined by the same method were found to

be measurably high in soluble arsenic and yet did not cause foliage injury. The
samples were again examined for soluble arsenic but this time by incorporating one
gram of the arsenate in a 3-10-50 Bordeaux and subjecting the mixture to carbon
dioxide aspiration. Results found by this latter method conclusively indicated

why the first brands caused foliage injury and the second did not.

Calcium arsenates, after application to foliage, undergo decomposition from the

carbon dioxide of the air and plant functions. In some cases this decomposition

may be slight, in other cases, severe and rapid. From the very high percentages

of soluble arsenic liberated from the first brands by our tentative method we can

safely assume that they were not stable arsenates but rather mixtures of lime and
arsenic acid—as the lime became carbonated arsenic was set free and foliage

injury resulted. The percentages of soluble arsenic, as metallic arsenic by the

two methods and total arsenic are shown in Table II

:

Table 2

—

Arsenic, as Metallic Arsenic (As) Found in Calcium Arsenates

Metallic Arsenic, (As)
water soluble

determined by determined by
Sample official method tentative method Total

p.c. p.c. p.c.

A Xo. 1. 0.22 10.60 26.79

A " 2. 0.33 10.19 28.24

A " 3. 0.25 9.78 26.97

A " 4. 0.23 10.19 27.09

A .
" 5. 0.27 10.60 28.10

A * 6. 0.25 9.78 29.00

A " 7. 0.27 6.52 28.96

B " 1. 1.30 1.63 27.72

B " 2. 0.97 1.63 28.56

B " 3. 1.28 1.63 28.46

B " 4. 1.39 2.04 28.34

B " 5. 1.46 2.04 28.54
B " 6. 1.04 1.63 30.09

B " 7. 1.63 1.63 29.60

The Examination of Poison Dusts and Foliage for Electrical Charges

Recently the question of the electric charge possessed by the common arsenical

dusts is again receiving prominence. In the advertising literature accompanying
an imported brand of calcium arsenate stress was placed on the fact that the ar-

senate possessed a definite positive electric charge and that when applied to foliage

due to its opposite or negative charge, is 250 per cent, more adhesive than ordinary
calcium arsenate. Unfortunately we were not able to confirm this statement this

summer.
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Electrification.
1

When a solid or a liquid is disintegrated in air or in any other gas apparently,

the particles are found to have become electrically charged. A corresponding
charge of opposite sign is found in the air. The sign of the change upon the

particle depends upon the chemical nature of the material. Metallic dust when
blown about in the air becomes negatively charged. The dust of acid-forming

oxides, e.g. silica, becomes positively charged while that of basic oxides, e.g. lime,

becomes negatively charged. With salts the charge depends upon the relative

strength of the acidic and basic ions.

Water always acquires a positive charge. Thus when large raindrops, in

falling are flattened and ruptured by the resistance of the air the drops become
positively charged, and the surrounding air acquires a negative charge. When
dust is blown about in the air it is found that the charge which apparently resides

in the air is really carried by the very fine dust particles which have apparently

been formed by the attrition of the larger particles.

When Dr. Moore2

was working on the theory of adherence from the view-

point of oppositely charged colloids he proved by "cataphoresis" that the common
arsenical preparations on which he was working possessed when wet, an electric

charge negative in character. His summation was that lead arsenate, tricalcium

arsenate, magnesium arsenate, Paris Green and zinc arsenate were all negative and
that the addition of calcium hydroxide did not alter the negative charge of calcium

arsenate. By "endosmosis" he showed that the leaf, when wet, exhibited a nega-

tive electric charge.

In order to determine the nature of the charge possessed by some of our
spray and dust materials they were placed on the tray of an electroscope and the

nature of the charge determined. The following table shows the scale deflection

of the electroscope when poison or inert dusts and foliage were examined.

Table 3—Scale deflections as shown by the electroscope when examining poison
and inert dusts

;
apple, plum and cherry foliage, strawberry and lettuce leaves*.

1. Lime, hydrated +1.2
2. Casein +2.2
3. Calcium Caseinate (Spredo) +1.5
4. Calcium Caseinate (Kayso) +2.0
5. Lead Arsenate, acid +2.0
6. Sulphur —6.1
7. Sulphur-lead arsenate '. 0.0

8. Calcium arsenate (D) +3.0
8a. Calcium arsenate (D) collected from duster +2.1
9. Calcium arsenate (L) +1.7

10. Calcium arsenate (C) +1.2
11. Calcium arsenate (G.C.) +1.2
12. Nicotine dust +3.2
13. Paris Green —3.0

14. Apple foliage, dry +2.2
15. Apple foliage, after dusting with calcium arsenate No. 8 +3.1
16. Apple foliage, first dusted then sprayed, No. 8 +2.4
17. Apple foliage, sprayed with calcium arsenate No. 8 +3.0
18. Cherry leaves and blossom +4.3
19. Leaves on plum branch +3.0
20. Plum leaf removed from branch +1.6
21. Strawberrv leaf +2.2
22. Lettuce leaf +2.2

In viewing the results it will be noticed that a positive deflection of the electro-
scope was recorded in all cases with the exception of the deflections shown for
sulphur, sulphur-lead arsenate and Paris Green;; while the amount of deflection
is only relative, it is indicative of the nature of the charge.

C). Dr. W. E. Gibbs, Chem. and Ind. Feb., 8, 1929, p. 127..

(
2

). Electric charges of Arsenical particles, Jour. Ec. Ent., Vol. 18, (1925), p. 282.

The datum showed in this table is the joint work of Mc Moran, Mr. M. B. Davis
and the author undertaken at the Central Experimental Farm. Ottawa.
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The deflections shown for apple and cherry foliage were obtained by placing
branches of the small trees in the chamber of the electroscope. The trees were
growing in large flower pots, thus giving ground contact.

The Examination of Petroleum Oils for Spray Purposes
The use of oils for spraying has evolved the questions, "which of the numer-

ous constants now available are of value in deciding whether or not an oil is suit-

able for spray purposes, or will new constants have to be devised?"

In considering the constants which may be of value we have specific gravity
or A.P.I. (American Petroleum Institute Scale), viscosity, volatility, distillation,

flash and possibly fire point, optical activity, refractive index, melting point, soli-

difving point, titre test, resistence to emulsification, iodine absorption number,
sulphonation value and oxidation number.

Interpretation of Results

In considering which of the above constants will govern the specifications

under which an oil will be purchased for spray purposes, I am going to stress the

following constants: specific gravity or A.P.I.
,

viscosity, volatility, flash point,

refractive index, iodine number, sulphonation value, and very slightly, the oxida-

tion number.

Specific Gravity or A.P.I. : The specific gravity of an oil is a constant capable

of imparting information as to the nature of the oil; paraffin base petroleums
usually produce oils having low specific gravity, whereas semi-asphaltic and asphal-

tic base petroleums produce oils with a higher specific gravity. The constant is of

greater value when taken in conjunction with other constants.

Viscosity : The viscosity of a liquid refers to the internal resistance or its re-

sistance to flow. This constant for our work is usually determined by the Saybolt

Yiscosimeter but lately, results are being expressed in terms of the MacMichael
Yiscosimeter.

Volatility : This test was usually more or less general in nature and when con-

ducted conformed to the procedure as practised in a particular laboratory. Recently

DeOng V, defined a method which appears to be readily adaptable for spray oils.

The test consists in determining the rate of evaporation of the oil from a standard

grade of asbestos paper, 3" square, suspended in an oven kept at a constant tem-

perature ranging from 50 to 100°C according to the oil fraction used. A weighed

amount of the oil sample, usually 0.5+ gm. is placed on the sheet of asbestos paper

and weighings made every 24 hours until 80 to 100 per cent, of the sample has

evaporated.

Flash Point: It is the lowest temperature to which the oil must be heated for

the vapour to form an explosive mixture with air. It is an indication of volatile

constituents and their relative volatility, but is principally important in determining

the fire hazard in the oil.

Iodine Number: The iodine value is the percentage of iodine absorbed by an

oil, fat or wax. It is in fact a measure of the unsaturated bonds present in the

substance under examination.

Refractive Index: (Zeiss butyro-refractometer)—This test usually perform-

ed at 40°C affords information in the same direction as the iodine value, as in

nearly all cases a high refractive index corresponds to a high iodine value. It does

not, however, vary between such wide limits as the iodine value for any particular

oil, so that its indicative value is perhaps somewhat greater.

Sulphonation Test : This is the percentage of oil soluble in 37 X. H 2S04

and distinguishes between the aromatic or unsaturated hydrocarbons which are

soluble, and the inert hydrocarbons which are insoluble.

(-')• De Ong, J. Econ' Ent. XXI No. 5, p. 697, Oct., 1928.

(
3

). Archbutt, J., Journal Society Chemical Industry, 15, 326, 1896.
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Oxidation Test : This test usually spoken of as the Sligh Oxidation Method
is performed by heating the oil at a temperature of 300°C ( 5 72° F) for 2 l/2
hours cooling, filtering and weighing the sludge precipitated. The supposed func-

tion of a high-temperature oxidation test is to produce in an oil, as rapidly as pos-

sible, changes of the "same kind" as would normally take place during long periods

of actual service. It appears probable that the nature of an oxidation test would
have to bear some definite relationship to the type of service for which the oil

was intended. By this I mean that it is very doubtful if the test run under cer-

tain conditions which would give results of use in the evaluation of turbine oils

would also be applicable to insulating oils or to spray oils. The decomposition pro-

ducts of an oil heated to 300°C (572°F) are vastly different from those formed
when an oil is only subjected to temperatures of 40 to 70° F.—the temperature

during the process of dormant or delayed dormant spraying.

Discussion.

Mr. \Y. A. Ross (Entomological Branch, Vineland Station. Ont.) : I should
like to ask Mr. Herman if he was giving a specification of an oil to an oil com-
pany, how he would express "volatility" by the new constant proposed.

Mr. F. A. Herman : The setting of a standard for volatility by this new
method is somewhat more difficult than with the old method, whereby volatility

was not to exceed a certain percentage when the oil is heated at a temperature of

100 to 105 degrees Centigrade for four hours. Any standards to be set by the

new method should wait until we have accumulated somewhat more data.

INJURY TO POTATOES BY LARVAE OF AGROTIS YPSILOX ROTT.

R. P. GORHAM
Dominion Entomological Laboratory, Fredericton, X.B.

During the first two weeks of July, 1929, cutworms attacked potato plants,

turnips and sunflowers in the Fredericton district causing considerable damage.
Injury to potatoes at such a late period in the season was unusual and observations

were made to find its extent and effect upon the crops of tubers.

Area Affected

A brief survey of the potato fields for 100 miles along the St. John valley

showed that severe injury was only noticeable between Oromocto, Sudbury county,

and Cardigan, York county; these places being near the two ends of an ancient

valley some 40 miles long, now ocupied in part by one reach of the St. John river.

In this valley the injury was general but somewhat more severe on the slopes than

on the bottom lands. It extended up to and over the crest of the ridges at an ele-

vation of some 300 feet but did not appear to go more than a half mile back of

the ridges even where cleared land permitted.

Traces of injury could be found in other parts of the province but nowhere so

severe as in the Fredericton district.

Extent of the Injury

Counts of the number injured in lots of 100 hills taken at random in different

parts of fields provided the following records :

—

Farm of T. H. Estabrooke, Oromocto
40 acres of potatoes; injury 4%, 6%, 3%, 7% — average 5%.

Experimental Station, Lincoln
5 acres of potatoes; injury 4%, 3% 5%, 4% — average 4%.

Farm of Hans Pedersen, Fredericton
7 acres of potatoes; injury 10%, 8%, 7%, &/>, 7%, 5% —average 7.5%.
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Farm of Frank Noble, Springhill
7 acres of potatoes; injury 8%, 4%, 3%, 8%, 9y2 , 7% — average 7.8%.

Farm of C. R. Hagerman, Keswick
5 acres of potatoes; onjury 6%, 5%, 9%, 8%, — average 7.0%.

Farm of W. G. Clark, Springhill
2 acres of potatoes; injury 6%, 16% — average 11%.

The average of counts made on 6 farms at different places in the valley showed
7.5 per cent, of the plants injured. These fields were taken to be a fair repre-

sentation of the estimated 1,000 acres of potatoes in the valley.

To find what effect, if any, the injury to the plants in July had upon tuber

production in autumn, 100 injured plants were marked with stakes on the Ped-
ersen farm and a similar lot of 100 on the Noble farm, July 17. In marking
these, no distinction was made in the degree of injury, the first 100 injured hills

seen were staked ; some had the entire stem severed, others only a branch or a few
leaves. These hills were dug on September 30 and October 2, the tubers counted

and classed as commercial and small, and the entire production of each hill

weighed. For the records, a two-ounce tuber was classed as the minimum com-
mercial size.

For comparison of yield, the hill immediately adjoining the marked hill on the

south was dug and its production recorded. On both farms the rows ran north

and south and the hill on the south was chosen because it would have received no
more direct sunlight than the injured plant.

The records of production which follow show there was a considerable reduc-

tion in the yield of pounds of tubers per hill and a very marked reduction in the

yield of commercial size tubers per hill.

The fields on the Pedersen farm, being on a gravel soil, suffered severely from
dry weather and gave in general a very low yield, while the fields on the Noble
farm were clay loam and gave in general what would be called a full crop of

potatoes.

Table' of Production

Farm of Hans Pedersen, Fredericton, N.B.
Cutworm— Uninjured
injured hills hills

Number of hills examined 98 98

Total number of tubers 361 720

Number of commercial size 126 314

Average tubers per hill 3.68 7.34

Average commercial tubers per hill 1.3 3.2

Average weight per hill 0.52 1.2

Total number of pounds

51-3/16

116-^
Per cent, reduction of weight 39.39

Farm of Frank Noble, Springfield, N.B.
Cutworm— Uninjured
injured hills hills

Number of hills examined 98 98
Total number of tubers 292 615
Number of commercial size 172 475
Average tubers per hill 2.98 6.29

Average commercial tubers per hill 1.76 4.85

Average weight per hill 0.71 2.03

Total number of pounds 67-17/48 199

Per cent reduction of weight 65.3

Summary and Notes
The injury was caused by the nearly full-grown larvae of Agrotis ypsilon Rott.

feeding during the first two weeks of July. A few pupae were found on July 12.

Adults began to emerge July 19 and continued to appear through August and
September. Living pupae were found in some of the hills at time of digging

(September 30).
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The Pedersen farm crop was on dry gravel soil and gave a low yield, due to

dry weather. The pounds of tubers produced by 98 hills which were injured by
cutworm was 39.39 per cent, less than the yield from 98 uninjured hills.

The Noble farm crop was on clay loam and suffered less from drought. The
uninjured hills produced a larger yield in pounds of tubers and the injured hills in

this instance showed a loss of 65.3 per cent, in comparison.

EXPERIMENTS ON THE CONTROL OF THE WHEAT STEM
SAWFLY BY PARASITES

H. L. Seamans
Dominion Entomological Laboratory,

Lethbridge, Alberta

Introduction

The wheat stem sawfly project in Alberta has been carried on rather intensively

during the past four seasons. The most heavily infested area is in the Drumheller
district where a field station has been established by the Entomological Branch.

The first field observations were made in this area in 1925 when stubble was
examined in the spring. At that time cut stubs were found which contained

cocoons of the parasite Microbracon cephi Ghn. Mr. Norman Criddle has

reported this parasite as being well established in Manitoba and North Dakota in

1923 when as high as 50 per cent, of the sawfly larvae in wheat were parasitised.

While general parasitism has not been recorded as high as this in Alberta the fact

remains that there is parasitism in wheat here and experiments have been con-

ducted which indicate that it is possible to increase this parasitism.

Seasonal History and Habits of Microbracon cephi Ghn.

The adults of M. cephi begin to emerge towards the end of June about the

time adults of Cephas cinctus Nort. are diminishing. Oviposition apparently be-

gins at once and the eggs appear to be laid directly on the sawfly larvae in the

stem. The parasites have not actually been seen ovipositing nor have the eggs

been found but sawfly larvae have been taken from the stem with the parasitic

larva attached very soon after the adult parasites have appeared.

There are apparently two generations of the parasite in a season. The first

generation pupates late in July. The pupa is in a cylindrical, grayish, silken

cocoon about three-sixteenths of an inch long. The diameter of the cocoon fills

the hollow stem and the ends are flattened. The adults emerge about the end of

the first week in August and start the second generation. The second brood of

parasites do not kill the sawfly larvae until after the wheat stem has been cut and
plugged. This brood then pupates in a cocoon well down in the cut stub, and
remains there for the winter.

Many of the details of the life-history have not been thoroughly worked out.

The adults of this species are quite active when the sun is shining but fly only

short distances at a time. They apparently congregate among the plants where
sawfly larvae are most abundant. This has been shown to be true in making
sweepings over infested areas and also by stem dissections. The percentage of

parasitism is invariably higher in the area of greatest sawfly infestation.

The larvae are external feeders and are found attached to the thoracic seg-

ments of the host. When full grown they are still somewhat smaller than the

mature sawfly larvae and do not appear to hinder the movements of the host up
and down the stem.
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Artificial Control of Parasite Activities

The field observations made in 1926 and 1927 indicated that parasite adults

were most plentiful in areas where the grass and grain stems were most heavily

infested with sawfly larvae. With this fact in mind two experiments were
incepted to determine the possibility of forcing the parasites to move into grain

where the sawfly infestation was lighter.

The first experiment was conducted with native grass. A road allowance was
chosen which contained a heavy stand of well developed Agropyron smithii Rydh.
as the site of the experiment. This grass was over 90 per cent, infested with
sawfly larvae, and adult M. cephi were abundant. On one side of the road was a

field which had been cropped to wheat for two successive years with no interven-

ing cultivation. On the other side was land being summer fallowed. One corner

of the summer fallowed field contained a small patch of Agropyron close to the

road and this grass was 99 per cent, infested. The wheat field was infested

throughout to the extent of 15 to 25 per cent.

Soon after the middle of July, the grass along the road allowance was cut.

This removed the heaviest sawfly infestation just at the time the parasite flight

for that season was reaching its peak. A check area was established some dis-

tance away where the conditions were as nearly identical as possible

An examination was made of the experimental grass areas about three weeks
later to determine the infestation by first generation parasites. The wheat on
the other hand was examined the following spring to determine the percentage

of second generation parasites.

The results of these examinations are as follows :

—

Grass 98.3 per cent, parasitism 1st generation

Grass check 11.8 per cent, parasitism 1st generation

Wheat 48.85 per cent, parasitism 2nd generation

Wheat check 4.36 per cent, parasitism 2nd generation

These figures indicate that the parasites from the area of destroyed grass had
spread to other infested stems. The extremely high parasitism in the grass plot

which was left bears out the theory that parasites are attracted to heavy sawfly

infestations. Field observations show that the adult sawflies oviposit in any well

developed stem and that in a normal year the native grass develops ahead of

wheat. For this reason it is usually more heavily infested than wheat. It would
appear then that the lack of parasites in wheat is really a question of sawfly infes-

tation rather than one of point preference.

A second experiment in controlling the activities of parasites was carried out

at the same time. A field which had produced a crop of wheat in 1926 was to

be summer fallowed in 1927. It had grown up to volunteer wheat and grass

before any cultivation was done and the sawflies emerging from the previous

stubble had heavily infested the volunteer crop. Bordering this area was a field

of Marquis wheat which was seeded very early on land summer fallowed the

previous season. The volunteer crop was only slightly ahead of the other and
was 62 per cent, infested with sawfly while the seeded crop was 31 per cent,

infested.

The excessive growth of volunteer wheat and grass in land to be summer
fallowed indicated poor farming practice. In this case, the cultivation was pur-

posely delayed so that the volunteer crop could be used as a trap for the sawfly.

Adults of M. cephi were present in the volunteer grain on July 12. On July 15

summer fallow work was started with cultivation and the volunteer crop was
destroyed. The seeded wheat was examined three weeks later and again in the

following spring with the following results :

—
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1st generation parasitism 30.9 per cent.

2nd generation parasitism 14.0 per cent.

Check on 2nd generation parasitism 4.36 per cent.

Parasites of the first generation destroy the sawfiy larvae before any serious

injury has been done to the wheat. The 30 per cent, parasitism of the first gen-

eration represents the sawfiy infested stems which would not be cut as well as a
reduction of sawflies the next season. The second generation parasites do not

kill the sawfiy larva until after the stem has been cut so that the 14 per cent, does

not represent a saving of grain but only a reduction in the potential number of

sawflies the next season.

The cutting of plants infested with sawfiy larvae early in the season killed the

larvae but it was interesting to note even though the sawfiy larvae were killed,

the parasites matured and emerged from the stems. These parasites were then
available for attacking the remaining sawfiy larvae. The lower percentage of

second generation parasites was probably due to the fact that the adult moved
farther into the field in search of live sawfiy larvae.

Conclusion

The results of the experiments can only be considered as indications and may
open a line of investigation with other insects. The infestation in this particular

area has not been sufficient since 1927 to allow of the duplication of the experi-

ments over a larger area, but this must be done before definite conclusions can be
drawn.

The experiments indicate that the activities of a native parasite of the wheat
stem sawfiy can be controlled sufficiently to increase the parasitism in wheat and
reduce the losses due to sawfiy injury.

The destruction of infested plants before the peak of parasite abundance
destroys a large number of sawfiy larvae and forces the parasites to attack larvae

in the growing crop.

The first experiment produced a crop of hay that had a value to the farmer.

The second experiment was good farm practice in preparing land for a crop
the next year.

If the results of these two experiments can be proven over a period of years

there is no reason why native parasites shouldn't be utilised as an effective control

measure.

THE LIFE-HISTORY OF THE WHITE CUTWORM,
Euxoa scandens Riley

H. F. Hudson and A. A. Wood
Entomological Laboratory, Strathroy, Ontario

The white cutworm, Euxoa scandens Riley, does not appear to be generally

present throughout Western Ontario. Rather, does it seem to be confined to a

particular type of soil, which is commonly termed blow sand, and possibly where
such soil types exist, this cutworm may be found. Analysis of this type of soil

in the locality of study indicates that it is acid in reaction, and consists of fine,

dark, grey-brown sand containing a small proportion of organic and colloidal

matter. In and around blow holes in this sandy soil there are ridges of lime-like

material. This material is strongly alkaline in reaction, contains practically no
organic matter, and is in reality unweathered substratum. The true soil has been
eroded away by wind action, exposing the parent material, which is highly cal-

careous having large quantities of calcium carbonate accretions mixed with the

fine grey sand.
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Larval Habitat

Picture such a field, sown either to sweet clover, alfalfa, or early market pro-

duce, a few blow-holes present, a gentle rise or even steep elevation here and there

and you have visualised the normal habitat of this cutworm. Often, however,

such areas are seeded down to grass and pastured, to prevent blowing; under

such conditions this cutworm is seldom or never present. Cultivated land was
definitely determined as being the most suitable habitat by spring and fall popu-

lation counts in certain fields.

In the studies the fields were surveyed for contour through the courtesy of

the Provincial Department of Agriculture at Toronto, and the abundance of cut-

worms determined by sampling in units of 1/40,000 of an acre. This facilitated

the calculation of population on an acre basis. In taking the samples, the soil

was removed to a total depth of three inches, and sifted through a screen having

six meshes to the inch. All larvae found in the samples after being recorded,

were returned to the soil. Samples were taken over the entire field at twenty-five

foot intervals.

The spring survey, starting April 24, 1928, gave some very interesting data,

on the three fields studied. Two of the fields had carried crops of corn and
potatoes the previous year, and the third was a waste field overgrown with weeds
and grass, which had not been cultivated for several years. This waste section

was overgrown in patches with the following vegetation, in order of abundance

:

couch grass (Agropyron repots (L) Beauv.), Kentucky blue grass (Poa coiu-

pressa L.), wild pansy (Viola arvensis Murr.). pepper grass (Lepidiuin virgini-

cutn L.), pigeon grass (Setaria glauca W. D. Beauv.), horse weed (Erigeron

canadensis L.), black bindweed (Polygonum convolvulus L.), sweet clover

(Melilotus sp.), evening primrose (Oenothera biennis L.), sheep sorrel (Rumex
acetosella L.), milkweed (Asclepias syriaca L.), Canada thistle (Cirsium arvcnsc

(L) Scop.), rye, false flax (Camelina microcarpa Andrz.) sedge sp., Equisetum
sp., and Seduni sp.

In the part of one field where .corn had been grown, the year previous, 9824
cutworms per acre were present ; in the same field, but where potatoes had been

grown, but 350 cutworms per acre were found. In another field carrying

identical crops of corn and potatoes on the same farm, in corn stubble there were
3793 cutworms per acre, and in potato land 1379 cutworms per acre, while in the

waste land there were no cutworms encountered, although 87 samples were taken.

Continuing this survey in the same fields in October of the same year but with

crops changed, we note a very marked preference for young sweet clover. In

corn stubble 701 cutworms per acre were recorded, in potato land no cutworms,
in sweet clover 6436 cutworms per acre, while in the wasteland no cutworms were
observed. The significant data of this study indicates that moths do not oviposit

to any extent in uncultivated land, that oviposition in potato fields is less frequent

than in corn fields, and that sweet clover fields appear to be the favourite

oviposition grounds.

Life-History

The moths appear on the wing about July 5, and flight continues till about

July 26. At first they may be taken in small numbers by a trap light, but after a

few days on the wing, they desert the light, and must be collected from flowering

plants, as sweetened bait will not attract them. The only flowering plant that the

moths visit, so far as known at present is the common milkweed (Asclepias syriaca

L.), and during the two years that this study has been carried on, moths have not
been observed feeding on other plants.

A somewhat exhaustive study of the night activities of these moths, showed
that the flight of moths very closely parallelled the bloom of the milkweed, in gen-
eral the peak of the moth flight coincided with the full bloom of this plant. The
moths usually appear on the wing about 8 :30 p.m., feed on the milkweed blossom
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until 11:00 p.m. and then course all over the field and lay their eggs. Night
observations indicated that moths were more abundant around sweet clover knolls,

or in fields where young sweet clover or alfalfa was growing, and that they occur-

red in small numbers in corn fields, but only where there was a high spot or ridge.

They seem to be fairly active on the wing until 2.00 a.m. when their numbers
gradually decrease until daylight.

Actual oviposition in the field was not observed. From the laboratory studies

and nightly observations on the activity of the moths, we had every reason to

believe that the eggs must be laid in the soil. With this in view extensive soil sift-

ings were made around the base of young sweet clover plants, and 61 eggs
were taken from the soil. These eggs were brought to the laboratory and reared.

In order to determine the depth of eggs in the soil, field cages were placed over
pumpkin, corn, and sweet clover plants, and moths introduced. In every case

eggs were laid in the soil at a depth of from one quarter to three eighths of an
inch. Eggs are laid singly at times, sometimes in groups of three or four. They
are circular, quite small, yellowish white when first laid, gradually assume a pink-

ish shade, distinctly sculptured after the first day, and with the young larva quite

visible through the chorion a few days before hatching. The incubation period

under insectary conditions varies from seven to twelve days. The individual

egg capacity has not been determined, but is possibly between 500 and 600 eggs.

Eggs are deposited a few days after the emergence of the moth.

Because of the unnatural conditions that exist in insectary rearing, larval

development has been studied by making weekly collections from the field.

Twenty cutworms were collected every week, half of which were preserved in

70% alcohol, the balance placed in tins for rearing. The material used for rear-

ing purposes was also valuable as an index of the degree and development of

parasitism. The first larvae were taken in the field July 29, and weekly collec-

tions were taken until hibernation. It would appear that the bulk of the larvae

winter in the fifth or sixth stadium. Feeding is resumed early in the spring, and
continues till the following June, when the larvae pupate.

After a light rain, the larvae may be located in an infested field by the small

mole-like runways which they make in the soil, this may be detected sometimes in

the fall, but is more pronounced in the spring. They feed at, or a little above,

and sometimes slightly below the surface, and have a wide range of food plants.

The favourite in this locality appears to be sweet clover, but they will also feed

on corn, potatoes, peas, tomatoes, cabbage, beans, beets, carrots, radish, young
raspberry leaves, and occasionally young evergreens. Many weeds are also

relished, among these being, couch grass (Agropyron repens ( L) Beauv.), Rus-
sian thistle (Salsola kali var. Tragus), horsetail (Equisetum), Canada thistle

(Cirsium arvense (L) Scop.), milkweed (Asclepias syriaca L.), evening prim-

rose {Oenothera biennis L.), pigeon grass (Setaria glauea (L) Beauv.). and
green fox tail (Setaria viridis (L) Beauv.).

The first pre-pupal larva was taken in the field June 13, and the last June 30.

The first pupa was taken in the field June 18, and the last July 5. During our
field studies on this stage, 13 pre-pupal and 17 pupae were secured from various

fields. The pupa occurs between one and one half and two inches below the

surface and is enclosed in an earthen cell, which is easily broken. It is mahogany
brown in colour, and measures from 16.5 to 18.5 mm. in length.

The moths appear on the wing from July 5 to August 6. They have a wing
expanse of one and three quarter inches. The front wings are ash grey, suffused

with either brownish, yellowish, or reddish. The hind wings are whitish, with a

double dusky shade on the outer edge, and bear a dark discal spot.

Being largely a surface feeding species, this cutworm is fairly heavily para-
sitised. Parasitism begins early in the fall, and gradually increases so that

between late May and early June it may reach as high as 43 per cent. Two
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species of hymenopterous parasites and one tachinid have so far been reared.

The most abundant parasite appears to be Bcrecyntus bakerii Howard. A num-
ber of larvae infested by this parasite were placed in individual vials, and the

resulting parasites counted. From six vials taken at random, the number of

parasites emerged ranged from 1331 to 3044 per larva. The other parasites have
not been definitely determined.

Birds undoubtedly devour many of the larvae, and several of these were taken

from the stomachs of horned larks (Otocoris alpestris praticola Henshaw) and
the vesper sparrow (Pooecetes gramineus gramineus (Gmelin)).

Summarised Life-History

The eggs are found in the soil from about the middle of July to the first week
in August. Larvae can be found in the soil from the last of July till the middle
of the following June, pupae are present in the soil from about June 20 till July
3, and the moths are on the wing from early July to the first week in August.

Although classed as a very destructive climbing cutworm, these characteristics

have not been observed during this study.

Artificial Control
We have found the standard poisoned bran to be a most effective control

doubtless due to the fact that the larvae feed to a considerable extent above the

surface of the ground, particularly on warm nights. As with all poisoned baits,

the evening temperature is a most important factor. This was demonstrated for

the past two years in a market garden, near Mount Brydges, Ontario. Best
results accrue when the evening temperature is around 60 degrees. From the

fact also that moths appear to be restricted to milkweed blossom for feed, it

would seem advisable to destroy all such plants in the vicinity.

THE SPREAD AND DISTRIBUTION OF THE SATIN MOTH
IN BRITISH COLUMBIA

Leonard S. McLaine and D. Glendenning

Entomological Branch, Ottawa

The life-history, economic status, control, etc., of the Satin Moth, Stilpnotia

salicis L., in British Columbia has already been published, (1) therefore it is only

necessary to review very briefly the history of the insect on the Pacific coast. It

was first discovered by officers of the Entomological Branch, defoliating lombardy

poplars in New Westminster, B.C., in July. 1920, and remarkable as it may seem,

the first record of its appearance on the North American continent, was its dis-

covery a month previously near Boston, Massachusetts. The insect is a native

of Europe and eastern Asia, how and when it was introduced into the New World
is unknown, but there is the possibility that it may have been imported on nursery

stock.

The flight of moths in 1920 caused the infestation of practically every lom-

hardy and white poplar in New Westminster, and also spread to Maillardville, a

village two miles to the east. In the summer of 1921, injury was reported to

poplars in Vancouver, and investigation led to the opinion that the original out-

break was centered in this city rather than in New Westminster. Late in the

season it was also found on Vancouver Island at Cowichan Bay. The insect con-

tinued to spread, so that by the summer of 1928 the "lower mainland" was infested

from Vancouver as far east as Agassiz and Rosedale in the Fraser valley, and
extended as far north, on the west coast of the mainland, as Powell River, about

one hundred miles from Vancouver; while on Vancouver Island its distribution

extended up the east coast as far as Comox.
(1) R. Glendenning, The Satin Moth in British Columbia, Pamphlet No. 50—New Series, Department

ol Agriculture, Ottawa. This pamphlet is now being revised.
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For the first few years after its discovery the insect appeared to confine its

attack largely to the imported poplars, black (P. nigra L.), lombardy (P. nigra

italica Du Roi), the abele, white or silver (P. alba L.), and the Carolina (P.

deltoides Marsh), although feeding experiments conducted by one of the authors

(Glendenning) lead to the conclusion that it would readily adapt itself to several

species of native poplars and willows. This conclusion was borne out, for by
1926 large stands of the native cottonwood (P. trichocarpa Torr. & Ray.) in the

lower Fraser valley were completely defoliated. The insect also spread to the

aspen (P. tremnloides Michx.) and three species of willows Salix sitchensis

Bong., 5. scouleriana Barratt and 5. lasciandra Benth. and by 1928 large groups
of these trees were completely defoliated in different parts of the infested area.

Ever since its discovery, the satin moth has been considered a serious and
dangerous pest, but on account of its rapid spread and wide distribution hope of
the possible eradication of the insect had to be abandoned. The seriousness of

the situation was by no means lessened when it was found to have adapted itself

to native trees, particularly in the case of cottonwood which is valuable for

veneers, boxes and pulpwood. Another aspect of the situation also received

consideration, and that was the danger of the pest being carried to the interior of

British Columbia or even on to the prairies, where willows and poplars are used
so effectively as windbreaks. On account of the high winds and frequent periods

of draught on the prairies, the establishing of trees to form windbreaks is a dif-

ficult problem and one that would be very much more complicated if the satin

moth should spread into these areas.

In an endeavour to prevent the artificial spread of the insect on infested ship-

ments of poplars and willows, an agreement was made with the nurserymen on
the Pacific coast, whereby they would refrain from shipping the host plants of the

insect out of the infested area. This agreement was fortified by the passing of

Regulation No. 9 (Domestic) under the Destructive Insect and Pest Act on
April 12, 1928, which prohibited the movement of all species, hybrids and horti-

cultural varieties of the genera Salix and Popidus, from the coastal area to points

east of Hope, on the Canadian National Railway; Haig, on the Canadian Pacific

Railway ; Pemberton, on the Pacific Great Eastern Railway ; and Hazelton, on
the Prince Rupert Branch of the Canadian National Railway.

During the past summer (1929) two officers were assigned to carry on scout-

ing in an endeavour to determine the exact distribution of the pest. The terri-

tory was divided into two distinct areas ; the western, included the scouting of the

east and west coasts of Vancouver Island and the west coast of the mainland from
the International Boundary north; and the eastern, included the scouting of the

main river valleys and railways extending north eastwards from the west coast of

the mainland. The conditions under which scouting is carried on in British

Columbia are very different from those in eastern Canada, as roads are compar-
atively few and far between, especially on the west coast of the mainland. The
officer carrying on the scouting on the west coast had to make use of steamships,

launches, row boats, automobiles and trains, as well as by travelling on foot

:

whereas the officer carrying on the work along the river valleys covered most of

his territory on foot.

The so-called western territory extended from the International Boundary to

twenty miles north of Prince Rupert, on the mainland, a distance of approxi-

mately five hundred miles. The most northern infestation on the mainland was
found at Powell River about eighty miles north of Vancouver. The infestation

however, was not continuous from the border to Powell River, there being a gap

of about forty miles between Sechelt and Powell River where no signs of the

satin moth were found. An attempt was made to examine as many of the inlets and
bays as possible, as it was found that native cottonwoods were present at the

heads of numerous inlets, and especially those which led into river valleys. An-
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other interesting fact was that species of imported poplars were found at nearly

all settlements. In practically all cases the imported species were the first attack-

ed, then native poplars and lastly native willows.

On Vancouver Island, the east coast was scouted from Victoria to Shushartie
bay a distance of about three hundred miles. Continuous infestation was found
as far north as Campbell River, a hundred and fifty miles from Victoria. On
the west coast, Port Alberni was found to be infested.

In the eastern division more or less of a triangular tour was mack', starting

from Agassiz, and following the Fraser and Thompson rivers and Canadian
Pacific and Canadian National Railways as far as Ashcroft, a distance of two
hundred miles; the Fraser valley from Lytton to Lillooet about fifty miles; and
the Pacific Great Eastern Railway from Lillooet to Squamish, one hundred and
twenty miles. Some very interesting and significant facts were obtained from
this work. The last larval infestations in the Fraser valley were found at Hope
and Haig, (villages on opposite banks of the river) ninety-three miles from Van-
couver, the infestation being confined to two lombardy poplars and three silver

poplars, both imported species ; the cottonwoods, aspens and willows were un-

touched. Adult moths, however, were taken at Alexandra Lodge near Spuzzum,
and North Bend approximately forty miles further north. Following the Pacific

Great Eastern Railway a continuous infestation was found from Squamish. at the

head of Howe Sound and on the coast, to McGillivray Falls a distance of ninety

milts, and adult moths were taken at Lillooet thirty miles further on. That is.

these two infestations separated by miles of territory and natural barriers, ex-

tend approximately the same distance from the coast. The western or coastal

end of the so-called Pacific Great Eastern infestation occurred on cottonwoods,

willows, and aspens ; continuing northeast, the infestation on willows decreased

rapidly although on cottonwoods it was still heavy; further on. that on willows

and aspens disappeared entirely and it was gradually reduced on cottonwoods until

the limits were reached.

With regard to artificial means of dispersion of the satin moth on the coastal

area, it was found that the adults were attracted by the steamer lights. They
were found in the Staterooms and saloons of steamships, and on the decks in

sheltered spots, deck freight and piled lumber appeared to afTord especially suit-

able protection. On Vancouver Island, automobile radiators were frequently

found covered with the moths, but these were killed by the excessive heat, some
however, were found clinging to the sides of luggage carriers and on freight

trucks. In the Fraser valley, the moths collected at Alexandra Lodge were taken

under lights; at North Bend a railway divisional point, an endeavour was made
to determine the part played by trains in the dispersion of the insect. Only six

days could be devoted to this investigation, during which time both day and night

trains were examined and a total of nine moths collected. These were removed
from eight east bound trains, seven freight and one passenger. On the freight

trains three were found on the side of lumber cars and four on the side of box
cars. The two moths found on the passenger train were apparently attracted by
the coach lights.

Xo moths were found about the head lights of engines, although a single adult

was collected at the Round House. At Lillooet another railway divisional point,

two moths were collected under a light.

It is impossible to say what the ultimate distribution of the satin moth will be or

the final position it will take as an economic pest. The Pacific coast region is not

of great interest at the moment, however, as compared with the possible eastward
Spread. We have now learned that trains travelling eastwards through the

mountain passes are an important factor in dispersion, also the high winds which
sweep through the canyons ; the native host plants, aspens, willows and to some
extent cottonwoods are present for the insect to feed upon, and one mountain
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barrier has already been passed for the infestation at McGillivray Falls is east of

the summit of the Cascades. With regard to economic importance, a block of

large cottonwoods which have been annually defoliated since 1925, is beginning

to show the effects of the repeated attacks of this insect, some are dead and others

are dying.

