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BULLETIN 203
SEVENTEENTH REPORT

OF THE

State Entomologist of Connecticut

To the Director and Board of Control of the Connecticut Agricul-
tural Experiment Station:

I have the honor to submit the following pages as my seventeenth
report as State Entomologist of Connecticut for the fiscal vear
ending September 30, 1917. - This report contains brief accounts
of the various lines of inspection and control work placed under
the State Entomologist by legislative enactment; the chief
entomological features of the season; and several special articles
dealing with injurious insects which embody the results of study
and observation by members of the staff.

Respectfully submitted,
W. E. Brirron,
State Entomologist.

REPORT OF THE RECEIPTS AND EXPENDITURES OF THE STATE ENTOMOLOGIST
FROM OCTOBER 1ST, 1916, TO SEPTEMBER 30TH, 1917.

RECEIPTS.
From E. H. Jenkins, Treasurer. ... .....coeeusssss $4,000.00
Account of 1916, Balance. . ....v..w il v 974.10
State Comptroller, Apiary Inspection Account 10.50
- = Gipsy Moth Control Account 434.00
$5,418.60
EXPENDITURES._
For Field, Office and Laboratory Assistance:
B. H. Walden, salary............. $875.00
Q. S. Lowry, R A i R = 1,141.62
M. P. Zappe, e A e by s et s e 1,083.31
J. S. Miller, e T g R 72.00
J. K. Lewis, o 8 N s 21.00
Ahce@rHeathe— T o . 277.42
GracerAdFoote, W LTl 397.75
Other stenographic work.......... 2.00
$3,870.10
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EXPENDITURES (Continued.)  $3,870.10

Printing and-INustrations. il e s nas o 14.10
e i o b L el Y N e 56.82
StAtIONerY: + s svd il e TR e e A T a 16.78
Telegraph and Telephone................ Sertindy 9.54
O e’ SUPPHEs - vavh s el taat ol e s et e 102,20
JB 1030 o 2 e R B e T Tt S e B B 40.43
Laboratory Suppliesyh. Fet e 49.74
Express, Freight and Cartage..... AT 3.45
Tools and Supplies: . oot e (e 83.68
Travelling xpenses:t. o se e tie fa s et 185.05
Balance;, cash.on hand: . .. . ssstaeisa i s st 986.71

$5,418.60

Memorandum:—This account of the State Entomologist has been
audited by the State Auditors of Public Accounts. The items of $10.50
and $434.00 credited above as received from the State Comptroller are
transfers from other appropriations to cover time expended on work for
which such,appropriations were made.

SUMMARY OF INSPECTION AND OFFICE WORK.

325 samples of insects received for identification.
86 nurseries inspected.
86 regular certificates granted.
40 parcels of nursery stock inspected and certified.
49 orchards and gardens examined.
163 shipments, containing 682 cases, 1,706,977 plants imported nursery
stock inspected.
45 shipments, or 28 per cent. found infested with insects or fungi.
473 apiaries, containing 4,506 colonies, inspected.
79 apiaries, containing 219 colonies, found infested with European foul
brood. .
2 apiaries, containing 8 colonies, found infested with American foul
brood. ) -
7 apiaries, containing 9 colonies, found infested with pickled or sac-
brood.
2026 letters written on official work.
435 post cards written on official work.
171 reports of inspection to Federal Horticultural Board.
890 bulletins, etc., mailed on request or to answer inquiries.
84 packages sent by mail or express.
30 lectures and addresses made at institutes, granges, etc.

PUBLICATIONS OF ENTOMOLOGICAL DEPARTMENT, IQI7.
By W. E. Britton:
Sixteenth Report of the State Entomologist (Part II of Station Report

for 1916); B2 pages, 3 figures, xvi plates; 10,000 copies distributed
in April.

P
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Report of Committee on Injurious Insects, Proceedings Connecticut Po-
mological Society, page 20. (314 pages) 1917.

Report of Committee on Injurious Insects, Proceedings Connecticut Veg-
etable Growers' Association, page 17 (2 pages) 1917.

Recent Anti-Mosquito Work in Connecticut (2 pages), Journal of Eco-
nomic Entomology, Vol. 10, page 109, 1917.

Bulletin 195, Insects Injuring Stored Food Products in Connecticut, 21
pages, 18 figures; 10,500 copies distributed in August.

Mosquito Control Work in Connecticut in 1916. Proceedings Fourth
Annual Meeting of the New Jersey Mosquito Extermination Asso-
ciation, page 184 (6 pages) 1917.

By B. H. Walden: "
Simple Apparatus for Insect Photography. (6 pages, 1 plate) Journal of
Economic Entomology, Vol. 10, page 25, 1917.

By Quincy S. Lowry:
An Outbreak of the Eight-Spotted Forester, Alypia octomaculata, in New
Haven, Conn. (2 pages) Journal of Economic Entomology, Vol 1o,

page 47, 1917.

By Irving W. Davis:
The Present Status of the Gipsy and Brown-Tail Moths in Connecticut,
(2 pages) Journal of Economic Entomology, Vol. 10, page 193, 1917.

By M. P. Zappe:

Egg-Laying Habits of Diprion simile Hartig. (2 pages) Journal of Eco-
nomic Entomology, Vol 10, page 188, 1917.

DEPARTMENT STAFF

WERE B RITTON, PR s o mL e State and Station Entomologist.
B. H. WALDEN, B.Agr...... R A S Shes Do First Assistant.
D Esgee. S Hags ol SRor o IE AU TR g e e W Assistant.
IVERRS I ZAPRRE RIS i s B s S e AT S Assistant.
Irving W. Davis, B.Sc...Assistant and Deputy in Charge of Moth Work.
N SV ORTH i v s it ol e s e 4 A aid Assistant in Moth Work.

NISS GRACE A. FOOTE, B ivivviunsnisvvninleras Clerk and Stenographer.

H. W. CoLEy, Westport }
A. W. Yares, Hartford

......................... Apiary Inspectors.
Messrs. Walden, Lowry, Davis and Zappe have continued as
assistants and have all aided in the inspection of nursery stock,
as well as in the general work of the department.
Mr. Walden was detailed as deputy to the Director of the Sta-
tion to look after the mosquito drainage work under the new law,
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and was thus occupied throughout the six summer months. Half
of his yearly salary will now be paid from the insect pest appro-
priation and the other half from Station funds, or from the ap-
propriation for mosquito control work. Mr., Walden spent most
of his time in the field during the summer but was able to do some
of the general photographic work of the department and helped
inspect some of the nurseries.

" Mr. Lowry has been engaged in the inspection of growing
nursery stock, imported nursery stock, and has studied the insects
attacking vegetable crops. He conducted experiments at the
Station farm at Mt. Carmel in controlling the striped cucumber
beetle and other insects attacking cucurbitaceous plants, but on
account of an operation for appendicitis was obliged to be in the
hospital for about six weeks in May and early June.

Mr. Davis has continued in charge of the work of suppressing
the gipsy moth and the brown-tail moth, and has been located at
Danielson throughout the year. He has inspected most of the
nurseries and some of the imported nursery stock in the eastern
portion of the State. On account of an operation, he was unable
to aid in the general inspection of the larger nurseries as in former
years.

Mr. J. T. Ashworth has been employed since June 1 as assistant
to Mr. Davis. Mr. Ashworth also resides in Danielson.

Mr. Zappe has helped inspect nurseries and imported stock, has
been in charge of the insectary, and has worked on the collections.
He has also collaborated with the entomologist in studying the
life history of the European pine sawfly, Diprion simile, and in
some orchard spraying experiments for the control of the false
apple red-bug. Mr. Zappe has also investigated and devised
methods of controlling a southern cockroach, Pycnoscelus suri-
namensis, which has caused much damage in the greenhouses of
A. N. Pierson, Inc., Cromwell, and the little red ant or Pharaoh’s
ant, Monomorium pharaonis, an annoying pest in a large dwelling
house in Hartford.

Miss Foote has done the necessary stenographic and clerical
work and has also indexed much literature to facilitate the looking
up of references. She has also kept records and made out the
reports to the Federal Horticultural Board. From November to
April she was called home by sickness and the work was done by
Miss Alice C., Heath. -

T
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Mr. J. Kirby Lewis was emploved for a few days in August, and
Mr. J. S. Miller for three weeks in September, to help inspect
nurseries.

Messrs. H. W. Coley and A. W. Yates have made the apiary
inspections as in preceding years on a per diem basis.

All mentioned above who have aided in the work of the de-
partment have labored conscientiously and their efforts are duly
appreciated.

NeEw EQUIPMENT.

No new equipment of importance has been obtained for the
office or laboratory during the year. In the gipsy moth work,
the Ford car was exchanged for a new one in the spring and a new
“Buick four' was purchased early in the summer.

Cuier Lines or WoRrk.

As has been the case for several years, the required routine and
control work continues to monopolize the time and efforts of the
staff. This includes the annual systematic inspection of nurseries,
and the inspection of orchards, fields, gardens and greenhouses
on request. In co-operation with the Federal Horticultural Board
all woody field-grown stock imported into Connecticut from
foreign countries has been inspected.

The work of suppressing the gipsy and brown-tail moths is
placed in charge of the State Entomologist. This work has been
in immediate supervision of Mr. Davis, aided by Mr. Ashworth,
though all expenses are paid upon the order of the State Comp-
troller, on duly receipted, certified and approved vouchers.

The inspection of apiaries is also placed by law upon the office
of State Entomologist, though, like the gipsy moth work, the
bills are paid from Hartford.

The department has been concerned with the anti-mosquito
work, not only around New Haven, but also of the whole state.
Mr. Walden has been in immediate charge.

Studies of the European pine sawfly, Diprion simile, have been

: : s |
COIlt'll"luE‘,d and are now about finished and ready for publication. :
| Means for controlling a pest of cockroaches in greenhouses, and
| the little red ant or Pharaoh’s ant in dwelling houses, have been

worked out by Mr. Zappe.

Mr. Zappe and the Entomologist have conducted spraying ex-
periments at Clintonville and at Milford to control apple aphids
and apple red-bugs.

3
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The study of insects attacking vegetable crops has been con-
tinued by Mr. Lowry, who has prepared the paper published in
this report on the Striped Cucumber Beetle. Further work will
be done on squash and cucumber insects.

Considerable time was put upon editing, indexing and reading
proof of the “Hymenoptera of Connecticut,” which was issued in
March as Bulletin No. 22 of the Connecticut State Geological
and Natural History Survey. ;

The Entomologist has also prepared, and later revised for pub-
lication, A Check List of The Insects of Connecticut, which will
be published by the Survey. He has also written a portion, and
edited the remainder, of a series of papers on the ‘“‘Hemiptera of
Connecticut,” which will be published by the Survey at some time
in the future.

The outbreak of the potato aphid was sudden, widespread, and
caused much damage. On account of the war and the campaign
to plant vegetable gardens in city back yards and on farms, the
correspondence of the office, as well as telephone inquiries, re-
quired more than the usual attention.

The following pages of this report give in greater detail an
account of the work of the department for the year.

INSPECTION OF NURSERIES.

Nursery inspection was commenced on August 6, and finished
on October 15, and the work was done by Messrs. Lowry, Zappe,
Davis, Walden, J. S. Miller, J. K. Lewis, G. A. Root and Britton.
Mr. Root was employed for the summer by the State Forester in
suppressing the white pine blister rust, and was detailed to ex-
amine the currant bushes and pine trees in the nurseries for this
disease. Though it had been found in two nurseries previously,
no signs of it occurred in any of them at the time of the annual
inspection.

The Ford car was spared from the gipsy moth work from August
11 to October 5 and was used to transport the men. It was es-
pecially useful in reaching the larger nurseries and even others
which are not adjacent to railroad and trolley lines.

All nurseries were given a thorough inspection, and on the whole
were found to be in good condition. All infested trees and shrubs
were marked and the owner was informed regarding them and
directed to treat or destroy those having pests liable to be dis-
tributed on nursery stock.
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In 29 nurseries no pests were found. The following pests were
found in the number of nurseries indicated: Oyster-shell scale, 44;
San Jose scale, 23; scurfy scale, 14; spruce gall aphid, 14; poplar
canker, ¢; tulip tree scale, 4; pine leaf scale, 3; lilac borer, 3;
chestnut blight, 2; imported European pine sawfly, 2; elm scale, 2; ;
Lina seripta, 2; pear leaf blister mite, 2; Oalk leaf roller, 2; apple ;
borer, ash borer, linden borer, shot hole borer, Abbott's sawfly,
juniper web-worm, Lina japonica, peach leaf miner, Lecanium,
pit-making oak scale, rose scale, and West Indian peach scale,

1 each.

Of course, such common insects as aphids, fall web-worm,
white-marked tussock moth, Datana ministra, red-humped cater-
pillar and leaf hoppers were found almost everywhere, and are
not taken into account except in severe infestations.

In addition to the regular inspections, a number of parcels have
been examined and certified. These were to be shipped by persons
not in the nursery business, or perhaps the stock was not covered
& by the regular certificates, and these parcels were refused by the

transportation companies unless accompanied by certificates.
During the year 4o such parcel certificates were issued.

Two nurseries were inspected twice, in addition to the examina-
tions for pine blister rust, which were made in May and June in
the seyeral nurseries having pine trees. :

Of the 83 names on the nurserymen'’s list for 1917, four are new \
since the publication of the last year’s list. Two have dropped
the nursery business, three firms have changed names, and two
have not yet cleaned up their nurseries so as to receive certificates.

The area devoted to growing nursery stock in Connecticut is y
about the same as last year, being slightly curtailed on account of |
the scarcity of labor, and amounts to about 1,500 acres. The list
for 1917, together with date and number of certificate, and acreage
of each, is given below:

| S

Nursery FirMs IN CONNECTICUT RECEIVING CERTIFICATES IN IQI7.

No. of

] Certificate Certif-

Name of Firm Address Acreage Issued icate

Alderson & Dell, The Misses. ... Greenwich...... 1 Sept.29 842
Barnes Bros. Nursery Co....... Yalesville. ... ... 155 Oct. 5 853
Beattie, WmSH 000 S8 New Haven..... 1 Oct. 9 864
BertolE B RpRouy s me L F el Sound Beach.... 25 Oct. 16 871
Bowditehrali B w o vawnteiih Pomfret Center.. 8 Sept.12 8iI9

Bradley, H M......... Atk 0 Derby: Jish stk 1 Dec. 18 895
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Nursery Firms 1IN CONNECTICUT RECEIVING CERTIFICATES IN 1917--Con. =

No. of
Certificate Certif-

Name of Firm Address Acreage Issued icate

Bradley, Smith T, ..., New Haven..... 1 Nov.22 887
Brainard Nursery & Seed Co.... Thompsonville.. 6 Oct. 3 850
Bralev 8t God o e En e Burnside, ... ... 1 Sept.26 833
Bretschneider, A.....ivvnae. inn Danielson. ..... 1 Sept. 5 813
BEODKS BIOB. s Cais v e stoiieismisss Westbrook. ... .. 2 Oct. 11 867
Burr: 8 o5 G R i Manchester.. . .. 300 Sept.15 822
Burroughs, Thos. E. ........... Deep River. .... 3 Sept.17 824
CHapMANNGE BT Grofon.. k. I Octh- 4T iBdd
Chapman;|Ca B vaaaiaiie i North Stonington 2 Sept.28 835
Conine Nursery Co., The F. E... Stratford....... 50 Oct. 3 849
Conley, D00 e Ridgefield...... 3 Sept.25 830
Conn. Agricultural College (Prof.

Skl Hollister) s in oo Tl W STOEIS ped i, 2 Oct. 8 860
Conn. Agri. Experiment Station

(W. O. Filley, State Forester)... New Haven..... 1 Sept.25 832
Gomwvay, " WeiBLa sy e e New Haven..... 1. Oect. « 8 858
Crofut & Knapp Farm. . ....... Norwalk. . ..... 6o: Oct. o9 862
Cross Highway Nurseries....... Westport. ...... 6 Nov.23 889
Dallas, Inc., Alexander......... Waterbury. . ... 3 Oct. 25 875 - ad
Plowd: Branke-Cul. fh o Sl s S Madison....... 3 Nov.26 891
Elm City Nursery Co., Woodmeont

Niutrseries; Ine. cv v vidbresras Woodmont &

New Haven... 155 Sept.15 823
Fairfield Landscape & Nurseries

(e I e o D [ AL T Cannon Station. 5 Nov.10 881
Gardner's Nurseries. .. ......... Cromwell....... 10 Sept.14 821
Geduldig, G., Estate of. ........ Norwich........ r Oct. 2 847
Goodwin Associates, Ine., The
28 00T e e s S R Hartford. ...... 1  Sept.25 828
Hartford Park Commissioners (G.
A Parker SUpPtlc s Jithands Hartford. ...... 3 Sept.28 837
Heath & Co., HuSh . oh i Manchester. . ... 50 Sept. 7 817
38120 Rl S LR IS RSN e Sound View..... 1 Sept.28 836
Holaomb, dEETIg Tt i ds ve e otk Simsbury....... 1 Sept.12 818
Horan. & Som Jasih. /e L ravid ey Bridgeport...... I s0ct.r 3. 851
Houston & Sons, J. R i i, Mansfield. . . ... 6 Oct. 8 861
Hoyt's Sons Co., The Stephen... New Canaan.... 300 Oct. 19 873
Hubbard & Co., Paul M........ Brigtal 55, ks 12 Oct. 20 874
Hunt & /Co. Wi W e s Hartford. .:..:. 12  Sept.29 839
Intravaia, Joseph (2)...:....... Middletown. . . . 1 Sept.17 825 y
Isselee, Charles. . .... AR A Py Darien. ........ 3 1 Oct: 3 . 852 N
Keellay  JaD0e8 ey e ot rar s sin s s New Canaan.... 1  Sept. 7 814
Kellner, Herman H. ........... Danbury....... I Qct. 28 846
1457} 7 ] B N R Rt S S T East Haven.... . 1 Nov.26 893 A
Malleft- & Col G Al n rreatinls Bridgeport...... 1 Nov.1o 882 o
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NURSERY FirMS IN CONNECTICUT RECEIVING CERTIFICATES IN 1917--Con.

Name of Firm Address Acreage Issued
Maplewood Nurseries (T. A. Pea-

body, Myl b L e Norwich. ..:vai s X Oct. 2
Marigold Farm (H. Kelley, Prop.) New Canaan... . 1 Sept. 7
McDermott, E. F.......... Windsor........ 1 Sept. 25
Meier & Gillette. . ......... West Hartford.. 2 Nov. 26
Munro, Charles. ........... New Haven..... 1 Sept.29
New Haven Nurseries Co. ...... New Haven..... 10 Oct. 16
New Haven Park Commissioners

(G. X. Amrhyn, Supt.)....... New Haven..... 30 Nov. 12
New London Cemetery Associa-

tion (F. S. Newcomb, Pres.)... New London.... 2 Oct. 1
North-Eastern Forestry Co Cheshiire. s ... . 20 Sept. 22
Norwich Nurseries (O. E. Ryther,

Prop:)ife)s =ine s i Norwich.... ... 6 Octl 30
Oakland Nurseries. ........ Manchester.. ... 50 Sept. 7
Palmer, L. M., Estate of Stamford. ...... Nov. 22
Park Gardens’: ... & - s wetens Bridgeport...... 1.~ Nov. 7
Pequod Nursery Co............ Meriden........ 15 Oct. 5
Phelps, J. Wesson.......... Bolton: Sia it 1 Sept.29
Phelps & V. T. Hammer Co., The .

B SRR e e Branford....... 2+ Ock Tx
Pierson, A N., Inei...lu . Cromwell....... 45 Sept.28
Platt Co., The Frank S New Haven..... 1 Nov. 12
Pomeroy, Edwin C......... Northville...... 1 Sept.25
Purmebon, (G100 00 Harttord, ... ... 1 Sept. 2:
Quality -Seed Store. ........ Stamford. ...... I. - Oet. 10
Raab, Joseph Q.. ...t ... Ansonia........ : 6 SO} T
T e £ T T (e e S Bridgeport.... .. g iClet: g
Roehrich, W. G........... Stratford.. ... 1 Oct. 15
Saxe & Floto. . ........c.... Waterbury. .... 1 Nov. 23
eteled 7 5l L R A i e Hartford....... 5
Sierman, G H. o vivesiaans Hartford....... 3" Oct. 25
South Wilton Nurseries South Wilton 5 Sept.14
Steck, Charles A........... Bethel......... 1 Sept.29
Stratfield Nursery Co Bridgeport...... 4 Nov. 9
Traendly & Schenck....... Rowayton. ..... 2. 'Oct. 6
L34, e 1 0 e S e Marion......... 3 Nov.17
Verkiadenll S oo T iias New London 1 Nov. 12
Vidbourne & Co., J........ Hartford. ...... 7 Sept. 29
Wallace, Arthur T......... Wallingford. .. .. 35 & Dctl 16
Wallingford Nurseries Wallingford..... 10 .Oct. 5
Wilsonnfe Co.,, C.EL &, 00, 1L Manchester.. ... 7 Sept. 5
Yale University Forest School... New Haven..... Z Octi g
Young, Mrs. Nellie A Pine Orchard 1 Oct. 30

No. of
Certificate Certif-
icate

848
815
829
892
841
870

883

845

. 826

878
816
888
879
855
843

866

834
884
831

863
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INSPECTION OF IMPORTED NURSERY STOCK.

On account of the war, fewer shipments, cases and plants were
received than during 1916, as the following figures show:

Year Shipments Cases Plants
1916 201 2,102 1,008,178
1917 163 682 1,706,077

These shipments have entered the country under the system
of permits and notices adopted by the Federal Horticultural
Board five years ago, and which is still in force.

Reports have been made to the Board of 171 shipments, 8 of
which were not inspected; 3 were refused by consignee, 2 contained
seeds, 2 herbaceous stock, and one was destroyed by consignee.

The stock came from about the same countries and in about
the same proportions as. in 1916, except that from Belgium a
larger proportion of shipments was received. Most of the stock
grown in Belgium was taken into Holland and shipped from
Holland ports. The figures for these shipments are given in
in the following table:

SOURCES OF IMPORTED NURSERY STOCK, 1916-1917.

Country No. of Shipments No. of Cases

Belland e A e e 57 249
i LT L e o L e G B 56 234
| DR ] s e e o 21 138
Trelanid. o avaii scaisavs oimns dazsna as 12 14
3L T e A R e MY 9 32
Seotland. ik et et s 3 3
J_apan ..................... 3 9
Ontario. .. ieih s e s e 1 2
Bermuda . i s S e I I

= 0 Y R e e A 163 682

Most of this stock was inspected by Mr. Lowry, but Messrs.
Zappe, Davis, Walden and Britton helped. The total time re-
quired in making these inspections amounts to rzo days of 714
hours each, or about two-fifths of the working time of an entire
vear. The cost of this work, including time and travelling expenses,
has amounted to about $663.00, or slightly more than half that
of last year, and has been paid on duly accredited vouchers by
order of the State Comptroller from the appropriation for sup-
pressing gipsy and brown-tail moths and for inspecting imported
nursery stock.
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Of the 163 shipments inspected, 45 shipments, or about 28
per cent., were found infested with insects or fungi, some of which
are pests. Among others, perhaps one of the most important
discoveries was an egg-mass of the European lackey moth, Mala-
cosoma neustria Linn., a defoliator of fruit trees, oak, elm, rose,
poplar, hawthorn and hornbeam.® Had these eggs not been
intercepted, they might have hatched and started a colony of the
lackey moth in this country.

Some of the insects were identified here, and some of the fungi
were determined by Dr. G. P. Clinton, Botanist of this Station.
The other insects and fungi were identified by specialists in the
Bureaus of Entomology and Plant Industry of the U. S. Depart-
ment of Agriculture, Washington, D. C.

The information regarding these infestations occurs in the
following list:

Prant Diseases AND INsEcTs oN IMPORTED NURSERY STOCK,
1916—17.

45 Shipments infested.
Plant Diseases.

Exobasidium vaccinii on Azalea. (29 shipments.)

Bier & Ankersmit, Melle, Belgium; G. J. Bier, Nieuwerkerk, Holland;
M. Debaerdemaeker, Everghem, Belgium (3); DeCoster Bros.,
Melle, Belgium; Achille de Coster, Melle, Belgium (2); Arthur
de Meyer, Mont St. Amand, Ghent, Belgium (2); August de
Vreese, Loochristy, Belgium (4); Guldemond & Son, Lisse,
Holland; K. J. Kuyk, Ltd., Ghent, Belgium (4); Van Dillewyn
& Thiel, Meirelbeke, Belgium (7); Van Gelderen & Co., Loochristy,
Belgium (2); A. Van Schoote, Ghent, Belgium,

Pseudomonas tumifaciens Crown Gall.

On Pear. Franco-American Seedling Co., Ussy, France.

On Lilac. F. Delaunay, Angers, France.

On Rose. F. Delaunay, Angers, France; W. Fromow & Sons, Windle-
sham, Surrey, England; Vincent Lebreton's Nursery, La Pyramide-
Trelaze, France.

Acremoniella atra (a saphrophyte) on Rhododendron. Hugo T. Hooft-
man, Boskoop, Holland.

Macrosporium sp. (a saphrophyte) on Rhododendron. Hugo T. Hooft-
man, Boskoop, Holland.

* W. D. Pierce. A Manual of Dangerous Insccts Likely to be Intro-
duced in the United States through Importations. U. S. Dept. of Agr.
p. 106, 1917.
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Pestalozzia guepini on Rhododendron.
Harry Koolbergen, Boskoop, Holland; Schaum & Van Tol, Boskoop,
Holland.
Phyllosticte sp. on Rhododendron. Harry Koolbergen, Boskoop, Holland.
Glomerella cingulata on Palm. K. J. Kuyk, Ltd., Ghent, Belgium (2).
Ascomycete on Oak, Immature. Franco-American Seedling Co., Angers,
France.

Insects.
Scale, Oyster Shell, on Buxus.
Jac. Smits & Co., Naarden, Holland; J. Verkade & Sons, Boskoop,

Holland.

Emphytus cinclus on Manetti stock.

E. Bruzeau, Orleans, France; F. Delaunay, Angers, France; Franco-

American Seedling Co., Angers, France; Franco-American Seedling
Co., Ussy, France (2); Vincent Lebreton's Nursery, La Pyramide-
Trelaze, France.

Aleyrodes Sp. on Azalea. M. Debaerdemacker, Everghem, Belgium.

Aphis, Woolly, on Apple Roots. Franco-American Seedling Co., Ussy,
France.

Malacosoma neustria, Egg mass. K. Rosbergen & Son, Boskoop, Holland.

Acronycta rumicis. F. Delaunay, Angers, France.

Acronycta rumicis. Cocoons. Vincent Lebreton's Nursery, La Pyramide-
Trelaze, France.

Empty Dipterous Pupae on Azaleas. W. C. Hage & Co., Boskoop,
Holland. -

Empty Sawfly Cocoon. M. Debaerdemaeker, Everghem, Belgium.

Lepidopterous larva in packing material. J. Blaauw & Co., Boskoop,
Holland. x

Leaf Miner, Work in Holly. Jac. Smits & Co., Naarden, Holland.

INSPECTION OF APIARIES.

This work has been done in about the same manner as in
former years, Mr. H. W. Coley of Westport covering Fairfield,
New Haven, Middlesex and New London counties, and Mr. A. W.
Yates of Hartford covering Litchfield, Hartford, Tolland and
Windham Counties. Each inspector has been paid by the day
and expenses for the time worked, from the appropriation made
by the legislature for this purpose.

In 1917, 473 apiaries were inspected as against 467 in 1916,
and though nearly all expenses have increased, the costs per
apiary and per colony are slightly less than last year. Eighty-four
towns were visited as against 96 last year. In 1917 apiaries
were inspected in the following 18 towns where no in-
spections were made in 1916: Branford, North Branford, Durham,
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Middletown, Portland, Kent, New Hartford, Plymouth, Roxbury,
Thomaston, Watertown, Woodbury, Burlington, Canton, New
Britain, Newington, Sterling and Woodstock.

European foul brood was found in each county in the state and
in the following 37 towns: Bethel, Fairfield, Huntington, New
Canaan, Norwalk, Ridgefield, Stamford, Weston, Westport,
Ansonia, Madison, Middlebury, Naugatuck, Waterbury, Wolcott,
Durham, Lisbon, Montville, New London, Norwich, Waterford,
New Milford, Plymouth, Bloomfield, Bristol, East Windsor,
Farmington, Manchester, New Britain, Plainville, Southington,
Coventry, Plainfield, Pomfret, Putnam, Sterling and Windham.
The percentage of apiaries and colonies infested was considerably
lower than in 1916. American foul brood was found only in the
town of Old Lyme in New London County. Of the 473 apiaries
containing 4,506 colonies examined, go apiaries containing 241
colonies, or about 19 per cent., were found diseased. i
' The statistics of the apiaries inspected in each of the 84 towns
in each of the eight counties may be found in the following tables,
the summary occurring on page 245:

APIARIES INSPECTED, IQI7.

3 No. Apiaries - No. Colonies
Inspected Diseased®™ Quarantined Inspected Diseased*
FaIrrIELD COUNTY.

Bethel ... avitina 5 I 0 29 2
Bridreport. . ol sfnvs I o 0 5 05
Danbury- < o ki s I 0 0 6 o
161 T il SR 2 0 o 59 0
Baston e s st s 3 o o 105 o
Rairfield. .t 2 oosi v 8 2 0 160 2
Greenwich........... 5 0 o 44 0
Huntington.......... 4 2 I 99 k]
New Canaan......... 3 I 0 35 6
Norwalle. . oo iiae il o 7 1 0 60 1
Redding. ..o oove o 6 0 0 51 [
Ridgefield. . »........ 3 Yk 0 16 I
Stamford....... it 14 2§ 0 164 2§
ptratfords s s 4 0 o 113 0
sunmbullse ety I o [} 68 0
Weston . o e e 5 I 0 30 1
Westoorto. ..ok, 8 I (] 97 I
Wialton s b 9 [ o 164 0
89 12 I 1305 19

* European foul brood unless otherwise indicated.
§ One with European foul brood and one with sacbrood.
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NeEw HaveEn County,

ADBONIA, = a v s fovmreTas I I 0 14 1
Beacon Falls......... I 0 0 12 0
Branford. . i manes I 0 0 4 0
Cheghire: = .. 5. .ok 8 1} (¢] 79 2%
ey N 5 1t 0 89 1§
Guilford ...t Salaasees 2 0 () 9 0
Hamden: i L oo o 2 0 0 13 o i
Madison:. .o rala a I (6} 46 4 =
Meriden=.l). . v s I5 2} o 141 3t =
Middlebury.......... I I 0 40 6
Milkord w2k st 5 0 (6] 58 o
Naugabuels, v e 6 3 0 42 il
North Branford...... I o o 5 0
North:Haven. .. ... .. 4 0 0 104 0
ek telel A (e e S A 10 0 0 98 0
ST or a1 ¥ p e S SR I 0 0 18 0
MW aterburysi i sl 10 5 5 58 32
Woolcotti .. siaivaing, 1 I 0 9 4
77 16 5 839 63
MippLeEsEx CouNnTty.
Darharm:: a st b 2 1 0 71 10
Middletown.......... 2 29 5] 14 51
Portland fe e ann I 0 0 52 0
5 3 o 137 15
NEw Loxpox CoOUNTY
Lasboniz o vt malines 2 I 0 5 1
Montville. .. ......... 9 4 0 52 6
New London......... I I o 14 4
Norwich . o dvaa s 7 3 0 164 3
OId Lyme. v s e vimioes 2 2t 0 57 8t
Waterford. . ......... 254 I 1 63 21
23 12 1 355 43
LitcuriELp CoOUNTY.
BN . S T, o 0 63 0 ’
New Hartford........ I 0 0 32 0 ‘
New Milford......... 18 5 o 90 12 - ke
Plymouth:........... I 0 20 1
BOXDUTY: sy oia s o I (o] (6] 13 0
Thomaston, . . ..% . u-» 14 0 0 43 0
Watertown........... 7 0 0 63 0
WoodDUEY e, oo et s I 0 0 27 0
50 6 o 351 13

{ American foul brood.
t Sacbrood. -~
1 Bee paralysis.
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Hartrorp COUNTY.

Berhnfd as Mt o o de 16 o o
Bloomfield. .......... 11 3 o
BYGEOl:) o oS e e 7 3 0
Buehopton: 3., 5.6 4 o 0
CABEOn s e 7 0 0
East Hartford. ....... 3 o 0
East Windsor. . ...... 16 3 o
Farmington.......... 27 8 0
Glastonbury.......... 17 o 0
Hartford oot e 4 0 0
Manchester. . ........ 13 8| o
New Britain......... 13 2 o
Newington........... 1 o o
Plasneilles 05, sy 7 2 2
Southington.......... 5 2 o
South Windsor....... 3 0 ]
West Hartford.....,. 2 o o
156 31 2

Torranp County,
ARdOVer: il e i 2 0 o
1252157 Tl vt el e 2 0 0
Coveniry . ns loa e 6 I 0
EIngton., ..o o vesseaes 10 0 (o]
Mapahield. s == toee y 0l 4 0 0
VErnon: & sikiana s 4 o o
28 I o

Winpuam County.
Brooklynitr o2 s o o 3 0 0
KAlnglye - et 4 0 (¢
Plainfield. ... ........ 5 I )
Pomifret: ancdiihe e 9 1 o
BULHa . s et s s 5 I o
3 eds b e S 15 4 0
Windham. . .....ove. 3 2 (o]
Woodstoek. .. ...ccve.. I 0 0
45 ‘9 o

SUMMARY OF APIARY INSBECTION.
County No. Towns No. Apiaries
Inspected iseased

Pl o e S L 18 89 12
New Haven lnn b aahas 18 77 16
Middlesex. .. .....ovuenas 3 5 3
New Londons ... ... icess 6 23 12
Iatehfield il o tva i | 8 50 6

|| Two with sacbrood; others European foul brood.

104
207
59
26
21
42
113
119
90
18

93
116

28
33
20
26

1113

50
60
50
57

228

20
21
19
47
13
15
16
27

178

245

-
LW S OO0 s VO

B oo &

l L]
oo, ON

~1
B

uchO—OS

[OG\J————GC

-
e

No. Colonies

Inspected
1,305
839
137
355
351

Dizeased

19
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SUMMARY OF APIARY INSPECTION— Conlinued.

