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INTRODUCTION.

This bulletin is a report of experiments on the chemical treatment of

manure during 1915, conducted with a view to destroying the fly larvae

therein without injuring the manure for agricultural purposes. As

in the experiments previously reported, the cooperative arrangement

between the Bureaus of Entomology and Chemistry was continued.

The experiments carried out during 1913 and 1914 have been fully

reported in Department Bulletins 1 18 (1) ^ and 245 (2) and include tests

of the larvicidal action of a large number of inorganic and organic com-

pounds. Material from several plant sources was included among the

organic compounds tested. The results of the experiments during

1913 and 1914 pointed to a number of substances having pronounced

larvicidal value, but the majority of these substances did not meet

the full requirements, viz, (1) cheapness; (2) noninjurious action on

the bacterial flora, on the chemical composition of the manure, and

on the growth of plants;^ (3) lack of extremely toxic properties.

1 Experimental work during the summer was conducted on the farm of the Biueau of Animal Industry

at Bethesda, Md., and during the autumn at the Louisiana Experiment Station at Baton Rouge, La.

The entomological work at Baton Rouge was done by Mr. J. L. Webb, of the Bureau of Entomology; the

bacteriological cotmts at Washington were made by Dr. L. P. Shippen of the Bureau of Chemistry, and at

Baton Rouge by Dr. C. W. Edgerton and Dr. Harry Morris of the State Experiment Station. Thanks are

due Dr. W. R. Dodson, Director of the Louisiana State Experiment Station, for facilitating the work

at Baton Rouge.
2 Numbers in parenthesis refer to "Literature cited," p. 19.

3 A detailed discussion of the effect of boron on plants and plant growth is embodied in an article in the

Journal of Agricultural Research, vol. 5, No. 19, page 877, " Boron: Its absorption and distribution in plants

and its effect on growth," by F. C. Cook.

52085°—BnU. 408—16 1
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Of all the substances which were found to be effective, borax was

the cheapest, most generally available, and the most easily transported

and handled, l)ut it was open to the objection that excessive amounts

added to manure (the probable result of carelessness in apphcation)

would result in injury to plants grown in soil to which this manure

would be applied (3). It was accordingly considered advisable in

these experiments to restrict the use of borax to garbage heaps, out-

houses, offjd of various kinds, in fact, to any possible breeding mate-

rial not intended for use as a fertilizer, and to recommend powdered

hellebore for the treatment of all material hkely to be used for fertihz-

ing purposes.

Powdered hellebore, when used at the rate of one-half pound per 8

bushels of manure, showed a larvicidal action about equal to that of

borax when the latter was apphed at the rate of two-thirds of a pound

per 8 bushels, and it was evident that no injurious action either on

manure or on the growth of plants followed the application; in fact,

the hellebore was found to have disappeared from manure after a

period of 30 days. The price of powdered hellebore, with that of

drugs in general, has increased considerably during the past 2 years.

The fact that a plant material was found possessing such high

larvicidal powers led to an investigation during the past season of

various plant materials which were known to contain alkaloids or

glucosids, or were thought to possess some value as larvicides.

Included in the list to be studied were a number of common weeds,

parts of trees, shrubs, etc., which at the present time have no economic

value. There seemed to be a possibility that this line of experi-

ments might point to some widely distributed and abundant plant

containing a substance specifically poisonous to coprophagous larvae.

The season's work also included tests with fertilizer mixtiu^es, such

as calcium cyanamid and acid phosphate, calcium cyanamid and
kainit, etc., with the idea that some combination might be found

which would possess a high larvicidal power and also mcrease the

fertilizing value of the manure.

METHODS.

The methods employed were the same in most details as those

described in Department Bulletins 118 (1) and 245 (2). The same
cages that had been employed during the season of 1914 were found
to be satisfactory. As in tiie previous tests, 8 bushels of fresh larvae-

infested manm'e were added to each cage and treated in three layers.

When any substance was used dry it was also applied in thi-ee layers,

and each layer of the treated manure was sprmkled with water. The
methods for the open-pile experiments were sUghtly modified, so that

instead of collecting and counting the puparia after a period of 6 to 8
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days following the treatment, a pyramidal cage having a flytrap at the

top was placed over the pile immediately after the last treatment,

and all emerging flies collected Iq the trap were chloroformed and

comited. The figures given in the tables are for the house fly only.

Stomoxijs calcitrans, certain species of Phorbia, and various Sarcopha-

gidse were often present, but in comparatively small numbers. In ad-

dition to the cage and open-pile experiments a few tests were made,

placing manure in large wooden boxes which were lined with heavy

paper to prevent the migration of larvae through the cracks or corners.

Netting and flytraps were attached to the tops of the boxes. Methods

of chemical and bacteriological examination of the manure were prac-

tically the same as those employed in previous investigations, and

described in detail in Department Bulletin 118 (1), pages 3 to 8,

with the exception that nitrates were determined colorimetrically by
means of diphenylamin. The examinations were made only in the

case of a few substances where favorable larvicidal action was shown.

The nitrogen results^ obtained by the distillation method with

magnesium oxid (A. O. A. C. method) (7), are included in the tables

imder the head of amid nitrogen, the ammonia nitrogen as determined

by the Folin and Macallum aeration method (4) being deducted from

the nitrogen results by the distillation method.

GENERAL ACCOUNT OF SUBSTANCES USED.

Most of the substances tested during the past season fall naturally

into two groups: (1) Infusions of poisonous plant materials, and (2)

fertilizing mixtures.
PLANT INFUSIONS.

Plant infusions were prepared by mixing a weighed amount of

powdered or finely divided material with a measured quantity of

water, stirring well, and allowing the mixture to stand overnight.

The resulting infusion was used within 24 hours, applying it to the

manure with a sprinkling can from which the nozzle was removed
if there was any tendency to clog. In tliis way, the solid as well as

the liquid portions of the plant naaterial were directly appUed to the

manure. The results of cage experiments with plant materials are

shown in Table 1, and the results of the open-pile experiments in

Table 2.

I All nitrogen determinations were made by the Nitrogen Laboratory of the Bureau of Chemistry.
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Table 1.

—

Destruction of fly larva; in horse manure—Results with -poisonous plant
materials.

[Cage experiments, Bethesda, Md., 1915.]
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The results obtained during 1914 with corn cockle {Agrostemma

gitliago), a commercial extract of tobacco (Nicotiana tahacum) con-

taining 40 per cent nicotine sulphate, and stramonium (Datura stra-

monium) showed no marked or consistent larvicidal action, and these

substances were not tested during the past season.

A few experiments with hellebore ( Veratrum viride, Veratrum album)

were carried out this year to supplement the results of the previous

season. The figures obtained both in the cage and open-pile experi-

ments confirm the statements previously made as to its effectiveness.

The results in Table 2 indicate that the hellebore infusion which had
been standing for 20 to 24 hours was more effective than the helle-

bore applied as a powder and immediately sprinkled with water.

Two tests were made during the past season, using a 1 per cent

infusion of ground larkspur seeds (DelpJiinium sp.). An apparent

larvicidal action of 72 and 81 per cent was obtained. In view of the

cost and the comparatively low efficiency of this material it is hardly

to be considered a practical larvicide.

An infusion prepared from the macerated roots of soapweed (Agave

lecheguilla) was again tested, but the results were practically negative.

During 1915, 18 plant substances were tested, and a study of Tables

1 and 2 shows that Berberis, Cinchona, and quassia were the only

substances which gave indications of having any effect on fly larvae.

Berberis and Cinchona are both expensive, and as apparently large

amounts of quassia are necessary to act as an effective larvicide none

of these three substances can be considered practicable. Black helle-

bore (Hellehorus niger) was used in two experiments, but the results

were inconsistent. This plant is not only of a different genus but

belongs to a different family of plants than Veratrum viride and

Veratrum album.
FERTILIZING MIXTURES.

During the season of 1913 several tests were made with calcium

cyanamid, kainit, and acid phosphate, using each separately. The

results were such that no one of these substances could be considered

a good larvicide when used in reasonable amounts. As calcium

cyanamid and kainit showed some larvicidal action, and as the value

of using a fertilizer as a larvicide is obvious, experiments were started

during 1915 with the hope of finding an effective fertilizer mixture.

In addition to the foregoing, gypsum, Chile saltpeter, and muriate of

potash were tried in mixtures. The results of these tests are sum-

marized in Tables 3, 4, 5, and 6.

Chile Saltpeter (NaNOg) and Acid Phosphate CaH4(P04)2, Ca2H2(P04)2,

Ca3(P04)2.

A mixture of 2 pounds each of Chile saltpeter and acid phosphate

was used in duplicate cage experiments (Table 3, No. 3). The
results were poor, showing on the average about a 36 per cent larvici-

dal action.
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Table 3.

—

Destruction of Jlij larvx in horse manure—Results with fertilizer mixtures.

(Cage experiments, Bethesda, Md., 1915.]

Nn
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Table 4.—Destruction of fly larvae in horse manure—Results with fertilizer mixtures
and solutions of calcium ajanamid.

[Open-pile experiments, Bethesda, Md., and Baton Rouge, La., 1915.]

Material used.

Treatment of 4 bushels of manure
with following amounts of mix-
tures, then sprinkled with 5 gal-

lons of water.

Flies
emerged
(num-
ber).

Apparent
larvicida-l

effect

(percent
of control

Flies emerged
from control cages.

Num-
ber.

Average.

Calcium cyanamid
-h kainit.

Calcium cyanamid+
kainit+acid phos-
phate.

.do.

Calcium cyanamid -I-

muriate of potash
H-acid phosphate.

Calcium cyanamid+
acid phosphate.

.do.

-do.

.do.

.do.

.do.

-do.

A, 1 pound calcium cyanamid 4- 1

pound kainit.
B, 1 pound calcium cyanamid + 1

pound kainit.
A, J pound calcium cyanamid + \
pound kainit + J pound acid phos-
phate.

B, J pound calcium cyanamid + i
pound kainit + J poiind acid phos-
phate.

A, 1 pound calcium cyanamid -I- 1

pound kainit + 4 pounds acid phos-
phate.

B, 1 pound calcium cyanamid -f 1

pound kainit + 4 poimds acid phos-
phate.

C, 1 pound calcium cyanamid -I- 2
poimds kainit + 3 pounds acid phos-
phate.

D, 1 poimd calcium cyanamid + 2
pounds kainit + 3 pounds acid phos-
phate.

E, 1 pound calcium cyanamid + 3
pounds kainit + 2 pounds acid phos-
phate.

F, 1 pound calcium cyanamid 4- 3
pounds kainit -I- 2 pounds acid phos-
phate.

A, 1 pound calcium cyanamid -I- 1

pound muriate of potash + 3
pounds acid phosphate.

B, 1 pound calcium cyanamid -I- 1

poimd muriate of potash + 3
pounds acid phosphate.

A, § poimd calcium cyanamid -I- 2|
pounds acid phosphate.

B, § pound calcium cyanamid + 2§
pounds acid phosphate.

C, J pound calcium cyanamid -I- 2§
pounds acid phosphate.

D, J pound calcium cyanamid + 2§
pounds acid phosphate.

A, ^ pound calcium cyanamid + f
pound acid phosphate.

B, J pound calcium cyanamid + |
pound acid phosphate.

A, J pound calcium cyanamid -f 2
pounds acid phosphate.

B, J pound calcium cyanamid + 2
pounds acid phosphate.

A,
-J pound calcium cyanamid + 3

poimds acid phosphate.
B, i poimd calcium cyanamid + 3
pounds acid phosphate.

A, J pound calcium cyanamid + 3
pounds acid phosphate.

B, * pound calcium cyanamid -f- 3
pounds acid phosphate.

A, I pound calcium cyanamid + IJ
poimds acid phosphate.

B, § pound calcium cyanamid + 1§
poimds acid phosphate.

A, J pound calcium cyanamid + IJ
pounds acid phosphate.

B, J pound calcium cyanamid -f- IJ
pounds acid phosphate.

A, J pound calcium cyanamid + l\
pounds acid phosphate.

B, J pound calcium cyanamid -I- IJ
pounds acid phosphate.

93

247

1,790

1,015

111

153

86

50

48

118

1,056

717

176

221

286

186

850 ca.

934 ca.

1,984

2,115

789 ca.

l,052ca.

1,426

1,233

1,136

611

1,127

922

1,297

1,248

81.1

49.6

66

81

33

10

48

60

61

32

19

14

30

24

63

60

35

14

24

34

13

53

40

50

4

377

604

7,250

3,535

263

62

378

526

238

194

1,123

1,317

7,250

3,535

1,123

1,317

2,576

1,160

1,716

884

2,576

1,160

1,716

490

5,392

163

452

216

1,220

1,300
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Table 4.

—

Destriiction of fly larvx in horse manure—Results with fertilizer mixtures
and solutions of calcium cyanamid—Continued.

No.
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Table 5.

—

Destruclion of fy larvse in horse manure—Results using calcium ajanamid
and acid phosphate mixture.

[Case experiments at Bethesda, Md., and box experiments at Baton Rouge, la., 1915.]

No.
Treatment of 8 bushels manure

follovved by sprinkling with
10 gallons of water.

A, 1 pound calcium cyanamid
+ 1J pounds acid phos-
phate, cages

B, Do
C, Control
D, Do
A, 1 pound calcium cyanamid

+ 8 pounds acid phos-
phate, cages

B, Do
C, Control
D, Do
A,i 1 pound calcium cyana-
mid+6 pounds acid phos-
phate, boxes

B, IJ pounds calcium cyana-
mid+6 pounds acid phos-
phate, boxes

C,' 2 pounds calcium cyana-
mid -f 12 pounds acid phos-
phate, boxes

D,i Control

Flies
emerged.

Number,
7
1

982
35

472
317

4,410
2,665

135

650

307
3,238

Appar-
ent lar-

vieidal
action
(per

cent of
control
aver-
age).

98.7
99.0

83.8
88.6-

95.9

80.0

90.5

Number
bacteria
per gram
calcu-
lated to
dry

weight.

Millions
3,608
2,646
18,750
25,500

20.5
10
36
50

1,600

900

800
1,400

Ma-
nure,
total
nitro-
gen.

Per ct.

0.533
.456
.449
.379

.519

.519

.440

.582

.449

.379

Water extract.

Alka-
linity,

CO N/20
NaOH
per 100
cc (5
grams
ma-

nure).

6.25
5.75
7.25
8.00

3.25
3.00
3. 75
4.00

3.50
2.75

In per cent of total
nitrogen.

Nitro-
gen.

Per ct.

33.60
36.84
29. 84
29.53

25.82
28.71
25.45
21. 14

38.01

34.11

24.94
29.55

Ammo-
nia ni-

trogen.

Per ct.

2.40
4.20
2.90
3.60

5.97
9.06
1.70
1.72

11.76

11.91

11.80
7.92

Amid
nitro-
gen.