In conclusion, a brief reference to the satin moth situation in the United States

may be of interest. The New England outbreak has been spreading until in the

State of Maine, it is now approximately only thirty-five miles from the New
Brunswick border. On the Pacific coast, in the state of Washington, the area

under quarantine includes all territory west of the Cascade Mountains.

THE EUROPEAN PINE-SHOOT MOTH
(Rhyacionia (Evetria) buoliana Schiff)

IN THE NIAGARA PENINSULA
R. W. Sheppard

Entomological Branch, Dominion Department of Agriculture, Niagara Falls.

For the past four years, during the late spring and early summer seasons,

investigations, scouting and eradication measures have been undertaken by the

staff of the Niagara Falls Plant Inspection Office in an endeavour to stamp out

the serious infestation of European pine-shoot moth in the nurseries, parks,

cemeteries and public gardens of the Niagara Peninsula.

Although the presence of this pest in the Niagara Falls and St. Catharines
district was definitely established in the fall of the year 1925, no serious attempt
was made to ascertain its distribution and degree of infestation throughout the

Niagara Peninsula until about the middle of May, 1926. From this time until

about the end of June approximately 15,300 pine trees of various species were
carefully examined as a result of which it was found that the infestation had
become quite generally distributed throughout the Niagara Peninsula, but with a

very much greater concentration in the Fonthill and Fenwick districts of Welland
county than in any other section of the territory covered. In addition to the

scouting and infestation record work, vigorous eradication measures were insti-

tuted involving the pruning off and destruction of all infested buds. In the case

of heavily infested pines, with over 100% of the buds affected, the entire trees

were cut down and destroyed.

Investigations were again undertaken during the late Spring season of 1927
in order to ascertain to what extent, if any, the pest had spread and as a check on
the previous seasons work. The seasonal work was commenced at Fonthill about
the first of June and continued throughout the month, during which time the
whole of the Niagara Peninsula district was gone over; all species of pines in the

nurseries, parks, cemeteries and public gardens were examined and the investi-

gations were completed towards the end of June in the Stoney Creek district of

Wentworth county, close to the eastern limits of the city of Hamilton.

It would appear that the attempt to eradicate the European pine-shoot moth in

the nurseries of the Fonthill and Fenwick districts of Welland county were not
altogether successful, for the records disclosed the fact that although there
appeared to be a slight reduction in the percentage of infestation in the Austrian
{Pinus austriaca Asch. and Graebn.) and mugho (Pinus mughus Zenari) planta-
tions, the Scotch pines (Pinus sylvestris L.) were again quite heavily infested, the
percentage of infested buds being just as high or even higher than in the spring
of 1926. In the nurseries in the vicinity of St. Catharines, Jordan and Yineland,
in Lincoln county, and at Winona and Stoney Creek, in Wentworth county, how -

ever, the control measures were almost entirely successful, for, with the exception
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of a few infested buds on three or four mugho pines in a nursery at Stoney Creek,
these districts were found to be apparently free from infestation by this destruc-
tive pest.

It would appear that the European pine-shoot moth had gained a strong foot-

hold in Welland county at sometime prior to the year 1926, as in addition to heavy
infestations in the nurseries at Fonthill and Fenwick, a very considerable number
of mugho, Scotch and Austrain pines of all ages in the Queen Victoria Park sys-

tem, along the Niagara border, were found, in the late spring of the year 1927, to

be severely damaged by the larvae of this pest. Some plantings of eight or nine
year old mugho pines, in a section of the park above the Horseshoe Falls, and
which had escaped attention during the previous season, were found to be the
most severely affected. This turned out to be the heaviest infestation in the dis-

trict ; the forty-one trees in the plantation carried from 45 to 75 infested buds per
tree or an average of approximately 58 affected shoots.

From other observations and records obtained in Queen Victoria Park during
the same season it was ascertained that practically all the mugho pines within the
park area were more or less severely infested and that the majority of Scotch
pines, even trees up to 30 years old, carried a number of infested buds. No other

species of pine were found to be affected at this time.

During the late spring and early summer of 1929, the control work was con-

tinued. Although the Scotch pines in the nurseries at Fonthill and Fenwick were
again found to be rather severely infested; the Austrian pines and the mugho
pines showed a most noticeable decrease of infestation. An examination of the

standing pine plantations in Lincoln and Wentworth counties pointed to the fact

that the control measures carried out in 1926 and in 1927 were almost entirely

successful and that these two counties were, with the exception of a few small

vScotch and mugho pines which were found to be very lightly infested, practically

free from infestation by the European pine-shoot moth.

By the end of the 1928 season, general observation indicated that, in so far as

the Niagara Peninsula was concerned, Welland county still remained the strong-

hold of this troublesome insect with centres of infestation at Niagara Falls, Font-
hill and Fenwick. In the nurseries of the Fonthill and Fenwick districts, the

infestations at this time, although still sufficiently serious, gave every indication

that persistant efforts would be attended with eventual success. With regard to

the infestations at Niagara Falls conditions were not so promising, for larvae were
found to be present in considerable numbers in the buds of Scotch and mugho
pines in that part of Queen Victoria Park, in the immediate vicinity of the Horse-
shoe Falls, also in the Fairview cemetery grounds, at the northwest corner of the

city limits. Elsewhere, in the vicinity of Niagara Falls, the moth did not appear

to have made any headway. An isolated infestation discovered in 1927 in a

small plantation of mugho pines in a section of the park immediately above
the Niagara Glen was found to be absolutely free from European pine-shoot

moth when examined in the spring of 1928, indicating that here, at least, the

eradication measures of the previous season had been successful. The plantation

of mugho pines, in Queen Victoria Park above the Horseshoe Falls, mentioned
as being the most heavily infested pines discovered in the Niagara Peninsula

during the 1927 season, were again found to be quite severely affected in 1928,

but with a most gratifying reduction of infested buds from 20% in June, 1927,

to 5% in the corresponding season of the year 1928. Such a reduction of infest-

ation between one season and the next would appear to indicate the value of the

work carried on in co-operation with the Park authorities.

An unusual feature of the infestation in Queen Victoria Park and one that is

proving difficult to cope with, is the fact that the moth is not confining its attacks

to the younger trees and low growing mughos, but is attacking quits freely Scotch

pines up to 35 years of age, an occasional Austrian pine up to the age of 30 years,
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and on more than one occasion several infested shoots have been cut from 16 and
20 years old white pines (Pinus strobus L.) a species of pine which is undoubt-
edly a very rare host in the Niagara Peninsula district.

In an effort to complete the eradication of the European pine-shoot moth on
these larger trees, the Queen Victoria Park authorities have co-operated with us

in providing men to cut as many of the infested shoots from the upper branches

as possible. There is no object in denying the fact, however, that the infestation

of the larger pines, which may well act as breeding hosts for considerable num-
bers of moths without being materially affected themselves, presents a rather

serious problem and one that cannot very readily be solved by the use of the

pruning knife.

With the exception of a slight infestation on five year old Scotch and mugho
pines in the St. Catharines district, and a very light, almost negligible, infestation

in a large block of four year old Austrian pines at Winona, our findings and ob-

servations during the late spring and early summer of 1929 indicate that the

counties of Lincoln and Wentworth up to the eastern limits of the city of Hamil-
ton are practically free from infestation by the European pine-shoot moth. In

Welland county, with the exception of a very light infestation in a large block of

five year old mugho pines in one of the nurseries, this troublesome pest has now
practically disappeared from the Fonthill and Fenwick districts of Pelham town-
ship, where formerly it was so prevalent. At the present time, insofar as we can
ascertain, it is almost entirely confined to that section of Queen Victoria Park
which lies within the immediate vicinity of the Horseshoe Falls and to the Fair-

view cemetery grounds which are situated at the extreme northwest corner of

the city of Niagara Falls.

A rather interesting and peculiar feature of the infestation in Queen Victoria

Park is that the infestation is most noticeably heavier in the plantations of some-
what large Scotch and mugho pines which are subject to frequent and prolonged
drenchings from the heavy spray which rises from the vortex of the Horseshoe
Falls, the frequency of the drenchings, of course, depending upon the direction of

the wind. Here, in this particular section of the park, several large Scotch pines,

probably 30 years old, were found to be infested to the extent of over 7% of the

total number of buds on the lower branches, and mugho pines possibly 25 years

old were found with over 8% of their entire quota of buds infested.

Parasitism by native hymenopterous parasites was not at all uncommon among
the European pine-shoot moth larvae attacking the pines in the nurseries of the

Fonthill and Fenwick districts of Welland county and may have aided to some
extent in eradicating the pest in this district. On the other hand the scarcity of

parasitized larvae or pupae in the Niagara Falls area, would indicate that natural

control cannot be considered an important factor in combating this troublesome
insect in the scattered pine trees and standing pine plantations of Queen Victoria

Park and the Fairview cemetery.

In the summer of 1928, an effort was made by officers of the Entomological
Branch to establish two different species of hymenopterous parasites in the pine

plantations of Queen Victoria Park, about 120 individuals of Crcmastus interrup-

ter and about 20 Orgilus obscurator, which had been reared in the Dominion Para-

site Laboratory, Chatham, Ontario, from pupae supplied to the Branch by the

Imperial Bureau of Entomology, were liberated among the pine plantations in the

vicinity of the Horseshoe Fails on July 20th. Unfortunately this liberation ap-

parently has not been attended by any degree of success for out of the many
hundreds of infested shoots collected in June, 1929, from the pines in Queen
Victoria Park and forwarded to the Dominion Parasite Laboratory, there is no
definite record of a recovery of either of these two species of parasite. .

In the course of observations in the Niagara Peninsula districts it has been
found that the adult moth is most apt to emerge during the last week in June and
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the first week in July; although moths have emerged in captivity, from collected

pupae, as early as June 13. Acting on the assumption, however, that the normal
time for emergence in this district is toward the end of June, a strong effort has
been made, each year, to complete the eradication work before that time.

In a comprehensive review of the European pine-shoot moth situation in the

Niagara Peninsula, covering the period during which we have had the insect under
observation, it would appear that the eradication measures, involving the pruning
and destruction of infested twigs on trees which were lightly attacked and the

burning of trees which were heavily infested, have been most decidedly practical

and worthwhile; for, out of a total of 15,300 trees examined in 1926 as many as

386 or 2.6% were found to be infested ; in the year 1927 only 384 pines were
found to be infested out of a total of 19,789 trees examined, giving an approxi-

mate infestation of 1.9% ; in 1928, 334 trees were infested out of a total of 25,059
examined or an infestation of approximately 1.3%; while, this year (1929). only

138 trees or less than 0.4% were infested out of a grand total of 36,639 pines

examined.
Discussion

Mr. L. S. McLaine (Entomological Branch, Ottawa, Ontario) : In connec-

tion with this paper that Mr. Sheppard has presented, it may be of interest to

know that it is a problem that is being carried on from coast to coast. In 1925
we first discovered the pine-shoot moth. The following fall we traced the im-

portations of pines brought into Canada since 1923, and we found that importa-

tions had been brought in and distributed from coast to coast. Arrangements
were then made to re-examine the pines that were brought in. We later dis-

covered infestations at different points. These have been kept under observa-

tion, and I think I am safe in saying that we have succeeded pretty well in get-

ting control of the pine-shoot moth in every district except this part of Southern
Ontario. The progress that Mr. Sheppard has shown in the Niagara Peninsula

has been similar to that in other districts.

NOTES ON THE FIR SAWFLY
Neodiprion abietis Harris*

Ralph D. Bird

University of Oklahoma, Norman, Oklahoma!

The fir sawfly, Neodiprion abietis Harris, is an important insect pest of the

foliage of fir, pine and spruce in Eastern Canada, Manitoba and the New England
States.

The species is a native one and was originally described in 1841 by Harris (7)

as Lophyrns abietis, but was later transferred to the genus Diprion (11). In

1918, Rohwer (19) placed it as well as other Nearctic species of the genus

Diprion in the genus Neodiprion where it now remains.

It has a wide range of hosts, having been reported in injurious numbers on
balsam fir {Abies balsamea (L) Mill.), pitch pine (Pinus rigida Mill.), jack pine

{ Pinus banksiana Lamby), hard pine (4), white pine (Pinus strobus Z.) while

spruce (Picea canadensis (Mill.), B.S.P.), black spruce (Picea mariana (Mill.),

B.S.P.), and white cedar? (4).

It is probably found throughout the greater part of the range of its host

plants, but the outbreak in injurious numbers are usually local. Records of such

outbreaks have been recorded from the provinces of Manitoba (3), (8), (25),

Ontario (23), Quebec (24), and the States of Maine (9), (10), (16) (17),

(22), Connecticut (1), (2), (11), (14), Massachusetts (2), (14), New York

(4), New Jersey (13), Missouri (18), and Minnesota (21), (26).

tStudy made while on the staff of the Dominion Entomological Laboratory, Trees-

bank, Manitoba.
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Although the fir sawfly is an insect of injurious habits with a wide range and
numerous food plants, very little has been published on its life-history. Norton

(14) gives a very general account of its habits and lists a number of parasites.

Yuasa (27) gives a technical description of the last instar larva and includes it

with other members of the genus in his keys.

The following account of the life-history of this species is based upon studies

carried on during the years 1924. 1925 and 1926 in the neighbourhood of Trees-

bank. Manitoba. Adults were caged in glass vials with fresh twigs of spruce

where close observation of mating and oviposition habits was possible. Over-
wintering eggs were closely watched in the spring for the date of hatching and
observations continued on the larvae through their various stages, both on the

trees and in small rearing cages which made it possible to determine the dates of

moulting of the majority of the members of a colony.

In preparing the following notes I received many helpful suggestions from Mr.
Norman Criddle, Entomologist in charge of the Treesbank Laboratory, to whom
I am much indebted for advice.

Description of Life Stages

Egg.—The egg is whitish in color, oval in outline, slightly flattened on one
side and covered by a thin, shining, flexible chorion. In its position in the needle

it is compressed by the surrounding tissues. When newly laid it measures about

1.4 mm. in length by 0.8 mm. in width.

Larva.—The larva of the female when fully grown measures 21 mm. in

length, that of the male somewhat less. In colour both sexes are of a dirty green

shade marked by six longitudinal dark bands ; a pair of subdorsal bands, broader

than the distance between them and of a lighter colour than the pair of lateral

bands ; a band of the same colour as the lateral runs through the spiracular line

and subspiracular lobes. The head is globular in outline with the front flattened.

It, as well as the mouth parts, is jet black in colour. The maxillary palps are

four-jointed, the first three subequal and the last much smaller. The labial palps

are three-jointed with the third joint shorter than the other two which are sub-

equal. The thoracic legs are well developed, strongly chitinized and are black in

colour, except the membranous parts at the joints, which are a greenish-white.

The legs vary in size from the prothoracic to the metathoracic, the latter being

about twice the size of the former. The third abdominal segment is marked by

six annulets. Annulets 1, 2, and 4 have a transverse row of short conical

glandubae. The substigmatal and surpedal lobes are large and covered with

several glandubae and setae. Well developed prolegs are situated on abdominal

segments 2 to 8 and 10.

The larvae, like those of Neodiprion leconiei (12), pass through 6 instars.

The differences of the larvae in these stages from the above description of the

sixth instar are as follows :

—

The head of the first instar is at first light brown, but darkens with age to

dark brown; the chitinized parts of the mouth parts black; body translucent,

bluish-white, coloured green by the contained food material ; thorax and head
relatively large; glandubae indistinct; longitudinal bands not visible: length

increases from 3 mm. to just over 4 mm. ; width of head capsule 0.53-0.59 mm.

:

five clays are spent in this instar. The second instar has the colour as in the sixth

instar. but the longitudinal bands not so well marked; length increases from 4 mm.
to nearly 6 mm. ; width of head capsule 0.82 mm. ; five days, or slightly longer

spent in this instar. The third instar has the colouration similar to the sixth ;

length increases from 6 mm. to 8 mm.; width of head capsule 1.0 mm. to 1.12

mm. : five days, or slightly longer are spent in this instar. In the fourth instar

the colouration is similar to that of the sixth; length increases from 8 mm. to 13

mm.; width of head capsule 1.3 mm. ; five days or slightly longer are spent in this
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instar. In the fifth instar, colouration similar to that of the sixth; length

increases from 13 mm. to 17 mm.; width of head capsule 1.47 mm.; six days or

slightly longer are spent in this instar. The sixth instar has been described

above; the length increases to 17 mm. in the case of the larvae that are to produce
males and 21 mm. in the case of those that are to produce females. Width of

head capsule 1.71 mm. ; three to five days are spent in this stage.

Prepupa.—The prepupa, or ultimate stage of the larva resembles the sixth

instar, save that the body is much shortened and thickened. In this stage the

insect does not feed but seeks a suitable place among the needles of the host where
it spins a cocoon and enters a quiescent period before pupating.

Pupa.—The pupa is of the free type in which the appendages are held close

to the body. At first it is colourless, but as it reaches maturity colour develops,

beginning with the eyes, mandibles and saw, until that of the unemerged adult is

reached. The pupal skin is then shed. The length of the pupal period is not
known, the total time from the time the cocoon is spun until the adult emerges is

about three weeks.

Fig. 1.

—

Neodiprion abietis (Harris). (A)—A spruce branch that has been partly de-

foliated. The colony of larvae may be seen resting in a cluster among the uneaten needles.

(B)—The base of a spruce needle in which an egg has been laid. The extent of the

pocket cut by the female may be seen as a light coloured area (brown in nature) and the

actual cut at the edge of the needle by a pile of resinous sawdust (greatly magnified).

The cocoon is spun from silk produced by the larva; it is oval in outline and
of a reddish-brown colour of a papery consistency with the inside polished and
the outside roughened. It adheres closely to the needles among which it is spun.

Cocoons of female sawflies measure on the average 8 mm. in length by 4 mm. in

width and those of the males 7 mm. by 3 mm.
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Adult.—The adults, on account of their wide distribution are well known.
A technical description and kev to other members of the genus are given bv Mac-
Gillivray (11).

Habits of the Larvae

The larvae, like those of Neodiprion lecontei Fitch, are gregarious in feeding.

Soon after hatching they congregate in small groups within the general colony,

upon individual needles of the host, usually four to a needle. All face in the same
general direction, either toward the distal or proximal end of the needle and eat

deeply into it as they move along. Usually needles of the new growth are

attacked, but sometimes needles of the previous year, within which the eggs were
laid, are also eaten. By the time the larvae reach the third instar the minor group
formation is lost and only one or two larvae are found on a needle when feeding.

This they now eat completely, to within about one eighth of an inch of the base

instead of leaving a half eaten core as in the younger stages. When not feeding the

whole colony congregates in a dense group upon the uneaten needles (Fig. I, A.)
The eggs having been laid near the tips of the twigs at a height of from 2 to 10

feet from the ground, due to the feeding habits, the colonies move back along the

branch as they strip it of the needles.In this manner two or more colonies from as

many twigs may unite and form groups of 80 or more individuals which strip that

part of the tree of its needles. When disturbed the larvae exude a drop of liquid

from the mouth and jerk the head violently backward. In the prepupal stage

they scatter and seek places among the needles where they spin their cocoons

The total time spent as a larva varies with the weather conditions. Cold and
rainy periods lengthen the time. Larvae reared indoors in cages spent on the

average 24 days as such, while those under observation out of doors in a natural

state required about 50 days from the time they hatched until the preparation of

the cocoons.

In the three years during which the insect was under observation no indication

of a second brood was found, as in the case of N. lecontei Fitch (12), but it is

possible that one may occur in the more southern parts of its range as indicated

by Harris (7).

Habits of the Adults

The adults emerge in August after cutting round the end of the cocoon cleanly

so that it comes off like a lid. The exact date of emergence is influenced by the

weather conditions as a cold and wet summer delays the hatching of the eggs and
prolongs the larval period. In 1924 adults emerged from August 22 to 27; in

1925 from August 5 to 12; and in 1926, from July 29 to August 5. Patch (16),

(17) states that in Maine they emerge from September 9 to the end of the month.

Like those of most sawflies, the adults do not wander far from the trees upon
which they spent the larval period and become sluggish in cold and wet periods.

They have not been observed to partake of food. When caged they often bite off

the wings and legs of the individuals with which they come in contact.

Mating was frequently observed and found to take place in a manner similar

to that of N. lecontei Fitch (12), but lasted considerably longer, often for an hour
or more.

Females caged in glass vials with a fresh twig of spruce readily oviposited.

After locating a suitable place upon a needle the female bends her abdomen down
until the tips of the saw sheath touch the needle, and after feeling about for a
few seconds proceeds to insert the saw. In the case of the spruce this was done
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at one of the angles of the square needle. When the saw was in to its full length
it was swung through the arc of a circle toward the ventral side of her abdomen
so as to make a semi -circular pocket and then swung back again to clear the space.
Apparently the egg is laid before the saw is withdrawn. A pile of resinous saw-
dust clings to the fresh cut. In a few days the tissue immediately surrounding
the cut die and turn brown. Usually one egg is laid in a needle at about one
eighth of an inch from the base, but sometimes another may be laid near the mid-
dle. Eggs are laid in this manner in 30 or 40 adjoining needles and thus the
colony formation of the larvae is started. Needles of the year's growth on twigs
at a height of from 2 to 10 feet from the ground in a moderately sunny place are
usually selected for oviposition.

Aug. Sept. to April May June July
|
Aug.

Egg
1

Larva

Cocoon &
Pupa

1

Adults ...

1

Fig. b.—Chart showing seasonal history of Neodiprion abietis Harris through the period of
one year.

Control

Several species of parasites have been reared and recorded by Norton (14)—
"From the cocoons of Lophyrus abietis I have bred the following parasitical in-

sects, viz.: Ichneumon rubicundus Cresson, Ichneumon fungor Norton, Cryptus
lophyri n. sp. Pimpla inquisitor Say., Hemitiles utilis n. sp., Campoplex genuinis

Norton. Aleiodes parasiticus n. sp., Pteromalus verdiior n. sp., Cheiropachus
nigro-cyaneus n. sp., Musca camaria".

Parasites are not plentiful enough in Manitoba to immediately control the saw-
fly in the event of an outbreak, and artificial methods have to be resorted to. The
writer has found a spray of lead arsenate to be a very effective poison for the

larvae. It is also recommended by Swaine (25) and de Gryse (6).
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INSECT PESTS (OR INSECT ALLIES) THAT HAVE RECENTLY
ARRIVED IN VANCOUVER DISTRICT,

BRITISH COLUMBIA. 1928-1929.

G. J. Spencer

University of British Columbia

Apart from the long list of established insect pests which have been conspicu-

ous or otherwise during the past year, the following are recent arrivals: some are

probably first records for this district or this Province.

The Yellow Mite.—This species whose identity I cannot prove, appeared
this autumn in October in a large property in Shaughnessy Heights. It occurred

in countless millions at the bases of weeds, trees and garden plants, gathered in

masses as large as the last joint of one's little finger. Some of the masses extend-

ed up the trunks of small trees. It had apparently been breeding in the lot and
had congregated for the winter, taking shelter especially under leaves and at the

bases of clumps of grass.

European Mite.—Under this species I have tentatively placed a mite which
most nearly resembles the Paraietranyehus pilosus C. & F. with which I am
familiar, but differed in certain of its habits. It occurred last fall for the first

time and this year it is in increased numbers on young elms in the University

nurseries. There is little or no web but it feeds almost entirely on the under side

of leaves. The eggs are like those of P. pilosus, onion-shaped with fine vertical

corrugations. It winters in the egg stage on twigs and the upper parts of trunks.

The Tropical Fowl Mite, Liponyssus bursa. Appeared this spring in the

colony houses of a poultry settlement scheme where it was seriously injuring a

limited number of birds. The seriousness of this mite was emphasized and every

effort was made to stamp it out.

Chicken Mite, Derma)iyssus gallinae (De Geer) on pet canaries. Appar-
ently this pest is of not uncommon occurrence on canaries. It is found infesting

numbers of birds in pet-shops, whence it is sent out when the birds are sold. It

was reported to me for the first time this year but its rather wide occurrence

shows that it has been here for some time.

Maggots in Chickens.—At a private house in South Vancouver where
poultry are regularly kept, 14 chicks hatched in an incubator on May 24th. 1929

and were placed under a Rhode Island Red hen.

Shortly afterwards the chickens were seen to be sickly and on May 27th Mr.
Riley of the Department of Poultry, called and found larvae of various sizes all

over the chicks, under wings, on head, back and abdomen. As many as five were
removed from one chick and two and three on the others. All the chicks were
attacked. Three chicks died but the remainder survived. On May 29th two
more maggots were found and removed by the owner of the birds. These
proved to be the last of the infestation.



ENTOMOLOGICAL SOCIETY 83

L'n fortunately no maggots were kept alive and the infestation did not recur.

Mr. Riley brought me a good series in alcohol. They are metapneustic, of the

CaUiphorid or Sarcophaqid type and some appear full-grown so that the eggs or
larvae must have been deposited very shortly after the chicks were hatched.

One of the surprising points about this infestation is that it should have occur-

red in such young birds that had never left the brooder until they were trans-

ferred to the hen after twenty-four hours. Conditions round the yard were
described to me as being "ideally clean."

The incident reminds one of the attack of Wohlfartia vigil as reported by Dr.

E. M. Walker in Toronto.

The Parsnip Web Worm, Depressaria heracliana De Geer. ( Occurs in the

Blackmore collections, dated "Victoria, B. C." Two specimens only:

reported again this autumn from that city). Occurred in Point Grey for the first

time this year, where it seriously damaged plants intended for seed, feeding on
the leaves and seed heads in the crown, amongst which it pupated. The larvae

are heavily parsitized by a small Tachinid fly. The instincts of the moths to fly

downwards and to slip under cover, are very marked.

The Diamoxd-Backed Moth. PlutcUa maculipennis Curtis, has been in the

Fraser Valley for some years. It occurred for the first time this year in Point

Grey, in limited numbers. (Point Grey is the western edge of Vancouver. It

is a peninsula on whose tip the University is located).

The Lilac Leaf-Mixer. Gracilaria syringella Fab. is another insect that has

been in the Fraser Valley (Huntingdon) for a year or two. It has just reached

the western edge of the city.

The Chrysanthemum Midge. Diarthronomyia hypogoea (F. Low). The
greenhouses at the University are experiencing an outbreak of this pest this year.

It occurred here some years ago but was stamped out. It was reported to me in

1925 in the houses of a commercial grower who took drastic steps and succeeded
in eradicating it. Its attacks on some varieties and not on (or less than) others,

is very marked.

The Chrysanthemum Leaf Mixer. Phytomyza chrysanthemi Kowarz, may
have been in the city for an undetermined period, but its attacks are apparent in

the L^niversity greenhouses for the first time, this autumn.

The Angumois Graix Moth. Sitotroga cerealella Olivier. Upon my return

from Ontario in the autumn of 1928. I found a moth in L^niversity buildings,

especially in the Faculty of Agriculture, that was new to me. It turned out to be
the above mentioned species which was introduced to Point Grey in an exhibition

case of various ears of corn imported from Idaho. I have reared it continuously
since then in my laboratory in yellow flint, in ears of wheat and in buckwheat.
The ability of moths to search out material for oviposition, is amazing. In a

quart jar of buckwheat exposed to the air, every seed has become infested during
the year. Ears of corn under masses of tissue paper in deep closed drawers have
become infested.

Winter 1928-29, in a tour of inspection of the enormous bins of dent corn at a

distillery in Xew Westminster, I found the kernels heavily infested with this

moth. The grain was then on its way to the mills to be crushed but it is likely

that the whole elevators are infested with the insect. The corn was reported to

have come from South America.

The Dusky Meal Moth, Borkhauscnia pseudosprctcUa Stainton.

The White-IIeaded Meal Moth, Endrosis lactcclla Schiff. Not knowing
the common names of these at the moment, I have coined nick-names.

Both these species have been present in one of the University barns for two
years, where I have taken the larvae and adults in small numbers in chop bins.

Although I have had them in rearing cages for that length of time, I find them
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much more difficult to rear than the Mediterranean moth. The larvae of both

species leave the bins when full grown and crawl up walls and beams where they

pupate in small silken webs under grain-dust and cob-webs. This autumn, for

the first time, I took the White-Headed moth in the cellar of a private house

where I could not determine what it had used as host material. The dusky moth
is recorded as the Scavenger Bull Mite. (Later note).

The Fire Brat, Thermobia domestica Packard was sent in for identification

from a local hospital where it was reported as a "new insect" infesting some of

the laundries.

The House Centipede, Scutigera forceps. Fine large specimens of this

animal have been sent in to me this month from the abattoir of Pat Burns Co.

Its range in the abattoir is limited, being confined to only one of the slaughter-

houses where it has established itself in one of the wooden partitions. The speci-

mens are 1% to 1% inches long. The bluish shade of the specimens found in

Ontario, especially the marked blue at the base of the legs, is wholly lacking. It

appears to do well in one of my incubators at a temperature of 30° C. and humid-
ity from 80% to 90y2 ; it feeds readily on Lepismids. As far as I know, it has

never been reported from this Province before.

The Tip Moths, Peronea variana Fern and Peronea varigana (after Black-

more).
The Hemlock Looper, Ellopia fiscellaria Gn. form hignbrosa, but darker.

These insects are by no means new to this Province. However, this year they

are all doing great damage to hemlocks in the Vancouver district, especially to the

trees in the watershed of the city. Moreover, they appeared in some numbers for

the first time this summer, in the belt of forest on University property where by
their combined attacks, they have left the hemlocks looking very ragged. If the

infestation of looper should prevail next year (I see no reason for its not doing

so) the hemlocks on the University property are doomed. The Tip moths are

also attacking spruce and to a less extent, Douglas fir. The infestation occurs

also in Stanley Park.

Pests on Mushrooms.—Mushroom-growing on a large commercial scale is

relatively new in this district, although it has been practiced in a small way for

some time. One recently established grower who has a very large plant, is hav-
ing difficulties with three pests :

—

1. The Mushroom mite Tyroglyphns linteri Osborn which I have recorded
from Vancouver Island three years ago, but not so far from the mainland.

2. Collembola, the. Pod uridae perhaps Achorutes sp. are worse than the mites.

Eggs are laid in great numbers on and between the mushroom gills and all stages

of the insects tunnel through the button-head of the mushrooms. Sometimes the

tunnels are packed thick with collembola. This type of injury is often not

apparent at all until the head is broken open when a seemingly perfect pileus is

seen to be worthless. If a crack or other injury occurs on the cap, the collembola
enter it as a point of attack.

3. The larvae of Fungus gnats also occur but seem to arrive secondarily to the

damage of the other two pests.

THE BIOLOGY OF NEMERITIS CANESCENS, A PARASITE OF THE
MEDITERRANEAN FLOUR MOTH

V. R. Diamond, M.A.

Abstract

Nenteritis can escens Grav. is a parthenogenetic ichneumonid which can be
easily reared artificially and offers promise as an efficient artificial control for the

Mediterranean flour moth. The latter is well known as a serious pest to the mill-

ing industry of Canada and the United States. The parasite is hardy and easily

reared in large numbers in the laboratory. Its life history under laboratory con-
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ditions on an average 21.5 days from egg to adult. There are five larval instars

and the adult females live on an average of about fifty-four days and are very

prolific. There are no known males of the species. The females oviposit over a

wide range of temperature and in the dark as well as in the light. The insects

live well on sugar and water, but they do not appear to be able to utilize flour as

food and if fed on flour only, their life is greatly shortened. The parasites do
not feed on the host larva at any time. The parasite has few natural enemies, and
it was found to survive a heavy infestation of mites with much less mortality than

expected.

Observations on the Mediterranean flour moth material from Ontario and
British Columbia showed very heavy infestations of this parasite in some cases,

which would indicate that it is able to establish itself in very large numbers under
the average milling conditions in Canada. Although this parasite cannot be
expected to give the complete control sought by the millers, it should be very
valuable in holding the Mediterranean flour moth in check and thus make eradi-

cation by chemicals much easier.

During the summer of 1928 while stationed at the Dominion Entomological
Laboratory at Chatham, Ontario, an ichneumon parasite (Nemeritis canescens) of

the Mediterranean flour moth was first brought to the notice of the writer. These
ichneumonids were emerging in considerable numbers from one of the flour moth
incubators. As the available literature contained practically no information about

this parasite, Mr. A. B. Baird, in charge of the Chatham laboratory suggested a

study of its biology. He very kindly supplied some of the parasite stock which
was taken to the University of Western Ontario and the work carried out under
the guidance of Dr. J. D. Detwiler.

Source of host material.—The host material supplied by Mr. Baird could not

be definitely traced back to its origin, but it was known to have been shipped in

from some point in Western Ontario. Through the kindness of prof G. J.

Spencer of the University of British Columbia, a number of specimens from
British Columbia were also received in some infested meal.

Although Nemeritis canescens is described as a cosmopolitan parasite of the

Mediterranean flour moth, we were unable to find it in mills infested with its host

in the vicinity of London, Ontario.

Rearing methods.—A plentiful supply of host material was kept available at

all times by the use of a large upright incubator (3j^'x2j^'x4'). Trays one inch

deep and with a small opening in front for the moths to pass through, were nearly

filled with infested whole wheat flour and as many as required piled on top of

each other. The incubator was automatically controlled for temperature and
humidity so that under ideal conditions the flour moth multiplied rapidly and full

grown larvae were always available in the trays when needed.

The problem of getting the parasites to oviposit in th host larva is much amp-
lified with this insect. The females are parthenogenetic thus eliminating the

troublesome problem of getting them to mate. They are ready to oviposit as soon

as they emerge from the cocoon and if care is taken to properly regulate condi-

tions of temperature, humidity and light they will oviposit in the larvae almost as

fast as host material is made available.

The method of parasitizing host larvae was as follows : Female parasites were
kept in wooden cages about a foot square with a fine mesh copper screen covering

the back while a plate of glass which freely slips up and down in grooves acted as a

convenient slide door in front. Through the top at the back, two holes one inch

in diameter, were bored, one to admit a stopper holding a cylinder of moist cotton

about six inches long and the other served as a convenient opening to add
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additional parasites without opening the slide door in front. The cotton was kept

wet at all times to give the insects a convenient supply of water while cubes of

white sugar were glued to the bottom of the cage for food.

Before submitting host larvae for parasitism a number of small (2"xj£")
vials were filled to the depth of a quarter of an inch with clean wheat flour. About
fifty early final instar larvae are now removed from the infested flour in the

incubator and placed in a covered Petri dish. An electric light is usually allowed

to shine into the front of the cage a short time before the larvae are introduced.

This light stimulates the parasites to become active and they quickly run about the

walls and floor of the cage searching for host larvae. The parasites are not

strongly phototropic and they do not all rush in the direction of the light so that

often the light can be kept at the back of the cage while the larvae are being intro-

duced and parasitized just inside the glass door at the front. This door is always

closed immediately after introducing or removing a larva as the parasites run

about actively and are liable to escape. Usually a female parasite locates the flour

moth larva before it starts to move about and attacks it with a series of quick jabs

with its long ovipositor. Finally the ovipositor is seen to stick momentarily in

the larva after which the female moves away. It is fairly certain to be para-

sitized. The larva is at once removed from the cage before it can be parasitized

again and transferred to the vial containing the whole wheat flour which is plugged
with a fine mesh copper wire stopper. The vials are now placed in convenient

trays, properly labelled, and these placed in a special incubator regulated at a tem-
perature of 78° F. to 82 F. and a humidity of 75% to 95%.

This type of parasite cage was found to be the most satisfactory of a number
tried. As the parasites run about rapidly in all directions regardless of the

position of the light in many cases, it is necessary to close the cage immediately
after placing or removing the larvae and the glass slide door makes it possible to

observe the parasitism. In case, a parasite does escape it can usually be picked up
a short distance from the cage with a recovery tube similar to that commonlv used
in handling small insects. The use of the vial as a container for parasitized

larvae permits a complete record for individuals.

Methods for the Study of Life History.—Nemeritis cancsccns is an
internal parasite and all stages had to be carefully dissected out of the host to be
observed. The minute eggs were particularly difficult to distinguish from the

body tissues of the host larva.

The most successful method used was to place the host larva in a small watch
glass mounted on a stender dish cover which is inverted to serve as a solid base.

A small amount of distilled water is placed in the watch glass. Holding the larva

with a pair of forceps it is now slit longitudinally with a pair of scissors. The
watch glass is placed under a binocular microscope and the body contents of the

host dissected out with sharp needles. The parasite egg or larva is in this way
allowed to float out in the water and can readily be removed to a glass slide for

observation and measurement. If too active, the larvae may be killed bv sub-

merging for a short time in a preserving solution of 5% formalin and 70%
alcohol.

The larvae were separated into instars according to the width of the head
capsules. Measurements showed that there are five definite larval instars. All

measurements were carefully made under a microscope with the aid of a squared
micrometer eyepiece. By dissecting out the parasites at hourly intervals from
egg to pupa and observing the stage of development, complete data was kept on
the length of time required for incubation and the five larval instars. No
special technique was required for the study of the pupal and adult stages.
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Life History and Description of Stages

The Egg.—The egg is white, cylindrical, elongate and slightly curved with

rounded ends and under high magnification the surface is smooth with a thin and
semi-transparent shell. It is from 0.216 to 0.288 mm. in length and from 0.06 to

0.08 mm. in width. It expands as the embryo within develops until just before

eclosion it reaches a size of about 0.384 mm. long and 0.168 mm. wide.

Eggs within the host larva kept at a temperature of 80° F. and a humidity of

75% were found to begin hatching after 58 hours of incubation and at 62 hours

the last of the eggs had hatched. The eggs require somewhat longer to hatch at

lower temperatures.

Larvae were observed to emerge from the shell either by splitting it longi-

tudinally by movents of the body or by bursting out one end with the head
capsule.

Larval Stage.—The larva is milky white to colorless except for the pale

brown head capsule which is well chitinized and bears two strong slightly curved

mandibles.

There are thirteen body segments behind the head capsule not including the

caudal appendage.The last segment contains the dorso-medial anal opening just

anterior to the beginning of the semi-transparent caudal appendage. The caudal

appendage is roughly conical, tapering to a point and constitutes about one third

of the body length. The integument is smooth and glossy and shows the tracheae

within.

The larva changes its appearance with each moult. The head capsule increases

in size, the mandibles become more developed and the caudal appendage decreases

in relative size until in the fourth instar it entirely disappears. The body changes

its general shape becoming thicker in the middle with well marked segments.

The following are the average measurements of the various instars

:

First

instar
Second
instar

Third
instar

Fourth
instar

Fifth
instar

Width of head
capsule 0.13 mm. 0.168 mm. 0.36 mm. 0.48 mm. 0.60 mm.

Length of
caudal appendage 0.25 mm. 0.25 mm. 0.20 mm. 0. 0.

Length of body 0.72 mm. 2.0 nun. 3.25 mm. 4.0 mm. 8.0 mm.

The total larval period was found to last from seven to eight days at 80° F. This
period is divided into stadia as follows : First stage—two days, second stage

—

two days, third stage—one day, fourth stage—one half to one day, and fifth stage

one and a half to two days. Most final instar larvae begin to spin their cocoons
about the tenth day of incubation. This varies somewhat and spinning has been
observed to take as early as eight days after parasitism and as late as fifteen.

Pupal Stage, Ncmeritis canescens emerges from the old host skin and spins

up inside of the cocoon of its host. The latter is a rough structure of silk and
meal spun up by the flour moth larva before death.