County No, Towns No. Apiaries No, Colonies
- Inspected iseased Inspected Diseased
Hartlor i nrr s s 17 156 31 1,113 74
Tolland . s amre s tea it ool 6 28 1 228 1
Windham, oSl e sl 8 45 9 178 13
84 473 90 4,506 241
Apiaries Colonies
Numbeginspecteds b Lt i sl 473 4506
Infested European foul brood. . ............ 79 219
Pericent anfested . i e e 16.7 4.86
Infested American foul brood............... 2 8
Per centinfested i i i s e e .42 0 &/
Pickled or sachrood. iif o Ceide i - mieiiss: 7 9
Begrparalysisi, = = il ol I el D0 2 5
Average number of colonies per apiary. .. ... 9.52
(L6 o) i vyor o Los Eblat AMMICE UL Sl W fE i $749.51
AVerage CoSt-Per APIATY . +iiis ivian e s viv o s g fials 1.58
Average cost Per COlONY . . . i vivuvs e vevisos 166

European foul brood was reported by Dr. Phillips from Wethersfield
and Thompson.

SUPPRESSION WORK AGAINST THE GIPSY AND
BROWN-TAIL MOTHS.

By W. E. BritroN axD Irvine W. Davis.

The work against these two pests has been conducted as in
preceding years. Mr. Davis has had supervision of the field
work under the State Entomologist, and since June 1, 1917, has
been assisted by Mr. John T. Ashworth, who has had much
experience in this work, being formerly emploved by the Gipsy
Moth Commission of Massachusetts, and more recently by the
Bureau of Entomology of the U. S. Department of Agriculture.

The scouts and other emplovees necessary have been hired as
needed. Some of the scouts have worked for us for several seasons,
and have also been employed by the Federal Bureau of Ento-
mology. Others have taken up the work more recently and have
received their training by working with the other men in the
scouting crews. The force has been impaired, and the work
interrupted by men accepting other positions or entering the
military service of their country. It is very difficult at present
to obtain any kind of help, and much more so the character and
type of men who develop into good scouts.

e P L P et ST 2 et s~ Hx-3
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e In all of this work the most cordial co-operation has existed
between this office and the Federal Bureau of Entomology, and
we wish especially to express our thanks to Messrs. A. F. Burgess
and L. H. Worthley, who have been in charge of the work for the
Bureau.

For the control of the brown-tail moth we have continued
clipping off and destroying the winter nests; for suppressing the
gipsy moth, the work has consisted of scouting and creosoting
egg-clusters, spraying badly infested areas, and banding and
destroying caterpillars in and around the colonies or infestations.

New EQUIPMENT.

But little new equipment was purchased during the past year.
The Ford touring car was turned in toward a new one in the first
part of the spring and this has been used by Mr. Ashworth in
his work. It is not proving as good as the older model. A four-
cylinder Buick touring car was also purchased and has been used
by Mr. Davis. As the territory grows, more money and time
are saved by the use of automobiles, for many of the towns, such
as Ashford and Voluntown, are miles from a railroad.

EmprLovyEEs WHo Have ENTERED MILITARY SERVICE.

The following men have enlisted in the Army or Navy:
Sergt. George D. Stone, Battery D, 56th Mobile Artillery.
Adolph D. Jarvais, Battery D, 56th Mobile Artillery.
William Lord, U. S. Naval Reserve. :

George Benoit, Medical Corps.

Clifford A. Ladd, U. S. Navy.

W. Floyd Logee, U. S. Navy.

Charles A. Burdick, 174th Aero Squadrgn.

James A. Knight, Depot Brigade, Camp Devens.

Brown-TaiL Mot WORK.

Though this insect now covers the eastern half of the State,
it has not spread appreciably during the last two years. In fact,
it is difficult to find webs in most of the area supposed to be
infested. Last season the webs were so scarce, even in towns
which had formerly been heavily infested, that it was not thought
necessary to notify these towns to remove and destroy the webs
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as was done in 1916. Some scouting was done, however. Men
were sent to examine the towns just west of the quarantined area,
but no new towns were found infested. Small colonies were
located within the quarantined area at New London and Stoning-
ton and the webs were removed and destroyed. A few webs were
gathered in Canterbury, Bozrah and Preston for Mr. Burgess to
use in his parasite work, but even here they were so scarce that
the desired number could not be obtained.

Our men were on the watch for adults around lights in various
cities and villages in July, but none were observed.

Gipsy Motn WoRK.

The gipsy moth situation presents an entirely different aspect,
however, as there were a large number of single egg-cluster infesta-
tions (‘‘singles’) throughout the towns in the northeastern
corner of the State. This would indicate another but shorter
windspread than that of 1913.

........

" CONNECTICUT

-

Figure 1. Map of Connecticut, shaded portion showing area now infested
by the gipsy moth.

LN

..*
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Further south and west an increase was also noted, as in
Canterbury, Brooklyn, Hampton and Eastford, while Ashford
showed a small decrease. Mansfield for the first time appears
in the list of infested towns, two infestations being found near the
eastern border of the town. This is the first time the gipsy moth
has been taken in Tolland County. The area now infested is
shown in figure 1.

Since our funds were limited and some of the towns had shown
but few if any infestations in the past few vears, it was thought
best to scout only restricted portions of certain towns, as in the
case of Sterling, Plainfield, Griswold, North Stonington, Stoning-
ton, etc. Three of the towns; namely, Sprague, Lisbon and
Groton, were not scouted at all. We have planned to scout the
entire infested area this coming winter.

The spraying was done with the horse-drawn power sprayer
owned by the State and a power-truck sprayer which was lent to
us by the Government. The former was used in Thompson,
Putnam and Killingly where the infestations were the heaviest
and near together. The Government sprayer was used in towns
where the infestations were scattering and we were thus able to
spray colonies in North Stonington, Canterbury, Hampton and
Eastford. Altogether g1 separate infestations were sprayed.

With so many single infestations, it was impossible to band
trees near all of them, and therefore only the larger colonies were
thus treated. Every effort was made to visit all of the infested
localities during the caterpillar season, and in this manner over
37,000 of the gipsy moth larvae were killed, besides those caught
in the bands or poisoned by the spraying.

The food plants of the gipsy moth are very numerous but those
most favored are apple, oak, willow and alder, while such trees as
ash and the evergreens are seldom attacked. In Connecticut the
woodland in the infested area consists largely of the various species
of oak, with but few evergreens, and this section therefore offers
an excellent chance for the spread of this pest.

PARASITES.

There are several native insects and some birds that feed on
the gipsy moth, but these are not able to control the pest. In
1905 the United States Department of Agriculture introduced
from Europe and Japan a number of parasites, some of which
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have become well established in this country. The most important
of these are the Calosoma beetle (Calosoma sycophanta Linn), a
tachinid fly (Compsilura concinnata Meig.), and several small
wasp-like insects (Apanteles lacteicolor Vier., Schedius kuvanae
How., Anastatus bifasciatus Fonsc.). All of these mentioned
have been colonized in Connecticut with the exception of Schedius,
an egg parasite. These are, 'of course, very scarce in this State
at the present time, and until they become more plentiful the
artificial methods of control will have to be employed.

Some gipsy moth pupae collected. in Canterbury in November,
1917, were infested with a white mold or fungus, which has
been identified by Mr. A. T. Speare, Bureau of Entomology, as
Isaria farinosa (Dicks) Fr., a species previously recorded from
Massachusetts on gipsy moth pupae.

PRESENT STaTUS OF PARrRASITE WORK IN CONNECTICUT.

The following tabulated information regarding parasites intro-
duced into, and recovered from Connecticut, has kindly been
furnished by Mr. A. F. Burgess:

Compsilura concinnata Meig.

Colonized: 1912 1913 1914 1916 1917
Putnam Hartford Plainfield Suffield Scotland
Mansfield Stafford Hampton
Stonington Colchester

Norwich
Old Lyme
Recovered: 1915 1916 1917
Woodstock Stonington Putnam
Plainfield
No. Ston-
ington

Zygobothria nidicola Towns.

This species has never been colonized in Connecticut, but in
1917 was recovered from Canterbury and Waterford.
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- Apanteles lacteicolor Vier.

Colonized: 1912 1913 1915 1916 1917

Putnam Suffield Manchester East Lyme Montville

Hartford  Chester Canterbury Groton

Mansfield Lebanon

‘Norwich

Stonington

Griswold

Plainfield

Killingly

Hampton ;

Recovered: 1913 1914 , 1015 1916 1917

Thompson Waterford Stonington Killingly  Canterbury
Woodstock Hartford Lebanon  Brooklyn

Pomfret Suffield East Hartford
Stafford Wethersfield
Somers

Meteorus versicolor Wesm.

Colonized: 1916 1917
Colchester Lyme
Waterford
Ledyard
Recovered: 1914* 1916
Hartford  Woodstock
Thompson
Killingly
" Brooklyn

Anastatus bifasciatus Fonsc.
Colonized: 1917

Town Number of Colonies
Thompsonw(itc s hEa s s s et m et sd 21
4 aTete G Ted St R R e M e T, s A 5
PUBHaR < o A e e G Eal . 3
Killmplir it e i A e e e e 6
Pomiidtl o 2l e AR (41 s N 3
1512V s G e A e R sl R i A e 2
Brookl Ve oo . las simee o Sl et R S ¥k

. Hampton....... S A LRl 3 P e 5
(0315 [, T e i S et T
Maneheld s Te Ll & gt aos i Sk ol I
Canterbiry.’. 7.t vos v ST TR R IR 1

i ]2 e e % L2y S ek g A R 51

*Note: Itis probable that many of the earlier colonies of A. lacteicolor
also contained a few cocoons of M. versicolor.
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Each of these colonies contained 1,000 parasites, making a
total of 51,000 parasites of this species liberated in Connecticut
in 1917. Collections of gipsy moth eggs will be made in Con-
necticut this winter to determine the success of these colonies.

Calosoma sycophanta Linn.
Stonington:

On June 16, 1914, a colony containing 6o males and so females
was liberated on Mr. E. P. Edwards’ farm about one mile from
depot, in an orchard almost defoliated by the tent caterpillar,
Malacosoma americana, adjoining a wood lot where a gipsy moth
egg-cluster had been found.

On the same date another colony, containing 6o males and 350
females, was liberated on York farm in the Anguilla district,
about four miles from depot, in orchard infested with tent cater-
pillar, Malacosoma americana.

Up to January 1918, no recoveries have been made in the vicinity
of these two Stonington colonies.

Thompson:

On July 6th, 1915, a colony containing 6o males and 5o females
was liberated about soo yards south of the Thompson railroad
station.

On the same date a colony containing 6o males and 50 females
was liberated in oak woodland on east side of electric railway,
one mile south of Wilsonville, on property of the Grosvenordale
Company.

On July 7, 1914, Mr. W. F. Kelly of the Federal Bureau of
Entomology, while scouting woodland in Thompson, recovered
and sent to the laboratory one male adult.

On September 12, 1916 the site and surroundings of both
colonies mentioned above were scouted for larval molt skins or
eaten pupae, but none were found.

Killingly:

On July 17, 1917, a colony containing 40 males and 5o females
was liberated on property of C. 0. Chase, near Putnam Heights,
where a gipsy moth colony was found in 1916.

Mr. Harry L. Johnson of South Meriden took a specimen of
this species near his home on May 24, 1915. So far as known the
insect had not been planted within 4o miles of this locality.

L ER
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DeraiLs or Gipsy Mors Work By Towns.

The following detailed account of the work in each town was
prepared by Mr. Davis:

Thompson—j518 infestations—2,837 egg-clusters.

Thompson continues to be one of the most thickly infested
towns in the State. During last season 518 infestations containing
2,837 egg-clusters were located within its limits, and while there
were a large number of infestations that contained only a single
egg-cluster each, there were several that varied in size from 75
to 250 egg-clusters. The entire town is infested, but the eastern
portion of the town is the worst, the infestations being more and
more scattered as the work is carried west.

A year ago it was noted that a large number of infestations were
found on the road leading from Brandy Hill to Webster, Mass.
This road runs along the side of a ridge which in that section
extends almost north and south, and from the top of this ridge
eastward to the Rhode Island line the country was generally
infested. Outside of this area large colonies which might be
noted were those on the State road above Wilsonville, in a large
oak near Quinebaug, and on the golf links near the Putnam town
line.

The summer work was about the same as that done in pre-
vious years, namely, banding the trees around the infestation
with either Tanglefoot or Raupenleim, the men attending to
these bands every few days during the larval season and destroy-
ing all caterpillars which could be found there. The power
sprayer was also used again and 49 of the largest colonies were
spraved with a mixture of arsenate of lead.

Scouts have already been doing some woodland scouting in
this town, and several colonies have been located althouah but
few singles have been found.

Woodstock—180 infestations—714 egg-clusters.

This town was scouted by men employed by the U. S. Depart-
ment of Agriculture, as were many of the towns in the State,
and the result was the finding of 180 infestations, only 3o of
which contained more than a single egg-cluster.

A large number of singles were found in the vicinity of South
Woodstock, but the larger infestations seemed to be in a line
running from the northeast to the southwest corner of the town.

R e
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The largest colony was in the northeastern part of the town on
land owned by Mr. A. T. Avery, where 130 egg-clusters were
found on some pasture oaks.

The heaviest infested areas were banded during the summer
and about 2,500 caterpillars were killed. The power sprayer
was used in this town to spray seven of the worst infestations.

Putnam—163 infestations—488 egg-clusters.

Putnam is one of the towns in the northeastern portion of
the State which have been heavily infested since the scouting
was first started in 1913, and during the winter of 1916-17 one
hundred and sixty-three infestations containing‘ four hundred
and eighty-eight egg-clusters were found.

As Putnam is a rather small town containing about twenty
square miles, the number of infestations found shows Putnam to
be about as thickly infested as Thompson, which lies to the north
of it. A large number of singles were also located in this town,
but most of the larger colonies were along the northern border.
One exception to this was a group of infestations in some oak
woods near the Killingly line. This woodland lies partly in
Putnam and partly in Killingly and colonies of the gipsy-moth
were found in these woods in both towns.

During the early part of the summer fourteen of the largest
infestations were sprayed and in the course of the tanglefoot
work which closed the last of July, over g,000 caterpillars were
destroyed besides those which were killed by spraying.

Pomfret—sg infestations—3zo9 egg-clusters.

During the late summer and early fall of the year 1916, a crew

of men worked in the western part of Pomfret at woodland scout-
ing, but there were not many colonies located. In the winter
the roadside scouting showed 59 infestations well scattered
throughout the town. Only twelve of these colonies, however,
contained more than one egg-cluster each, and the majority of
these were in the woodland.
i The largest of these infestations were banded early in the spring
and the work of patrolling the banded areas was carried on until
the end of July. During the spraying season, the Federal sprayer
was used in Pomfret, and three of the worst infestations were
sprayed.

L S
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Eastford—27 infestations—251 egg-clusters.

Just to the south-west of Eastford village, there is a large
section of woodland with but a few farms scattered through it.
In this area the most of the infestations found in the town of
Eastford were located.

Although the most of the colonies were in the section noted,
the largest infestation in Eastford, which contained 106 egg-
clusters, was found about a mile northwest of the village near
the Woodstock line.

Three of these infestations, including the last one mentioned,
showed several larvae in the early part of the season and these
were sprayed with arsenate of lead during the latter part of June.
The banded trees were inspected as in previous years and con-
tinued until the latter part of July, when the season closed.

Ashford—:2 infestations—_; egg-clusters.

In Ashford, only two infestations of the gipsy-moth were
found last winter, and these were both near the eastern side of
the town. They were both banded and patrolled but during the
summer work only one gipsy-moth caterpillar was found.

Killingly—182 infestations—622 egg-clusters.

This is a rather large town, covering an area of about fifty-
two square miles and extending for nine miles north and south
along the Rhode Island line. In the northern portion of Killingly
the infestations were rather heavy, both as regards colonies and
single egg-cluster infestations. Toward the south part of the
town there were no large colonies, and there was a marked decrease
in the number of singles found.

It was impossible to band the trees around all of the single

infestations, so only the larger colonies were thus treated, although

all of the infested localities were visited during the patrolling
work in the summer. Early in the month of July three of the
worst colonies were sprayed. -

Brooklyn—q41 infestations—3o05 egg-clusters.

The eastern portion of the town contained a majority of the
infestations, but these were practically all single egg-clusters.
The largest colony in Brooklyn was located just to the west of
Tatnic Hill, and here one hundred and ninety-seven egg-clusters
were creosoted. Smaller colonies were found on Barrett Hill
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in the northern part of the town, and in a maple swamp a little
west of Church Street. The larger colonies were banded with
tanglefoot and during the patrolling work over 5,000 caterpillars
were destroyed. The season closed the latter part of July.

Hampton—j3o infestations—248 egg-clusters.

With the exception of a group of infestations in the northern
part of the town near the Pomfret line, the gipsy moth colonies
were well scattered throughout the town. In this group were
several colonies, but the two largest infestations were found in
other parts of the town, one being in the west portion near Chaplin,
while the other was in the east side about a half a mile from the
Brooklyn line.

At one of the colonies in the group already noted, a large
number of caterpillars were found in the early part of the summer,
but prompt work caused a decided decrease in the number of
larvae and it is believed that this colony has been destroyed.
The spraying of a colony has proven to be a very effective means
of combating this pest, and seven of the largest colonies in Hamp-
ton were thus treated during the last season.

Chaplin—4 infestations—34 egg-clusters.

The result of the scouting in the town of Chaplin last winter
was the finding of four gipsy-moth colonies, the largest of which
was a woodland colony in the northeastern section of the town
on land owned by Mr. W. H. Phillips.

This infestation, together with the others in this town, was
carefully watched until the end of the larval season. our work
closing the latter part of July.

Mansfield—:2 infestations—76 egg-clusters.

The town of Mansfield was found to be infested with the gipsy-
moth in the year 1916 for the first time. Two infestations were
discovered by scouting, and both were near the Chaplin line.
One was a single while the other was a woodland colony of seventy-
five egg-clusters. At the former infestation, no larvae were found
during the summer work, but at the latter several were taken and
the nearby foli?tgc was sprayed with arsenate of lead.

Sterling—7 infestations—7 egg-clusters.
Since there were no infestations of the gipsy-moth found in
Sterling in the winter of 1915-16, it was not thoroughly scouted
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during the past winter. The work which was done in this town
revealed seven infestations of one egg-cluster each.

Plainfield—1 infestation—29 egg-clusters.

There was only one infestation found in the scouting which was
done in the town of Plainfield during the last winter. This
colony contained twenty-nine egg-clusters, and was located a
little north of the colony found the previous year. The colony
did not appear very serious, for while several larvae were taken
in the earlier part of the summer, only a few were taken after
the first of July.

Canterbury—27 infestations—81 egg-clusters.

This town in the past few years has had many colonies located
in the northern portion, and again this last season the majority
of the colonies were located there. Other colonies were scattered
throughout the town, but the only two important colonies were
in this group. Both of these appeared serious early in the month
of June, and as was the case in the other infested towns, the patrol-
ling work was kept up until the end of July.

Scotland—y infestations—o egg-clusters.

The four infestations in the town of Scotland contained in
all but nine egg-clusters, and although these were attended
during the larval season, only eleven caterpillars were found,
and those during the early part of the season.

Voluntown—g infestations—y egg-clusters.

Only portions of Voluntown were scouted during the winter of
1916-17 and but four single infestations were found.

: Griswold—r1 infestation—o6 egg-clusters.

One colony containing six egg-clusters was brought to light
by the scouting which was done in Griswold the last season.
The trees around this colony were banded with raupenleim, and
during the early part of the season a number of caterpillars were
found, but none were taken after the middle of July.

Lisbon—Sprague.

No scouting was done in these two towns last winter. They
have never had many infestations, and during the winter of 1915~
16 nothing was found withing their limits, so it was decided to
use the money elsewhere this year. :
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North Stonington—3 infestations—147 egg-clusters. 2
In the past two years the infestations found in this town have -
all been in one section so that this past season only that section
was scouted. Three infestations were found and these contained Al
147 egg-clusters, all but six of which were in one colony. This -
colony was on land owned by Mr. William Rathburn and was
situated in the southeastern part of the town. As this colony
was of a serious nature it was sprayed early in the season, as was
also one of the other colonies where several caterpillars were
found.
Stonington—2 infestations—ri2 egg-clusters.
The section of Stonington which was scouted last winter showed
only two infestations of twelve egg-clusters, but neither of these
were of a serious nature.
Groton—No scouting was done in this town last year.
Staristics OF INFESTATIONS.
The following table summarizes the work by towns: ~
No. of No. of No. of No. of —
No. of Egg-clusters Bands Infestations Larvae
Towns Infestations Destroyed Applied Sprayed Destroyed
Thompson....... 518 2,837 8,517 40 12,045
Woodstock....... 180 714 2,171 7 2,620 .
Butnam:h: = ) 163 488 . 1,786 14 9,626 ;
Pomfret......... 59 309 991 3 92
Eastford......... 27 251 1,079 3 904
Ashford......... 2 3 34 o .
Killingly........, 182 622 1,410 % 1,841
Brooklyn. ....... 41 305 794 0 5,449
Hampton........ 30 248 133 7 1,413
Chaplinfign il 4 34 229 o 741
Mansfield........ 2 76 11 I 45
Sterling..... ooy 7 7 0 0 0
Plainfield. ....... I 290 37 0 212
Canterbury...... 27 81 228 2 1,405 (
Scotlandl. . L. ol 4 9 118 o 11
Voluntown....... 4 4 o 0 o
Griswold.. ..o, . 1 6 24 0 95
LAShON s Seiv 0 0 0 o 0
Sprague. . ....... o o o o 0 o
North Stonington. 3 147 128 2 400 S
Stonington....... 2 12 o o o
BrOtON s o s o (6] 0 o 0 .
Potal.:. . - L,257 6,182 17,690 9I 37,800 )
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EXPERIMENTS IN SPRAYING APPLE ORCHARDS
TO CONTROL APHIDS AND FALSE RED-BUG.

By W. E. Brirron and M. P. ZAPPE.

For several years there has been much damage to the fruit

crops in certain apple orchards from the attacks of red bugs and -

aphids. The false apple red bug, Lygidea mendaxr Reut., is
responsible for the red bug injury (See Plate III) as the true red
bug, Heterocordylus malinus Reut. has not yet been found in
Connecticut. The false or lined red bug was first observed in
Greenwich in the southwest corner of the State and it has caused
injury there each year since, and has gradually extended north-
ward and eastward. We have no evidence to show that it occurs
throughout the State, though probably such is the case. Cer-
tainly, orchards here and there are not injured by it and it seems
to be more prevalent in the southwestern portion than elsewhere
in the State.

The rosy apple aphis, Aphis sorbi Kalt., is the species chiefly
responsible for the aphid injury to the fruit. This species attacks
the leaves and young fruit of the fruit clusters, dwarfing and
deforming the apples, while the green apple aphis, A. pomi.
Degeer, occurs more particularly on the leaves of water sprouts
and terminal twigs. During 1917 the rosy aphis was also on the
foliage of the terminal branches, but it is usually found in more
shaded situations inside the crown or head of the tree.

In order to obtain data regarding the effect of nicotine sprays
on these insects, some tests were conducted in the orchards of
S. A. Smith & Son, Clintonville, and Frank N. Platt, Milford.
The details of the treatment and results obtained are given with
comments under the headings below. The fruit was not thinned
in either orchard. All fruit was examined at harvest and scored
as regards all insect injuries. This required a careful inspection
of 98,652 apples. :

SmrtH's OrcHARD, CLINTONVILLE.

The orchard consists of 6 rows of trees running nearly north
and south with 11 trees in a row. The rows were numbered
1-6, beginning on the east side. Beginning at the north end the
trees were numbered 1-11; the first five trees in each row are
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Baldwins, the next tree is an Ohio Nonpareil, and the other
five are Greenings, except for a tree here and there which has
been top-grafted to Opalescent.

On May 21, four rows of trees in this orchard were sprayed
with the following mixture:

o T L i L e T s b E R St e I pint

Lead arsenate (powder)..........o.vven. 24 1bs. =
Commercial lime-sulphur. . .............. 2 gal.

T T L e o e LT e 100 gal

Rows 2 and 5 were left as checks and were not treated wilh
nicotine solution but were sprayed later with lead arsenate and
lime-sulphur. A few trees were not sprayed at this time because
the blossoms were nearly open and bees were working in them.
These exceptions were tree No. 6 in each row (all Ohio Nonpareil)
and tree No. g in row I, and trees Nos. g and 10 in row I1I (Green-
ings).

The spraying outfit consisted of a kerosene tractor used te
work the pump and to haul the 1oo-gallon spray tank. A small
gasoline engine mounted on the spray-tank was used to agitate
the mixture. This outfit is shown on Plate II, b. The spray
was applied from two lines of hose, throwing in opposite directions.
One man sprayed up through the tree and the other down from
the top. The pressure used was from 175 to 200 lbs. The
weather conditions were ideal for spraying.

The second spraving with nicotine solution was given only te
rows I and VI on June 4. The rest of the orchard was sprayed
with lead arsenate and lime-sulphur but no Black Leaf 40 was
used.

The fruit was picked and scored during the week of September
24-20.

The red bug injury was not serious in this orchard and it was
difficult to find specimens. Nevertheless, the insect was present
and was hatched from twigs cut early in the spring. The injury
was slightly reduced by the treatment.

Aphids were a much more serious menace, however. Certain
trees showed a large proportion of aphis apples at harvest. This
injury was greatest on one of the check rows and was least where
two treatments were given. A summary of the results appears
in the following table: -
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SUuMMARY OF RESULTS OF SPRAVING TREATMENTS.

Row Good Red Bug Aphis Codling Curculio Maggot  Other Total
Per Per er Moth Per Per Chewing Numberof
Cent. Cent. Cent. Per Cent. Cent. Cent. Insects Apples
Per Cent. Per Row

1 74 o1 10 02 004 or . “' o2 7,809*%*
2 61 02 31 02 005 002 03 09,1831
3 63 009 32 02 001 002 0z 8,388*
4 71 006 23 02 oI 003 02 14,947
5 54 02 35 04 02 001 03 11,606%
6 80 002 10 04 02 008 02 11,552*%%

Pratr’s OrcHARD, MILFORD.

The section of orchard used in these tests has 8 rows of trees
running nearly east and west. The four rows on the north side
are Baldwin and the other four rows are Greening, Smokehouse,
White and King. The rows were lettered A to H from south
to north, and the trees in each row numbered 1 to 12 from west
to east. The two rows in the center of the orchard were not
sprayed with nicotine but left for checks. This orchard was
given only one spraying and that on the afternoons of June 12,
‘13, 14 and 15, after the petals had fallen. The spray outfit was
a common horizontal cylinder hand pump, mounted on a r1oo-
gallon tank. Two lines of hose were used, one man spraying from
a tower on the tank and the other from the ground. The pressure
was not sufficient for the best results, as the trees were compact
and the foliage was heavy. With this pressure the spray could
not be driven through the crown of the tree. The fruit was
picked and scored on August 31, October 4, 8, and 18. The crop
was very light—especially the Baldwins—many trees having no
fruit at all.

There was much red bug injury in this orchard. Some had
already been done before the nicotine was applied. There was
also considerable injury from aphis, which would in part have
been prevented by an earlier applieation. The spray mixture
was substantially the same as used in the Smith orchard. See
page 260.

* One treatment.
1 Check.
** Two treatments.

-
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A summary of the results are given in the following table:

SUMMARY OF RESULTS OF SPRAYING TREATMENT.
Row Good Red Bug Aphis Codling Curculio Maggot Other Total

Per Per 'er Moth Per Per Chewing Number of :

Cent.  Cent. Cent. PerCent. Cent. Cent. _Insects  Apples T
Per Cent. Per Row v

53 ‘12 27 oI 002 02 03 10,032 v

47 20 31 004 002 002 02 6,886

48 28 21 007 004 004 03 6,584

37 44 15 007 002 001 03 7,018

30 39 26 005 003 0 04 1,873

66 13 13 o1 0 (8] 09 573

60 o7 21 02 002 o 09 1,576

56 o 37 0z o o 04 535

.

We believe that the spraying should be done earlier next year.
The branches should be thinned out to let in more light and air.
More effective spraying can unquestionably be done with larger
pump or power outfit, capable of maintaining a pressure of from
200 to 300 lbs. per square inch.

We hope to continue the experiments another year.

THE STRIPED CUCUMBER BEETLE. a

Diabrotica vittata Fabr.
Order Coleoptera; Family Chrysomelidae.
By QL‘[\CY S. Lowry.

* =

mQEEoawE

For the past few years Connecticut gardeners have had con-
siderable difficulty in growing cucumbers and squashes, due to
the fact that the striped cucumber beetle has been so destructive.
Consequently, in 1916 and again in 1917, one-half acre of ground
was set aside at the Station farm at Mt. Carmel to carry on
field experiments for controlling this and other pests of the
,cucumber and squash.

These small, yellow and blacked striped beetles, shown on
plate IV, b, and in figure 2, are voracious feeders, not only on
cucumbers but other cucurbitaceous plants, often causing the
entire destruction of the first planting. In both 1916 and 1917
these beetles necessitated a complete second sowing of seed.

DistrisuTiON AND HisTORY. N

"

The striped cucumber beetle is especially abundant and de-
structive in the United States east of the Rocky Mountains and

* Rows D and E, checks. -



U o Bk Sl wlg LR R S 1 SEERER S A eV SR L (O

By

STRIPED CUCUMBER BEETLE.

is distinctly a native pest. As early as 1843 it was reported as
an injurious insect, and in 1864 Dr. Fitch* published an article
on the beetle in which he states that for more than twenty years
he has had to protect his cucumber vines against the attack of
these beetles.

In 1781 this beetle was described by Fabricius, in his Species
of Insects, Vol. I, p. 148, under the name Cistela melanocephala,
or the * Black-headed Cistela.” A few years afterwards it was
placed by him in the genus Crioceris, but as there was already
another species having the same name he renamed it wittaia,
or ‘' Striped Crioceris.”” Inasmuch as this beetle was not known
at this time to be a pest outside of America, Gmelin gave it the
name Crypilocephalus americanus, which was quite appropriate.
Shortly after, Olivier determined the place of this insect to be
in the genus Galeruca. Chevrolat, however, proposed a division
of this genus, giving it the name Diabrotica, in which it has since
remained.

Foop PranTs.

It is well known that this beetle feeds not only on the cucumber,
squash and melon, but on all related Cucurbitaceae. It is fre-
quently found feeding on the foliage of other vegetables, and the
past season attacked the leaves of voung peas and beans at the
Station farm. Sirrine of New York, in 1899, reported that it
feeds on the flowers of the apple, cherry, choke cherry and wild
balsam apple. In 1916 a row of peanuts, Arachis hypogoea Linn.,
adjoining this field were found infested with these beetles. They
are quite frequently found feeding on goldenrod and sunflower
blossoms.

Inuury.

These beetles feed during the whole season from late in the
spring until October or later in the fall on cultivated or wild
plants. The greatest amount of damage is caused by the adults
just as the plants start out of the ground. The beetles attack
the cotyledonous leaves, and in 1916 they had destroyed the
entire crop before the majority of these leaves had appeared
above ground. Although the greatest loss is caused at this time,

* 10th Report, Fitch’s Noxious Insects of New York.
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later in the season they feed on the stems of the vines and also
on the flowers. This causes a weakening of the vines and to some
extent prevents the setting of the fruit. The larvae feed on and
tunnel in the main stems; (see Plate V); however, the damage
caused by the larvae is not to be compared with that of the adult
because after the stalks start to shoot out running vines they
are generally vigorous enough: to stand the attack from these
insects. They prefer only the young and most tender parts of
the plant and when the plants become woody the beetles cause
no more damage except to the leaves and blossoms: It is, there-
fore, evident that the most damage is done when the plants are
small, and the wilting of the vines, due to the work of the larvae,
is not very great. The mining of the stems by the larvae has not
very much immediate effect on the plants but this season there
was an increased tendency of both cucumber and squash vines
to develop certain forms of fungous diseases.

The loss incurred by disease due to the feeding of the larvae
has been estimated at from ten per cent. to forty per cent. of
the crop. Several cucumber vines this year, when from two to
three feet long, became infested with a wilt, determined by the
botanist of the Station tobe the Fusarium wilt. Some of the more
common diseases of cucumbers occurring in Connecticut are the
downy mildew, Pernoplasmopara cubensis (B. & C.), Clint.,
and anthracnose, Colletotrichum lagenarium. This season there
was comparatively little damage done to the fruit; nevertheless,
the larvae work in the rinds of the fruit, causing a warty appear-
ance. The feeding of the larvae also provides for the growth of
rots and bacterial disecases. These beetles, besides being de-
structive to cucumbers, cause considerable damage to melon and
squash, especially in market garden sections. They cause the
most loss in sections where there is a scarcity of wild flowers.
These beetles originally fed on the blossoms of such flowers as
the goldenrod and wild species of the gourd. Although at the
present time thev do feed on some wild flower blossoms, they
prefer to remain in vegetable gardens until the cold weather
drives them to their hibernating quarters.

Lire History.

ADULT. The beetles emerge from their hibernating quarters
in May and June, although a few beetles may be found during
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warm sunny days in April. The beetles appearing early are
undoubtedly the ones that do not go into the ground to hibernate
but find suitable quarters in farm buildings. The ones appearing
early feed on a large variety of food plants until the squash and
cucumber plants break through the ground. At this time they
are ravenous feeders and usually feed a week or ten days before
mating. The adults have a habit of hiding in cracks in the
ground and cause considerable damage before one realizes that
they are present in any great numbers. Some days, especially
when it is cloudy, scarcely any beetles can be found in sight,
but if the earth is disturbed a great many of them will fly about.
They not only hide in the loose soil but also on the under side
of the leaves. They soon begin to mate and the females shortly
after begin to lay eggs. The tendency to pair is very strong
and this often continues long after the egg-laying period.