Per ct.

10. 73
11.05
9.57
11.17

13. 58

14.26

25.62
13.19

52085°—Bull. 408-

1 3 A, C, and D contained nitrates.
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Table 6.

—

Destniclion of fly larviv in horse manure—Results using 4 per cent sola-

lions of calcium cyanamid- {series 1 and 2), and xvith dry calcium cyanamid and acid

phosphate mixtures (series 3 and 4)-

tOpen pile experiments, Baton Rouge, La., 1915.]

No.

S3

24

Treatment of 8 bushels
maniu°e.

A, 10 gallons 4 per cent
calcium cyanamid
solution..'

B, Do
C, Control
D, Do.
A , 10 gallons 4 per cent

calcium cyanamid
solution.."

B, Do
C, Control

P, Do
A, 3 pounds calcium cy-

anamid+ 12 pounds
acid phosphate, 10

gallons water add-
ed

B, Do
C, Control

Do.
A, 4 pounds calcium cy-

anann(l-l-4 pounds
acid phosphate, 10

gallons water add-
ed

B, Do
C, 5 pounds calcium cy-

anamid+.j pounds
acid phosphate-

D, Do
G, 3 pounds calcium cy-

anamid -t- 6 pounds
kainit^..

U, Do
E, Control '

IF, Do

Elies
emerged.

Number.
(')

(')

(')

(')

924
1,805
9, 589
8,969

70
16

263
62

4
13

511
727

Apparent
larvicidal
action

(per cent
of control
average).

100
100

90.5
79.9

99

Number
bacteria
per gram
manure

calculated
to dry
weight.

MilHons.
2,222

600
347
857

1,458

1, 154
909
723

5,745
2,000
4,285
4,151

182
545

255
1,000

1,220
511
431
.511

Ma-
nure,
total

nitro-
gen.

tPer ct.

0. 735
.004
.653
.688

.428

. 435

.449

.423

.744

.(>46

.604

.540

.625

.510

.M6

.510

.681

.744

.414

.470

Water extract.

Alka-
linity,

ccN/20
NaOH
per 100
cc (5
grams
ma-

nure).

7.35
6. 85
7.00
7.50

6.75
2.50
2.75
3.75

3.75
3.50
3.00
1.75

3.75
5.50

4.25
4.60

6.25
6. 85
3.10
3.35

In per cent of total

nitrogen.

Nitro-
gen.

Per ct.

45. 03
35. 26
30. 93
34.30

36. (>8

27.59
21.16
29.31

27.98
24.30
20. 53
23. 33

26.88
35.30

34. 68
46. 27

36. 27
45.29
27.05
27.44

Am-
monia
nitro-
gen.

Per ct.

6.26
7.28
6. 74
5. 96

11.68
9.66
8.69
8.97

8.07
7.89
5.79
7.04

5.76
6.67

6.81
9.02

6.90
8.47
7.24
7.02

A mid
nitro-
gen.

Per ct.

24.35
18.22
12.56
8.28

11.50
6.43
6.90
4.11

10.73
13.78
3.48
3.33

22.16
20.78

21.37
23. 92

19.83
17.87
16.43
13.83

1 Piles examined for larv.T on third day after treatment.
2 Nitrates were present in all samjiles of series 2. 3, and 4.

» 10 gallons of water added per S bushels of manure.

Calcium Cyanamid and Kainit.

The results given in Table 4, No. 1, where 1 pound of each

ingredient was used m duplicate tests, show varying and incon-

sistent action, 50 and 81 per cent. Open-pile experiments given in

Table 6, No. 4, G and H, show that where 3 pounds of cyanamid
and 6 pounds of kainit were applied in mixture practically all the

larva3 were killed.

Chemical and bacteriological examinations were made of samples
of manure taken from the last two mentioned experiments. The
])acterial count in one sample was twice as high as in the untreated

control samples and the other sample gave the same result as the

controls. Tlie percentage of total nitrogen, as well as of the various
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nitrogenous constituents, in the two treated samples, was markedly

higher than in the two controls, and the alkalinity also was increased.

These changes were due to the presence of nitrogen and lime in

the calcium cyanamid.

Calcium Cyanamid and Acid Phosphate.

Varying amounts of calcium cyanamid and acid phosphate were

used in preparing mixtures in order to determine the most effective

combination. The results of 5 cage experiments at Bethesda, Md.,

are recorded (Table 3, Nos. 1 and 2). From three-fourths pound

to 2 pomids of cyanamid and from 2 to 6 pounds of acid phosphate

were used in the various mixtures tested. The larvicidal results,

from 90 to 99 per cent, with mixtures containing 1 pound or more of

the cyanamid were very satisfactory. It is evident from the results

in the table that three-fourths of a pound of cyanamid is not sufficient.

Some additional cage experiments and one series of tests in boxes are

recorded m Table 5. In the cage experiments mixtures of 1 pound

of cyanamid with 1^ pounds of acid phosphate, and 1 pound of

cyanamid with 8 pounds of acid phosphate were tested in duplicate.

The results agree with those in Table 3, showing that 1 pound of

cyanamid in cage experiments was a fairly effective application.

Bacteriological and chemical analyses of samples of manure from

the cages are given in Table 5, Nos. 1 and 2. The bacteria were

reduced in both series by the treatment, alkalmity was slightly re-

duced, and the water-soluble and ammonia nitrogen results showed a

tendency to increase. The ammonia results in No. 2, where the 8

pomids of acid phosphate were used, were markedly higher than the

controls.

The results of the experiments in boxes are given in Table 5,

No. 3. They show an apparent larvicidal action averaging 89 per

cent. It is probable that the surface exposure of the manure in the

boxes is the important feature in determining the effectiveness of this

treatment, although these three experiments do not brmg this out as

fidly as might be expected. Box A had a surface exposure of 5 square

feet, box B of 8 square feet, box C of 7 square feet, and box D of 7^

square feet.

The bacteria counts averaged 75 per cent as high as for the control

sample, 3D. The alkalinity of the water extracts of the manure
showed no definite change in any case. The water-soluble nitrogen

was increased in two samples, and reduced in the third; the ammonia
nitrogen was decidedly increased in the treated samples, while the

amid nitrogen was increased only in sample 3C.

The results of several open-pile experiments are shown in Table

4, Nos. 5 to 15, inclusive. The mixtures employed contained from

one-third of a pound to IJ pounds of calcium cyanamid, and from



12 BULLETIN 408, U. S. DEPARTMENT OF AGEICULTTJRE.

tliroe-fourths of a pt)uiicl to 6 pounds of acid phosphate per 4 bushels of

inauuro. The larvicidal results were very irregular, but it is evident

that 1 pound of cyananiid is not effective in open piles.

Some results of the effect of larger applications of mixtures of

cyanamid and acid phosphate in open-pile experiments at Baton

Rouge are recorded in Table 6, Nos. 3 and 4.

In series No. 3 the mixture contained 3 pounds of cyanamid and 12

pounds of acid phosphate per 8 bushels of manure. From the two

control piles 263 and 62 flies emerged, but using the average of these

two figures, a 57 per (;ent and a 90 per cent larvicidal action was

apparently obtained. Attention is called to the fact that from cage

3A, 70 flies emerged, a count higher than the lower control. On
account of the uneven infestation of the manure used in these tests

the percentages have little value. The number of bacteria in 3B,

where a 90 per cent larvicidal action was obtained, was reduced 50

j)er cent by the treatment. The total nitrogen of the manure appar-

ently was increased by the treatment, as was the water-soluble and

ammonia nitrogen. The greatest increase was in the amid nitro-

gen. There was apparently a slight increase in the alkalinity of the

water extracts. Nitrates were detected in all of these samples.

In No. 4, Table 6, 4 and 5 pounds of cyanamid were mixed with

equal amounts of acid phosphate. With both mixtures the larvi-

cidal results were highly satisfactory, 97 and 99 per cent of the larvae

being destroyed. No reduction in the number of bacteria in the

treated samples was found. An increased percentage of total and

amid nitrogen due to the nitrogen of the cyanamid was obtained in all

of the 4 samples, while 3 of the 4 samples showed an increase in the

water-soluble nitrogen. Less ammonia nitrogen was found in 3 of

the 4 samples than in the controls. The alkalinity slightly increased

in all cases. All the samples showed the presence of nitrates by the

diphenylamin method, the color reactions being stronger in the

treated than in the untreated samples.

Many temperature readings of the manure treated with mixtures

of cyanamid and acid phosphate were taken. In practically all

instances the results of the readings in the case of the treated samples

were the same- as in the case of the controls. This is in line with the

bacterial counts and indicates that no marked action on the bacterial

flora had taken place.

It is probable that tlie cyanamid is the principal toxic constituent

of the various mixtures, and the cyanamid which is soluble in water

is undoubtedly more toxic than its polymer dicyandiamid.

Kionka (5) has reported experiments showing that 0.1 gram of pur(^

cyanamid is a fatal dose for dogs, when given subcutaneously. while
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it takes 0.25 gram of dicyandiamid to produce the fatal result. The

fatal doses for dogs when administered internally are, respectively,

0.75 and 2 grams. These experiments indicate that cyanamid is

three times as toxic as dicyandiamid.

SUSPENSIONS OF CALCIUM CYANAMID.

As the substances which have been found to be effective larvicides

act most effectively when applied in solution or suspension, it was

considered advisable to tost the effect of 3 and 4 per cent solutions

of calcium cyanamid. The results of these experiments are recorded

in Table 4, Nos. 16 and 17, and Table 6, Nos. 1 and 2.

The results recorded in Table 4, Nos. 16 and 17, can hardly be

compared with the other open-pile experiments for the reason that

only 2 bushels of manure instead of 4 were used at each treatment.

In No. 16 the application was made twice; that is, there was a total

of 4 bushels of manure in the pile instead of 12 as in other experiments.

In No. 17 only one application was made to each of the 2-bushel piles.

Moreover, only large larvge, probably 3 days old, were present in the

manure at the time of treatment. It is not clear how much these

conditions would influence the effectiveness of the solution used, but

at any rate the larvicidal results were all low and irregular, except in

one experiment. No. 17-B.

In series 2, Table 6, where two treatments were apphed to each

of 4 bushels of manure, in dupUcate, one result was rather low (80 per

cent), while one was fairly good (90 per cent). In series 1, Table 6,

cages were not placed over these piles to catch emerging flies, but

an estimate of the larvicidal effect was made from examination of

the piles on the third day after treatment. At that time no larvae

were seen in lA and only one or two in IB, while the control

piles were seen to be heavily infested. In general, the results with

solutions of cyanamid were not uniformly favorable, as far as larvi-

cidal action is concerned, and it would require a considerable number
of additional experiments to determme just what strength would be

uniformly effective.

The bacteria of series 1 and 2, Table 6, showed an increase in

three of the four treated samples. No increase of total nitrogen

was foimd, and but one sample, 2A, showed an increase in alka-

linity. The water-soluble nitrogen, ammonia nitrogen, and amid
nitrogen in the water extracts of the treated samples of both series

showed a tendency to increase. Nitrates were detected in all sam-

ples of series 2, but were absent from all samples in series 1. In

the former series the manure was older, the piles havmg stood longer

before the samples were taken than with series 1.
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COMMERCIAL MIXED FERTILIZERS CONTAINING CALCIUM CYANAMID.

Calcium cyanamid is frequently used to furnish the nitrogen of

mLxed fertilizers, either in whole or in part. Such fertihzers usually

do not contain any calcium cyanamid as such, since the cyanamid

has been decomposed into urea, ammonia, etc. The percentage of

calcium cyanamid used in commercial mixed fertihzers varies with

each brand. The commercial fertilizer which was employed in this

test contained 12^ per cent phosphoric acid, 2f per cent ammonia,

and 21 per cent potash.

One-third of a bushel of manure was treated with 1 pound of the

mixed fertihzer in a box covered with netting. The sample was

then well moistened. Only 2 flies emerged from the box which was

treated with the mixed fertihzer, while 909 flies emerged from the

control box. The appUcation of the mixed fertihzer in this experi-

ment was a very heavy one, and as but one experiment was carried

out, and that one on a small scale, no conclusion can be drawn.

As manufacturers employ varying amounts of cyanamid in their mix-

tures it is impossible to use commercial mixtures as a larvicide with

any assurance of obtaming satisfactory results without first testing

the mixture in question and determining the amount necessary to

apply to the manure to destroy the maggots.

THE AMOUNTS OF FERTILIZER MIXTURES TO APPLY TO PITS AND PILES OF MANURE TO
KILL FLY LARVi*.

From all of the cage tests and the box experiments (Table 5, No.

3) the indications are that mixtures contammg 1 pound of calcium

cyanamid and 2 to 4 pounds of acid phosphate will destroy a high

percentage of the maggots of the house fly present in 8 bushels of

manure, when the manure is placed in such receptacles. In these

cases the surface treated was much smaller than in an open pile con-

taining the same amount of manure, and as the surface was prac-

tically level the mixture could be applied effectively and forced mto
the manure by sprinkhng with water. It seems likely that the mix-

tures will act effectively when apphed to manure in pits where

approximately the same conditions exist as in the box or cage tests;

that is, where there is only one surface to be treated. One pound
of cyanamid in mixtures was used successfully in a box having a sur-

face exposure of 5 square feet and in cages with a surface of 4 square

feet. It is therefore suggested that mixtures containing 1 pound of

cyanamid and 2 to 4 pounds of acid phosphate be applied to boxes

or pits at the above rate per 4 square feet of surface exposure. The
ideal way of storing manure is in a water-tight pit. If this is not

available, the manure may be thrown mto a large box and then

(effectively treated with the cyanamid mixture at the above rate.

In the treatment of piles of manure it is evident from the results in

Table 6, series 4, that 4 poimds of calcium cyanamid applied in mix-
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tures with either acid phosphate or kamit per 8 bushels of manure
acts as an effective larvicide . To be sure of retaining all of the nitrogen

and ammonia which ordmarily is lost from a pile of manure, a higher

ratio of acid phosphate to calcium cyanamid than was used in these

tests should be employed. The chemical analyses of No. 4, Table 6,

show no changes from the control samples, but the results of Table

5, No. 2, show the advantage of using a large proportion of acid

phosphate.

Kamit may be employed in the mixtures together with the cyan-

amid and acid phosphate. Thus potash, as well as lime, nitrogen,

and phosphoric acid, will be added to the manure. The substitution

of kamit for part of the acid phosphate makes no apparent difference

m the larvicidal action of the mixture. It is important to apply

in the mixture one-half pound of calcium cyanamid per bushel of

manure. The manure should be thoroughly sprmkled with water

after each application of the cyanamid mixture. It is probable that

gypsum may be substituted in whole or in part for the acid phosphate.

THE VALUE OF USING CALCIUM CYANAMID, ACID PHOSPHATE, AND KAINIT ON MANUKE.