The quiescent prepupal stage between the completion of the spinning of the

cocoon and the shedding of the old larval skin lasts about three days.

The cocoon is cylindrical, slightly curved, abruptly rounded at the ends and
has an earthen or grayish brown color with a distinct white band around the

centre. This band does not completely encircle the cocoon but extends about
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the middle, dorsad of the pupa in the shape of a horseshoe. In some cases this

dorsal part of the band is narrowed or entirely missing so as to give the effect of

two vertical elongated spots on either side.

The cocoon is about 9 mm. long and 3 mm. in diameter at the centre. It is

smooth except for some superficial fibres which occur chiefly a tthe ends. The
adult pupa emerges by cutting an irregular hole in the end of the cocoon with its

mandibles. The period from spinning to adult lasts eight days.

Egg to Adult.—The total life history period from egg to adult based on an
average of 131 individuals averaged 21.5 days. The shortest period was 18 days
and the longest 26 days.

Length of Life of the Adult.—In carrying out experiments to determine
the time spent in the adult stage, varied conditions of temperature, humidity, food
and water were tried with interesting results.

A temperature varying between 60°F and 63F. and a relative humidity of

75% was thought to be nearest mill conditions. The average length of life under
these conditions for 19 adults was 54.3 days. The parasites were fed on sugar

and water. The following table shows the effect of temperature on the length

of life of the adult

Temperature Humidity Xnmber of

individuals
Max. adult

life

Min. adult
life

Av. adult

life

42-48° F. 76% 10 23 days 13 days 17.4 days

60-65°F. 75% 19 70 days 38 days 54.3 days

75-80° F. 75% 9 37 days 28 days 32.7 days

95°F. 75% 9 2 days 2 days 2.0 days

105°F 70% 10 2 days Yz days 0.65 days

The optimum humidity was found to be approximately 75%. A relative

humidity either greater or less caused a marked shortening of life.

Food Requirements.—Adult parasites feed greedily during the first hour
after emergence and wTere found to thrive on sugar and water. Whole wheat
flour was tried as a substitute for sugar but found to be valueless as adults sur-

vived on this flour no longer than adults which were given no food. Nineteen
individuals fed on sugar and water lived an average of 54.3 days while nineteen

subjected to the same conditions of temperature, humidity and water supply but

fed on whole wheat flour lived an average of 8.3 days. It would thus seem evi-

dent that the parasite is unable to utilize mill products for food. Lack of water
similarly caused a marked shortening in the adult life. Ten adults with water,

lived an average of 48 days while ten without, survived only eight days. Evidently

the parasite must leave the dry habitat of its host to seek out water. The para-

sites do not feed on the host larva at any time.

Oviposition.—Kreiger,* in his dissections found that 280 to 300 eggs were
developed in the two ovaries of the female. In five dissections the writer found
an average from 83 to 103 eggs with a large number still in the formative stage.

Adult females are ready to oviposit immediately on emerging from the cocoon.

One female was observed to oviposit 22 times in the first hour and a half of adult

life. All but four of these ovipositions produced living parasites.

As already stated oviposition is accomplished by a series of rapid jabs at the

host with the ovipositor until it finally pierces the body wall of the larva. The
parasite does not choose any particular part of the body of the host in which to

oviposit. Observations also indicate that the parasite not only appears to iab at

the host at random but its discovery of the host as well would appear to be acci-

dental. Experiments indicate that the parasite is unable to detect the host at a
*Kreiger. F.. Biology of Nemeritis canescens, Grav., parasite of the flour moth E. Kuhniella Rept

Bur. Appl. Ent. 3, (1) 24-35, 1927.
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distance exceeding two or three inches. The parasite is strongly attracted to meal
in which host larvae have been living and will invariably jab the ovipositor into it

with great vigor whether it contains larvae or not. It was found that the para-

sites could not oviposit in the larvae through a layer of flour over one half inch in

thickness.

Records show that the ideal oviposition temperature is from 62°F. to 68F.
Above this range the females become too active and excited to be effective and
below it they have a tendency to be lethargic and sluggish. The light intensity is

adjusted according to the activity of the females. Much light, like high temper-
ature, has a tendency to make them over active and they rush about the cage and
do not care to oviposit. Females have been induced to oviposit at a temperature
as low as 56° F. with some difficulty. They readily oviposit in the dark.

Females were found to oviposit twice in the same host but usually only after

leaving it and accidentally finding it again after a short interval. Two parasites

never emerge from the same host larva and if doubly parasitized it invariably dies

prematurely and the contained parasites also die.

Mortality in Rearing, Nemeritis canescens is very easy to rear in the

laboratory and throughout the work approximately fifty per cent, emergence was
obtained from the host larvae which were presumably parasitized. The loss

includes death of the parasites in the various stages of development as well as

false ovipositions in which the larvae were not actually parasitised but appeared
to be so. This high percentage survival would be much in favour of this parasite

as an artificial rearing.

Secondary Parasites.—Krieger mentions Lariophagus distingundus (family

Chalcididae) as a hyperparasite of Nemeritis canescens.

The stock from both Ontario and British Columbia contained no secondary

parasites. Mites, although troublesome in rearing this insect, are not serious.

MOSQUITO CONTROL IN NEW JERSEY

Frank W. Miller
Agricultural Experiment Station, New Brunswick, NJ.

The first serious thought that was given to the problem of mosquito control in

New Jersey occurred in 1900. Sporadic attempts to eliminate mosquitoes had

been made prior to this date at several localities in the northeastern part of the

state with negative results, due, as it was later learned, to the appearance of salt

marsh breeding forms that migrated in from distant points to the areas under

treatment. These broods frequently appeared in tremendous numbers, largely

nullifying the results of local effort and destroying public confidence as well of

the practicability of controlling the pest.

Such experiences as this, taught the pioneers of this movement of whom the

late Dr. John B. Smith, State Entomologist, was the recognized leader, that fur-

ther life habit investigations were necessary before successful mosquito control

progress could be consummated.

With this object in view Dr. Smith obtained from the Director of the State

Experiment Station a small sum for preliminary studies. Sufficient progress was
made with the funds available for him to induce the State Legislature in 1902 to

pass an act empowering and directing the New Jersey Agricultural Experiment

Station to investigate and report on the life history, habits and breeding places of

the mosquitoes occurring within the state. Provision was also made for investi-

gation into the injury caused by them to the agricultural, sanitary and other inter-
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ests of the state, for studies of the life habits of their natural enemies, and for a

determination of the best method of lessening, controlling or otherwise diminish-

ing the number of mosquitoes or their detrimental effects.

This act provided the necessary funds to carry its provisions into effect. The
results of these investigations were embodied in a large special report of the State

Experiment Station published in 1904.

Smith proved for the first time that salt marsh bred mosquitoes can and did

migrate many miles over the uplands and that, therefore, the mosquito control

problem in New Jersey was possessed of a dual nature,—one phase concerning

itself with the elimination of the breeding of salt marsh forms, the second with

the elimination of the fresh water breeding forms. Of the two phases the first

mentioned was of considerably greater importance at the outset due to the extent

and location of the salt marsh breeding areas. Before extensive elimination of

these breeding places was undertaken more than half of the land area of the state

bearing Y\ of the state's population was within flight range of serious salt marsh
mosquito infestations.

Bearing these facts in mind it was decided that the major control effort should

be directed against the salt marsh mosquitoes until such time as they could be

sufficiently controlled so as not to nullify the results of local campaigns. In 1906

the state's law making body legislated power and a limited amount of money to be

made available each year to drain or otherwise treat salt marsh breeding areas,

but, since the acreage requiring treatment was so large there being approximately

290,000 acres, progress in this direction was necessarily slow.

Nevertheless the work of control was steadily continued and extended and
finally reached such proportions in 1912 that it was deemed advisable to create

official local organizations to aid in regulating activities. For this purpose a state

law was enacted, known as the "County Mosquito Extermination Commission
Law". It provided for the appointment in each of the 21 county sub-divisions

of the state of a non-paid group of six men to serve as a mosquito extermination

commission for the county in which they resided. Each commission was author-

ized to make its own by-laws, elect from its membership its own officers and to

employ paid field executives. The Director of the State Agricultural Experiment
Station was declared a member ex-officio of each commission. Power was
granted to eliminate all breeding places of mosquitoes within the county for which
the commission was appointed, and to do and perform all acts and to carry out

all plans which in their opinion and judgment might be necessary for the elimin-

ation of breeding places. Provision was made requiring each commission to file

with the Director of the State Experiment Station on the first day of November
in each year an estimate of the moneys required for the ensuing year, a plan of the

work to be done and the methods to be employed. The power to approve, modify
or alter these estimates was vested with the Director and in the form finally

approved by him had to be accepted by the counties financial board, known politi-

cally as the County Board of Chosen Freeholders. This board causes the sum
requested to be paid over to the mosquito extermination commission's treasurer

out of the funds raised by county taxation.

The Commissions were also charged with the duty of submitting each year, to

the director and to its local board of freeholders a report setting forth the amount
of moneys expended during the previous year, the methods employed, the results

accomplished and any other information that might seem pertinent.

This act was signed and thus made operative by the late Woodrow Wilson,

ex-president of the United States, who was, in 1912, governor of New Jersey.

So effective and efficient has it proven, that it is still on the statute books,

changed only to grant the commissions greater police powers in eliminating

mosquito breeding places.
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At the present time twelve of the twenty-one county sub-divisions of the state

are supporting such mosquito extermination commissions. These counties repre-

sent more than three-fourths of the states taxable values and population. The
remaining counties are either so sparsely populated or naturally mosquito free as

not to warrant extensive mosquito control campaigns at this time.

Mosquito elimination work in New Jersey has not always travelled a smooth
road. In the early pioneer days the work was severely ridiculed both by the

general public and the press,—later this gradually changed to skepticism or half

belief and finally to approbation. During the periods of ridicule and skepticism

many efforts were made to repeal the laws by those not farsighted enough to see

the benefits to be derived as a result of this movement. Fortunately there has

always been a sufficient number of intelligent, honest legislators in our state

capitol, to prevent such action. Now public opinion would make it dangerous for

any political group to seek its abolition.

(I do not wish to bore you with the full details of the amount or type of work-

that has been done by the various mosquito control agencies so I shall only touch
on them briefly). The methods that are employed are practically the same as

those in use throughout the world wherever mosquito control is being attempted.

Drainage, filling, importation of natural enemies and the use of oils and larva-

cides are the means most commonly resorted to. At the present time over 25.-

000.000 feet of ditching, 140,000 feet of dike (fencing out the tides in some low
lying areas) and 1,054 square feet of tide gate cross section have been installed

and are being maintained on the salt marshes, while on the upland 3.190,000 feet

of ditching has been dug and is being maintained to drain mosquito breeding

swamp lands. Every year these drainage systems are extended as there still

remains much mosquito breeding territory on both the marches and the uplands.

In addition each mosquito commission maintains during the breeding season an
inspection and oiling force, upon which body devolves the duty of locating and
destroying all mosquito breeding in its territory.

AYhile considerable sums of money are appropriated yearly for these activities.

—the size of the area, the population and the taxable values protected more than

warrant the expenditure. The sleepless nights, the annoyance to people on their

porches, in their gardens, at their outdoor occupation and recreations, the impos-

sibility to pursue farming, the rendering of otherwise attractive seashore and
mountain resorts valueless, are but a few of the reasons for spending real money
and energy for mosquito eradication in New Jersey. An analysis of cost figures

indicates that the per capita cost in the state is about 10c each year. Not excessive,

considered from any angle.

In fact the physical improvements that have been effected as a result of

mosquisto drainage or filling operations have in most instances increased the tax-

able and sale value of the properties treated far beyond the cost of the improve-

ment.

It has been conservatively estimated by the New Jersey State Department of

Conservation and Development that within twenty years after the salt marsh
mosquitoes in the state have been controlled, increases of taxable value in excess

of $500,000,000 will result at a small fractional cost of the amount.

As I have previously stated, since 1912, the bulk of the actual ditching, oiling

and inspection work has been carried on by the County Mosquito Commissions
under the general supervision of the State Agricultural Experiment Station. The
Experiment Station has done some work of this nature in small areas not under
the jurisdiction of active county mosquito extermination commissions but the bulk

of its activities have been directed to further investigations in life history and
habits of mosquitoes and for improvement of methods.

During the past year studies have been conducted of the egg laying habits of

the fresh water swamp mosquito (Aedes sylrestris)
; for the development of me-
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chanical devices for sampling the mosquito fauna; to determine the cause of

vegetative changes occurring on the salt marsh as a result of mosquito control

ditching; for the development of improved mechanical salt marsh ditch cutting

equipment and to improve mosquito oils and larvacides and the methods of appli-

cation.

On the first Wednesday of each month our county mosquito commission
superintendents are called together at a central meeting point and sitting with
representatives of the Agricultural Experiment Station present and discuss their

various problems. By the interchange of ideas and experience the work is

greatly benefited while of ten-times matters worthy of investigation are brought
to attention.

These educational monthly meetings are supplemented once a year by an
annual meeting held in Atlantic City. This organization is known as the New
Jersey Mosquito Extermination Association and its membership consists of all

mosquito workers, county mosquito commissioners and all other residents of the

state who may express an interest and a desire to join the Association. The
meeting is a three day affair and the speakers are drawn from all parts of the

North American continent. The proceedings are stenographically reported, print-

ed and widely distributed. To those interested in mosquito work it is worth
subscribing to. There is no charge to such subscription, just an expressed desire

to be placed on the mailing list.

In closing this written discussion I want to say that mosquito control is no
longer a doubtful experiment but it is an investment that is paying big dividends.

New Jersey in the past bore the unenviable appellation "The Mosquito State" but

this is no longer true. The state is thriving industrially, agriculturally and resi-

dentially and this is due without question in considerable measure to mosquito

control.

Discussion

Mr. A. Gibson :—What amount of money is devoted to mosquito control

work in the State of New Jersey?

Mr. Miller :—About $375,000 to $400,000 a year.

Professor L. Caesar:—How are you spraying oils now?

Mr. Miller:—We mount big tanks on trucks and then install a small pump
and spray with pressure. We can spray a distance of about thirty-three or

thirty-five feet. We can also use the wind to help spraying across the lake. We
are using oil which is specially prepared and treated with acid. The Standard Oil

Company in the States makes up the oil, which costs about 6 T/2 to 7 cents a gallon,

more or less the same price as fuel oil.

Dr. J. D. Detwiler:— (University of Western Ontario, London). How far

do you expect the film of oil to spread over the water ?

Mr. Miller :—We reckon a pint of oil will cover thirty-three square feet, and

we try to cover it with the spraying machine, but we do sometimes have to depend

upon the wind to carry it across.

SOME OBSERVATIONS AND REMARKS ON MOSQUITO CONTROL
C. R. Twinn

Entomological Branch, Ottawa

During the past few years, there has developed in Canada a growing interest

in the control of mosquitoes. In parts of the world where such serious diseases

of humanity as malaria, yellow fever, filariasis, etc., are prevalent, the discovery

that mosquitoes disseminate these diseases gave an impetus to the study of the

insects, and caused the adoption of anti-mosquito measures on a large scale. The
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absence of any known disease transmission by mosquitoes in Canada has made
their study and control appear less urgent than in warmer climes. There is no
doubt, however, that mosquitoes constitute an undesirable element of considerable

social and economic importance in the Dominion, and their control, at least in

comparatively thickly populated sections, is well worth the serious consideration

of municipal and other interested bodies.

The word "control" as employed here, means to hold in check. It is consid-

ered a more satisfactory term, as applied to mosquitoes, than either extermin-
ation or eradication, as it sets forth an aim definitely within reach of attainment.

Although interest in mosquitos is increasing in Canada, the actual application

of control measures has so far been carried out only on a comparatively small

scale in a number of widely separated localities. The generous publicity given by
the press to the moderate successes that have followed the activities of the few
control organizations already functioning, is evidence of the importance of this

phase of insect control in the minds of the public, and there are indications that the

number of additional localities intend inaugurating anti-mosquito measures in the

near future. This being the case, it has been considered worth while to prepare

this article with a view to offering a few suggestions which may prove of value to

those engaged in, or intending to engage in, this laudable work.*

At the outset it should be stated that to yield really satisfactory results, mos-
quito control work must be efficiently organized, adequately financed, and enthus-

iastically supported by those sponsoring it. To secure sufficient funds educational

publicity is usually necessary and desirable. In such publicity the difficulties as

well as the facilities of the work should receive due emphasis. If this is not

done the public can hardly be blamed if it expects immediate and striking results

at the inception of the work, and reveals an inclination to abuse the control or-

ganisation for allowing some mosquitos to escape, rather than to express thanks

for those destroyed.

When the funds available are obviously inadequate to satisfactorily institute

actual control measures, those responsible for organizing the work would be well

advised to devote their slender resources to delimiting and mapping the breeding

areas, studying the incidence of mosquito abundance, training some competent

person, or persons, to take over the actual control operations when the funds are

more commensurate with requirements, and engaging in publicity and educational

work to increase the amount of those funds. Even organisations adequately sup-

plied with money should strive, at the inception, to secure as comprehensive a

knowledge as possible regarding their local mosquito fauna, with a view to intel-

ligently preparing a plan of operations designed to yield maximum results.

If control work is attempted with insufficient funds, or without adequate prep-

aration and information regarding the location and extent of the breeding places,

it is very liable to end in at least partial failure and disillusion. Even under the

best conditions it is almost inevitable that a proportion of the mosquitoes will

emerge owing to breeding places being inadequately treated, or overlooked.

Control workers should take cognizance of this fact, and prepare the public by
fully informing them of the impractibility of completely eliminating all mosqui-

toes, and emphasizing the difficulties which have to be overcome. Such action

would disarm unconstructive criticism, and by putting the public in possession of

the facts would tend to increase their support.

The statement has often been made that it is necessary to identify the species

constituting a mosquito pest before control work can be carried out. Undoubtedly
this information is very helpful, as it places in the hands of the control workers
a key to the published records pertaining to those species. Although of material

aid, however, it is our opinion that such information is not essential in the major-

*See also Dominion Entomological Branch Circular Xo. 62, entitled "Mosquito Con-
trol in Canada."
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ity of cases, and, as it would tend to serve as a deterrent to the activities of most
laymen, its importance should not be given undue prominence. Most of the
species of Canadian mosquitoes attack warm blooded animals, usually including
man, and, therefore, control workers cannot greatly err if they treat all infested
bodies of water within any given control area. If mosquitoes continue to occur in

annoying numbers following such action, the identification of the persisting species

would be of value in serving to indicate their probable source, Species such as
Acdcs hirsuteron Theo., and A. vexans Mgn., migrating from outside the control

area, or Mansonia perturbans Wlk., developing in permanent bodies of water
attached, in its larval and pupal stages, to the vascular roots of aquatic plants,

might be found to be the offenders in such a case. In any event, when identifica-

tion of the mosquito species is desired, this can readily be secured by mailing speci-

mens to the Dominion Entomologist at Ottawa.

Probably next in importance to funds in control work, is the question of per-

sonnel. Whether the work is conducted by an organisation of private citizens,

or by authoritative public bodies, this question if of prime importance. Mosquito
control work demands a high degree of initiative, integrity and enthusiasm from
those directing the work in the field, as the results secured depend to a large ex-

tent on the manner in which the instructions of the organisation are carried out.

In the State of Xew Jersey, experience has taught the necessity of maintaining a
small permanent trained staff in each county wThere control measures are con-

ducted, and of selecting temporary workers with great care, ruthlesssly eliminating

all who prove inefficient. The retention of small permanent staffs of control work-
ers under Canadian conditions would, of course, depend on the available funds,

the extent and nature of the work to be performed, and other factors. There
is no doubt that where mosquitoes are a decided nuisance in populous areas,

this course would be warranted. Although mosquitoes are a pest only at in-

tervals during the warm months from May to September, combative measures
can be proceeded with throughout almost the whole year. While the insects are

developing, the energies of the workers are largely occupied in locating and in-

specting breeding places, and destroying the mosquitoes before they emerge on
the wing, and little time is available for carrying out work of permanent value.

In this connection, the importance of action leading to the permanent reduction or

removal of breeding places, wherever possible, cannot be too strongly emphasized.
Temporary measures, such as oiling, are satisfactory in the initial stages of a

campaign, but the final aim should be to eliminate the sources from which the

mosquitoes arise. Such work necessarily must largely be done during parts of the

year when mosquitoes are not breeding. During this period the workers may be

employed in constructing or improving and maintaining drainage ditches, remov-
ing weeds from and deepening the margins of infested ponds, filling depressions

where breeding occurs, cutting trails through or removing brush from infested

areas, improving or opening up routes to breeding places difficult of access and
other similar activities. In the middle of winter, when the deep snow hampers
or prevents the pursuit of such work, there is much useful employment indoors.

Financial statements, reports and maps of the breeding places need to be prepared,

plans of future work have to be perfected and public lectures given.

A further argument in favour of a permanent control staff, consisting of one
or two individuals of proven worth, is that it increases in efficiency as it gains in

knowledge and experience, whereas tmporary workers of changing personnel

attack the problem each new season with inadequate knowledge or interest. With
a permanent staff it is possible to maintain a vigilant inspection and control service

throughout the breeding season, and to impart continuity to measures instituted

with a view to permanently eliminating breeding places. The permanent workers
would also function as the nucleus around which to build the larger temporary-
force necessary to deal with the maximum mosquito breeding that occurs at cer-

tain periods each season, such as in the spring, when snow-water and rain pools,
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and the floodwaters of overburdened rivers and streams, become heavily infested

with mosquito larvae, or in the summer, following heavy rains.

Where it is considered impractical or unnecessary to develop a permanent
staff, great care should be exercised in selecting temporary men to direct the work.

If possible an arrangement by which reliable employees of municipal or other

bodies could be transferred to this work each year, for as long a period as neces-

sary, would probably prove satisfactory. University undergraduates are good
material for directing or taking part in this type of work, but unfortunately their

services are not usually available until some time after the mosquito breeding

season has commenced. Those chosen to take charge of the work should be

selected in ample time to allow all plans and arrangements and the purchasing of

equipment to be completed before the first mosquito larvae commence to hatch in

the field, following the early spring thaw.

The question of equipment for distributing and spraying the oil is an important
one. It is necessary to provide means for conveying oil and men rapidly from
place to place in the control area, often over indifferently constructed roads, which
snow and rain have rendered soft, muddy and semi-impassable. For this purpose
at least one powerfully built motor truck, having a carrying capacity of not less

than 2000 pounds, and preferably fitted with double rear wheels, is usually a

necessity. For reaching breeding places in marshy areas, or in low-lying swampy
woodland, the horse-drawn stoneboat commonly used by farmers, is a valuable

conveyance. In drier areas, a team and wagon may be used. In flooded areas,

impassable except by boat, large flat-bottomed boats have proven satisfactory.

Where the oil has to be carried over considerable stretches of water, as is the case

in the Ottawa district, during the spring freshet, an outboard motor provides a

valuable aid to rapid transport.

For spreading the oil on the breeding places, 12-quart garden watering cans

are cheap, easily obtained, and fairly efficient. In the hands of uninformed or

careless persons, however, they are rather wasteful of oil. This possible waste
of oil is probably counterbalanced by a saving in labour, due to the ease with
which the cans can be filled and handled, and to the fact that they give no trouble

from mechanical defects or plugging. Portable or other spraying equipment used,

should have the rubber hose reinforced and lined with canvas, as ordinary rub-

ber hose deteriorates rapidly in contact with oil, and small particles of decompos-
ing rubber soon become detached and plug the spray nozzles. The type of nozzle

that has given most satisfaction is the Bordeaux nozzle. We have had experience
with a variety of portable sprayers at Ottawa and elsewhere, and have found that

the small cylindrical sprayer of 3-gallon capacity, operated by compressed air and
carried by a strap over one shoulder, is the most efficient. For spraying oil from
a flat-bottomed boat, a 40-gallon spray barrel, and also 5-gallon sprayers, have
been used with success. If the former is used, care should be taken not to over-

load the boat, as otherwise a serious accident might ensue.

In choosing an oil for mosquito control work, its boiling point, volatility and
viscosity should be taken into account. In our experience, a medium grade of

petroleum fuel oil has given excellent results as regards killing power, spreading

and lasting qualities. From experimental work, Dr. J. M. Ginsburg, of the Xew
Jersey Agricultural Experiment Station has concluded* that, "The toxicity of

petroleum distillates is directly proportional to the rate of volatility and inversely

proportional to the boiling point." Oils of low boiling point are highly toxic to

mosquito larvae, but volatilise rapidly. Oils of high boiling point, such as lubri-

cating oils, are non-toxic and kill by suffocation, but volatilise slowly. He recom-
mends the use of a mixture of oils consisting largelv of oil with high boiling: frac-

tions (600-750°F.) and sufficient oil of low boiling fractions (300-500°F.) to

"Relation Between Toxicity of Oil and Its Penetration into Respiratory Siphons of

Mosquito Larvae." Proc. 16th Ann. Meet. NJ. Mos. Ext. Assoc. 1929.
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cause a quick kill. He concludes that, "The final oil mixture should possess a
Baume gravity of about 32-34° and a viscosity of 50 Saybolt/100 or lower, in

order to insure spreading".

Discussion

Dr. Dearness: Asked whence funds to fight mosquitoes were forthcoming.

Mr. Twinn : The funds used in mosquito control work so far in Canada have
been raised by public subscription or by sums of money set aside by municipal
and other bodies for this work.

Mr. Gibson (Entomological Branch, Ottawa, Ontario) : I understand that the
city of Winnipeg has until recently had a good deal of difficulty in getting funds
to carry on the work. In 1927 the funds ran out and after the middle of July,
there was a tremendous outbreak of mosquitoes. The Chairman of the local Com-
mittee decided it would be a good idea to originate a Tag Day, with the slogan
"Give or Get Stung/' The meeting may be interested to know that the Tag Day
realized close to $7,000 on the streets of Winnipeg. I think this is the first Tag
Day that has ever been put on for mosquito control.

AN OUTBREAK OF MYCETOPHILID AND CHIRONOMID LARVAE
IN A LARGE COMMERCIAL GREENHOUSE

R. W. Thompson
O. A. College, Guelph.

Early in January of this year, miscellaneous crops in a large commercial
greenhouse showed a general unthriftiness caused by the destruction of the root

systems by small white maggots. Chief among the plants exhibiting these condi-

tions were sweet peas, statice, iris and ranunculus. Examinations of soils taken

from various locations in the house showed the presence of large numbers of the

maggots. At first they all appeared to be of one species but later examinations

revealed the presence of at least two or possibly more species. It was finally

discovered that nearly all of them belonged to two, Camptocladius bysinnus Felt,

a terrestrial chironomid and Sciara caesar Johannsen, a mycetophilid. Both of

these species were present in large numbers but in most locations the chironomid
larvae were in the majority. A third species Sciara prolifica Felt, was also present

but only in small numbers.

Injury

Small sweet pea and ranunculus plants which had made no growth over a

period of three weeks were carefully removed from the soil and were seen to

have only the main roots left. All the fine feeding roots were eaten off and in

many cases the larger roots, when opened, were found to contain large numbers

of larvae. In iris bulbs large areas of tissue were soft and decayed. The soft rot

organism was secondary and had gained entrance through the areas eaten out by

the maggots. Bulbs showing indications of very little feeding were scarcely, it

at all, affected by soft rot. Statice plants were the only examples of feeding above

ground. The "crowns" of these were attacked with the result that they were

stunted and dwarfed and the flower spikes which appeared later were of very

inferior quality.

Relative Importance of the Species

In sweet pea and ranunculus plants the larvae of C. bysinnus were decidedly

in the majority. In the case of badly rotted iris bulbs and statice "crowns" th

numbers of the two species were more evenly divided and in* some cases par-

ticularly of iris bulbs, S. caesar larvae were in the majority. While from all

indication it would appear that C. bysinnus was responsible for practically all of
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the initial damage to the plants it is impossible to say whether or not the S. caesar

larvae were feeding entirely upon decaying vegetable matter. Very few of the

species occurred in the neighborhood of the roots of ranunculus or sweet peas

unless the larger roots were badly rotted. Both species were however, through-

out the soil and occurred in large numbers in pieces of stable manure which had
been used as fertilizer.

Description of Larvae and Method of Distinguishing the two Species
The larvae of C. bysinnus are about 5-7 mm. in length, more or less translucent

and glistening. The head is light to dark brown in color ; the antennae are quite

clearly visible and are bifid at the apex. Two eye-like spots appear in the vertical

region of the head. The body is plainly divided into twelve segments. Legs are

totally lacking, but on the ventral side of the first thoracic segment the epidermis is

developed to form a pseudopod-like structure, which is fitted with a number of

hooks. The caudal aspect of the oral segment is circular and is equipped with
hooks. The purpose of these has not been determined but those on the first body
segment are used in locomotion.

6\ caesar larvae are somewhat shorter but stouter than those of C. bysinnus.

The head is solid black and the antennae are inconspicuous. The body is whiter

and more opaque than C. bysinnus and there is no particular modification of either

the first thoracic or the anal segments. The mycetophilid larvae were not so active

as the chironomid. Except for size, immature and mature larvae of both species

are very similar. Both are white when seen under a binocular of a hand lens but

when viewed in the soil, C. bysinnus has a distinctly greyish shade by which it

can be distinguished from the milk-white of S. caesar.

Immature larvae of C. bysinnus are often found in clusters but this condition

does not seem to occur among the mature larvae, nor was it observed to occur

among 5. caesar larvae at any time. The larval population was seen to be higher

in areas where extra dried blood had been applied as fertilizer.

Pupae
Description: The full-grown larvae of C. bysinnus contract before pupating

to about two-thirds their normal size and then change into naked pupae which are

milky-white in color. This color gradually becomes darker until just before

emergence, when the thoracic region is black and the abdomen a dirty-dark-grey

color.

The pupae of 5. caesar are somewhat stouter and a little longer. The general

colour is lighter throughout. In both cases pupation usually occurs near the

surface of the soil but if moisture is lacking here the pupae may be found at a

lower, more moist level. Where infestations are of long standing the surface of

the soil becomes strewn with empty pupal cases.

In cases the pupal stage for C. bysinnus was found to be seven days and for

5. caesar eight days. The method of obtaining the length of this stage was as

follows :—Cages were made up by inserting circular pads of blotting paper on
soil in tumblers and covering the pads with thin layers of sterile soil. In this layer

mature larvae were placed and frequently observed so that as soon as a larva

transformed it could be at once removed to a separate cage and the length of its

pupal stage determined. The cages were kept in a dailv temperature range of 58°-

60° Fahr.
Adults

Description: The adults of C. bysinnus are small, black, two-winged flies

with abdomens of a lighter color than the rest of the body. The females are

about 2.5 to 3 m.m. in length and the males a little smaller.

Adults of S. caesar are somewhat lighter in color, having a general dark grey

color over all. The females of this species are markedly larger than the males

and are from 4 to 5 m.m. in length.

In cages adults of C. bysinnus lived from two to three days. The males died

soon after mating. S\ caesar adults lived up to ten days.
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Eggs

Description : The eggs of C. bysinnus are deposited in masses varying in

number from 12 to 250 eggs per mass. A gelatinous sac-like covering contains

the eggs. When removed from this they are white and glistening. In size they

are just nicely visible to the naked eye. The masses are placed in crocks in the

soil at a depth of from one-eight to one-quarter of an inch. Very rarely are egg

masses observed to be placed in direct light and usually they are found adhering

to the under surface of a fragment of soil.

In the case of 5. caesar the eggs are laid singly. They too, are white and glis-

tening, somewhat longer than those of C. bysinnus and are deposited in similar

locations in the soil.

Fig. 2.—a. Head and first thoracic of

larva of C. bysinnus
Fig. 1.—a. Pupa of C. bysinnus b. Head and first thoracic seg-

b. Pupa of S. caesar - ment of larva of S. caesar.

The eggs of C. bysinnus when removed from the gelatinous sac are somewhat
moccasin-shaped, while those of S. caesar are more regularly elliptoid in form.

Under conditions described below the incubation period of the eggs of C.

bysinnus was found to be 6 to 8 days and of 5\ caesar 7^2 to 8^ days. Tumbler
and flower pot cages were used in this experiment. The tumbler cages were very
similar to those used in the pupal experiments and the flower pots were covered
with lantern chimneys. Into each cage a large number of flies was introduced

and the whole battery of cages kept in a daily temperature range of 58 to 60°

Fahr. Frequent observations were made daily in order to check the time required

for incubation.

In a flowerpot cage set up in the laboratory at Guelph, where the eggs were
exposed to a much lower night temperature and a very dry atmosphere, the in-

cubation period in each case was ten to eleven days.

Control Experiments

The first control experiments performed were selective in nature and con-
sisted of a general trial of repellents, larvicides, pupacides, and controls for adults.

The substances used were dry tobacco dust, moistened tobacco dust, paradichloro-

benzine, corrosive sublimate, napthalene flakes, nicofume, hot water and combina-
tions of these substances. Those substances giving positive and practicable re-

sults are discussed below.

1. Corrosive sublimate, one part to one thousand parts of water, or for

practical purposes, one ounce to seven gallons of water, poured on the soil in suf-

ficient quantities to wet down as far as the maggots could be located was found to



ENTOMOLOGICAL SOCIETY 99

kill all eggs, larvae and pupae present.. Tests on the following plants of different

ages showed that no injury resulted to them from its use:—Statice, and sweet
peas both potted and in the growing bench, iris, ranunculus, anemones and calla

lilies (potted). Twenty rows of sweet peas given this treatment grew away from
the rest of the bench, which was left as a check, to such an extent that at the end
of the flowering season these plants were still some two feet taller than and had
a thickness of stem about double that of the untreated plants. In order to save
solution it was found sufficient to treat around the plants and for a distance of
three inches each side of them instead of all the ground.

2. Paradichlorobenzine, scattered over the soil in the proportion of about
two pounds per hundred square feet did not kill more than twenty per cent of the

larvae in the benches. When, however, the same amount was covered with two
inches of soil a mortality of 100% of eggs, larvae and pupae was obtained. Such
treatment requires a period of at least four weeks in order that no paradichloroben-

zine remains in the soil when plants are introduced; because this substance will

quickly kill any plants near which it may be scattered. Hence, it was concluded
that paradichlorobenzine could only be used for soil sterilization in empty benches.

3. Tobacco Dust, applied as a covering about three-eighths of an inch deep
all over the soil, just after a thorough wetting of the soil, will kill all the newly-
emerging flies (tenerils) before they reach the surface. It will also prevent any
flies that have emerged from laying eggs in the soil. Experiments in cages showed
that eggs placed in dry tobacco dust did not hatch. In all probability the dry
tobacco dusts act as a trap in which the newly emerged flies become desiccated.

Speciments recovered from the tobacco dust have their wings folded and dry.

Its use, however, prevents cultivation and watering of the benches so that it is

only possible as a temporary control.

4. Sterilization, by means of steam, of course, gave complete control.

Steam sterilization of the soil is, however, more for use as a preventive and it

was suggested to the growers that they sterilize all their soil before putting it in

the benches.

Note:—We are indebted to Dr. O. A. Johannsen of Cornell, for the identi-

fication of these species and in the case of 5. caesar for the name. Dr. Johannsen's
description of 5. caesar is given in the "Canadian Entomologist" for October, 1929.

Fig. 3. a. Larva of C. bysinnus.
b. Larva of S. caesar.

a
1 Egg of S. caesar.

b
1 Egg of C. bysinnus.

c. Egg Mass of C. bysinnus.



100 THE REPORT OF THE

TWO INSECTS DESTRUCTIVE TO IRIS

Arthur Gibson

Dominion Entomologist, Ottawa, Ontario.

During the last decade, the cultivation of plants of the iris family has devel-
oped to an important extent. One reason for this has undoubtedly been due to
the activities of the various horticultural societies which in the aggregate com-
prise a very large membership.

As has so often happened in the past when crops of any kind are grown on a
large scale, sooner or later insect troubles develop, and this is exactly what has
happened in the case of iris cultivation.

Two species of insects; one a small curculionid beetle, Mononychus vulpecuius
Fab., the other a tortricid moth know as the verbena bud moth, Agyroploce heb-
esona Wlk., have been known to feed upon a variety of plants including iris, but it

was not until two years ago that our attention was directed to important injury to

valuable plants of the iris grown commercially.

Mononychus vulpeculus Fab.

For this species I propose the common name, the Iris Snout Beetle.

Under date of May 30, 1929, Prof. J. W. Crow, an iris specialist, of Simcoe,
Ont., reported the rinding of several adults of Mononychus, these being the first

specimens observed this year. Regarding previous years. Prof. Crow stated: "I

have no records from former years of the first occurrence of this beetle, but have
noted for two or three years that there are specimens still to be found when the

last irises are in bloom. Ordinarily, this would be the third or fourth week in

June."

Description of the adult : The beetle is a small species about one-fifth of

an inch long. The general colour above is black ; below, the body is covered with
yellowish and whitish scales

; on the underside of the abdomen there is a rather

large black patch. The snout is black, long, and when not in use rests, beneath,

in a deep groove between the two pairs of front legs ; surface of wing-covers
noticeably roughened. The sides of the head are yellowish as is also the inner

margin of the wing-covers. The legs are black with yellow scales.

Habits: On the date above mentioned, namely May 30, 1929, Prof. Crow
forwarder to me several specimens of the beetle, with the statement that it

"punctures the seed pods to a depth of something less than an eighth of an inch.

The punctures are made any place on the seed pod and are often very numerous
sometimes a dozen or twenty punctures on one small pod. I have noted fre-

quently small areas, usually at the base of the seed pod, in the protection of the

dried up flower sheath where these insects seem co feed. These injuries are

shallow and irregular in form."

In June last, I requested Mr. J. A. Hall, engaged on fruit insect investigations,

near Simcoe, to visit iris growers in the vicinity and to make such observations as

he was able. On July 1, he "found the adults feeding on the pods of Japanese,

European and native varieties of iris. Plants with no perfume did not appear to

attract the beetles as none were found on them. It was not observed that the

colour of the bloom had any attractive or repelling action."

Mr. Hall reported further, as follows : "The beetles hid behind bracts and
injured the pods by making numerous punctures in them. The punctures were
quite deep but did not pierce through the pericarp to the seed chamber. In

diameter they were from ]/2 to 1 mm. After a few days these punctures became
calloused and appeared as rough, corky, irregular scars. The punctures were, at

first, thought to be made for the deposition of eggs, but on dissecting them no
eggs were found. We, therefore, concluded that they were feeding punctures.

Beetles taken to the insectary were observed, at intervals, to be making these
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punctures but were not observed ovipositing in them. No grubs were found at

any time in pods which were examined over a long period of time. Occasionally
the beetles, in feeding, made holes in the leaves of iris. Little or no injury to

blossoms or other parts of the plant were observed."

Davis
1

writing about injury at Flint, Mich., stated that "the beetles ate little

holes over each corolla as soon as it appeared and quickly killed it. The beetles

showed a preference for the white and lavender varieties of the iris. No other
species of flowers around the bed were molested."

Blatchley and Leng2

state that "the larvae breed in seed pods of Iris, while the

adult feeds upon the pollen and buds", Chittenden,
3

that the beetles occur in the

flowers of the wild cranesbill, Geranium maculatum L., in May and June, and Say
4

that the adults have been observed on the flowers of New Jersey Tea, Ceanothus
americanus L., and the common mullein, Verbascum Thapsus L., in July.