EGG. The eggs are laid promiscuously (see plate 1V, a), the
female dropping them in crevices of the soil near the stems of the
plants. They are also commonly found underneath the leaves;
in fact, it appears that the female drops eggs anywhere she happens
to be feeding or hiding. In the field the eggs are deposited singly.
Sirrine reports that in all his field observations he had never
found eggs deposited in clusters although females in confinement
deposited a great many eggs in a few hours, a large proportion
of these being laid in clusters. The number of eggs deposited
varies from about thirty up to one hundred. The largest number
ever observed deposited by a single female is one hundred and
seventeen. Irom recent observations the female deposits all
of her eggs in a single season. Some female beetles which have
been kept in captivity have been known to lay eggs a second
season. This was the case of a female of Calosoma frigidum
Kirby, according to Mr. Burgess. The hatching period of the
striped beetle eggs varies according to the temperature. Experi-
ments have proved that in an average temperature of 74°F. the
eggs hatch in eight or nine days.

LARVA. The larval stage is passed in the soil and may
be found in the stems or on the fruit where it touches the earth.
The larvae, however, can only mature in moist earth. When
the larvae first hatch, unless they have moisture they will live
but a short time. It requires about a month from the time the egg
hatches until the larva becomes f{ull grown. It then leaves the
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plant and makes an oval, earthen cell in moist earth in which
it pupates.

PUPA. The pupal stage is passed in from six days in warm
weather to two weeks in colder weather. In this locality there
is but one generation annually, although in Washington there
are at least two, and possibly three generations in a single season.

DESCRIPTION.

ADULT. The general appearance of the striped beetle is
shown on plate IV, b; it is a glossy, bright lemon-yellow, rather
small beetle with a black head. The antennae are also black
with the exception of the first three joints, which are a yellowish
color. They are about two-thirds the length of the body. The
thorax is not quite as broad as the wing covers. There are two
indentations on the upper side of the thorax a little more than
half way from its center. The wing covers are oval in outline
and slightly convex. Each wing cover has nine furrows running
lengthwise; in each of these furrows there is a row of small punc-
tures. There are three black stripes on the wing covers, the
middle one being on the suture. The wings are of a gray-brown
color. The beetle measures about two-fifths of an inch in length
(see plate IV, b), and is nearly half as wide as long.

EGG. The egg is of a light yellow or lemon-yellow color and
is shown on plate IV, a. It is somewhat smaller than some of
the other species, such as Diabrotica 12-punctata, and averages
6 mm. in length and about half as wide. It has the same markings
as those of Diabrotica longicornis Say, figured by Forbes in the
12th Report on Insects of Illinois, page 18.

LARVA. The larva is a small, slender, soft ‘ grub,” dull-
white, with a dark brown head and anal plate, the thoracic plate
being light brown in color. It measures about one third of
an inch in length, and is about one-tenth as thick. It has six
thoracic legs and one anal proleg. It is covered with a few
scattering hairs. 5 '

PUPA. The pupa is of a yellowish-white color. Its appearance
is rather unique inasmuch as the antennae, legs, wing and wing
covers are enclosed in separate sheaths, thus being free from the
body.

Adult, larva and pupa are shown in figure 2.
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PARASITES.

One of the most important natural enemies of the striped beetle
is a tachnid fly, whose life cycle is passed within the adult beetle.
This fly proves to be very destructive and undoubtedly helps
greatly to keep this pest in check. It is known as Celatoria
diabroticae Shimer.* Some of the ground beetles and certain
species of ants feed on the larvae. :

Figure 2. The striped cucumber beetle: @, adult beetle: b, larva; ¢,
pupa; d, side view of anal segment. All greatly enlarged. (After Chit-
tenden, Circular 31, Bureau of Entomology, U. S. Department of Agri-
culture.)

FieLp TEsTS IN 1017.
The half acre used in this experiment was planted to twelve

rows of cucumbers and fourteen rows of squashes. The treatments
given were as follows:**

CUCUMBERS.

Rows 1, 2 and 3. Land plaster or gypsum.
i i“

4 5. Air slaked lime.’
. 6 “ 7. Lead arsenate (Spray).
“ g « « “ (Dry).
4 10 “ 11. Fine coal ashes.
# 12. Protectors.

* Chittenden, F. H. Insects injurious to Vegetables, Fig. 105, p. 157.

** The beetles were so abundant it was useless to leave any check rows.
Consequently it was thought best to use the ground to the best advantage
and try to protect all the rows without leaving any for check rows.
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SQUASHES.

Rows 1, 2 and 3. Fine coal ashes.

“ 4 5 “ 6. Lead arsenate (Dry).

x 7 “ 8. Black Leaf 40 and lead arsenate.
“« 0. Protectors.

“ 10. Black Leaf 40 and soap.

* 11, Lime sulphur.

* 12. Black Leaf 40 and lime-sulphur.

13 and 14. Land plaster or gypsum.

The varieties used were Long Green cucumbers and Hubbard
squashes. On April 24, strawberry boxes were used to plant the
seeds. Twenty-five boxes were planted with cucumber seeds,
using ten seeds in each box. Also twenty-five boxes of squash
seed were planted using six in each. These were put in a green-
house. On the 12th of May, out of iso squash seeds planted,
only 4o squash plants lived and 38 cucumber plants out of 2350
seeds planted. Consequently it was necessary to replant these
boxes with seeds. On May 24th and 25th one row each of
cucumber and squash plants were set in the field from those
started in the greenhouses and protectors placed over them like
those shown on plate IV, ¢. The rest of the field was planted
with seeds. The cucumber plants were all badly sunburned and
consequently were replanted on May 3i1st. On June 14th and
15th the above-mentioned treatments were applied to the remain-
ing plants, which were few. It was necessary, therefore, to plant
over nearly all squash and cucumbers on June 16th. L

On July 3d, in order to have a good stand several more seeds
were planted in the squash plot, none, however, were planted in
the cucumber plot. The protectors that were used on the cucumbers
and squash were removed on this date, the plants filling the space
under them.

Another application of remedies was made on July sth, this
being the last treatment given to the cucumbers.

MgerHODS OF CONTROL.

Under ordinary conditions a great majority of these beetles
can be controlled by spraying or dusting with arsenical poisong
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but when they are abundant it is a difficult matter. It is, there-
fore, necessary to use more than one method in order to satis-
factorily control this pest. Cultural methods, repellents, pre-
ventatives, and insecticidal methods are commonly practzced
collectively, to obtain the best results.

CULTURAL FPRACTICES.

Clean culture is an important factor in controlling this pest.
When the crop has been harvested, all refuse, including all the
old vines, should be removed from the field and burned. This
will destroy a great many of the beetles that would otherwise
hibernate, and therefore lessen the number of beetles to attack
the plants the following spring.

Plowing. After the crop has been harvested and all refuse
removed, harrowing the ground lightly will kill many adults
that remain near the surface before hibernating. Plowing deeply
in the spring will also kill many hibernating adults.

Trap crops. Beans and squashes have often been planted as
trap crops, especially by market gardeners who grow quantities
of melons. Young squash plants are a favorite food of these
beetles and are preferred by them to the cucumber. If squashes
are planted in the spring, a week or ten days before the cucumbers
or melons, the beetles will feed on them before the cucumbers
push out of the ground. Then poison the squashes with arsenate
of lead. Squashes or beans can also be planted around the borders
of the field late in the season in order that the new generation
of beetles can have tender food on which to feed. Those of the
new generation feed before hibernating and if this food is pro-
vided, just as soon as they begin feeding upon it theé young plants
can be sprayed or dusted with an arsenical poison. This will
kill many of the beetles before they seek winter quarters.

Rotation of Crops. A field that has been infested by these
beetles should not be planted with cucurbits for at least two
years, neither on nor near the previously infested ground. Rota-
tion of crops for two, and better, three years, will lessen the
infestation.

Fertilizers. The use of quick-acting fertilizers will enable the
plants to make a quick growth. This will help them, to some
extent, to outgrow the attack of the beetles.
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Time of planting, etc. It is advisable in the early spring to
start the plants in a greenhouse or in frames. If this is done early
enough so that the plants are of a fair size when set out in the
field, they will be able to withstand the attack of the beetles.
If this cannot be conveniently dome, it is well to plant nearly
twice as many seeds to a hill as are necessary. Later, if more
plants survive the attack than are needed, it is an easy matter
to thin out to the desired number. Some vegetable growers
recommend several plantings to be made a few days apart. This
will undoubtedly prove more or less satisfactory, but it has the
tendency to produce a late crop. In Connecticut, at least, it is
important to produce cucumbers just as early as possible, before
the market has been flooded.

PROTECTIVE METHODS.

Protectors. For many years coverings of some sort have been
used as a protection for the young plants against the adult beetles.
There are many different kinds of coverings on the market and
many home-made devices are used. In 1916 protectors were
purchased from Joseph Breck & Sons, Boston, Mass., to be used
in connection with our field tests. At that time the price was
$1.50 per dozen. These protectors have been used for two seasons
and are shown on plate IV, c. A majority of these can be used at
least another season without many repairs. Serviceable protectors
can be made at home by cutting a barrel hoop in two, crossing
the halves, and tacking the ends to another hoop. This frame
is then covered with mosquito netting like those purchased.
The protectors have proved satisfactory, although if the cloth
becomes broken the beetles can crawl through. Wire screening
is more substantial but more expensive. If the frames are covered
with wire screening they can be used from year to year.

REPELLENTS.

Tobacco, Naphthalene. Many repellents have been used from
time to time but without any particular results. Tobacco ‘dust
has been tried in Connecticut without great success, although it
has the advantage of acting as a fertilizer. Naphthalene balls
and flakes have been scattered around each hill without success.

Fine Coal Ashes. Finely sifted coal ashes heavily dusted
around the plants are more or less satisfactory in keeping the
beetles away.
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Air-Slaked Lime. Dusting with air-slaked lime is an old time

remedy and will prove successful when the beetles are not very
- abundant. ;

Lime-Sulphur. Spraying with lime-sulphur has given better
results than some of the above-mentioned materials. If used
1 to 5o, it will not injure the foliage.

Land Plaster of Gypsum. In using dry materials it is essential
that the whole plant be thoroughly dusted. This is especially '
the case in using land plaster. If the leaves are merely covered
with dust it will have the tendency to drive the beetles to the
under sides of the leaves or to the stems of the plants. Where
dry materials are used, the stems of many plants have been badly
chewed near the surface, and sometimes beneath the surface of
the ground. It is also true that even when the plants are covered
with dust the beetles often feed on them.

ARSENICAL POISONS.

Arsenate of Lead. Arsenate of lead has been more successful
in Connecticut than other artificial measures. This can be used
either as a spray or dusted on the plants. When used as a spray,
3 pounds to so gallons of water is sufficient. Arsenate of lead
can also be used in combination with other materials, such as
Black Leaf 40 and lime-sulphur.

Arsenate of Lime., This was applied in the form of a spray
(1 oz. in 1 gallon of water) at the Station farm in 1917. As this
poison injured the foliage where used at this strength, it cannot
be recommended. )

CONTACT POISONS.

Black Leaf 40. Black Leaf 40, a nicotine sulphate solution,
has been used alone and in combination with lime-sulphur and
arsenate of lead. Two teaspoonfuls of Black Leaf 40, one-half
ounce of soap, and two ounces of arsenate of lead is the formula
used. When used alone or with lime-sulphur, this material was
not very effective, but the addition of lead arsenate increased its
effectiveness.

REsuLTs.

| The following treatments proved effective in the order given
in controlling the striped beetle in 1917. The materials used
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have been explajned in previous pages and the results are based
on the number of plants that remained after all applications had

been completed.

Cucumber:

1st. Protectors. 4th.
2d. Arsenate of lead spray. sth.
3d. Arsenate of lead, dry. 6th.
Squash:

1st. Protectors. sth.

2d. Land plaster or gypsum.

3d. Arsenateof lead and Black 6th.
Leaf 40. 7th.
4th. Arsenate of lead, dry. 8th.

SUMMARY.

Land plaster or gypsum.
Air-slaked lime.
Coal ashes.

Black Leaf 40 and lime
sulphur.

Fine coal ashes.

Lime sulphur.

Black Leaf 40 and soap.

When beetles appear in great quantities, they cannot be satis-
factorily controlled by simply one method. It is therefore neces-
sary to use different methods in combination. Some of the
principal methods which will give satisfactory results are the

following :
1. Protectors, young plants.

Lime-sulphur spray.

Clean culture in fall.

Fertilizer used as stimulant.
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THE IMPORTED PINE SAWFLY.
Diprion (Lophyrus) simile Hartig.
By W. E. Brirron and M. P. Zappe.

This European pine sawfly was first discovered in this country
at New Haven, Conn., in August 1914, by the writers, who, in
company with Mr. Irving W. Davis, were inspecting the stock
in one of the nurseries. The larvae were feeding upon the leaves
of pine trees. As the inspection work continued for several days,
we later found the larvae more abundant in another part of the
nursery and considerable material was gathered and taken to
the laboratory.

Though unfamiliar, we supposed this to be a native, and perhaps
not uncommon species. A portion of the collected material was
sent to Dr. Alexander D. MacGillivray of the University of
Illinois, who was engaged in the study of sawfly larvae, and who
at that t'me had finished preparing the manuscript of the Ten-
thredinoidea for the publication entitled The Hymenoptera of
Connecticut, which has since appeared as Bulletin No. 22 of the
Connecticut State Geological and Natural History Survey. Dr.
MacGillivray was unable to identify the larvae but thought that
he might recognize the species if the adults could be obtained.

The larvae in the breeding cages matured in due season and
made their cocoons.  From this material the first male emerged
on April 8, 1915, followed by others, and on April 15 the first
female appeared. Males and females were placed in cages con-
taining potted white pines and the females soon laid eggs. On
April 21, we wrote to Dr. MacGillivray, informing him of the
emergence of the adults. He examined his own cages and found
that the adults had emerged there also. He replied that they
belonged to the genus Diprion, formerly known as Lophyrus,
but that he did not recognize the species, several of which are
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badly confused; that Mr. S. A. Rohwer of the Bureau of Ento- -
mology at Washington, D. C., was trying to straighten them out

and had already examined many of the types in the British &
Museum. He suggested that specimens be sent to Mr. Rohwer. =

IDENTITY.

Following Dr. MacGillivray's suggestion, on May 6 material
was sent to Mr. Rohwer, who soon replied as follows:

‘T have determined this species, tentatively, as Diprion simile Hartig.
The adults agree more closely with those in the collection under the
name pint but the larvae answer exactly the description of simile, and

| as these two species are very closely allied and easily confused in the
adults, I have made the determination from the larvae rather than
from the adults. .

‘ This species is one of the most injurious sawflies on European conifers
and has been associated in practically all of the depredations caused by
pini, and is recorded in the literature in a number of cases under the
name of pini. You are, no doubt, familiar with the economic importance :
of Diprion pini in Europe. It is highly important that immediate i
measures be taken to combat this injurious insect as it has a large number
of host trees and would no doubt adapt itself readily to the conditions
in America, where, if it were thoroughly established without its parasites,
it would do a great deal of damage."

’

Though two and one-half vears have elapsed since Mr. Rohwer
made this identification, and as he has studied the life history and
food habits of the species from material furnished by us, a recent
communication states that his subsequent observations serve
to confirm his tentative identification. We may, therefore,
consider it to be fairly well settled that this sawfly is the European
Diprion simile Hartig. Some of the European writers place
simile as a synonym of pini, but Dr. Enslin and certain other
European specialists, as well as Mr. Rohwer, who has studied
the species carefully from American and European material,
consider them distinct.

PUBLICATIONS FROM THIS DEPARTMENT.
A brief account of the discovery of this insect in the United
States was prepared with the help and approval of Mr. Rohwer, -
and this article, with a plate of illustrations, was published in
the Journal of Economic Entomology, Vol. 8, page 379, June, 1915.
A note, with figure of larvae, was also printed in Tree Talk,
Vol. 3, page 45, November, 1915.

‘“;5
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A more complete account, or at least complete at the time, of
our observations on this insect was given with bibliography in
the Report of this Station for rgrs, page 118. This paper was
illustrated by three plates (vii, viii and ix).

A brief paper, ““ Further Notes on Diprion simile Hartig,”” was
prepared to be presented to the Columbus, Ohio, meeting of the
American Association of Economic Entomologists in December,
1915, but in the absence of the writer this paper was read by title,
and printed in the Journal of Economic Entomology, Vol. o,
page 281, April, 1916.

These papers just mentioned were all prepared by the senior
author. 5

At the New York meeting of the American Association of
Economic Entomologists in December, 1916, Mr. Zappe read a
short paper entitled * Egg-laying - Habits of Diprion simile
Hartig,” which paper appeared in the Journal of Economic
Entomology, Vol. 10, page 188, February, 1917.

Since the publication of these papers some additional information
has been obtained and all have been brought together in the
present paper.

DistrisutioN IN CONNECTICUT.

Though first discovered in New Haven, this insect was soon
found in Derby, Hartford, Greenwich and New Canaan, five
separate towns, and three distinct and rather widely separated
regions in the State.

DistrIBUTION IN THE UNITED STATES.

Diprion simile has now been recorded not only from Connecticut
but also from the states of New York and New Jersey, where it
was discovered in 1916. In New Jersey it is known to occur at
South Orange, Elizabeth and Rutherford.* In New York it
has been taken at Flushing, Long Island. In Connecticut, Massa-
chusetts, Pennsylvania, New Jersey, Indiana, and doubtless in
other states, cocoons have been found on imported nursery stock
coming from Europe.

* H. B. Weiss, Journal of Economic Entomology, Vol. 10, page 224,
February, 1917.

Y AT R T




276  CONNECTICUT EXPERIMENT STATION BULLETIN 203.

DisTRIBUTION AND DAMAGE IN EUROPE.

This sawfly is mentioned in literature as occurring with pinct
and therefore responsible for a portion of the damage.

In most cases, however, the serious injury is accredited to pint,
which has seriously damaged the pine forests of Southwestern
Russiaf, especially the young trees; pini was particularly destruc-
tive in France§ in 1906, and has also caused damage in Prussia
and in Sweden. In England it is said to injure Scotch firf as
well as pine .y

In 1914, larvae of pini nearly defoliated the ten-year old pine
trees on one plantation in Norway.** The insect was reported
from many localities. During the same year pini denuded many
acres of pines in the districts of Achtyr and Izium in Russia,®
and caused much damage in Germany, particularly in Branden-
burg and Silesia. A

INJURY TO TREES.

The injury consists in defoliation. The older and mature
leaves, instead of the newly-formed ones, are eaten. In late
summer the new growth may serve as food for the second brood
larvae, so that in this manner the larvae when abundant are
able to entirely defoliate trees. Plate VII, b, shows a tree of
Pinus cembra about seven feet tall almost stripped by the larvae
in 1915. Formerly it was supposed that a pine in this condition
would not recover. In spite of the fact that the needles were
eaten off, the buds were formed for the next season’s growth,
and the tree put out leaves in 1916 as usual, and as this foliage
was protected by spraying, the tree did not seem to be permanently
injured. If the tree had not been sprayed and the larvae abund-
ant, the second brood larvae would doubtless have stripped it

f Kaltenbach, Die Pflanzenfeinde, page 700, 1874. Judeich-Nitsche,
Forstinsektenkunde, page 635, 1895.

1 Review of Applied Entomology, Vol. 1, pages 395 and 493, 1913.

§ A. Barbey, Traité d'Entomologique Forestiére, page 269, 1913.

|| W. E. Collinge, A Manual of Injurious Insects, page 217, 1912.

Y E. A. Ormerod, Manual of Injurious Insects and Methods of Pre-
vention, page 250, 1890.

** Schoyen, T. H., Review of Applied Entomology, Vol. iv, page 503,
1916.

© Ibid, Vol. iii, page 443.

A Ibid, Vol. iv, page 3.

S



IMPORTED PINE SAWTFLY, 277

again, and if stripped for a few consecutive seasons, it would
surely be killed. - According to the published accounts, in Europe
the injury seems to be confined to your:g trees up to twelve or
fourteen years of age.

Lire History anp HapiTs.

There are two broods each year in Connecticut and the winter
is passed in the cocoon on the twigs. The adults begin to emerge
in April and continue through May and up to July 20. Mean-
time most of the first brood larvae had matured and made their
cocoons by the middle of June. The second brood larvae feed
during August and September.

Thus it will be seen that these broods are not well separated
but overlap so that it is often difficult to distinguish them.

The larval stages, on the average, last about 3o0.5 days. The
larvae of the first brood feed upon the old and mature leaves and
leave the tender new growth untouched. This new growth
becomes sufficiently mature, however, to be used as food by the
second brood larvae.

In our studies, nearly all of the cocoons of both broods are
fastened to the twigs, but in Europe it is said that the first brood
cocoons are so placed, and those of the second brood are found
upon the ground.

The larvae feed with their heads toward the tip of the needle
ag shown on plate VI, and when very young often three or four
together surround it. When feeding in this manner they eat all
of the needle, but when only one or two feed they eat along the
edge of the needle, making it look as though it had been scraped.
When the larvae are disturbed they throw their heads back,
and from their mouths exude a drop of liquid which they absorb
again. .

The full grown larvae, in looking for a suitable place to spin
cocoons, occasionally crawl into an empty cocoon which is still
attached to the tree. Then all that is necessary is to put a new
top on the old cocoon. Such a case is shown on plate IX, b.

NUMBER OF BRroobs.

In Connecticut there are two broods (considering a brood from
adults to cocoons) and in 19135 a partial third brood was obtained.
The adults emerging from the second brood cocoons in this case

PR il =,
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emerged late in the summer and were males. The broods overlap

somewhat and adults from the first brood of larvae sometimes .
do not emerge until the following year. It also happens that the a
adults from the first brood often emerge before some of the adults i
from over-wintering cocoons.

Adults begin to emerge from over-wintering cocoons as early
as April 3 and continue to emerge until July 20, while the greatest
number emerge during the last half of May. Adults from the
first brood of larvae begin to emerge June 19 and continue until
August 28, and in two cases the adults did not emerge until
early in June of the following year. .

Foop PrLANTS.

In our experiments Diprion simile has been reared on several
species of pine. The following list is arranged according to the
preference shown By the sawflies in nature and to the largest num-
ber of sawflies reaching maturity in our host plant experiments:

Pinus excelsa Wall, Bhotan Pine.

g cembra Linn. Stone Pine. e

“  flexilis James. Limber Pine. 5-needled pines.

“  strobus Linn. White Pine.

5 Koraiensis Sieb. & Zuce, Korean Pine.

“  montana Du Roi, Mugho Pine,

“  densiflora Sieb. & Zuce. Japanese red Pine.

“  resinosa Ait. Red Pine. :

- iled 5.

¥ sylvestyis Linn, Scotch Pine. gereE Bt

“  ponderosa Dougl. Bull Pine.

“  laricie Poir. var. Austriaca Endl. Austrian Pine.

% rigida Mill. Pitch Pine. 3-needled pine.

The s-needled pines are preferred as food above other species
and it is very easy to rear larvae on these kinds. The 2-needled
species are attacked, especially the softer-needled kinds. Those
having hard, stiff needles, like the Scotch, bull and Austrian ¥
pines, are almost immune. In the nursery no very young larvae
were found on these species but nearly full grown ones were often
found. Several attempts have been made to obtain adults from 2,
the egg stage on Austrian pine but all were failures. The larvae e
died during the first instar although many of them had started

+2 38
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to feed. Larvae which had passed the second moult on other
pines and were then transferred to Austrian pine, lived and adults
of both sexes emerged from the cocoons.

Eggs have been laid on pitch pine, but like Austrian pine, the
larvae fed on thé needles for about a week, but all died before the
first moult. Attempts were made to obtain eggs and rear larvae
on other conifers without success except that a few eggs were
laid on white spruce; these hatched but the larvae did not feed.

Mouvrts.

The larvae of this sawfly pass through five moults before they
reach the pupa stage. The time between moults varies, the earlier
instars from first to third are only two or three days, while the
later ones are from four to seven days. The markings on the
larvae do not appear distinctly until after the third moult; then
they do not change in appearance except for size until they reach
the prepupal stage.. After this moult the larvae are much lighter
in color and eye spots appear. The larvae now stop feeding and
look for a suitable place to spin a cocoon, which they usually
accomplish in a day or two.
1st Instar.

Larvae when just hatched have light, slate-colored bodies,
head lighter, with two eye spots. After a few hours the head
becomes shiny black and the eye spots disappear, thoracic legs
also become black, body becomes yellowish green, semi-transparent,
and the food inside the body showing darker green.
2d Instar.

Larvae look very much like those of the 1st instar except that
they are a little larger. No markings are visible yet.
3d Instar.

Not much change in appearance from prevmw; instars. Body
a little darker than in 1st and 2d instars.
4th Instar.

Markings show plainly. Head and legs shiny black. There is
a double black dorsal line extending the entire length of the body.
On either side of the dorsal stripe there is a yellow stripe broken
with transverse markings of brown. Lateral surface dark brown
with many irregular yellow spots. Yellow markings protrude,
making them look somewhat like blisters. Ventral surface pale
yellow. Prolegs pale yellow, with transverse black marks at
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base. True legs black, yellow at the joints. Body sparsely
covered with minute spines; more spiny at posterior end of larva.
sth Instar.

Markings same as in 4th instar except that they are brighter,
the dark portions much darker, giving the larva a somewhat
darker appearance.
6th Instar (prepupal stage).

Head greenish with black eye spots. Legs light green, markings
same as in other moults but colors very light, making general
appearance of larva much lighter. Prolegs not very well developed
in this stage and are of little use, larva falling from twigs very
easily.

Larvae now spin cocoons and remain in larval stage until
shortly before adults emerge, when they pupate. The pupal
stage lasts only for a few days.

DESCRIPTION.

The appearance of this insect in all its stages is shown on plate
VI, and briefly may be described as follows:

Egg. The eggs are laid end to end in slits made along one of
the ridges at the edge of the needle as shown on plates VI, 2,
and IX, c. The eggs are pale blue in color, smooth and slightly
shining. The sides are parallel with the ends rounded. Length,
1.25 mm., thickness, .33 mm. Inthe material examined the newly-
laid eggs were slightly separated in the slits. The eggs before

hatching increase in size, becoming crowded in the slits so that.

the ends are flattened like peas in a pod.

Larva. Length, 25 mm. (1 inch) to 28 mm. (1} inches).
Thickness, 4 mm. (5/32 inch). Head black, body greenish-yellow
with a mid-dorsal double stripe of brown extending the entire
length. On either side of the dorsal stripe is a yellow stripe broken
with transverse markings of brown. The remainder of sides
dark brown with many irregular yellow or whitish spots. Ventral
surface pale yellow or white. Prolegs yellow with a transverse
black mark at base, true legs marked with black and yellow.
Shown on plate VIII, b.

Cocoon.—g mm. long (about 3/8 inch), thickness about 5 mm.,
oval in shape, tough, leathery and fairly smooth. Color, sepia.
See plate VIII, c.

o
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Male. Wing-spread, 14 mm. (9/16 inch). Length, 7 mm.
Large pectinate antennae. Head and pronotum coarsely punc-
tured. Head, antennae and body, black. Cerci and tip of the
last abdominal segment, orange. Legs yellow, with the tro-
chanters and basal two-thirds of the femora, brownish black,
Shown at the right on plate VI, 1.

Female. Wing-spread, 20 mm. (little over 3/4 inch). Length,
8 mm. (5/16 inch). Robust, head and antennae black. Thorax
coarsely punctured, yellow with a large shield-shaped black
spot on mesothorax, extending from the anterior margin and
covering about two-thirds of the space between the parapsidal
grooves. Omn either side are a pair of L-shaped black marks
which approach each other posteriorly. Posterior margin of the
mesothorax, postscutellum and prosternum, black. Abdomen
yellow with dorsal surface of 3d, 4th, sth, 6th and the anterior
portion of 7th segment, black. Legs yellow with the outer sur-
face of hind femora, the apex of the middle and hind tarsi, dark.
Shown at the left on plate VI, 1.

Ecc-Laving HAaBiTs OF THE FEMALE.

On emerging from the cocoons in the breeding cages, the females
begin to run aimlessly about, going all over the pine twigs for
a period which is more or less indefinite but which usually averages
about twenty-four hours. They then commence to deposit eggs.
In ovipositing the female places herself on the pine needle facing
its tip, and grasps it firmly with her tarsi, the hind legs extending
slightly beyond the abdomen. The ovipositor is then inserted
in the edge of the needle and a slit is cut in it, working from the
base toward the tip. When this incision has reached a length of
about one-tenth of an inch, the sawfly rests for a few seconds,
then lays an egg placed horizontally in the slit, gradually drawing
the ovipositor backward and out of the needle. This withdrawing
of the ovipositor partially covers the egg with resin and sawed
pulp from the leaf. = She then moves forward and proceeds to
cut a slit in which the next egg is placed. The eggs are thus placed
end to end in the incision, as many as twenty sometimes being
placed in line in the needle as shown on plate IX, ¢. The time
required to lay a single egg is about four minutes in Pinus excelsa
and about five minutes in Pinus densiflora.
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The females usually begin to lay eggs in about a day after
emerging from the cocoons, and live for about seven days, while
those individuals (about eleven per cent.) which do not ovi-
posit die in four or five days. With the males the length of life
varies; some individuals live longer than the females, and some
do not.

The eggs are usually laid in needles of the previous season’s
growth, if such are present. Most of the eggs for the first brood
hatch during the first half of May, and those for the second brood
early in August, though the broods overlap, and it sometimes
happens that some of the first brood females are so late in emerging
from their cocoons that their eggs do not produce larvae until
after some of the second brood eggs have hatched.

NuMmBER oF EcGgs LAib.

Upon dissecting the bodies of females from over-wintering
cocoomns, an average of 58 eggs was found in each. The number of
eggs in a female of the first brood averaged 76, while those of the
second brbod averaged 74. The largest number of eggs recorded
as having been laid by one female was 128; this is more than
we ever dissected from the body of any female sawfly. The
average number of eggs laid was 64.

PARTHENOGENESIS.

In our studies of this insect, copulation has been observed
only once, but eggs are laid which develop and hatch if males
are not present. Moreover, the presence or absence of males
has no apparent effect on the number of eggs laid. Some females
oviposit when males are present and others do not. The only
time copulation was observed, the pair of adults were trans-
ferred to a breeding cage to obtain eggs and larvae. The female
died in a few days and upon examining the cage no eggs were
found.

In thirteen cases the adults reared from eggs laid by virgin
females were all males. Out in the field under natural conditions
the number of females emerging from over-wintering cocoons
was slightly greater than that of males. Out of 1,675 adults
from over-wintering cocoons, gr2 were females and 763 were
males. During the summer of 1917 a freak adult or gynandro-
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morph emerged from some cocoons collected in the field. It
has one female antenna and the other is that of a male sawfly.
The left side, including antenna and markings on thorax, is that
of a female, while the right side has a male antenna and the thorax
is without markings—just black like the males. The abdomen
is darker than that of a female, yet lighter than that of a male.
It also has the characteristic female ovipositor. The specimen
was killed in a cyanide tube before we discovered that it was a
freak. This specimen is shown on plate IX, d.

PARASITES.

About twenty-eight per cent. of the cocoons of Diprion simile
collected during the winters of 1915-16 and 1916-17 showed the
exit holes of parasites. Following is a list of the nine specie
reared, arranged in the order of their abundance:

Hymenoptera.

Dibrachys nigrocyaneus Norton (Pachyneuron), Monodontomerus den-
tipes Boheman, Dibrachoides verditer Norton (Pteromalus), Delomerisia
n. sp., Cerambycobius sp. (probably new), Eurytoma sp., Hemiteles utilis
Norton.

Diptera.

Exorista petiolata Coquillett.

Of these nine species of parasites only the first three were reared
in sufficient numbers to indicate that they are at all effective in
holding the pest in check, and of the three, Dibrachys nigrocyaneus
Norton was by far the most abundant.

During the winter of 1916—17, 3,240 cocoons were collected.
Of these, adults emerged from 41 per cent., 37 per cent. were para-
sitized, and 6 per cent. were torn open by birds, mice or squirrels,
and the pupae eaten. The remaining 16 per cent. produced no
living insects, but when the cocoons were opened a large number
of them contained dipterous pupae; in some of these the adult
flies had broken off the ends of their pupa cases preparatory to
emerging. See plate IX e. Tachinid eggs were found on many of
the Diprion larvae in the field, but only one fly (Exorista petiolata
Coquillett) has been reared. Apparently all of the others have
been unable to escape from the tough Diprion simile cocoons.
The cocoons of our native species are not as tough as those of
D. simile.

e
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The figures and percentages mentioned in the preceding para-
graph are shown in the following table:

Cocoons Collected During Winter 1916—1917.

Number Percentage
Adult sawflies emerged. .. .. ... vvviwsininses neis 1,321 41
Pardsites emerged i i S S e e s e e earaioe 1,210 37
Fornopen andieatan’ = ics i arih s e s i 191 6
YGRSt Tl el W g Ml oy e e MER 518 16
£ 17001 e B Gt A TR e e i MY S e, 3,240 100

In the field many dead larvae were found on the trees suspended
by their prolegs, having been killed by a wilt disease. This disease
seems to be the most prevalent late in the season, and is effective
in killing the larvae of the second brood. It also seems to be more
prevalent on trees which have been stripped, though possibly it is
because they are more conspicuous on such trees.

In regard to the insect parasites listed above, all those specifi-
cally identified are native species with the exception of Monodon-
tomerus dentipes Boh., which is a European species which had been
found previously in the United States. Dibrachoides verditer
Norton and Dibrachys nigrocyaneus Norton were originally de-
scribed from Connecticut.

ProBaBLY INTRODUCED ON NURSERY STOCK.

The most plausible theory is that this sawfly was brought into
this country on nursery stock. A few cocoons attached to the
leaf-covered twigs might easily escape notice by the inspector in
examining the imported stock, especially before its presence in
this country was discovered. Cocoons might also occur in the
ball of earth on the roots, as it is seldom possible with the help
and funds available in Connecticut to examine carefully the soil
about the roots. Empty sawfly coceons have been found in cases
of azaleas from Belgium.