It is likely that calcium cyanamid, which contains lime in amounts
equivalent to 70 parts of Ca(0H)2 per 100, if used alone on fresh

manure in any considerable amount, will expel some of the nitrogen

and ammonia present in the manure. Acid phosphate was used in

the mixtures with the cyanamid, in part to neutralize the lime, and
also to hold the nitrogen and ammonia which might be expelled by
the lime of the cyanamid, as weU as to retain the nitrogen and ammo-
nia lost during ordinary fermentation processes. During the decom-
position of calcium cyanamid in the soil the lime is gradually precipi-

tated as carbonate, and this same process undoubtedly takes place in

the manure. Acid phosphate, kainit, and gypsum are quite exten-

sively recommended for the purpose of preserving manure. Commer-
cial acid phosphate contains about 14 per cent of available phosphoric

acid; kainit contains approximately 12.5 per cent of potash, and
cyanamid contains 20 to 22 per cent of ammonia. It is accordingly

evident that when the above mixture is applied to manure the three

essential fertiUzing elements are added in considerable amounts, and
if acid phosphate is used in a ratio of 6 or 8 to 1 no loss of ammonia
will result, but the nitrogen and ammonia which escape during the

normal fermentation of manure will be retained.

THE COST OF EFFECTIVE FERTILIZER MIXTURES.

Under normal conditions kainit sells for $12 to $14 per ton, making
the cost about two-thirds of a cent a pound. Kainit is not avail-

able at the present time. Calcium cyanamid was quoted January 1,

1916, at $2.45 per unit of ammonia. Calculating the average per-

centage of ammonia present in cyanamid at 21 per cent, the cost per
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ton is $51.45, or 2.6 cents per pound in ton lots. Cyanamid is at

present handled only in large amounts and by manufacturers of

mixed fertilizers. It requires only the demand to make it available

in all parts of the country. During the fall of 1915, several lots of acid

phosphate were purchased, and the average price, when purchased in

hundred-pound lots, was 1 cent per pound. It was quoted at $14 per

ton January 1, 1916. Four pounds of the calcium cyanamid and 4

pounds of acid phosphate, as seen in Table 6, series 4, showed an

effective larvicidal action. The cost of this mixture was 14^ cents per

8 bushels of manure, or 1.8 cents per bushel. In Table 6, No. 4,

the results also show that a mixture composed of 3 pounds of calcium

cyanamid and 6 pounds of kainit gave an effective larvicidal action.

The cost of the treatment in this case was 1^ cents per bushel. In the

experiments in cages and in boxes mixtures containing 1 pound of the

cyanamid and 2 pounds of acid phosphate per 8 bushels have given

satisfactory results. The cost in this case was one-half cent per

bushel.

From these figures it appears that the fertilizer mixtures applied

in sufficient amounts to act as effective larvicides on open piles are

more expensive than borax or powdered hellebore. However, in the

former treatment the fertilizing value of the manure is greatly

increased, and when considered from this point of view the actual

larvicidal cost of the fertilizer mixtures is materially lessened.

THE AMOUNTS OF MANURE TREATED WITH FERTILIZER MIXTURES TO APPLY TO THE
SOIL.

One hundred and fifty pounds of calcium cyanamid per acre is

stated by Pranke (6) to be the most economical amount to apply to

the soil at one time. When manure is treated in boxes or pits at

the rate of 1 pound of calcium cyanamid and 2 pounds of acid phos-

phate per 8 bushels (10 cubic feet) of manure, taldng the weight of 8

bushels of fresh manure at 120 pounds, it is calculated that 16§

})ounds of calcium cyanamid and 33 pounds of acid phosphate will

be present per ton of fresh manure. If it is desired, kainit may be

used in place of a part of the acid phosphate in the mixture. Manure
treated in tliis manner and applied to the soil at the rate of 9 tons

per acre will furnish 150 pounds of calcium cyanamid, which is

mentioned above as being the most economical application of the

cyanamid. The application of more than 9 tons per acre would be
uneconomical.

When piles of manure are treated with a mixture containing 4

pounds of calcium cyanamid and 4 pounds of acid phosphate, these

two substances are added to the manure at the rate of 65 pounds per

ton. As above, the weight of fresh manure is taken at 15 pounds
per bushel. The manure treated with tliis mixture should be applied

to the soil at the rate of only 2^ tons per acre.
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In connection with tlie use of cyanamid as a fertilizer, the following

statements of E. J. Pranke (6) are of interest:

Since cyanamid is a medium slow-acting fertilizer, it should be applied to the crop

not less than 70 to 80 days before the harvest, in order that the nitrogen may be com-
pletely utilized by that crop. Experience has shown that the most economical

utilization of a nitrogen fertilizer is in conjunction with the other fertilizer elements,

phosphorus and potash. For this reason it is recommended that cyanamid be used

as a part of a fertilizer mixture rather than it be applied alone.

If cyanamid is to be applied to very acid soils, such soils should be put in a produc-

tive condition by judicious liming sometime before the application of the fertilizer.

The application of barnyard manure will help to establish the bacteria that are deficient

in such soils.

experiments with boric acid and sulphur.

Boric Acid, B(0H)3.

Two open-pile experiments were carried out, using solutions of

boric acid, one-fourth pound to 5 gallons of water, and applying the

same to 4 bushels of manure. The tests showed a 97.4 per cent and
a 99.8 per cent laryicidal action. Boric acid was quoted wholesale

January 1, 1916, at 10 to lOJ cents per pound for commercial gi-ade.

Based on the price just quoted, the cost of treating manure with

boric acid, judging from these two tests, was five-eighths cent per

bushel of manure. It is probable that somewhat smaller amounts of

boric acid than one-half pound per 10 gallons of water maybe effect-

ively employed. Borax cost, January 1, 1916, from 5f to 6 cents per

pound wholesale, or 4 cents for two-thirds of a pound, a quantity

sufficient to destroy all the maggots in 8 bushels of manure. The
cost was therefore one-half cent per bushel of manure. It is apparent

that boric acid is equally effective as borax as a larvicide, but it has

not been determined whether there is any difference in the action

of these two substances on plant growth, although from the few tests

reported in the literature no differences are iadicated.

Sulphur.

One box test in which one-third of a bushel of manure and 5 J ounces

of flowers of sulphur were used was carried out at the suggestion of

Prof. C. V. Piper. A control was employed, both samples being mois-

tened and a large number of fly eggs added to each. Forty-two flies

emerged from the box treated with sulphur and 909 fhes from the

control. The apphcation of 1 pound of sulphur per bushel of manure
is a large one, and, if used on a large scale, would not only involve

considerable expense, but would undoubtedly have an injurious action

on plants when applied to the soil.

SUMMARY.

During the fly season of 1915, the larvicidal action of infusions of

18 plant materials was tested. None of these, with the exception of

hellebore, were sufficiently economical and effective to be classed as
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practical larvicides; Berberis, Cinchona, and larkspur in the amounts

employed showed some larvicidal action.

Various mixtures of calcium cyanamid, acid phosphate, kainit,

and gypsum wore tested.

One pound of calcium cyanamid in mixtures with 2 to 4 pounds of

acid phosphate proved effective in cages and boxes where the surface

exposure of the manure was approximately 4 square feet.

A similar mixture may prove effective in pits. In both cases the

treatment should be based on the number of square feet of exposed

surface of the manure. The cost of this treatment, based on whole-

sale prices January 1, 1916, is approximately 1.4 cents per square foot.

In several open-pile experiments calcium cyanamid applied in

mixtures with acid phosphate or kainit at the rate of one-half pound

per bushel of manure showed an apparent larvicidal action of 98 per

cent. By using a mixture composed of calcium cyanamid, acid

phosphate, and kainit, the three essential plant elements, nitrogen,

potash, and phosphoric acid, are added to the manure. The
nitrogen and ammonia which usually escape from untreated manure

piles will be retained if sufRcient acid phosphate is used, and the

fly maggots will be killed at the same time. The cost of this treat-

ment, in which one-half pound of calcium cyanamid and one-half

pound of acid phosphate are applied for each bushel of manure, is

1.8 cents per bushel.

SUMMARY OF THREE SEASONS' WORK.

From the three seasons' work it appears that borax used at the

rate of two-thirds of a pound per 10 gallons of water and sprinkled

over 8 bushels of manure is the least expensive and the most effective

larvicidc. Caution should be used in treating manure to be employed

for agricultural purposes, because of the injurious action on plant

growth of excessive applications of borax. It is, however, recom-

mended for the treatment of all manure not to be used for agricultural

purposes, for refuse piles of all kinds, stable floors, etc. The cost of

the borax treatment, when borax sells for 8 cents per pound, is one-

half cent per bushel.

Powdered hellebore, using one-half pound per 10 gallons of water,

and applying the same to 8 bushels of manure, is an effective larvicide

and without action on plant growth. The cost^ is variable. On

1 It is unusually difTicult to give a fair retail price for these substances because of the advance in

price of chemicals and fertilizers. Borax was quoted retail Washington, D. C. at 8J to 12 cents per pound

in 100-pound lots; powdered hellebore, in 100-pound lots, at 35 cents per pound; acid phosphate $1.75 to

$2 for ir.T-pound sacks. Kainit is not obtainable at the present time; the usual price is S12 per ton, or

three-fourths to 1 cent per pound in 100-pound lots. Calcium cyanamid is manufactured by but one com-

pany in North America, although there are several companies producing it abroad. This American com-

pany does not ordinarily sell calcium cyanamid in less than carload lots. The price was S51.45 per ton

f. o. b. Niagara Falls, Ontario. The figures just given were those quoted on March 1, 1916. Calcium

cyanamid is handled by manufacturers of mixed fertilizers.
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January 1, 1916, the wholesale price was 16 to 17 cents per pound,

but it should be obtained in large amounts under.ordinary conditions

at 11 to 12 cents per pound. The cost of treating manure with

solutions of powdered hellebore, when it sells for 17 cents per pound,

is therefore 1 cent per bushel.

Solutions of aniline and emulsions of nitrobenzene with fish-oil

soap, reported in Department Bulletin 245 (2), also proved to be

effective larvicides, and did not injure the manure, as far as could

be determined by chemical and bacteriological examination.

The indications are that calcium cyanamid, acid phosphate, and
kainit mixtures can be used as effective larvicides, if one-half pound
of calcium cyanamid is present in the mixture per bushel of the

manure treated. The cost of applying a mixture of one-half pound
calcium cyanamid and one-half pound acid phosphate per bushel

of manure is 1.8 cents per bushel, but this is materially lessened by
the increased fertihzing value of the treated manure.

Among the other substances which have been found effective in

reasonable amounts, but can not be recommended because of their

extremely toxic action, are potassium cyanid, Paris green, arsenic

dip, and pyridine.
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Th(^ common red spider, Tetranychus himaculatus Harvey, is very

generally distributed in the United States. The map (fig. 1), which

contains 297 records of occurrence in 34 States, shows the distribution

of the majority of reported cases.

The species fu*st became conspicuous as a pest to cultivated crops

in New England and the Northeast. The early complaints related

largely to greenhouse and dooryard plants, and it was not until 1855

that Glover reported some injury to cotton by the pest. As settle-

ment moved westward, records of occurrence from the Middle West
and, finally, the Pacific Slope, appeared in our literature. With the

exception of an outbreak in Louisiana, reported by Prof. H. A.

Morgan in 1893, severe occurrence of the red spider on cotton had
not been reported until 1903, at which time complaints of damage
came from South Carolina and Georgia. In 1904 Mi-. E. S. G. Titus

(1905, a, h), then of this bureau, found severe infestation in fields

about Batesburg, S. C, and the following year he reported severe

injury in North Carohna, South Carohna, Georgia, and Alabama.
Since then the additional records of Dr. F. H. Chittenden and
Messrs. G. P. Weldon, D. T. Fidlaway, E. L. Worsham, H. F. Wilson,

Note.—This bulletin is of interest to those who are subjected to loss or annoyance by the red spider.

543.sn°—Bull. 41(1—17 1
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W. B. Parker, H. E. Ewing, and othoi-s, as well as the WTiters, have

established the presence of the red spider from Maine to Florida

and westward to Texas, California, and the Hawaiian Islands. It

is said to be generally distributed in New England, New York, Iowa,

Illinois, the southern parts of Wisconsin and Michigan, western

Colorado, the Willamette Valley of Oregon, and the interior regions

and southern part of California.

ZONAL DISTRIBUTION IN THE SOUTHEAST.

In the coui-so of our work on distribution it early became evident

that the majorit}^ of the occuiTences in the Southeast were confined

to a zone the outer margin of which lies from 60 to 80 miles from the

Fig. 1.—Distribution of the common red spider. I>arge dots represent specific occurrences; dotted
line incloses the zone of heaviest occurrence in the Southeast. (Original.)

coast and whose inner margin is from 200 miles (along the Atlantic

coast) to 275 miles (along the Gulf coast) inland (fig. 1). In general

this zone coincides with the portion of the Piedmont Plateau possess-

ing clay or sandy loam soil and excludes the coastal strip of sandy
soil. The infested area includes the central belt of oak, hickory, and
longlcaf pine hills, the sandhills belt, and the granite and meta-
morphic gray and red lands. The coastal free area includes the

marshes, swamps, and hve-oak lands of the coast and the longleaf

pine flats and savannas near the coast. Whether this restricted dis-

tribution is duo to the diversity of plant hfe or to the differences in

climatic conditions prevailing in the respective regions it is diffi-

cult to determine. Considering the great adaptability of the red

spider to hosts, it would appear that the matter of the host flora

must be one of minor influence. The material difference in himiidity,
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rainfall, and temperature between these coastal and inland zones

probably explains the restriction of occurrence.

CLASSIFICATION AND SYNONYMY.

Owing to the extreme minuteness of red spiders generally, to

marked variations due to age, host plant, environment, or other

causes, and to the microscopic characters which are employed in the

taxonomic treatment of the group, the spinning mites have afforded

much speculation among specialists and have caused considerable

duplication and confusion of names.

Ewing has pubUshed his opinion that T. himaculatus Harvey, T.

sexmaculatus Riley, and T. gloveri Banks are identical with T. telctr-

rius. The final settlement of this question will be possible only after

a careful comparative study has been made of material collected from

the localities and hosts recorded for the respective European species.

The following list represents the synonymy of the original European
red spider ( T. telarius) as claimed by various workers since Linnaeus,

cliiefly for the purpose of indicating the present confusion in the

group.
Tetranychus telarius L.

1761. Acarus telarius L.; 1804, Trombidium t. Herm.; 1834, Tetranychus t. Duges.

1804. Trombidium tiliarium Herm.; 1834, Tetranychus t. Duges; 1867, Acarus t.

Turpin; 1875, Tetranychus t. Koch.

1804. Trombidium mains Herxn
.

; 1834, Tetranychus m. Duges.