Distribution: Mononychus vulpeculus Fab., apparently, has a fairly wide
distribution. We have records of the beetle from various places in Ontario and
Quebec, all collected in June. Blatchley and Leng record the insect as "common
throughout northern Indiana wherever its food plant, the blue flag, Iris versicolor

L. occurs." They state, too, that it "ranges from New England and Canada to

Wisconsin, south to Georgia."

Control : I can find no reference to any experimental work so far as

Mononychus is concerned. In the case of the cabbage curculio, which is rather

closely related, arsenical poisoning has been suggested. This latter species con-

sumes quite a quantity of the tissue of the plant and according to Chittenden is

easily poisoned. Prof. Crow, preferred to cover a great many of the seed capsules

with cheese cloth. Another grower, at Simcoe, Mr. H. H. Groff, used glass vials

which were inverted over the pods and supported by stiff wire stakes, small vials

being used at first and larger ones later as the seed capsules increased in size. On
the whole this method of protection proved satisfactory, although it entailed con-

siderable labor. As the beetles, from Mr. Hall's observations, apparently have a

preference for perfumed varieties, they possibly could be attracted to certain

odours used in bait traps.

Verbena Bud Moth, Argyroploce hebesana Wlk.

I first became interested in this species in 1902, and as a result of observations

made that year, published a rather full description of the larva from specimens

found at Ottawa, feeding in the heads of the common mullein, Verbascum Thapsus
L.

3

Larvae at that time were found not uncommonly hibernating in the mature

state.

Description of Caterpillar: When mature the larva is about one-third of

an inch in length. The head is jet black, smaller than segment 2. The body is

plump, of a dull copper colour, with a faint dark dorsal stripe : the tubercles are

rather inconspicuous.

Habits: As a pest of iris, observations made at my request, by Mr, Hall,

during the past season (1929) are of interest. In the preliminary study of the

iris snout beetle undertaken at Simcoe, Ont., it was noticed that a lepidopterous

larva was responsible for important injury to the seeds, arid in rearing the adults,

specimens of which were sent to me by Mr. Hall, it was noted that the species

was Argyroploce hebesana Wlk. The larva has also been recorded as feeding

upon a number of other plants, for instance, verbena, snapdragon, pitcher plant,

and others.

^Insect Life VII 201
2Rhynchophora of N. E. Amer.
3Ent. Amer., VI, 171.
4 Le Conte Ed. 286.
5Can. Ent. 34, 182.
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On July 1, 1929, Mr. Hall found the larva in the seed capsules, ranging in

length from one-quarter to three-eighths of an inch. At that time they were
pale in colour with a black head and black thoracic shield. On this date it was
observed that the common place of entry into the seed capsule was near the base.

Occasionally, however, it was noted that larvae had entered through the side. Ries
6

in discussing the egg-laying habits of this species, states that the eggs "are

deposited either singly or in small batches of five or six. In a number of cases

the egg was found laid in a small depression on the surface of the pod as if the

place had been hollowed out by the female." No mention is made by this writer

as to any particular place chosen by the females for oviposition.

When mature the larva as a rule, pupates within the tunnel where it has been
feeding. "Occasionally one is found rolled in, a portion of the blossom or one of

the bracts at the base of the seed capsuls. When the moth emerges, the pupal

case is left protruding about two-thirds of its length from the exit hole in the

seed capsul." (Hall).

In New York State, Ries states that there are at least four generations a year.

In Ontario we have no definite data in this regard but the moths have been found
from the middle of May until the end of August. At Ottawa, in spring the

pupation period lasted from 16 to 18 days.

Infestations were found by Mr. Hall only in Japanese, European and native

varieties of iris. No other plants near the iris beds were found to be infested.

Distribution : This species apparently has a fairly wide distribution in

Canada. In the Canadian National Collection of insects, there is a rather long

series of specimens from Ottawa, Trenton and Simcoe, in Ontario; Treesbank
and Rounthwaite, Manitoba; and Nordegg, Rocky Mountain House and Water-
ton Lakes, Alberta. The insect is also known to occur in British Columbia.

Control: According to Fink,
7

spraying with either of the following mix-
tures gave from 85 to 90 per cent, control:

(a) Arsenate of lead— 2 lbs.

Fish oil soap — 2 lbs.

Water — 50 gals.

(b) Arsenite of zinc — \ l/2 lbs.

Fish oil soap — 2 lbs.

Water — 50 gals.

"The spraying was done as soon as the larvae began to hatch and was directed

toward the flower buds and young flower stalks. At second spraying followed

eight days later, owing to the fact that after the first spraying some moths were
observed ovipositing."

Ries reports that arsenate of lead 1 lb., casein 1 lb., water 25 gals., is an effec-

tive spray. He recommended that the first application be made soon after the

pods have developed and a second application 8 to 10 days later. The same
author also stated that dusting the pods 3 or 4 times during the season with sul-

phur, proved effective.

6Bull. Amer. Iris Society, July, 1929.
7Bull. 226, U. S. Dept. Agr.

THE TARNISHED PLANT BUG Lygus pratensis L.

:

A PROGRESS REPORT
R. H. Painter

Entomological Branch, Ottawa, Ontario

The tarnished plant bug investigations carried on at Ottawa, Ontario, have
dealt almost entirely with the bionomics of this insect. A review of the litera-

ture indicated that there was a great deal to be done in regard to the studies of the

life-history in order to secure a working knowledge with which to approach the



EXTOMOLOGICAL SOCIETY 103

difficult problem of control. Although this paper can of necessity only cover in

a general way the progress of this work during the last four years, it is hoped
that the data here presented may clear up some points hitherto obscure in the life-

history.

Life-History

These insects pass the winter in the adult stage in about equal numbers of

males and females. Preference is shown for such winter quarters as the refuse

and leaves found in woodlots, and beneath hedges, although certain numbers do
hibernate in the refuse in gardens, in the basal leaves of perennial and biennial

plants, in out houses, strawberry plantations, and wasteland, but under normal
conditions such places carry much smaller numbers per acre than the areas fur-

nishing deeper cover.

In woodlots there has been found to be a gradual increase in the numbers of

the insect per acre, of from 20,000 to 180,000, based on counts made in areas of

100 square feet, from early October to the middle of November, the increase

being parallelled by a decrease in numbers in golden rod upon which there is a

concentration in the early fall.

During hibernation there is a considerable reduction in numbers, and it is

probable that under the most favourable conditions only 40-60 per cent survive

the winter. It is apparent that areas covered with a heavy layer of leaves and
refuse are the most favourable, while those with a more scanty covering cause a

much higher mortality, as there has been found a survival of 28.5 per cent, in

piled leaves and rubbish, and of only 5.5 per cent, in orchard sod.

The emergence from winter quarters takes place very early in the spring, and
individuals of this insect may be encountered in early April at a temperature as
low as 46° F. and they may be observed upon bright, warm days along the edges
of woodlots feeding upon the buds of trees and shrubs. During cold spells they
may be found about the basal leaves of perennials and biennials, moving out in

warmer weather and retiring to some protected place when the temperature is

low.

The food plants of this overwintering generation cover a considerable range
due to the continued presence of the bug in the field from early spring to early

summer. In the early spring the buds of trees and shrubs and the tender crown
of perennials and biennials are favourite hosts, and as the season progresses the

trees and shrubs are deserted for early appearing annuals. It is evident that this

species will feed upon almost any plant which furnishes succulent growth. The
following is a list of the plants upon which this insect has been noted in the earlv

spring.

Trees and Shrubs.—Mountain maple (Acer spicatum), choke cherry (var.)

(Prunus maachii), Choke cherry (var.) (Primus grayana), red currant (Ribcs
sp.), black currant (Ribes nigra L.), lilac (Syringa spp.).

Ornamental Flowers.—Wild pinks (Dianthus sp.), arabis (Arabis alpina
L.), erysimum (Erysimum sp.), foxglove (Digitalis sp.), pansy (Panista sp.).

viola (Panisia sp.), mossy stonecrop (Sedum acre), (Sedum spurium Hort. var.),

ground or moss pink (Phlox subulata L.), creeping buttercup (Ranunculus
repens L.) , hort. bugle weed (Ajuga reptans L. var. atropurpurca)

,
forget-me-

not (Myosotis sp.), columbine (Aquilegia sp.), thyme (Thymus serpyllum L.),
alyssum (Alyssum sp.), hollyhock (Althaea rosea Cav.), musk mallow (Malva
moschata L.), daisy (Bellis perennis L.), sweet william (Dianthus barbatus L.).

Fertilization takes place early in the spring, soon after the bugs emerge. This
is evidenced by the fact that specimens taken soon after leaving winter quarters
show no development of the ovaries. Eggs begin to develop within the ovaries
very early and 90 per cent, of the females are in a gravid condition and ready to

ovipisit by the early part of May. Using the gravid females as an index and
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correlating it with the appearance of eggs on mullein, which is a favourite host,

it has been shown that egg laying begins the first week in May, 71 eggs having

been taken from a single mullein plant on May 13. Egg laying continues up to

the latter part of June, giving a period of oviposition of approximately 50 days.

The eggs of the overwintering generation require an incubation period of

about 18 days. In material under study this period has a range from 16-22 days,

weather apparently being the determining factor. Eggs under observation in the

early season required a slightly longer period than those taken in the late season.

In a study of the eggs, it was observed that just before eclosion the appear-

ance of the egg is somewhat altered by the extrusion of a yolk plug which forces

up the cap of the egg for a short distance. Eggs in this stage have been figured

by Haseman (1), while those figured by Crosby and Leonard (2), were taken

early in the development and bear little resemblance to Haseman's illustrations.

This discrepancy might lead to some confusion, and it is hoped that this explana-

tion will clarify the point.

In a previous paper presented before this society (3) the oviposition habits

were dealt with and a partial list of host plants presented. No further work has

been carried on dealing with oviposition habits, and only four plants have been
definitely added to the list, namely:—Tall buttercup (Ranunculus acris L.),

garden pink (Dianthus sp.), cerastium (Cerastium tomentosum L.), and rock

cress (Arabis alpina L.). If this subject were given more time, no doubt the list

could be greatly increased, but sufficient data has been secured to indicate that a

great many plants, in a large number of families, are utilised as hosts.

As has been mentioned previously the adults of the overwintering generation

remain in the field until the end of June, at which time there is a period of about

three weeks when the generation overlap; those of the spring generation can,

however, be readily distinguished by their much brighter markings.

The nymphs require from 36 to 40 days to reach maturity, the time spent in

the various instars ranging from 5 to 7 days in the first instar, 4 to 8 days in the

second, 5 to 9 days in the third, 4 to 9 days in the fourth and 8 to 1 3 days in the

fifth. These figures have been secured from insectary rearings, and the total

days required compares favourably with the findings in the field.

Owing to the difficulty of rearing these insects in captivity, due to the heavy
mortality in first and second instars, large numbers of nymphs were collected in

the field for the purpose of establishing a key for the determination of instars.

These field collections were sorted out into the various instars and measurements
made of the segments of the antennae and legs, establishing ranges under which
each stage could be grouped. From such measurements, combined with the

development of the wing pads, a key has been constructed which is of use in

separating the instars from each other, and also in identifying the nymphs from
similar forms such as L. vanduzii Knight which is the most easily confused with

pratensis of any of the forms which occur in association with it in the Ottawa
district.

Key to instars of Lygus pratensis L.

1. Wing pads distinct 4
Wing pads virtually absent 2

2. Third antennal segment .2-.25 mm. in length,

posterior tibia .49-.7 m.m. in length 1st instar

Third antennal segment and anterior tibia

longer 3

3. Third antennal segment .31 -.35 mm. in length,

posterior tibia .63-.73 mm. in length 2nd instar

Third antennal segment .47-. 50 mm. in length,

posterior tibia .98-1.0 mm. in length. .. 3rd instar
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4. Wing pads extending slightly past apex of first

abdominal segment, third antennal segment 61-66

mm., posterior tibia 1.33-1.39 mm 4th instar

Wing pads extending to apex of fourth abdominal

segment. Third antennal segment .79-86 mm.
posterior tibia 1.8-2.07 mm 5th instar.

The adults of the spring generation begin to appear about the end of June, and
reach their peak towards the end of July. They remain in the field in abundant
numbers until the end of August, when there is a rapid decrease coincident with

the appearance and increase in numbers of the second generation which consti-

tutes the summer and overwintering generation.

Egg laving by the spring generation begins in the first week in July and con-

tinues until towards the end of August, the period being indicated by the presence

of gravid females taken in the field. The eges of this generation require an
incubation period of approximately 12 days, being considerably shorter than the

preceding generation, the difference apparently being due to the warmer weather
experienced during the egg laying period.

Host plants for this generation are undoubtedlv very numerous, consisting

not only of plants used by the overwintering adults, but also of a large number of

annuals which are available at this time. A partial list of the host plants upon
which eggs have been found has been published (3) and this list could no doubt
be greatly increased if time permitted the examination of more species of plants.

The adults of the summer* (overwintering) generation, as has been stated,

begin to appear towards the end of August and increase in numbers up until the

time the first frosts destroy the late maturing nymphs. During the early fall the

species is probably more abundant than at any other time during the season.

Parasitism

In analysing the adult and nymphal collections, from which the field life-

history has been obtained, four parasites have been noted. A mermithid worm
belonging to the genus Hexamermis has been recorded previouslv in a paper given

by the author before the Quebec Society for the Protection of Plants for 1928-29

(4). A mymarid egg parasite has been determined and described in the Canadian
Entomologist (5) as Polynema pratensipliaga by G. S. Walley of the Entomo-
logical Branch. A tachinid fly Alophora opaca Coq. has been determined by C. H.
Curran, and a hymenopterous species has so far not been determined as no adult

specimens have been secured.

Hymenoptera.—The most commonly found and most abundant parasite is

the unidentified hymenopteron. This species has been found in the larval stages

in both nymphs and adults. It is present in the host from the middle of June to

late July, and again the middle of August to early September. This indicates

that there are probably two generations, the first, attacking the early nymphs of

the spring generation, and appearing in the first adults to reach maturity, and a

second, attacking early nymphs of the summer generation, but apparently causing

the death of the host before it reaches the adult stage, as no parasitic larva has

been found in the adults of this brood.

The larvae of this species resembles the larvae of the genus Limnerium and
are interesting in that they have the caudate type of hypermetamorphosis.
Specimens which have been secured indicate that there are three instars.

This parasite was first noted in 1926 and has been found each season occur-
ring at approximately the above mentioned periods. About 10 per cent, of the

adults and nymphs are infested during the period of its presence.

The egg parasite Polynema pratensipliaga WT

alley is comparatively rare.

Seven specimens in all having been secured from egg collections made during
July and August.
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Diptera.—The dipterous parasite Alophora opaca Coq. attacks the host in

the late summer and winters over as a partially grown maggot within the body of

the host
;
specimens having been secured in the fall and spring.

The larva of this species resembles in general a typical dipterous maggot.

The two posterior spiracles, however, have become closely applied to form a

small dark chitinous tip, which is found inserted in an integumental funnel.

In the spring the larva emerges from the host and pupates in the soil, forming
a small, roundly oval, brownish puparium to which the posterior spiracles still

adhere. Approximately 2 to 4 per cent, of the adults of the overwintering gen-

eration are attacked.

Nematoda.—In 1928, a mermithid parasite was noted, which was determined

by Dr. N. A. Cobb of Washington as belonging to the genus Hexamermis, notes

upon the occurrence of which have already been published (4). This parasite

has been found only in specimens collected in swamp}- waste areas.

This parasite is a small, round, worm, which in most cases practically fills the

abdominal cavity. Eleven per cent, of the adults from the above type of locality

were parasitised.

Phototropic Response

Experiments have been carried on, with the object of determining whether

this insect has any preference for flowers of any particular colour. In this work
the flowers of aster and helichrysum were used, as, both plants were hosts and as

they also had a wide colour range. The plants were grown in the field and
counts made upon the blooms at different periods throughout the day. From the

data secured it is evident that there is no particular preference for any colour.

The colours used were checked against those in Ridgeway's Colour Standards and
were found to most nearly approximate the following shades :

—

Helichysum.— (a) "deep chrone", (b) "rose" to "deep rose", (c) "white",

(d) "salmon buff", (e) "scarlet', (f ) "aster purple" to "blackish red purple".

Aster.— (a) "mulberry purple" to "prune purple", (b) "aster purple", (c)

"cameo pink", (d) "amaranth purple", (e) "pleroma violet", (f) "white", (g)
"primrose yellow", (h) "Tyrian pink", "mallow pink", (i) "light mauve".

Chemotropic Response

Some preliminary work has been conducted with a number of odorous sub-

stances in an effort to discover some material that would either attract or repel

this insect. All experiments have been carried on in the field, working with

helichrysum and golden rod which are hosts, the method being to scent the flow-

ers with the various substances either by applying the material directly to the

flower or by attaching a small vial containing it to the stem of the plant, just

below the flower. Up to the present nothing has been found which would appear

to have any marked attrahent or repellent quality.

The following list gives the materials used in these experiments:

—

Essential Oils!—Anise star, bay, bitter almond, citronella, cade, cod, cara-

way, camphor, cloves, cassia, coriander, citral, eucalyptus, fennel, geraniol, helio-

trope, iso-eugenol, lemon, laurel leaves, lavender flowers, myrbane, mustard
pennyroyal, pine, peppermint, sassafras, sweet orange, spearmint, safral, tar.

tansy, thyme.

Acids.—Acetic, butyric, boracic. carbolic, formic, lactic, picric, salicylous,

valeric.

Other Substances.—Amyl valerate, amyl acetate, ammonia, acetone, chlore-

tone, creosote, derris, fusel oil, furfural, formaldehyde, fish oil emulsion, ioda-

form, naphthalene, pyredene, pyrethrum, skatol, sulphur, sodium fluoride, turpen-

tine, tobacco, methyl salicylas.
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Control

The control of this insect is a problem which for many years has received

considerable attention. In practically all cases a control has been sought by the

use of contact insecticides. Yet the habits of this insect are such that under field

conditions a contact insecticide as understood today, would appear to be imprac-

ticable.

In the study of the life-history of this insect it has been found as mentioned
previously, to have a very wide range of host plants. It appears very early in the

spring and at that time the opening buds of shrubs and trees are utilized, later the

adults move to the early perennials and biennials, later still to the early annuals,

and in the summer to the late annuals. Egg laying continues over a period of a

month in the spring, the insects following this sequence of succulence in the vege-

tation. As the various host species mature there is a movement of the bugs,

which have reached maturity on the early hosts, to more succulent hosts and this

movement occurring at a time when the total population is nearing its maximum,
gives a concentration upon the late perennials and summer annuals which at this

time are at their most succulent stage and on which are experienced the greatest

commercial losses.

If contact insecticides are applied to such plants and all the insects present at

the time of application are destroyed, within two or three days or less the insect

will again be abundant due to the movement described above. It is thus evident

that for field control a contact insecticide is not very promising. For this reason
future study will give much greater attention to attrahents and repellents.

However, some experiments have been carried on with the more commonly
recommended contact poisons to determine their relative value.

In 1929 an aster plantation was laid out in plots, and treated with the follow-

ing substances:—Nicotine sulphate spray 1, \y2 , 2 and 2]/2 lbs. to 40 gals, of

water, whale oil soap 1 oz. to 1 gal. of water, kerosene emulsion 3 gals, to 10 gals,

water, Bordeaux mixture 4-4-40, pyrethrum powder dust, tobacco refuse dust,

hydrated lime dust, nicotine sulphate dust, (hvdrated lime as carrier) 3<%. 5%
and 10%.

Four applications of each of these materials were made, at weekly intervals,

during July and August, with no apparent effect upon the amount of injury to the

plants from tarnished plant bug.
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PRELIMINARY NOTES ON THE MORTALITY AND FEEDING
HABITS OF NEWLY HATCHED ORIENTAL

PEACH MOTH LARVAE

G. G. Dustan,

Guelph

This paper deals with the results of one season's work only, conducted at St
Davids. Ontario. The writer hopes to carry on further experiments next season
and to present the results in a more complete paper.

Oriental Peach Moth eggs are usually laid on the under surface of peach
leaves. The larvae attack chiefly the tips of the twigs and the fruit, although
rarelv thev injure buds and the bark of one year old wood. The twig injury in

bearing orchards is confined almost entirely to the early part of the season, while
f*e fruit i«5 injured from the time it forms till it is picked. Petersen and
Haeussler (1) claim that in New Jersey the young fruit is not injured while the

twigs are green and succulent, the former not being injured till the second gener-
ation larvae appear. This, however, is not the case in Ontario.

The larvae usually wander over the leaves, stem, or fruit for sometime after

hatching. It seems that in the early part of the season they may start a feeding

hole directly after hatching, but in mid-summer they have been observed wander-
ing over the leaves and fruit for as long as sixteen hours before starting to enter

the tissue. When starting a tunnel they first spin a few fine threads, then remove
particles of the tissue and lay them to one side in the web. Finally when a larva

has made a tunnel about as deep as its head, it stops discarding the particles and
commences feeding, carrying the tunnel well into the stem or fruit.

The experiments described in this paper were conducted in an Elberta orchard

in an attempt to determine the mortality of the newly hatched larvae and to get

some precise data on the types of injury caused by them.

Method: Batches of five eggs each were obtained on pieces of paper, or

leaves, and were allowed to incubate naturally. When the eggs were almost

ready to hatch, the leaf or paper was pinned to the under surface of a leaf on a

shoot from which all "wild" eggs and previous injury had been removed. In

order to make certain that no larvae wandered ofif the shoot, a band of tangle-foot,

about three-quarters of an inch wide, was placed around the stem about one foot

from the end of the shoot. In from three to seven days after the eggs hatched,

the shoots were removed to the laboratory and the following recorded: unhatched

eggs, live larvae, dead larvae, larvae caught in the tangle-foot and the type of

injury. Any larvae found in the tangle-foot were eliminated from the experi-

ment. The mortality was determined from the number of hatched eggs and the

number of live larvae. l

Results : Eighty batches, or 400 eggs, were placed during the period

between June 15 and September 12. Thirty-seven eggs failed to hatch, giving an

egg mortality of 9.2 l/2 . Six larvae were caught in the tangle-foot. The mortal-

ity of the newly hatched larvae for the season was 7A.2y2 . The minimum mor-
tality was 2>0A~y2 from 30 eggs placed on June 15, and the maximum mortality

was 94.6 J/2 from 25 eggs placed on July 31.

Test No. Date Hatched Eggs Mortality
1 June 13-18 23 30.4%
2 June 17-20 33 54.5%
3 June 21-25 10 70 %
4 July 17-20 44 93.1%
5 July 27-30 30 85.2%
6 July 31-August 7 19 94.6%
7 August 10-15 26 79.1%
8 August 11-16 29 74.1%
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9 August 24-29 • 54 69.8%
10 September 3-8 46 82.6%
11 September 10-16 34 64.7%
12 September 12-26 15 89.5%

Season 363 Average 74.2%

Another experiment was conducted on St. John and Elberta peaches between
August 28 and September 9, when the former were ripe and ready to pick, and
the latter still green. In this test the pieces of leaves, with the eggs present, were
fastened directly to the fruit with Canada balsam. The mortality on the Elbertas

was 84^2, and on the St. Johns only 50^. Another observation of interest was
that the larvae developed more rapidly in the ripe fruit. The average length of

the larvae at the end of the test was 7 mm. in the St. Johns, and only 4.5 mm. in

the Elbertas. The following table sumarizes the results of the experiment

:

No. of eggs Elbertas 50 St. Johns 30
Surviving larvae 8 "15
Surviving larvae "8 " 15
Larval mortality " 84^ " " 50V2

Average length of larvae 4.5 mm. 7 mm.

Host Resistance: Host resistance seems to be the most important factor

affecting larval survival. In the early part of the season when the twigs and fruit

were making rapid growth the host seemed to offer its least resistance, as is shown
by the comparatively low mortality and the abundant twig injury. From about

mid-July to mid-August the fruit stopped growing appreciably in size, while the

twigs and fruit pits hardened. It was during this time that the host offered its

greatest resistance, as shown by the high larval mortality, and by the fact that

mcst of the young larvae then injured only the bark and underlying tissues of the

stem of the fruit.

About the last week in August, the fruit again started to grow appreciably,

and apparently lost some of its resistance to the attacks of the larvae. The mor-
tality lessened, and an increasing number of larvae entered the peaches directly

through the skin, in preference to attacking the woody stem of the fruit. The
test on St. Johns and Elbertas, described above, shows rather strikingly the differ-

ence in resistance between ripe and green fruit; the mortality on the green fruit

being 84 J/2, and on the ripe fruit, only 50^.

Temperature : No records were kept of the actual days on which the eggs

hatched, so it is rather difficult to draw any conclusions as to the effects of tem-
perature. However it seems that variations in temperature cause fluctuations in

the trend of the seasonal mortality caused by host resistance.

The following table gives the larval mortality and the mean of the hourly
temperatures during each test

:

Test No. Mortality Mean Hourly
1 30.4% 73.3°F
2 54.5 77.5

3 70. 71.9

4 93.1 66.2

5 86.2 75.2

6 94.6 64.5

7 79.1 70.2

8 74.1 67.9

9 69.8 73.2

10 82.6 78.7

11 64.7 62.5

12 89.2 54.2

Average 74.2 69.2

It can be seen from the above table that the most marked fluctuations in the

trend of mortality, correspond with the greatest deviations from the average tem-
perature of 69°F., viz., in the test No. 10 with an average temperature of 78.7°F.,

and a mortality of 82.6%, and in test No. 12 with an average temperature of
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54.2°F., and a mortality of 89.5%. It should be noted here that at the time of
tests 10 and 12, the factor of host resistance was, to a great extent, reduced,
whereas, during tests 4, 5, 6 and 7, it was at its maximum ; hence the high mortal-
ity in tests 10 and 12 must have been due primarily to factors other than host
resistance.

During test No. 10, temperatures of over 90° F. prevailed for several hours
each day, and it is very likely that these were injurious to the young larvae.
Possibly high temperatures along with a low relative humidity tend to dessicate
the larvae.

The lower temperatures during test No. 12, very likely rendered the larvae
inactive during a large part of the day, thus giving them very little chance to
establish themselves.

From the above results it would seem that average daily temperatures over
78°F. and below 55 F. were detrimental to the newly hatched larvae.

Seasonal Variations in the Type of Injury in a Bearing

Elberta Peach Orchard
While conducting the above experiments, detailed notes were kept of the types

of injury caused by the newly hatched larvae. The time during which the larvae

are active may be divided into three periods, and the injury described as, early

summer injury, mid-summer injury, and late summer injury.

Early Summer Injury: The characteristic type of injury in the spring and
early summer was the twig injury. As the twigs hardened the larvae injured them
less readily and confined their attacks almost entirely to the fruit. It must be
noted here that in young orchards with succulent growth, twig injury will con-

tinue to appear much later in the season than in a bearing orchard. The trees in

this experiment were twenty years old.

Fruit injury started to appear in June, and was characterized by the fact that

most of the larvae entered directly into the flesh of the peach and not into the

woody fruit stem, as later in the summer.

Mid-summer Injury: During July the host seemed to build up a greater

resistance to the larvae. The twigs ceased to be attractive to them towards the

latter part of June. The newly hatched larvae confined their attacks chiefly to

the \w)ody stems of the fruit. Observations apart from these tests showed that

partially grown larvae, at this time of the summer, entered the fruit through the

skin on the side, leaving piles of brown frass, matted in the gum which exudes
from wounds in the fruit in mid-summer. These gum masses are characteristic

of mid-summer injury caused by partially grown larvae, which have come either

from twigs or fruit stems. Some injury was noticed in the bark of one year old

wood, and especially in wounds caused by breaking off little shoots when placing

the eggs.

Another rather rare type of injury was noticed in buds. During August, fully

formed buds were found to be completely gouged out and to have a small larvae

within.

Late Summer Injury: About the last week in August the fruit seemed to

lose some of its resistance to the attacks of the larvae. An increasing number of

larvae entered the fruit directly through the skin, in preference to attacking the

woody stem of the peach. Twig injury almost disappeared.

When the fruit started to ripen during the first week in September and later,

the so-called "invisible" type of injury appeared. A large number of larvae were
noticed making entrance holes on the skin of the peach very near the stem. Most
of the "invisible" injury is probably caused by larvae crawling under the slightly

overlapping base of the stem where it joins the fruit, and then boring directly into

the flesh. When the peach is picked this portion of skin is usually torn so that
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no trace of the tiny hole is visible. The larvae entering the ripe or partially ripe

fruit usually go directly to the pit and work next it. The entrance holes never

gum up once the fruit has started to ripen.

The following table gives the record injury from which the above discussion

was based.

Injury
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June 15-18 8 4 1 P 16

June 17-20 10 15

June 21-25 4 1 3

July 17-20 1 2 3 3

J ulv 27-30 1 1 2 1 3 4

Julv 31-August 7 1 1

August 10-15 1 1 4 5

August 11-16 1 2 1 1 5 7

August 24-29 2 3 6 2 2 7 16

September 3-8 1 2 3 2 8

September 10-16 12 12

September 12-26 2 2

Summary
(1) The average mortality of newly hatched larvae for the season was 74.2% ;

the minimum mortality was 30.4% ; and the maximum mortality was 94.6%.
(2) The host offers a varying resistance through the season which increases

up till about the last week in August and drops off as the fruit ripens.

(3) Average daily temperatures over 78° F. and below 55 F. were detri-

mental to the newly hatched larvae.

(4) The injury may be divided as follows: (a) early summer injury, char-

acterized by abundant twig injury and some fruit injury; (b) mid-summer injury,

characterized by some twig injury, abundant injury on the woody stems of the

fruit, and also by the large gum masses on the sides of the peaches from
the entrance holes made by partially grown larvae; and (c) late summer injury,

characterized by the scarcity of twig injury, the lack of gum masses, the small

clean holes in the skin of the fruit, and by the so-called "invisible" injury.

Reference

(1) Peterson and Haeussler. 1926. The Oriental Peach Moth, U. S. Circ.

395.

EXPERIMENTS WITH LARVICIDES DIRECTED AGAINST OVER-
WINTERING CODLING AND ORIENTAL PEACH

MOTH CATERPILLARS
W. A. Ross, J. A. Hall and T. Armstrong

Dominion Entomological Laboratory, Vineland Station, Ontario

During the past three years we have looked into the possibility of securing a

penetrating wash which would destroy the codling and oriental peach moth larvae

which winter on the trees, and which, at the same time, could be used with safety

on apple and peach trees. A series of small scale spraying experiments were
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carried on in the greenhouse at Vineland Station and some of the more promising
larvicides were tested under orchard conditions, but we regret to say that none of
them proved to be at all satisfactory.

Materials Tested as Larvicides

25% Tar Acid Oil. Purchased from Barrett & Co., New York. Specific

gravity at 20 degrees C, 1.016. Approximate composition: light oils, (up to 200
degrees C.) 26% ; carbolic and creosote oils (from 200 to 270 degrees C), 70% ;

tar residue, 45%. Emulsifiers: sunlight soap, fish oil soap, cresoap, calcium case-

mate, sulphite liquor.

Hydrocarbon Oil. Purchased from Barrett & Co., New York. Specific

gravity at 20 degrees C, 1.003. Approximate composition: light oils, 25%; car-

bolic and creosote oils, 72% ; tar residue, 3%. Emulsifiers: soap, cresoap.

Cresylic Acid. Purchased from Barrett & Co., New York. Specific gravity

at 20 degrees C, 1.025. Approximate composition: light oils, 2%; carbolic and
creosote oils, 9%; tar residue, 4%. Emulsifiier : soap.

Carbo-cresol. Purchased from Meyer Bros., St. Louis, Mo. Specific gravity,

20 degrees C, 1.039. Approximate composition: light oils, 20%; carbolic oils,

44% ; creosote oils, 16% ; residue (mostly tar), 20%.

Crude Creosote. Purchased from Barrett & Co., New York. Specific

gravity at 20 degrees C, 1.033. Approximate composition: light oils, 15% car-

bolic and creosote oils, 65%; anthracene oils (above 270°C), 6%; residue (tar),

14%. Emulsifier : cresoap.

Monro's Winter Wash. Tar distillate wash purchased from Geo. Monro,
Ltd., Covent Garden, London, England.

Tarolite. A commercial tar oil winter wash purchased from Strawson Chemi-
cal Co., London, England.

Abolene. A tar oil winter wash purchased from Beltring, Paddock Wood,
Kent, England.

Carbocraven. A winter wash purchased from Craven & Co., Evesham, Eng-
land.

Ialine. A tar oil winter wash purchased from Burt, Boulten and Hayweed
Ltd., London, England.

Anthracene Oil. Purchased from Barrett & Co., New York. Emulsifiers:

soap and cresoap.

High Boiling Anthracene Oil. Purchased from the Hamilton Tar Products

Co., Hamilton, Ontario. Emulsifier: cresoap.

Carbolineum. "Avenarius carbolineum" purchased from the Carbolineum

Wood Preserving Co., Milwaukee, Wise. Emulsifier: soap.

Medina Miscible Oil. Purchased from the New York Insecticide Co., Medina.

Semi-diesel Fuel Oil. Purchased from the Imperial Oil Co. Bordeaux mix-

ture was used in emulsifying the oil.

Pineol soluble. A miscible pine oil purchased from Georgia Pine Turpentine

Co. ,New York.

Sulphonated Castor Oil. A miscible oil purchased from Lymans Ltd., Mont-

real.

L.I.A. Solvent—4.3 per cent. P.D.B. ; M.I.A. Kerosene—4.0 per cent. P.D.B.;

P. Solvent—0.53 nicotine.

Q. Kerosene—0.53 nicotine. These four emulsions were prepared by the

Industrial Process Development Ltd., Kingston, Ontario. The first two carry

para-dichlorobenzene and the last two nicotine.
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Cresol. Emulsifier: soap purchased from Lymans Ltd., Montreal.

Orthodichlorobenzene. Kayso used as the emulsifier purchased from Lymans
Lrd., Montreal.

Crotonaldehyde purchased from Lymans Ltd., Montreal.

Codling Moths Greenhouse Experiments

Short pieces of apple and pear limbs, on which definite numbers of larvae had
spun up, were kept in the insectary until mid-winter, at which time they were
transferred to the greenhouse—directly during a mild spell or via the cold storage

building if the weather was cold. Approximately three days after their removal

to the greenhouse, the sticks were thoroughly sprayed with the materials listed

above, and the larval mortality was determined three or four weeks later by open-

ing the cocoons and examining the caterpillars. The results of the greenhouse
experiments are presented herewith in tabular form.

Codling Moth : Experiments With Larvicides

Larvicide
No. larvae examined Percent Mortality

1927 1928 1929 1927 1928 1929

Checks 121 159 172 12 .4 27.2 10.5

25% Tar acid oil 20% 44 100
25% Tar acid oil 15% 100 100

'

25% Tar acid oil 10% '

47 138 150 100 95.7
25% Tar acid oil 5% 120 55.7
Hydrocarbon oil 20% 109 100
Hydrocarbon oil 15% '

27 122 100 96.7
Hydrocarbon oil 10% 37 75 81 .08 92
Cresol 20% 46 100
Cresol 10% 40 100
Monro's Wash 30% 32 100
Monro's Wash 20% 29 55. 17

Munro's Wash 10% 30 6. 66
Tarolite 30% 40 100
Tarolite 20% 38 94. 7

Tarolite 15% 34 20. 6

Pineol 50% 140 9K4
Pineol 25% 292 38.7
Pineol 10% 131 22.9
Crude Cresylic 20% '

42 50

'

Crude Cresylic 10% 37 48. 6

Carbolineum 20% 24 29. 1

Carbolineum 10% 27 11. 1

Semi-diesel 15% 25 4.

Semi-diesel 10% 34 14. 6

Medina Miscible Oil 20% 45 4. 4
Medina Miscible Oil 10% 36 11. 1

Sulphonated Castor Oil 20% 34 8. 8

Sulphonated Castor Oil 15% 43 23. 2

Sulphonated Castor Oil 10% 34 2. 9

Carbocraven w*% 18 16. 6

Carbocraven 22^% 18 88. 8

Abolene 20% 15 33. 3

Abolene 10% 19 5. 3

Ialine 20% 17 23. 5

Ialine 10% 18 5

.

L.I.A. Solvent 10% 139 18.'

'

P. Solvent-Nicotine 10% 150 13.3

M.I.A. Kerosene 10% 150 12.6

Q. Kerosene-Nicotine 10% 146 9.8
1 Part Tar Acid Oil \

1 Part Pineol J 10% 135 38.5
H.B. Anthracene 15% 141 68.1

H.B. Anthracene 10% 129 54.3
Anthracene Oil 20% '

33 72 7

Anthracene Oil 10% 27 25 9
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Orchard Experiments

During late summer, definite numbers of codling moth larvae were forced to

spin up on the trunks of apple trees. The following spring the trunks were very

thoroughly sprayed with larvicides and the emergence of moths was determined
by trapping them in wire cloth cages constructed around the trunks. The results

of such experiments conducted in 1928 and 1929 are presented herewith in

tabular form.

Codling Moth: Orchard Experiments With Larvae, 1928-29

No. of No. of Treatment No. moths % Mort-
Year trees larvae emerged ality

1928 2 400 Check (1 tree scraped 1927) 96 76.

1928 1 200 10 per cent Crude Creosote 39 80.5
1928 3 600 10 per cent Tar Acid Oil 47 92.2
1929 2 400 Checks (1 tree scraped) 74 81.5
1929 2 400 10 per cent H.B. Anthracene 82 79.5
1929 1 *200 50 per cent Pineol (brush) 36 82.

1929 1 f200 50 per cent Pineol (spray) 26 87.

*Trunk not scraped
; 5% quarts used.

fTrunk scraped
;

J/2 gallon used.

In view of the fact that the trunks were more thoroughly drenched than they

would be in ordinary commercial practice, the results of the above experiments are

not at all encouraging. Based on 100 per cent., emergence in the check, the emerg-
ence from the trees sprayed with tar acid oil—apparently the most toxic material

—

was approximately 32 per cent., which is altogether too high to justify the expense
of a special dormant application. Furthermore, several spraying experiments,

conducted in apple orchards in 1927 and 1928, demonstrated that the tar oil spray

has no commercial value in reducing codling moth injury e.g. in one orchard,

which, in addition to a dormant application of 10 per cent, tar acid oil, received a
calyx spray of arsenate of lead and lime sulphur, from 30.4 to 39.5 per cent, of the

winter varieties were injured by the moth.
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Oriental Peach Moth: Greenhouse Experiments

Peach moth larvae spun up on peach and pear sticks were treated in the same
way as the codling moth material with the following results.

Larvicide

No. Larvae Examined Per cent Mortality

1927 1928 1929 1927 1928 1929

Hydrocarbon Oil 15% 51 115 100 98.3
Hydrocarbon Oil ... 10% 50 144 56 93.

1

Tar Acid Oil 15% 36 113 97.2 100
Tar Acid Oil 10% 51 90 96.