Since 1909, when nests of the brown-tail moth were found on
nursery stock coming into this country from Europe, an attempt
has been made to inspect all shipments of field-grown woody
plants coming into Connecticut from all foreign countries. At
first it was impossible to trace all shipments and we were obliged
to depend chiefly upon information furnished us by the nurserymen.
Most of the importations arriving at the principal nurseries were

Ay
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inspected but florists and private owners also made importations
and there were unquestionably a number of shipments each year
which were not examined. On the establishment of the Federal
Horticultural Board in 1912, the system of permits and notices
has enabled us to trace each shipment and practically all such
stock has been examined. But there were probably many ship-
ments brought into the State prior to 19og, and these were not
inspected at all. On account of the blister rust diseases and the
pine shoot moth, all pines are now prohibited from entering the
United States from Europe.

Since the establishment of the Federal Horticultural Board and
the present system of inspecting imported nursery stock, sawfly
material has been intercepted at least eleven times, as follows:

Sawfly Host Source Destination
Cocoon. ....... Fruit trees....... England....... New Jersey
15707 5 ¢ Y e 12 Vo e e o Holland....... Indiana
Diprion pini.... Mugho pine. ..... e W A Massachusetts
Coeoon. ....i v vin s Sprhces. AN e Nebraska

L RS Azalea.. .. i, Japan.. ....... New Jersey

L (empty) S ek Belgium....... Connecticut
Diprion simile.. (54 = Holland. . .\.... Indiana
Coctoon ... 4. Quince. ......... Beanees: oo thw Nebraska

It will probably never be known just how, when or where this
insect was first brought into the United States. Possibly it was
first introduced into the very nursery where it was first discovered,
though other nurserymen in Connecticut and hundreds of them in
other states have imported pines from Europe, and the insect
might have come in any of these shipments.

DANGER TO THE PINE-GROWING INDUSTRY IN THE UNITED STATES.

It is impossible to foretell how serious a pest this sawfly may
become in the United States. Any introduced insect which feeds
upon an important crop is dangerous; doubly so if its natural
enemies are left behind. As the food plants of Diprion simile are
fairly abundant in this part of the country, and the climate seems
to be favorable, it is probable a question of parasites and other
natural enemies that will determine its status as a pest here. It
is encouraging that our native species parasitize it so freely.
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CoNTROL MEASURES.

In each infested nursery in Connecticut, the owner has been re-
quired to spray the pines with lead arsenate (3 Ibs. in 50 gallons of
water) late in summer when the second brood of larvae were
feeding. Later, after all larvae had transformed, a careful inspec-
tion was madé of each tree and all cocoons removed. These
measures appeared to be necessary in order to reduce to the mini-
mum the danger of further distributing this pest on nursery
stock. A similar spraying early in May would forestall injury by
the first brood of larvae.

Ornamental trees and small plantings on private grounds can
likewise be sprayed, but the cost would be prohibitive in large
forest areas.

In Europe it is recommended that the leaves and other rubbish
be gathered and burned late in fall in order to destroy the cocoons,
but this method can hardly be advised in this country, as all the
cocoons are fastened to the twigs. “Some cocoons were found upon
the ground during the winter and spring, but these had probably
been torn off by snow or ice storms, or possibly by birds.

In Russia, V. G. Averin™® recommends as control measures that
larvae be shaken into pails, crushed on the branches with leather
gloves, and that the trees be sprayed with barium chloride (5 1bs.
in 27 gallons water) and with Paris green.

In Germany,{ outbreaks were checked by collecting the larvae
and by spraying with petroleum soap emulsion. It is said that on
an estate of about 150 acres near Danzig in 19os, the pines were
cleared of 1,412 litres (3,600,000 individuals) of larvae at a cost of
about $50.00. The following year (1906) about half of this area
or 75 acres were cleared of 201 litres (800,000 individuals) at a
cost of about $7.00.
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SUMMARY.

Diprion simile, a dangerous European sawfly, has been brought
into the United States, probably on nursery stock. It was first
discovered in Connecticut in 1914, but has since been found in
New Jersey and New York, having apparently become established
in these three states independently. It has also been found on
imports entering Massachusetts and Pennsylvania.

In Europe this sawfly has been associated with Diprion pini
in many serious outbreaks, notably in Russia, Germany, France,
Norway, Sweden and England.

The larvae injure pine trees by feeding upon the leaves of
several species, preferring the five-needled pines. There are two
generations in Connecticut, and possibly a partial third generation
in favorable seasons. _

This insect passes the winter in the cocoon stage on the twigs
and the adults begin to emerge the latter part of April. Egg-
laying soon begins in the needles of the previous season’s growth.
The first brood larvae feed during May and early June, and the
second brood larvae feed during August and September. Each
female lays, on the average, 64 eggs. The first brood larvae feed
on the old needles rather than the new tender growth, but this
new growth becomes sufficiently mature to serve as food for the
second brood larvae. Thus trees may be stripped in one season.

The larva moults five times before reaching the pupa stage,
and when fully grown is about an inch long, with body greenish-
yellow, with a double brownish stripe extending along the back.
On each side of this stripe is a yellow stripe crossed by narrow
brown markings. Head black.

The adults are robust, with transverse clouded areas on the
wings. The female has slender antennae, and thorax and abdomen
are yellow with black markings; the male has broad, pectinate
antennae and is nearly all black.

Apparently this sawfly is parthenogenetic, for without the
intervention of males, eggs are laid which hatch and develop
normally.,

The cocoons are strongly parasitized, nearly so per cent. being
killed. Eight species of hymenopterous parasites and one dipterous
parasite have been reared. Three of the former, Dibrachys nigro-
cyaneus, Monodontomerus dentipes and Dibrachoides verditer, bid
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fair to become effective in checking the pest. Of these, the first
is by far the most abundant. The first and third are native
American insects, and the second is a European species which has
previously been recorded from the United States.

Whether or not this sawfly seriously injures the pine growing
industry in this country probably depends on its parasites.

Spraying the pines with lead arsenate early in May, and again
in August, and destroying the larvae and cocoons when found,
are the control measures to be practiced.

This insect in its various stages is shown on plates VI-IX.
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OUTBREAK OF THE PINK AND GREEN POTATO APHID,
Macrosiphum solanifoliv Ashmead.
By W. E. Brirrony and Q. S. Lowry. e

On July oth, while the entomologist was absent on a vacation,
several inquiries were received at the office about aphids on po-
tatoes. The Frank S. Platt Company of New Haven telephoned .
that it had received complaints from all over the State, and
asked for a remedy. Nicotine solution was advised. For a period
of about two weeks there were many inquiries by telephone and 2
by mail from various parts of the State, but chiefly from Hartford,
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Waterbury, New Haven and the regions surrounding these cities,
and Mr. Lowry was kept busy answering them.

There was such a demand for information, and prompt action
being necessary, that the Director, after conferring with the as-
sistant entomologists, prepared the following press notice, which
appeared in the daily papers of July 16th:

“IDANGER FROM THE POTATO APHID.

An aphid or plant louse is very abundant on potato vines now and
threatens very extensive damage to the crop.

Control by spraying now is very difficult because of the heavy growth
of vines and the fact that the lice are abundant on the lower surface of
the leaves.

Spraying the upper surface alone is not effective. The best remedy
that we can recommend is a nicotine spray with soap solution made as
follows: - ’ x

One-half pint ‘Black Leaf 40’ and two pounds whale oil soap or yellow
soap dissolved in a barrel of water. For use on a small scale dissolve one
to one and one-half teaspoonfuls of ‘Black Leaf 40’ in a gallon of water,
with a piece of soap about an inch square. ‘Any other tobacco preparation
may be substituted which carries as much nicotine as the one named
above. The full amount given in the manufacturer's directions should be
used. To be effective the spray must cover not only the upper surface
but the under side of the leaves as well,'and also the tender stems, there-
fore the spray must be directed in part from beneath upward. This spray
containing soap cannot be applied with Bordeaux mixture but may follow
or precede it by a few days."

Infested potato fields were reported from every county in the
State and from the following localities:

Fairfield County—South Norwalk (turnip), Redding.

New Haven County—New Haven, Westville, North Haven,
Montowese, West Haven, Mount Carmel, Cheshire, Branford,
North Branford, Meriden, Middlebury, South Britain, Nauga-
tuck, Waterbury.

Middlesex County—Middletown.

New London County—New London.

Latchfield County—Harwinton, Thomaston.

Hartford County—Hartford, East Hartford, Thompsonville,
Wethersfield, Farmington, New Britain, Plainville, Bristol.

Tolland County—Bolton.

Windham County—XKillingly.

It was doubtless present in many other localities, though not

reported to the Station.
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In 1903 this aphid was abundant on potatoes in Fairfield, and
in 1909 it was found on potatoes in the Station garden by Mr.
Arthur I. Bourne, then an assistant in this department. On
July 18, 1912, it was received on both potato and corn from Mr.
Noyes Palmer of Stonington, and on potato from Mr. Alfred L.
Beebe of Mystic. These last-mentioned infestations were appar-
ently local, and no great or widespread damage was reported.

Prior ConnecTICUT RECORDS OF THIS SPECIES.

The aphid material in the Station collection was determined
chiefly by Dr. Edith M. Patch of the Maine Agricultural Experi-
ment Station, Orono, Me., and contains several microscope slides
of Macrosiphum solanifoliv Ashm. From these the following
data are taken:

Host Locality Date Collector
Potato Mystic 18 July, 1912  A. L. Beebe.
Tobacco So. Glastonbury 27 July, 1904 W. E. Britton.

New Haven 22 July, 1909 A. I. Bourne.
Ground Cherry (Physalis pubescens)

Meriden 21 Sept., 1908 W, E. Britton.
Jerusalem Cherry (Solanum pseudocapsicum)

New Haven 27 July, 1909 A. I. Bourne.
Squash New Haven 21 July, 1909 A. I. Bourne.

8 July, 1914 M. P. Zappe.

Beet New Haven 30 July, 1909 A, 1. Bourne.

Milford 19 July, 1915 W. E. Britton.
Lettuce New Haven 22 July, 1909 A. I. Bourne.
Milkweed (Asclepias sp.)

New Haven 29 June, 1916  B. H. Walden.
Clematis crispa New Haven 18 June, 1901 W. E. Britton.
Bitter Sweet (Celastrus scandens) ’

Windsor 19 June, 1912  Mrs. Mary Allen.

DistriBuTiON IN THE UNITED STATES.

This aphid was first described from Florida by Ashmead in 1882,
on wild pepper vine, Solanum jasminoides. As it has also been
recorded from Maine, Canada, California, and a number of the
states between, it is fair to assume that it may occur throughout
the United States. :

Davis, ® writing in 1904, states: * Although not commonly and

~ generally a pest of the potato in Illinois, I have occasionally

found it exceptionally and injuriously abundant.”

* Jour. Econ. Ent. Vol. 4, page 330, 1904.

1) |
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In 1904, 1905 and 1906, this insect was prevalent in Aroos-
took County, Maine, and caused much damage to the potato
crop. :

Certain potato fields in Towa™* were infested in 1912, but
natural enemies promptly checked the outbreak before much
damage was done.

According to available reports, aphids were prevalent on
potatoes in 1917, in Illinois, Indiana, Missouri, Kentucky, Ohio,
Pennsylvania, Maryland, Virginia, District of Columbia, New
Jersey, New York and Massachusetts, as well as in Connecticut.
Possibly in some cases the damage was done by another species,
known as the green peach aphid, or spinach aphid, Mysus persicae
Sulz., which is common everywhere, and which seemed to be the
chief species on potatoes in some of the southernmost states
mamed above. This aphid may attack almost any kind of vegeta-
ble crops.

INJURY.

The aphids caused the leaves to curl and the plant to assume
the appearance shown on plate X, a. The leaves soon turned
brown on the edges and the vines were soon killed. Apparently this
infestation seriously checked the crop; the tubers were arrested
in their development and a very small vield resulted. In a field
at the Station farm at Mt. Carmel, the vines were large and
vigorous and promised a good crop; but this field was heavily
infested with aphids in July, and though sprayed and most of
the aphids killed, the plants did not recover and died in a few
days. The yield was very small, some portions of the field being
hardly worth digging. Plate XI,b, shows a field where the vines
have been killed by aphids. ;

On the other hand, Mr. A. N. Farmmham of New Haven raised
one of the best crops of potatoes in 1917 that he has ever grown.
He planted early varieties as soon as the ground could be worked
and matured the crop before the aphids came. One field at the
Station farm gave a fair yield, but this was an early variety
planted late, and was not attacked by aphids.

The aphids are usually on the under side of the leaves and on
the tender shoots of the potato. The following account of injury
is taken from Bulletin 317, Ohio Agricultural Experiment Station,
page 69:

** Bull. 155, Jowa Agr. Expt. Sta., page 400, 1915.
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“ The tender leaves on the tip of the plant are first to be attacked;
and as the leaf develops and the lice continue their sap-sucking, devital-
izing work, the edges turn downward and after a short time the whole
structure takes on the distorted, contracted aspect so characteristic
of the work of many aphids.

‘““In the later stages, the plant dies from the top downward. It is
difficult to determine the actual damage the insect inflicts in cases where
the plant is not killed outright. Unquestionably the production of
tubers is minimized when the leaves of the top become badly curled;
indeed, the curtailment may be considerably greater than is realized.
In addition to the primary harm inflicted, we must attribute a part of
the damage caused by plant diseases directly to the aphids, since on
account of their well-known migrating habits they unquestionably are
a factor in disease dissemination."

On tomato in Ohio no fields or plants were killed outright,
though the aphids, as on potato, attack the tender shoots and
leaves and cause the leaves to curl. A favorite place is on the
blossom clusters, and they cause the blossoms to fall without
the fruit setting, thus greatly reducing the yield. On egg-plant
and pepper the greatest injury, as on tomato, resulted from a
failure to set fruit on account of the stems being devitalized by
the attacks of the aphids.

Dr. Felt estimates that on Long Island and in the southern
part of New York state, where the aphid attacks were theé most
severe, at least one-fourth of the potato fields were very seriously
damaged, and the vines killed.

Hagrrs anp Lire History.

This aphid passes the winter in the form of a shining, oval,
black egg, which, according to Dr. Patch, occurs more often
upon the rose than any other plant. On the approach of warm
weather in spring these eggs hatch into agamic viviparous females;
which are usually found on the new rose shoots and especially
around the flower buds in early summer. Some of these females
acquire wings and fly to the potato fields; the wingless forms
travel by walking if a potato patch is sufficiently near. Thus
usually by July 1st the aphids have become colonized on potato
and only a few stragglers are left upon rose.

According to Dr. Patch, a female may produce 50 or more
young in two weeks, and in warm weather these may become
mature in two weeks and in turn begin to produce living young.

L
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On the potato the aphids seem to find favorable conditions for
growth and development and increase at an enormous rate. In
Ohio only ten days are required for the young to reach maturity;
hence several generations are possible during the summer breed-
ing season. Finally a true sexual generation is developed in the
fall, consisting of winged males and wingless females, the lafter
laying eggs on the rose or other host to carry the species through
the winter. In Ohio, studies were made on the rate of repro-
duction. One female was caged on a plant which had been freed
from its entire aphid population, and at the end of two weeks
the colony consisted of 76 aphids, five of which were producing
young. Counts were made of the aphids on three tomato plants:
No. 1, a small one having seven leaves, had 1237 aphids; No. 2,
a large branching plant with 12 stalks, had 34,688 aphids; No. 3,
also a large spreading plant, had 25,750 aphids. Plate X, a,
shows a tomato shoot infested with aphids.

Both Dr. Patch in Maine and Mr. Houser in Ohio noticed the
strong tendency of the winged forms to drop to the ground when
the host plant is disturbed.

Host PrANTS.

Besides attacking potato, this aphid injures tomato and egg-
plant, and is found on many other hosts. In Ohio in 1917%,
potatoes, tomatoes, egg-plants and peppers were attacked and
severely ihjured. In Connecticut, we have only one report to
show that it infested tomato, one on turnip, and none to show
that it caused injury to plants other than potato in 1917. A list
of the known host plants follows: Potato, tomato, egg-plant,
pepper, pea, sunflower, rag-weed, jimson weed, lambs quarters, '
sweet potato, turnip, ground cherry (Physalis), shepherd’s purse,
canna, hollyhock, matrimony vine, corn, beans, plantain, moth
mullein, smartweed, curly dock, catalpa, pokeber'ry, iris, gladiolus,
red-root pigweed, apple, pepper-vine, aster, cineraria, buckwheat,
rose and lettuce.

In 1912, this insect was received on corn and potatoes from
Stonington, the potato leaves being badly infested.

DEscrIPTION.
The appearance of the winged viviparous female is shown in

*Bull. 317, Ohio Agr. Expt. Station, November, 1917.
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Figure 3. The potato aphid, winged female. summer form.
Greatly enlarged.

The following description was published by Dr. Patch in
Bulletin 242, of the Maine Agricultural Experiment Station,
page 208:

* In general Macrosiphum solunifolii is a large species either green or
pink. The apterous forms are somewhat inclined to drop from the
plant when disturbed. 7The abdomen is not marked with dark, but is

. ordinarily clear in color either pink or green, though sometimes late in

the season individuals may be found with a mottling part pink and part
green. The mature forms are rather glistening, but in the stage previous
to the last molt the insect usually has a mid-dorsal line of dark green or
pink (according to the color of the individual) while the rest of the dorsum
is paler by virtue of a very slight powdery deposit. This appearance
is more noticeable in bright light. The beak is short, usually, not or
barely reaching the second coxa, though certain collections have been
taken with beaks a little longer. The cornicles are characterized by
reticulations at the tip. This reticulation holds true for all the mature
individuals—alate and apterous viviparous females, oviparous females,
and males—whether of the green or pink variety, and regardless.of the
food plant upon which they have developed. The cornicles of the
immature individuals are not so marked. The antennae of the apterous



G

OUTBREAK OF POTATO APHID. / 207

females are a little swollen at the proximal part of III. where a few
sensoria are placed; those of the alate females have the sensoria in a
single row not extending to the distal tip of III. The wing veins are
clear cut and well defined though slender.

" The foregoing are the general recognition marks. There is no
structural difference between the:spring and the fall individuals great
enough to lead one to think they might be different species; though there
is a range in size, influenced by food plant or other conditions, great
enough to cause hesitation in determining certain collections unless the
progenitors are known. The measurements, therefore, in the following
descriptions can only be taken as approximate. .

" Winged viviparous female, green variety. Head yellowish green.
Beak typically barely reaching second coxa, though in some collections
a little longer. Antennae, proximal segments pale green, distal segments
dark'.'lenglh of segments: III, .88 to .96 mm,; IV, .76 to .9 mm.; V, .64
to .72 mm.; VI, base .16 to .2 mm.; VI, spur .96 to 1.12 mm.; total length
I to VI, 3.6 to 4.05 mm, III with single row of sensoria somewhat ir-
regular in size numbering 18 or a few more or less, not extending to distal
end. Prothorax and thorax light yellowish green, lobes brownish.
Wings hyaline, veins dark brown, very slender and clear cut, stigma
pale brown. Total wing expansion 8.1 mm. Legs with proximal part
of femora and tibiae pale, tarsi and distal part of femora and tibiae dark.
Tarsi ,16 to .2 mm. Abdomen light green unmarked dorsally or vent-
rally. Cornicles, with proximal portion green and distal portion dark
brown, imbricated for more than three-fourths its length but strongly
reticulated at tip, cylindrical, length .95 mm. or about five times length
of tarsus. Cauda light green, ensiform, length .48 mm. or about one-half
length of cornicles. Total length of body to distal tip of cauda and
exclusive of antennae 2.9 to 3.37 mm.

' Winged viviparous female, pink variety. Head light yellowish. An-
tennae with I and II light yellowish, rest dark. Sensoria as with the
green variety. Prothorax and thorax light yellowish pink. Abdomen
pale pink. Cornicles light yellow with tips dusky and strongly retic-
ulated. Cauda pink. Measurements the same as with the green
variety.

‘** Wingless viviparous female. Color either pink or green as with the
winged viviparous form. Antennae, length of segments: I1I, .8 to
.96 mm.; IV, .72 to .88 mm.; V, .56 to .72 mm.; VI, base .16 to .2 mm,;
VI, spur .96 to 1.2 mm.; total length of seginents I to VI, average about
4.05 mm. III slightly swollen at basal third where 1 to 5 sensoria occur.
Cornicles .96 to 1.04 mm. in length, and strongly reticulated at tip about
one-fifth the distance. Cauda .56 mm. Total length of body to distal
tip of cauda exclusive of antennae, 4.05 mm.

' Wingless oviparous' female. Head pale, nearly white. Antennae
with proximal joints pale, distal half dark. Length of segments: III,
.68 to .88 mm.; IV, .56 to .68 mm.; V, .52 to .64 mm.; VI, base .16 mm.;
VI, spur .96 to 1.04 mm.; total antennal length I to VI average about
3.6 mm. Legs with femora and tibiae, proximal portion pale, distal
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portion dusky. Tarsi dark, .16 mm. long. Hind tibiae conspicuously
darker and much swollen and thickly set with sensoria. Abdomen light
salmon pink. Cornicles pale at base, distal half dark and reticulated at
tip; length .6 to .8 mm. Cauda salmon pink, ensiform, length .32 to
.4 mm. Total body length to tip of cauda, antennae excluded, 2.13 to
2.15 mm. The size of the hind tibiae of this form makes it readily dis-
tinguished from the apterous viviparous form and young, even to the
unaided eye.

* The pink variety has been described because these predominate
among the oviparous females. The color scheme of the green and yellow
forms can be determined merely by substituting these colors for the
salmon pink of the individual described, the dark coloration being the
same for all three.

* Winged male. Head and antennae dark brown. Length of antennal
segments: III, .72 to .8 mm,; IV, .48 to .64 mm.; V, .48 to .6 mni.; VI,
base .16 mm.; VI, spur 1.04 to 1.28 mm.; total antennal length I to VI,
2.93 to 3.60 mm. Sensoria numerous on III, usually none on IV, and
an irregular row of them nearly the whole length of V. Prothorax and
thorax dark brown. Wings hyaline, veins dark and very slender, stigma
pale brown. Legs brown, darker at tips. Abdomen greenish or brown.
Cornicles pale brown, dark distally and reticulated, cylindrical, .48 to
.56 mm. long. Total body length exclusive of antennae and cornicles,
1.12 to 1.57 mm. The thorax is large and strong, the abdomen much
shrunken, making the cornicles seem conspicuously long. The male is
described from individuals taken in copulation, in order that no mistake
as to the identity of the species might occur."”

PARASITES AND NATURAL ENEMIES.

Nearly all aphids are preyed upon by adults and larvae of lady
beetles, and by the larvae of lace-wing flies and syrphid flies,
and these were all observed in connection with aphids on potato
in Connecticut, though we did not have time to study them
and to rear and identify the species. A lace-wing larva, a
lady-beetle larva, and a syrphid larva are shown on plate X1, a.

In Ohio the following nine species of adult lady-beetles were
observed feeding upon the aphids:* The two-spotted lady-beetle,
Adalia bipunclata, the nine-spotted-lady-beetle, Coccinella novem-
notata (ix-notata), the red lady-beetle, Cycloneda munda (usually
listed as Coccinella sanguinea, a tropical species), the convergent-
lady-beetle, Hippodamia convergens, the glacial lady-beetle,
H. glacialis, the parenthesis lady-beetle, H. parenthesis, the
thirteen-spotted lady-beetle, H. xiii-punctata, the spotted lady-
beetle, Megilla fuscilabris (usually listed as maculata, a tropical

* Bull. 317, Ohio Agr. Expt. Station, page 78, November, 1917.
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species) and Bméhyacantha ursina. The most common species
were Hippodamia convergens and Coccinella novemnotata. An
adult of the latter was observed to eat six aphids in 22 minutes,
and a larva ate three aphids in 12 minutes.

The larva of a species of Chrysopa or lace-wing fly, though
present and feeding upon the aphids, was not sufficiently abundant
to be an important factor in checking the pest.

Three species of syrphid flies, Syrphus americana, Sphaerophoria
cylindrica and Allograpta obliqua, in the larval stage fed upon the
aphids.

The above mentioned lady-beetles, lace-wing fly and syrphid
fly larvae are predaceous and devour the aphids in large numbers.
There are also the four-winged or hymenopterous parasites, of
which four species were very abundant in Ohio, namely, Aphidius
polygonaphis, Pachyneuron aphidivorum, and two species of
Lygocerus, the first being the most abundant. These are internal

parasites, and are very effective in keeping aphids in check.

When parasitized by them, the aphids become swollen, turn
brown and remain fastened to the leaves. Such parasitized aphids
were noticed on some of the potato leaves brought to the Station.
These or similar natural enemies have been observed in Maine
and Iowa attacking potato aphids. -

Mr. Zappe collected some parasitized aphids on potatoes in
Stratford, July 23, r917. On July 26 and 30 some small ichneumon
or four-winged flies emerged from them. These parasites were
sent to the Bureau of Entomology, and through the kindness of
Dr. L. O. Howard were identified by Mr. A. B. Gahan. All
proved to be Aphidius rosae Halliday, a species which has several
times been collected or reared within the State.

All of the lady beetles, the syrphid flies and the lace-wing
mentioned above are common species in Connecticut. Though
the four-winged flies found in Ohio have not so far been recorded
from Connecticut, it is probable that they occur here. At any
rate, these or closely allied species are certain to be present in
Connecticut fields and serve as important checks in any aphid
infestation.

In Ohio, chickens, the English sparrow, the chipping sparrow
and the quail were observed to feed on potato aphids. A fungus,
‘Empusa (Entomopthora) sp., killed many of the aphids, particu-
larly during rainy periods. Possibly this is the same species that
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attacked the turnip aphid.in Connecticut in 1916, and which
was identified as Entomopthora aphidis Hoff. by Dr. A. T. Speare
of the Bureau of Entomology.

ConTrROL METHODS.

Spraying with Nicotine Solution. The means advised by the
Station and practiced by many growers for immediate relief was
to spray the vines with nicotine solution to kill all aphids which
are hit by the spray. There are several nicotine preparations on
the market, such as ‘‘ Black Leaf 40,” made by the Kentucky
Tobacco Product Company, Louisville, Ky.; ‘“ Nikoteen,” made
by the Nikotine Manufacturing Company, St. Louis, Ky.; and
*“ Pratts’ Nicotine,” made by The B. G. Pratt Company, so
Church St., New York, N. Y.

One of the best-known of these preparations, and perhaps the
. one most widely sold in Connecticut, is * Black Leaf 40.” This
is a heavy liquid containing 4o per cent. of nicotine in the form
of sulphate. It will kill most kinds of aphids if diluted at the rate
of one teaspoonful in a gallon of water, or one-half pint in a barrel
of 5o gallons. If a little soap be added, it will spread and cover
the foliage better. For this purpose a piece of soap an inch
square to a gallon, or two pounds to a barrel, will answer. For
field spraying, therefore, to kill aphids on potatoes, the following
formula should be used:

YUBlackibeal 46"/ s atee i 1 pint
Laundry soap............. 2 pounds
VYTl W e S T S 5o gallons

The nicotine solution may be added to Bordeaux mixture,
lime-sulphur or lead arsenate, but when used in combination
with these materials the soap should be omitted on account of
possible chemical changes, forming soluble salts of copper, lime
or arsenic, liable to injure the foliage. There was some mis-
understanding on the part of the growers regarding the directions
contained in the press notice issued on July 16 (See page 291),
which reads: ‘“ This spray containing soap cannot be applied
with Bordeaux mixture but may follow or precede it by a few
days.” The reason for this statement has already been explained

above. Some growers wish to eliminate one spraying, and may.

do so by adding the * Black Leaf 40" to the Bordeaux mixture,
and there is ro danger if the soap is omitted.
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To kill aphids very thorough work is essential. Most of the
aphids are on the tender shoots and on the under side of the
leaves, many of which are curled. As the spray will kill only
those aphids which are hit by it, it is imperative that a successful
spray be directed against the under surface of the leaves and also
be thrown against the plant from opposite sides. It is almost
impossible to hit all of them by a single treatment. Repeated
applications are therefore necessary in some cases. It is extremely
important to watch the fields and to begin spraying before the
leaves curl, and before the aphids become sufficiently numerous
to injure the plants. It will often be found practicable to spray
in spots or sections of the field to eradicate or check aphid colonies
which later might spread over the whole field, thus forestalling
considerable expense and much possible damage.

Clean Culture and the Destruction of Rubbish. As the aphids
feed on many weeds, including shepherd’s purse, lambs quarters,
wild ground cherry, red root pigweed, ragweed, etc., all such
weeds should be destroyed both in and around the potato field.
As this aphid passes the winter in the egg stage, usually on rose,
but often on the stems of weeds, potato vines, etc., all such rubbish
should be destroyed, preferably by burning.

Effect of Weather. The weather plays an important part in
controlling aphid outbreaks. Heavy rains will doubtless wash
many aphids from the tender shoots. Wet weather also favors the
growth of fungus diseases, such as Entomopthora aphidis. Ap-
parently aphids are apt to be more troublesome in a cold, wet,
backward season, and often disappear altogether on the approach
of hot weather. The latter, of course, is more favorable to the
development of the insect parasites and natural enemies.
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A COCKROACH PEST OF GREENHOUSES.
Pycnoscelus (Leucophea) surinamensis Linn.
By M. P. ZarpE.

This introduced cockroach was first discovered in Connecticut in
the greenhouses of A. N. Pierson, Inc., at Cromwell, on March 1,
1911, by Mr. B. H. Walden, assistant entomologist of this Station.
At that time the roaches were present. under boards and in cracks
but were not very abundant. Mr. Pierson informed him that the
insects had been present for several years but that they had done
no damage. Little attention was paid to them, therefore, until
the spring of 1917, when they had become so numerous that
they caused considerable damage in some of the houses by gnaw-
ing the bark from the stems of the plants as shown on plate XII, b.
After trying to poison the roaches with bait containing arsenic,
without much success, Mr. Pierson sent specimens to this Station 5
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and asked for advice in controlling the pest. The specimens ar- Al
rived on April 30, 1917, and, though immature, they were identi-
fied by Mr. Walden as P. surtnamensis Linn. Mr. Pierson wrote
in part as follows:

“They are found chiefly in the rose benches, hiding during the day in
the soil. At night they come up, apparently in great numbers, and gnaw .,
the bark of the rose plants about two inches from the surface of the ground, '
making a clean job of it."”

A visit was made to the greenhouses on May 7th, and these
insects were found to be very abundant. They fairly swarmed in
the loose soil in the corners of the rose benches, and under loose
boards, boxes, pails, etc. They had already done considerable
damage to newly-set rose plants and to Easter lilies by gnawing
the stems. As still greater damage seemed imminent, if the pest
was not soon checked, we undertook to carry on a few experiments
with stomach and other poisons in order to determine a satisfactory
method of control.

As little has been published in this country about this particular
species of cockroach and its status as a possible pest, all available
information has been incorporated with the notes of our experi-
ments in this bulletin.

DaMAGE AND HasiTs.

The damage done during the spring of 1917 amounted to several
hundred dollars in this one house. The owner had just set
young rose plants on benches which had been idle for about
four weeks. These were immediately attacked by the young
roaches (there were very few adults present at this time) and
nearly all of them were girdled at the base, as shown in plate
XII, b. When the roaches are full grown they climb up the
plants and eat the leaves rather than the bark on the stems.
Much damage was also done to Easter lilies. Here the young
sprouts from the bulbs, as well as large plants, were attacked. On
the larger plants the bark was chewed off the main stem, as shown
on plate XIII. In another house they were eating the bark of
the stems of poinsettias.

These roaches spend the day in the soil in the benches, in cracks
in the boards on the sides of benches, under boards, barrels, in
cracks and holes in the walls of the building, etc., wherever it is
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dark and there is a chance to hide. A trowelful of soil from the
corner of a bench would sometimes contain from 30 to 40 young
cockroaches. A small board or shingle left on a bench undis-
turbed for a few days would shelter large numbers of them.
During the day the roaches are rarely seen and when some are.
uncovered they run for the nearest shelter, or crawl down into
the soil if possible. At night they come out to feed and the
walks and benches are covered with them. When feeding they
do not seem to mind the light from a lantern. In the house where
the roaches were most numerous, the benches were low, being
right on the ground and known as solid benches; the sides were
boarded up, and the boards were full of knot holes and cracks,
making ideal places for roaches to hide. Most of the roaches
were near the sides of the benches where the soil was not too wet,
and where it was not packed down as hard as in the middle; they
were very seldom found hiding in the center of the benches.

DISTRIBUTION.

The present species is circumtropical in distribution, extending
its range frequently into subtropical regions. It is abundant in
the peninsula of Florida and the Brownsville region of Texas.
It has been found established as far north as Jacksonville, Gaines-
ville and Cedar Keys, Florida; New Orleans, Louisiana, and
San Antonio, Texas. Elsewhere in the United States the species
has become temporarily established in greenhouses and places
similarly heated during cold weather. It has been taken in the
reptile house of the New York Zoological Society in New York
City; also at Rutherford, N. J., Washington, D. C., and Cromwell,
Conn. An immature specimen taken from a bunch of bananas
has been recorded from Toronto, Ontario.

Professor A. P. Morse of Wellesley College reported it doing
damage in a conservatory at Wellesley, Mass., in company with
the Australian cockroach, Periplaneta australasiae Fabr.

Outside of the United States Pycnoscelus surinamensis has been
taken in* Cuba,” Bahama,® Porto Rico,” Dominica,? Trinidad,!
Barbados,!! Martinique,'* Grenada,' St. Vincent! and Jamaica
Islands of the West Indies, Bermuda,® Mexico,!! Costa Rica,
Brazil"* and Guiana on the American continent, Sumatra,’ Lom-

* Numbers refer to literature at end of this paper.
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bok* and Javal of the East Indies, Philippine Islands,! Lower
Siam,® Singapore, Straits Settlements,® Amoy, Southern China !
and Senegal, northwestern Africa.!!

ProBABLE MANNER OF INTRODUCTION.

This cockroach was probably first brought into Connecticut
with shipments of plants or fruit from South or Central America,
Florida or Texas. -Florists have for many years imported palms,
ferns, orchids, and various other tropical plants, and thousands of
shipments of pineapples and bananas come each year into the
northern states.

No official inspection was made of any imported plants entering
the State until rgog when nests of the brown-tail moth were found
on fruit stock grown in France. For three years the larger ship-
ments of stock imported by nurservmen were inspected, but
doubtless many small shipments were brought in by private
owners, and extensive importations made by florists. These were
not inspected because there was no way to trace them. In 1912
the Federal Horticultural Board was established, and its system
of permits and notices has made it possible to trace all shipments
entering the state since that time. All woody, field-grown plants
have been inspected but it has not seemed necessary to attempt
the inspection of all herbaceous or tender greenhouse plants, and
no inspection of fruits has been attempted.