1804. Trombidium tenuipes Herm.; 1834, Tetranychus t. Dugea.

1804. Trombidium socixim Herm.; 1867, Acarus s. Muller; 1875, Tetranychus sodus
Koch.

1832. Tetranychus lintearius Dufour; 1867, Acarus 1. Boisduval; 1877, Tetranychus I.

Murray.

1867. Acarus russulus Boisduval: 1875, Tetranychus r . Koch.
1867. Acarus tini Boisduval; 1877, Tetranychus t. Murray.

1867. Acarus cucumeris Boisduval; 1877, Tetranychus c. Murray.

1867. Acarus rosarum Boisduval; 1877, Tetranychus r. Murray.

1867. Acarus cinnabarinus Boisduval; 1877, Tetranychus telarius var. c. Murray.
1867. Acarus haematodes Boisduval; 1877, Tetranychus telarius var. h. Murray.
1867. Acarus vitis Boisduval; 1877, TV^ram/c^MS i'. Murray.

1867. Tetranychusferrugineus Boisduval.

1875. Tetranychiis urticae Koch.
1875. Tetranychusferridus Koch.
1875. Tetranychus populi Koch.
1875. Tetranychus piger Donnadieu.

1875. Tetranychus minor Donnadieu.

1875. Tetranychus longitarsis Donnadieu.
1875. Tetranychus plwmiMoma Donnadieu.
1875. Tetranychus rubescens Donnadieu.
1875. Phytocoptes epidermi Donnadieu.
1875. Phytocoptes gallarum Donnadieu.
1875. Phytocoptes nervorum Donnadieu.
1876. Tetranychus pilosus C. and F.

1890. Tetranychus 6-maculatus Riley.

1892. Tetranychus bimaculatus Harvey.
1900. Tetranychus gloreri Banks.
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FOOD PLANTS.

As tlu' ivsult of (he investigations at Batesbiirg, S. C, supple-

mented l)y observations tlirouahout the cotton belt, this mite has been

taken from 18-S species of j)lants, incUuling weeds, ornamentals, and
garden and field crops. Upon most of these the pest has been seen

only occasionallv, but it is found commonly throughout the active

season upon the following plants: Cotton (Gossi/pium spp.), cultivated

violet (Viola spp.), (PI. IV, fig. 4), Jerusalem oak (Ohenopodium

hotr)/s), wild blackberry (Ruhns spp.), wild geranium (^f'r'(7?7mw spp.),

ironweed (Sida rlwmhifolia)
,
garden bean (Phaseolus spp.), pokeweed

{Phytolacca americana), tomato {Lycopersicon hjcopersicon) , dahlia

(D(il)l>a spp.), (Pl.IV, fi.g. 3), sweet pea (Lathyrus odoratus), (PI. IV,

fig. 5), and liollyhock (Althaea rosea).

Of these 183 host plants, 100 (or 55 per cent) are cultivated species

and 83 (or 45 per cent) are native wild species. It sliould be stated,

liowever, that in the preparation of tliis host Ust more time was

devoted to house yards than to rural localities. It seems reasonable

to suppose, therefore, that the common red spider occurs on fully as

many wild plants as on cultivated species. The fact that Harvey's

(1892) 37 host plants reported from New England, and Ewing's

(1914) 30 hosts from the Northwest are practically aU cultivated

species may be accounted for by presuming that these investigators

did not extend their research to the wild plants.

Throughout the past five years of the red-spider investigation it has

been brought to our attention repeatedly that certain plants possess

a peculiar importance due to their restriction to certain seasons;

hence they may thus form a series of links in the cycle of infestation.

The cultivated violet, which has come to be recognized as perhaps

the most important wintering host, and as a source of dispersion to

n(nghboring weeds and near-by cotton in the spring, is probably the

most commonly infested plant in the South.

The pokeweed (Pliytolacca americaTm) occupies an important posi-

tion as a liost, but its exact status has never been clearly determmed.

Among farmers in various parts of the cotton belt there is a strong

belief that red-spider infestation, called by them "rust," has its

origin in pokeweed. The result of much careful study during the

winter and early spring months seems to refute the idea that poke-

weed normally supports mites during these periods. It does, how-

ever, function as a very desirable secondary host diu'ing the early

season migratory movements of the mites by intercepting a few indi-

viduals. These intercepted mites multiply rapidly, until the poke-

weed no longer furnishes sufficient nourishment, and at such times

the infestation spreads to cotton if it is available. (PI. V, fig. 6.)

Native blackberry vines also constitute an important overwinter-

ing liost. since many of the leaves remain attached throughout the
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winter (in the Southeast) and it is usually an easy matter to find red

spiders actively feeding on these leaves. Such occurrences give rise

to the opinion that much of the infestation in rural localities arises

from the wild blackberry.

Several earl}^ vernal plants or weeds (escapes) play an important

role in the seasonal development and spread of the red spider. The

more important of these are hedge nettle (StacTiys arvensis), wild

geranium (Geranium carolinianum) ^ sow thistle (Sonchus asper),

evening primrose (Oenothera laciniata) , smiflower (Helianthus annuus),

and vetch (Vicia sativa). During March and April these plants are

usually to be found in beds and borders in sheltered positions and the

seasonal development of the red spider progresses faster than else-

where, owing to the higher temperatures which obtain in these loca-

tions. Such beds are prolific dispersion sources.

Garden beans are also important hosts, and throughout June, July,

and August are seldom free from mites, at times becoming so heavily

infested that their color turns yellow and many of the leaves fall.

They are thus a constant menace to surrounding crops.

Tomato vines are known to afford an opportune shelter for mites,

and after the abundant appearance of enemies of the red spider, at

a time when other infested plants have become cleared of mites,

tomato leaves may usually be found to harbor large numbers. This

doubtless comes about through the fact that tomato vines rarely

support enemies of the red spider. Hence they sei-ve to harbor the

mites during periods of heavy mortality until the time arrives when

the latter may spread with impunity to other hosts.

Since 1855, when Glover reported mjury to cotton by a red spider,

Prof. H. A. Morgan (1897), Mr. E. S. G. Titus (1905, a, h), and other

investigators have published on the damage to cotton by this pest.

As indicating the very general occurrence of the mite on cotton, it

is of interest that in the course of visits to many points in sections

of every cotton State, the common red spider was found in every

single locality. The majority of these records on cotton concern

very light outbreaks.

LIFE-HISTORY SUMMARY.

The eggs of the red spider are deposited on the under surface of

leaves of a great variety of plants. The eggs hatch in a few days

and the 6-legged larvae at once begin to feed by inserting their sharp

probosces into the tissue of the leaf. The larval activities are con-

fined to the immediate region of birth, and the larvae soon molt into

8-legged nymphs. Females require two nymphal stages before becom-

ing adult, while males require only a single nymphal stage between the

larva and the adult. The female protonymph, Uke the larva, after

a period about equal to that required by the latter, molts to the sec-
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ondaiy nymph or deutonymph. The activities of the deutonyinph

are very simihir to those of the protonymph and the duration of the

stage is about equal to the time required by the hitter. The third molt

gives issue to the female. The single nymphal stage of the male

exhibits the same biologic activities as do nymphs of the female.

The time required for this stage, however, is a trifle longer than that

consumed by the female primary nymphal stage, yet slightly shorter

than the combined periods of the two nymphal stages. In summer
the female requires, usually, about 10 or 11 days for the completion

of a generation, while the male requires about 9 or 10 days.

Dm'ing the course of the year, in the latitude of Batesburg, S. C,
there are ordinarily 16 or 17 generations, whereas in cooler portions

of the United States, naturally, there are fewer broods. In the

South the red spider passes the winter ctiiefly in the adult stage, and

even propagates considerably at a temperature sliglitly above freezing.

Feeding continues intermittently on several species of plants which

bear leaves throughout the winter season.

DESCRIPTION AND HABITS.

THE EGG.

Descripfiori.
—^The eggs (PI. 11, fig. 1) are almost perfect spheres.

V^Tien first deposited they are about as clear as water, but as incuba-

tion progresses they become opa([ue, turning a dark straw color

just before liatching. A series of spots becomes apparent, and in the

later stages of incubation the carmine eyes of the embryo are visible

tlu'ough the shell. The eggs are deposited singly on the underside of

the host leaf and directly on the surface unless copious webbing is

present, in wliich case eggs are frec^uently attached to the fibrils

shghtly above the surface of the leaves. Although very minute in

size, the eggs are relatively large as compared ^^'ith the size of the

female red spider. A series of measured eggs averaged 0.129 mm. in

diameter.

Number laid.—The number of eggs deposited by a single female is

subject to considerable variation, depending, apparently, on tem-

perature, locality, and suitability of food, but observations show that

practically aU of the eggs hatch. Perkins in 1896 states that in

Vermont the brood varies between 50 and 100 eggs, that oviposition

covers on an average about 7 days, and that the average daily deposi-

tion is about 10 eggs. Worsham (1910) records 80 eggs as the average

full brood in Georgia, with tlie daily deposition varying from 1 to 12

per day, and covering an oviposition period of from 6 to 10 days.

He states that 94 eggs was the larg(>st number recorded from a single

IVinnlc. Ewing (1914), working in Oregon, found that females

aveiaged 41 eggs per brood, with 6'A as the greatest mnnl)er. His

records show 9 eggs as the maximum deposition per day. witli 1 as a
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minimum, and he found that this fluctuation was induced largely by
temperature and nutrition conditions.

In the course of the five seasons' observations at Batesburg many
colonies have been reared under control. From a series of 90 such

broods the summaries given in Table I are derived:

Table I.

—

Records of oviposition of the red spider.

Largest brood 1 10

Average for 20 largest broods 68. 01

Average for 10 largest broods 80. 10

High daily depositions 12/ 13, ^ 14,'' 15,* 16,' 17,* 19.'

Maximum daily oviposition 19

Total eggs from 38 broods 1 . 893

Total egg-laying days (38 broods) 320

Average eggs per day per female 5. 92

Average ovipositing days per female 14

Maximum ovipositing days per female 36

From these rearmgs it follows that for South Carolina the female

under proper conditions will produce a brood of from 75 to 110,

probably averaguig about 85, and that the eggs are deposited usually

in from 10 to 12 days at the rate of from 8 to 14 per day.

Incubation period.—The duration of the incubation period varies

largely with the temperature m the different localities. Perkins

(1897) found that 7 days were required m Vermont for this period.

Ewing (1914) states that an average of 5.5 days were consumed at

Corvallis, Oreg., between deposition and hatchmg. In Georgia from

3 to 4 days were required for hicubation, according to Worsham. In

a series of 71 breeding-cell tests (each cell contammg the progeny of

I female) the average duration of this period at Batesburg was found
to be 3.93 days during May, June, July, August, and September.

In hatching, the shell splits more or less completely around and the

larva easily extricates itself. During severe occurrences of infestation

the leaves of the host plant may be seen thickly covered with the

bleached and empty eggshells, which disclose the cause of death of

leaves long after the disappearance of the pest has occurred.

The effect of temperature upon the incubation of the red-spider

egg is very marked. In midsummer, at Batesburg, with mean daily

temperatures between 80° and 90° F., mcubation rarely requires

more than 4 days. One rearing beginning March 12 consumed 15
days for the hatching period. Eggs, in one case, deposited November
16 hatched in 23 days. During December, January, and February
eggs may remain dormant for from 1 to 3 months, hatching with the

advent of sufficiently mild weather. The relationship between mean
temperatures and the length of the egg period is shown in Table
II and figure 2. The eggs of a colony are usually clustered upon

' 3 eases. 2 .3 cases. 3 4 cases. < 2 cases. 1 case.
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tho loaf surface or among tlio fibrils of the wcbbino; and rarely in-

volve an area greater in size than that of a dime.

Table II.

—

Duration of the egg stage of the red spider.

Brood.
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material difference in the length of the joints such as develops in the

later stages. The patellae and tibiae are only slightly longer than wide.

The onychium, which in the adult becomes conspicuously attenuated,

appears as a mere abrupt narrowing of the tarsus in the larva. The
larval palpal characters agree very closely with those of the adult,

except that the termmal ''finger" of the ''thumb" seems relatively

more slender. The larval body bristles are proportionally shorter

and stouter than in the adult. A large series of measurements of

larvae give the followmg dimensions: Length, 0.151 mm.; width,

0.116 mm.
Length of larval instar.—^The time required for the completion of

the larval stage is subject to considerable variation, mainly attribu-

table to temperature and moisture conditions. The larva is much
less resistant to adverse minimum temperatures than the egg. While

in summer this stage rarely requires more than 2 days, in the early

spring and late fall records as long as 15, 16, and 17 days are fre-

quently obtained From data derived from 61 colonies we have

computed the average interval between hatching and the first molt

to be 1.94 days. Basing his computations on 6 completed records,

Ewing (1914) states that the average larval period at Corvallis, Oreg.,

is 3.33 days. Perkins (1897) found 4 days to be the average time

required in Vermont for the completion of this stage.

As has been recorded by a few other workers, the larval stage (as

well as the nymphal stages) exhibits an active period and a resting

period. The resting stage in South Carolina requires but a few hours

for its completion. In 1898 Von Hanstein designated this resting

stage by the term " Nymphochrysallis," which he states lasted from
24 to 30 hours at Berhn.

Molting.—The five cases of molting observed occupied from 2

minutes to 4 minutes 20 seconds. The operation is initiated by a

brief series of struggles which result in the partial rupture of the

skin at the line of the postcephalothoracic suture. The separation

is complete over the back and extends laterally down either side, so

that the two halves of the old skin are merely connected by a ventral

strip. Tlie primary nymph disengages its forelegs and anterior por-

tion of the body. This accomplished, the free legs are used to pull

with, and by means of a twisting, ^^Tiggling movement the nymph
extricates legs III and IV and walks out over the front portion of the

cast skin and is entirely free. The exuvium, as a rule, is left in situ.

The fourth pair of legs, which become evident with the completion

of the larval molt, at first appear atropliied and useless, but in a very

few minutes the nymph acquires use of its new appendages.

.-43.S0 °— r>u 1 1 . 4 1c— 1 7 2
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FIKST NYMPHAL STAGE (THE PROTONYMPH).

As has been stated j^reviously, it. is only the female which passes

through a second nymphal stage.

Description.—The primary nymph (PI. II. fig. 3 ) differs from tli(^

hirva in having 4 pairs instead of 3 pairs of legs, in the somewhat

increased size, and in the more oval outhne of the body. Fm-ther-

more, the bristles are slightly longer, and the segments of the legs

become elongated in proportion to their "wddth. The color of the

protonymph is usually darker than that of the preceding stage and

the lateral pigment blotches become more evident in this stage.

One of the most noticeable modifications in the primary nymph is

the considerable elongation of the abdomen, the suture separating

the latter from the cephalothorax lying in a position slightly more
than one-third the body length from the anterior margin of the

cephalothorax, whereas in the larva the suture nearly bisects the

body. A series of measurements of the protonymph averaged,

length, 0.213 mm.: width, 0.145 mm.
The habits of the primary nymph are similar to those of the larva.