1

97.8
Tar Acid Oil 5% 42 95 47.6 89.5
Carbocresol 20% 52 100
Carbocresol 15% 21 95.2
Carbocresol 10% 48 62.5
Cruse Creosote 15% 85 100
Crude Creosote 10% 23 56 86.9 100
Crude Creosote 5% 24 91.6
Cresol

4 r Crf15% 45 100

Cresol
1 f\CT710% 54 96. 2

Cresol 5% 54 70.3
Tarolite 20% 49 97.9
Tarolite 15% 45 64. 4

Medina Miscible Oil 20% 23 56.5
Medina Miscible Oil 10% 21 47.6
Orthodichlorobenzene 15% 90 92. 2

Orthodichlorobenzene i (\cr>10% 43 87. 7

Orthodichlorobenzene 5% 36 41 .6

Tar Acid, Kayso 10% 89 100
Tar Acid, Sulphite

Liquor (old) 10% 138 CIA 794. /

Tar Acid, Sulphite

Liquor (new) 1^/0 145 75 . L

H.B. Anthracene 15% i83 100

'

H.B. Anthracene 10% 17U 82 6

Pineol 50% 176 100

Pineol 25% 204 93.6
L.I.A. Solvent 20% 94 39.3
P. Solvent Nicotine 20% 90 21.

M.I.A. Kerosene 20% 86 65.1

Q. Kerosene Nicotine 20% 101 22.7
Crotonaldehyde 15% ' *81 S2.7
Crotonaldehyde 10% 44 65.9
Crotonaldehyde 5% 29 72.4

19.597' 360 276 '40.2 35.3

Oriental Peach Moth : Orchard Experiments

In the fall of 1927 definite numbers of mature caterpillars were placed on and
spun up on the trunks and main limbs of four peach trees. The following spring

two of the trees were sprayed thoroughly with 10 per cent, tar acid emulsion, one
With 10 per cent, crude creosote emulsion and the fourth was left untreated. The
tops were cut off and the trees enclosed in cages for the purpose of trapping all

the moths which emerged. The results are shown herewith

:

No.
trees

No. of

larvae
Treatment No. moths

emerged
Percent
mortality

Percent*
emergence

1 150 Check 24 84 100

2 200 10 per cent tar acid oil 16 92 50

1 100 10 per cent crude creosote 4 96 25

*Based on 100 per cent, emergence in the check.
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In 1928 an isolated peach orchard was sprayed in early spring with 10 per cent,

tar acid oil and the Elberta infestation dropped from the 1927 figure of 41 per
cent, to 19 per cent., but unfortunately from our point of view there was a similar

decrease of approximately 50 per cent, in all the neighbouring orchards, so that

we could not determine to what extent, if any, the tar oil was effective.

SOME ORIENTAL PEACH MOTH CONTROL STUDIES WITH
SPECIAL REFERENCE TO THE USE OF

LIME AND TALC SPRAYS
W. A. Ross, T. Armstrong and D. F. Patterson

Dominion Entomological Laboratory, Vineland Station, Ontario
Some oriental peach moth control studies were carried on during 1929 in the

greenhouse and insectary at Vineland Station with the object of ascertaining the

ovicidal, larvicidal and deterrent value of hydrated lime,* talcf and some other

materials. In one series conducted in the greenhouse during the winter, the corn-

Fig. 1.—Two twigs, one sprayed and the other unsprayed ready to be placed in the

oviposition cage.

bined ovicidal and larvicidal value of the insecticides was determined in the fol-

lowing manner: Peach twigs with eggs on the foliage were coated thoroughly

with the sprays, placed in small vaseline jars containing water and then trans-

*Stearns. L. A. and Neiswander, R. B. Hydrated lime in Summer Sprays for the Control of the
Oriental Fruit Moth.—Jour. Eco. Ent. 22: 2, August 1929, pp. 657-660. The authors report a reduction in

fruit injury due to the lime sprays acting as a physical and mechanical hindrance to oviposition, hatching
and larval entry.

tDriggers, B. F. Experiments with Talc and Other Dusts Used Against Recently Hatched Larvae
of the Oriental and Codling Moths—Jour. Eco. Ent. 22: 2, April 1929, pp. 327-334. Experiments showed
that finely ground talc and mica killed a high percentage of the newly hatched larvae.



ENTOMOLOGICAL SOCIETY 117

ferred to 2 quart canners' cans. Apples were put in the cans around the twigs

in order to trap and to provide food for the larvae which survived the treatments.

The illustration, Fig. 3, shows the manner of carrying on the tests.

The results of the greenhouse experiments are presented herewith in tabular

form

:

Table Xo. 1 : Combined Ovicidal and Larvicidal Value of Spray Materials

(Greenhouse Tests).

txpt. Materials used I'D. Ul .NO. OI Larvae rercent
iNO. tests eggs reared mortality
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f~*l"iinQ p| o i ' 90 lhc t c\ 4.0 (Talc o nrl l/o lV-v, r*o 1\^llllld Cldv , i.\J 1US. LU ^U gdlo., dllU /'g 1U. Lai,
7Z ouu CfiJO 88 ±00 . 4

Q 1 nino /"*lo\^ 9^ 1 r~ic t r\ 40 rrolc 7Z 3>0oou 40 86
1 91 z China clay, 25 lbs. to 40 gals., and ^2 lbs. cal.

caseinate 2 355 44 87.6
13 Hvdrated lime 15 lbs. to 40 gals 1 100 1 99.
16 Hydrated lime 15 lbs. to 40 gals., and Y% lb. cal.

caseinate 1 70 100.
14 Hvdrated lime 20 lbs. to 40 gals 1 100 100.
17 Hydrated lime 20 lbs. to 40 gals., and l/

2 lb. cal.

1 200 1 99.5
15 Hvdrated lime 25 lbs. to 40 gals 3 710 100.
18 Hydrated lime 25 lbs. to 40 gals, and Y% lb. cal.

3 552 100.
19 Whiting (cal. carbonate) 15 lbs. to 40 gals 1 200 42 79.

21 Whiting 15 lbs. to 40 gals., and % lb. cal. caseinate 1 200 28 86.
20 2 210 3 98.5
22 Whiting, 25 lbs. to 40 gals., and % lb. cal.

caseinate 2 438 53 88.
23 Soot (coal) 30 lbs. to 40 gals 1 200 35 82.5
25 Earth, 30 lbs. to 40 gals 1 200 66 67.

Check Unsprayed 4 758 232 69.4

Fig. 2.—Oviposition cages used in the spray tests.
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Of necessity apples taken out of storage were used for recovering the cater-
pillars in the greenhouse experiments, and as such fruit is not any too satisfactory
for the rearing of the larvae, this no doubt accounts for the unduly high mortality
in the "checks".

Small scale experiments similar to the foregoing, except that fresh green fruit
was used for rearing the larvae, were carried on in the insectary during the sum-
mer with the following results

:

Table No. 2: Combined Ovicidal and Larvicidal Value of Spray Materials

(Insectary Tests).

No. No. Larvae Larvae %
Mor-Materials used of of in reared Total

tests eggs twigs tality

Hyd. lime, 25 lbs. to 40 gals, and Yi lb.

cal. caseinate.. . . 4 400 1 71 72 82.0
*Hyd. lime, 25 lbs. to 40 gals, and lA lb.

cal. caseinate.. . 2 177
200

4 27
66

31
68

83.0
66.0Hyd. lime, 25 lbs. to 40 gals 2 2

Hyd. lime, 25 lbs. to 40 gals, and Volck,
4 400 4 46 50 87.5

Hyd. lime, 15 lbs. to 40 gals, and 34 lb.

calcium caseinate 1 100 1 7 8 92.0
*Hyd. lime, 15 lbs. to 40 gals, and l

/i lb.

calcium caseinate 1 • 60 5 16 21 65.0
N.Y. talc, 25 lbs. to 40 gals, and V2 lb.

calcium caseinate 2 200 2 89 91 54.5
Ont. talc, 25 lbs. to 40 gals, and Yi lb.

calcium caseinate 4 400 3 195 198 50.5
N.Y. talc, 25 lbs. to 40 gals, and 2 pints

Volck 4 400 1 137 138 65.5
Talc, 15 lbs. to 40 gals, and 34 lb.

calcium caseinate 1 100 3 51
21

54
22

46.0
43.6Talc, 15 lbs. to 40 gals, and 1 pint Volck. 1 39 1

Calcium carbonate, 25 lbs. to 40 gals, and
Y2 lb. calcium caseinate 2 200 7 89 96 52.0

Calcium carbonate, 25 lbs. to 40 gals.

2 200 3 37 40 80.0
Mica, 25 lbs. to 40 gals, and Y2 lb.

4 430 8 151 159 63.0
Mica, 25 lbs. to 40 gals, and 2 pints of

Volck 1 100 4 61 65 35.0
*Mica, 25 lbs. to 40 gals, and Y2 lb.

calcium caseinate 2 206 3 115
291

118
293

42.8
14.8*Mica, 25 lbs to 40 gals, and 2 pints Volck. 3 344 2

Mica, 15 lbs. to 40 gals, and 34 lb.

1 100 3 37 40 60.0
Soot, 25 lbs. to 40 gals, and Y2 lb.

calcium caseinate 2 200 6 163 169 15.5
Lamp black, 5 lbs. to 40 gals, and Y2 lb.

calcium caseinate 2 200 79 79 60.5
Mustard, 20 lbs. to 40 gals, and Yi lb.

calcium caseinate 2 200 4 55 59 70.5
Pepper, 20 lbs, to 40 gals, and Y* lb.

calcium caseinate 2 200 4 93 97 51.5
Clay, 30 lbs. to 40 gals, and Y2 lb.

calcium caseinate 2 200 2 83 85 57.5
China clay, 25 lbs. to 40 gals, and Y2 lb.

calcium caseinate 2 194 53 53
450

72.6
35.87 706 9 441

*In these experiments the eggs were laid after spraying, the tests being made to ascertain the effect
the spray materials had on eggs laid on sprayed foliage.
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Among the materials tested the hydrated lime sprays were again the most ef-

fective and consistent in their behaviour—an average of 78 per cent mortality in

ten tests without Volck and an average of 87 per cent, in four tests with Volck
being reasonably satisfactory when compared with a mortality of 35 per cent in the

checks. The talc sprays were quite disappointing, the average mortality in twelve

tests being only 52 per cent.

Larval Entrance into Sprayed Fruit

Peaches completely covered with various sprays, were suspended from a shelf

and. with the aid of a brush, definite numbers of newly-hatched larvae were
placed on them. Not more than five larvae per fruit were used, thus allowing

an ample food supply in case they survived the effects of the spray.

A further experiment was conducted along the same lines, but instead of using

larvae, eggs close to the point of hatching were substituted, and the sprayed fruit

was not suspended in the open, but placed directly into jars. This second method
proved to be more satisfactory because it completely eliminated the mortality

due to handling and the larvae being blown off or dropping off the fruit and con-

sequently the mortality in the checks dropped from 67.5 per cent to 30 per cent.

Table No. 3 : Larval Entrance into Sprayed Fruit ; the Larvae Transferred to

the Suspended Peaches.

No. %
Spray Materials Larvae Larvae Larval

Placed Reared Recovered

Ontario talc, 25 lbs. to 40 gals, and Yl lb. calcium
30 9 40.0

N.Y. talc, 25 lbs. to 40 gals, and Y2 lb. calcium caseinate.

.

30 5 16.6
10 1 10.0

Talc, 15 lbs. to 40 gals, and Y lb. calcium caseinate.. . 10
Hydrated lime, 25 lbs. to 40 gals, and Yi lb. calcium

caseinate 20 3 15.

Hydrated lime, 25 lbs. to 40 gals, and 2 pints Volck. . . . 20 6 30.0
Hydrated lime, 15 lbs. to 40 gals, and Y lb. calcium

caseinate 20 4 20.0
Calcium carbonate, 25 lbs. to 40 gals, and 2 pints Yolck.

.

30 8 26.6
Clay, 30 lbs. to 40 gals, and Y2 lb. Calcium caseinate.. . .

Mica, 25 lbs. to 40 gals, and Yi lb. calcium caseinate

30 14 46.6
30 4 13.3

Mica, 15 lbs. to 40 gals, and Y lb. calcium caseinate.. . . 20 3 15.0
Lamp black, 10 lbs. to 40 gals, and Yi lb. calcium caseinate 20 3 15.0
Mustard, 20 lbs. to 40 gals, and Yi lb. calcium caseinate. 20 5 25.0
Check, .v 40 13 32.5

Fig. 3.—Cans with sprayed twigs and apples used in larvicide experiments.
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Where the eggs were placed in jars with the sprayed fruit the following re-

sults were secured. It will be noticed that recoveries of mature larvae are very

much greater than in the previous tests.

Table No. 4: Larval Entrance into Sprayed Fruit: Eggs Transferred to Fruit

in Jars.

1NO. rercent
opray iVla.teria.ls Larvae Larvae Larval

r iacea Reared Recovery

JN . Y . talc, 1j IDs. to 4U gals, and 72 Id. calcium casemate. 1 n Q oU . V)

1 n 5
r a a
J\) . u

Ontario talc, 15 lbs. to 40 gals, and 34 calcium caseinate 12 6 50.0
Ontario talc, 25 lbs. to 40 gals, and Y lb. calcium

10 3 30.0
Hydrated lime, 25 lbs. to 40 gals, and 2 pints Volck. . . . 10 7 70.0
Hydrated lime, 25 lbs. to 40 gals, and lA lb. calcium

12 12 100.0
Lamp black, 10 lbs. to 40 gals, and Y lb. calcium

caseinate 10 10 100.0
Calcium carbonate, 25 lbs. to 40 gals and 2 pints Volck. 10 1 10.0
China clay, 25 lbs. to 40 gals and Y lb. calcium caseinate. 12 10 83.3
Clay, 30 lbs. to 40 gals, and Y2 lb. calcium caseinate. . . . 10 10 100.0
Mica, 25 lbs. to 40 gals, and x/2 lb. calcium caseinate. . . . 12 9 75.0
Mica, 15 lbs. to 40 gals, and lb calcium caseinate.. . . 10 6 60.0
Check 10 7 70.0

The numbers of larvae used in the tests were not large, but in view of the

results, they were sufficiently large to indicate that lime, talc, etc. are of little or

no value in preventing larval entrance.

Effect of Spray Materials on Oviposition

In order to determine the value of lime, talc, etc. in deterring the moths from
oviposition, the following experiment, with close to 20,000 eggs, was conducted

in the insectary. A sprayed twig closely coupled, as shown in Fig. 1, with an
unsprayed twig, approximately the same in size and amount of foliage, was
placed and left in an oviposition cage (Fig. 2) for 24 hours or in some instances

for a longer period, when prevailing low temperatures decreased the rate of egg
laying. Generally triplicate or quadruplicate tests with each material were run

simultaneously, the coupled twigs being placed in the same position, but with the

sprayed twig turned in various directions in each cage. The results of this work
are appended herewith:
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Table No. 5 : The Effect of Spray Materials on Oviposition.

No.
Total Eggs Eggs % Eggs Per-

Materials Used eggs on on un- on cent
tests depos- sprayed sprayed sprayed effic-

ited twig twig twig iency*

Hydrated lime, 25 lbs. to 40 gals, and

Yi lb. calcium caseinate 12 2061 696 1365 33.7 34.0
Hydrated lime, 25 lbs. to 40 gals, and

6 694 122 572 17.6 65.0
Hydrated lime, 15 lbs. to 40 gals.

and Y± lb. calcium caseinate 3 328 79 249 24.1 52.0
Ontario talc, 25 lbs. and Y lb.

calcium caseinate 14 991 182 809 18.3 63.0
N.Y. talc, 25 lbs. to 40 gals, and V2

pint calcium caseinate 3 222 126 96 56. 7

Ontario talc, 25 lbs. to 40 gals, and
2 pints Volck 3 146 22 124 15.

1

70.0
N.Y. talc, 25 lbs. to 40 gals, and 2

pints Volck 2 257 45 212 17.5 65.0
Ontario talc, 15 lbs. to 40 gals, and
Y lb. calcium caseinate 3 261 79 182 30.3 39.0

Calcium carbonate, 25 lbs. to 40 gals.

and Yi lb. calcium caseinate 7 1507 464 1043 30.8 38.0
Soot, 25 lbs. to 40 gals, and Yi lb.

4 892 336 556 37.7 25.0
Mustard, 20 lbs. to 40 gals, and Y2

lb. calcium caseinate 4 961 478 483 49.7 0.5
Pepper, 20 lbs. to 40 gals, and Yi lb.

4 1120 347 773 31.0 38.0
Clay, 30 lbs. to 40 gals, and Yl lb.

4 1321 632 689 47.8 4.0
Lamp black, 10 lbs. to 40 gals, and

Yi lb. calcium caseinate 4 286 167 119 58.4
Pyrethum-soap, 5 lbs. to 40 gals, and

4 1170 471 699 40.3 20.0
Flour, 10 lbs. to 40 gals 4 361 190 171 52.6
Mica, 25 lbs. to 40 gals, and Yl lb.

6 1286 471 815 36.6 27.0
Mica, 25 lbs. to 40 gals, and 2 pints

Volck 4 1001 245 756 24.5 51.0
China clay, 25 lbs. to 40 glas. and Yl

Yi lb. calcium caseinate 6 815 232 583 28.4 43.0
Fish oil-pyrethrum extract, 1 per

2 369 90 279 24.4 51.0
White oil-pyrethrum extract, 1 per

11.0cent 2 177 79 98 44.6
Sulphonated castor oil, 2 per cent. . . . 4 2219 811 1408 36.5 27.0

4 404 231 173 57.02
Volck, 1 per cent and soap 4 953 248 705 26.0 48^6

*Computed on the assumption that 50 per cent, of the total numbers of eggs would have been laid on
the sprayed foliage if it had not been treated.

None of the materials prevented the deposition of considerable numbers of

eggs. Some of them e.g. the Volck combinations with lime and talc had apparently

some effect as deterrents, but it goes without saying that the results of such tests,

while of value as possible leads, must not be taken too seriously.
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Ovicides

In a series of tests to determine the ovicidal value of various materials, the fol-

lowing proved to have some value.

Table No. 6: Ovicidal Value of Various Materials.

Materials Eggs in Percent
test killed

Hydrated lime 200 45.5
Volck, 1 per cent 95 100.

Fish oil-pyrethrum, 1 per cent 243 86.4
101 99.
36 33.

154 48.

119 100.

1100 1.1

Observations on the Insecticidal Action of Lime and Talc

Observations clearly showed that considerable numbers of newly hatched

larvae in crawling over the foliage sprayed with lime or talc (also mica and
calcium carbonate) are destroyed by becoming entangled in the particles of dried

spray materials which cling to and accumulate on the body and appendages. Cat-

erpillars coated with the particles dry up and die on the foliage, or they may fall

off, or they may hang suspended from threads and, unable to regain their footing,

succumb.

As shown in table No. 6, hydrated lime is also of same value as an ovicide,

clue mainly we believe to its dessicating qualities. Most of the eggs destroyed by
it became sunken and discoloured, but occasionally the embryo had sufficient

vitality to develop up to the point of hatching, as demonstrated by a few instances

we observed where the larva with its head protruding from the chorion succumbed.

Talc is of no value as an ovicide.

Orchard Experiments

Spraying and dusting experiments with hydrated lime and talc were carried

on in twelve plots of bearing Elberta trees, 70 to 100 trees per plot, in three or-

chards in the St. Davids-Queenston district. The first application was made after

the blossoms and when most of the shucks were split. At this time, May 28 and
29, the spring brood moths were at the peak of emergence and egg-laying was
under way but no. eggs had hatched. The results of the control experiments, pre-

sented herewith, were decidedly disappointing.
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Table No. 7 : Spraying and Dusting Experiments, 1929.

Plot Orchard Spray Materials Dates of

application

Intervals
1 A

between
applications

days.

Percent
Infested fruits

Sprayed Check

1

JAC
J. A. Calvert,-

St. Davids
25 lbs. hydrated lime,

34 to Y2 lb. kayso,*
40 gallons water.

May 29,

June 6, 15,

June 27

8-9-12 63. 45.

5

1

CC
Canadian Canners,
St. Davids

25 lbs. hydrated lime*

yi to y<i lb. kayso,
40 gallons water.

May 31,
T *T 1 AJune 7, 14,

22, 29 7-7-8-7 40. 38.

2

JAC J. A. Calvert,

St. Davids

25 lbs. hydrated lime,*

34 to Y2 lb. kayso,
40 gallons water.

May 29,

June 6, 15,

27, July 11,

Aug. 1

8—9—12—
14-21 56. 45.

3

JAC
J. A. Calvert,

St. Davids
25 lbs. hydrated lime,

lb. kayso,
40 gallons water.

July 11, 31,
Aug. 12,

20.

20-12-8 43. 46.

3

CC
Canadian Canners,
St. Davids

25 lbs. hydrated lime,

34 lb. kayso,
40 gallons water.

July 5, 15,

July 26,

Aug. 6, 19

10-11-11-
13

35. 38.

7

F

4

JAC

C. H. Fisher,

Queenston.

J. A. Calvert,

St. Davids.

Hydrated lime dust.

25 lbs. talc,

to 3^ lb. kayso,*
40 gallons water.

July 31,

Aug. 7, 16,

24, 30
May 29,

June 6, 15,

June 27.

7-9-8-6

8-9-12

25.5

44.

52.

45.

5

4
r

C. H. Fisher,

Queenston.
25 lbs. talc,

^4 to 34 'b. kayso,
40 gallons water.

May 28,

June 4, 12,

19, 26.

7 Q 7 Tl—Q—i—i
37.5 42.5

5

JAC
J. A. Calvert,

St. Davids.
25 lbs. talc,

M to 3^ lb. kayso,*
40 gallons water.

May 29,

June 6, 15, 27,

July 11,

Aug. 1, 20.

8-9-12
14-21-19 54. 45 .

5

6

JAC
J. A. Calvert,

St. Davids.
25 lbs. talc,

34 lb. kayso,
40 gallons water.

July 11,

Aug. 1, 12,

20
21-11-8

35. 46.

6
F

C. H. Fisher,

Queenston.
25 lbs. talc,

34 lb. kayso,
40 gallons water.

July 3, 10,

19, 30. 7-9-11 34.5 42.5

8

F
C. H. Fisher,

Queenston.
Talc dust. July 20, 29,

Aug. 7, 16,

24, 30.

9-9-9-
8-6 42.5 52.

Kayso reduced to % lb. after June 18th.

From May 28 to mid-September, when the picking of Elbertas commenced,
the rainfall was as follows: May 30, 0.52 inches; June, 2.37 inches; July, 2.80

inches; August, 0.59 inches; September 1 to 15, 1.75 inches, making- a total of

8.03 inches.

In the lime-treated plots the amount of spray residue on the fruit at picking-

time was negligible in 7 F, picked 20 days after last application, considerable in

I JAC and I CC picked respectively 35 and 30 days after last application. For-
tunately all this fruit went to the canning factory, otherwise there would have
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been no doubt some difficulty in disposing of the heavily spray-coated peaches.

In the talc plots there was too much residue in the late sprayed peaches, and, on
account of this, the fruit in the Fisher orchard had to be mixed with unsprayed
peaches before being shipped to market.

Prevention of Twig Injury
Comparison spraying experiments were conducted in plots of 75 trees in a

three year old peach orchard at St. Davids with the object of determining the

extent to which lime and talc sprays will prevent twig injury. Five applications,

at weekly intervals, were made from the end of May to June 28, using (1) 25
lbs. hydrated lime, % to lb. calcium caseinate, and 40 gallons of water; (2) 25
lbs. talc, Y\ to lb. calcium caseinate and 40 gallons of water. In both plots a
reduction in twig injury was secured as long as the coating of spray was main-
tained, as shown in the following table

:

Table No. 8 : Reduction of Twig Injury.

Date of

examination
No. of

trees

Check
injured

twigs

Lime Talc

Injured
twigs

Percent
reduction

Injured
twigs

Percent
reduction

June 20 10 171 74 57 79 53

July 2 20 601 176 71 230 62

July 9 15 380 90 76 144 62

The difference in injury between the sprayed and check plots rapidly dimin-

ished as the spray materials were washed off and new growth appeared, and by
August 9 the infestation in the three plots was practically uniform.

Another spraying experiment with 25 lbs. talc, *4 to V2 lb. calcium caseinate,

40 gallons water was carried on at Queenston in a four year old peach orchard

adjacent to a packing shed. Five applications were put on during the period May
28 to June 26, but counts made July 2 and 16 failed to show any appreciable dif-

ference between the twig injury on the sprayed and check trees. This may be

accounted for most probably by the fact that the treated trees were closer than

the check to the packing shed.

Effect of Lime and Talc Sprays on Trees

Throughout the season no evidence either of foliage injury or of growth stimu-

lation due to the heavy coatings of lime and talc on the trees was observed in any
of the experimental Elberta orchards. On seedling peach trees at Vineland eight

applications of lime, 25 lbs. per 40 gallons, caused some foliage injury, the tips

and edge of some of the leaves being brown and dead. These brown areas later

dried out and fell away giving the foilage a riddled appearance. The injury

however was not serious.

NOTES ON THE NATURAL AND INTRODUCED PARASITES OF THE
ORIENTAL PEACH MOTH (LASPEYRESIA MOLESTA

BUSCK) IN ONTARIO
W. E. Steenburgh

Dominion Parasite Laboratory, Entomological Branch, Belleville, Ontario.

Introduction

Experiments conducted in Ontario and elsewhere indicate that a most prom-
ising program for reducing the injury to our peach crop from the attacks of the

Oriental Peach Moth lies in the development of its natural enemies. The peculiar

habits of this pest make it practically immune to the effects of sprays and dusts,
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but fortunately it is attacked by numerous parasites which prey upon the egg and
the larval ctagese. With this in mind, parasite investigational work was begun
in the spring of 1928. Its object was two-fold, first, to study the extent to which

native parasites become adapted to this new source of host material, and to assist

the multiplication of promising species by artificial laboratory breeding, and sec-

ond, to study the parasites attacking this pest in other peach-growing areas, and
to introduce such species as seemed desirable. *Last year the work consisted

mainly in securing accurate information regarding the activity of our native para-

sites, and initiating preliminary experiments regarding the possibility of utilizing

laboratory bred Trichogramma minutum Riley to reduce the numbers of the

Oriental Peach Moth. In 1929, both phases of the original work were expanded
and in addition colonization of important parasites from areas outside of Canada
was begun with the colonization, in Niagara township, of Macrocentrus ancylivora

Rohwer.

Native Parasites

Attacking the egg. Regular examinations of both quince and peach trees

were made after July 1 to determine the presence of Triehogramma or other egg
parasites. No parasitized eggs were found until July 29, on which date discov-

eries were made on quince at Niagara-on-the-Lake. Oriental Peach Moth eggs
are much more abundant on quince during the earlier part of the season and this

seems to facilitate the early establishment of the parasite. No parasitized eggs
were found on peach until August 15, when a 12 per cent establishment was found
in a small orchard at Stamford just across the road from a quince planting where
Trichogramma were fairly abundant. After September 1, parasitized eggs could

be found on peach anywhere within the Niagara district. The amount of para-

sitism varied greatly and seemed dependent upon the intensity of Oriental Peach
Moth infestation and the variety and condition of the trees. Final counts showed
a percentage of egg parasitism as follows: Fonthill 24.5, Niagara-on-the-Lake 16,

Stamford 12, and St. Catharines 25. No counts are included from the St. David's

region where artificial liberations were made.

Counts made at Cedar Springs and Leamington yielded but one parasitized

egg in 300 eggs examined on peach. The counts made on quince in this district

failed to show the presence of Trichogramma, The amount of egg parasitism in

the orchards of Western Ontario was insignificant and Trichogramma played little

part in controlling the pest.

Observations on the natural appearance of Trichogramma in peach orchards

indicated the influx of large numbers of the parasite at the time the eggs of the

third generation of the Oriental Peach moth were being laid. Its appearance at

this time is not due to natural multiplication in this host, but indicates the presence

of other hosts which furnish breeding material for the spring development of

large numbers which later are attracted to the eggs of the Oriental Peach Moth.
This theory is strengthened by the absence of Trichogramma in eggs of the earlier

generations of the Oriental Peach Moth, and its inability to winter in these eggs.

Examination of leaves collected during the winter from different parts of the

orchards and from natural shelter nearby showed no living parasites in Oriental

Peach Moth eggs. In cases where parasitized eggs were placed out in the fall

for observation, the parasites perished. Under normal conditions Trichogramma
appears in the eggs of the Oriental Peach Moth at such a late date that it does

not have sufficient time to build up a parasite population in numbers to greatly

reduce the infestation. No other species of parasite was reared from the egg

stage. Ascogaster, which oviposits in the egg and develops in the larvae, is con-

sidered under parasites attacking the larvae.

Attacking the larvae. Larval collections were made at several stations

during the different generations and forwarded to the Dominion Parasite Labora-
*Parasites of the Oriental Peach Moth in Ontario with special reference to Biological Control Exps.

with Trichogramma minutum Riley; C W. Smith, Ann. Rep. Can. Knt. Sac. of Ontario. 1928.
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tory at Belleville for individual observation. Out of 3,298 larvae secured from
the collections, the following species and numbers of native parasites were
secured

:

Glypta rufiscutellaris Cress 28
Ascogaster carpocapsae Vier 16

Dioctes obliteratus Cress 10
Glypta varipcs Cress 7

Cremastus minor Cush 2
Macroccntrus delicatus Cress 2
Metcorus sp 6
Microbracon sp 2

The percentage of larval parasitism obtained per generation at the following
collection points was as follows:

1st Generation 2nd Generation 3rd Generation
St. Davids 2.4 2.0 1.0

Fonthill 1.0 9.0 13.6

Niagara-on-the-Lake 7.0 .8 5.4

Stamford
Leamington *26.0

Only 23 larvae were secured in this collection.

An average parasitism of 2.2 per cent was recorded for all the collections

reared.

A collection of approximately 3,000 1st generation larvae made by Mr. Gordon
Dustan at St. Davids in a breeding experiment yielded the following parasites

:

Macrocentrus delicatus Cress 6
Glypta rufiscutellaris Cress 5

Glypta varipes Cress 3

Cremastus minor Cush 2
Dioctes obliteratus Cress 3

Ascogaster carpocapsae Vier 1

Triaspis curculionis Fitch 1

Metcorns sp 1

Glypta rufiscutellaris Cress is still our most abundant native parasite attacking

the Oriental Peach Moth, but was not nearly so plentiful in 1929 as in 1928.

Specimens secured in the collections showed a very slow larval development,
sometimes emerging as long as six weeks after the host larvae had spun-up.

This makes it appear doubtful whether Glypta can mature in time to attack the

succeeding generation of Oriental Peach Moth larvae, and at best there is probably

only two generations of the parasite in this host. Glypta also emerges very early

in the spring, and probably requires another host before the Oriental Peach Moth
larvae are available. This other host, or hosts, may be the agency which
regulates its later abundance in the peach orchards.

The studies to date have shown an almost negative preference for the Oriental

Peach Moth on the part of our native larval parasites, and the need for the intro-

duction and encouragement of more specific types.

Attacking the Pupae.

No regular pupal collections were attempted and the actual amount of pupal
parasitism is not known ; no parasites were secured in the routine collections.

The Experimental Liberation of Trichogramma minitum Riley

The experimental liberation of Trichogramma during the season of 1928 dem-
onstrated the possibility of the early colonization of this species in peach orchards,

and its subsequent multiplication there. As Trichogramma does not normally ap-

pear, to any considerable extent, until the 3rd generation eggs, it does not have
time to breed a parasite population in sufficient numbers to materially influence
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control. Early artificial colonization removes this natural handicap and places the

parasites in the orchard at the most desirable time. Due to the small numbers
of Trichogramma available, the experiments of the first season were concerned
chiefly with liberation observations, the ratio of parasites liberated to the amount
of egg parasites secured, and tree to tree dispersal. In 1929, the work was ex-
panded and studies made of the desirable generation, or generations, on which to

liberate, methods of colonization, and the requisite number of Trichogramma to

liberate per unit area.

The preliminary experiments were conducted in a large orchard. In 1929, eight

smaller orchards were chosen, each as a single experiment. These orchards were
located some distance apart to prevent interdispersal. Only orchards containing

bearing trees were used for the work and the experiments were designed to give

information which would assist in planning future large scale control measures,
should this seem desirable.

Before the experimental work could be extended and large numbers of Tricho-
gramma handled, a satisfactory method of colonizing the parasite had to be de-

vised. Originally the Trichogramma were allowed to emerge in a petri dish at

the field laboratory which was then carried to the orchard and opened, and the

parasites, which did not take wing, were forced out on the limbs and foliage of

the colonization tree by tapping the petri dishes. This required considerable time

and made large scale work an impossibility. Several other methods were tried,

of which the following gave excellent results. The small round cards, containing

the Trichogramma host eggs were sealed, eggs faced inward, into the bottom of

a waxed paper cone, such as is used for drinks at soda fountains. These cones are

2>y2 inches across the bottom and are five inches high, and for field use we at-

tached a short ribbon near the apex. They may be readily placed in the trees by
the use of a thumb tack through the ribbon and into the branch. When the tip

on the apex is clipped off, the Trichogramma have ready access to the trees as

they emerge from the host eggs. The eggs are also protected from predators

which cannot readily enter the cone. Follow-up observations on over 50 cones

showed an almost complete emergence with no damage by predators. During one
liberation a severe rain storm come up after the cones were placed. In the

morning several of the cones were found blown from the trees, and were re-

placed but no damage to the cones was noticed, and the Trichogramma emerged
normally.

The colonizations were made at the peak of the egg laying period for each gen-

eration. When the approximate date of the liberation was known, the parasitized

eggs were sealed into the cones at the laboratory, and forwarded to the liberation

centre. The evening before emergence was due to begin, the cones were placed

on the colonization trees which had been previously marked. During the first

generation the amount of parasitism was determined by a total examination of

the tree
;
during the second and third generations of the Oriental Peach Moth a

representative number, between 50 and 125 eggs, was taken from each tree

examined. As the time was not available for rearing the unhatched eggs for pos-

sible parasitism, only the hatched and parasitized eggs were considered in deter-

mining the percentages.

A liberation of 70,000 Trichogramma during the first generation of the moth
resulted in a negligible amount of egg parasitism in this generation. Counts made
during the succeeding generations showed no multiplication resulting from the

liberation. As host eggs were extremely scarce at the time of colonization, it

appears that the majority of the Trichogramma perished without leaving progeny.

These observations coincide with those from a similar experiment in 1928. when
little, if any, assistance was noticed from the liberation on the first generation.

Oriental Peach Moth eggs are not very plentiful on the foliage between the first

and second generation, and the Trichogramma which become established in the
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first generation, find a scarcity of eggs when they emerge since their life cycle

requires less than half the time of the host. Later in the season the Oriental
Peach Moth generations overlap considerably and eggs are always to be found.
It would appear, therefore, that little is to be gained in making large coloniza-

tions in first generation eggs, and it is far better to hold the parasite material for

use later.

Liberations made during the second generation gave more encouraging re-

sults, with percentages of parasitism ranging between 8.6 and 27 per cent. Those
orchards having the heaviest infestation showed the greatest percentage of par-

asitized eggs; in fact a direct ratio was noted between the percentage of par-

asitism secured and the intensity of Oriental Peach Moth infestation. The highest

percentage was obtained in an orchard of heavy infestation in which 90.000

Trichogramma were liberated on 5 trees located near the centre of the plot. An-
other orchard in which 80,000 Trichogramma were colonized on 4 trees similarly

placed, showed a parasitism of 20 per cent. In each case there was considerable

dispersal throughout the orchard with the highest amount of parasitism on the

liberation trees. In the latter orchard a number of parasitized eggs were taken
over 100 yards from the nearest release. A large liberation of 225,000 Tricho-

gramma was made on 15 trees chosen in the central row of an orchard containing

6 acres of peach trees. Here, the infestation was light and a parasitism of only

8.6 per cent was found on the colonization trees, although there was considerable

dispersal which had distributed the parasites quite evenly throughout the orchard.

Trees picked at random near the outer edges of the orchard showed 10.5 per cent

parasitism.

The experiments indicate the possibility of getting a good establishment of

Trichogramma in the peach orchards by liberations during the second generation,

and this especially holds true in those orchards where the Oriental Peach Moth
is most plentiful. The liberated Trichogramma do not considerably reduce the

second generation Oriental Peach Moth population, but are advantageously placed

for later increase since from this time onward eggs are continually present. Check
counts made in orchards some distance from the experiments at this time failed

to show the presence of natural Trichogramma.

Only a small number of Trichogramma were liberated for third generation

eggs. This was due to the complete loss of host material at the laboratory from
an infestation of the predacious mite Pediculoides ventricosis Newp. Four weeks
after the discovery of the mite infestation, the Sitotroga host material was en-

tirelv destroyed.

The third generation tree examinations were confined mainly to those or-

chards where liberations had been made during the first and second generations.

A marked increase of Trichogramma was noted in the eggs of this generation,

except in those orchards containing early varieties of peaches which had been

picked. Orchards containing late heavily infested varieties showed a parasitism

of between 40 and 72.6 per cent with an even distribution of the parasites in the

orchards. High percentages of parasitism were also found in orchards in the

near vicinity of the colonization plots.

The liberation of Trichogamma minutum Riley in the exceptional plots re-

sulted in an egg parasitism of between 12 and 60 per cent more than was found
in the check orchards, also a considerable dispersal into nearby orchards was noted
from the colonization. By assisting the second generation colonizations by lib-

erations from third generation eggs, and by placing Trichogramma of different

ages in the waxed paper cones so they will emerge over a period of several days,

thus placing a succession of parasite generations in the orchard, a greater amount
of control may be expected. On the whole the results obtained from the libera-
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tion of laboratory bred Trichogramma were promising, and as our knowledge of

its field habits increase, we may reasonably expect to obtain a greater amount of

egg destruction.

Introduction of Macrocentrus ancylivora Rohwer
Through the co-operation of the United States Bureau of Entomology, and

the courtesy of Mr. D. M. Daniel, of the New York State Expueriinental Station.

Geneva, N.Y., with whom the writer travelled, a trip was made in southern New-
Jersey to collect host material containing the braconid parasite, Macrocentrus
ancylivora Rohwer. Both hosts of the parasite, the Strawberry Leaf Roller

(Ancylis comptana Froel.) and the Oriental Peach Moth were gathered and reared,

in a section of the Oriental Peach Moth insectary at the U. S. Japanese Beetle

Laboratory,Moorestown, New Jersey, through the courtesy of Mr. L. B. Smith
and his associates. Collecting was continued for two weeks at which time as

much material was secured as could be conveniently handled. It was then care-

fully packed and transported to the Belleville Laboratory where the parasites

emerged in quarantine, that is, in specially screened rooms to prevent the escape

of undesirable species.

From this material 2,350 specimens of Macrocentrus ancylivora Rohwer were
colonized in Niagara township at two points which appeared to present the nec-

essary environmental conditions, but having different natural surroundings. One
liberation site was located near St. Davids in an orchard having heavy twig in-

festations, and situated at the foot of the highlands south of the village and nat-

urally protected by wooded areas. The other was chosen on the level plain seven
miles north and, therefore, much nearer Lake Ontario. The exposed conditions

of the latter orchard subjected it to almost constant wind currents; during all the

liberations a steady wind was blowing which caused the parasites to take wing
and disappear. Both liberation points were in proximity to large strawberry
plantings infested with the strawberry leaf roller, as it was felt that the presence

of both of its favoured hosts would add to the possibilities for establishment and
survival of the parasite.