This cockroach must have entered Connecticut at least as early
as 1909, and perhaps earlier, and the chances are good that it
came in with plants. Nymphs of this species were intercepted at
Cromwell, Conn., in the spring of 1915, on a shipment of Arau-
carias from Belgium, and it has been found in the District of
Columbia with plants imported from Straits Settlements. This
and other species of cockroaches have been found frequently by
horticultural inspectors in the District of Columbia, New York,
New Jersev and Connecticut. In many cases the roaches were
immature, and the infestation reported under the name of “‘cock-
roach,”” and the species not identified. Most of the roach infesta-
tions have been in shipments of orchids, palms, and araucarias.
The greatest number of intercepted specimens have come from
Colombia 29, Brazil 8, Venezuela 6, Belgium 1, Guatemala 1,
Straits Settlements 1, Azores 1, Antiqua, British West Indies 1,
and Philippine Islands 1.
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SYNONYMY.

o

1758, Blatta surinamensis Linn. 1838, Panchlora surinamensis Guer.
1862, Pycnoscelus obscurus Scudd. 1865, Leucophaea surinamensis Brunn.

Other established synonyms of the present species are:

&

Blatta indica. Fabr.  Blatta™ melanocephala Stoll.  Blalta punclata
Eschscholtz. Blatta corticum Serville. Panchlora celebesa Walker. Pan-
chlora submarginata Walker, Panchlora occipitalis Walker.

DEscRripPTION.
! Female*

Form robust, structure rather heavy. Head flattened, eyes
well developed. Maxillary palpi short and stout. Pronotum with
glabrous surface showing minute, rather widely separated pits.
Wings transparent except in narrow area of the irregular costal
veins and distal portion of anterior field where they are translucent.
Styles very short, joints much fused, acuminate tip flattened,
dorsal surface weakly convex, ventral surface more strongly con-
vex proximad. This species is easily separated from the other
common roaches of North America by having the ventral margins
of the femora unarmed, or supplied with few distal spines. Head
shining, blackish brown; legs brown; tegmina translucent, black-
ish chestnut brown. Abdomen with dorsal surface dark brown,
ventral surface polished, broadly margined with blackish brown,
shading into brilliant, suffused cinnamon rufous in large mesal
portion. Pronotum shining, blackish brown, with marginal traces
of buffy latero-cephalad. General coloration of immature speci-
mens deep chestnut brown to blackish chestnut brown. Head,
pronotum, mesonotum, metanotum, median segment, first two
dorsal abdominal segments and ventral surface polished, with
very minute, scattered microscopic punctae on head and dorsal
polished portions. Remaining dorsal portions of abdomen mi-
croscopically finely shagreened, showing raised and polished
points on third segment and fewer ra'sed points on the remaining
segments. Head of general color shading to slightly paler on the
occiput. The female is shown on plate X1V, a.

Eggs.

Eggs are often laid in the soil by the females. When first laid
they are whitish yellow, later becoming darker. Egg masses are

* From Blattidae of North America, by Morgan Hebard. -
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slightly curved as shown on plate XII, ¢, and vary in size, the
larger ones being about 10 mm. long and 3 mm. wide. The embryos
in the egg mass are well developed before the eggs are laid and
when an egg mass is broken open the young roaches appear to be
ready to hatch. The eyes, mandibles and spines on the tibiae are
brown and the rest of the body is white. The eggs in each mass
vary from 14 to 42 in number, the average being 24.

Ece Lavine Hasits.

When roaches have been injured, or very much excited, they
will often lay an egg mass which as a rule is not very well devel-
oped and in the laboratory has never produced young.

A number of adult roaches in a cage were kept at a temperature
of about 36° F. for a few days. After a short time they were all
on their backs, apparently dead, but when they were removed to
a warmer room many of them came back to life and laid quite a
number of egg masses. In our experience none of these egg masses
or those found in the soil or in the cages have ever hatched.
Sometimes a female will eat her own e gs.

Very little is known of the reproduction of this species but from
our observations it would seem that normally the young roaches
are either born alive or hatch from eggs within 24 hours.

Is THE SPECIES PARTHENOGENETIC?

Though the male has been described and occurs in the East
Indies, Mr. Hebard* states that he has examined several hundred
specimens from the United States, Mexico and the West Indies
without finding a single male, adult or immature, from the Ameri-
can continent. Over 1,000 specimens from Mr. Pierson’s green-
houses were examined, and all were females. These facts point
toward parthenogenesis, but do not prove it.

CoNTROL EXPERIMENTS.

A number of poisons were used in various combinations to
control this cockroach, but only a few were found that were of any
value at all. Some of them would kill the roaches but not in large
enough numbers to pay for the treatment. The object of these
experiments was to find a quick and also a cheap way to get rid
of this pest. Following is a list of those poisonous baits which

* Ibid. page 196.
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under ordinary conditions would hold this insect in check and
would be useful in small infestations of this cockroach. g

ErrectivE Poison Barrs.

o

PHOSPHORUS PASTE.

This paste is made of flour, glucose, honey, and from 29, to 4%,
of phosphorus. This comes in two-ounce tubes and may be pur-
chased in nearly all drug stores. The price is 25 cents for a two-
ounce tube and would be a very expensive treatment for a large
greenhouse. The roaches are very fond of this bait and are easily

, killed by it. A home-made phosphorus paste was made at the
Experiment Station chemical laboratory which worked as well as
the commercial paste but it is not recommended for general use.
Yellow phosphorus, from which this paste is made, is highly in-
flammable and must be kept under water. It is, therefore, very
dangerous for anyone not acquainted with its properties to handle
it. There is also danger from fires if too high a percentage of
phosphorus is used in the paste.

BORAX.

This is the next best remedy for this cockroach and has some
advantages over the phosphorus paste. It is cheaper, non-poison- 4
ous to man, easily handled, and can be used in several combina-
tions. It is slower in its action on the roaches than phosphorus.
After eating borax the roaches first lose the use of their legs and
may be seen slowly crawling around on top of the soil in the
benches or on the walks, and later they die.

A mixture of borax, powdered sugar and cooking chocolate,
equal parts of each, ground up together in a mortar and made into
a paste with honey and water, was tried and killed many roaches.
This was eaten slowly and was not all cleaned up for a week. Dead
roaches were found every day and for a few days after the bait
was all eaten. :

Another formula tried was:

B oA e e e 4 0Z
Blouases t o8 A N ey 4 0z,
Baranasid=tiain st et 3

. Three over-ripe bananas, flour and borax were made into a
paste and applied to several benches. This was all eaten in a few _
days and dead roaches found. 7
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A bait made of powdered sugar and borax in equal parts was L
used with good results. It has the advantage of being easier to !:
mix and apply and is also cheaper than any of the other borax i
combinations tried. The results were about the same. To a part : E

of this mixture a few drops of anise oil were added to make it

more attractive. This was eaten a little sooner than the portion

without anise oil. Such was the case whenever anise oil was

added to any bait that roaches would eat. .
Some of the following poisons were eaten by roaches, and others

were not. Those that were eaten were of very little value in

holding the insect in check.

.

-t

-

STRYCHNINE.
StTychmime ko R el o 2 grams.
Wikieatibransis v isie, Mo e cle i e, 1 pint.
Glucose and water enough to moisten.

The strychnine was dissolved in a little water, the glucose
added, and the mixture then used to moisten a pint of bran.
Roaches ate this fairly well but very few dead ones were found.
This formula was also tried with the addition of a few drops of
anise oil with no better results.

Sugar enough to sweeten.
This was all eaten and a few dead roaches found.

ARSENICAL POISONS

This species of cockroach seems to be very resistant to the
effect of arsenicals. Only a few of the following were eaten at all,
and where they were, no dead roaches were found.
o Arsenate of lime............ 10 grams
Bloutl les e A 1-2 lb,
Sugar to sweeten.
All of this was eaten but no dead roaches were found.
Arsenate of lead. .. ... 5 grams (dry powdered).
1 over-ripe banana. i
This mixture was eaten but no dead roaches were found. .
Arsenate of lead, 5 grams, was worked into one-fourth pound of
lard. Little red ants began to eat this as soon as it was put down.

\
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The heat in the greenhouse was enough to soften the lard so that
it ran all'over the paper upon which it was placed. I do not know
whether the roaches ate any of this or not, but no dead roaches
were seen.

| S Tan s L i R 4 0Z.

1 Orange

1 Lemon

Molagses, il Sl s e 1 pint.
VAT e R o 5 lbs
WAt o R e ot o 3 qts

This formula is recommended for cutworms, but proved to be
of no value against this cockroach, as none of the mixture was
eaten.

White arsenic. v iiliis s ks 2 0Z
155 (alh ) et At e R 1 lb
SHEATT N s i e ol 2 0z

These ingredients made into a thin paste with water were left
untouched.

On two benches the stems of the rose plants were painted with
a thick solution of lead arsenate. These plants were not injured.

Rose branches—parts of plant cut off when pruning—were
dipped in a solution of lead arsenate. Leaves and all were partly
eaten every night. After the first night the leaves would be wilted
and the roaches would not eat any more of this material.

Arsenateofsoda.................. 150 grains
SITAT. s e U O o Al L] 2 0Z.
L T A g T A A 2 6 fluid oz.

Water enough to make a pint.

This was used to moisten bran and was placed on benches.
I could not tell if this was eaten very much as men watering the
plants may have washed most of it into the soil. At this time the
men working in this greenhouse used some commercial phosphorus
paste at night and many dead roaches were found. Some of these
were collected and their stomach contents analyzed by Mr. C. B.
Morison of the Chemical Department. He found no trace of
arsenic but large quantities of phosphorus. This shows that the
arsenic was not responsible for their deaths.
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CYANIDE OF POTASSIUM.

Sugar to sweeten.

Cyanide was dissolved in a little water and mixed with the
flour and sugar to make a thin paste. When this was mixed it
smelled very strong of cyanide but the next morning it was all
eaten. Even the paper upon which it was placed was devoured,
big holes being eaten out where the poison touched it, as shown
on plate XIV, b. Cyanide, although a very deadly poison, had
no apparent effect on these cockroaches and no dead ones were
found.

s e R e ST S el s 1 lb. %
Cyanide of Potassium............... 10 grams.
Arsenate’ol lead lSueTn N st 10 grams.
DUETAT  pech i e e S i 2 0Z.

Water to make a thin paste.
In this case cyanide and arsenate of lead were used together and
the mixture was all eaten by the roaches, but no dead ones were
found.

e TS T L o e e T N agres T 1—2 lb
Cyanides Lr) Soosl s 1y 1—4 OZ.
Phosphorus (Red)............ I—2,0Z.
Glueose il il o e 2 tablespoonfuls

Water to make a thin paste.

This, like the preceding, was all eaten, but did not kill the
roaches.

\.

RED AMORPHOUS PHOSPHORUS.

10T T e e Do e G L)
Red Phosphorusiy i il . -2 0Z. ;
(GlIoose,: Tl Eait e et 2 tablespoonfuls

Water to make a thin paste.

The phosphorus used in this formula is poisonous but is not
dangerous to handle like the yellow phosphorus. It has the char-
acteristic phosphorus smell and was thought to be a good substitute
for the phosphorus paste. The cockroaches ate this bait but it
did not kill them.
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This was mixed and spread on pieces of paper but the heat in
the greenhouse made the lard soft and it began to run. Ants
immediately began to feed on this mixture. I do not know
whether roaches ate any of this or not but no dead ones were
found.

MERCURIC CHLORIDE.

Mercuric Chloride. .. ......... 10 grams
8 5yt e Tl s e 1—2 lb
Glucose......... N b in .. 1 tablespoonful.

Water to make a soft paste.

This formula was tried, one-half with a few drops of anise oil,
and the other without, but the roaches would not eat it.

PLASTER OF PARIS.

Plasteriof Bafis s . e e e 1—2 1b
5 (5)7F b b e b St 1 1—2 1b
Powdered sugar. ......:...... 1—4 1b.

These ingredients were mixed dry and were placed in shallow
flower pots where the roaches could get at it. Dishes of water
were placed near the bait, the idea being that the roaches would
eat the bait and drink the water, and the plaster of Paris would
set in their stomachs, thus killing them. The roaches did not eat
any of this mixture but sowbugs did, although no dead ones were
found.

REPELLENTS.

Sawdust was moistened with fish oil and sprinkled around the
plants where the roaches had been doing the most damage. This
kept them away from these plants for a few nights, but when the
plants were watered the sawdust was washed away and the mixture
lost its usefulness. Sawdust and kerosene was also tried with
about the same results as the above except that any roaches that

‘came in contact with the kerosene were killed.

TRAPS.
Large glass jars baited with stale beer were sunk into the
benches almost to the level of the soil. These worked fairly well
but cannot be considered as effective traps, as the roaches were

e
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not caught in largé enough numbers. For small infestations they
would perhaps be satisfactory but in this case it was too slow a
method of control.

KEROSENE SPRAY.

Our experience with kerosene as a repellent led us to try it as
a contact spray. Pure kerosene sprayed along the top and sides
of the benches brought out all the cockroaches which were near
the sides and surface of the benches. As this is the place where
most of the roaches stay during the day, great numbers of them
were killed in this way. ' On one side of one bench, in spraying
only four feet in length of the bench, 184 roaches were killed. In
one corner of the house where the masonry was broken there
were many holes in which the roaches hid during the day. Kero-
sene was sprayed into these holes and the roaches came tumbling
out. When they came in contact with the oil they were all killed
and the ground was literally covered with dead roaches.

Kerosene will burn the foliage, so great care must be taken not
to get any spray on the leaves of thé plants. The owner of the
greenhouse used the treatment and so reduced the numbers of
the roaches that there was no longer any danger of their doing
serious damage to his plants.
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ERADICATING THE LITTLE HOUSE ANT OR
PHARAOH’S ANT FROM A DWELLING HOUSE.
By M. P. ZarpE.

A serious outbreak of the little house ant or ‘‘ Pharaoh’s ant "’
was reported by a family in Hartford late in November 1916.
This ant had been present in this house for several years but had
not caused much annoyance until the summer of 1916. In other
years it had confined its activities to the pantry and kitchen,
and at the beginning of cold weather would disappear until the
following summer. But this year the ants were running all over
the house, no part of it being free from them. At this time there
were many queens around the house, as well as worker ants.
A favorite place was the bathrooms, where they could be seen
drinking water and running along the tile floor. There were
ants in every room in the house; a few could be found on tables,
writing desks, among clean clothing in bureaus, on the floors,
walls, etc. The lady of the house had been fighting them all
summer and was on the verge of a nervous breakdown. She
was willing to do almost anything to get rid of this pest, even
threatening to tear the house down.

Naphthalene flakes had been used but its effect was only local,
merely driving them out of the room where it was used. The
family objected to the smell of naphthalene so it could not be
used all over the house. Trapping with a sponge dipped in a
sweetened solution, and when full of ants, dropping it into hot

water, killed many ants but they soon became suspicious of the -

sponges, after which very few would venture to go into them.
On December 1, 1916, a poisoned bait recommended by the

Bureau of Entomology, Washington, D. C. (Farmers' Bulletin

740) was tried. The formula for its preparation is as follows:

RGN : o s T sugar
TARIOTAINST AN i R A arsenate of soda

s kT, B s e water

1 tablespoonful ........... honey.

Dissolve sugar in the water and add the arsenate of soda. Boil
until sugar and poison are all dissolved, then add the honey.
The addition of the honey is said to make the bait more attractive

to the ants. When cool this mixture was used with bits of sponge

on small, shallow dishes and two or three dishes placed in each
room. The object of this poisoned bait is not only to kill the ants

=4

1l



NEW FRUIT PEST IN CONNECTICUT. 315

which collect and carry the sirup back to the nests, but also the
young and the queens in the nest which feed on it. In less than
two hours after distributing the poison around the house, the
ants began to find the bait and large numbers were feeding on it
and carrying it back to the nest. Ewven the queens were seen at
this bait. A few days later another batch of bait was made up,
but this time either it was boiled too long or too much honey was
added. When it cooled it was too thick for the ants to eat readily.
On December 6 the same formula was tried again except that
only one-half pound of sugar was used. This made a thinner
sirup which did not dry and harden as quickly as the sirup made
from one pound of sugar. The ants seemed to eat this better
than the thicker sirup. At thi§ time there seemed to be fewer
ants in the front of the house but just as many in the kitchen,
where no poisoned bait was used.

The house was visited again on December 15 and very few
ants were found on the first floor. A few were found in the bath-
rooms of the second floor where they were drinking water from
the toilets and washbowls. Ozxalic acid has been recommended
as a remedy for ants by some writers. This was tried in combina-
tion with lard but the lard and acid did not mix, so lard was
melted and the acid added. This stayed mixed until cool; then it
separated. Ants did not eat any of the mixture.

On December 18 no ants could be found on the first and second
floors. Two bathrooms on the third floor had a few living ants
and many dead and dying ones were curled up on the floor. A
poisoned bait of beef liver (2 oz.) and potassium cyanide (150
grains) was made up by chopping the liver fine and adding the
cyanide in a water solution. There were so few ants left that we
could not tell whether they ate any of this or not. Early the
following spring (March 23) the house was visited again but no
ants had been seen in the house since December 18, when the
last poisoned bait was used. A recent letter states that the ants
have never returned, much to the joy of the family.

A NEW FRUIT PEST IN CONNECTICUT.
Laspeyresia molesta Busck.

On July 11 specimens of peach shoots were received from Mr.
C. C. Lawrence of the F. A. Bartlett Company, Stamford, who
wrote as follows:
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“Am sending you under separate cover some specimens of
peach twigs, the terminal shoots of which have been attacked by a
small insect. Very possibly this may be due to the peach twig
borer but the color of the larva is such as to suggest that it might
be Laspeyresia molesta, brought over from Japan and reported
by Dr. Quaintance. In talking with Dr. Quaintance this spring,
he mentioned the fact that it had not been found outside the
District of Columbia, Maryland and Virginia. Do you suppose
it is this insect?"”

The specimens were e\;ammed and the letter answered by Mr.
Lowry as follows:

“Your letter of July 1oth, also the package containing the
peach twigs, have been received'in the absence of Dr. Britton.
The twigs were quite badly crushed and it was possible to obtain
only one larva. If you would be so kind as to send us more
material in a box, it would be greatly appreciated. As you
suggest, the damage is probably caused by the larva of Laspeyresia
molesta.”

Specimens were sent to the Bureau of Entomology by Mr.
Lawrence or his firm and the insect was identified positively as
Laspeyresia molesta. Mr. E. H. Siegler of the Bureau, in company
with Mr. F. A. Bartlett, visited several orchards in the vicinity.
They found the insect not only in Stamford but also in Norwalk
near the border of ‘New Canaan, in the twigs of a bearing peach
orchard. Though a nearby nursery was examined, no trace of
the insect could be found on nursery stock. The assistants en-
gaged in inspecting nurseries were instructed to be on the watch
for this pest, but they did not find it anywhere during the progress
of their work.

As this insect is new to Connecticut, and was described in
1916 as being new to science, a brief account of it is given here,
taken chiefly from Quaintance and Wood.* The following
description from their paper is reproduced here:

Full Grown Larva. ‘‘ Thirteen to fifteen mm. long; whitish suffused
with pink; tubercles minute, black. Head light brown with darker
brown markings; hind margin, ocellar area, and the tips of the trophi -

black. Thoracic shield light yeliow, edged with brown. Spiracles small,
circular, dark brown. Anal plate blackish fuscous. Legs and prolegs
normal.”

* Journal of Agricultural Research, Vol. VII, page 373, November 1916, <
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The adult has a wing-spread of about half an inch, and belongs
to the family Tortricidae. The following is the original description
by Mr. Busck:

Aduit. ‘ Head dark, smoky fuscous; face a shade darker, nearly
black; labial palpi a shade lighter fuscous; antennae simple, rather stout,
half as long as the forewings, dark fuscous with thin, indistinct, whitish
annulations. Thorax blackish fuscous; patagia faintly irrorated with
white, each scale being slightly white-tipped. Forewings normal in
form; termen with slight sinuation below apex; dark fuscous, obscurely
irrorated by white-tipped scales; costal edge blackish, strigulated with
obscure, geminate, white dashes, four very faint pairs on basal half and
three more distinct on outer half besides two single white dashes before
apex; from the black costal intervals run very obscure, wavy, dark lines
across the wing, all with a strong outwardly directed wave on the middle
of the wing; on the middle of the dorsal edge the spaces between three
of these lines are more strongly irrorated with white than is the rest of
the wing, so as to constitute two faint and poorly defined, white dorsal
streaks. All these markings are only discernible in perfect specimens
and under a lens; ocellus strongly irrorated with white, edged by two
broad, perpendicular, faint bluish metallic lines and containing several
small, deep black, irregular dashes, of which the fourth from tornus is
the longest and placed farther outward, so as to break the outer metallic
edge of ocellus; the line of black dashes as well as the adjoining bluish
metallic lines are continued faintly above the ocellus in a curve to the
last geminate costal spots; there is an indistinct, black apical spot and
two or three small black dots below it; a thin but distinct, deep black,
terminal line before the cilia; cilia dark bronzy fuscous.  Hind wings
dark brown with costal edge broadly white; cilia whitish; underside
of wings lighter fuscous with strong iridescent sheen; abdomen dark
fuscous with silvery white underside; legs dark fuscous with inner sides
silvery; tarsi blackish with narrow, yellowish white annulations.”

INJURY.

The larvae have been found injuring the twigs not only of the
peach, but of the plum and cherry, and also the fruit of the peach.
In one orchard between 8o and go per cent. of the twigs had been
injured, and adjacent nurserv stock showed even a higher per-
centage of injury. This injury begins soon after new growth
starts in spring and continues until growth ceases in the fall.
The larvae seem to prefer the tender growing shoots, and may
pass from one into another.. Thus one larva may tunnel and
injure several shoots. The injury to twigs closely resembles and
is scarcely distinguishable from that caused by the common
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peach-twig borer or peach moth, Anarsia lineatella Zell. Appar-
ently the peach is preferred to the plum and cherry. This twig
injury checks growth and on the peach is followed by an exudation
of gum; it is more serious in a nursery than on bearing trees.

Though considerable injury results from the attack to the
twigs, it is the attack on the fruit of the peach which causes the
greatest damage. The larvae eat through the skin near the stem,
beginning their attack on the green fruit, but as the fruit approaches
maturity it becomes more seriously infested. Ripening peaches
often have several larvae in a single fruit, and following the
mutilation, brown rot finishes the destruction. The larvae will
also enter the fruit at other places, especially if damaged by
hail or punctured by curculio. Many of the infested peaches fall
to the ground, but some will hang upon the tree. Since this
article was written it has been discovered that the larvae infest
not only peach but also the fruit of apple, pear and quince.

L]

Lire Hisrtory.

The winter is passed by the full-grown larva on the tree, prob-
ably making winter cocoons in the cracks of the bark or in cavities
eaten into the bark on the twigs. Early in the spring the larva
enters the pupa stage. In summer, cocoons are sometimes made
in the cavity at the stem end of the fruit. The cocoon is made of
whitish silk. There are probably two or three broods of larvae
each year. The adults emerge and begin to lay eggs soon after
growth starts on the tree, as larvae have been observed at work
on the twigs when the new shoots were from six to eight inches
long. Thus the larvae begin early in the season and they are
found in different stages at work on the twigs until late in the
fall.

PossiBLE CoNTROL MEASURES.

It is too early to recommend control measures, as experiments
have not yet been conducted to determine the best methods of
treatment. Only a few possible measures can be pointed out here.
The cocoons and larval cases are so close and impervious that
fumigation with hydrocyanic acid gas does not seem to be a
satisfactory remedy. Possibly dipping the trees in a miscible oil
may prove more effective. This can easily be carried out when
the trees are dug for shipment.

0
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In the bearing orchard early spraying with lead arsenate soon
after the fruit sets will probably reduce the injury to the fruit,
as in the case of the codling moth which attacks the apple.

The larvae tunnelling in the twigs are mostly out of the reach
of arsenical poisons. Clipping off the twigs in winter—a cus-
tomary practice in heading back orchard trees—will undoubtedly
remove a small percentage of the larvae. These twigs should be
gathered and burned before the trees start into growth.

THE FALL WEB-WORM.
Hyphantria cunea Drury.

Nearly every year in the latter part of the summer nests of the
fall web-worm are present on orchard, shade and woodland trees
throughout the State. These are more prevalent in some seasons
than others, and it is, of course, when most abundant that: the
insect is the most destructive. In 1gor, the fall web-worm was
exceedingly prevalent. It continued to be abundant through
19o2 and 1903, though diminishing somewhat. From then until
the present, the nests have not been rare, though not sufficiently
common to receive particular mention in the annual report of
this Station. In 1916 this insect was noticeably more common
than for several years preceding, and in 1917 it was probably
more prevalent than since 19oz. As no adequate account of
this insect has ever been published in this series of reports
the present paper was prepared to supply the want.

ReLATIONSHIP TO OTHER INSECTS.

The fall web-worm is the larva of a moth belonging to the family
Arctiidae or tiger moths. Most writers consider it to be Hyphan-
tria cunea Drury, but some recognize it as H. textor Harr., while
others consider the two species as identical, fextor being a synonym,
or possibly a variety of cumea. The Station collection contains
one adult specimen labeled textor, and all others are labeled
cunea. The writer has made no attempt to separate the two
species. For the purposes of this article it really makes no differ-
ence. In Smith’s List of Lepidoptera, 1st edition, published in
1891, textor, punctatissima and several other names are given
as synonyms of cunea. In the 2nd edition, published in 1903,
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and also in Dyar’s List of Lepidoptera, published in 1902, cunea
and fextor are given as separate species. In the recent Check
List of Lepidoptera by Barnes & McDunnough, they are also
given as distinct species.

Dr. E. P. Felt* states that ** the Web made by the larva of the
more common species in this state (New York) belongs to Hypan-
tria textor Harris”’ and that cumea may also occur *‘ but appears
to be rarer than the other species.” In Banks' Index of American
Economic Entomology, the references are given under cunea.
As most of the references in literature have been given under the
name of cunea, this name is used in the present paper.

INnJury Anp Hagsrrs.

The caterpillars injure trees of nearly all kinds by feeding
upon the leaves, often defoliating them. The nests or webs
usually occur on the ends of the branches. In this respect the
fall web-worm differs from the tent-caterpillar (with which it is
sometimes confused), which makes its nests in the forks of the
main trunk or branches. The latter insect makes its nests in
May and those of the fall web-worm appear in July, August and
September. Moreover the tent-caterpillars go out of their nests
to feed, and the fall web-worms always feed inside their nests,
as shown on plate XVII, b. When the leaves hayve been eaten,
they extend their nests to include fresh leaves and proceed to
devour them. In this way the nest may become so large as to
involve the whole branch. All caterpillars hatching from a single
egg-cluster probably live and feed together in one nest.

When fully grown the caterpillais leave their nest and crawl
about seeking a place to transform.. They are then from one to
one and one-half inches in length and are covered with brownish
hairs. The hickory tree shown on plate XVIII was entirely
defoliated by fall web-worms in New Canaan in rgor.

Foop PrLaNnTs.

Some years ago the Bureau of Entomology of the U. S. De-
partment of Agriculture at Washington, ID. C., compiled a list
of food plants containing 120 different kinds of trees, shrubs and
plants, upon which the caterpillars feed. This includes nearly

* Insects Affecting Park and Woodland Trees, i. page 143, 1905.

<
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all the fruit, shade, ormamental, and native woodland trees.
Pear, apple and cherry are commonly attacked. Elm, willow,
poplar, hickory, black walnut, black cherry, choke cherry, ash,
box elder and hackberry are common food plants, often being
wholly or partially defoliated. We may therefore expect to see
this insect on almost any kind of tree or shrub grown in the State.

NuUMBER OF BRoOODS.

There is usually but one brood each season in Connecticut, the
caterpillars appearing in late summer. In 1904, the writer
observed one of the nests in New Haven, June 23, and rearing
adults, found that they laid eggs and that a second brood of
caterpillars had hatched by August 15. These caterpillars were
fed until nearly full grown, but as all members of the staff were
obliged to be away inspecting nurseries, they were not fed and all
died from starvation before transforming. This indicates that
the fall web-worm is partially double-brooded in Connecticut.
Since 1904, an occasional nest has been noticed in early summer,
but most of them are seen later in the season.

Beutenmiiller* states that this insect is double-brooded in the
vicinity of New York City, and Smith{ records two broods as
being normal in New Jersey. According to Dr. Howard,] there
are two broods in Washington, D. C.  On the other hand, Fernald
has studied the life history of this insect carefully in Massachusetts
and finds only one annual brood in that latitude.

Lire HisTory.

The adult female lays on the under side of a leaf a cluster
containing between 4oo and soo eggs. This cluster is shown on
plate XVI, b. The eggs hatch in about ten days and the cater-
pillars feed gregariously and form a nest on the end of the branch.
In about six weeks they become full-grown and pupate under
rubbish, or attached to fences, tree trunks, etc., in light-brown
cocoons covered with the hairs from the caterpillars. The prin-
cipal or late brood passes the winter in these cocoons. Where

* Bulletin, American Museum of Natural History, Vol. X, page 376,
1898.

T Insects of New Jersey, page 439, 1909.

! Farmers’ Bulletin No. 99, U. S. Department of Agriculture, page 20,
1899.
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there are two broods the adults emerge in May, but in the north
where the insect is normally single-brooded the adults do not
appear until July. Where double-brooded, the first-brood cater-
pillars transform to pupae about July 1st and the adults emerge
about a month later.

DESCRIPTION.

Egg. o.s5 mm. in diameter, globular. Surface finely sculptured
or pitted. Light green or yellow when first laid, changing to a
lead color before hatching. Laid usually on the under side of a
leaf in a cluster containing from 400 to so0 eggs, covered with
whitish hairs from the body of the female.

Larva. When first hatched, pale vellow with two rows of dark
tubercles along the back, these tubercles bearing hairs. When
fully grown from 3o to 35 mm. in length; color variable. Mostly
striped with dark brown or black and yellow. Some individuals
are nearly solid brown, some nearly black, while others are gray
or lead color. There are two rows of black and orange dorsal
tubercles bearing hairs which are mostly light brown but some
are nearly black and others white. These tubercles are really
part of a series of transverse rows, one row being borne on each
segment, and, except ventrally, surrounding it. The tubercles
all bear hairs nearly uniform in length, giving the caterpillar a
distinctly hairy appearance. Head and legs vary from light
brown to black.

Pupa. 8-10 mm. long, brown, with a more or less distinct
swelling near the middle and with the spiracles showing as pro-
jections along the sides. Enclosed in a thin, light gray cocoon,
in which larval hairs and particles of dirt are mixed. The cocoons
are usually formed in clusters in the crevices on trunks of trees,
underneath fences, rubbish on the ground, ete.

Adult. Wing-expanse 25-35 mm. Front and rear wings white,
the front wings either pure white or more or less well-marked
with black spots. In the most prominently marked specimens
these spots form six curved transverse rows; this form has been
described as punctatissima. The immaculate form has been
described as variety budea Hiibn. There are all gradations
between these two forms. The rear wings often have one or more
black spots but many are immaculate. Femora yellow, tibiae
black. Eggs, adult and small larvae are shown on plate XVI.
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ParasiTEs AND NaTUurRAL ENEMIES.

No doubt some of the birds, like cuckoos, shrikes, ete., which
commonly attack hairy caterpillars, feed upon the fall web-worm.
Perhaps the most important natural enemies are the four-winged
or parasitic flies belonging to the order Hymenoptera. Of these,
three of the most important are Apanteles hyphantrie Riley,
Meteorus hyphantrie Riley, and Campoplex (Limmeria) pallipes
Prov. An egg parasite, Telenomus bifidus Riley, is said to some-
times destroy nearly all eggs in the cluster. In addition to the
parasites mentioned above, the following have been reared from
this or some other species of Hyphaniria: Campoplex fugitivus
Say, Apanteles lacteicolor Viereck, Pteromalus (Dibrachys) bou-
cheanus Ratz., Syntomosphyrum esurus Riley and Eremotylus
glabratum Say. A dipterous parasite of the family Tachinidae,
genus Tachina, has been recorded by Dr. C. V. Riley*, who states
that this fly is fully as useful as any of the other insect parasites.

In addition to the parasites, there are several predaceous
insects that devour the larvae. These include the soldier bugs,
Euschistus servus Say and Podisus maculiventris Say, in the
Southern States the praying mantis, Stagmomantis carolina Linn.,
and the wheel bug, Prionidus cristatus Linn., and the larva of a
Carabid beetle, Plochionis timidus Hald. The adult moths are
eaten by various species of birds, spiders, dragonflies, robber flies,
and the large ground beetle, Calosoma scrutator Fabr.

In Kentucky in certain years the caterpillars are killed by a
fungus, Empusa gryllii Fres.

ConTrROL METHODS.

There are two common methods of controlling this insect on
orchard and shade trees, but in the woodlands there has been
no attempt to combat it. On small trees that can easily be
reached, it is a simple matter to clip off and burn the nest when
first formed and small, before the tree has been injured. Tree
pruners can be used for this purpose on larger trees. It is also
feasible to kill the caterpillars in their nests on the tree by means
of a torch. This will not seriously injure the tree as might be

* Bulletin No. 10, Division of Entomology, U. S. Department of
Agriculture, page 52, 1887.
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the case with the tent-caterpillar, where the nests are in forks
of the branches. Fall web-worm nests are at the ends. The use
of the torch will scorch some of the nearby leaves as well.
Spraying with lead arsenate, using at least three pounds of the
paste (or one and one-half pounds of the powdered or dry form)
in a barrel containing fifty gallons of water, will prevent any
serious or marked defoliation of the tree. This is, of course, the
method generally practiced in Connecticut orchards, which need
to be sprayed systematically in order to obtain good fruit. Shade
trees can also be sprayed, and are sprayed in many Connecticut
towns and cities. The expense of spraying woodland would be
prohibitory. Certain small areas are sprayed each year in gipsy-
moth infested regions in the eastern part of the state,*and of
course the spraying effectually controls the fall web-worm.
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THE HICKORY TUSSOCK MOTH, HALISIDOTA CARYAE
HARRIS, AND OTHER CLOSELY ALLIED SPECIES.