It moves about more freely than the larva. Investigators of red

spiders have claimed that the ab'lity to spin webbing appears for the

first time in the protonymph, but no effort has been made to establisli

this point.
'^ Premolting" period.—Perkins (1897) makes no mention of a qui-

escent period preceding the molting of the primary nymph. Ewing's

life-history table shows an average duration of If days for the resting

period before the molting of this stage. At Batesburg the "pre-

molting" period of the proton^Tiiph occupies a very few hours. Dur-
ing these quiescent periods the body assumes a pearly or silvery

appearance. Von Hanstein (1902) called this quiescent period of

the primary nymph the ''Deutochrysallis."

Duration of the protonympTial period.—With the records of 6 indi-

viduals upon which to base his conclusions, Ewing found that in

Oregon the protonymphal stage required from 2 to 4 days, with an
average of 3.16 days. At Batesburg 37 colonies completed the pri-

mary nymphal stage. In March, in one case, this stage required 6

days for completion, but in the summer the period is occasionally

concluded in 1,5 days. The average duration of the female proto-

nymphal stage for all records at Batesburg is 2.18 days.

Molting process.—Of all the red-spider stages, those which are dis-

tinguished \^^th the greatest difficulty are the primary and secondary
nymphs of the female. It is natural to presume, therefore, that no
ladical changes occur in connection with the molting process, and
tliis is borne out by observations. The time required was slightly

over 3 minutes in the case of the one operation observed. (See

tig. 3 for the cast skin of the protonymph.)
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SECOND NYMPHAL STAGE (THE DEUTONYMPH).

Description.—The doutoiiymph, which occurs only in the case of

the female, resembles the protonymph except that it is larger and

more elongate. In the advanced condition of this stage (PI. II, fig. 4)

it also resembles the adult female. Although pigmentation is intensi-

fied as the mite approaches matiu^ity, there is usually an absence of the

characteristic reddish color. As the deutonymph approaches matu-

rity it can be distinguished from the maturing male nymph, as the lat-

ter is smaller, more cuneate posteriorly, and exhibits a tinge of amber

or ferruginous. A series of measured deutonymphs averaged,

length, 0.360 mm.; width, 0.218 mm.
Duration of the deutonymphal period.—Perkins (1897) found that

in Vermont an average of 2 days was required for the completion of

the second nymphal stage under summer conditions. Ewing's 5

completed deutonymphal breedings averaged 2.6 days. The portion

of this interval occupied by the quiescent period

(the " Teleiochrysallis " of von Hanstein) is not

clearly indicated in Ewing's bulletin, but appears

to be approximately 1 day.

In the Batesburg investigations 25 colonies

completed the second nymphal stage of the

female. One deutonymph, the egg of which was

deposited on September 27, required 13 days for

its development. Exhibiting the other extreme,

a few individuals of this stage matured in ap-

proximately 1 .25 days in midsummer. The aver-

age duration for the second nymphal stage during
1 .

.

• 1 rk 1 Fig. 3.—Cast skin of the
the active season is 1.9 days.

,^^ .pj^^, ,1^^^ ^t ti,.

Habits.—The deutonymph is probably the time of second moit, stm

» , 1 • . •, tj." united by the ventral
most voracious ol the immatm-e mites, it roves

^5^^^^^ (Original.)

about considerably on its native leaf. Ewing

(1914) records a well developed spinning ability on the part of the

deutonjnnph. The first two stages are not adapted to travehng

over the soil surface, owing to their frailty, but the last immature

state is more hardy and active, and individuals are often capable

of successfully establishing themselves after traversing considerable

distances. This fact has been determined by "tanglefoot" tests, and

by finding deutonymphs on cotton seedlings which were younger

than the mites.

Molting process.—Upon two occasions, in the early morning,

females issued from the second nymphal skin. The transverse

split occurs practically as in the two preceding molts. In one in-

stance, following a night minimum of 46° F., the morning was cool,

and this condition doubtless worked to retard the duration of the

process, which occupied nearly 4 minutes. The other observed
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molt took place on u warm morning and required less than 3 minutes

for its completion. Tlie male lias been seen to assist in the molting

of the female deutonymph. The attending male, following the

transverse splitting of the skin, inserted his palpi, on one occasion,

muhv the old skin, and forcibly pulled it over the end of the female's

abdomen.
THE ADULT.

Description of Female (PI. II, fig. 5).

Color variable; at times rusty green, sometimes greenish amber, or

yellowish, at times almost black, but more often brick red or ferrugi-

nous red. Pigmented blotches occur almost invariably on the sides

of the body, which are usually coalesced to form two large dark spots,

(Mie on each side extending from the back of the cephalothorax to the

posterior region of the abdomen. These are often interrupted pos-

teriorly to form a large anterior and a small posterior spot. These

spots arise from underlying paired organs. Almost directly over

coxte II are the carmine eyespots located on each side, near the

margin of the cephalothorax. Legs pale amber, much paler than

ground color of body. Palpi pale salmon. Dorsal bristles pale, not

arising from tubercles. Body pyriform oval, widest across posterior

region of cephalothorax; bristles in four rows, each succeeding pair

becoming shorter: the frontal pair a little over half as long as the

subfrontal pair, which, like the median pair next behind, are two-

fifths the greatest widtli of body. Mandibular plate About twice as

Jong as broad, tapering slightly forward, broadly rounded at tip, with

a slight median notch. "Thumb" of palpus in shape somewhat
like a truncated cone, the dorsal face about one-third longer than

greatest width at base, the upper surface twice slightly depressed

transversely, %\nth an intervening dilation, bearing on its tip a

subcylindrical "finger" which is about two-fifths as w^de at its base

as the distal end of the "thumb." On its upper side, just above the

"finger," are two stout, straight hairs arising close together, one
medially and the other laterally, which do not greatly exceed in

length the "finger." Near the middle of the upper side is a smaller

"finger" three-fourths the length and one-lialf the width of the ter-

minal "finger" and very similar to the latter. Between this dorsal
•

' finger" and the base of the "thumb" are 2 strong, curved hairs about
equaling those at tip of "thumb," and at middle of latero-ventral

aspect of "thumb" arises a hair about equaling the latter. The
penultimate palpal joint bears the usual claw, which reaches about
to the basal "finger," and also bears 2 bristles, one arising dorsally at

])ase of claw which hardJy equals the length of claw, and one aris-

ing near center of outer side which about equals the dorsal bristle.

Legs I hardly ecpial tlie length of body from the anterior margin of
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cephalothorax to tip of abdomen; relative lengths of segments of

leg I, coxa 25, trochanter 15, femm- 53, patella 23, tibia 30, tarsus

49; femur almost 4 times as long as thick; tip of tarsus (the onych-

ium) bearing a claw which is strongly arcuate and 4-cleft to its

middle. Arising also from the onychium, laterad of base of claw on

either side is an enlarged process which immediately splits into 2

nearly straight hairs, each of which bears a capitate tip. These 4

capitate hairs spread spokelike in the same plane and their relative

lengths are similar to those of the fingers of the human hand viewed

from the top. The location of bristles near the onychium is not

constant, varying with the locality, etc., 1, 2, or 3 hairs occurring at

the point of abrupt enlargement near the tarsal end which reach

almost to the tips of the capitate hairs, and 2, 3, or 4 hairs occurring

at a distance from the onychium about twice as great as that of the

distal hairs. (PL III, figs. 13, 14.) A series of measured females

gave the following dimensions : Length (front of cephalothorax to tip

of abdomen), 0.424 mm.; width (across posterior margin of cephalo-

thorax), 0.278 mm.; length of foreleg, 0.325 mm.
Longevity.—The duration of life of the adult female may be divided

into two periods—a short period immediately following the deuto-

nymphal molt during which no eggs are laid, and a rather extended

egg-laying period, which, as determined by experiments at Batesburg,

is 18.8 days. Perkins states that in warm, dry weather the female

begins to oviposit in about 48 hours after the last molt, and that in

cooler weather egg laying may not begin for several days. Von
Hanstein (1901) found the preoviposition period of Tetranychus althaea

to be eight days or more. Ewing (1914) records the average duration

of the period previous to egg laying to be three and four-fifths days.

During this inactive period the female mates, feeds to some extent,

and exhibits a desire to migrate.

The adult life, from the last molt to death, as computed from 23

females, is 12.43 days for the summer season in South CaroHna. The

longest individual record of longevity at Batesburg is 39 days, cover-

ing a period from September 1 to October 9, most of which was dur-

ing warm weather. The next longest record was 23 days, covering a

period from September 1 to September 24, also during warm weather.

Perkins states that in Vermont the females under favorable conditions

may live at least three weeks and probably longer. Ewing found the

average longevity of the female during the early fall in Oregon to be

21 J days. Morgan (1897) claimed that females five only from five to

seven days after reaching maturity. The virile late-fall female often

fives five months. Very little is known concerning the longevity of

the male.

Color variations.—^That red spiders vary in color has been observed

for a long time. It was observed in the case of the European spe-

cies, and seems to have been instrumental largely in the formation
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of numerous synonyms by early writers. For a long time it was
held that this diversity in color was due mainly to the varying nature

(»f the host ])lants.

Ewing (1914) conducted a series of experiments for the purpose of

ascertaining the nature, situation, and composition of what he styles

the six principal pigments of the common red spider, namely, green,

yeUow, orange, carmine, black, and brown. In summarizing he states

that the green color is due to the presence of chlorophyll in the blood

or tissues of the mites; that the yellow color arises from a pigment

derived from and closely alhed to the chlorophyll green pigment and
which is elaborated from the green pigment ; that the orange color is

due to a pigment of that color which is dissolved in the cell fluids or

the blood and is quite permanent, is unaffected by age, and is never

found except in adults on certain hosts; that the blackish color does

not arise from a distinct pigment, but is due to the concentration of

the yellow pigment in the food material; that the brown color also

is due to a superabundance of the yellow pigment; and, finally, that

the carmine of the region of the eyes is due to the presence of a per-

manent pigment which is present even before hatching. Ewing
states that in his experience reddish individuals are exceptional.

The experiments conducted by Ewing are a distinct step in advance

and, it is hoped, will stimulate additional research in that direction.

Perkins was of the opinion that dark-colored females are ones that

have been impregnated, and that light-colored females are weak sex-

ually and have either no offspring or impotent progeny.

As a rule the females we have observed are either brick-red, orange,

amber-yellow, greenish, or brownish-green. During the period from
April to September, inclusive, the vast majority of adult females in

the South are a conspicuous brick-red color. Toward late fall the

females often assume a salmon-yeUow color in the Southeast. Von
Hanstein (1902) also found this to be the case in Eiu-ope with T.

althaea, and he considered that the color was associated with prepara-

tion for wintering. It certainly is very striking that the red type of

female almost disappears in the fall and is replaced by the orange-

yellow type.

Description of Male.

The color of the male is rusty salmon; the lateral spots are less

conspicuous and usually located near the front of the abdomen; the

cephalothorax is often nearly clear straw color. Eyes crimson, rela-

tively more conspicuous than in the female. The legs I are usually of

a deep salmon color (this not being the case with the female) . Body
cimeate-ovate, widest at the anterior region of the abdomen, the

ce])halothorax roimded in front, abdomen tapering to an acute point

posteriorly; bristles arranged very similarly to those of the female, but
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of consif^erably greater length and prominence, the frontal pair not

over half as long as the subfrontal pair, which, like the median pair next

behind, are in length equal to two-thirds the greatest width of the body.

Relatively the legs are longer in the male than in the female. Tip

of upper side of third joint of palpi with a short, stout, curved spine.

The penis (Ewing, 1913) is short, stout, and has a hook at its end

which turns upward and ends in a flattened barb. A measured

series of males yielded the following dimensions: Length (anterior

margin of cephalothorax to tip of abdomen), 0.256 mm.; width, 0.142

mm.; foreleg, 0.256 mm.
Color variations.—The color variations of the male are very shght

compared with those of the female. Nearly all individuals conform

to one typej which is of an amber-yellow color'.

GENERAL FEATURES.

Structural variations.—The microscopic characters of the palpus of

the red spider (PI. Ill, figs. 1 to 7) are rather variable. The relative

dimensions of the terminal "finger" show considerable diversity.

The number of bristles between the terminal "finger" and the sub-

basal "finger" varies at least from 1 to 3; also, the size and out-

line of the sub-basal "finger" is subject to some variation. (PL III,

figs. 13, 14.) Similarly, the character of the tarsal appendages (PI.

Ill, figs. 8 to 12) exhibits some modifications.

Proportion of sexes.—Worsham (1910) states that in Georgia less

than one-fourth of the fertilized eggs produced males. In a large

number of rearing tests conducted at Batesburg the total male and
female progeny from fertilized eggs was found to be 39.7 per cent

and 60.3 per cent, respectively. The ratio of four males to six females

represents fairly well the usual proportion of the sexes. When de-

velopment is normal, the ratio of females to males (based on the

foregoing computation of sex ratio) will remain about six to four.

At the time of the active migratory movements of females, with their

resulting isolation without inale individuals, reproduction takes place

parthenogene tically for awhile. Since unfertilized eggs invariably

bring forth male individuals, the progeny of these isolated unfertilized

migrants will be males, and following such migrations a superabund-

ance of males is frequently observed; also, the ability of males to

evade capture by predatory enemies or to withstand the action of

wind and rain may account partly for the increased number of males

which occurs at times. In the fall there is a tendency for the males

to predominate which insures the fertilization of the females during

the winter.

Copulation.—Several writers have described the act of copulation

of the red spider. Perkins (1S97) states that the sexes pair at once

after the last molt and that one female may receive several males if
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thoy arc at liand, but tliat inij^r('<:;nati()ii occurs but once. Von Han-
stoiii (1902), writing of a European form, records many details which

agree with those exhibited by the American form. Males are often

observed waiting on quiescent de\itonymphs, which they excitedly

stroke and overrun, as though trying to assist in the molting process.

A typical case of copulation may be described as follows: The female,

issuing from her deutonymphal skin is immediately attended by one

or more males. The female remains comparativeh^ quiet and the

male crawls directly under her from behind. The legs I of the male

are reached up around the liind portion of the female's abdomen, and

the tip of the male's abdomen is then })ent sharply upward and slightly

forward (fig. 4) until the genital aperture of the male comes in con-

tact with the vulva, which is subterminal. .Vt the approach of a sec-

ond male the enffaged individual usuallv "backs out" from under the

Fir.. 4.—Outline sketch of male red spider, showing the characteristie t-opulaloiy attitude with reflexed

abdomen. (DrawTi with camera lucida. 17').) (Original.)

female and uj^on tlie departure of the intruding male resumes his for-

mer position.