One week after the final liberation, and during each succeeding generation of

the Oriental Peach Moth, collections of infested peach twigs were made and for-

warded to the Belleville Laboratory for individual rearing. These collections

came from the colonization and nearby orchards, and were designed to give in-

formation regarding the establishment and dispersal of the introduced parasite.

The first generation collections yielded 20 recoveries, 16 of these being secured

from the St. Davids' colonization orchard. In this generation no recoveries were
secured outside of the actual liberation orchards. The second generation collec-

tions yielded 21 recoveries and all from the region about St. Davids. Six of the

recoveries represented dispersals into other orchards, one coming from an orchard

two miles from the liberation point. The third generation collections revealed a

substantial establishment in each colonization area, for the species again appeared

at both points. Collections totaling 1,700 larvae yielded 380 speciments of Mac-
rocentrus ancylivora Rohwer or a parasitism of 22.3 per cent over the area cov-

ered in the collections. These records are from larvae taken in twig growth and

the percentage does not represent such a parasitism for the total Oriental Peach
Moth population within this area, as in the older orchards the majority of the

larvae were beyond the reach of the parasites in the fruit. It does give, how-
ever, some idea of the establishment and increase of the parasite in available hosts.

The colonization point at St. Davids showed a 57 per cent parasitism, and the

point seven miles north gave a parasitism of 26.5 per cent. The farthest dispersal

record came from an orchard 3 miles distant from the latter liberation point, and
here 12.5 per cent of the collection was parasitized. This collection represents

the greatest distance at which dispersal collections were made, for it was not

expected that the parasite would spread so rapidly in its first year. Recoveries
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made during the second and third generations of the Oriental Peach Moth indi-

cate a considerable dispersal in all directions, but mainly west and north-west,
covering an area of approximately 35 square miles, and show a considerable
population of Macrocentrus ancylivora Rohwer within this area.

Summary

1. Very little actual control of the Oriental Peach Moth in Ontario may be
expected from our native parasitic hymenoptera, at least for a number of years.

Studies covering the five year period since the discovery of the Oriental Peach
Moth have shown a slow adaptation of parasites to this new host, and a very
irregular attack from year to year. This yearly fluctuation is probably due to

the scarcity or abundance of the native host.

2. The percentage of control secured in the experimental orchards from the

colonization of laboratory bred Trichogramma demonstrates the possibility of

using this species in the biological control of the pest although it might be nec-

essary to make yearly liberations.

3. The introduction of foreign Oriental Peach Moth Parasites was begun
when Macrocentrus ancylivora Rohwer was collected in southern New Jersey, and
colonized in Ontario. The species has apparently become well established and is

distributed over an area of some 35 square miles in the district of heaviest infesta-

tion. If it survives our winter, and the indications are very favourable, it should
become a valuable aid in controlling the Oriental Peach Moth.

THE ONTARIO SPRAY SERVICE
L. Caesar,

O. A. C. College, Guelph.

There are two spray services in the province, one for the Niagara district

where most of our tender iruits are grown, and another for the rest of the

province and meant chiefly for apples, though other fruits are not neglected.

Both of these services are financed entirely by the province. The one in the

Niagara district is under the general supervision of the Director of the Vineland
Experimental Station with Messrs. Ross and Chamberlain as an Advisory Com-
mittee. The other, or province-wide service, is under the supervision of Professor

Howitt and myself.

The two services, at present at least, are run on practically the same lines.

It is the one for the province as a whole which I shall discuss here.

In passing I wish to remark that though the first suggestion for such a service

came to us from New York state, yet the service is not modelled on theirs or on

any other, but has been worked out little by little by ourselves to suit Ontario

conditions.

Origin of the Service

During the war large numbers of apple orchards were neglected for other

more profitable and necessary branches of farming. After the war there came
a great slump in the prices of live stock and grain. The result was that by the

winter of 1924 many former apple growers determined to take up once more the

apple business. The attendance at fruit meetings that winter and the deep in-

terest shown by the audiences indicated that the growers were deeply in earnest

and moreover were very anxious to secure the best information possible on how
to make their orchards pay. Those of us who knew the history of the past

twenty years knew that the greatest cause of failure in apple-growing was poor

spraying, for if a man was unable to get clean fruit this fact largely nullified all

the rest of the work he had put on the orchard and thus discouraged him. We
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felt that now was the psychological moment to adopt new and more effective

methods of raising the strandard of spraying and thus saving the growers from
failure and pessimism.

Some growers had said to me that if they had only had someone to consult

and to buck them up, so to speak, during the spring season it would mean a

great deal to them. This was the very same conclusion that the writer himself

had come to and it seemed the most logical way of getting the result desired. So
it was decided to try a supervision service in the spring of 1924.

In order to feel our way and make no costly mistakes only eight orchards

were, taken into the service that year and the writer personally supervised the

work in them.

Growth of the Service

The results of the first year's test were looked upon by the growers as so

satisfactory that the fruit men for many miles around asked that the service

be extended to them the next spring. The Director of the Fruit Branch and the

Minister of Agriculture gave their approval. In 1926 there was a request for still

further extension and each year since then the service has grown until in 1929 it

included almost every fruit district in the province and the great mass of com-
mercial orchards.

Organization

As I have already said, the service is under the personal supervision of Pro-
fessor Howitt and myself. We are assisted at present by fourteen local super-

visors, usually one for each county or fruit district, though Norfolk has two.

Professor Howitt and I determine what mixtures shall be used, how many ap-
plications shall be given, and what time these shall be made. We divide the work
between us and endeavour to visit each local supervisor as often as we can, to

consult with him on any difficulties he may have and also to see how the work is

going. The local supervisors are the men who look after the actual spray work
among the growers.

The agricultural representatives in the various fruit districts, with the ap-

proval of the Director of their Branch take a great interest in the work and give

their services and that of their stenographers to the supervisor. In fact they

largely look after the office and business side of the work for them.

The spray supervisor is required to consult them in all matters of special im-
portance.

The Director of the Fruit Branch, at Toronto, and the Horticultural Depart-
ment of the O. A. College, Guelph, also give the service their hearty co-operation.

All expenses are paid by the Fruit Branch.

Training of Local Supervisors

We try to select the best men available and then we do our best to train them
and inspire them with love of their work and with a high sense of its importance
to the province. With this object in view we hold each year either at the College

or in some other suitable centre a two-day short-course for them and for the

Agricultural Representatives of their respective counties. This course includes

practice in spraying in the orchard, inspection of the latest spray machines, dus-

ters and other devices; practice in pruning and grafting; lectures on fertilizers

and other ways of feeding trees, on the best varieties and on all the more im-

portant aspects of apple-growing. Special lectures are also given on the insects

and diseases which must be combated and on any new spray mixtures. In addition

there is a round table conference on the spray service itself and on how to

improve it. Thus you will see we aim at making our supervisors well informed

on all aspects of fruit-growing as well as on spraying, so that they themselves

may take a greater interest in their work and be of more value to the growers.
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Directions for Entering the Spray Service

As already stated, the service is free. A man can enter it or not, as he wishes,

but to enter the service he must send in his name to the local Agrciultural Repre-
sentative and agree to follow the instructions of the local supervisor. If he does
not agree to these conditions the supervisor or Agricultural Representative in-

forms him that they will gladly give him any information available over the tele-

phone, but cannot undertake to visit him.

Work of the Local Supervisor

The local supervisor instructs the grower as to what mixtures he should use
and the approximate amount of these he will require and on the time to begin

each application. He visits him from time to time and points out any faults in

the method or thoroughness of his spraying and suggests means of doing the

work better or more rapidly. In short, he tries to have the spraying done through-
out in an intelligent, business-like way. He is also glad to advise the grower on
any other matters pertaining to the orchard, on which he may be competent to

speak.

Results Obtained

It is difficult to get definite and reliable figures on the benefit of the spray

service, because it is not easy to find a reliable method of comparison ; but it is

easy for those of us who knew conditions before the service began, to see that

a vast improvement has taken place. I am convinced that on an average the per-

centage of clean fruit in orchards in the service has been nearly doubled.

There are a number of men who, even without the service, almost always got

clean fruit, but vastly more did not and it is the orchards of these men which show
the benefit. There are, of course, some men in the service who have dirty fruit,

but there is always a good explanation for such, which both the man himself and
his neighbours usually understand.

Professor Howitt and myself and also the spray supervisors have often been
much worried lest we had made a mistake in timing some of our applications or

in not making an extra one but fortunately every grower, so far as we know,
who has followed our instructions has obtained either a high or fairly high per-

centage of clean fruit each year.

Clean fruit, however, is only part of the good results of the service for it has

been able in most districts, to bring about more and better pruning, to have com-
mercial fertilizers used where they were needed, to have more orchards cultivated,

or to have a better system of sod-mulch practised. We have also been able to

persuade many growers to get rid of poor varieties or to graft them over and to

plant only the best commercial varieties. The service also is holding more orchard

meetings in the fall than hitherto, thus giving the growers a chance to compare
notes and to discuss their problems with the best trained leaders available.

We believe. that the spray service is helping the fruit industry in many ways
and doing it more quickly than any previous method. It is our hope that before
long we may be able to call the service not a spray service but an orchard service

in the highest sense of the word.

It is sometimes said that this sort of service is paternalism but, if so, it is the

kind of paternalism that does not deaden the minds of the growers but makes
them take a new and intelligent interest in their work and at the same time reap

a much greater profit.
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THE MEDITERRANEAN FRUIT FLY SITUATION IN FLORIDA

L. S. McLaine
Entomological Branch, Ottawa.

The sixth day of April, 1929, will forever stand out as a red letter day in the

history of entomology on the. North American Continent for that was the day on
which the Mediterranean fruit fly was found at Orlando, Florida, an insect whose
invasion of this continent has heen dreaded for vears and which has heen

described as "the most destructive fruit-infesting insect in the world". The
enerev. speed and dexterity which have been shown in handling the outbreak have
established a precedent in insect control which is unparalleled. Within a few
days of its discovery and after the insect had been definitelv determined, the

state of Florida released an emergency appropriation of $50,000 and placed fifty

men at work, the United States Bureau of Entomology transferred $40,000 for

the proiect, and before the end of April the United States Congress passed a

special Bill which authorized the transfer and expenditure of $4,250,000.

Before proceeding with the Florida situation a brief review of the history of

the insect may be considered.

The Mediterranean fruit fly has been known to science for a hundred years.

It has spread practically throughout the world, and until its discovery in Florida,

the North American continent was the only large land area upon which it had
not become established. Its native home is supposedly Western Africa, where
cultivated fruits are but little grown, and consequently is not regarded as a dan-

gerous pest. It first attracted attention in London as an injurious pest of oranges
imported from the Azores, It was recorded as a pest in Spain in 1842. in Algeria

in 1858, in Italy in 1863, in Sicily in 1878, in Tunis in 1885. and in South Africa
in 1889. It spread to Australia in 1897, and in 1899 was found in Tasmania; in

1900 in peach orchards near Paris, France; and in 1901 in New Zealand and
Brazil. In 1904 it was found a pest in Egypt and in Asia Minor, and in 1905 in

the Argentine. Between 1909 and 1914 it was discovered in both the eastern

and western portions of Africa, and during 1916 the orange, tangerine, peach,

pear, and apple crops of Greece were damaged.

Bermuda was found infested in 1865, and, as a result, the peach industry has

been ruined and native grown fruit is a luxury. The first fruit fly was found
in the Hawaiian Islands, in Honolulu, in 1910, and is believed to have been car-

ried there in ships' stores; by 1914 it had spread over the entire group of islands,

a distance equal to that of from Mexico to Canada.

A technical description of the Mediterranean fruit fly in its various stages is

unnecessary in a paper of this type, other than to mention that the adult fly re-

sembles in size and general shape the ordinary house fly but dififers greatly in the

colour pattern of the body and wings. A word or two. however, with regard to

the life history and habits of the insect may not be out of place. The Mediter-

ranean fruit fly is primarily a tropical insect. In Hawaii a temperature as low as

56°F. greatly lengthens the life cycle; at temperatures below 50°F. no develop-

ment occurs, and an exposure of two or three weeks at 32° F. or below will kill all

stages of the fly. Development in Hawaii is most rapid after the daily mean tem-

perature reaches 78 to 79°F. and at 68°F. the period of development is almost

doubled. The adult fly normally lives from two to four months, although records

show that it may live at long as ten months.

The average female lays approximately three hundred eggs but over six hun-
dred have been recorded. The duration of the various stages under ideal weather
and good conditions in Hawaii is: egg, two to four days: larva six to ten days;
and pupa, six to eleven days. As many as fourteen or fifteen generations may
occur in Llawaii, whereas in Spain about six generations occur. The female drills

a small pin hole puncture in the skin of fruits and deposits from one to six eggs
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just beneath the pulp or rind. The newly hatched larvae burrow through the
pulp, feeding- as they go and causing decay to Start. When full grown they leave

the fruit and either burrow into the soil for two or three inches in order to

pupate, or seek shelter under any object upon the ground. Control consists of
destroying infested fruit or removing or protecting it while it is too immature
for fruit fly attack

;
destroying the pupae in the soil ; and either spraying or baiting

the trees with a sweetened poisoned bait to attract the adults, as several days are
necessary for them to feed and mature before mating and egg laying can take
place.

The economic importance of the Mediterranean fruit fly as a pest of fruits

varies with the climate of its habitat, as practically every fruit crop of value to

man is subject to attack.

In Bermuda as has already been stated it has ruined the peach industry; in

France on the other hand where it attacks apricots, pears and peaches it is held

in check by the climate; whereas according to Back, the horticultural development
of the Hawaiian Islands has been almost stopped since 1910 by the activity of this

insect and that of the melon fly. In these latter Islands seventy-two kinds of fruit

have been found infested, and the preferred hosts include practically all the or-

dinary and useful edible fruits. Mackie has compiled, added to and rearranged
a list of recorded hosts of the Mediterranean fruit fly which contains one hundred
and sixty-seven species of varieties of plants. The insect has so-called preferred

hosts but if these are not available it will readily oviposit in less desirable ones,

which greatly complicates the question of control. Among the preferred hosts

may be mentioned grape fruit, various kinds of oranges, tangerine, kumquat,
lemon, lime, coffee, persimmon, loquat, Surinam cherry, fig, mango, guava, plum,

quince, peach, nectarine, apricot, apple and pear. The less favoured hosts in-

clude such things as cotton, palms of various kinds, tomato, banana, cactus, avocado,

eggplant, grape, wild asparagus berries, peppers, pumpkin, squash and beans.

To return to Florida, the day after the suspected larvae and adults were
definitely determined as those of the Mediterranean fruit fly, a group of specialists

from Washington and officials of the Florida State Plant Board met at Orlando
to view the situation and discuss ways and means of control. Four days later

(April 15th) the Plant Commissioner for Florida reported that "twelve proper-

ties containing four, hundred and forty-five acres of citrus were found infested

up to the night of April 13". The same day the state quarantine was issued,

which was considered one of the most drastic ever promulgated and the state

militia were called but to assist in its enforcement. On April 22, a public hearing

was called by the United States Department of Agriculture at which it was
definitely decided that every effort must be expended to eradicate the fruit fly

from Florida, and the basis of the federal quarantine was also considered at that

time.

This program of eradication has been most vigorously followed, and the tre-

mendous labour and effort expended by those in charge of the various phases of

the work has been justly rewarded, for the last infestation found in a commercial

orchard was on August 7th and the last adult fly was captured on August 27th.

In order to appreciate this accomplishment it is necessary to review briefly what

has been done. In the grape fruit orchard at Orlando, in which the pest was
first found one hundred per cent of the fruit was infested and live larvae were

found ranging from four to five to as high as thirty to a fruit, in one instance

seventy-two larvae were found. The season was advancing rapidly and adult

flies were present in abundance, calcium cyanide was blown into the trees and an

average of five hundred flies per tree were killed, in addition, as many as two

thousand pupae were found to the square yard of soil. This particular orchard

consisted of forty acres with seventy trees to the acre.
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The eradication work may be roughly divided into four groups, (a) scouting

to determine the distribution of the pest; (b) destruction of infested material;

(c) destruction of adult flies and pupae; and (d) prevention of spread, all of which
are necessary in order to get the last fly.

In order to carry on satisfactory scouting, men trained in the work are abso-

lutely essential and the task of training suitable men is a difficult problem in itself.

Approximately three hundred men were engaged in combing the state, this did not

mean just commercial plantations, abandoned orchards, and city lots where host

fruits and vegetables were likely to be grown; but included the examination of

hammock groves where wild sour oranges occur, and the examination of almost

impenetrable heavily wooded areas where host fruits are likely to be found. In
examining the mosquito ridden hammock groves and swamps over two thousand
rattlesnakes were killed by the scouts. From the time the scouting started up to

July 21st approximately one thousand properties including town lots were found
infested.

In accordance with the federal quarantine, the area included within one mile
of any property on which an infestation has been found is designated as an in-

fested area ; and an eradication area is one in which an intensive eradication pro-
gramme is being carried on. The eradication area in Florida, in which the one
thousand infestations were found, includes all or a portion of twenty-two coun-

ties and covers approximately eighty per cent of the citrus growing area of the

state. In an infested area all host fruits and vegetables are destroyed. Provision

is made however, for the processing or sterilizing of host fruits and vegetables

when there is no attendant risk and the necessary precautions are taken. In an
eradication area which includes the infested areas, a host free period is maintained

which begins on April 1st for citrus and other fruits, and June 15th for host

vegetables and continues until October 1st. During this period no host fruits or

vegetables are permitted to grow or exist except citrus fruit on the trees and host

vegetables in such a state of immaturity that they are not susceptible of infesta-

tion, and host fruits and vegetables held in storage for local utilization or con-

sumption. During the past summer the removal and destruction of the host fruits

and vegetables from the eradication area has been a tremendous operation, ap-

proximately a million boxes of citrus fruits alone were destroyed.

Various processes and different kinds of apparatus were utilized for this pur-

pose, including steamers, cookers, grinders, mashers, and macerators, but the

greater portion of the fruit was destroyed by placing it in deep trenches, the bot-

tom and sides of which were coated with heavy oil, and then covered with oil or

quicklime and three feet of earth. In addition to the destruction of host fruits,

host vegetables such as peppers, beans, and cucumbers which had been planted had

to be destroyed. Stubble shredders which had been used in the corn borer cam-

paign were found most effective for this work, and thirty were in operation by the

middle of the summer.

The destruction of the adults was carried out by fumigating the trees to some
extent, but spraying with a poisoned bait was more generally used. Sugar, syrup

and arsenate of lead were the ingredients in the formula, and one-half to three-

quarters of a pint of bait was shot into the tree as the sprayer went by at full

speed. The trees were sprayed once a week and up to August first, 77,000 acres

were sprayed and resprayed"; 1,147,999 pounds of sugar, 120,000 gallons of syrup

and 145.000 pounds of arsenate of lead had been used in making the baits; and 107

power sprayers and 208 knapsack sprayers were used to apply it.

To destroy the pupae, sterilizing the soil was tried and abandoned, also cov-

ering infested ground with paper mulch, but this had to be discarded owing to

the area involved, cultivating the soil was more generally practised.

It must constantly be borne in mind that the essential element was time and

methods had to be tried and continued or discarded according to their value, and it
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was all imperative that infested material and adult flies must be got rid of as
soon as possible. Approximately four thousand men have been employed in the
eradication campaign.

After the discovery of the insect all possible precautions were taken to prevent
its spread by means of the infested host fruits and vegetables. As approximately
nine thousand car loads of fruit remained in the state steps had to be taken to
prevent the shipment of infested fruit and allow uninfested material to go forward.
Fruit from uninfested areas was permitted to move in sealed refrigerator cars to

points north of Washington. All trucking of culls or low grade fruit was stopped.
Automobiles were held up and searched, also passenger trains, cars and vestibules

of trains were sprayed to kill any adult flies that might be present. All trucks

containing citrus fruits and fruit stands were screened to prevent infestation. All

roads leading from infested areas were patrolled by the state militia. Restrictions

were placed on the movement of fruits and vegetables, sand, soil, earth, peat, com-
post, manure, nursery stock, packing equipment, railway cars, boats, other vehicles

and containers.

As a great deal of the citrus crop had been moved before the insect was
found, extensive scouting is being carried on in adjoining states and through the

southwest generally. Infested fruit was found bv inspectors soon after the dis-

covery of the pest, in Georgia, Louisiana. North Carolina, Arkansas, Texas, New
York, and Ohio. California has made an emergency appropriation of one hundred
thousand dollars to conduct a state survey to determine the presence or absence

of the insect and also to maintain a quarantine against the possible introduction

of host material from Florida. Quarantines at maritime border entry points

were strengthened and more border highway inspection stations were opened.

As a result of inspections at the latter stations, between May 1st and July. 166
lots of Florida citrus fruits were taken from automobiles on the California-Ore-

gon border, and 790 lots on the southern border stations. In addition quarantine

inspectors travel on transcontinental trains entering California.

In view of the money that has already been spent by the federal government
and the possible appropriation of twenty-six millions for the eradication pro-

gramme this year, the Secretary for Agriculture for the United States has ap-

pointed two special and independent commissions to look into the problem and
consider the advisability of continuing the work. Both commissions concur in the

opinion that the Mediterranean fruit fly is a potential pest of very great im-

portance to the fruit industry of the southern United States, and also that the

results to date forcast the possibility of complete eradication.

From an economic standpoint it would appear that the expenditure of many
millions of dollars to bring about the eradication of the pest would be a tremen-

dous financial saving in the end. The citrus crop of Florida alone is over twenty

million boxes a year or forty thousand carloads. About 34 per cent of the land

area of the state is involved in the eradication area, and this contains 72 per cent,

of the citrus bearing trees from which 80 percent of the total crop of the state

originates. The annual income in the state from citrus and other host crops is

sixty millions which represent a capital of three hundred millions, in addition

there are industries dependent upon citrus fruit which have an annual income of

fifty-two millions. In the event of the fly escaping from Florida and infesting

the south and west, capital value invested in properties producing susceptible

fruits aggregating one billion eight hundred million are involved, and producing

annual incomes of two hundred and forty million dollars.

A word should be said for the excellent work which has been done by the re-

search workers not only in developing a poisoned bait spray, "a study of wild

fruits—which will eliminate for the present at least work which would cost many
millions of dollars", but also for the development of the cold and heat sterilizing

processes which will permit the shipping of citrus fruit and ensure freedom from
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fruit fly larvae. The cold sterilizing process consists of holding- the fruit at a tem-

perature of 28° F. for five hours followed by holding for about five days at 30° F.,

and the heat sterilizing consists of holding the fruit at a temperature of 110°F.,

for eight hours. Either of these processes is fatal to the eggs or larvae of the

Mediterranean fruit fly and are reported to be non-injurious to the flavour or keep-

ing qualities of citrus fruits. It is not the intention however, to permit the move-
ment of fruit from infested areas, and as an added precaution treated fruit may
not be shipped to eighteen states in the south and west. Last spring and summer
as a result of the outbreak, the destruction of so much fruit, the placing of quar-

antines and embargoes, the possible lack of compensation, and the uncertainty as

to what the future had in store for the citrus and allied industries in Florida, bank
failures tied up the assets of more than one hundred million dollars divided among
sixty-nine banks. It is felt that the treating process will relieve the situation and

avoid the necessity of considering the question of compensation.

From the information available at the present time it would appear that Can-
ada need not be in fear of a general outbreak of the Mediterranean fruit fly, pos-

sibly in the extreme southern portions of the Dominion a sporadic outbreak, such

as occurred in the vicinity of Paris might appear, but with the first si^ns of winter

judging from the results of the experiments conducted by Back and Pemberton,
it would undoubtedly disappear.

The war that is being conducted against the Mediterranean fruit fly by our
neighbours to the south of us is of the first magnitude, it is possibly the greatest

fight that the entomologist has ever been called upon to wage, and it is a battle

upon which the eyes of the civilized world are focused
;
although not active par-

ticipants we are not neutrals and may we soon see the day when our colleagues

will be declared victorious.
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LEAF ROLLERS ATTACKING THE APPLE IN NORFOLK COUNTY,
ONTARIO

J. Allan Hall
Dominion Entomological Laboratory, Vineland Station, Ontario.

This paper is based on one year's work and is therefore neither complete nor
final. It shows the need of further investigation and indicates problems which
will require several years of study.

Species of Leaf Rollers Found in Norfolk County
In addition to the fruit tree leaf-roller, Archips argyrospila W alker, the box-

elder leaf-roller, Archips semiferana Walker, and the oblique-banded leaf-roller.
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Archips rosaceana Harris, recorded from Norfolk County by Prof. Caesar, it was
found that at least four other species are present as follows : Pandemis Umitata

Rob. ; Archips fractivittana Clemens ; the dusky leaf-roller, Amorbia humerosana
Clemens ; and Eulia auadrifasciana Fernald. Adults of Archips purpurana Clemens
were also taken in the orchard. They oviposited on, and the resulting larvae fed

on apple leaves and grew to the third instar on this diet. The larvae are now in

hibernation.

Relative Abundance of Each Species

Taking as a criterion the comparative numbers of adults reared from larvae

collected in the orchard and also the numbers taken in bait traps, the relative

populations of the six species, in the experimental orchard, are approximately as

follows :

Archips semiferana 2014
Pandemis Umitata 287
Archips argyrospila 280
Archips rosaceana 219
Archips fractwittana 5

Amorbia humerosana 1

Eulia qiiadrifasciana ?

History and Distribution

A. argyrospila first attracted the attention of fruit growers and entomologists

in Norfolk county in 1914, when it appeared in destructive numbers in two or-

chards near Simcoe. Since that date it has done more or less injury to fruit and
foliage every year. It was not present in outbreak form this year (1929) but the

larvae were readily found in all the orchards visited in the neighborhood of Simcoe,
Renton, Vittoria and St. Williams.

A. semiferana was first noticed about the same time as A. argyrospila. This

year it was more restricted .in its distribution than the latter but usually more
numerous where observed. It was fairly abundant in the Nefr and Lynndale
orchards at Simcoe but uncommon or absent in other orchards visited.

A. rosaceana has been present for years in small numbers and may be found
in all parts of the county.

Pandemis Umitata: Just when this insect became established in Norfolk is

not known. It seems evident, from the numbers present ,that it is has been here

for several years though, so far as I can learn, this is the first time it has been

recorded as an apple pest in Ontario. It was present in small numbers in most of

the orchards frim which larval callections were made. F. C. Gilliatt* states that

in Nova Scotia it is found chiefly in those districts where Spilonota ocellana

Schiffermuller is most numerous and appears to be dependent on it for its exis-

tence. Nearly 100 per cent of the Umitata larvae which I collected in the orchard

were found in the old nests of S. ocellana and in the mines vacated by Bucculatrix

pomifoliella Clemens.

Archips fractivittana and Amorbia humerosana both constitute new records

for this district. Their distribution is not known as they were only taken in one

orchard.

Dissemination of Leaf Rollers

The chief means of dissemination is by the flight of the adults. The eggs or

larvae, as the case may be, are also carried to great distances on dormant nursery

stock. Very young larvae are often carried by the wind to points some distance

form the egg mass. A light breeze was observed to carry them a distance of twelve

feet in greenhouse experiments and from tree to tree in the orchard. In each case

the larva was blown on a silken thread of its own spinning.

*Report of Entomological Society of Ontario, 1927.
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Food Plants

Leaf-rollers as a group are considered general feeders upon trees, shrubs, weed-,

etc. I did not find larvae of any of the above species feeding on weeds or grasses

in the orchards. A. argyrospila was reared from larvae taken on apple, witch
hazel ,and sweet cherry; A. semiferana from apple only; A. rosaceana from apple,

witch hazel, syringa, lilac, sassafras, and St. Johns wort; P. limitata from apple

and witch hazel; A. fractivittana and A. humerosana from apple only.

Nature of Injury

Not being familiar early in the season with the different species of larvae, no
attempt was made to determine the exact extent and nature of the injury done
by each. General observations, however, indicated that the feeding habits of all

were quite similar in early summer.

Shortly after the buds began to burst the larvae enter the opening leaflets and
begin feeding on the interior. Silken threads are spun to hold the leaflets to-

gether. Later hatching larvae roll the expanded leaves—either whole or in part

—

and feed inside. About the time the fruit buds are ready to burst the larvae

bore into them and feed on the floral structures. Frequently the promise of fruit

is destroyed by webbing the buds so that the bloom cannot open. When the fruit

bgins to form it also is attacked and large or small areas eaten out of it. Severely

injured fruits drop prematurely while slightly injured fruits develop but are de-

formed. The species which winter as larvae do considerable injury in the fall

to the leaves, and to a lesser extent to the fruit by eating small round holes in it.

Life Histories

A. argyrospila and A. semiferana winter in the egg stage. A. rosaceana and
P. limitata winter as third instar larvae in hibernaculae in the axils of twigs, under

bud scales and in crevices in the bark. According to S. W. Frost, A. humerosana
winters as a pupa in Pennsylvania. We have not learned how either it or A. frac-

tivittana winters here.

The larvae begin to emerge from the eggs or winter quarters soon after the

buds begin to burst and are all out by the time the calxes are closed. The larvae of

A. argyrospila and A. semiferana mature and pupate in late May and June and give

rise to adults from mid-June to mid-July. The adults live from one to two weeks

during which time the eggs are laid. With both species there is only one gener-

ation a year. The larvae of A. rosaceana mature about the same time giving rise

to adults in June and July. The eggs are laid on the leaves within a few days

and these in turn give rise to larvae, pupae and adults of a second generation, the

second brood moths emerging in September. P. limitata is somewhat slower in

maturing than the other species, the adults not appearing until July and August.

It is single brooded.

Natural Control

The leaf -rollers which attack the apple are subject to parasitism to an appreci-

able extent. Of 365 miscellaneous leaf-roller larvae collected at random during

May and June, 81 or 22 per cent, were parasitized, and 40 out of 100 larvae col-

lected on June 27th were parasitized.

Two species of diptera identified by Mr. C. H. Curran as (1) Zcnillia caesar

Aid. ; (2) Phorocera crecta Cog. and eight or nine undetermined species of hymen-

optera were reared from caterpillars.



140 THE REPORT OF THE

A NEW ORCHARD PEST IN ONTARIO

L. Caesar

O.A.C., Guelph

The advent of the European Corn Borer and the Oriental Peach Moth have

attracted so much attention and caused so much anxiety that it is with regret I

bring to your attention the discovery this year of a new pest, the "Apple and Thorn
Skeletonizer", (Simaethis pariana Clerck).

My attention was first called to the presence of this insect by a fruit grower
from Ontario county at an orchard meeting near Bowmanville on August 17th. I

had been speaking about the work of the fruit-tree leaf -roller and he asked me
whether it would be the insect which, he said, was feeding upon and rolling the

leaves on his apple trees. About a week later I received a sample of the injury

from his orchard and on August 28th, a sample of similar injury from Newmarket.
From these I was able by comparing the larvae and the characteristic white cocoons

with the descriptions given of the Apple and Thorn Skeletonizer in bulletin 246
of the Connecticut Agricultural Experimental Station to identify the insect.

Present Distribution

We have located the insect in the neighbourhood of Oshawa, Newmarket,
Dixie, Erindale, Burlington, Grimsby, Guelph and Mono Road, a small village

about twenty-five miles north of Port Credit. Judging from these it will be seen

that it occurs over a territory along Lake Ontario for a distance of at least ninety

miles, and as far north in York County as thirty miles and in Peel twenty-five

miles. Mr. Ross tells me it is also widely spread through the Niagara district.

Very little time has been spent by anyone in looking for the insect, so that it is

quite probable that it is scattered over a much wider area than that given.

From the wide distribution it is reasonable to assume that this is not the first

year in Ontario but that it has been present at least two and perhaps three or four

years.

Origin and History

There is not time to say more on its origin and history than that it is a Euro-
pean pest ; that it was first discovered in North America in New York State in

1917 and that it now occurs widely almost all through the New England States.

Food Plants

Observations in the United States indicate that the apple is much the favourite

host ; after it, the hawthorne, and then the pear. There is at least one record of

its having fed upon sweet cherry.

We found the insect here only on apple and hawthorne.

Nature of the Injury

For a few days after hatching, the larvae are said to feed upon the under sur-

face of the leaves eating the green tissues. As they grow larger they migrate to

the upper surface and do likewise, thus leaving only the bare network of veins or

in other words, skeletonizing the leaves. The larvae have also the habit of spin-

ning a thin silken web from the opposite edges of the upper side of the leaf and
thereby rolling the edges in for some distance. Under this web they live and feed.

In our observations, feeding was limited almost entirely to the foliage on the

terminal twigs around the tree. None of the trees observed except one hawthorne

had more than a small percentage, 1% to 5%, of the foliage attacked.
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Description of Stages Seen

I have seen only three stages, larvae, pupa and adult.

The larvae were all fully or nearly fully grown and were almost one-half inch

long, slender, yellowish-green with a brown head and many conspicuous black

spots over the body. These characteristics make them easy to identify.

The pupa was brown and enclosed in a very dense, finely-woven white cocoon
about three-quarters of an inch long and little less than quarter of an inch wide.

Nearly all the cocoons I saw were situated in a fold of the leaf on which the larva

had been feeding. These dense, white cocoons also help in identification.

The adults are small brownish to grayish-brown moths with a wing expanse
of about half an inch. They are the same size and nearly the same color as the

Oriental Peach Moth.

Number of Generations a Year
In Connecticut there seem to be three full generations and occasionally part of

a fourth. I should not be surprised if there were only two generations here this

year, the larvae of the first being present in May and June and of the second in

July, August and early September. Adults from this latter generation larvae

were emerging from the end of August to at least September 20th. I saw no
evidence of any larvae since about September 10th.

Importance of the Insect

In the United States this insect at first did considerable damage especially in

unsprayed orchards but the last few years it seems to have been of little import-

ance, apparently because native parasites have attacked it. It is probable that

natural factors will soon control it here too, though I reared no parasites from the

material I received or collected. It is quite possible however, that for a few
years until enemies get under way, many trees may be seriously defoliated.

Control Methods
Experience has shown that the insect can be killed readily by spraying with

arsenate of lead. Our regular pink and calyx spray would therefore kill all the

first brood in sprayed orchards, but these sprays alone will not control the second

brood, which would come from moths from unsprayed trees. This brood was
present in at least two orchards that were well sprayed at the above stages. YYe
found no larvae, however, in any orchard that had been sprayed early in July for

sideworms or apple maggot ; hence it is possible that where this spray is applied

no later one will be necessary.

AN INSECT SURVEY OF ILLINOIS

T. H. Frison,
Illinois State Natural History Survey

In presenting a paper dealing with the subject of "An Insect Survey of Illinois"

I must state at the very beginning that no claim is made that the conception of

such an insect survey as I propose to outline is entirely original with the Illinois

State Natural History Survey. In a certain sense of the word, insect surveys

have been made since the very beginnings of entomology and the lengthening age

of our science has merely refined them, made them more purposeful and exacting,

and provided a nomenclature, taxonomy, and technique for their successful accom-

plishment.

The idea of insect surveys has received marked impetus in North America dur-

ing the last forty years, and particularly so during the last ten years. As all or

most of you know, the publication in 1890 by Dr. John B. Smith of the "Insects

of New Jersey" was a big step forward in the cataloging of the insects of a large
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political area. Since then we have witnessed with satisfaction the steady progress

in some of the eastern states of work of a comparable or expanded character. I

am referring here to the work being done in Connecticut under the direction of

Dr. W. E. Britton, the project of an insect survey of North Carolina by Dr.

Franklin Sherman and his associates, particularly Mr. C. S. Brimley. and the

completion of a "List of the Insects of Xew York" under the editorship of Dr.

M. D. Leonard.

The National need of an insect survey was clearly stated in 1920 at the

Chicago meeting of the American Association of Economic Entomologists and the

following year the first number of the Insect Pest Survey Bulletin was issued: a

product of the newly organized National Insect Pest Survey under the direction

of Mr. J. A. Hyslop. Shortly after this a definite announcement was made by
Mr. J. J. Davis regarding the organization and objectives of an Indiana insect

survey, and now a few other states are organizing with similar purposes in view.

The Canadian Insect Pest Survey, with which you are all familiar, was formed
in 1923 and in scope and purpose is comparable to our United States Insect Pest

Survey.

The definite organization of a comprehensive insect survey of Illinois—not

just an insect pest survey—was started in 1924. Of course, I do not mean to

imply that prior to this time no steps had been taken to record our insect fauna or

to study it more or less intensively. Illinois has been the scene of the labors of

many entomologists famous in the annals of their choosen science. The State

Entomologist's office of Illinois was established as early as 1867 and continued

uninterrupted until 1917 when it was merged by law with the State Laboratory
of Natural History to form the present Illinois State Natural History Survey.

Aside from the records in literature left by the earlier entomologists, we have as a

background for our present insect survey the most complete general collection of

Illinois insects in existence. This collection, except for some material belonging

to the LeBaron and Thomas collections, consists almost entirely of specimens
collected or acquired since 1883 and to Stephen Alfred Forbes. Chief of the

Survey, and the late Charles H. Hart belong the main credit for its development
and present importance. Since 1920, too. Mr. W. P. Flint, in charge of economic
insect investigations, has maintained an elaborate record of the yearly occurrence,

distribution, damage, etc., of the principal insect pests of Illinois. This record

deals with about 200 species each year and is based upon information secured from
correspondance, personal observations, etc. The value of such a record increases

rapidly and later will be the source of much information of great importance to

certain types of economic investigation.

A thorough reorganization of our entire insect collection was inaugurated in

1924. This was done with the purpose of improving its systematic arrangement,
reference utility, and of making available all data of a biological significance asso-

ciated with specimens. At the same time the broader phases of a general survey
of the insects of Illinois were formulated and the work definitely started. The
aim of this survey is similar in most respects to the surveys of certain other states,

the United States National Insect Pest Survey and its comparable organization in

Canada—the Canadian Insect Pest Survey. We are desirous of obtaining a com-
plete list of the species of insects occurring in Illinois, distribution within the state,

seasonal adjustments, food preferences, and various details of their biological

histories. Furthermore, we want this information so organized that it is avail-

able for the immediate use of all workers in the biological sciences within our
state or elsewhere.

To secure this information we are proceeding along two lines. The first of
these has already been mentioned; namely, the reorganization of our collection

and the assembling of the information which it can yield. The reorganization of
any large collection is in itself a real task but the objectives of our survey make it

an even greater problem. In common with most if not all other collections, much
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of our material was named many years ago. This means that many series of

specimens now standing under a single name are a composite of two or more
species, others are erroneously misnamed, and much material has never been
authentically determined. A kaleidoscopic changing of nomenclature has contri-

buted, too, in no small way to slow down what offhand might appear to be a simple

problem. In view of the mentioned sources of error and obstacles to a speedy
termination of a varied tabulation of our insect fauna, we have undertaken the

complete restudy of our extensive collections and at present are taking into account

in our file record system only those groups, genera, or higher classi factory units

which have been checked with the most recent literature pertaining to their classi-

fication or which have been determined within the last few years by specialists.

The aid which has been given to date by specialists is very gratifying; in fact

without their aid our task would be a hopeless one.