The report of this Station for 19o7, contained on page 332
a brief notice of the hickory tussock moth, and illustrations were
given on plate XV. During the past ten years this insect has
had its ups and downs, but in 1917 it seemed to be more abundant
than for many years. Late in the summer the caterpillars were
seen crawling about on walks, fences, trunks of trees, etc., seeking
a place to pupate. Associated with the hickory tussock moth
caterpillars were the caterpillars of the white-marked tussock
moth and many larvae of the tessellated tussock moth, Halisidota
tessellaris S. & A. The latter is not as common normally in
Connecticut as caryae but in some localities in 1917 it approached
it closely in abundance. The larvae of both species are shown
on plates XIX and XX. Plate XX, ¢, shows the cocoons,
probably of both species, on the trunk of a sugar maple tree
growing along one of the streets in New Haven.

These tussock moths belong to the family Arcfiidae and are
closely related to the fall web-worm described on page 322 of this
report. There are three species in Connecticut: Halisidota
caryae, H. tessellaris and H. maculata. Though the first two are
fairly common, maculata is rather rare about New Haven but is
said to occur more abundantly farther north. Maculata feeds on
willow, poplar, alder and oak; caryae feeds on oak, elm, maple,
hickory, walnut, poplar, willow, ironwood, hornbeam, chestnut,
linden, locust, apple, cherry, larch, etc.; tessellaris is known to
feed upon maple, oak, elm, beech, June berry, locust, hornbeam,
hickory, walnut, ash, sycamore, witch-hazel, huckleberry, chest-
nut, willow, poplar, tulip tree, sweet gum and linden. It will be
seen from the list given above that these tussock moths are
somewhat general in their feeding habits and it would not be
strange to find them devouring almost any kind of foliage.

The adults of all three species appear in June and July and the
females lay their eggs on the under side of the.leaves of their host
trees. The hickory tussock moth deposits eggs in a patch about
an inch broad. The young larvae feed gregariously at first and
greatly resemble those of the fall web-worm, but as they increase
in size they take on characteristic markings with each moult.
Next to the last instar, they are covered with white hairs prettily
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ornamented with black spots, and with two pencils of black hairs
near each end of the body, as shown on plate XIX, b. In the
last caterpillar stage, just before pupation, there is a continuous
black stripe along the back with the black pencils as described
above. The caterpillar is then about one and one-half inches
long, and is shown on plate XIX, b.

The caterpillar of the tessellated tussock moth wvaries from
gray to yellow, and does not have such a prominent black stripe
along the back. On the second segment back of the head, there
is on either side a lateral black pencil with two white ones under it.
On the third segment there is a similar black pencil with one
white one under it. This larva is about one and one- {ourth
inches long and is shown on plate XX, b.

The adults of both species are about the same size, and have
a wing-expanse of about two inches. Caryae has light brown
fore wings marked with silvery white spots; rear wings nearly
white, being light brown or yellowish. Body buff or light brown.
Tessellaris has both wings of nearly the same color, light brown,
semi-transparent. The fore wings are marked transversely with
inconspicuous blocks of darker color; rear wings without markings.
Body buff er light brown. Maculata resembles caryae but has
light brown instead of white markings on the fore wings.

The cocoons are ash gray and are formed on the trunks of trees,
sides of buildings, fences, walls, etc. There is only one brood
each year and the winter is passed in the cocoon.

A description of all stages, and illustrations of the white-
marked tussock moth ( Hemerocampa leucostigma S. & A.) will
be found in the Report of this Station for 1916, page 103.

Wherever these tussock moths become so abundant as to
defoliate trees, the remedy is to spray with lead arsenate, using
three pounds of the paste in fifty gallons of water. Properly
sprayed orchards will not be injured. In addition to spraying
with poison, the caterpillars can be killed when found, and the
cocoons can be removed from the trunks of trees during the
winter months.

THE WALNUT CATERPILLAR.
Datana integerrima Gr. & Rob.

This caterpillar feeds in clusters on black walnut, butternut
and hickory, often defoliating trees, and was particularly abundant
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in the State in 1917. It has been mentioned in preceding repurts
of this Station as follows: 1g9or, page 275 (brief note); 1905,
page 257 (bare mention); 1906, page 298 (bare mention); 1914,
page 191 (brief note with one illustration); 1916, page 140 (brief
note). The purpose of this article is to give a more exte ded
account of the insect so that property owners and caretakers
will recognize it. Several times this insect has been reported to
the Station as being the gipsy moth.

On August 16, the entomologist was called to Clintonville,
where several black walnut and hickory trees were being defoliated.
One large black walnut was about half stripped and the leaves
were fast disappearing. Nearly every branch contained one or
more clusters of caterpillars, all eating away on the leaves. A
small tree of the same kind nearby had been wholly stripped.
Hickory trees along the road not far away were also infested,
some branches being then denuded.

Caterpillars were received on black walnut from Meriden,
August 10; East Haven, August 13; . Wethersfield, August 29;
and on hickory, Wethersfield, August 30.

The caterpillars are gregarious and may be seen feeding in
clusters near the ends of the branches. When full grown they are
about two inches long, black, and covered with whitish hairs.
The appearance of a single caterpillar is shown on plate XXI, b.
Just before pupating the caterpillars separate and crawl up and
down the trunks of the trees and along the ground. One often
sees them crossing the highway and wonders where they are
going; probably either seeking more food or a place to pupate.

Before reaching maturity these caterpillars have the habit
of congregating in masses on the trunk or larger branches for the
purpose of moulting. The discarded skins remain on the tree
making a patch of fur, as shown on plate XXI, d. All larvae
of the genus Datana are gregarious, and when disturbed elevate
their heads and tails in a characteristic and peculiar manner, as
shown on plate XX, d. The chrysalid is a naked brown pupa
formed in the ground where the species passes the winter. There
is only one brood each vear. _

The adult is a tan-colored or reddish-brown moth with a wing-
spread of about two inches. The forewings are crossed with more

or less distinct lighter and darker bands. A patch on the thorax

is of a beautiful and brilliant mahogany red. The adult, natural
size, is shown on plate XXI, a.

g e |
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Though this insect is not.of tremendous economic importance,
it is conspicuous and people wonder.what it is. Moreover, it
works very rapidly and the trees attacked are soon stripped;
but this stripping, coming as it does so late in the season, does
not seriously impair the vitality of the trees, which may put out
leaves the next season as if nothing had happened. Of course
it makes the trees unsightly and if followed year after year would
soon weaken, and perhaps finally kill them.

Spraying the foliage with lead arsenate at the usual strength
will prevent injury or will kill the caterpillars which feed upon
the leaves.

The caterpillar is parasitized by a small, four-winged fly,
M eteorus communis Cresson. .

As these caterpillars are conspicuous and feed in clusters on the
branches, they can easily be removed and destroyed, especially
on small trees within reach of the ground. The masses of moulting
caterpillars can also be crushed.

THE YELLOW-NECKED CATERPILLAR.

Datana ministra Drury.

Closely allied to the walnut caterpillar, but differing from it
by being more distinctly yellow and striped, is a species common
on apple, especially young trees, in August and September,
known as the yellow-necked caterpillar, Datana minisira. This
caterpillar, like the walnut caterpillar, feeds gregariously, each
egg-cluster hatching into a colony. The caterpillars continue
to feed together until they. strip their branch or tree and seek
more food, or until they moult or transform to the pupa stage.

The yellow-necked caterpillar was very abundant in 1917, and
we found colonies in nearly every nursery where apple stock is
grown. In newly-set orchards, it always appears and alarms the
owner by proceeding to strip some of his choicest trees. It
occasionally feeds upon other kinds of trees. Thus on August 9,

. we received specimens on cherry from New Britain; on apple
from Southbury, August 10; Durham, August 15; New Haven
and Hamden August 16. on willow, Stonington, September 10.
Assistants from this office observed it in Ellington, Manchester,
Durham, Wallingford, New Haven, New Canaan, and probably
in many more towns when inspecting nurseries.

Ay
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~ When fully grown the caterpillar is about two inches in length,
striped lengthwise with yellow and black, the stripes being nearly
equal in breadth, except for a broader black stripe along the back.
Head and legs black and shining. An orange-yellow cross band
next the head doubtless gives this caterpillar its name. The
body is sparsely covered with rather short and weak light-colored
hairs; it does not have the distinctly hairy appearance of the
walnut caterpillar nor does it leave hairy patches on the trees
where moulting takes place. Like the walnut species, however,
when disturbed it elevates head and tail and would thus be
recognized as a Datana. The adult closely resembles that of
the walnut caterpillar and only specialists can separate them.
Larvae and adults of both sexes are shown on plate XXII. There
is only one generation each year, and it is as a cocoon in the
ground that it passes the winter. Apparently this species is not
strongly parasitized but Apanteles lacteicolor Viereck and Hetero-
pelma datane Riley have been reared from Datana and may be
expected to attack it.

What has been said of injury and control measures relating to
the walnut caterpillar applies also to this species, except that on
one’s pet apple trees in the orchard the caterpillars are sooner
noticed, and the discovery is made with greater alarm. But
here, also, as it is chiefly young trees that are attacked, it is easier
to remove and destroy the colonies. Spraying also would be
easier on young and small trees. By no means should young
orchard trees be allowed to become stripped. In order to make a
good orchard, all trees should be kept free of pests and constantly
growing and thrifty. Stripping will check their growth if it does
not greatly weaken them, and to permit it is indefensible. All
such trees should be sprayed each year with lead arsenate, and a
close watch should also be kept, and if a colony of these cater-
pillars be noticed, drop all other work until the pest has been
eradicated. '

THE RED-HUMPED CATERPILLAR.

Schizura concinna S. & A.

Belonging to the same family (Notodontidae) as the walnut
caterpillar and the yellow-necked caterpillar, but to a different
genus, is another peculiar and characteristic defoliator of young
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apple trees in late summer, known as the red-humped caterpillar,
Schizura concinna. This name was given it because the prominent
fourth segment from the head is bright coral red in color, as is
also the head. The body of the caterpillar is narrowly striped
lengthwise with orange, brown and white. Nearly all the segments
bear short and rather stout black spines or protuberances pro-
jecting upward on the back.. These are longest in the vicinity
of the “hump” or fourth segment. Length about one and
one-half inches.

The adult moth has a wing-spread of about one and one-half
inches. The female is not conspicuously marked but both front
and rear wings are grayish brown, the fore wings shading costally
into a lead gray with small apical black spots. The male is much
more prominently marked, the fore wings being brown and cream,
with a shading of gray on the front margin, especially near the
apical spots. The rear wings are cream with a black spot near
the anal angle. Body of both sexes gray. Both larvae and adults
are shown on plate XXIII. There is one generation each year,
the insect hibernating in a slight cocoon under rubbish on the
ground. This insect is perhaps less common than the yellow-
necked caterpillar, and though it feeds gregariously, the cater-
pillars do not form such conspicuous clusters on the twigs. They
do not elevate their heads when disturbed, like’ Datana, but their
tails are elevated all of the time when they are feeding and crawl-
ing about. Like the yellow-necked caterpillar, this species is
found upon young apple trees in nurseries and in newly-set
orchards, but is by no means confined to the apple. It may
feed upon almost any plants of the family Rosaceae.

The caterpillars are parasitized by an ichneumon or four-
winged fly, Campoplex (Ameloctonus) oedemisiae Ashmead, which
was reared in Connecticut from larvae collected at New Canaan,
September 22, 1905, by B. H. Walden. Parasitized larvae are
shown on plate XXIII, b. Spraying with lead arsenate is the
remedy unless destroying by hand can be practiced.

SOME INSECTS INJURING STORED FOOD PRODUCTS
IN CONNECTICUT.*

The importance of growing more food for the people of this

* This paper was published as Bulletin 195, and distributed in August.
It is here reprinted with appropriate emendations.
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country cannot be over-emphasized, and the various efforts along
this line and the publications giving information regarding
methods are all praiseworthy. Nevertheless, it is perhaps equally
important to conserve the food supplies already grown and
stored. It has been estimated that insects take an annual toll
of about five per cent. of the value of the stored food products,
amounting to $200,000,0600.00 each year, in the United States.
Most of this loss is wholly preventable if attention is given the
matter at the right time, and there is no time when control
methods can be enforced with greater profit to the owner, or with
greater benefit to our country and to mankind than the present.

The object of this paper is to place before the people of Con-
necticut a brief account of the principal insects attacking and
injuring stored grains and food products in the state, and to
suggest methods of controlling them. The accompanying plates
are for the purpose of illustrating the text and of giving an idea
of the general appearance of the insects.

These insects belong in two large natural groups: the Beetles
(Coleoptera) and the Moths (Lepidoptera).. The principal fea-
tures of each are given to enable the readler to identify the
species, but as control measures are similar for all, information
on this point is given in a separate chapter on page 339 of this
report.

THE GRAIN BEETLES.

TaE CommoNn MeaL WorMm, Tenebrio molitor Linn.

In and around thé bottoms of bins and barrels where corn meal,
flour, or other cereals are stored, one often finds yellow larvae
about an inch in length and resembling wire worms. These
feed upon the meal and are called meal worms.

The adult is a shining, black or dark brown beetle, somewhat
more than half an inch in length, with thorax rather finely punc-
tured and wing-covers longitudinally striated or grooved. The
beetle lays its white eggs in the meal, usually in masses, with a
juice or sticky material which causes the meal to adhere to the
eggs. The eggs hatch in about two weeks and the larvae feed
upon the meal for three months or longer before pupating. The
pupal stage requires about two weeks, and normally there seems
to be but one generation each year. The adults mostly emerge
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in the spring, but where the meal is stored in the house, or-in a
heated building, they may appear at any time of the year. This
insect is shown on plate XXIV, b.

THeE DARKErR MEeAL WorwMm, Tenebrio obscurus Fabr.

This insect is much like the preceding except that the larvae
are darker in'color and the adult beetles are dull instead of shiny.
The life history and injuries are similar and both often occur in
the same place.

The treatment is also the same for both species, viz.: fumi-
gating with carbon disulphide or heating the meal in an oven for
a short time.

Tue CADELLE, Tenebrioides mauritanicus Linn.

The larva of this beetle is dirty-white, with head, prothorax
and tip of abdomen dark brown, and when fully grown it measures
about three-fourths of an inch in length. It has the habit of
tunneling into wood to malke its cocoon, at least when soft pine
is available. The pupa stage evidently lasts three or four weeks.

The adult beetle is brown and shiny, and about three-eighths of
an inch long. It lays white eggs which are a trifle over a milli-
meter long and one-fourth as thick.

There is a single generation annually, and the cadelle feeds on
various kinds of stored foods and plant products and is also
partially predaceous, as Chittenden* states that both larvae and
adults attack and destroy other grain insects which they en-
counter. Nevertheless, the cadelle is capable of causing consider-
able injury and the treatment is the same as for the other meal
worms. The larvae of the cadelle have been reported from many
- unexpected places, such as in sugar, in bottles of milk, in powdered
hellebore, and boring through the parchment paper of jars of
jams and jellies. In some of these places they probably occurred
accidentally. Larva and adult are shown on plate XXIV, d.

Tue Pea WEEvVIL, Bruchus pisorum Linn.

The adult beetle is about one-fifth of an inch long, and the
wing covers are marked with small black and white spots. It

* F. H. Chittenden, Farmers’ Bulletin No. 45, U. S. Department of
Agriculture, page 19, 1896.
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lays eggs singly on the outside of the green pods in the field,
and the larva tunnels through the pods and into one of the green
peas. The insect does not mature until the peas have ripened
and have been harvested and placed in storage. Then it is com-
mon to find a single round hole in a pea where the adult has
emerged. Sometimes nearly every pea has a hole in it, and
many larvae are unquestionably cooked and eaten in green peas;
but the insect does not go on breeding in dry stored peas, there
being only one brood each year.

The pea weevil is more serious in the Middle Atlantic than in
the Northern States, but it is present in Connecticut. In the
Southern States it is claimed that late planting brings compara-
tive immunity from attack but in the writer’s experience late
planted peas seldom produce a satisfactory crop here. Hence it
is better to treat the seed soon after harvesting, and to make
allowance in planting for a certain percentage of injured seed.
This insect is shown on plate XXIV, e. :

Tue ComMoN BeaN WEEvVIL, Bruchus obtectus Say.

This is probably the greatest enemy of beans in Connecticut,
and though'in size somewhat smaller than the pea weevil and
resembling it in color and markings, it differs from it by con-
tinuing to breed in the dry, stored seed. There are six genera-
tions annually in the District of Columbia, and a smaller number
in the northern states. Stored beans are often entirely destroyved,
or at least rendered unfit for planting, or as food for man or
beast. The beans often have several holes in each where the
adults have emerged, and as many as 28 have been found in a
single seed. Severely weeviled beans are almost useless for
planting, but the good seed may be separated from the infested
seed by throwing into water. The injured seed will float and
may be discarded. This beetle and its work are shown on plate
XXV.

TeeE Four-Sportep BeaN WEEVIL, Bruchus quadrimaculatus
Fabr.

This species is somewhat more slender than the preceding and
has different markings. Its. habits and life history are similar
and the same control methods may be practiced.

SR
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Tue Druc StoreE BEETLE, Sifedrepa panicea Linn.

Of all the insects attacking stored food products, perhaps none
is more cosmopolitan or feeds upon a greater number of different
kinds than the drug store beetle. It is a common pest of all
kinds of stored vegetable foods and may be found in breakfast
foods, or the dried roots, stems, bark, and seed capsyles com-
monly called spices. It feeds also on the parts of plants used as
drugs, often eating those which are bitter and poisonous to man.
It has been recorded as attacking forty-five different drugs. It
is now distributed throughout the civilized world, and four or
five generations may occur in a year, especially in a heated
building.

The beetle is about one-tenth of an inch in length, covered
with a silky pubescence, and reddish-brown in color. The wing-
covers are longitudinally striated and the antennae terminate in
three long segments forming the so-called “‘club.” The larvae
are white, with dark mouth parts, and assume a curved attitude
when at work in their burrows. The adult is shown on plate
XXIV, a.

Tae Conrusep Frour BEETLE, Tribolium confusum Duv. and
Tae Rust-rED FLour BeEeTLE, Tribolium ferrugineum Fabr.

The confused flour beetle has been known to occur in this
country for nearly twenty-five years and has caused injury
throughout the land. It attacks seeds, stored cereals and other
starchy foods and drugs, and is a pest in flour and grain mills.

The adult is a flattened brown beetle, less than a sixth of an
inch in length. There may be as many as four generations
annually in a heated storehouse.

The rust-red flour beetle closely resembles the preceding, but
is not nearly as common in Connecticut. It is a pest in the
Southern States and is often shipped north in rice or other starchy
food products.

THE SAW-TOOTHED GRAIN BEETLE, Silvanus surinamensis Linn.

One of the most common beetles in grain and stored food
products is the saw-toothed grain beetle. Itisless than an eighth
of an inch long, flattened, grooved longitudinally, with teeth-
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like projections on the sides of the thorax, and brown in color.
The larva is white, extremely active, and makes its pupa case on
some convenient surface by joining together particles of the
infested material with some adhesive substance which it secretes.

There are probably four or five generations each year, and the
beetles eat through paper bags and pasteboard boxes to reach
foodstuffs inside. Though perhaps preferring farinaceous foods,
this beetle often infests fruits and almost all kinds of stored
food products. This beetle and its injury to corn are shown on
plate XXVII, a and c.

A flat, smooth, reddish-brown beetle, still smaller than the pre-
céding, is occasionally found infesting wheat bran or other cereals.
This is Lemophleus pusillus Schr., one of the minor pests but
nevertheless capable of causing much injury.

TueE Granary WEEvIL, Calandra granaria Linn.

Both this weevil and the following belong to the family Calan-
dridae or snout beetles. The adult is a shiny reddish-brown
snout beetle nearly an eighth of an inch in length, with a long
probosecis. The larva is a legless grub. Both adult and larva
feed upon the kernels of the grain. There are four or five genera-
tions each year in the vicinity of Washington, D. C., and more
farther south. It attacks and injures maize and all of the small
grains.

THeE Rice WEEevIL, Calandra oryzae Linn.

This species resembles the preceding except that it is dull
brown instead of shining, and the thorax is more densely pitted.
There are four more or less distinet red spots on the wing-covers.
This insect is often found in the field and takes its name from
the rice which it infests. Its habits and life history are otherwise
similar to the preceding. It is shown on plate XXIV, c.

THE FLOUR AND MEAL MOTHS.

Tue InpiaN MEeaL Mots, Plodia interpunctella Hubn.

Considerable damage is done each year in mills, granaries, seed
warehouses, etc., by the Indian meal moth, which is also a com-
mon pest of the household, as it attacks nearly all kinds of
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vegetable food products. Each year some food material infested
by this insect is brought to the writer’s attention. In 1905 some
large seed warehouses near New Haven were found infested,
and one room was fumigated with hydrocyanic acid gas. This
treatment killed the larvae crawling about, and those at work
near the outside of the bags, and at first seemed to be effective.
Later, however, living larvae appeared from inside, showing that
the gas did not penetrate far into the mass of grain.

The larvae web together the grain and flour, especially around
the outside. One 100-pound bag of corn was emptied and seven
pounds adhered to the bag. The kernels were eaten at the
embryo, and are shown on plate XXVII, d.

The eggs are small, white, and laid singly or in groups, and
each female may lay as many as 3so. The larva is whitish, and
spins a silk thread wherever it feeds and travels, and the web

Figure 4. Indian meal moth. a, adult; b, pupa; ¢, larva, side view;
d, head of larva, front view; e, first abdominal segment of larva;f, larva,
dorsal view—all greatly enlarged. (After Chittenden, Bur. of Ent.,
U. S. Dept. of Agriculture.)

holds together the particles of food material. Pupation takes
place in a silken cocoon-like web from which the moths emerge.
From four to five weeks only are required for a generation to
develop. In a heated building this insect will breed throughout
the year.

The adult is a small moth having a wing-spread of about five-
eighths of an inch; forewings whitish at base with distal half
reddish-brown, as shown in figure 4.
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THE MEDITERRANEAN FLour MorH, Ephestia kuehniella Zell.

This insect is regarded by Chittenden as the most important
of all the species infesting flour and grain mills. . It has been
reared from flour in New Haven and has been taken at Branford.
In life history and injury the Mediterranean flour moth resembles
the Indian meal moth, and in heated buildings five or six broods
may occur each year. The moth is shown on plate XXVI, c.
It is larger than the Indian meal moth and has a wing-spread of
about an inch. The forewings are dull lead-gray, crossed by
zigzag darker lines or bands. Not only does this insect injure flour
and grain but also feeds upon almost any kind of stored vegetable
food products.

THE MEAL Snxout MotH, Pyralis farinalis Linn.

This insect infests flour, meal, and other stored food products,
though not as serious a pest as the Indian meal moth or the
Mediterranean flour moth.

The larvae have the habit of constructing long tubes by bind-
ing together with silk small particles of the meal or food material.
In these tubes the larvae live and hide until fully grown when
they leave the tubes and spin their cocoons, usually in or just
outside of the infested material. There are probably three or
four generations each year, though further studies are needed in
this latitude to determine this point.

The adult has a wing-spread of about an inch, is light brown,
with thorax, base and apex of fore wings darker brown, and with
whitish wavy lines crossing front and rear wings, as shown on
plate XXVI, a.

THE GRAIN MOTHS.

Tre Ancoumols GrRaIN MotH, Sitotroga cerealella Oliv.

This destructive insect was known in France nearly two hun-
dred years ago, and was somehow brought to this country in
the early colonial days, and became established in North Carolina
and Virginia. Since then it has spread northward to Massa-
chusetts, New York and Michigan and throughout the southern
states, where it does much damage. The writer first noticed it
in Connecticut nearly twenty years ago, and has run across it a
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number of times since. Tt is primarily a pest of stored grains,
especially corn on the ear, which if infested soon appears as shown
on plate XXVII, b. The emerging moths leave small circular
holes in the kernels. Infested grain is injured not only for seed,
but also for feeding purposes; as it has been estimated that it
loses within six months 40 per cent. of its weight and 75 per cent.
of the starchy matter. The moth lays whitish eggs on the kernels
of corn, and they soon turn to a pale reddish color and hatch in
five or six days. Two or more larvae may occupy a single kernel
of maize, though only one occurs in a grain of wheat. The adult
is a light, grayish-brown moth, having a wing-expanse of about
half an inch, somewhat resembling a clothes moth. Out of
doors in the southern states there are at least four broods annually
and the larva passes the winter in kernels of grain. In this climate
it breeds only in stored grain, and in heated buildings this goes
on continuously, there probably being five or six generations,
depending upon the temperature.

Tue EuroreaN GraIN MorH, Tinea granella Linn.

Compared with the Angoumois grain moth this moth is of
secondary importance, and seems to be not especially destructive
in the United States. It infests all kinds of cereals, and as each
larva may pass from one kernel ‘into another, webbing them
together until twenty or thirty grains are spoiled, it is apparent
that considerable injury must result.

This moth was first found in Connecticut, in 1906,* in a seed
warehouse in Milford. It is now distributed throughout the
northern states.

The adult is a slender moth with a wing-spread of half an
inch, creamy white mottled with brown. This moth and its
work are shown on plate XXVI, b and e.

OTHER INSECTS OCCASIONALLY ATTACKING
FOODS.
The large cabinet beetle, Trogoderma tarsale Melsh., frequently

injures seeds and is shown on plate XXVI, d. The small cabinet
etle, Anthrenus verbasci Linn., and the black carpet beetle,

* Report of this Station for 1906, page 305.
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Attagenus picens Oliv., occasionally attack and injure food prod-
ucts, though the latter is a more important pest of clothing.

The larder or bacon beetle, Dermestes lardarius Linn., the red-
legged ham beetle, Necrobia rufipes Fabr., and certain species
of mites of the genus Tyroglyphus sometimes injure dried meats,
cheese, dried fruits, cereals, etc. The cigarette beetle, Lasio-
derma serricorne Fabr., though primarily a pest of tobacco, feeds
upon the spices, rice, figs and many other food products. Then
the cheese skipper, Piophila casei Linn., which occurs every-
where, often attacks cheese and the larvae may be found tun-
neling in it. Cheese should be kept covered and should be
examined every day in warm weather. Hams and other kinds
of meat are infested only in certain portions which can be cut
off and the remainder used for food.

A species of book-lice, Troctes divinatorius Mill. (order Cor-
rodentia), was found eating corn at the Station in 19oo. The
sample was stored in a ground glass-stoppered jar. The outer
surface of the kernels was wholly eaten off, so as to render the
variety wholly unrecognizable.

Cockroaches and ants are also frequently injurious in pantries
and storehouses. The former are usually susceptible to the
influence of powdered borax, and ants can usually be driven away
by scattering naphthalene flakes about on the floor and shelves,
especially where the ants have their runways.

The other insects mentioned in this chapter without control
methods may be killed by heat or by fumigation.

CONTROL METHODS.

The chief methods for preventing damage by the insects men-
tioned in the foregoing pages are: the use of high and low
temperature, air-slaked lime, pest-proof packages and fumigation.

TEMPERATURE.

Temperature is recognized as an important factor in insect
development, and often determines in a measure the number of
annual generations of certain species. Extremes in temperature
are sometimes employed for the control of insects.
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HEear.

It has long been known that heat will kill insects, and one of
the simplest methods of destroying them in small packages of
flour or other food products is to heat it in the oven for an hour
or so. Following this idea Professor George A. Dean started
some experiments in Kansas in 1910 to determine the fatal high
temperatures for certain grain-infesting insects, and found that
few insects can withstand a temperature of from 118°-125° F.
for any length of time. In a mill there are accumulations of
meal and floor on the floor, beams, machinery, and in the corners
everywhere in which insects can breed. To keep a mill free
from this accumulation and absolutely clean is almost an impos-
sibility. By the use of heat, however, the insects can be killed
* from time to time without serious inconvenience, without shut-
ting down the mill, and without great expense. It requires extra
steam pipes sufficient to raise the temperature to about 120° F.,
and to keep it there for a period of five or six hours to allow the
heat to penetrate the bins and bags of grain. Professor Dean has
published three papers on this subject,* and any one interested
should write to him for further advice.

Any grain or seeds which are intended for planting should not
be heated to a point much greater than 130° F. as there is danger
of injuring the vitality, which with some seeds ceases if the tem-
perature approaches 150° F.

Any product to be used for food will not be injured by this
heating method and even the eggs and larvae, as well as the adult
insects, are killed by it.

CoLb.

A low temperature is not so frequently used for destroying
insects, yet it has been known for a long time that insect develop-
ment is arrested or suspended altogether in cold storage.

Mr. J. A. Manterf of Storrs, Conn., states that the bean weevil
will not breed in cold storage and suggests that beans be stored

* Journal of Economic Entomology, Vol. IV, page 142, 1911; Vol. VI,
page 40, 1913. Kansas Agricultural Experiment Station, Bull. 189,
July, 1913.

T Journal of Economic Entomology, Vol. X, page 193, 1917.
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in unheated buildings. This idea may be carried out in practice
with certain other stored food insects but the exact temperatures
have not yet been determined for all species.

AIR SLAKED LIME.

A very simple and promising treatment to prevent weevil
injury to peas, beans, cow peas and possibly to other kinds of
seeds has recently been discovered by Mr. Z. P. Metcalf* of
the North Carolina Station. This consists of applying air-slaked
lime to the seeds, using one part by weight of lime to two parts
of seeds when placing the crop in storage. For small quantities,
say. less than a half peck, Professor Metcalf advises the writer
in a letter that four parts of lime should be used to one part of
seeds; for quantities between a half peck and three bushels, use
equal amounts of lime and seeds. The quantity of seeds to be
stored thus influences the effectiveness of the treatment and
necessitates greater proportions of lime for small quantities. In
time this method may be found applicable to other kinds of seeds
and against other insects. It has the advantage of being harm-
less to seeds and to the operator, as well as being convenient to
procure and relatively inexpensive.. Professor Metcalf is now
completing further tests of this material. Plate XXV, ¢, shows
untreated seeds and those treated with lime.

PesT-PROOF PACKAGES.

Materials sealed in glass or metal containers are usually safe
against insects as long as they remain unopened. We have a
number of records showing that the smaller beetles, like the
saw-toothed grain beetle, will enter poorly stoppered glass bottles
and jars and even tin-stoppered cans. The material is of course
often infested before placing in the containers.

Mr. William B. Parker of the U. S. Bureau of Entomology
has made investigations and suggestst a sealed paper carton for
packing cereals which are to be placed upon the market. While
this may prevent infestation in stores and warehouses, in the

* Journal of Economic Entomology, Vol. X, page 74, 1917.
t Bulletin 15, U. S. Department of Agriculture, 1913.
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household many opened packages often attract insects, and if
stored for a long time no paper package is insect-proof. Hence
other methods must be resorted to, especially in dwelling houses,
to keep the foodstuffs free from insect attack.

FuMIGATION.

Fumigation has long been practiced to kill insects in seeds and
food substances. For this purpose two materials are commonly
used, viz., carbon disulphide and hydrocyanic acid gas.

CARBON DIsULPHIDE (BISULPHIDE).

This is a colorless, ill-odored liquid which volatilizes at air
temperatures, more readily in warm weather, and the fumes are
deadly to all forms of insect life. ~Carbon disulphide may be
purchased in pound bottles from any wholesale druggist, and as
it is inflammable when the fumes are mixed with air, it should
not be used by any one smoking, or at night with oil or gas lights
near. As the fumes are heavier than air the liquid should be
placed on top, rather than at the bottom of the grain, seeds or
material to be treated. It should also be placed in a shallow dish
to facilitate volatilization. The quantities used are about one
pound to each go bushels of seeds, or to each roo cubic feet of
space. In a tight barrel containing grain or seeds, about one-
half cupful of the liquid should be placed in a saucer on top of
the seeds, the barrel covered tightly and allowed to remain all
day or longer. TFor smaller receptacles, use proportionate quan-
tities of the liquid. Carbon disulphide is more convenient, less
dangerous to the operator, and its fumes penetrate better than
hydrocyanic acid gas. A recent bulletin by Dr. Hinds* contains
much information about carbon disulphide and may be obtained
by applying to the U. S. Department of Agriculture, Washing-
ton, D. C. '

Hyprocyanic Acip Gas.

This is a deadly poisonous gas generated by putting together
cyanide, sulphuric acid and water. Potassium cyanide was

* Farmers Bulletin 799, U. S. Department of Agriculture, June, 1917.



il

INSECTS INJURING STORED FOOD PRODUCTS. 343

formerly recommended, but sodium cyanide is now the cyanide of
commerce and is effective. The quantities for roo cubic feet of
space are as follows:

Sodinmieyanide: .’ o iani i E i s 1 0Z.
Commercial sulphuricacid. ............ 2 fluid ozs.
A e I R S drbe e T e e e 4 fluid ozs.

If a room is to be fumigated its cubic space must be ascer-
tained and the chemicals carefully weighed or measured. It
must be made reasonably tight, and provision must be made for
opening from the outside at least one window or door, besides the
exit. The generating jar may be earthen or stoneware but never
metal. The acid may be diluted with the water, the cyanide
placed in a paper or cheescloth bag, and when all is ready the
operator should drop the bag into the jar and with bated breath
retire at once and close and lock the door. One full inhalation
of this gas will drop a man, and no carelessness should be per-
mitted. The house or room should be exposed for at least two
hours and may remain closed over night or over Sunday. The
fumes do not penetrate as well as those of carbon disulphide.

Recently Mr. E. R. Sasscer of the U. S. Department of Agri-
culture has devised an apparatus for fumigating cotton bales,
bags of seeds, etc. By removing the air and forcing the gas
into a partial vacuum thus created, most insects are killed with
a half hour exposure.* On account of the danger, trouble of
generating, etc., the average farmer and householder will seldom
use hydrocyanic acid gas and will find carbon disulphide or heat
sufficient to meet his needs.

SUMMARY.

Much damage results each year in Connecticut to cereals
and other stored food products from the attacks of insects. This
injury has been estimated at five per cent of the total value of
the products, or $200,000,000.00 each year for the United States,
and is wholly preventable.