Parthenogenesis.—Perkins recorded that females readily deposit

eggs upon failure to mate and that from these unfertilized eggs only

males develop. Tie also states that, after producing a number of

eggs, if impregnated subsequently, such females produce a majority

of female eggs. Banks (1900) says that the first eggs laid by unfer-

tilized females "produce only males, which, when adult, will pair with

the females, and the latter will then lay eggs producing both sexes.''

Morgan determined that eggs from unfertilized females were viable

and capa])le of development. Ewing reared to adult 52 eggs of three

virgin females and all of tliem became male.

While it has been known that unfertilized eggs become male indi-

viduals, no effort has been made, apparently, to test the potency of

agamic males. Upon a few occasions parthenogenetic males have
been isolated with virgin females, which deposited the usual number
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of eggs and developed individuals of both sexes in the usual propor-

tion. Since ordinarily these virgin females would have deposited

eggs producing males, it is demonstrated by the equal representation

of female progeny in such matings that the parthenogenetic male is

completely potent.

Parthenogenesis has a very important role in the biology of the

common red spider. Earlier writers have shown that it works to

maintain a relative equilibrium between the individuals of the sexes.

Migrating females very frequently establish themselves without hav-

ing been fertilized, and they are very likely ,to be without males

subsequently. Thus in the event that they arrive unfertilized, their

offspring will all be male, and upon the maturing of these male broods

Fig. 5.- 2, Cross section of normal cotton leaf; 6, cross section of cotton leaf injured by the red spider. The
puncture is near lower right-hand corner. Highly magnified. (McGregor.)

the "pioneer" females will at once begin laying fertilized eggs, which
will maintain the sexes nearly even.

Feeding and injury to plants.—^All stages of the red spider, as

before stated, feed actively upon the leaf of the host plant. The
feeding operation is accomplished by means of sharp, slender, lance-

hke mouth parts which are thrust through the epidermis well mto
the leaf, usually on the underside. In the case of cotton, which is

typical, the puncture is made through the underside. The conse-

quent siphoning out of the cellular material in the immediate

vicinity of the puncture results in the mipoverishment of the imme-
diately adjacent tissue (see fig. 5). The parenchymal cells are

54380°—Bull. 41G—17—
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ruptured and the palisade cells become shrunken and distorted.

Each hicision of the stylets causes a blackish spot, and after much
feeding the infested leaf becomes thickly spotted underneath. There

is a change of color in the portions of the leaf attacked which develops

especially on the surface immediately over the injured area. In

tlie early stages of infestation this coloring reveals itself as small

blood-red blotches, which vary with the number of mites present

and witii the extent of surface attacked. As leaves become more

lieavily infested the entire leaf often becomes involved and the

effect is soon very marked. The petiole droops to a marked extent,

and the entire leaf turns rusty red and later becomes brown and dry.

The lower leaves are first attacked, but infestation spreads upward

until the plant becomes almost completely defoliated. If the

progi'ess of the pest is checked, tlirough natural conditions or by
spraying, the health of the fohage is frequently restored and only a

few leaves may be shed.

The nature of the injury to plants other than cotton is not mate-

rially different from that just described. It is not, however, usual

for most plants to exhibit the red blotching. In the case of garden

beans, hollyhock, sweet peas, and many other hosts (PL IV, figs. 2,

5, and 7) the badly affected leaves assume an ashy hue due to the

presence of innumerable grayish puncture specks.

Web spinning.—For more than 100 years the red spider and its

close relatives have been knowTi as spinning mites or "spinne-

milbe," owing to the ability of these creatures to construct webbing.

There is still uncertainty, however, regardmg the nature and location

of the spinning apparatus, some workers claiming that the glands

are located near the mouth, while others contend that the threads

issue from the anal end of the body. Ewing (1914) asserts that the

silk emerges near the anus and that the four-pronged ^ tarsal claw and

the temient hairs, fomid on the tarsi, are used m its manipulation.

The fibrils formed by this species are so exceedingly fine that they

are almost invisible. Many of them together are visible as a silvery

sheen on the much-infested surface (PL IV, figs. 1 and 2). The
strands are not arranged as a symmetrical web, but merely extend

from point to point on the leaf, from leaf to stem, or from one leaf

to another. Under normal conditions it appears that the tliread

is not produced during the ordmary wanderuigs of the mite, but

becomes elaborated at special times, as when the host becomes non-

succulent through drought, when tlie supj^orting plant becomes

overrun by the pest, or in the presence of numerous enemies. As
the leaf curls through the loss of juices the threads become separated

fiom the leaf, so that some mites are under and some on the web.

The web is normally confined to the underside of the leaf, but on

1 In his description of the tarsus Ewing (1914) describes it as " divided into six prong-like elements."
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heavily infested plants it may occur on all parts of the host, the whole

apical portion of the plant having a silvery appearance.

There has been considerable conjecture concerning the function

of the webbing. The surface of the leaf is preferred for oviposition,

and it is apparently only when overcrowding has resulted in a con-

fusing maze of fibrils that the females resort to the webbing as a

medium upon which to place the eggs. Hundreds of mites in

experiments have been observed to molt or to prepare to molt, and

without exception they have fixed themselves for the quiescent

period directly upon the surface of the leaf.

It has been thought by some writers that the travel of red spiders

is facilitated by the presence of the web and that travel upon cer-

tain hirsute plants is practically impossible without the aid of web-

bing. In our work mites have been seen crawlmg readily over the

surfaces of all sorts of pubescent and hirsute plants which possessed

no trace of webbing. We have tested larvae, nymphs, and adults on
the pilose surface of velvet and find that they travel readily over the

innumerable projections of the pile.

The suggested aerostatic rdle of the webbing in conveying mites

through the air seems improbable. We have never seen web appear-

ing as though damaged by wind, and neither in the experiment by
Mr. E. E. Hunger during 1912 in California on wind dispersion nor

in those of a similar nature conducted at Batesburg has a trace of

web been detected on the screens coated with a sticky substance,

although many red spiders have been thus taken.

We believe that the fmiction of the webbing is that of protection.

Among the agencies against which this protection undoubtedly serves

are: Spattering raindrops; upward bombardment of soil particles

dm*ing heavy storms; jarring of foliage caused by driving storms,

wind, or sudden contact; flooding, in the case of prostrate plants;

the attack of predatory insects, etc. We have often examined infested

leaves the undersides of which were heavily coated with soil par-

ticles, and after carefully removing the web found the mites unin-

jured and active behind the protective canopy. On other occasions

following heavy downpours leaves not supplied with webbing have
frequently been observed completely freed of the red spider, whereas
leaves bearing webbing, although subjected to the same storms,

still retained a great many mites. Again, low, prostrate plants

have frequently been examined following flooding rains and the low-

est leaves often found to be heavily coated beneath with a deposi-

tion of scum that had been left upon the retreat of the surface water.

In such cases, when web had intervened between the mites and the

water, the creatures survived the flooding and could be found pur-
suing their various activities without serious impediment.
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Ill the course of many field examinations we have often seen

piXHhitory insects wliich had been entangled in the red spider's web-

bing and had perished. Tripldeps insidiosus and other species have

been frequently caught in this manner. As Quayle (1912) has

recorded, Arthrocno(hix appears very much at home among the fibrils

of the mite web and probably derives some protection from the chal-

cidid Aphanogmus.
Clustering before rain.—Immediately before heavy rains mites are

often seen clustered in groups. This was never seen at any other time

than just prior to the first drops of a heavy rain.

NATURE AND EXTENT OF DAMAGE TO COTTON IN THE SOUTH.

The detailed account of the specific feeding method and immedi-

ate injury inflicted by the red spider we have already presented. It

has been shown that severe infestation causes such a lessened vital-

ity, and possibly toxic condition, that a shedding of the leaves and

bolls is induced. In severe cases the death of the stalk usually follows

the complete defoliation of the plant. However, the loss of foli-

age (PI. V, figs. 1-3) is always accompanied by the shedding of the

bolls, which may amount to the total elimination of the fruit or to

the loss merely of the younger bolls. In the case of stalks which

have suffered the complete loss of foliage but which have retained

ccrtam of the oldest bolls, the latter may open and produce lint, if

sufficiently mature. These defoliated plants are rarely productive

of any considerable amount of cotton, though in some cases they

develop considerable adventitious foliage and may become restored

almost to normal appearance.

The damage worked by red spiders in cotton fields varies in intensity

and extent according lo the nature of the dispersion centers, and de-

pends on whether control measures have been applied and upon other

factors. In 97 cases brought to our attention durmg one season (1912)

the average infested area for each case was 21 acres. In other words,

a total of about 2,037 infested acres of cotton was voluntarily reported

from South Carolina during one season. It is a conservative estimate

to presume that this does not represent over 10 per cent of the total

affected acreage in the State for that year. This would make the

infested area in South Carolina about 20,370 acres, which would
normally produce a crop of about 13,580 bales or 6, 790,000 pounds.

The proportionate part of this output that might be expected to be

lost through the ravages of the red spider is about two-fifths, or

2,716,000 pounds. At 12 cents per pound for the staple, this lost lint

will represent a tax of $325,920 to the State, and the value of seed

correspondingly lost would ordmarily amount to $67,900. Our figures

thus indicate that during the season of 1912 the red spider caused a

loss of about $393,820 to the cotton planters of the State of South
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Carolina. Considering the fact that North Carolina, Georgia, Ala-

bama, and Mississippi are known to suffer from the pest practically

to the same degree as does South Carolina, it is within all probability

that the Southeast, during a severe red-spider year, may suffer a loss

of §2,000,000 from the ravages of this pest. As discussed under

another heading, the occurrence of the pest during certain years is

comparatively light, and the resulting injury is correspondingly

reduced.

Fig. 6.—Diagram illustrating the sequence of the usual 17 generations of the red spider in the course of

one year. (Original.)

GENERATIONS OF THE RED SPIDER.

Regarding the number of generations at any given locality very

little has been published. Ewing (1914) states that in Oregon the

activities usually begin early in May and that hibernation com-
mences in October. This furnishes an active season of about 180

days, which, divided by 19.7 days (the duration of the life cycle

based on his averages)
,
gives nine generations occurring at Corvallis

for the season. Worsham (1910) states that in Georgia there are 10
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successive generations in seven months, each requiring about three

weeks for completion.

At Batesburg the average time required throughout the active

season for the completion of a generation is 10.7 days. Since there

are normally about ISO active days per season at that locality, it fol-

lows that there shoidd be approximately 17 successive broods in

South Carolina. This estimate is borne out further by the actual

observations in the field.

In 1911 the wintering brood (eggs of the preceding fall and winter)

reached maturity about March 11; the 1911-12 wmtering individ-

uals matured about April 17; March' 25 marked the arrival of tlie

1918 initial brood of adults; and in 1914 the wintering generation
again completed its development about March 25. The average date
of appearance of the first spring brood at Batesburg is computed
from the foregoing records to be March 31. The time required for a

single generation varied from 170 days during the winter of 1911-12,

and 35 days in March and early April, to 10 days throughout the
summer. The generations, as indicated in Table III and figure 6, are

tlie composite averages of all our continuous records of the past
four years and undoubtedly represent the normal sequence of broods
in South Carolina.

Table III.

—

Seasonal sequence of the 17 annual red-spider broods at Batesburg, S. C.

Brooi.
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rearing cells attached close to the ground quicker development

resulted than in those attached higher on the plant. As this arises

tlirough heat reflection from the soil, the rearing cells were attached

usually at points 3 or 4 feet from the ground in order to ehminate this

surface radiation in so far as possible,

SEASONAL HISTORY.

Over-wintering hahits.—Several European writers have stated

that the common red spider of the Continent passes the winter in a

state of hibernation under bark scales or in the ground, Duges
found this species under stones

and concluded that they reached

the ground with the falling

leaves. Von Hanstein (1902)

found them during the winter in

large numbers in the ground

near trees which had been se-

verely infested. He states that

mites are often so thick about the

crown of the tree roots that

when the soil is removed they

become plainly visible from some
little distance, and adds that the

red spiders fasliion wintering

quarters in the protective crev-

ices of the bark. In Colorado,

Weldon (1909) determined that

the winter is spent in the ground,

and states that myriads of red

spiders were found below the soil

surface at the crowns of trees

upon which they had been feed-

ing. Some were found at a dis-

tance of 10 feet from the trees,

where they had crawled beneath

clods of soil to hibernate. Weldon states that hibernation begins before

the cold weather sets in, the first downward migration of mites occur-
ring toward the end of July, Wilson (1911) (Batesburg, 1910) enter-

tained the belief that the red spiders overwinter on cotton plants near
the base of the stalk, and was certain that they liibernate about the
roots of cultivated violets, Worsham (1910) seems to have been the
earliest investigator to recognize the fact that in the Southeast, at

least, the red spider passes the winter actively in the adult stage,

and even propagates sparingly at temperatures shghtly above
freezing. He found small colonies housed during the winter on

Fig, 7.—Type of isolation cell employed for the

life-history and other developmental studies of

the red spider. Attached to violet leaf. (Orig-

inal.)
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several species of plants tlieii bearing green leaves. Ewing (1914)

states that in Oregon the females enter the period of liibernation in

October, and that males are not found during winter.

At Batesburg we have repeatedly investigated hibernation. Old

cotton stalks, trash from in and around recently infested cotton fields,

dormant weed stalks, violet roots and crowns, and sunilar material

(gathered from localities of recent infestation) were collected during

winter and placed in a large Berlese apparatus. The results were

always negative. Many examinations have been made of dormant

cotton stalks and other plants which had, durmg the previous season,

harbored mites. We have never recovered hving red spiders from

these dormant hosts. In short, there is absolutely no evidence which

would lead to the belief that hibernation occurs in South Carolina.

The pest maintains itself throughout the winter on several species of

wild and dooryard plants. We have traced infestation through four

successive years, from the primary sources to cotton fields and back

to the wintering hosts, and have established the botanical sequence

which constitutes the successive migratory steps of seasonal activities.

The dispersion of the pest is determined largely by the nature and
location of the plants upon which the mites overwinter. These hosts

are divisible into summer hosts and winter hosts. Under summer
hosts we place such species as harbor mites through the summer and
which remain green throughout the winter, thus furnishing continu-

ous feeding during all months of the year. Hosts of this kind are of

vast importance in that they obviate the necessity of fall migration

on the part of the mites. Among the more important plants of this

type are the cultivated violet, strawberry, hollj^hock, mustard, privet,

and grass (Panicum scopariuTn) . It is probably true that compara-

tively few infestations in cotton arise directly from these summer
hosts. The balance of the mites persist through winter on the winter

hosts. These include the native weed species which germinate or

put out basal leaves in the fall, and to which a certain percentage of

the migrants, from cotton and other annual plants, disperse. Where-
ever these weeds are allowed to grow in great profusion they are

usually found to be infested, and when occupying positions close to

cotton fields they constitute centers of direct invasion. Among the

more common of the winter hosts m South Carolina are Stachjs

arvensis, Geranium cnrolinianum,, Rubus sp. (wild blackberry), Ch( no-

podium hotrys, Sonchus asper, and Oenothera laciniata. Since the great

mass of red spiders pass the winter on the wild plants, it is evident

that these plants are of great importance. They occur commonly in

dense borders along ditch banks, in field borders adjoining areas

planted to cotton, in doorvards, and bordering roadsides.