The second line of procedure which we are now following is the focusing of

our collecting and biological and systematical investigations upon special groups
of insects. Much of our field work in the past has been of a general or unorgan-
ized character. This pioneering—that is what it suggests to me—has had its

value. It has been productive of a fairly good list of species and a reference

series of Illinois insects which is unexcelled. Its weaknesses have been that good
ecological and comparative data from all parts of the state have not been secured

and that many groups have been sorely neglected, especially those groups requiring

for their preservation a special technique or those not attractive to the average

field man. Considering all of these factors it has seemed advisable to the entomo-
logists of the Illinois State Natural History Survey to consider our pioneering

days at an end and to attack an insect survey in as thorough and well organized a

manner as is possible. Xow just what does this involve? In-order-to answer
this question I must slightly digress from my subject and present a picture of the

scene of our operations.

Illinois is one of the states which form the great Central Plain region of Xorth
America. The north-south extent of the state is approximately five and one-half

degrees of latitude or 325 miles and the east-west extent of the state is approxi-

mately four degrees of longitude or 216 miles. The difference in elevation

between the highest and lowest points in the state is less than a thousand feet, the

highest point being 1,241 feet above sea level at the lower water mark where the

Ohio and Mississippi Rivers merge near Cairo. Although essentially a gently

rolling or flat plain, the general uniformity of the surface is varied and broken in

most parts of the state.

Generally speaking, Illinois is a state with warm summers and cold winters.

The average temperature of January, the coldest month is about 27° F. and that

of July, the warmest month, is about 76
P

F. Changeableness of weather is a com-
mon phenomenon and the changes are often rapid and extreme. The average
temperature for the state is approximately 52° F. And the extreme range in tem-
peratures is 147° F. The difference in annual temperatures between those points

having the highest (northern Illinois) and lowest (southern Illinois) annual tem-
peratures is a matter of 10.5°F. The rainfall is well correlated with suitable

conditions of temperature for the development of an abundant plant growth. The
normal precipitation is about 37 inches, the heaviest average monthly precipation

of 4.07 inches coming in the month of May and the smallest of 2.16 inches in

December. Although the averages for rainfall are well balanced, there may occur
many wide departures in local areas from the average which may result in local

or general drouths and flood conditions in the river valleys.

The original biota may be roughly segregated into areas of deciduous forest,

prairie or oak-grove savanna and local areas. The deciduous forest area origin-

ally occupied about 43 percent, of the land surface of the state; and this has now
been reduced to about 35 percent. These forests dominated the upland and bot-

tomland throughout the southern third of the state and along the western and
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northwestern parts. In central Illinois the deciduous forests were scattered in the
midst of rich grassland or prairie. In addition to these large and dominant biota,

Illinois possesses some local areas of which the most important are rivers, lakes,

swamps, and sand areas. The sand areas are best developed along the Illinois

River and Havana, along the Mississippi River near Hanover and along Lake
Michigan north of Chicago.

In northwestern Illinois there still exist some swamps and northern bogs
characteristic of states farther north and parts of Canada. The lake region of
Illinois is essentially in the northeastern sector of our state and these lakes are of

glacial origin. Large rivers and their tributaries are more evenly distributed

throughout the state and support an abundant aquatic and semi-acquatic life.

While the area now occupied by the biota just described is greatly curtailed

in contrast to a century and a half ago, there still exist ample examples of every
major habitat except the prairie. The sand and lake areas are about the same.
The rivers except for the factors of pollution, the more rapid run-off of the area
they drain, and the presence of a few power dams, are still with us. The decidu-
ous forest land, even though much reduced and shred of its best timber, is still a
conspicuous part of the landscape in certain sections. Superimposed, too, upon
these original biota there is our modern agriculture with its millions of acres of

forage and grain crops and fruits.

I have taken time to present this brief picture of Illinois in order that you will

thoroughly realize, as we do, that "hit and miss" general and restricted collecting

will never give us a comprehensive inventory of our insect fauna or furnish us

with detailed information concerning the distribution of our native species and
other phases of their biology. Illinois stretches over some five and one-half

degrees of latitude and this coupled with our geographical position, and in spite of

the lack of contrasting elevations, is sufficient in northern Illinois to give us some
insects representative of more northern areas and in southern Illinois those of

pronounced southern predilections. Perhaps this may be visualized best by stat-

ing that we have a varied insect fauna which ranges from those insects associated

with the tamarack bogs of the north to those of the cypress swamps and cotton

fields of the south. Our position in regard to longitude has much less influence

upon the variety of our insect fauna, but even in this respect we form the meeting

ground of some eastern and western species. Fundamentally, however, our fauna

is dominantly of an eastern character.

Rainfall, although a factor in certain aspects of our problem, does not in a

broad limit or restrict our insect fauna as it does in some other parts of North
America. It does, however, exercise a strong annual and local influence upon
their numbers, etc. The original and extensive biotas of deciduous forest and
prairie have had and still have a profound influence upon our insects distribution.

Local areas, too, with their peculiar floral compositions are highly important and
must be thoroughly examined if our survey is to give us a zoogeographical picture

of the state.

The last three years we have put to a test our idea that the focusing of atten-

tion upon special groups of insects and the attacking of our problem in a well

organized manner will give us within a reasonable time the basic information we
desire. As an example of what can be accomplished along this line, I will briefly

outline our work of two summers upon the plant lice of Illinois.

In the early spring of 1928, Dr. F. C. Hottes, a student of the Aphididae, was
temporarily added to the staff of the Survey. A hurried review of the literature

of our subject was made to determine approximately how many kinds of plant lice

had been previously collected in Illinois, their host plants, localities where they
were collected and other information which might be of service in guiding our
field work. The collection, too, was gone over in quest of similar information
and slide preparations made of all the plant louse material preserved in alcohol.
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It was rather surprising to us to discover how poor a representation of plant lice

we had in our collection—considering that three out of four of our state entomo-
logists had even gone so far as to describe numerous species of them and other

entomologists in the employ of the state had given them much attention.

As soon as conditions were favorable for field work this phase of our investi-

gations was started. First the southern part of the state was visited, then the

central part and finally the northern counties. Our collecting was so timed that

both the southern and northern parts of the state were visited at about the same
season; made possible by the fact that the floral development of southern Illinois

is about two weeks in advance of northern Illinois. These more extensive trips

were repeated as the seasonal and floral conditions changed and shorter ones to

special localities interspersed with them. The second year our collecting in all

parts of the state was repeated and a special effort was made to get in each locality

visited before as many as possible of the species which we had reason to believe

were over-looked the first vear. Even our daily collecting was so organized that

we had a record with us of all species taken in that localitv on previous trips and
accordingly knew which plant hosts to examine and which could be profitably

ignored.

Eleven thousand miles is a close estimate of the mileage we covered in making
our plant louse survey and you can see from the illustration on the screen that

almost every nook and corner of our state was under scrutiny. A comparatively

few years ago such a thorough ramsacking of the state for its plant louse fauna in

practically two summers would have been an utter impossibility. We now have
within our state boundaries a wonderful network of over 7000 miles of concrete

roads which make accessible any part of the state at any time of the year. Our
hard road system, then, plus the automobile, make it possible for us to cover our
state thoroughly and rapidly in great contrast to the days of limited baggage, rail-

road transportation and railroad schedules. In our field work of the past two
summers, by the use of an automobile for transportation, we were able at

a nominal cost to take a party of from two to three to the field and carry an exten-

sive collecting and laboratory equipment. I might add here that all our aphid

material was mounted while in the field or by assistants at L^rbana to whom the

specimens were sent. We could have saved hours of extra work at night by
placing the live material directly in alcohol but to do so would have greatly

detracted from the excellence of the carefully "processed" slides which were made
from live material.

In conclusion I will briefly summarize the results of our plant louse survey.

Although the final figures are not yet available, we collected nearly 230 species of

plant lice ; a total almost three times as many as recorded in the New Jersey list,

more than twice as many as in the Connecticut list and a hundred more than in

the recent New York list. Of this number about thirty are new to science and
will soon be described. Our slide collection of aphids was expanded from almost
nothing to over ten thousand slides of excellently prepared specimens, giving us a
fine series of specimens and species for a reference series. In addition, we now
have maps in our files showing remarkably well the distribution of these insects in

our state and various other information relating to their seasonal adjustments,
host preferences, etc. For instance, take the distribution of PJiyllapJiis fagi (L.)

which is known to feed only on beech trees. Previously unknown from Illinois

we found this plant louse exactly where our data regarding the natural distri-

bution of beech trees in Illinois indicated we might find it. The capture of

Lachnus laricis (Wlk.) affords another such example. The host of this species

was known to be the tamarack and hence a search was made for it in one of the
few small tamarack bogs still present in north-eastern Illinois. There the louse
was just as might have been expected. Other species attacking such widely dis-

tributed plants as oats or wheat were found everywhere in the state that we saw
fit to look for them.
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Of course we make no claims to having completely mapped the distribution of

each species or of taking every species that occurs in the state. We are convinced,

however, that the results to be obtained from another summer's specialization in

collecting of aphids would not be justified and that it is now the time to turn out
attention to another group of insects. Furhermore, we believe that our plant

louse survey has demonstrated that we are now in a position in Illinois to take a
very accurate inventory of the insects occurring within our boundaries and that

such an undertaking can be completed within a reasonable length of time. It is

not necessary to await the next millennium for information which our economic
entomologists, biologists and ecologists now so badly need.

THE ENTOMOLOGICAL RECORD, 1929

W. J. Brown
Entomological Branch, Dominion Department of Agriculture

The present "Entomological Record" follows closely the plan of former
years. Mr. Walley has supplied complete lists of three families of Heteroptera.

Mr. C. A. Frost has supplied a list of the beetles collected by himself during sev-

eral visits to Nova Scotia and New Brunswick, provinces from which few species

have been recorded previously. Only a few records have been received from the

amateur collectors of Canada ; these are incorporated in the general lists.

Among the larger systematic contributions published during the year, the fol-

lowing are worthy of note

:

Manual of External Parasites, by H. E. Ewing, 225 pp., 96 fig., C. C. Thomas, Springfield,

111. This useful work is divided into chapters- dealing with parasitic mites, ticks, biting

lice, sucking lice, and fleas. Keys and control methods are included. An appendix con-

tains descriptions of new genera.

Odonata
A Handbook of the Dragonflies of North America, by James G. Needham and Hortense B.

Heywood, 378 pp., many figures, C. C. Thomas, Springfield, 111. See review in the

"Canadian Entomologist", page 120.

Hemiptera

The Genus Clastoptera in America North of Mexico, (Homoptera), by Kathleen C. Doering,

(Univ. Kan. Sci. Bui., XVIII, No. 1, 1928). A thorough revision of this confusing

group of "Spittle Insects". Indispensible to students of the Cercopidae : contains keys,

descriptions and numerous figures of species discussed.—G. S. W.
The Genus Scolops, (Homoptera), by E. P. Breakey, (Univ. Kan. Sci. Bui., XVIII, No. 6,

1928). This paper includes keys, descriptions, figures and synonymical notes on the

species of Fulgoridae belonging to this genus.—G. S. W.
The Coreidae of Kansas, (Hemiptera)

,
by Howard O. Deay, (Univ. Kan. Sci. Bui., XVIII,

No. 5, 1928). A list of the Kansas species, their distribution, original descriptions with

notes, keys to species and figures of the male genial appendages.—G. S. W.
Contribution Toivard a Monograph of the Adelginae (Phylloxeridae)

,
by P. N. Annand, 146

pp., Stanford Univ. Press, 1928. All the North American species are figured and
described. The author makes several additions to our knowledge of biology and classi-

fication and offers generic keys to both apterous and alate forms.

COLEOPTERA !
,

A Reclassification of the Genera of North America Meloidae and a Revision of the Genera
and Species formerly placed in the Tribe Meloini, by E. C. Van Dyke, University of

California Publications in Entomology IV, pp. 395-475, 4 pi. This paper includes keys

to and descriptions of the groups and species considered.

Revision of the Rhipiphoridac of North and Central America, by E. Rivnay, Memoirs of the

American Entomological Society, No. 6, 88 pp., 4 pi. This paper includes keys, descrip-

tions, and a thorough review of the literature.

Lepidoptera

A Generic Revision of North American Agrotid Moths, by J. H. McDunnough, Bull. 55,

Canada Department of Mines, 78 pp., many figures. This paper is an attempt to pro-

duce a natural system of classification for the Agrotids. Characters presented by the

male genitalia are used extensively.
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NOTES OF CAPTURES
Species preceded by an asterisk (*) have been described since the previous "Record" was

prepared. Species described as new in the "Canadian Entomologist" have been omitted.

ODONATA
Gomphinae

Ophiogomphus carolus Need. Boiestown, N. B., (Brown).
Gomphus fraternus Say. Minaki, Ont., (McDunnough).
Gomphus ventricosus Walsh. Fredericton, N. B., (Brown).
Gomphus cornutus Tough. Minaki, Ont., (McDunnough).
Gomphus graslincllus Hag. Minaki, Ont., (McDunnough).

Cordulinae
Dorocordulia lepida Hag. Fredericton, N. B., (Simpson).

Agrionidae
Agrion amatum Hag. Knowlton and South Bolton, Que., (Fisk and Adams).

Coenagrionidae
Coenagrion interrogation Selys. Minaki, Ont., (McDunnough).
Coenagrion angulatum Walk. Minaki Ont., (McDunnough).
Coenagrion resolutum Selys. Minaki, Ont., (McDunnough).

Hemiptera

Prepared by G. Stuart Walley

The following list of Coreidae, Corizidae and Aradidae has been prepared in the same
manner as the list of Pentatomoidea contained in the "Tntomological Record" for 1928. Of
special value in the preparation of the present list is Parshley's "Essay on the American
Species of Aradus" (Trans. Am. Ent. Soc, XLVII, 1921) from whence numerous records
have been obtained.

Family Coreidae
Merocorinae

Merocoris distinctus (Dall.). Que.: Ft. Coulonge, Kazubazua. Ont.: Eldorado,
Sudbury. Man. : Aweme, Winnipeg.

Coreinae
Lcptoglossus fulvicornis (Westw.). Ont.: Jordan.

Leptoglossus occidentalis Heid. B. C. : Departure Bay, Duncan, Kaslo, Kelowna,
Kaper Isl., Mara, Princeton, Royal Oak, Vancouver, Vernon.

Chclinidea vittiger Uhl. Que.: (Provancher record doubtful). Alta. : Medicine
Hat.

Catorhintha mendica Stal. Man.: Aweme.
Anasa armigera (Say). Ont.: Aurora.

Anasa tristis (De Geer). P. E. I.: Summerside. N. B. : Queenstown. Que.:
Covey Hill, Hemmingford, St. Denis-en-bas. Ont. : Chatham, Essex Co.,

Freeman, Guelph, Hamilton, Lindsay, London, Oakville, Ottawa, Pt. Hope,
Strathroy, Todmorden, Vineland.

Alydinae
Protenor belfragci Hagl. Que. : Ft. Coulonge, Ramsayville. Ont. : Hastings

Co., Ottawa, Sudbury. Man. : Aweme.
Megalotomus quinquespinosus (Say)., Que.: Aylmer, Kazubazua, Montreal.

Ont. : Ottawa, Sudbury. Man. : ,Aweme, Winnipeg. B. C. : Cowichan.
Duncan, Enderby, Saanich Dist., Savary Isl., Thompson R., Vernon. Vic-

toria.

Alydus pinto Uhl. Man. : Deloraine. Alta. : Athabasca, LethRridge, Nordegg,
B. C. : Armstrong, Crow's Nest, Enderby, Kamloops, Minnie L., Penticton,

Princeton, Prince Rupert, Saanich Dist., Vernon, Victoria.

Alydus eurinus (Say). Man.: Aweme. B. C. : Brackendale, Vernon.

Alydus conspcrsus Montd. Que. : Aylmer, Hull. Montreal, St. Jean. Ont.

:

Frankford, Jordan, Ottawa. Man. : Aweme, Onah, Winnipeg. Alta. : Bow
Slope, Brooks, Lethbridge.

Alydus conspcrsus infuscatus Fracker. B. C. : Peachland.

Alydus scutellatus Van D. B. C. : Crow's Nest, Mt. McLean, 7500 ft.. Mt.

Cheam, 5000 ft., Merritt.

Pseudophloeinae
Ccralcptus pacificus Barber. B. C. : Agassiz, Chilliwack, Saanich Dist., Van-

couver, Vernon, Victoria.

Coriomeris humilis (Uhl.). Alta.: Brooks, Cowley, Lethbridge. Macleod, Ma-
grath, Nordegg, Raymond, Stirling. B. C. : Goldstream, Vernon. Victoria.
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Family Corizidae

Harmostes reflexulns (Say). Alta. : Waterton Lakes. B. C. : Agassiz, Kaslo,
Lillooet, Mt. McLean, Penticton, Royal Oak, Saanich Dist., Vancouver,
Vernon, Victoria.

Harmostes croceus Gibs. B. C. : Goldstream, Royal Oak, Victoria.

Corisus viridicatus Uhl. Man. : Aweme, Winnipeg. Sask. : Rudy, Skipton.
Alta. : Lethbridge, Magrath, Nemiscani, Nordegg, Raymond, Stirling.

B. C. : Lillooet, Summerland.
Corizus crassicornis (Linn.). Que.: Ft. Coulonge, Kingsmere, Hemmingford.

Ont. : Hastings Co., Nipigon, Sudbury. Man. : Winnipeg. Alta. : Carberry,
Leduc. B. C. : Fernie, Royal Oak, Saanich, Vernon.

Corisus bohemanii Sign. Que. : Chelsea, Hemmingford. Ont. : Arnprior, Nor-
way Pt. L. of Bays, Ottawa. B. C. : Vernon (Parshley).

Corisus indentatus Hambl. B. C. : Cowichan, Royal Oak, Saanich Dist., Ver-
non, Victoria. llll

Corisus lateralis Say. Ont. : Jordan.
Leptocoris trivittatus (Say). Man.: Aweme, Swan Lake, Winnipeg. Sask.

Moose Jaw, Regina, Saskatoon. B. C. : Keremeos, Summerland.
Nisoscolopocerus apiculatus Barber. Alta.: Medicine Hat.

Family Aradidae
Aradinae

Aradus aequalis Say. Que. : Montreal Isl. Ont. : Prince Ed. Co.
Aradus crenatus Say. Que. : Hemmingford, Montreal. Ont. : Grimsby, Ottawa

Preston, Ridgeway.
Aradus quadrilineatus Say. N. B. : Fredericton. Que. : Aylmer, Gatineau Pt

Hudson, Montreal, Val Morin. Ont. : Britannia, Grimsby, Ottawa, Picton
Toronto. Man.: Aweme. Alta.: Banff, Edmonton. N. W. T. : Great Bear
Lake.

Aradus montanus Bergr. Que. : St. Hilaire.

Aradus fuscomaculatus Stal. B. C. : Departure Bay, Malahat, North Bend
Shawnigan, Sooks, Vancouver Isl., Victoria.

Aradus behrensi Bergr. B. C. : Malahat, Victoria, Yale.
Aradus robustus Uhl. Que. : St. Hilaire. Ont. : Prince Ed. Co., Ridgeway

N. W. T. : (no locality given).
Aradus intectus Parsh. Man. : Aweme.
Aradus duseei Bergr. Que. : Hull, Montreal Isl. Ont. : Muskoka, Ridgeway.
Aradus implanus Parsh. Que. : Montreal Isl. Ont. : Ottawa, Trenton.
Aradus depictus Van D. B. C. : North Bend, Victoria.

Aradus proboscideus Walk. N. S. : Boisdale, Cape Breton. N. B. : Bathurst
Miscou Harb. Ont. : Brantford, Hybla, St. Martin's Falls. Man. : Winni
peg Beach. Alta.: Banff, Nordegg. B. C. : Ainsworth, Bear Lake (7000
ft.), Brookmere, Fry Creek, Glacier, Goldstream, Kaslo, Malahat, Mara
Midday Val., Merritt, Mt. McLean, Mt. Waleach, Revelstoke, Saanich
Sooke, Terrace, Vancouver Isl.

Aradus basalis Parsh. N. B. : Bathurst.
Aradus persimilis Van D. B. C. : Terrace.
Aradus medioximus Parsh. B. C. : Vancouver Isl.

Aradus vadosus Van D. B. C. : Nicola Lake Dist., Vancouver Isl.

Aradus dcbilis Uhl. B. C. : Midday Val., Merritt, Mt. McLean, North Bend
Pouce Coupe, Revelstoke, Saanich Dist., Vanvpuver Isl., Victoria, Yale.

Aradus similis Say. N. S. : (no locality given).

Aradus shermani Heid. Ont. : Caradoc, Ottawa, Ormsby Jet., Sudbury, To
• ronto, Trenton.

Aradus acutus Say. Man. : Aweme.
Aradus inornatxis Uhl. Que. : Hull, Lanoraie. Ont. : Ft. Coulonge, Grimsby

Ottawa, Sudbury, Trenton.
Aradus parvicornis Parsh. B. C. : Midday Valley.

Aradus blaisdelli Van D. B. C. : Brookmere, Kelowna, Midday Valley, Vernon
Aradus comprcssus Heid. B. C. : Kaslo, Saanich, Sooke, Vancouver, Victoria.

Aradus borealis Heid. Que. : Kazubazua. Ont. : Ottawa. Sask. : Saskatchewan
River.

Aradus tuhcrculifer Kby. Que. : Aylmer, Hull, Montreal. Ont. : Ottawa.
Alta. : Banff, Edmonton, Nordegg.

Aradus parshleyi Van D. Alta. : Edmonton. B. C. : Vernon.
Aradus funestus Bergr. Ont. : Hastings Co. Alta. : Banff, Cowley, Edmonton

B. C. : Chilliwack, Enderby. Kleena, Midday Valley, Princton, Metlakta
Tatler, Revelstoke, Sugar Lake, Vernon.

Aradus lugubrus Fall. Labr. : West St. Modest. N. S. : Weymouth. Que.
Godbout, Hull, Kazubazua, Montreal Isl., Natashquan, Port Neuf, Seven
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Isls., Trinity Bay, Ungava Bay, Wakefield. Man.: Treesbank. Ont.

:

Maynooth, Muskoka, Ottawa, Rat Portage, Ridgeway. Sask. : Saskatoon.

Alta. : Banff, Edmonton, Lethbridge, Nordegg, Waterton. B. C. : Agassiz,

Crow's Nest, Grounding Basin Big Ben County, Kalso, Kleena, Midday
Valley, Tatler Lake, Metlakatla, Revelstoke Mt. 6000 ft., Stikeen River, Vic-

toria. Yukon T. : near 60 Mile River along 131 meridian. N. W. T. : Ft.

Simpson MsKenzie R.

Aradus abbas Bergr. Newfoundland: Codroy Valley. N. S. : Kentville. N.
B. : St. John. Que. : Aylmer, Bondville, Hull, Lake Edward Camp, Laur-
entide Limits, Montreal, Natashquan, Seven Isls., Trinity Bay, Wakefield.
Ont. : Maynooth, Minaki, Ottawa, Scotia, Sudbury, Trenton. Man. : Aweme.
Sask. : Saskatoon. Alta. : Nordegg. B. C. : Gordon Head, Lorna, Oliver,

Revelstoke, Vancouver, Stanley Park.

Aradus uniannulatus Parsh. Alta.: Edmonton, Nordegg.
Aradus falleni Stal. B. C. : Revelstoke, Vancouver, Victoria.

Aradus cinnamomeus antcnnalis Parsh. B. C. : Kelowna, Vernon.
Aradus insolitus Van D. Alta.: Edmonton. B. C. : Keremeos, Vernon.
Aradus niger Stal. N.S. : (no locality given).

Aradus nigrinus canadensis Parsh. Alta.: Banff, Cascade Mt. (7000-80000 ft).

Aradus heidemanni Bergr. B. C. : Bear Lake, London Hill Mine, Enderby,
Kokanee Mountain, Vancouver Isl., Victoria.

Aradus paganicus Parsh. B. C. : Kelowna, Penticton.

Aradus gracilis Parsh. Alta.; Banff.

Mezirinae
Mezira lobata (Say). "Canada" (Van D. cat.).

Mezira moesta Stal. B. C. : Agassiz, Duncan, Departure Bay, Goldstream,
Vancouver Isl.

Aneurus septentrionalis Wlk. N. S. : (no locality given). Que.: (no locality

given). Ont.: Sudbury. Alta.: Lethbridge. B. C. : Duncan, Kalso, Lorna.
Aneurus inconstans Uhl. Que. : Knowlton. Ont. : Grimsby, Miner's Bay, Otta-

wa, Prince Ed. Co., Trenton. B. C. : Sugar Lake, Terrace, Vernon.
Aneurus simplex Uhl. B. C. : Hazleton.

Canadian species of Hemiptera described during the past year in publications other than
the "Canadian Entomologist."

Microphylellus adustus var. binotatus Knight. B. C. : Saanich Dist., Victoria

(W. Downes) (on cottonwood). Ent. News, XL, 40, 1929.

Neoborus amoemus var. atriscutis Knight. Ont.: Ottawa (J. McDunnough),
Rainy River Dist. (J. F. Brimley). Bull. Brookl. Ent. Soc, XXIV, 10,

1929.

Platxtylellus eremicola Knight. Alta.: Edmonton (F. S. Carr), Laggan, Kan-
anaskis (O. Bryant). Ent. News, XL, 189, 1929.

Platxtxlellus niqropilus Knight. Alta.: Slave Lake (O. Brvant). Ent. News,
XL, 189, 1929.

Lacvicephalus cicatrix DeL. and Slees. Alta.: Slave Lake (O. Bryant). Ann.
Ent. Soc. Am, XXII, 102, 1929.

Latalus ocellaris var. sobrinus DeL. and Slees. Alta.: Slave Lake (O. Bryant).
Ann. Ent. Soc. Am, XXII, 100, 1929.

Clastoptera ovata Doering. B. C. : (R. P. Currie). Univ. Kan. Sci. Bull,
XXIX, No. 7, 90, 1928.

COLEOPTERA

The following list includes the records of Mr. Frost mentioned above, of Mr. F. S. Carr,
and of the National Collection. The arrangement is that of Leng's Catalogue of Coleoptera.
Cicindelidae

49 Cicindela repanda Dej. Penobsquis, N. B, (Frost)
;
Portaupique, N. S, (Frost).

50 Cicindela repanda Dej. Penobsquis, N. B, (Frost)
;
Portaupique, N. S.. (Frost).

53 Cicindela tranquebarica Hbst. Penobsquis, N. B, (Frost)
;

Portaupique, X. S,
(Frost).

53c Cicindela tranquebarica horiconensis Leng. Portaupique, N. S, (Frost).
59 Cicindela longilabris Say. Penobsquis, N. B, (Frost).
69 Cicindela sexguttata Fab. Portaupique, N. S, (Frost).

Carabidae
222 Elaphrus clairvillei Kby. Westchester Lake, N. S, (Frost).
225 Elaphrus olivaceus Lec. Penobsquis, Kingston, and Little Lepreaux, N. B, (Frost).
233 Elaphrus ruscarius Say. Penobysquis, N. B, (Frost).
236 Blethisa julii Lec. Penobsquis, N. B., (Frost).
241 Loricera neoscotia Lec. Penobsquis, N. B, (Frost).
324 Dyschirius nigripes Lec. Medicine Hat, Alta, (Carr).
331 Dyschirius globosus Say. Medicine Hat, Alta, (Carr).
342 Dyschirius erythrocerus Lec. Medicine Hat, Alta, (Carr).
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408 Bembidion inacquale Say. Penobsquis, N. B., (Frost).
412 Bembidion lacustre Lec. Penobsquis, N. B., (Frost).
436 Bembidion regestum Csy. Medicine Hat, Cypres Hills, and Pincher, Alta., (Carr) ;

previously recorded as approximatum Lec.

476 Bemidion rusticum Csy. (?) Portaupique, N. S. (Frost).
486 Bembidion simplex Hayw. Portaupique, N. S., (Frost).
512 Bembidion nigrum Say. Portaupique, N. S., (Frost).
521 Bembidion concolor Kby. Portaupique, N. S., (Frost).
533 Bembidion planum Hald. Portaupique, N. S., (Frost).
540 Bemdidion transversale Dej. Portaupique, N. S. (Frost).
573 Bembidion scopulinum Kby. Portaupique, N. S., (Frost).
591 Bembidion honestum Say. Portaupique, N. S., (Frost).
604 Bembidion semistriatum Hald. Harrison Settlement, N. S., (Frost).
651 Bembidion patruele Dej. Westchester Lake, N. S., (Frost).
660 Bemidion variegatum Say. Penobsquis, N. B., (Frost).
723 Bembidion versicolor Lec. Fredericton, N. B., (Gorham) ; Westchester Lake, N. S

(Frost).
747 Bembidion mutatum G. & H. Portaupique, N. S., (Frost).

776 Bembidion anguliferum Lec. Westchester Lake, N. S., (Frost).
Bembidion substrictum Lec. Penobsquis and Little Lepreaux, N. B., (Frost).

829 Tachyura tripunctata Say. Portaupique, N. S., (Frost).

908 Platidius rugicollis Rand. Portaupique, N. S., (Frost).
1162 Poecilus lucublandus Say. Medicine Hat, Alta., (Carr).
1182 Micromaseus patruelis Dej. Westchester Lake, N. S., (Frost).
1430 Triaena pallipes Kby. Penobsquis, N. B., (Frost).
1522 Platynus extensicollis Say. Penobsquis, N. B., (Frost).

1529 Platynus anchomenoides Rand. Penobsquis, N. B., (Frost).
1542 Platynus melanarius Dej. Penobsquis, N. B., (Frost).
1552 Platynus dcceptivus Lec. Penobsquis, N. B., (Frost).
1554 Platynus hardy i Lec. Penobsquis, N. B., (Frost).
1584 Platynus ruficornis Lec. Westchester Lake, N. S., (Frost).
1667 Lebia oranta Say. Portaupique, N. S., (Frost).
1693 Apristus cordicollis Lec. Portaupique, N. S., (Frost).
1748 Cymindis neglecta Hald. Toronto, Ont, (Oakley).
19042 Chlaenius frosti Carr. Saskatoon, Sask., (King).
19092 Harpalus indigens Csy. Westchester Lake, N. S., (Frost).
2086 Anisodactylus furvus Lec. Toronto, Ont., (Oakley).
2158 Tachxcellus nigrinus Dei. Westchester Lake, N. S., (Frost)

; Copper Mt., B. C.
(Smith).

2198 Stenocellus ncglectus Lec. Portaupique. N. S., (Frost).

2218 Stenolophus ochropczus Say. Portaupique, N. S., (Frost).

2220 Stenolophus fuliginosus Dej. Penobsquis, N. B., (Frost).

2238 Stenolophus conjunctus Say. Portaupique, N. S., (Frost).

Haliplidae

2322 Haliplus longulus Lec. Copper Mt., B. C, (Smith).

Dytiscidae
2439 Hydroponts cocheconis Fall. Portaupique. X. S.. (Frost).

2483 Hydroponts septentrionalis Gyll. Penobsquis, N. B., (Frost) ; Portaupique, N. S.,

(Frost).

2502 Hydroporus striola Gyll. (?) Penobsquis ,N. B., (Frost).

2506 Hydroporus dentellus Fall. Copper Mt., B. C, (Smith).

2509 Hydroponts fuscipennis Schaum. Copper Mt., B. C, (Smith).
2514 Hydroporus nigcr. Penobsquis, N. B., (Frost).

2518 Hydroporus notabilis Lec. Penobsquis, N. B., (Frost).
* Hydroporus brodei Gell. Beaver Cr., Alta., (Carr).

2539 Agabus scriatus Say. Westchester Lake, N. S., (Frost).

2553 Agabus semipunctatus Kby. Copper Mt., B. C, (Smith).

2566 Agabus phaeoptcrus Kby. Copper Mt., B. C, (Smith).

2572 Agabus erythropterus Say. Penobsquis, N. B., (Frost).

2579 Agabus ni'groacneus Er. Portaupique, N. S., (Frost).

19236 Agabus approximate Fall. Banff, Alta., (Carr).

19242 Agabus ambiguus Say. Portaup :que, N. S., (Frost).

2587 Ilxbiosoma bifarius Kby. Copper Mt., B. C, (Smith).

2589 ifybius subacneus Er. Penobsquis, N. B., (Frost).

2632 Colymbctcs sculptilis Harr. Fredericton, N. B., (Brown).

Gyrinidae
2696 Cyrinus affinis Aube. Gamble Lake and Castlereigh, N. S.. (Frost).

2703 Gryinus petoralis Lec. Kingston, N. B., (Frost); Cypress Hill, Alta., (Carr).

19250 Gyrinus latilimbus Fall. Mechanics Lake, N. B., (Frost) ; Gamble Lake and Cast-

lereigh, N. S., (Frost).
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Hydrophilidae
2712 Ochthebius benefossus Lec. Knowlton, Que., (Fisk).
2716 Ochthebius nitidus Lec. Black Rapids, Ont., (Brown).
2724 Ochthebius sculptus Lec. Winnipeg, Man., (Wallis).
2726 Ochthebius holmbergi Mann. French Lake, N. B., (Brown).
2739 Helophorus tuberculatus Gyll. Aweme, Man., (N. Criddle).

Helophorus aquaticus L. Penobsquis, N. B., (Frost).

Hydrochus currant Brown. Creston, B. C, (Smith).
2810 Hydrobius melaenutn Germ. Penobsquis, N. B., (Frost).

2825 Paracymus digestus Lec. Portaupique, X. S., (Frost).
2837 Enochrus cinctus Say (?). Penobsquis, N. B., (Frost).
2841 Enochrus hamiltoni Horn. Penobsquis, N. B., (Frost).

2850 Cymbiodyta fimbriata Melsh. Penobsquis, N. B., (Frost) ; Westchester Lake, X S
(Frost). i

19277 Cxmbiodyta vindicata Fall. Penobsquis, N. B., (Frost) ; Westchester Lake, X S
(Frost).

2854 Laccobius agilis Rand. Portaupique, N. S., (Frost).
2874 Cercyon quisquilius L. Penobsquis, N. B., (Frost).
2883 Cercyon haemorrhoidalis Fab. Portaupique, N. S., (Frost).
2885 Cercyon pygmaeus 111. Penobsquis, N. B., (Frost)

;
Portaupique, X. S., (Frost).

2899 Crytoplcurum minutum Fab. Portaupique, N. S., (Frost).

Silphidae

2909 var. Nicrophorus carolinus nebraskae Hatch. Medicine Hat, Alta., (Carr).
3030 Agothidium exiguum Melsh. Portaupique, X. S., (Frost).

Staphylinidae
3299 Siagonium punctatum Lec. Cypress Hills, Alta., (Carr).
3320 Olisthaerus nitidus Lec. Edmonton, Alta., (Carr).
3377 Omalium fractum Fauv. (?) Mechanics Lake, X. B., (Frost).
3582 Oxytelus rugosus Fab. Portaupique, X. S., (Frost).

Oxytelus fuscipennis Mann. Portaupique, X. S., (Frost).
3668 Blcdius tau Lec. Penobsquis, X. B., (Frost).
3710 Stenus austini Csy. Portaupique, X. S., (Frost).
3711 Stenus bipunctatus Erich. Medicine Hat and Pincher, Alta., (Carr).
3780 Stenus colonus Er. Westchester Lake, X. S., (Frost).
3821 Stenus retrusus Csy. Westchester Lake, X. S., (Frost).
3824 Stenus advena Csy. Westchester Lake, X. S., (Frost).
3833 Stenus annularis Er. Penobsquis, X. B., (Frost).
3841 Stenus punctatus Er. Westchester Lake, N. S., (Frost).
3846 Stenus arculus Er. Westchester Lake, X. S., (Frost).

Stenus reconditus Csy. Penobsquis, X. B., (Frost).
3952 Paederus littoramus Grav. Portaupique, X. S., (Frost).
4022 Tetartopeus angularis Lec. (?) Penobsquis, X. B., (Frost); Westchester Lake,

X. S., (Frost).
4027 Tetartopeus niger Lec. Penobsquis, XT . B., (Frost).
4278 Astenus longiusculus Mann. Medicine Hat, Alta., (Carr).
4296 Gyrohypnus obsidianus Melsh. Portaupique, X. S., (Frost).
4360 Xeobisnius pacderoides Lec. Medicine Hat, Alta., (Carr).
4369 Xeobisnius terminalis Lec. Portaupique, X. S., (Frost).
4373 Actobius nanus Horn. Westchester Lake, X. S., (Frost).
4418 Philonthus quadricollis Horn. Penobsquis, X. B., (Frost).
4423 Philonthus longicornis Steph. (?) Penobsquis, XT

. B., (Frost).

4433 Philonthus schzvarci Horn. Portaupique, X. S., (Frost).
4488 Philonthus viridanus Horn. Portaupique, X. S., (Frost).

4489 Philonthus confertus Lec. Penobsquis, X. B., (Frost).
19346 Philonthus crucntatus Gmel. Penobsquis, X. B., (Frost)

;
Portaupique, X. S., (Frost).

4543 Staphylinus fossator Graw. Portaupique, X". S., (Frost).

4548 Staphylinus viridanus Horn. Portaupique, X. S., (Frost).

4565 Acylophorus promts Er. Westchester Lake, X. S., (Frost).

4640 Oxyporus quinquemaculatus Lec. Portaupique, X. S., (Frost).

4663 Tachinus flavipennis Dej. Portaupique, X. S., (Frost).

4670 Tachinus pallipcs Grav. Portaupique, X. S., (Frost).

4690 Erchoinus ventriculus Say. Portaupique. X. S., (Frost).

4698 Conosoma imbricata Csy. Portaupique, X. S., (Frost).

4724 Bolitobius anticus Horn. Portaupique, X*. S., (Frost).

4727 Bolitobius trinotatus Er. Portaupique, X. S., (Frost).

4729 Bolitobius ohsolctus Say. (?) Portaupique, X. S., (Frost).

4742a Mxcctoporus americanus lucidulus Les. Portaupique, X. B., (Frost).

4760 Gymnusa brcvicollis Payk. Penobsquis, X. B., (Frost).

Histeridae

6503 Hololepta aequalis Say. Chatham, Ont., (Baird).
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6601 Hister furtivus Lec. Portaupique, N. S., (Frost).
6606 Hister depurator Say. Portaupique, N. S., (Frost).
6705 Xestipyge geminatum Lec. Chatham, Ont., (Baird).
6756 Plegaderus sayi Mars. (?) Penobsquis, N. B., (Frost).
6887 Saprinus mancus Say. Portaupique, N. S., (Frost).
6896 Saprinus patruelis Lec. Medicine Hat, Alta., (Carr).

Lycidae
6495 Plateros modestus Say. (?) Portaupique, N. S., (Frost).

Cantharidae
7100 Cantharis nigritulus Lec. Portaupique, N. S., (Frost).
7106 Cantharis scitidus Say. Portaupique, N. S., (Frost).
7107 Cantharis pusillus Lec. Portaupique, N. S., (Frost).
7137 Polcmius laticornis Say. Portaupique, N. S., (Frost).

Melyridae
7509 Eurelymis atra Lec. Medicine Hat, Alta., (Carr).

Cleridae

7612b Enoclerus lactus coccineus Schklg. Medicine Hat, Alta., (Carr).