The insects are chiefly beetles (Coleoptera) and moths (Lepidop-
tera). The former include the meal worms, cadelle, pea and bean
weevils, drug store beetle, confused flour beetle, rust-red flour

* Bulletin 186, U. S. Department of Agriculture, 1915,
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beetle, saw-toothed grain beetle, granary weevil, rice weevil, large
and small cabinet beetles, black carpet beetle, larder beetle,
red-legged ham beetle, and cigarette beetle. The latter include
the Indian meal moth, Mediterranean flour moth, meal snout
moth, Angoumois grain moth, and European grain moth. Other
insects like the cheese skipper (a fly), a book louse, ants, cock-
roaches, and even mites occasionally cause damage.

The most important of these pests are described briefly in the
preceding pages. i

Most of these insects may be destroyed by raising the tem-
perature to a point between 120° and 130° F. for five or six hours.
The vitality of seeds is endangered if the heat approaches 150° F.
but the material would not be injured for food.

Food kept in cold storage will not be injured by insects.

Various pest-proof packages have been devised, but food
often becomes infested in them, and no package is pest-proof
after the seal has been broken.

Air-slaked lime applied to seeds when placed in storage will
prevent most of the damage caused by the pea and bean weevils.
The proportions are as follows: For small quantities, say less than
a half peck, four parts of lime to one part of seeds; between a half
peck and three bushels, equal parts of lime and seeds; for greater
quantities, one part of lime to two parts of seed.

Fumigating with carbon disulphide, using a half cupful to a
barrel, will rid the material of insect life. This liquid should be
placed on top of the infested material, and should not be used
near a fire as it is inflammable. The container should be tightly
covered for twenty-four hours or longer.

Hydrocyanic acid gas may also be used but is not advised
except in particular cases, as it is deadly to breathe and does
not penetrate masses of flour and grain readily. Seeds and
food materials if thoroughly aired are not injured by carbon
disulphide or hydrocyanic acid gas, either for food or for planting.

For more detailed information on this subject the reader
should refer to pages 330 to 343 of this Report.

ie)
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MOSQUITO WORK IN CONNECTICUT DURING 1917.

By B. H. WALDEN.

Legislation. The State law providing for the elimination of
mosquito breeding places, Chapter 264, Public Acts of 1915 (See
15th Report Conn. State Entomologist, page 141, 1915), Was
amended by the 1917 Legislature to read as follows:

Chapter 4o2.

AN ACT AMENDING AN ACT PROVIDING FOR THE ELIMINATION OF
MOSQUITO BREEDING PLACES AND AREAS.

Be it enacted by the Senate and House of Representatives tn General
Assembly convened:

SEctioN 1. The director of the Connecticut Agricultural experiment
station may make rules and orders concerning the elimination of mos-
quitoes and mosquito breeding places, and he or his agent may enter
upon any swamp, marsh or land to ascertain if mosquitoes breed thereon,
or to survey, drain, fill or otherwise treat or make any excavation or
structure necessary to eliminate mosquito breeding on such land.

Sec. 2. Whenever funds have been provided by the town, city or
borough, in which any such swamp, marsh or land is located, or by
voluntary contribution, sufficient to pay three-fourths of the cost, as
estimated by said director, of work of eliminating mosquitoes or mosquito
breeding on such swamp, marsh or land, and moneys appropriated by
the state are available sufficient to pay one-fourth of said cost, or whenever
funds have been provided from other sources than the state sufficient
to pay all of said cost, said director may order the execution of said
work upon notice as herein provided. At least thirty.days before com-
mencing such work, said director shall file a copy of such order, with a
description of the place or area affected and a statement of the proposed
plan thereof, in the town clerk’s office in each town in which such place
or area is located. Said director shall publish a copy of such order once
each week for two successive weeks in some newspaper having a circu-
lation in the town or towns in which such place or area is situated, and
shall mail a copy of such notice, postage prepaid, by registered mail,
addressed to each record owner of land whose name and address may
be ascertained by a reasonable inquiry from the assessors of the town
in which such land is situated. Said director may, and upon application
of any person affected by such order or plan, within thirty days after
such publication, shall assess benefits received and damages sustained
by the owner of any such land. Such assessment shall be filed by said
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director with the clerk of the superior court of the county within which
the land affected is located, and said clerk shall give notice of such assess-
ment to each such property owner, by mailing to him a copy of such
assessment, postage prepaid. Any person claiming to be aggrieved
because of such order or proposed plan or such assessment may, within
ten days after notice, apply to the superior court in the county in which
such land is situated, or any judge thereof, for relief, and said court
or such judge may, after notice to said director and parties applying for
relief, and hearing thereon, make any proper order concerning such order
or proposed plan, or make a reassessment of benefits and damages. Said
court or judge may view the land claimed to be affected by such order
or plan and may take any evidence in its opinion material. The order,
plan and assessment as hereinbefore provided for shall be conclusive upon
all parties affected thereby, and the state treasurer shall pay to any such
owner the damages assessed by said director or by said court or judge,
as the case may be, upon certification of the amount by the clerk of
said- court. Benefits assessed as herein provided shall be collected by
said treasurer and shall constitute a lien upon the land against which
the same were assessed until the amount thereof has been paid with
interest at the rate of six per centum per annum, which lien may be
continued by filing in the office of the town clerk of the town where such
land is situated a certificate thereof within sixty days after the assessment
of the same, and such lien may be foreclosed or the benefits secured
thereby collected in any other proper form of action. The town wherein
such land is located shall reimburse the state for three-fourths of the
damages assessed and paid as herein provided, and the state treasurer
shall pay to any such town one-fourth of all benefits received. All
amounts coilected from towns under the provisions of this section may
be expended for the purposes stated in said section. The pendency of
any application for the assessment of benefits and damages shall not
prevent or delay the execution of the work for the elimination of mos-
quitoes or mosquito breeding. Upon the completion, tq the satisfaction
of said director, of any such work one-fourth of the cost of which is payable
by the state as hereinbefore provided, said director shall certify to the
comptroller, with proper vouchers, the amount of such costs, and the
comptroller shall draw his order on the treasurer for such sum as, with
any amounts advanced on account thereof as hereinafter provided,
shall amount to one-fourth of the cost of such work.

Sec. 3. Whenever any swamp, marsh or other land has been drained
to the approval of said director, he shall keep the same in repair and
free from obstruction, and construct or repair tide gates or otherwise
treat such areas so as to make such work effective. The cost of such
maintenance or treatment, not exceeding in any year one dollar per acre,
shall be paid by the state, and the city, borough or town within which
such place or area is located shall reimburse the state for three-fourths
of the amount so expended for maintenance and treatment of such place
or area. The provisions of this section shall apply to work executed
prior to the passage of this act, provided such work shall be approved

o -
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by the director. Said director shall certify to the comptroller the amount
due from any city, borough or town under the provisions of this section,
and the treasurer of such city, borough or town, as the case may be,
shall pay to said comptroller the amount so due upon receipt of a bill
therefor. All amounts so collected shall be available for expenditures
under the provisions of this section.

Sec. 4. Said director may appoint one or more deputies to supervise
the work done under the provisions of this act, who may exercise the
authority granted to such director, and the expenses of said director
and said deputies for supervision and inspection shall be included in
computing the cost of any such work.

Sec. 5. The sum of five thousand dollars is appropriated for the purpose
of carrying out the provisions of sections one and two of this act, and five
thousand dollars for carrying out the provisions of section three of this
act. The comptroller may advance to said director such amounts,
within such appropriations as are necessary to meet the current expenses
for the labor authorized under the provisions of this act.

Sec. 6. This act shall take effect from its passage.

Approved May 16, 1917.

As section 4 of Chapter 264, Public Acts of 1915, was not
repealed it still remains in force and is as follows:

Any person obstructing the work of examining, surveying, or ditching,
or otherwise treating such mosquito breeding areas, or obstructing any
ditch, canal, or drain, or the natural outlet of any marsh forming mosquito
breeding areas, shall be fined not more than one hundred dollars, or
imprisoned not more than ninety days, or both.

The new law provides for a more adequate method of notifying
property owners regarding the ditching of their marshes, and
provides for assessing benefits and damages in case the owners
wish to apply to the courts. At the same time the law specifies
that the work shall not be delayed while adjustments are being
made. The measure carries an appropriation of $5,000.00 to
pay for one-fourth of the cost of new work done under this law.

The maintenance of the work is placed under the Director
of the Experiment Station instead of under the towns, as provided
in the 1915 law, an appropriation of $s5,000.00 being made to
pay for one-fourth of the maintenance, which is not to exceed one
dollar per acre during one year. Work done before the passage
of the Act may be maintained as above after such work has been
approved by the Director.

On June 1 the writer was appointed by the Director, Deputy
in charge of mosquito elimination work.
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New Haven WORk.

The City of New Haven appropriated $10,000 for mosquito
elimination work during 1917, which was to be expended under
Chapter 264 of the Public Acts. The Anti-Mosquito Committee,
Inc., of the New Haven Civic Federation, which had raised the
funds and had charge of practically all the mosquito work done
around New Haven, recommended that this money be used to
ditch the remaining undrained salt marsh areas in the town of
New Haven. These marshes were as follows: The Fort Hale
or Harbor Marsh north of Fort Hale Road, about 120 acres; all
of the Quinnipiac Marsh in the town limits, containing about 300
acres; and the West River Marsh between Congress Avenue
and Chapel Street, 130 acres, making a total of 550 acres. This
recommendation met the approval of Dr. Jenkins and plans were
made to go ahead with the work.

The notice or order regarding the proposed mosquito work was
published in the Jowrnal-Courier on May 25, and under the
law it was necessary to wait thirty days before starting the ditch-
ing. Two of the leading mosquito drainage firms were asked to
bid on the work, and the contract was awarded to the United
States Drainage & Irrigation Company of New York, the firm
that did the ditching work around New Haven in 1912. The
contract was let on a footage basis at a price of 2 5-8 cents per
linear foot for 10" x 24" ditches. The Harbor Marsh and the
Quinnipiac Marsh, like many other marshes in the State, contained
many old ditches which we considered advisable to use in the
new system in order not to cut up the marshes unnecessarily.
Furthermore, many of these ditches form boundary lines between
property owners, and in our previous work serious objections have
been made where these boundary ditches have been disregarded,
or where new ditches have been cut a few feet from the old ones.
As the majority of these old ditcheés have to be cleaned by day
laborers, it was specified in both bids that the cost of cleaning
old ditches be figured as the equivalent of a double 10" x 24" ditch.

Harbor Marsh. The Harbor Marsh was the first one to be
ditched. Work was started on June 27 and completed on July s.
The equivalent of 44,443 feet of ditch was cut. For a number
of years there has been considerable mosquito breeding on the
lower end of this marsh near Fort Hale Road, where the only
outlet was a ditch to the south, emptying into the moat surround-
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ing the old fort, where the water was so high that there has been
very little drainage through this ditch. Formerly this portion
of the marsh was drained by a ditch, long filled up, with an outlet
into the harbor about 1,400 feet to the north. This ditch was
re-opened, and while it lowered the water so that there was
very little breeding during the remainder of the season, it does
not carry off the water as well as expected.

Quinnipiac Marsh. The Quinnipiac Marsh was ditched be-
tween July 5 and July 28, a total of 167,088 feet of ditches being
dug. The New York, New Haven & Hartford Railroad is filling
a section of this marsh south of the Air Line tracks next to the
Quinnipiac River. When the filling is completed it will cut off
the drainage into the Quinnipiac River of a considerable section
of the marsh to the east, and the new ditching has been planned
to carry the water eastward into the large creek. It will be
necessary to watch this system for another season in order to
determine if it is adequate. to prevent mosquito breeding. Plate
XXVIII shows the appearance of a section of this marsh both
before and after ditching.

West River Marsh. The ditching on the West River Marsh
was started on July 20, and completed on August 27. 38,355 feet
of ditches were cut. The conditions on this marsh are controlled
by the large tide gates at the Congress Avenue bridge. These
gates have leaked badly for several vears and considerable of the
time the water in the river has been high, flooding sections of
the marsh. During the summer the city repaired these gates,
but it is the writer’s opinion that a great deal of water leaks through
under the sill and that this defect was not remedied. Whether
these gates can be kept in satisfactory repair, or whether it would
be cheaper in the long run to build new gates is a problem that
should be decided by an engineer who is familiar with the con-
struction and operations of tide gates.. It is also my opinion that
the river needs dredging near the Derby Avenue bridge, and pos-
sibly at other points, before the water can be lowered sufficiently
above Derby Avenue. Under the present conditions we cannot
expect to obtain the best results from the ditching. Much of
the surface water of the marsh, however, will be concentrated in
the ditches, and the larger pools and lagoons have been connected
by ditches with the river, which will prevent the water from
becoming stagnant.
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Aside from the problems mentioned in connection with the
different marshes, the work has been satisfactory and many serious
breeding areas have been eliminated. Had it been possible to
complete the work in the spring, this season’s results would have
been much more apparent. During the early part of July when
the ditching work was only well started, conditions were extremely
favorable for mosquito breeding. The perigee tide was followed
by east winds and frequent rains, which kept the depressions in
the marshes filled with water, producing one of the largest broods
of salt marsh mosquitoes known at this season of the year. Fresh
water breeding was equally plentiful.

East HavEn Work.

The Cosey Beach Improvement Association raised sufficient
money to drain the small but serious mosquito-breeding marsh
back of the Silver Sands summer colony and just west of the
Momauguin shore resort. The outlet.ditch of this marsh crossed
the highway to the south and extended to the west for several
hundred feet through a number of back yards where the property
owners had covered the ditch or partially filled it, as they saw fit.
It then again crossed the road to the north and extended to the
west into Caroline Creek. The town authorities gave.permission to
cut an outlet north of the highﬁray and on the town's right of way.
This new outlet was 30 x 20 inches and about 700 feet long, and
extended through a point of hard land where a number of rocks
had to be blasted. While the cost was greater than that of
ditching the marsh, it probably cost no more than it would to
build two new culverts and clean the old ditch, and the new ditch
is much more direct and will be considerably cheaper to maintain.

Additional ditches were cut in the marsh partially ditched in
1912, on the east side of Caroline Creek and connecting with this
new work. The ahove work has done away with practically
all of the salt marsh mosquito breeding from Caroline Creek to
Mansfield Grove. As all of the money raised by this Association
was not expended, the remainder will probably be used in the
spring on the marshes back of Mansfield Grove.

ORANGE WORK.

The contract which was let in December 1916, for ditching the
lower part of Old Field Creek Marsh in West Haven, was carried

&
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out this spring, the work being completed before the end of May.
The town authorities co-operated with the members of the West
Haven Anti-Mosquito Committee, who raised the money for the
above work, built a new tide gate at the outlet of Old Field Creek,
and cleaned the channel of the creek north of Blohm Street through
the town property where the sewage disposal plant is located.
Dr. Charles D. Phelps, a member of the Committee, has given all
this work his personal attention. Plate XXIX shows a portion
of this marsh before and after ditching.

HAMDEN.

The town, as in 1916, appropriated $300.00 to be used in anti-
mosquito work during 1917 by the Health Officer, Dr. George H.

i Joslin. Efforts will be made to have this appropriation increased

for 1918 in order to drain a serious malarial breeding swamp
between Schuetzen Park and the railroad, just north of the New
Haven town line.

Branrorp, GuiLFORD AND MabpisoNn WORK.

The mosquito drainage work in Branford, Guilford and Madison
during 1916 was done under Chapter 264 of the Public Acts,
which provided that the maintenance be done by the towns. Early
in April the selectmen of these towns were notified of this fact
and advised of the importance of starting this work at once. In
Madison the ditches were all cleaned under the direction of the
first selectman before the middle of May. The work was gone
over in Guilford and the principal obstructions in the ditches
removed, while in Branford no work was done by the town.

After the present law was passed placing the maintenance

under the Director of the Agricultural Station, the work was’

started as soon as possible. Plans were made to divide the
territory into about three districts and engage a man to take
charge and be responsible for the results in each district, hiring
laborers for doing such work as was not practicable for him to do.

Mr. Joseph S. Miller, a student of the Connecticut Agricultural
College, who was specializing in entomology, was engaged to take
charge of one district. The season was so far advanced that
most of the men who are usually available for summer work had
already secured employment or entered training camps, and we

L
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were unable at short notice to obtain suitable men for the re-
maining districts. As no work had been done in Branford, Mr.
Miller started cleaning the ditches in this tgwn and later took
charge of the maintenance work in the other two towns.

BRANFORD.

After considerable difficulty, owing to the labor situation, two
laborers were engaged and work was started June 4 on the Hotch-
kiss Grove Marsh. During the winter the tide gates at the
outlet became damaged so that the marsh was flooded with water
and many of the ditches partially filled with mud. Nearly
full-grown larvae of Aedes cantator and A. sollicitans were present
in many pools and even in some of the obstructed ditches, especially
in the upper section of the marsh. These breeding places readily
drained away when the ditches were cleaned, but as there was
not sufficient time to go over the whole area before the adults
emerged, a number of the breeding places were oiled.

The ditches in the remainder of the marshes in the town re-
quired only a small amount of cleaning aside from the removal
of sod placed in the ditches by the farmer to bridge them, and
occasional stoppage casued by material which had been carried
in by high tides.

GUILFORD.

After the work was well started in Branford, the marshes in
Guilford were inspected and it was found that while the principal
obstructions had been removed by the town, very little had been
done to remove the mud which had accumulated in many of the
old ditches. Work was commenced as soon as laborers could be
hired, and those employed in Branford were later moved to
Guilford. : '

The small tide gate at the Leete Marsh was found to be leaking
badly around the box where the water had worked through.
A member of the Connecticut Shore Mosquito Extermination
Association, who had a summer residence in the vicinity, offered
to pay the cost of having a concrete facing, on which to hang the
gate, built on the outer side of the box. This improvement was
made and the water in the ditches was lowered sufficiently to
thoroughly drain the marsh.

Gy
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The need of a new tide gate at the outlet of the Great Harbor
Marsh has been apparent during the past two seasons. Authority

for building tide gates is granted in the new law under Main-
tenance (Sec. 3) so that the cost of construction, together with the
cost of maintenance, is limited to one dollar per acre. Plans
were made for a new gate to be attached to the trestle of the Shore
Line Trolley which crosses the Great Harbor Creek near its outlet.
By the time estimates on the cost of building could be obtained
and permission received from the trolley officials to attach the
gate to their structure, it seemed advisable to wait until spring
before installing the gate.

Before all the Guilford marshes could be covered, the July
perigee tide occurred, which was abnormally high, due to strong
east winds. This was followed by frequent rains and produced
scattered breeding over the marshes. Many complaints were
received regarding the abundance of mosquitoes in Guilford
borough which did not seem to be explained by the amount of
marsh breeding. Mr. Miller investigated the matter and re-
ported that nearly every rain barrel and receptacle containing
water that he examined were breeding mosquitoes. Many
unused boats with water in them also contained wrigglers. One
individual, living on one of the main streets, who was complaining
to Mr. Miller about the abundance of mosquitoes, was shown
prolific breeding in a boat in his back yard.

MADISON.

The box culverts that were placed in the outlets to several of
the small marshes in 1916, all remained in place during the winter.
While the ditches on the Madison marshes were cleaned in the
spring by the town, there are a number of small marshes that are
drained through ,old outlet ditches which require considerable
cleaning throughout the season, thus adding materially to the
cost of maintenance.

CostT oF THE MAINTENANCE WORK.

| 0] o) e e S SRSt W | Y St S K he Wl TV, $1,193.57
Tools:and supplies. ... 5 ienis camdes o 29.24
Supervision and Inspection............... 424.29

$1,647.10
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The results of the maintenance work in these shore towns was
as satisfactory as could be expected under the circumstances.
The greater part of the work-which should have been done early
in the spring, had to be done after the first of June when the
breeding season was well under way.

It was not practicable to organize the work and engage men
beforehand in anticipation of the passage of the law. Labor was
‘scarce and the majority of the few men looking for work pre-
ferred other kinds to that on the salt marsh, even though the
pay was less. It was necessary to pay nearly twice as much for
laborers as it would have been two years ago.

FAirrFiELD WORK.

The salt marshes in the town of Fairfield, about 1,250 acres,
were ditched to eliminate mosquito breeding in 1912, the necessary
funds being raised by private subscription. The work has since
been maintained under the supervision of the Improvement
Association of Fairfield. During the last week in June a request
was received from the first selectman of the town that the main-
tenance of this work be taken over by the Director of this Station,
under the new law. The work was inspected by the writer and
approved on July 11. The maintenance work was being done by
Mr. Nicolas Matinck, who had also been employed during 1916.
Mr. Matinck continued with the work until September 1.

Prorosep Work 1N WESTPORT.

Early in the spring the State Comptroller requested that the
marshes in the town of Westport on or adjoining the State Aviation
Park at Alvord’s Beach, be examined to determined the mosquito
breeding conditions. Westport is the only town between Fairfield
and the New York State line where the salt marshes have not
been drained to eliminate mosquito breeding. As it will be
necessary to ditch all of these marshes in order to obtain any
definite results, all of the salt marshes in the town were examined
on April 16. The report sent to the Comptroller was as fol-
lows:

W4
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WESTPORT SALT MARSHES.

Examined April 16, 1917, by B. H. Walden.

There are about 330 acres of salt marsh in the town of Westport.
The problem of ditching to eliminate mosquito breeding is a simple one.
The areas are comparatively small and well supplied with natural water
courses or creeks. These marshes, like most of those in the state, were
formerly ditched for salt hay farming, and while salt hay is still cut on
considerable of the area, the ditches have been neglected and most of
them nearly filled up. While the whole area needs ditching, with a few
exceptions, it probably will not be necessary to cut ditches nearer than
150-175 feet apart.

Detailed accounts of the separate areas follow: 1 & 2. Marsh south-
west corner of town west of the Saugatuck River. Area about 74 acres.
Adjoining marsh in Norwalk ditched in 1912. This area requires the
longest ditches of any marsh in the town (about 1,000 feet). It may
therefore be necessary to place them not over 125-150 feet apart.

Salt hay was cut on a large portion of this marsh in 1916 and the
western part of it was fairly hard and dry on April 16.

3. About 5} acres. Appears to be well drained. Hay cut in 1916.
May require a few short ditches.

4. Marsh west of station south of railroad tracks. Thirteen acres.
Good natural drainage. Probably needs marginal ditches. West of the
highway is a small marsh of iess than one acre, the outlet leading through
a culvert under the road into a creek of No. 4. This marsh is in a very
bad condition and needs thorough ditching. Probably considerable
fresh water comes onto this marsh and the indications are that it is a
malarial mosquito breeder.

5. This is the upper end of the maish No. 4 above the railroad tracks.
The main ditch needs cleaning the whole length. Sink drains on the
western bank run into this marsh producing an unsanitary condition;
tile drains should be laid to the main ditch.

6. Small narrow marsh west of main road east of Cedar Point. About
% acre of the lower end of this marsh needs ditching. .

7. West side of Mill Cove. Area 20 acres. Upper portion needs
ditching. Hay cut on most of this marsh. -

8. Triangular marsh south of railroad extending into Mill Cove.
Needs two or three cross ditches. Area 11 acres.

9. Marsh on east side of Mill Cove. Area about 46 acres. East side
of creek hay has been cut. Needs ditching, especially west of creek.

10. Marsh adjoining State Aviation Park—about 128 acres. On the
west side of marsh part of the hay has been cut. Needs ditching. In
the central portion of marsh about 20 acres probably well drained by
natural creeks. Southwest corner either on or adjoining State property
especially needs ditching.
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The west half of the marsh south of the creek and owned by the State
probably requires no ditching. The east half of the marsh owned by
the State should be drained with ditches about 175 feet apart.

The outlet of the creek that drains this marsh (the northern boundary
of the State property) is through the beach where it is in danger of filling
up. While the outlet is adequate for good drainage, at the present it
will require opening occasionally. The northern part of the marsh needs
ditching.

r1. Marsh south of Greens Farms railroad station. About 17 acres.
This marsh is in fair shape but will require ditching.

12. Marsh near east boundary of Westport southwest of the mouth
of Sasco Creek. Area 10 acres. Old ditches need cleaning and an
occasional new ditch.

13. Marsh west side Sasco Creek. Area 20 acres. The area between
the railroad and the highway on the south has been ditched. The area
north of the railroad probably has been ditched but was not examined.

During the past season Mr. W. L. Searles of Rowayton, who was
mainly responsible for carrying out the ditching in the towns
of Norwalk and Darien, spent considerable time in interesting
the people of Westport to raise funds for ditching these marshes.
On August 21, the writer met Mr. Searles and visited some of the
people interested in the work. More than one-half of the necessary
funds were pledged and it is hoped that sufficient money will be
available to carry out the work in the spring.

ENTOMOLOGICAL FEATURES OF 1917,

The winter was rather mild and the temperature did not go
sufficiently low to kill the peach buds—or at least a large propor-
tion were not killed. Spring came late, however, and the blossom-
ing of fruit trees and other events in plant development were fully
two weeks—and in some instances three weeks—behind the average
season. Spring and early summer, therefore, were cold and wet.
Seeds requiring a high temperature could not safely be planted
until late in May or even in June. Rainfall was heavy until August
1st, and the remainder of the season it was light—somewhat below
the normal. On account of stormy weather while fruit trees were
in bloom, bees could not work the blossoms, consequently
there was a poor set of apples in many orchards on account
of lack of pollination. The young apples fell off from each fruit
cluster by the handful, because the flowers had not been fertilized.
There was much damage from rosy aphis, Aphis sorbi Kalt, and
from the false red bug, Lygidea mendaz Reut.
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Though there were many egg-clusters of the tent-caterpillar,
Malacosoma americana Fabr., there were few nests, and compara-
tively few caterpillars developed and produced adults. Conse-
quently the egg-clusters will not be found abundantly on the trees
this winter.

Canker worms did only a moderate amount of damage.

The first rose chafer observed was on June 18, and a few days
later the beetles came in their usual numbers. The earliest date
heretofore recorded for New Haven is June ¢, and the beetles
usually appear in abundance on June r2.

In truck gardens the cabbage root maggot caused the usual
amount of damage. '

Cut worms were not especially troublesome. The striped cu-
cumber beetle, Diabrotica vittata Fabr., was very abundant and
troublesome at the Station farm at Mt. Carmel, and squash bugs
caused the usual amount of injury.

Wireworms were reported as seriously injuring tobacco in a
number of fields, and later in the summer attacked potato tubers
in the ground.

The wheat midge, Contarinia iritiei Kirby, injured a field of rye
in Yalesville, and caused slight damage to a field of winter wheat
in Westport.

Perhaps the most prominent entomological feature of the season
was the outbreak of the pink and green aphid, Macrosiphum solani-
folii Ashmead, in potato fields all over the State. This pest ap-
peared in July, and in most cases the plants were seriotisly infested
before the insect was known to be present. Spraying with nicotine
solution was practiced but the injury had already been done and
the yield was greatly reduced, thus causing a loss of thousands of
dollars for the whole state. There were fields here and there which
were not attacked, but the pest was reported from every county
in Connecticut, and the infestation was rather general. It was es-
pecially prevalent in New Haven County.

The elm leaf beetle was observed at several points, and seemed
to be more prevalent, particularly along the shore, than for several
years.

Tussock moths were unusually abundant. The white-marked
tussock moth, Hemerocampa leucostigma S. & A., was perhaps even
more abundant than in 1916. The white egg-clusters were in
evidence on the trunks and branches of trees in the cities and
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towns and the caterpillars injured the foliage. The hickory tussock
moth, Halisidota caryae Harr., was more prevalent than since 1907.
The tessellated tussock moth, H. tessellaris S. & A., was more
abundant than I have ever seen it around New Haven, and late
in the summer the caterpillars were crawling everywhere in com-
pany with those of the other two species just mentioned.

The fall webworm, Hyphantria cunea Dru., was also prevalent
and its nests were seen on fruit, shade and woodland trees through-
out the State. ;

In young orchards and nurseries, the red-humped caterpillar,
Schizura concinna S. & A., and the yellow-necked caterpillar,
Datana ministra Dru., were unusually abundant and could be
seen feeding in clusters, often stripping the trees. The walnut
caterpillar, Datana integerrima G. & R., was more prevalent than
for several years and completely. defoliated many black walnut,
butternut and hickory trees in August.

Adults of the eight-spotted forester, Alypia octomaculata Fabr.,
were common in June, but there was no such stripping by the
caterpillars observed or reported as took place in New Haven in
1916.

Grasshoppers and crickets were very abundant during August
and September and devoured much of the second crop of hay in
many fields.

The turnip aphid, Aphis pseudobrassicae Davis, appeared in a
few turnip fields but caused no such destruction to turnips and
kale as was the case in 1916.

The imported cabbage worm, Pontia rapae Linn., and the
cabbage looper, Autographa brassicae Riley, were prevalent in all
cabbage fields in late summer and riddled the leaves.

The apple maggot, Rhagoletis pomonella Walsh, continues to do
its usual amount of damage.

The Bureau of Entomology of the U. S. Department of Agri-
culture at Washington has, during the year, established in Con-
necticut at Wallingford a field station for the study of deciduous
fruit insects, to be conducted in co-operation with this Station.
Mr. E. H. Siegler is in charge of this field station and it is planned
to start work of an investigative nature on the tent-caterpillar,
apple maggot, peach borer, and possibly certain other fruit insects
which need to be studied under Connecticut conditions. It is
hoped that the orchardists of the State may receive much benefit
from these investigations.
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The brown-tail moth has through the year been very scarce
throughout the area supposed to be infested, and has not extended
its range the usual distance westward. The towns were not re-
quired to spend any money in destroying nests as in 1916.

There was a marked increase in the number of infestations of
the gipsy moth, apparently due to wind-spread in the spring of
1916, though this was not discovered until scouting was done the
following winter. This increase was especially noticeable in the
towns of Thompson, Putnam, Woodstock and Killingly, but also
showed in Pomfret, Eastford, Brooklyn, Hampton and Canterbury.

A new peach pest, Laspeyresia molesta Busck, has appeared in
Stamford and New Canaan. This insect is a small moth and the
larva is a borer in the terminal twigs of peach trees in orchards.
So far this insect has not been found in the nurseries of Connecticut.

The army worm, Cirphis ( Heliophila) unipuncta Haw., was re-
ported from Northford and Orange, but only a few caterpillars
were seen and did no damage. _

A leaf-roller, Olethreutes hemidesma Zell., was common on Spiraea
Van Houtei in some parts of the State.

As regards anti-mosquito work, considerable progress was made
during the year. The legislature amended the law, greatly im-
proving it and providing for both new work and maintenance to
be done by the State, and making a small appropriation for the
purpose. Three-fourths of the cost of the maintenance is collected
from the towns by the State Comptroller. The first part of the
season was rainy, forming pools, and was favorable for breeding
mosquitoes. Considerable new ditching work was done in New
Haven, East Haven and Orange, and maintenance work in Bran-
ford, Guilford, Madison, New Haven and Fairfield was supervised
by the State.

More detailed accounts of the principal features of this chapter
will be found in the pages of this report.

MISCELLANEOUS INSECT NOTES.

A Bawfly Borer in Poplar. On September 25, 1916, Mr. Zappe
collected some borers in small twigs of Lombardy poplar near
Derby. On June 1, 1917, an adult emerged, which we recognized
as Janus abbreviatus Say, a species not before recorded from Con-
necticut.
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Sawfly Larvae on Austrian Pine. On August 2, 1916, Mr. Zappe
collected some sawfly larvae on Austrian pine in a nursery in New
Haven. The larvae live in silken tubes or webs, and spend the
winter in cells in the ground. On June 7, 1917, adults emerged
which have been identified by Mr. Rohwer as an undeacnbed
species of [iycorsia.

Army Worm. The army worm, Cirphis ( Heliophila) unipuncta
Haw., which was prevalent in the State in 1914 (See Report of
this Station for 1914, page 157), was reported from two places in
1917. Caterpillars were brought in from Northford and were
observed in Orange. They were not abundant, only a few being
noticed, and did no appreciable damage.

Long-Horned Beetle a Borer in White Pine. On September 22,
1916, Mr. Zappe collected some borers in white pine on the grounds
of Mr. C. H. Sierman in Hartford. . These borers were in the main
stem in about the same place that one would expect to find the
white pine weevil, though perhaps a trifle lower, and some of
them tunneled into the center of the stem. These were placed in
a breeding cage, and on June 10, 12 and 26 adults emerged. They
proved to be Monohammus titillator Fabr.

Leaf Roller on Virginia Creeper. In 1916 the writer noticed
several rolled leaves on a Virginia creeper on his front porch, and
on August 27 collected a few specimens for the insectary. On
June 18, 1917, there emerged a small black moth marked with
white spots and known to entomologists as Desniia funeralis Hiibn.,
of the family Pyralidae. This insect also feeds upon grape.

A Sawfly on Balsam Fir. On July 24, 1917, we received some
sawfly cocoons, collected in Danielson by Mr. Davis on Balsam fir.
The pupae were rather abundant, and much resembled those of
Diprion simile. On August 6, adults began to emerge. Mr. S. A.
Rohwer has identified the species as Diprion abietis Harr., which
has been previously recorded from Connecticut.

Twig Borers in Sourwood, Dogwood and Azalea. While inspect-
ing nurseries in August and September, 1916, Mr. Zappe found
several twigs containing borers. At one nursery in New Haven a
branch of the sorrel tree or sourwood, Oxydendrum arboreum was
infested; at another he found an azalea stem tunneled; at a
Hartford nursery a red-twig dogwood was attacked. As these
twigs all contained the larvae, they were placed in separate cages
in the insectary. During the last of May the adults emerged.
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That from the dogwood was QOberea tripunctata Swed. Those from
Azalea and Oxydendrum proved to be O. iripunctala var. myops
Hald.

The Sinuate Pear Borer in Connecticut. On May 29, 1917, a
piece of bark from a pear tree was received from Mr. G. S. Brown
of Norwalk. Mr. Brown wrote that a worm had eaten under the
bark all around the trees and the branches. Several trees were
attacked. The work of the insect was probably that of the sinuate
pear borer, Agrilus sinuatus Oliv., which has damaged pear trees
in New Jersey for at least twenty years, but which has not before
been reported from Connecticut. No good remedy has been
found other than destroving the infested trees.