Practically all of the winter hosts possess only prostrate leaves

during the late fall and winter. This makes the foliajre more acces-
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sible to the mites which may be crawhng about in search of green

plants, and, hkewise, the basal leaves favor greatly the reestablish-

ment of red spiders which may become stranded while being carried

in surface water,

Airpeamnce of spring adults.—The date which marks the maturity
of the progeny of the females which wintered through from the pre-

ceding fall is subject to some variation. In 1911 the first spring

brood was maturing as early as March 11, while in 1912 the first

females did not appear until about April 17. In both 1913 and 1914

this brood matured about March 25.

Time oj violet devastation.—Usually toward the end of May the

cultivated violet plants in the Southeast become so completely over-

run with red spiders that they are kiUed to the ground. The first

indication of damage to violets is the presence of russet spots on the

leaves. As the infestation increases the appearance of violet borders

is as though they had been fire swept. Those who see them invari-

ably believe they have been killed by drought. (PL IV, fig. 4.)

When violets grow within a few hundred feet of cotton they may
constitute the immediate source of infestation.

The average date of maximum injury to cultivated violets, as shown
by the observations of the last four years, is found to be May 25. This

is important in the seasonal history of the red spider, since the death

of so many violet plants precipitates the migration of the mites, with
the result that the pest becomes established on many new hosts.

Time oj estahlisTiment on cotton.—^The earliest date for the estab-

hshment of the red spider on cotton varies somewhat from season to

season. The time depends largely on the date of appearance of the

crops, since we frequently find females established on seedhngs which
are only three or four days old. Mites have occasionally been seen

established on cotton as early as the 1st of May, but for the seasons

1911, 1912, 1913, and 1914 the average for the first records on cotton

is computed to be May 20. The lower (sandy) section of South
Carolina averages one-half month earher in the pest's appearance
than does the upper (clay) section, June 25 marking the time of the

beginning of damage for the former and July 10 for the latter.

Time of severest infestation.—The progress of infestation in a given

field depends on several interrelated factors, such as temperature,

precipitation, natural enemies, etc. Furthermore, there are succes-

sive waves of infestation occasioned by the favorable and the inimical

natural agencies. In 1911, at Batesburg, a cotton field was seen

very acutely infested on Jmie 12, while in 1913 fields were seen badly
infested as late as September 6. Most of the severe infestation, how-
ever, occurs during July and August. By averaging the dates of oc-

currence of a considerable number of acute cases in our files we obtain

July 26 as the date of heaviest infestation.

,^43S0°—Bull. 416—17 i
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Approximate date of reduction in numbers.—During each of the four

years of the red-spider investigation there has occurred at some time

of the season a sudden reduction in the numbers of the pest due to

the abundance of natural enemies. Unfortunately, this is not general

and simultaneous throughout the South. Furthermore, the mite

reduction occurs at different times from season to season. In 191 1 it

did not take place in central South Carolina until about the 1st of

September, whereas in 191 2 the pest was controlled as early as July 10.

In 1913, July 20 marked the approximate date of decimation, and in

1914 the phenomenon occurred about July 20. For the four seasons,

the average date of the reduction of the red spider by its insect ene-

mies is found to be about July 15.

Following these seasonal decimations the mites are often reduced
almost to extinction, which naturally reacts against the predatory

species in due time, and in their absence a secondary impetus is

usually noted in the development of the red spider. These second-

AffUNO'Wr'/OOfb
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weather are almost certain to perish with the return of lower tem-

peratures.

Variation in abundance from year to year.—It is noticeable that the

degree of occurrence varies greatly from year to year. We find

from a study of the various natural influences that it is possible to

foretell the probable status of the pest during a given season with

considerable assurance. The red spider is extremely resistant to

adverse meteorological conditions, and no matter how severe the

winter, a considerable proportion of the mites come tlu'ough safely.

On the other hand, many of the insect species which are predatory

upon the red spiders, being of a more susceptible nature, are less

hkely to survive the hardships of a severe winter. Theoretically,

after a mild winter there should be an abundance both of mites

and predators, while after a severe winter the mites should survive

in a much greater proportion than their enemies. This condition

has obtained during the past four years, mild winters being followed

by mild red-spider seasons, while severe winters have been followed

by seasons of heavy mite occurrence.

DISPERSION.

When the food supply on favorable host plants becomes exhausted

dispersion to new food plants takes place, and it is usually by a

succession of such dispersions that cotton fhially becomes infested.

Ground travel.—On many occasions red spiders have been observed

crawling on the ground in the vicinity of grossly infested plants, fre-

quently crawHng up and down the stems in search of more favorable

hosts upon which to feed. In order to ascertain whether red spiders

leave the plants of their own vohtion and crawl upon the ground
in attempts to extend their range, the following experiment was
instituted.

Tests of red-spider movements.—-Large sheets of sticky fly paper

were carefully fitted about the bases of cotton stalks. The sticky

surfaces were permitted to remain in this position for periods varjdng

from 24 to 48 hours. At the conclusion of these exposures careful

examinations were made, of which the following specific results are

rather typical: Five red spiders were observed on the inner edge,

which came in contact vnih the base of the stalk; 29 mites were

caught on the extreme outer edge, which was flush with the finely

packed soil; 5 red spiders were found ensnared at dffferent points

in the central area of the sticky siuiace. The only possible deduc-

tion is that the first-mentioned 5 individuals were intercepted as

they were descending the stem; that the 29 mites were trapped as

they were crawhng over the ground surface, presumably toward the

cotton stalk; and that the last-mentioned 5 undoubtedly di'opped

directly from the overhanging foliage.
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Manner of travel.—An oxtensive series of experiments concerning

the travel of red spiders has been performed. The female travels

in a comparatively straight com^e, being influenced by the Hght.

(PI. VI.) The female travels faster than the male and her effort is

extended over a relatively large space in an apparent attempt to

locate new food plants. The very frequent observance of solitary

females on seedling plants is positive evidence that they establish

themselves through the agency of ground travel.

The male, on being removed from the host plant and tested on

a comparatively smooth surface, confines his wanderings to a small

area. The tracings made of male travel are seen to cross and recross

until a maze of Unes results. No evidence of phototropism has been

observed in many cases of male travel. There seems to be an in-

stinctive tendency to remain within a limited area. The entire area

traversed in an hour by the average male on a smooth surface rarely

exceeds in size that of a watch crystal. The aversion to roaming

probably originates from the instinctive desire to remain with the

females of the colony. It is not essential to the propagation of the

species that migrating females, which failed to mate before under-

taking their journeys, should become fertihzed immediately upon

establisliing themselves on the new host. As has been emphasized

previously, the early eggs of such sterile females produce only males,

which, upon maturity, immediately fertilize the females, so that the

subsequent progeny vdW. be of either sex.

Table IV.—Distance and rate of travel of male and female red spiders on coarse paper
surface.^

Male.
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Rate oj travel.—In order to ascertain the rate of movement of

wandering red spiders a series of laboratory experiments was con-

ducted. A large sheet of coarse wrapping paper was fastened tightly

on a 4 by 6 table. The red spiders to be tested w^ere liberated at the

center and their progress was traced for periods varying from 5 to

90 minutes.

The influence of temperature on the rate of travel was very marked,

and was established by conducting the foregoing tests on both hot

and cool days. It also develops that the average rate of travel by

the female red spider in summer is 4.82 inches per minute, while that

of the male under similar conditions is 2.95 inches per minute. (See

Table IV.)
SOURCES OF DISPERSION.

When cotton fields occur in urban localities it often happens that

infestations arise directly from garden or door3^ard plants, such as

the violet, sweet pea, dahlia, hollyhock, garden bean, etc. (PI. IV,

figs. 3-5; PI. V, fig. 4.) As has been pointed out, however, the pest

miore usually reaches cotton in the course of a series of migrations,

beginning with the primary hosts as foci, and advancing from host to

host as the native species appear above the ground in spring. The

plants which so happen to harbor the pest in situations adjacent to

cotton, when, the latter appears, become the immediate sources of

dispersion to the cotton field.

Weed borders (PL V, fig. 5), which have been known to give rise

to very acute infestations in adjoining cotton fields, and which pre-

vail throughout the entire year, have been made the subject of con-

tinued observation, with the result that the position of such weeds

in the problem is now quite clearly understood. There are certain

weed species that at times occur in almost pure growths; that is,

countless thousands of seedlings of a given species may grow in con-

tinuous, dense borders. This was often noticed at Batesburg, where

at times weed infestation became so acute that entire borders of

Geranium carolinianum, Stachys arvensis, etc., wilted, and finally

succumbed entirely. It is just such cases as these that produce a

migration of red spiders to the cotton fields. A rather complete list

of the native plants at Batesburg which are of great importance in

advancing the red spider to cotton in the spring is given in Table V

.
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Table \

.

—List of important spring weed hosts of the red spider, Batesburg, S. C.

Stackys arvends.

Chenopodium hotrys.

Sida rhombifolia.

Geranium caroUnianum.

Trifolium repcns.

Sonchus asper.

Vicia sativa.

Taraxacum officinale.

Gnaphalium spathulatum.

Rumex obtusifolius.

Oenothera laciniala.

Oxalis striata.

Panicum scoparium.

Helianthus annuus.

Convolvulus sp.

Plantago lanceolata.

Croton texensis.

Rumex erispus.

Stellaria sp.

Solanuyn carolinense.

Solanum nigrum.

Ipornoea purpurea.

Passiflora incarnata.

Lechea villosa.

Brassica campestris.

Wild grass.

Rubus sp.

Phytolacca americana.

Ambrosia artemisiaefolia.

Amaranthus hybridus.

Datura stramonium.

Erigeron sp.

Xanthium americanum.

WATER DISPERSAL.

For a long time investigators of the red spider found it difficult to

explain why isolated infestations existed in fields comparatively

remote from the source of dispersion. It has been known for years

that heavy rains dislodge many red spiders, and it has been taken

for granted that these mites were destroyed. We have estabUshed

the fact, however, that 9 hours' submergence in water is necessary to

cause the death of red spiders. Beaten to the ground by the heavy

downpour of rains, countless thousands of mites are carried along in

the surface water and may even find their way into the smaller

creeks. Provided the red spiders are not injured, they may revive

and become estabhshed many rods, perhaps, from the scene of

detachment. Table VI presents the data on submergence of mites

and the resulting mortality.

Table VI.

—

Submergence and red spider mortality, Batesburg, S. C, 1914.

Experi-
ment
No.
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From Table VI it is seen that the shortest period of submergence

that will suffice to kill all red spiders is 9 hours. All individuals sur-

vived a submergence of 2^ hours, and 50 per cent revived after an

exposure of 8 hours.

Observance of water dispersal in the field.—The actual dispersion of

red spiders by surface water has been observed repeatedly in the field.

In Plate VII a typical case of this sort in a cotton field is illustrated.

The primary source of dispersion consisted of cultivated violets

growing in a dooryard, indicated by A. Upon becoming over-

crowded a migration took place from these plants which brought

many of them across the street {B) and into the cotton field (so indi-

cated), where they became concentrated at (0), the point nearest to

the violets. This infestation, limited to one end of the field, is indi-

cated by ringed stalks. The heavy rains dislodged great numbers of

red spiders and carried them along in the Uttle streams which ran

between the cotton rows. This surface water converging at the

lowest pomt of the field, a large percentage of the stranded mites

revived and reestablished themselves upon the cotton plants imme-

diately at hand. Thus, at D there began a secondary development

which tended to spread throughout the field. Naturally this dispersal

is repeated with each heavy storm, with the result that these concen-

trations at the lower points of the fields become more and more

severe.

Not all of the mites which are conveyed by the surface streamlets

reach the ground through the effect of rains, as many are dislodged

by falling leaves, through the weakenmg effect of heavy infestation,

or by early frosts.

PLANT TO PLANT TRAVEL.

It is commonly the case during times of severe infestation that

mites spread directly from one plant to another through the inter-

lacing of branches. Such dispersion is facilitated by the close plant-

ing of cotton and, inversely, is discouraged by wide spacing. It is

difficult to say whether dispersion is accompUshed more by means

of ground travel or l)y leaf to leaf travel.

WIND DISPERSAL.

Several investigators have suspected that red spiders may be con-

veyed considerable distances by heavy winds, but it remained for

Mr. E. E. Hunger, of California, to conduct serious tests during 1913.

He employed sticky fly paper at different heights above the ground

and at varying distances from the source, which happened to be a

badly infested almond orchard. Mr. Munger fomid quantities of

mites on the sticky surface placed under the following conditions:

Twelve feet from the ground and 100 feet from the orchard, 30 feet

from the gromid and 250 feet from the orchard, and 50 feet from the
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groimd and G50 foot from the infested orchard. All of these tests

were made at tmies when the usual light summer winds were blowmg.

We conducted similar tests at Batesburg and were able to corrob-

orate to some extent the results of Hunger. In one test we suspended

by a string a board bearmg on each side two sheets of sticky fly pa])er.

Tlie trap board was then attached to a wire stretched between poles.

A sticky substance was smeared on the suspending string to prevent

the mites from reachmg the sticky surface by crawlmg. The sus-

])ended board was free to swing in any direction, so that mites being

borne by the wind from any direction would be intercepted. An
orange tree which harbored Tetranychus mytikispidis stood about 300

feet from the exposed sticky surface, and several other host plants

mfested with T. himaculatus grew within 20 to 25 feet. After an

exposure of 36 hours the sticky paper was examined. Ten adult

specimens of T. mytilaspidis and several immature individuals of T.

himaculatus were caught.

Durmg the periods of drought and food scarcity mites have been

seen to seek the highest or terminal points of branches, and this habit

of the red spider may be closely associated with dispersion by wind.

Naturally, this act would bring them to points where the effect of

the wmd would be greatest.

OTHER DISPERSION AGENCIES.

Several additional agencies have been suggested by various writers

as means of spread of the red spider. The operation of cultivatmg

the crop has long been considered to be mstrumcntal in conveymg

mites from point to point about cotton fields. Titus (1905) main-

tained that the members of hoe gangs and cultivators are the most

common means of distribution. He claimed that mites cling to any

substances that brush against them, and in this manner are rapidly

and thoroughly scattered over fields. The effect of distribution along

rows and across lields, foliowhig the routes taken by farm hands, can,

he claims, be traced easily by the resulting infestation along these

routes. The present writers are inclined to mmimize this acci-

dental type of dissemination. Even when manipulated with the

finest camel's-hair brush a certain percentage of individuals are

kiUed.