Oedemeridae
7801 Asclera excavata Lec. Pincher, Alta., (Carr).

Mordellidae
7915 Mordellistena pityptera Lec. Westchester Lake, N. S., (Frost)

;
Penobsquis, N. B.,

(Frost).
7943 Anaspis rufa Say. Portaupique, N. S., (Frost).

Rhipiphoridae
* Rhipiphorus mutchleri Rivnay. Vernon, B. C.

Mem. Am. Ent. Soc. VI, 56, 1929.

7967 Rhipiphorus zeschii Lec. Trenton and Ottawa, Ont., (Evans and Fletcher). Recorded
as fasciatus Say.

Pedilidae
8271 Stereopalpus rafipes Csy. (?) Mechanics Lake, N. B., (Frost).

Euglenidae
8492 Vanonus piceus Lec. Penobsquis, N. B., (Frost).

8502 Tanilotes lacustris Csy. Portaupique, N. S., (Frost); Penobsquis, N. B., (Frost).

Elateridae
8617 Pityobius anguinus Lec. Portaupique, N. S., (Frost).

8631 Limonius aeger Lec. Westchester Lake, N. S., (Frost).
8648 Limonius canus Lec. Medicine Hat, Alta., (Carr).
8667 Athous cucullatus Say. Portaupique, N. S., (Frost).

8763 Ludius propola Lec. Portaupique, N. S., (Frost).
8769 Ludius medianus Germ. Portaupique, N. S., (Frost).
8777 Ludius aereipennis Kby. Portaupique, N. S., (Frost).
8831 Cryptohypnus lecontei Leng. Portaupique, N. S., (Frost).
8832 Hypnoidus striatulus Lec. Portaupique, N. S., (Frost).
8837 Hypnoidus melsheimeri Horn. Penobsquis, N. B., (Frost)

;
Portaupique, N. S.,

(Frost).
8846 Hypnoidus gentilis Lec. Edmonton, Alta., (Carr).
8848 Hypnoidus obliquatulus Melsh. Portaupique, N. S., (Frost).
8849 Hypnoidus pectoralis Say. Portaupique, N. S., (Frost).
8878 Dolopius lateralis Esch. Portaupique, N. S., (Frost).
8890 Agriotes ferrugineipennis Lec. Macleod and Pincher, Alta., (Carr).
8894 Agriotes limosus Lec. Portaupique, N. S., (Frost).
8932 Elater pullus Germ. Portaupique, N. S., (Frost).
8988 Megapenthes stigmosus Lec. Penobsquis, N. B., (Frost).

Melasidae
9133 Deltometopus amoenicornis Say. Portaupique, N. S., (Frost).

Throscidae
9195 Aulonothroscus constrictor Say. Penobsquis, N. B., (Frost).

Buprestidae
9334 Dicerca caudata Lec. Penobsquis, N. B., (Frost).

9335 Dicerca prolongata Lec. Penobsquis, N. B., (Frost).

9346 Dicerca chrysea Melsh. Penobsquis, N. B., (Frost).

9349 Dicerca tuberculata Cast. Penobsquis, N. B., (Frost).

9372a Buprestis nuttalli consularis Gory. Penobsquis, N. B., (Frost).
9436 Chrysobothris blanchardi Horn. Penobsquis, N. B., (Frost).
9448 Chrysobothris pusilla Cast. Penobsquis, N. B., (Frost).

9458 Chrysobothris trinervia Kby. Penobsquis, N. B., (Frost)
;

Portaupique. and Castle-
reigh, N. S., (Frost).

9459 Chrysobothris verdigripennis Frost. Penobsquis, N. B., (Frost).
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9468 Chrysobothris scabipennis Cast. Penobsquis, N. B., (Frost).
9479 Chrysobothris harrisi Hentz. Penobsquis, N. B., (Frost).
9512 Agrilus pensus Horn. Portaupique, N. S., (Frost).
9542 Agrilus politus Say. Portaupique, N. S., (Frost).

Helmidae
9609 Stenelmis crcnata Say. Portaupique, N. S., (Frost).

9635 Limnius ovalis Lec. Portaupique, N. S., (Frost)
;
Penobsquis, N. B., (Frost).

Heteroceridae
9646 Heterocerus undatus Melsh. Penobsquis, N. B., (Frost).

9648 Heterocerus brunneus Melsh. Penobsquis, N. B., Frost).

9650 Heterocerus collaris Kies. (?). Portaupique, N. S., (Frost).

Dascillidae

9657 Macropogon piceus Les. Banff, Alta., (Garrett)
;
Vancouver, B. C, (Chrystal).

Helodidae
9696 Cyphon obscurus Guer. Portaupique, N. S., (Frost).

Dermestidae
9742 Attagenus piceus Oliv. Medicine Hat, Alta., (Carr).

Byrrhidae
9869 Byrrhus americanus Les. Portaupique, N. S., (Frost).

Cryptophagidae
10359 Cryptophilus integer (Heer.) Chatham, Ont., (Baird).

Lathridiidae

10631 Lathridius liratus Lec. Portaupique, N. S., (Frost).
10633 Coninomus constrictus Gyll. Montreal, Que.
10642 Enicmus minutus L. Penobsquis, N. B., (Frost).

10664 Cartodere filum Aube. Saskatoon, Sask., (King).
10694 Corticaria fcrruginea Marsh. Portaupique, N. S., (Frost).
10696 Melanophthalma picta Lec. Portaupique, N. S., (Frost).
10705 Melanophthalma gibbosa Hbst. Portaupique, N. S., (Frost).

Phalacridae
10786 Olibrus pallipcs Say. Portaupique, N. S., (Frost).

Coccinellidae

10974 Brachycantha felina decempustulata Melsh. Penobsquis, N. B., (Frost)
;
Portaupique,

N. S., (Frost).

10988 Microweisea marginata Lec. Portaupique, N. S., (Frost).

11036 Scymnus agricola Csy. Penobsquis, N. B., (Frost).
11174 Hippodamia lecontei Muls. Edmonton and Medicine Hat, Alta., Cranbrook, B. C,

(Carr).
11183 Coccinclla tricuspis Kby. Penobsquis, N. B., (Frost).
11187 Coccinella monticola Muls. Penobsquis and Kingston, N. B., (Frost).

Alleculidae
11246 Hymenorus niger Melsh. Penobsquis, N. B., (Frost).

Lagriidae
12497 Arthromacra aenea Say. Portaupique, N. S., (Frost).

Melandryidae
12525 Pisenus humeralis Kby. Fairy Lake, Que., (Brown)

.

12564 Spilotus quadripustulatus Melsh. Knowlton, Que., (Adams).
12566 Scotochroa basalis Lec. Penobsquis, N. B., (Frost).
12588 Canifa pallipes Melsh. Portaupique, N. S., (Frost).

Anobiidae
12856 Caenocara blanchardi Fall. Portaupique, N. S., (Frost).

Bostrichidae
12926 Polycaon confertus Lec. Saanich, B. C, (Preece).

Cisidae
12969 Cis frosti Drury. Portaupique, N. S., (Frost).

Scarabaeidae
13107 Aphodius fossor L. Portaupique, N. S., (Frost).
13111 Aphodius haemorrhoidalis L. Portaupique, N. S., (Frost) ; Prince Edward Co., Ont.,

(Brimley).
13118 Aphodius bi'dcntatus Schm. Canmore, Alta., (Lippincott).

13186 Aphodius leopardus Horn. Portaupique, N. S., (Frost).

13200 Aphodius walshii Horn. Medicine Hat., Alta., (Carr).
Aphodius subterraneus L. Portaupique, N. S., (Frost).

13216 Ataenius abditus Hald. French Lake, N. B., (Brown).
13253 Rhyssemus sonatus Lec. Medicine Hat, Alta., (Baird).
13255 Pleurophorus caesus Crutz. Chatham, Ont., (Baird).
13289 Eucantluts lazarus Fab. St. Thomas, Ont., (Brimley).
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13328 Trox scabrosus Beauv. Pt. Pelee, Ont., (Brimley).
13472 Phyllophaga lanccolata Say. Aweme, Man., (N. Criddle).
13515 Phyllophaga fervida Fab. Prince Edward Co., Ont., (Brimley).
13620 Polyphylla deccmlineata Say. Cabri, Sask., Medicine Hat, Alta., (Carr).

Cerambycidae
14683 Xylotrechus quadrimaculatus Hald. Portaupique, N. S., (Frost).
14691c Xylotrechus undulatus fuscus Kby. Portaupique, N. S., (Frost).
14713 Neoclytus muricatulus Kby. Penobsquis, N. B., (Frost).
14894 Psenocerus supernotatus Say. Portaupique, N. S., (Frost).
15056 Pogonocherus mixtus Hald. Penobsquis, N. B., (Frost).
15109 Saperda obliqua Say. Portaupique, N. S., (Frost).
15119 Saperda lateralis Fab. Penobsquis, N. B., (Frost).
15137 Oberea pallida Csy. Portaupique, N. S., (Frost).

Chrysomelidae
15194 Donacia hirticollis Kby. Castlereigh, N. S., (Frost).
15199 Donacia palmata Oliv. Castlereigh, N. S., (Frost)

;
Kingston, N. B., (Frost).

15202 Donacia piscatrix Lac. Kingston, N. B., (Frost).
15213 Donacia pusilla Say. Mechanics Lake, N. B., (Frost).
15215 Donacia metallica Ahr. Portaupique, N. S., (Frost).

Donacia fulvipes Lac. Mechanics Lake, N. B., (Frost).
15312 Pachybrachys colorc.densis Bowd. Medicine Hat, Alta., (Carr).
15440 Pachybrachys bivittatus Say. Merritt, B. C, (Auden).
15453b Pachybrachys autolycus ivahsatchcnsis Fall. Medicine Flat, Alta., (Carr).
15470 Pachybrachys hepaticus Melsh. Medicine Hat, Alta., (Carr).
15479a Cryptoccphalus notatus quadrimaculatus Say. Portaupique, N. S., (Frost).
15527 Diachus catarius Suffr. Penobsquis, N. B., (Frost).
15537 Trachus astomus Suffr. Penobsquis, N. B., (Frost).
15570 Graphops nebulosus Lec. North Battleford, Sask., (N. Criddle)

;
Aweme, Man., (N.

Criddle).
15687 Chrysomela basillaris Say. Edmonton, Alta., (Carr).
15701 Gastroidca polygoni L. Saskatoon, Sask., (King).
\S733 Trirhabda comergens Lec. Penobsquis, N. B., (Frost)

;
Portaupique, N. S., (Frost).

15753 Galerucclla decora Say. Westchester Lake, N. S., (Frost).
20194 Galerucclla kalmiae Fall. Portapique, N. S., (Frost).
20196 Galerucclla spiracac Fall. Mechanics Lake, X. B.. (Frost).
20197 Galerucclla alni Fall. Penobsquis, N. B., (Frost); Westchester Lake. N. S., (Frost).

20198 Galerucclla perplcxa Fall. Portaupique and Westchester Lake. N. S., (Frost).
15794 Phyllobrotica limbata Fab. (?) Portaupique, N. S., (Frost).
15921 Haltica rosae Woods. Portaupique, X. S., (Frost).
15955 Haltica rufa 111. Covey Hill, Que., (Brown).
16066 Phyllotreta vittata Fab. Portaupique, N. S., (Frost).
16075 Phyllotreta armoraciae Koch. Rock Lake, Man., (Handford).

Mylabridae
16175 Mylabris discoideus Sty. Portaupique, N. S., (Frost).

Platystomidae
16305 Brachytarsus tomentosus Say. Chatham. Ont., (Baird).

Curculionidae
16338 Auletes albovestita Blatch. Penobsquis, N. B., (Frost).

16362 Rhynchites perplexus Blatch. Penobsquis, X. B., (Frost).
* Agronus carri Buchanan. Medicine Hat, Alta., (Carr) ; Chilestin, B. G, (Buckell).

Proc Ent. Soc. Wash., XXXI, 102.

16770 Lepyrus gemellus Kby. Edmonton, Alta., (Carr).

Lepyrus canadensis Csy. Beaver Creek, Alta., (Carr).

Lepyrus oregomis Csy. Edmonton, Alta., (Carr).

16866 Pissodes dubius Rand. Penobsquis, N. B., (Frost).

16897 Dorytomus parricollis Csy. (?) Portaupique, N. S., (Frost).

16921 Notaris acihiops Fab. Aweme, Man., (E. Criddle) ; Sudbury, Ont.

16989 Smicronyx squamulatus Lec. Chatham, Ont., (Baird).

17014 Endalus limatulus Gyll. Medicine Hat, Alta., (Carr) ; Windsor, Ont.

17021 Tanysphyrus Icnuiae Fab. Cypress Hills, Alta., (Carr).

17141 Magdali's alutacea Lec. Portaupique, N. S., (Frost).

17186 Tachyptercllus quadrigibbus Say. Salmon Arm, B. C, (Buckell).

17219 Anthonomus signatus Say. Portaupique and W'estchester Lake, N. S., (Frost).

17245 Anthonomus scutcllatus Gyll. Portaupique, N. S., (Frost).

17257 Anthonomus molochinus Dietz. Portaupique, N. S., (Frost).

17299 Pscudanthonomus cratacgi Walsh. Portaupique, X. S., (Frost).

17337 Orchestes ephippiatus Say. Penobsquis, N. B., (Frost).

17340 Orchestes parricollis Lec. Medicine Hat, Alta., (Carr).
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17345 Orchestes pallicornis Say. Portaupique, and Castlereigh, N. S., (Frost).
Orchestes testaceus Muls. Portapique and Weschester Lake, N. S., (Frost).

17351 Acalyptus carpini Hbst. Portaupique, N. S., (Frost).
17386 Cleonus trivittatus Say. Lunbreck and Medicine Hat, Alta., (Carr).
17730 Cnemogonus lecontei Dietz. Fredericton, N. B., (Brown).
17744 Aleutes tenuipes Lec. Rouville Co., Que.
17751 Aleutes cruralis Lec. Knowlton and Covey Hill, Que., (Brown) ; Mer Bleue, Ont.,

(Brown).
17760 Coeliodes flavicaudis Boh. Aweme, Man., (N. Criddle).
17762 Ccutorhynchus subpubescens Lec. Aweme, Man., (Handford).
17772 Ceutorhynchus solitarius Fall. Aweme, Man., (E. Criddle); Ottawa, Ont., (Beaulieu).
17774 Ceutorhynchus consanguincns Dietz. Aweme, Man., (N. Criddle)

;
Brooks, Alta.,

(Carter).
17778 Ceutorhynchus invisus Fall. Saskatoon, Sask., (King).
17791 Ceutorhynchus omissus Fall. Ft. Coulonge, Que., (Beauline) ; Pt. Pelee and Ottawa.

Ont., (Milne and Beaulieu)
;
Olds, Alta., (Willing)

;
Saskatoon, Sask., (King).

17797 Ceutorhynchus neglectus Blatch. Fredericton, N. B., (Brown)
;
Copper Mt., B. C,

(Smith).
17800 Ceutorhynchus pauxillus Dietz. Aweme, Man., (Handford).
17806 Ceutorhynchus oregonensis Dietz. Copper Mt., B. C, (Smith).
1781/ Ceutorhynchus septentrionalis Gyll. Portaupique, N. S., (Frost).
17828 Pelenomus sulcicollis Fahr. Cypress Hills, Alta., (Carr).
17841 Rhinoncus pericarpius Fab. Cypress Hills, Alta., (Carr).
17842 Rhinoncus pyrrhopus Boh. Kentville, N. S.

17843 Rhinoncus longulus Lec. Cypress Hills, Alta., (Carr); Pt. Pelee, Ont., (Walley).
17845 Phytobius qriseomicans Sz. Lethbridge, Alta., (Pepper).
18102 Calcndra aequalis Gyll. Point Pelee, Ont., (Ide).

Scolytidae

18188 Crypturgus atomus Lec. Penobsquis, N. B., (Frost).
18193 Polygraphus nifipennis Kby. Westchester Lake, N. S., (Frost).

Diptera
Tipulidae

* Erioptcra bryantiana Alexander. Bilby, Alta., (O. Bryant).
* Erioptcra manitobensis Alexander. Aweme, Man., (N. Criddle).
* Psiloconopa gaspicola Alexander. Gaspe Peninsula, Que., (G. C. Crampton).

Jour. N. Y. Ent. Soc, XXXVII, 49-54.
* Limonia pudicoides Alexander. Lepreau Harbor, N. B., (D. Galbraith).

Bull. Brook. Ent. Soc, XXIV, 299.

Chironomidae
* Crictopus abana Curran. Birtle, Man., (R. D. Bird).

Am. Mus. Novit., No. 339, 1.

Camptocladius bysinnus Felt. Brampton, Ont., (Caesar).

Bibionidae
* Bibio labradorcnsis Johnson. Nain, Lbr., (Bryant).

Psyche, XXXVI, 133.

Empididae
* Rhamphomyia birdi Curran. Birtle. Man., (R. D. Bird).
* Rhamphomyia luteiventer Curran. Birtle, Man., (R. D. Bird).
* Drapetis dcccptor Curran. Birtle, Man., (R. D. Bird).

Am. Mus. Novit., No. 339, 7.

Phoridae
* Aphiochacta catana Curran. Birtle, Man., (R. D. Bird).

Am. Mus. Novit., No. 339, 8.

Sarcophagidae
* Sarcophaqa canadensis Hall. Banff, Alta., (C. B. D. Garrett).

Ent. News. XL, 322.

Muscidae
* Circia tinctipennis Malloch. Banff, Alta., (O. Bryant)

;
Skagway, Alaska, (j. M.

Aldrich).

Ann. Mag. Nat. Hist.. IV, 100.

Phycodromidae
* Coclopa stejnegeri Aldrich. Pribilof and Commander Islands.

* Coclopa ncbularum Aldrich. Pribilof and Commander Islands.

Proc. U. S. N. M., LXXVI, Art. 11, 5.

Sepsidae
* Thcmira maculitarsis Curran. Birtle. Man., (R. D. Bird).

Am. Mus. Novit., No. 339, 10.
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Agromyzidae
* Phxtomxza atripalpis Aldrich B. C.

Proc. Ent. Soc. Wash., XXXI, 89.

Hymenoptera
Tenthredinidae

* Pontania mariana Ross. Vancouver, B. C.
* Pontania popuclla Ross. Aweme, Man., (N. Criddle).

Proc. Ent. Soc. Wash., XXXI, 91 and 93.

Ichneumonidae
* Messatoporus rufivcntris Cushman. Quebec Province.
* Listrognaihus multicolor Cushman. Kalso, B. C, (R. P. Currie).
* Mcsostcnus mclanurus Cushman. Calgary, Alta., (G. Salt).

Proc. U. S. N. M., LXXIV, Art. 16, 11-47.

Bethylidae
* Bcthylus brachxpterus Whittaker. Chilliwack, B. C, (O. Whittaker).
* Bethylus flavicornis Whittaker. Chilliwack, B. C, (O. Whittaker).
* Pscudisobrachium agilis Whittaker. Chilliwack, B. C, (O. Whittaker).
* Laelius occidcntalis Whittaker. Chilliwack, B. C, (O. Whittaker).
* Gonatopus scptcntrionalis W'hittaker. Chilliwack, B. C, (O. Whittaker).
* Gonatopus foutsi Whittaker. Chilliwack, B. C, (O. Whittaker).
* Aphclopus microtomus Whittaker. Chilliwack, B. C, (O. Whittaker).
* Aphclopus pilicornis Whittaker. Chilliwack, B. C, (O. Whittaker).

Trans. Ent. Soc. Lond., LXXVI, 385-389.

Panurgidae
* Pcrdita nigricollis Timberlake. Victoria, B. C, (E. C. Van Dyke).

Pan-Pac. Ent. VI, 54.

The following new Albertan records of Tenthredinoidea have been supplied by Professor
E. E. Strickland. Unless otherwise stated, the specimens were collected by Professor Strick-

land and determined by Mr. H. H. Ross.

Tenthredinidae
* Ametastcgia glabrata Fall. Edmonton.
Macrcmphytus nigra Nort. Wabamun.
Macrcmphytus varianus Nort. Wabamun.
Polytaxonus rubripcs Cress. Waterton.
Emphytus apcrtus Nort. "Wabamun.
Lycaota spissipcs Cress. Edmonton.
Macrophyta nigra Nort. Wabamun.
Rhogogastcr calif arnica Nort. Waterton.
Tcnthrcdclla aldrichi McG. Waterton.
Tcnthrcdclla alphia McG. Waterton.
Tcnthrcdclla castanca Kby. Red Deer, Edmonton.
Tcnthrcdclla leucostoma Kby. Edmonton.
Tcnthrcdclla lincata Prov. Wabamun.
Tcnthrcdclla magnifica McG. Waterton, Red Deer.
Tcnthrcdclla mclanosoma Harr. Waterton.
Tcnthredo basilaris Say. Red Deer.
Tcnthrcdo maximus Nort. Waterton.
Zaschizonyx montana Cress. Wabamun.
Zarea amcricana Cress. Waterton.
Zarca inflata Nort. Edmonton, (O. Bryant).
Cimbcx amcricana dccimaculata Nort. Waterton.
Trichiosoma bicolor Nort. Innisfail, (H. E. Gray).
Trichiosoma triangulum Kby. Waterton.
Ptcronidca vcntralis Say. Lethbridge.
Argc maclcayi Leach. Edmonton; Waterton.
Argc vircsccns Klug. Waterton; Red Deer.

Siricidae

Sirex juvcncus cyancus Fab. Banff, (G. A. Mail). Det. Strickland.

Cephidae
Jan us integer Nort. Edmonton. Det. Viereck.

Oryssidae
Oryssus sayi occidcntalis Cress. Wabamun.

Lepidoptera
Pieridae

* Eurxmus curxtheme aberr. laurac Chermock. Edmonton, Alta.

Bull. Brook. Ent. Soc., XXIV, 21.
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* Eurymus eurytheme form eriphyle var. nigricosta Chermock. Edmonton, Alta.
Bull. Brook. Ent. Soc, XXIV, 21.

Nymphalidae
* Melitaea mayi Gunder. Banff, Alta., (J. F. May).

Bull. Brook. Ent. Soc, XXIV, 327.

Noctuidae
* Triphaena esurialis race uclueleti Barnes and Benjamin. Ucluelet, B. C, (C. H.

Young)

.

* Papaipema inquaesita form wyatti Barnes and Benjamin. St. Therese Island, Que.
(G. Chagnon).

Bull. Brook. Ent. Soc, XXIV, pp. 179-180.

Geometridae
* Enypia venata form eddyi Barnes and Benjamin. Victoria and Duncan, B. C.

Bull. Brook. Ent. Soc, XXIV, 185.

Pyralidae
* Scoparia albcrtalis Dyar. Banff and Lake Minnewanka, Alta., (O. Bryant and H. G.

Dyar).
* Scoparia leucophthalma Ryar. Victoria, B. C, (W. R. Carter).
* Scoparia echo Dyar. Victoria, Fitzgerald, Coldstream, and Wellington B. C.
* Scoparia phycitinalis Dyar. Bilby, Kannanaskis, and Moraine Lake, Alta., (O.

Bryant).
Proc. U. S. N. M, LXXIV, Art. 24, pp. 2-4.

Crambidae
Platytcs vobisne Dyar. Minaki, Ont., (McDunnough)

.

Gelechiidae
* Recurvaria stibomorpha Mevrick. Toronto and Parry Sound, Ont., (Parish).
* Recurvaria vestigata Meyrick. Toronto, Ont., (Parish).
* Recurvaria taphiopis Meyrick. Toronto, Ont., (Parish).
* Nothris nephanthes Meyrick. Muskoka, Ont., (Parish).

Exotic Micro., Ill, pp. 484-497.

Eucosmidae
Taniva albolineana Kearf. Kingsville, Ont., (Caesar).

* Thiodia formosana var. subcandida Heinrich. Bilby, Alta., (O. Bryant).
* Eucosma derelicta Heinrich. Hymers, Ont.

;
Kings Co., N. S. ; Fraser Mills, B. C,

(L. E. Marmont) ; Alta.
* Epinotia subviridis Heinrich. Victoria, B. C, (W. R. Carter).
* Anchylopera tenebrica Heinrich. Bilby, Alta., (O. Bryant).
* Anchylopera mira Heinrich. St. Johns, Que., (W. Chagnon)

;
Vavenby, B. C, (T.

A. Moilliet).
* Anchylopera mira var. fnrvescens Heinrich. Quebec, (A. W. Hanham).

Proc. U. S. N. M, LXXV, Art. 8, pp. 1-18.

Nepticulidae
* Ectoedemia chlorantis Meyrick. Toronto, Ont., (Parish).

Exotic Micro., Ill, 462.
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Black cherry aphid 7,18

Black-headed budworm 12
Black vine weevil 9
Black willow aphid 28
Blister beetles 30
Borkhauscnia pseudospretella Staint 83
Bot flies 25
Boxelder aphid 25,28
Boxelder leaf roller 28,137
Brachyrhinus sulcatus Fabr 9
Brevicoryne brassicae L 10,19,33

Bronzed cutworm 11

Brown tail moth 7,13

Bucculatrix canadensisella Chamb 12

Bud moth 17

Page

Buffalo treehopper 13

Bulldog flies 25
Cabbage aphid 10,19,23
Cabbage butterfly 15
Cabbage looper 10,11

Cabbage maggot 16,21,27,33
Cabbage root maggots 30
Cacoecia argyrospila Walker 18
Cacoecia cerasivorana Fitch 24
Cacoecia fractivittana Clem 9
Cacoecia persicana Fitch 8
Cacoecia purpurana Clem 9
Cacoecia rosaceana Harris 8
Camnula pellucida Sc 23,32
Campaea perlata Gn 9
Campoplex genuinis Norton 80
Camptocladius bysinnus Felt 96
Carpocapsa pomonella L 7,13,15,17,32

Carrot rust fly 9,11,20

Cartodere filum Aube 29
Cephus cinctus Nort 24,26,30,31,65

Ceramica picta Harr 9,12,16,19

Ceresa bubalus Fab 13

Cheiropachus nigro-cyaneus 80
Chermes spp 12

Cherry case-bearer 14
Cherry fruit fly 18
Chicken mite 82
Chorizagrotis auxiliaris Grt 31

Chrysanthemum leaf miner 83

Chrysanthemum midge 83

Cigar case bearer 7,13,17

Cigarette beetle 22
Cimcx lectidarius L 25
Clear-winged grasshopper 23
Codling moth 7,13,15,17,32,111

Coleophora pruniella Clem 14

Collembola 84
Colorado potato beetle 9,24,27,33

Columbine borer 22

Common red spider 9
Common spider mite 25

Confused flour beetle 29
Conotrachclus nenuphar Hbst 8,14,18

Corn ear worm 9
Corythucha arcuata Say 25

Crambus luteolellus Clems 21

Cremastus interruptor 75

Cremastus minor Cush 126

Cryptococcus fagi Baerns 12

Cryptolechia tcntoriferella Clem 9
Cryptus lophyri 80
Cucumber beetle 9
Currant aphid 24,28

Currant bud mite 19

Currant fruit fly 24,28

Cutworms 1 0, 1 7,2 1 ,23,24,27,30,32,63

Cyclamen mite 16,19

Datana integcrrima G. & P 21

Datana viinistra Drury 14

Deprcssaria heracliana DeGeer 83

Dcrmanxssus gallinae DeGeer 82

Diabrotica vittata Fab 9,11,20

Diamond-back moth 11,21,83

Diarthronomyia hypogoea (F. Low) 83
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Page
Diodes obliteratus Cress 126

Dusky leaf roller 8,138

Dusky meal moth 83

Eastern tent caterpillar 13,18

Eight spotted forester 22
Ellopia fiscellaria Gn 15,84

Empoa rosae Linn 9

Empoasca viali LeB 12

Endrosis lacteella Schiff 83

Entomoscelis adonidis Pallas 24
Epinotia aceriella Clemens 21

Epitrix cucumeris Harr 10

Epochra canadensis Lowe 24
Erannis tiliaria Harr 25
Erebus odora L 29
Eriocampoides limacina Retz 14

Eriophyes pyri Pagnst 14

Eriophyes ribis Nal 19

Eriosoma americana Riley 25

Eriosoma lanigera Hausn 7,25,32

Erythroncura comes Say 16,19

Erythroncura tricincta Fitch 19

Estigmcne acraea Dru 23
Eulia mariana Fern 8
Eulia quadrifasciana Fernald 138
European apple sucker 7

European corn borer 10,11,20,46,51,54,140

European mite 82

European pine-shoot moth 73

European red mite 8,13,18

Euxoa mcssoria Harr 21

Euxoa ochrogaster Gn 27,30,31

Euxoa scandens Riley 67
Evcrgestis straminalis Gn 11

Eye-spotted budmoth 8,13

Fall canker worm 8,13,25

Fall webworm 13,21

Felted beech coccus 12

Feltia duccns Wlk. 27

Feltia subgothica Haw 21

Fir sawfly 25.76

Fire brat 84
Fish moth 22
Fleas 29
Forest tent caterpillar 21,28,30

Four-line plant bug 11,22

Frankliniella tritici occidentalis Per-
gande 32

Fresh water swamp mosquito 91

Fruit worms 13

Fruit tree leaf-roller 18,137
Galcruca externa Say 24
Galerucella decora 25,29
Gastrophilus spp 25
Glypta rufiscutellaris Cress 126
Glypta varipes Cress 126
Gracilaria ncgundclla Chem 28
Gracilaria syringclla Fab 21,83
Grain aphids 30
Grape berry moth 18

Grape leaf hopper 19
Grape vine leaf hopper 16
Grasshoppers 23,27,30,31,32
Greasy cutworm 11

Green apple aphid 6,14,17
Green apple bug 7 13

Green bud worm 7

Green fruit worms 8
Grey banded leaf roller 8
Haematobia serrata R. & D 25

Hairy spider beetle 29
Halisidota maculata Harr 24
Haploa militaris Harris 21
Haploptilia fletcherella Fern 7,13,17
Haploptilia laricella Hb \Q,\2
Heliothis obsoleta Fab 9
Hemerocampa leucostigma A. & S.

12,14,15,18
Hemcrophila pariana Clerck 9
Hemitiles utilis 80
Hemlock looper 15,84
Hen louse 23
Hexamermis 106
Hop flea beetle 21
Hoplocempa lacteipennis Rohwer 28
Horn fly 25
Horseradish flea beetle 16
House centipede 84
Hyalopterus arundinis Fab 24
Hydroecia micacea Esp 11
Hylemyia antiqua Meig 16,20,24,27,33
Hylemyia brassicae Bouche 16,21,27,30,33
Hylemyia cilicrura Rond 20
Hylemyia spp H
Hyphantria cunea Drury 13,21
Hypoderma bovis DeG 25
Ichneumon fungor Norton 80
Ichneumon rubicundus Cresson 80
Imperial cabbage worm 11
Imported cabbage worm 20,24,27
Imported currant worm 24,28
Indian meal moth 22
Iris snout beetle 100
Lachnus laricis Wlk 145
Larch case bearer 10,12
Larch sawfly 12
Large ox warble 25
Lariophagus distingundus 89
Larkspur leaf miner 16
Lasioderma serricorne Fab 22
Laspcyresia molesta Busck 18,124
Laspcyresia nigricana Steph 10,20
Laspcyresia prunivora Walsh 13,32
Lepidosaphcs ultni L 7,13,17,32
Lcpisma domestica Pack 22
Lcptinotarsa decemlineata Say

9,20,24,27,30,33
Lesser apple worm 13,32
Lesser migratory grasshopper 23
Leucanthiza dircella 22
Lilac leaf miner 21,83
Limax sp 20
Lime-tree looper 25
Liponyssus bursa 82
Lophyrus abietis 76
Loxostcgc sticticalis L 23.31
Ludius acripcnnis Kby 30
Lyctus spp 22
Lygaconcmatus crichsoniac Hartig 12

Lygidca mcndax Reut 7,18

Lygus com munis Knight 7

Lxgus communis var. novascotiensis
Knight 13

Lygus pratenis L. .. 9,11,17,18,19,32.102

Lygus vanduzii Knight 104

Macrocentrus ancylivora Rohwer 125.129

Macrocentrus delicatus Cress 126
Macrodactylus subspinosus Fab 19

Macrosiphum sp 30
Malacosoma americana Fab 7,13.18
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Malacosoma disstria Hbn 21,28,30
Mansonia perturbans Wlk 94
Maple leaf cutter 10,15,22
Maple leaf miner 21
Maple twig borer 28
Mealy plum aphid 24
Mediterranean flour moth 84
Mediterranean fruit fly 133

Mclanoplus mexicanus atlanis Riley 23,32
Melanoxantherium smithiae Monell 28
Meloe angusticollis Say 30
Menopon stramineum Nitzsch 23
Meromyza americana Fitch 24
Meteorus sp 126
Microbracon cephi Ghn 65

Microbracon sp •. 126

Mites 89
Mononychus vulpecuius Fab 100
Monophadnoides rubi Harris 10,19

Mosquitoes 22,25,29,89,92

Musca carnaria 80
Mushroom mite 84
Myzus ccrasi Fab 7,18

Myzus ribis L 24

Nemeritis canescens Grav 84
Neodiprion abietis Harr 25,76

Neodiprion lecontei 77

Nephelodes cmmedonia Cram 11

Nepticula pomivorella Pack 7

Notolophus antiqua L 12

Nygmia phaeorrhoea Don 7,13

Oak lace bug 25
Oblique banded leaf roller 8,137

Oecanthus nigricornis Walk 19

Olethreutes abietana Fernald 22
Onion maggot 16,20,24,27,33

Onion thrips ' 20
Orgilus obscurator 75
Oriental peach moth 17,18,108,111,116,124

140
Oyster shell scale 7,13,17,32

P. anxia Lec 16

Pachynematus ocreatus Harrint 25

Pale western cutworm 27,31

Pandemis limitata Rob 138
Papaipema purpurifascia G. & R 22
Paraclemensia acerifoliella Fitch 10,15,22

Paratetranychus pilosus C. & F 8,13,18,82

Parsnip web worm 83

Pea moth 10,20

Pear leaf blister mite 14

Pear psylla 18

Pear slug 14
Pemphigus betae Doane 31

Pemphigus populitrancversus Riley 28
Pepper grass beetle 24
Periphyllus negundinus Thorn 25,28

Peronea fragariana Kearf 25

Peronea variana Fern 12,84

Peronea varigana. 84

Phlebatrophia mathesoni MacG 12

Phorocera erecta Cog 139

Phyllaphis fagi L 145

Phyllophaga spp 23

Phyllotreta armorosiae Koch 16

Phytomyza chrysanthemi Kowarz 83

Phytomyza delphiniae Frost 16

Pieris rapae L 11,15,20,24,27

Pigeon tremex 21

Pimpla inquisitor Say 80

Page
Pissodes strobi 21
Plant lice 30
Plodia interpunctella Hbn 22
Plum curculio 8,14,18
Plutella maculipennis Curtis 11,21,83
Poecilocapsus lineatus Fab 11,17,22
Polychrosis viteana Clem 18

Polynema pratensiphaga Walley 105
Porosagrotis orthogonia Morr 27,31
Potato beetle 20,30
Potato flea beetle 10
Potato stem borer 11

Powder-post beetle 22
Protccteras willingana Kearf 28
Protoparce sp 21
Psila rosae Fab 9,11,20

Psyllia mali Schmid 7
Psyllia pyricola Forst 18

Psylliodes punctulata Mels 21

Pteromalus verditor 80
Ptcronidea ribesi Scop 24,28
Ptiuns villiger Reit 29
Purple-backed cabbage worm 11

Pyrausta nubilalis Hbn 10,11,20,46,51

Raspberry sawfly 10,19

Red-backed cutworm 27,31

Red-headed flea beetle 19,22

Red-humped caterpillar 14
Red spider 19

Red spider mite 28
Red turnip beetle 24
Rhagolctis cingulata Loew 18

Rhogoletis pomonella Walsh 12,15,17
Rhizagrotis flavicollis Gm 27
Rhopalosiphum pseudobrassicae Davis 10,11

Rhyacionia (evetria) buoliana Schiff 73
RJiynchitis bicolor Fab 24
Root maggots 11

Rose chafer 19

Rose curculio 24
Rose leaf hopper 9
Rosy apple aphid 7,17

Round-headed apple tree borer 15,18

Rusty tussock moth 9,12

Salt marsh caterpillar 23
San Jose scale 17

Saperda Candida Say 15,18

Satin moth 70
Saw toothed grain beetle 22
Schizura concinna S. & A 14

Sciara prolifica Felt 96
Scutigera forceps 84
Seed corn maggot 20
Septis arctica Bdv 21

Serpentine leaf miner 7

Silvanus surinamensis 22
Simaethis pariana Clerck 18,140

Sitotroga cerealella Olivier 83

Slugs 9,20

Sparganothis idaeusalis Wlk 9
Sparganothis sulfureana Clem. 9
Spilonota ocellana D. & S 8,13,14,17,138
Spiny elm caterpillar 12

Spotted Halisidota 24
Spring elm caterpillar 15

Spruce gall aphids 12,28

Spruce leaf-miner 22
Spruce sawfly 25

Squash bug 21

Stable fly 25
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Page
Stenoma algidella Wlk 10

Stilpnotia salicis L. 70
Stonoxys calcitrans L 25
Stored products insects 29
Strawberry borer 25
Strawberry leaf curler 25
Strawberry leaf roller 129

Strawberry weevil 9,15

Striped cucumber beetle 11,20

Striped tree cricket 19

Sugar beet root louse 31

Sugar beet webworm 23,31

Systena frontalis Fab 19,22

Tabanid spp. 25
Tachypterellus quadrigibbus Say 15,32

Taniva albolineana Kearf 22

Tarnished plant bug 9,11,18,19,32,102

Tarsonemus pallidus Banks 16,19

Tent caterpillar 7

Tetranychus favus Ewing 8

Tetranychits telarius Linn 9,19,25

Tetranychus sp 28
Tetranychus ununquis Jac 28
Thecodiplosis mosellana Gehin 21

Thermobia domestica Packard 84

Thrips 32
Thrips tabaci Lind 20

Tip moths 84

Tobacco stalk borer 21

Tobacco worms 21

Tomato worms 21

Transverse poplar leaf stem gall 28
Tremex columba Linn 21
Triaspis curculionis Fitch 126
Tribolium confusum Duval 29
Trichogramma 125
Trichogramma minutum Riley 128
Tropical fowl mite 82
Turnip aphid 10,11

Tyroglyphus linteri Osborn 84
Ugly-nest caterpillar 24
Vanessa antiopa L 15

Verbena bud moth 100
Walnut caterpillar 21

Western willow leaf bettle 25,29

Wheat midge 21

Wheat stem maggot 24
Wheat stem sawfly 24,26,30,31,65

White cutworm 67

White grubs 16,23

White-headed meal moth 83

White marked tussock moth 9,12.14,15.18

White pine weevil 21

White triangle leaf roller 8

Wireworms 9,20,23,27,30,3

1

JVohlfartia vigil 83

Wooly apple aphid 7.32

Yellow mite 82

Yellow-necked caterpillar 14

Zebra caterpillar 9,12,16,19

Zelus exsanguis Stal 23

Zenillia caesar Aid 139
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