Harrisina americana on Virginia Creeper. On August 27, 1916,
the writer gathered from a Virginia creeper vine a colony of small
larvae feeding upon a leaf. The dorsal surface was striped cross-
wise with black and yellow bands, and there was a black line on
the side of the body. Under surface was white. Adults emerging
June 12, 1917, were Harrisina americana Harr., a small moth with
narrow, smoky wings, belonging to the family Pyromorphidae.
The food plants are grape and Virginia creeper.

A Pest of Wheat Middlings. On October 10,1917, specimens
were received from Mr. A. D. Jacot, R. F. D. Sandy Hook, of
wheat middlings infested with some form of insect life. The
sample was examined and the insects were found to be winged
psocids (family Psocidae) and were identified by Mr. Nathan
Banks as Pterodela pedicularis Linn., a species with a previous
record of doing damage in various stored plant and animal prod-
ucts. Heat would be a satisfactory remedy.

Weevil in Evening Primrose. The evening primrose ((Jinothera
biennis), commonly regarded as a weed in waste fields, is a common
inhabitant of orchards, growing around the borders, or in that
portion between the cultivated strips, if clean cultivation is not
practiced. In nurseries the plant is common and in one nursery
at New Canaan nearly every plant was infested with grubs tunnel-
ing in the stem, the tunnels being shown on plate XXXI,b. Adults
were reared October 23, and were identified as Tyloderma foveo-
latum Say, one of the weevils or snout beetles. :

A Leaf Beetle on Peas. On July 20, 1917, larvae were brought
to the Station which had been found feeding upon peas and wild
morning glory at Triangle Farm, Wallingford. These somewhat
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resembled the larvae of the squash lady-beetle, but were without
spines. On July 30, adults were reared, and proved to be Chely-
morpha argus Licht., a leaf beetle of the family Chrysomelidae.
This beetle commonly feeds upon the wild morning glory (Convol-
vulus), and sometimes attacks millkkweed (Asclepias) and raspberry,
but I do not recall having seen it recorded as attacking peas.

The Cynthia Moth at Stonington. On September 10, 1917, a
caterpillar of the Cynthia moth, Philosamia cynthia Drury, was
received from Mr. Oscar Swallow of Stonington. This caterpillar
pupated September 15. Mr. Swallow gave Mr. Zappe some co-
coons collected November 11, 1917. The caterpillars feed upon
the leaves of Ailanthus or Tree of Heaven. They are large, fleshy,
green caterpillars bearing soft bluish protuberances. The adult
has a wing-spread of four or five inches, ground color olive drab,
with wings crossed by pink and white bands, and each wing
bearing a transparent eye spot edged with yellow. The species
is an importation from China, and has become fairly common in
the vicinity of New York City. It has previously been reported
from Greenwich, Conn.

Elm Leaf Beetle More Abundant. For several years the elm
leaf beetle has been on the decrease in Connecticut so that in
most towns along the coast spraying the elm trees has not been
practiced and little injury has been done to the trees. In 1917,
however, increased activities of this insect were noticed at several
points. There were many riddled leaves in Fairfield and vicinity,
and at Greenfield Hill many trees were entirely defoliated. Its
ravages, though less marked, were noticed at Manchester and
Saybrook. . These observations indicate that the elm leaf beetle
may again appear in devastating numbers, and the residents of
each town should be on the watch, ready to spray before the trees
are injured. One thorough application of lead arsenate (3 Ibs.
of the paste in so gal. of water) about June 1st will generally
protect the foliage for the season. '

Eggs of the European Lackey Moth or Tent-Caterpillar Inter-
cepted on Nursery Stock from Holland. On November 16, 1916,
while inspecting some imported nursery stock at the greenhouses
of the M. A. Free Co., Stamford, Mr. Zappe found an egg-cluster
of the European lackey moth or tent-caterpillar, Malacosoma
neustria Linn., which had been brought over in the shipment from
Boskoop, Holland. There were several kinds of plants in the
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shipment, including a species of Malus, upon which the cater-
pillars are known to feed. This insect makes nests on the trees
and the caterpillars feed upon the leaves of fruit and other decid-
uous trees in much the same manner as the tent-caterpillar and
the forest tent-caterpillar in this country. Had this egg-mass
not been intercepted, a colony might have started, from which
this additional pest might have become established in this
country.

Disappearance of Tent-Caterpillar. The tent-caterpillar,
Malacosoma americana Fabr., which has been exceedingly abundant
during the past four years, has almost entirely disappeared in
Connecticut. Egg-clusters were fairly common and it was expected
that nests would be seen here and there on apple and wild cherry
as usual, though perhaps in fewer numbers. In many cases the
eggs hatched and the young caterpillars began their nests. The
nest building did not develop far, however, and very few cater-
pillars ever developed into pupae or adults. Consequently this
insect will not be a pest to reckon with in 1918. The writer was
informed of one locality in Windham County where the cater-
pillars hatched and the nests developed normally. Here many
mature caterpillars were seen and possibly egg-clusters may now
be there upon the twigs of the trees. But in most sections of
the State this insect was scarce in 1917 and will probably be even
more so in 1918. The reason for its disappearance cannot be
explained here, but is probably the effect of parasites or other
natural enemies. The tent-caterpillar fluctuates in abundance,
and periodically about every ten or twelve years is extremely
abundant. This period of abundance usually lasts two or three
seasons but in the period just passed, it has been abundant for
four, and in some sections for five vears.

A Bark Miner of Apple Twigs. Several times during the past
fifteen years correspondents have sent to the Station specimens
of apple twigs with serpentine mines just under the epidermal layer
and light brown in color, being rather conspicuous on the twigs.
The writer has often observed and collected material of these
mines and once obtained a flattened larva, which was mounted
in balsam. All efforts to rear the adult failed though many trials
were made. Recently, however, the life history of this insect
has been worked out by Mr. Stuart C. Vinal, who has published
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the result of his studies.® It proves to be the larva of a small
moth, Marmara (Gracilaria) elotella Busck, originally described
in 1909.T Several times each year twigs are received which
contain these mines. Thus, on November 24, 1916, some were
sent from Norwalk; January 2, 1917, Cos Cob; February 13,
Norwichtown; February 20, Cheshire; March 5, South Norwalk;
March 3o, Norwich. The larva and the mined twigs are shown
on plate XXX, b and c. Apparently little or no injury results
from these mines as the cambium is not reached. Hence control
measures are scarcely needed.

A Leaf-Roller on Spiraea: Olethreutes hemidesma Zell. When
inspecting nursery stock in the town of Ellington, August 14,
it was noticed that many of the terminal shoots of Spiraea van
houtei had their leaves drawn and fastened together by silk threads.
Inside some of these nests a larva was found; others were empty.
These nests were more plentiful in Ellington than in any other
nurseries in the State, though noticed in Manchester.” They are
shown on plate XXXI, a.

A number of the nests were gathered, brought to the Station
and placed in cages in the insectary. On August 24 several
adults had emerged, and were recognized as Olethreutes hemidesma
Zell., a moth of the family Tortricidae. This moth has a wing-
expanse of about five-eighths of an inch, is chocolate brown in
color, with the basal portion of the wings more or less mottled
and marked with narrow, white, sinuous transverse lines. It is
shown on plate XXXI, b.

This insect will probably not become sufficiently abundant to
seriously injure or disfigure the shrubs, but in case it does, spray-
ing with lead arsenate may be practiced. The poison should be
applied during July. Clipping off and burning the infested shoots
will also help to control the insect and may be the only control
measure necessary if one has only a few shrubs in danger of attack.

Abundance of Grasshoppers. During the summer of 1917
grasshoppers and crickets were unusually abundant, and did
considerable damage by eating the second crop of grass in many
fields. At the Station farm at Mt. Carmel, in the orchards where
spraying experiments were conducted, around the nurseries
which we inspected, and in other places visited in various parts

* Jour. Econ. Ent. Vol. 10, page 488, 1917.
f Proc. Ent. Soc. Wash. Vol. xi. page 102, 1909.
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of the State, the conditions were similar. Both immature and
mature grasshoppers were present and in many cases the results
of their feeding were noticeable. There is some danger that they
‘may do damage in these fields next year. Probably the best
method of control is the poisoned bran mash, such as is recom-
mended for cutworms. It may be prepared as follows:

Wheat: Brafiy = clamicih Con T Sei il 25 lbs
White Arsenic or Paris Green...... 11lb
Cheap Molasses. .........vvvvinnn 2 qts
LEmONS o ih b pin ah S paat o oo et 3

VAT % s efios b Wi s st AR ol s 33 gallons

Mix the bran and poison together thoroughly while dry. Squeeze
the juice of the lemons into the water and also add the pulp and
rind cut in small pieces. Add the molasses and stir. Add this
liquid slowly to the poisoned bran and mix thoroughly. When
finished, this mash is rather dry and easy to spread. To kill
grasshoppers it should be sown or scattered about over the infested
fields.

An Injurious Weevil Attacking Red Pine. On August 11, 1917,
Mr. A. E. Moss, Assistant Forester, sent to the Station from
Norfolk a section of the main trunk of a red or Norway pine about
four inches in diameter which had been weeviled, even below the
surface of the ground, and killed. The cells contained larvae
and pupae which seemed somewhat larger than those of the white
pine weevil, which kills the leaders of white pine trees throughout
the Northeastern States. Moreover, the trunk or stem in this
case was much larger and had thicker bark than the favorite
point of attack of the white pine weevil. The red pine trunk was
photographed and placed in breeding cages. On August zo,
several adults had emerged, and Mr, Walden identified the species
as Pissodes approximatus Hopkins, described in Technical Series
No. 20, page 49, Bureau of Entomology, U. S. Department of
Agriculture. The adult resembles the white pine weevil, but is
a trifle larger, with markings more prominent, and wing covers
more strongly narrowed posteriorly. It is shown on plate XXXI,
¢, and its work on plate XXXII.

Such attacks would finally kill the trees. Apparently only an
occasional tree is attacked. In the red pine plantations of the
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State Experimental Forest at Rainbow no such attack has ever
been observed. A few years ago similar injury to a young stone
pine was noticed in one of the nurseries, and the tree sent to the
Station. All weevils had emerged, however, and nothing enlight-~
ening could be learned about it. At present, destroying the
infested trees seems to be about the only control measure to
be recommended.

Wheat Midge Injuring Rye in Connecticut. In response to
a complaint, Mr. Zappe visited the field of Mr. George E. Hough
at Yalesville, Town of Wallingford, on June 25, 1917. About
half of a rye field containing about four acres produced no kernels
in the heads, though plants and heads were otherwise well
formed and thrifty. The other half sown two weeks later gave
a good yield. This difference was sharply marked and could
be detected from a distance, the injured field ripening and the
straw turning yellow earlier than the uninfested field. A careful
examination of the empty heads revealed the cause of the failure.
Small reddish maggots were present in the hull where each kernel
should be. These are the larvae of a small, two-winged fly known
as the wheat midge, Contarinia tritie: Kirby, a species first observed
in England in 1795, and first noticed in America near Quebec in
1819, 'and in northern Vermont in 1820. About 1828 this insect
had increased to such an extent that the wheat crop was abandoned
in many localities in northern New England. Every few years
until about 1860, this insect caused severe injury, the most
serious being in 1854, when Dr. Asa Fitch, then State Entomologist
of New York, estimated the injury to amount to $15,000,000.00
in New York State alone. Serious damage was also done in
1857 and 1858.

There is probably but one brood each year, though some evi-
dence has been produced to show that in certain seasons in some
parts of the country there is a partial second brood.

Though wheat is usually the crop damaged, sometimes rye,
barley, and oats are injured by this insect. Considerable damage
to rye in 1917 was reported from certain portions of New York
State.

Specimens of the same insect in winter wheat were received
at this office on July 18 from Westport. The infested stalks were
much shorter than the normal stalks. The adult is a small,
two-winged fly which appears about the middle of June and lays

m
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its eggs in a groove at the summit of the chaff. The eggs hatch
in about a week and the maggots burrow into the kernels which
are then forming. The maggots are of a reddish color and the
insect is sometimes known as the ‘‘red weevil” The larvae
enter the ground to pupate.

Dr. Felt states that there are no satisfactory control measures,
but Sanderson advises burning the stubble, deep fall plowing
and a rotation of crops.

NOTE REGARDING AUTHORSHIF.

For bibliographical purposes, all matter in this report (Bulletin 203)
should be credited to W. E. Britton, unless otherwise indicated.

ILLUSTRATIONS.

All plates are from photographs. Plate I, b, is by I. W. Davis; XVII, b;
XXI, b and ¢; and XXIII, ¢, by the late H. A. Doty; XVIII by Mr.
Tuttle; XIX, a, by the late D. B. Pangburn; XXI, d, by J. B. Rorer;
XVI, a, by the late Professor M. V. Slingerland; XXV, ¢, by Professor
Z. P. Metcalf of the North Carolina Station; X, a, and XI, by Messrs.
Houser, Guyton and Lowry of the Ohio Station; I, a; IV, ¢; V; XVI, b;
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XXVII, b and ¢, by M. P. Zappe. All others are by B. H, Walden.

Figure 1 was reproduced from a drawing by A. E. Moss: figure 3 by
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mology, U. 8. Department of Agriculture.
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Acremoniella alra, 241
Acronycla rumicis, 242
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sollicilans, 352
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Aleyrodes, 21
Allograpta obliqua, 200
Alypia oclomacnlola, 358
A meloclonus cedemisiae, 330
Anarsia lineatella, 318
Anastatus br'frz:a'alus. 250, 251
Angoumois grain moth, 337, 344
Ant, 312, 339, 344
Little red or Pharaoh’s, 234, 235, 300, 314
Anthrenns verbasci, 338
A panteles hyphaniriae, 323
lacteicolor, 250, 251, 323, 320
Aphid, Apple, 235, 250
Green, 250
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Spinach, 203
Spruce gall, 237
urnip, 358
Waolly, 242
A phidius polygonaphis, 200
rosae, 200
Aphis pomi, 250
psendobrassicae, 358
sorbi, 250, 356
Apiaries, Inspection, 235, 242
Apple Aphids, 235, 250
orer, 237
Maggot, 358
Red-bug, False, 234, 235, 250, 356
Army Worm, 350, 360
Ascomycetes, 242
Ash Borer, 237
Altagenus piceus, 330
Autographa brassicae, 358
Bark Miner, 363
Bean Weevil, Common, 333, 340, 343, 344
Four-spotted, 333
Beetle, Bacon, 339
Cabhinet, Large, 338, 344
Small, 338, 344
Calosoma, 250
Carpet, Black, 338, 344
Cigarette, 330, 344
Cucumber, 234, 262, 357
Drug Store, 334. 343
Elm Leaf, ?5?. 362
Flour, Confused, 334, 343
Rust-red, 334, 343
Grain, 331
Saw-toothed, 334. 341, 344
Ground, 323
Ham, Red-legged, 330, 344
Lady, Convergent, 29
Glacial, 208
Nine-spotted, 208
Parent?lcsm. 208
Red, 208
Spotted, 208
irteen-spotted, 208
Two-spotted, 208
Larder, 339, 344
Blatta corlicum, 306
indica, 300
melanocephala, 306
punctata, 306
surinamensis, 300

Blight, Chestnut, 237
Book Louse, 330, 344
Borer, Apple, 237
Ash, 237
Lilac, 237
Linden, 237
Peach, 358
Twig, 318
Pear, Sinuate, 361
Sawfly, 350
Shot-hole, 237
Twig. 360
Brachyacantha wursina, 200
Brown-tail Moth, 234, 235, 246, 247, 350
Bruchus oblectus, 333
pisorum, 332
guadrimaculatus, 333
Cabbage Looper, 358
Root Maggot. 357
Worm, Imported, 358
Cabinet Beetle, Large, 338, 344
Small, 338, 344
Cadelle, 332, 343
Calandra granaria, 335
orvzae, 33§
Calosoma Beetle, 250
Calosoma frigidum, 263
scrufolor, 323
sycopbaum 250, 252
Campoplex fugitivus, 323
ocedemisiae, 330
pallipes, 323
Canker, Poplar, 237
Worms, 357
Carpet Beetle, Black, 338, 344
Caterpillar, Red-| humpc.d 237, 339. 358
Tent, 252, 357, 358, 362, 363
Walnut, 320, 358
Yellow-necked, 328, 358
Celaloria diabroticae, 267
Ceramhbycobius, 283
Cheese Skioper, 339, 344
Chelymorpha argus. 362
Chestnut Blight, 237
Chrysopa, 200
Cigarette Beetle, 330, 344
Cirphis unipuncta, 350, 360
Cistela melanocephala, 263
Coccinella novemnolala, 208, 200
sanguinea, 208
Cockroach, 234, 235, 302, 339, 344
Australian, 304
Codling Moth, 261
Colletotrichum lagenarium, 264
Compsilura concinnala, 250
Confused Flour Beetle, 334. 343
Contarinia fritici, 357,
Crickets, 358, 364
Crioceris vitlata, 263
Crown Gall, 241
Cryplocephalus americanns, 263
Cucumber Beetle, 234, 236, 262, 357
Curculio, 261
Cutworms, 310, 357
Cvecloneda munda, 208
Cynthia Moth, 362
Darker Meal Worm, 332
Dalana inlegerrima, 326, 358
minisira, 237, 328, 358
Delomerista, 283
Dermestes lardarius, 330
Desmia funeralis, 360
Diabrotica longicornis, 266
12-punclalo, 266
pillala, 262, 357
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Dibrachoides verdiler, 283, 284, 287
Dibrachys boucheanus, 323
migrocyaneus, 283, 284, 287
Diprion abieiss, 360
pini, 274, 276, 285, 287, 288, 289, 290
simile, 23 .13 235, 273
Drug Store Beetle, 334, 343
Eight-spotted Forester, 358
Elm Leafl Beetle, 357, 362
Scale, 237
Emphyius cinclus, 242
Empusa, 200
gryllii, 323
Entomopthora, 200
aphidis, 300, 301
Ephestia Euehniella, 337
Equipment, New, 233, 247
Eremotylus g!ahmtum 323
European Grain Moth, 338, 344
Lackey Moth, 241, 362
Eurytoma, 283
Euschislus serous, 323
Exobasidium vaccinii, 241
Exorista petiolata 283
Expenditures, 231, 232
Fall Web-worm, 237. 310, 324, 325, 358
Flour Beetle, Confused, 334, 343
Rust-red, 334, 343
Moth, 335
Mediterranean, 337, 344
ig Lace-wing. 208, 200
Svrphid, 208, 200
Forester, Erght -spotted, 358
Four-spotted Bean “-eev:l 333
Galeruca, 263
Gipsy Moth, 234, 235, 246, 248, 350
Glomerella cing, ata, 242
Gracilaria elotella, 364
Grain Beetle, 331
Saw-toothed, 334, 341, 344
Moth, 337, 344
Angoumois, 337, 344
European, 338, 344
Granary Weevil, 335, 344
Grasshoppers, 358, 364
Green A%‘plc Aphis, 250
Ground Beetle, 323
Halisidola caryae, 325, 358
maculala, 325, 326
tessellaris, 325, 326, 358
Ham Beetle, Red-legged, 339, 344
Harrisina americana, 361
Heliophila unipuncia, 359, 360
Hemerocampa lencostigma, 326, 357
Hemiteles utilis, 283
Heterocordylus malinus, 259
Hetleropelma datanae, 320
Hickory Tussock Moth, 325, 358
Hippodamia convergens, 208, 200
glacialis, 208
parenthesis, 208
xiii-punctata, 298
Hyphantric budea, 322
cunea, 319, 358
punclalissima, 319, 322
lexlor, 319, 320
Indian Meal Moth, 335, 344
Inspection, Apiaries, 235, 242
Imported Nursery Stock, 240
Nurseries, 236
Summary of, 232
Isaria farinosa, 250
Ityeorsia, 360 -
Janns abbrevialus, 359
{umpcr Web-worm, 237
ace-wing Fly, 208, 200
Lacke{‘ oth, European, 241, 362
Lady Beetle, 208
Convergent, 208
Glacial, 208
Nine-spotted, 208

INDEX.

Parenthcsta. 208
Red, 208
%polttd 208
hirteen-spotted, 208
Two-:a:otted. 208
Larder tle, 330, 344
Laemophlaeus pusillus, 335
Lasioderma serricorne, 330
Laspeyresia molesta, 315, 350
Leat Beetle, Elm, 357, 362
Hoppers, 237
Miner, 242
Peach, 237
Roller, 350, 360, 364
ak, 237
Lecaninm, 237
Leucophaea surinamensis, 302, 306
Lilac Borer, 237
Limneria pallipes, 323
Lina japonica, 237
scripla, 237
Linden Borer, 237
Lophyrus similis, 273, 288
Lygidea mendax, 259, 356
Lygocerus, 200
Macrosiphum solanifolii, 200, 357
Macrosporium, 241
Maggot, 261
Apple, 358
Cabbage Root, 357
Malacosoma americana, 252, 357, 363
neuslria, 241, 242, 362
Mantis, Praying, 323
Marmara clolella, 364
Meal Moth, 335
Indian, 335, 344
Snout Moth, 337, 344
Worm, Common 331,343
Darker, 332
Mediterranean Flour Moth, 337, 344
Megilla fuscilabris, 208
maculala, 208
Meteorus communis, 328
hyphantriae, 323
verstcolor, 251
Midge Wheat, 357, 366
Miner, Bark, 363
Leaf, 242
. Peach, 237
Mite, 330, 344
Pear Leaf Blister, 237
Monodontomerus dentipes, 283, 284, 287
Monokammus titillator, 360
Monomorium pharaonis, 234
Mosquito Work, in Connecticut, 1917,
359
Law, 345
Branford, 351, 352
East Haven, 350
Fairfieid, 354
Guilford, 351, 352
I[amden. 351
Madison, 351, 353
lew Haven, 348
Orange, 350
Westport, 354
Moth, Brown-tail, 234, 235, 246, 247, 359
Caodling, 261
Cynthia, 362
European Lackey, 241,7362
Flour, Mediterranean, 337, 344
Gipsy, 234, 235, 2406, 248, 359
Grain, Angoumois, 337, 344
European, 338. 344
Hickory Tussock, 325, 358
Meal, indian, 335, 344
Snout, 337, 344
Peach, 318
Tessellated Tussock, 325, 326, 358 '

45,

White-marked Tu.ssock. 237, 325, 320, 357

Mysus persicae, 203
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Necrobia nig'a pes, 330
Nurseries, Firms Receiving Cert:ﬁcaus. 237
Inspection 236
Oak Leaf Roller, 237
Scale, Pit-making. 237
Oberea tripunctata, 361
var.myops, 361
Qlethreules hemidesma, 350, 364
Oyster Shell Scale, 237, 242
Pachyneuron, 283 v
aphidivorum, 200
Panchlora celebesa, 306
occipitalis, 306
submarginata, 306
s sm;;;uam‘elnsis‘ 306
ea weevil, 332, 343, 344
Peach Aphid, 203
Borer, 358
Leaf Miner, 23?
Moth, dxs.
Scale. West Indian, 237
Twig-Borer, 318
Pear Borer, Sinuate, 361
Leaf Blister Mite, 237
Periplaneta uu.ﬂ'rﬂfasiac. 304
Pernoplasmopara cubensis, 264
Pestalozsia gueping, 242
Pharaoh's Ant, 234, 235, 314
Philosamia cynthia, 362
Phyllosticta, 242
Pine Blister Rust, White, 236
Leaf Scale, 237
Sawfly, European or Imported, 234, 235,
237, 273
Weevil, 305
Piophila cases, 330
Pissodes approximaius, 363
Pit-making Oalk Scale, 237
Plochionis timidus, 323
Plodia inler punciella, 335
Podisus maculiveniris, 323
Pontia rapae, 358
Poplar Canker, 237
Potato Aphid, 236, 200
Prionidus cristatus, 323
Pseudomonas lumifaciens, 241
Psocids, 361
Plerodela pedicularis, 361
Pleromalus, 283
boucheanus, 323
Publications of Entomoiugmal Department,

232

Pycnoscelus obseurus, 306
Surinamensis, 234, 302

Pyralis farinalis, 337

Receipts, 231

Red-bug, Fa]se Apple, 234, 250, 356
True, 25

Red- hnmped Caterpillar, 237, 320, 358

Rhagoletis pomonella, 358

Rice \c\-ee\'ll 338. 344

Root Maggot, Cabbage, 357
Rose Chdfer. 357
Scnle.

Ros e Aphis, 250, 356
us{, Vé)l?ne Ppne Blister, 236
Rust-red Flour Beetle, 334, 343
San Jose Scale, 237
Sawfly, Abbott's, 237
European Pine, 234, 235, 237, 273

. Syrphid

INDEX.

Saw-Toothed Grain Beetle, 334, 341 344

Scale, Elm, 237 L=
Oak, Pit-making, 237
Oyster Shell, 237, 242
Peach, West Indian, 237

Pine Leaf, 237 e
Rose, 237 > S
San Jose. 237

Scurfy 237 o

Tulip Tree, 237
Schedius kuvanae, 250
Schizura concinna, 320, 358
Scurf Scale. 237
Shot-ho'e Baorer, 237
Silvanus surinamensis, 334
Sitodrepa panicea, 334
Siolroga cerealella, 337
Skipper, Cheese, 330, 344
Soldier Bugs, 323
Sowbugs, 312
Sohaerophoria eyvlindrica, 200
Spinach Aphid, 203
Spruce Gall .-\phld 237
Squash Bugs, 3
Staff, Entomolomcal. 233
Stagmomantis carolina, 323
Striped Cucumber Beetle, 234, 262, 357
Synlomosphyrum esnrus, 323
ly, 208, 200
Syrphus americana, 200
Tachina, 323
Telenomus bifidus, 323
Tenebrio molitor, 331
obscurus, 332
Tenebrioides mauritanicus, 332
Tent Caterpillar, 252, 357, 358. 362, 363 -
Tessellated Tussock Moth, 325, 326, 358 =
Tinea granella, 338
Tribolinm confusum, 334
Sferrugineum, 334
Troctes divinatorius, 330
Trogoderma tavsale, 338
Tuhp Tree Scale, 237 T
Turnip Aphid, 3 3
Tussock Moth, I ickory, 325, 358
Tessellated, 325, 320, 358
White-marked, 237, 325, 326, 357
Twig Borers, 3fio
Tyloderma j"owo’nfum. 361
?rrr‘glvplms 339
alnut Caterpillar 326. 358
Vcel;-warm' Fzll, 237, 319, 324, 325, 358
Juniper, 237
Weevil, Bean, Common, 333, 340, 343, 344
. Four-spotted, 333
Granary, 335 344
Pen, 332, 343, 344 .
Pine Red, 365
Red, 367
Rice, 335, 344
West Indian Peach Scale, 237
Wheat Midge 357, 366
Wheel Bug, 323
White-marked Tussock Moth, 237, 325, 326,

357
Wireworms, 357
Woolly Aphis, 242
Work, Chief Lines, 235
Yellow-necked Caterpillar, 328, 358
Zygobothria nidiccln, 250
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PLATI

b. Spraying to kill gipsy moth caterpillars.

GIPSY MOTH WORK.



PLATE II.

a. Apple leaves injured by the false red bug.
Leaves natural size, bug nearly three times enlarged.

b. Spraying to kill aphis and red bug.
Smith's orchard, Clintonville.

FALSE RED BUG.



PLATE III.

a. Half-grown apples showing red bug injury.

b. Mature apples injured by red bugs early in the season.

"

FALSE RED BUG.



PLATE 1IV.

b. Striped cucumber beetle.

a. Eggs, as laid in tl il. % ]
A T e Enlarged four times.

Five times enlarged.

¢. View at farm showing protectors over cucumber plants

STRIPED CUCUMBER BEETLE.



! PLATE V.

Cucumber plants injured by the larvae of the striped beetle.
Natural size.



PLATE VI

1. Adults, female and male, twice natural size; 2. Eggs in pine necedle,
about four times enlarged; 3. Cocoons, natural size;
4. Larvae feeding on pine, natural size.

IMPORTED PINE SAWFLY.
Diprion simile: Hartig.
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IMPORTED PINE SAWFLY.



PLATE VIII.

a. A heap containing 1,617 cocoons, collected from pine twigs.

b. Dorsal and lateral view of larva, twice enlarged.
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¢. Cocoons at left have been torn open, probably by birds; those at right
show exit holes of Chalcid parasite. Natural size.

IMPORTED PINE SAWFLY.



a. Male and female antennac.
Four times enlarged

PLATE TIX.

b. Old cocoons with
new ones made inside
them. Twice natural
size.

c. Eggs laid in pine needles, four times enlarged.

d. Gynandromorph, left side
like female, right like male.
Twice enlarged.

e. Tachinid parasites

which were unable to
escape from cocoons.
Twice enlarged.

IMPORTED PINE SAWFLY.
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POTATO APHID.



PLATE XI.

I 2 3

Three important predaceous enemies of the
pink and green potato aphid. 1. Larva of lace-
wing fly; 2. Lady beetle larva; 3. Larva of
Syrphus fly. (After Houser, Guyton and Lowry,
Ohio. Agr. Expt. Sta., Bull. 317.)

.

b. Potatoes killed by pink and green potato aphid, Hamilton County, Ohio
(June 30, 1917.) (After Houser, Guyton and Lowry,
Ohio Agr. Expt. Sta., Bull. 317.)

POTATO APHID.



PLATE XIIL.

a. View in greenhouse, where cockroaches injured plants, Cromwell,
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1. Twice

enlarged.

b. Raose plant with bark eaten off by
cockroaches. Natural size.

AN EXOTIC COCKROACH.



. PLATE XIII.

Easter lilies with bark and roots eaten by cockroaches. Natural size,

AN EXOTIC COCKROACH.



PLATE XIV..

a.

Adult female, ventral and dorsal view. Enlarged three times,
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Holes in newspaper where cockroaches ate the cyanide bait.
No dead roaches were found.

AN EXOTIC COCKROACH.
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PLATE XV.

b. View looking downward in one of the walks, showing
roaches killed by kerosene spray.

AN EXOTIC COCKROACH.



PLATE XVI.

b.

a. Nests of fall web-worm.
(After Slingerland.)

d. Young larve feeding on hickory leaf.

FALL WEB-WORM.

Egg-cluster on peach
leaf. Natural size.

Natural size.
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PLATE: XVIL

a. Nest on chestnut.

b. Nest on hickory.

FALL WEB-WORM.



PLATE XVIII.
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Hickory tree defoliated by the fall web-worm. New Canaan.
t
FALL WEB-WORM. &
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PLATE XIX.

a. Penultimate stage of caterpillars. Natural size.

¢. Cocoon. Natural size.

b. Fully-grown caterpillar on leaf.
Natural size. d. Adult. Natural size.

HICKORY TUSSOCK MOTH.



PLATE 3

Female and egg-cluster of
hickory tussock moth.
Natural size.

Larva of tessellated tussock moth.

b. (
Natural size.

Young walnut caterpillars on
hickory leaf. Natural size.

d.

Trunk of maple tree showing
tussock moth cocoons.
TUSSOCK MOTHS.
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> PLATE XXI.

a. Adult female.” Natural size

i, Mature larva. Natural size,

c. Pupm. Natural size.

d. Cast skins on tree trunk. e. Egg-cluster. Natural size.

WALNUT CATERPILLAR



PLATE XXII.

.

Adult female and male. Natural size.

b.

Caterpillars on apple twigs. Natural size.

YELLOW-NECKED CATERPILLAR.
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PLATE X XIII,

a. Adult female and male. Natural size.

b. Parasitized caterpillars. Natural size.

¢. Mature caterpillar. Enlarged d. Young caterpillars.
one and one-half times. Natural size.

RED-HUMPED CATERPILLAR.



PLATE XXIV.

!

a. Drug store beetle. Adults. b. Common meal worm,
Four times enlarged. adult and larva. Natural
size.

Rice weevil. Adults.
Four times enlarged.
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d. Cadelle, adult and larva. :
Twice natural size. Four times enlarged.

Pea weevil, adult beetle.

INSECTS ATTACKING STORED FOOD PRODUCTS.
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PLATE XXV.
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Infested cow peas, showing eggs
and exit holes of bean weevil.
Natural size.

a. Common bean weevil.
Adult beetles. Four AS
times enlarged.

Iet§
c. Effect of air slaked lime. Treated seeds at pimiggy (After Metcalf,
North Carolina Agricultural Experiment Station. Jour.
Econ. Ent., Vol. 10, plate 3, fig. 2.)

BEAN WEEVIL.



PLATE XXVI.

a. Meal snout moth.
N S :
Natural size. b. European grain moth.
Three times enlarged.

d. Seeds injured by the large cabinet e

beetle. Natural size,
e. Ear of corn injured

by the European grain
moth. Half size.

INSECTS INJURING STORED FOOD PRODUCTS.



PLATE XXVII.

a.

Peruvian seed corn injured
by saw-toothed grain beetle.
Reduced one-half.

b. Pop corn showing exit
holes of Angoumois grain
moth. Natural size.

¢. Saw-toothed grain beetle.

Four times enlarged.

d.

Kernels of corn injured by the Indian meal moth
Natural size.

INSECTS INJURING STORED FOOD PRODUCTS.



PLATE XXVIII
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View in Quinnipiac Marsh, New Haven, before ditching.

b. Same view, after ditching.

MOSQUITO ELIMINATION WORK.
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" PLATE XXIX,

b. Same view, after ditching.

MOSQUITO ELIMINATION WORK.



PLATE XXX.

b. Larva of apple twig miner. Enlarged twelve times.

¢. Mines in bark of apple twigs. Natural size.

MOSQUITO ELIMINATION WORK AND APPLE TWIG MINER.



PLATE XXXI.

a. Larval nests of spirea leaf roller. Natural size.
b, Adult of spirwea leaf
roller. Twice enlarged. ¢. Larger pine weevil.
Four times enlarged,
F’.
-t
B d. Stems of evening primrose tunneled by weevils. Natural size.

SPIRAEA LEAF ROLLER: LARGER PINE WEEVIL: INFESTED STEMS
OF EVENING PRIMROSE.



PLATE XXXII.
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WORK OF THE LARGER PINE WEEVIL.

Young stone pine, Pinus cembra, from nursery,

b.

Pupal cells in trunk

injured by weevils.

of red pine.
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