Allied with this form of dispersion is that of accidental transpor-

tation by larger insects. Titus states that mites have been taken

from several insects, such as grasshoppers and small Hemiptera,

which often visit cotton ])lants. Such agencies of dispersion as in-

sects, domestic animals, poultry, and wild birds should be considered

as being of mhior importance.
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CLIMATIC CONTROL.

Although chmatic influences exert an immediate reducing effect

over limited areas from time to time, the hardiness and the wide-

spread occurrence of the species insure the survival of sufficient num-
bers to reinfest localities that may have been thus partially freed.

Owing to the fact that there is such a continuous succession of over-

lapping broods and that every stage from egg to adult occurs simul-

taneously, it is obvious that the most extreme weather factors can

not be expected completely to eradicate the pest.

Climatic conditions do, however, influence the development of the

red spider to a marked extent, and this influence may be either detri-

mental or beneficial. In the occurrence of the seasonal cycle the

status of the red spider invariably undergoes a series of fluctuations.

Beginning in January (see fig. 8, p. 26) we find the pest maintaining itself.

In Febniary no pronounced gain is ever made, although the develop-

ment of the species may undergo some slight advance or setback due
to weather. During March there is a gradual trend toward an opti-

mum, but the pest usually suffers one or more retarding checks from
adverse weather conditions. Through April and May the progress

of infestation is usually most rapid, so that by the 1st of June develop-

ment has nearl}^ reached its maximum. Usually some time in June
or early July a sudden decimation occurs which reduces the status to

normal or below. This reduction is followed by a reaction, so that

some time between the middle of July and the last of August infesta-

tion again increases. From that time until October, usually, develop-

ment is subject to fluctuations varying considerably in extent, but
the autumn period is characterized by a rather abi-upt diminution

until, by the end of November as a rule, the minimum again is reached.

Rainfall.—During times of little rainfall and high temperature

reproduction goes on very rapidly; on the other hand, long, heavy
rains work havoc. In spite of the fact that the mites inhabit the

xniderside of the leaves, many are washed off by rains and others are

destroyed by the upward bombardment of sand particles. In fact,

it appears ti"ue that a few heavy rains, especially if they continue for

some time, reduce, temporarily at least, the degree of infestation.

Although a temporary reduction of the pest is occasioned by heavy
rams, many of the washed-off adults may be carried considerable

distances in the surface water at these times, only to revive upon
stranding, and to establish new colonies remote from the scene of

their rearing. Tlius rain has the effect of greatly decreasing the per-

centage of infestation, while at the same time considerably extending

distribution. In one instance a violet leaf, heavily coated with soil,

was exammed and there remained, out of a recent large colony, only

one female, one primary nymph, and numerous eggs. Of eight females

54380°—Bull. 41G—17 5
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roniainino; (in another leaf seven were dead and one alive following a

lieavy dashing rain.

The progress of infestation in cotton fields has been closely followed

on several occasions. The fluctuations in one of these fields, as indi-

cated by careful counts of infested and uninfcsted plants in large

series, was as follows: May 27, 57.5 per cent; June 10, 75 percent;

June 17, 33.3 per cent; June 25, 77.7 per cent, and June 27, 55.5 per

cent. A heavy rain fell on June 16, causing the reduction of 41.7

per cent; another fell June 26, causing the reduction of 22.2 per cent!

Drought.—Long-continued drought works, at least indirectly, to the

detriment of the red spider. Perkins believed that the pest developed

fastest under hot, dry conditions, but also demonstrated that mites

are capable of living quite well under very moist conditions. TitiLs

(1905) states that infestation rarely becomes serious unless accom-

panied by long-continued dry weather. Worsham (1910) asserts that

dry and warm weather is essential for the maximum propagation of

the spiders and that only during a prolonged drought do their ravages

assume serious proportions. Ewing (1914) writes that it is during

July and August that the red-spider injury becomes most serious and

that these are the hottest and driest months in western Oregon.

Investigations at Batesburg have further confirmed the rule that

the most rapid multiplication of the red spider is coincident with

periods of maximum temperatures and minimum precipitation. On
the other hand, the great rapidity of mite development reacts on the

species to its detriment. This reaction occurs in several forms.

First, the superabundance of the pest on hosts occasions the drying

of the foliage, so that the tissue becomes unattractive. This causes

widespread migratory movements, with the result that myriads of

the mites perish because of the intense heat of the soil or failure to

discover new hosts. Secondly, the concentrated massing of red

spiders at such times is to the benefit of their predatory enemies, with

the result that the predators in turn increase at their maximum rate.

INSECT ENEMIES OF THE RED SPIDER.

The investigations conducted at Batesburg have added substan-

tially to a knowledge of the insect enemies of the red spider. Three

insects were observcui by J. C. Dufl^ey (1891) to feed on red spiders

at the St. Louis Botanical Gardens in 1891. These were Scolothrips

sexmaculatus, a cluysopid larva, and Scymnus punctum. The latter

was obs<'.rved to excu't great control. Morgan (1897) states that a

very small black lady beetle (Pentilia sp.) was the onl}^ insect enemy

of the cotton mite noticed during 1893 in Louisiana. Perkins (1897),

in his account of the common red spider, mentions no pr<Hlatory

enemies. Titus (1905) records chi-ysopid larvae, a species of Pentilia,

and other coocinellids as fcedino: on mites at several localities in 1905.
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Chittenden (1909) observed larvae of Scymnus punctum, Cecidomyia

coccidarum, Chrysopa rufilahris, and all stages of Thrips sexmaculatus

to be predatory on red spiders on the Kentucky coffee tree {Gymno-

cladus dioica) at Washington, D. C, during July and August, 1906.

He states that the Scymnus larvae were the most effective. In Colo-

rado, Weldon (1909) found lacewing-fly larvae and Scymnus punc-

tum to be the principal enemies of the red spider. Worsham (1910)

states that the only natural enemy observed during the studies in

Georgia was Stethorus punctum, which fed, both in the larval and

adult forms, on the mites and the eggs. It was Quayle (1913) who
first gave us a considerable list of red-spider enemies. He does not,

however, differentiate between the predators of T. mytilaspidis, T.

sexmaculatus, and T. himaculatus. He states that most of the obser-

vations were made on the citrus mite. Parker's investigations (1913)

in central California during 1911 and 1912 revealed the presence of

the following predators, which he states he has seen preying upon

red spiders: Triphleps tristicolor (nymph and adult), Scymnus nanus,

Scymnus marginicoUis , Pentilia sp., and Chrysopa californica. The
lacewing-fly larvae were most active. Finally, Ewing (1914) lists the

following species as actively predatory on the red spider in Oregon:

the mite Seius pomi, TripTileps insidiosus, syrphus-fly larvae, and

Stethorus punctum. Other species of mites and insects are men-
tioned by Ewing either as having been reported elsewhere on the

Pacific Coast or as being probable enemies. Ewing estimates Seius

to be the most valuable red-spider enemy in Oregon. All told, these

enemies of the common rod spider make a total of a dozen species

which, to date, have been reported as definitely feeding upon Tetra-

nychus himaculatus. Neither Parker nor Ewing appears to believe

that substantial control accrues from the activities of the red-spider

enemies.

In the case of each of the seasons 1911, 1912, 1913, and 1914,

during which the rod spider has been under observation at Bates-

burg, S. C, a sudden decimation of a more or less complete nature

has occun-ed. Figure 8 ,
page 26 ,

presents a diagram which consists of a

composite ciu've representing the average seasonal status of the red

spider in South Carolina for 4 years. The low summer point, reached

in July, indicates graphically the combined control value of predatory

species. The red spider at the present time is known to be the

host of 31 species of arthropod enemies. Of these, 5 are mites

(Acarina), 3 are thrips (Thysanoptera), 4 are bugs (Hemiptera), 4

are lacewing flies (Neuroptera), 2 are midges (Diptera), 4 are syrphid

flies (Diptera), 8 are lady-beetles (Coleoptera), and 1 is a noctuid

moth (Lepidoptera). These predators, in turn, are known to be

attacked by 75 species of predators and parasites.
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Plate VIII is a diagram which, to some degree, graphically indicatt2&

the complex relation which the red spider hears to its environment.

In a number of instances these predatory species also operate against

other small insects, such as aphids, scale insects, mealy bugs, white

flies, etc. So far as is known, only two predators are enemies exclu-

sively of the red spider, namely, the two midges. One predatory

species, the cotton leafworm (Alabama argillacea), is only incidentally

an enemy of red spiders, through the fact that myriads of

mites are devoured along with the cotton foliage. This defoliation

occurs generally over the cotton belt from time to time. Two of the

predators, in turn, become enemies of other predators as well as of

the mites. The most heavily parasitized of the predators are the

chrysopids and the syrphids, the mortality of which becomes rather

high at certain times.
arachnida, acarina.

Gamasidae.

Seius quadnpilis Banks,—This mite was collected by Mr. G. A.

Runner at Key West, Fla., on a wild grass infested with the red

spider, and also at Orlando, Fla., on infested chinaberry leaves by
Mr. W. W. Yothere. Its abundance at these localities suggests that

it probably exerts considerable control.

Macrocheles sp.—This mite has been found on pokeweed (PTiyto-

lacca aTYiericana) heavily infested with the red spider at Batesburg.

It has been observed actively at work in mite colonies, and is doubt-

less of economic value.

Laelai^s inacwpUis Banks.—Mr. J. D. Mitchell found this mite on
two occasions at Victoria, Tex., where it was doing good control

work on heavily infested sweet peas. Mi\ W. W. Yothers also sent

it on badly infested chmaberry leaves from Orlando, Fla., where
the species was responsible for the marked decimation of the red

spider which occurred in the late summer. This mite is an important

enemy of the red spider.

Rhyncholophidae.

Rhyncholoplius lyilosus Banks.—This species was observed at

Batesburg destroying the red spider on "mare's tail" {Lechea

villosa) and on Boston ivy.

Anystidae.-

Anystis agills Banks.—This mite (fig. 9) is frequently seen crawling

about in unlikely places in search of food. It is extremely active and
foUows a tortuous course that sooner or later brings it to its victims.

We have collected it from mite-infested elderbeny (Samhucus sp.)

at Batesburg, but have made no accurate estimate of its control

value. Ewing reports finding considerable numbers of this mite
upon violets, heavily infested with red spiders, hi Oregon.
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Kentucky Coffee Tree (Gymnocladus canadensis) Which Has Lost Most of

Its Foliage Through the Work of the Red Spider (Tetranychusbimaculatus)-
(Original.)
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Variations in the Microscopic Characters of the Palpus and Tarsus and the
Bristle Arrangement on the Leg of the Common Red Spider.

Fig. 1.—Female on pokeweed, Dothan, Ala.; left palpus, lateral view. Fig. 2.—Female ou cot-
ton, Batesburg, S. C. ; right palpus, lateral view. Fig. 3.—Female on cotton, Mount Pleasant,
Miss.; right palpus, lateral view. Fig. 4.—Female on hops, Sacramento, Cal.; left palpus,
lateral view. FiG. .5.—Larva on cotton, Batesburg, S. C; left palpus, lateral view. Fig. 6.

—

Larva on beans, Hagerstown, Md. ; ri.ght palpus, lateral view. Fig. 7.—Female on chinaberry

,

Orlando, Fla.; right palpus, lateral view. Fig. 8.—Deutonymph on cotton, Batesburg, S. C.

;

tarsal appendages. Fig.9.—Female on chinaberry, Orlando, Fla.; tarsal appendages. Fig.
10.—Female on cotton, Mount Pleasant, Miss. ; tarsal appendages. Fig . 11.—Larva on beans,
Hagerstown, Md. ; tarsal appendages. Fig. 12.—Larva on cotton, Mount Pleasant, Miss. : right
leglV. Fig.13.—Female on cotton, Batesburg, S. C; left leg I, dorsal view. Fig. 14.—Female
on chinalierrv, Dothan, Ala. ; left leg I, ventral view. All drawn with oil-immersion and camera
lucida. Highly magnified. (Original.)
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Tracings of Travel of Female Red Spiders.

Fig. 1.—Mite traveled 143 imhes in 21 minutes, or at a rate of 6.8 indies i)er minute. Fia. 2.—Mite
traveled 219.5 inches in <i() minutes, or at a rate of 4.16 inches per minute. Fic. 3.—Mite traveled

111.25 inches in 45 minutes, or at a rate of 2.4S inches per minute. Fig. 4.—Mite t raveled 151 inches

in 40 minutes, or at a rale of 3.78 inches per minute. Fic 5.—Mite traveled lOil.o inches in 30 min-
utes, or at a rate of 3.55 inches per minute. Fig. 6.—Mite travoled S7 inches in 30 minutes, or at a

rate of 2.9 inches per minute. Doited lines indicate the direction toward tlie souice of illumination

at time of beginning of experiment. Short intersecting lines indicate points of route where the

table top was revolved 180°. (Original.)



Bui. 416, U. S. Dept. of Agriculture. Plate VII.
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Diagram Illustrating Red-Spider Dissemination by Means of Water Dispersa'

Topographic survey map of cotton field showing contour lines and cotton rows. Red
spiders traveled afoot from infested violet borders in door^-ard at A across highway, B,
71 feet wide, to cotton in high end of field at C. From this primary infestation mites
were dislodged during hea\-y rains and carried do\^Ti the field in the surface water between
the rows to the low point at D. Here, upon becoming stranded, they established them-
selves upon the cotton, giving rise to a new infestation. (Original.)
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Diagram Illustrating Complex Relationship of Red Spider to Its Zoological
Environment.

Nine groups of predators emliracing 31 spccios are seen to attack the red spider, and in turn 7 of

these predator groupsareattacked l)y a totalot 75 speciesof parasitesaud predators. (Original.)
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INSECTA, THYSANOPTEKA.

Thripidae.

Scolothrips sexmaculatus Perg.—This species of thrips, as pre-

viously recorded, was mentioned by Duffey (1891) as being predacious

on the red spider at St. Louis. Chittenden (1909) observed this

thrips to be predatory on mites on the Kentucky coffee tree at

Washington in 1906. Quayle (1913) states that he has repeatedly

observed it to feed on the citrus mite, usually attackmg the egg and

younger spiders, and occasionally eating the adult mites. At Bates-

burg this thrips has been under observation during four seasons. It ap-

pears to be about the earliest predacious enemy of the red spider, havmg
been seen on March 11, 1914, as the nymph. It becomes common
in May and very abundant throughout June, July, August, and Sep-

FiG. 9.—Anystis agilis, an enemy of the red spider. Highly magnified. (Ewing.)

tember, and has been seen as late as December 10. Upon several

occasions it has been seen to attack mites in the field. .The 6-spotted

thrips has been observed feeding upon red spiders at the following

localities: Emporia, Va.; Raleigh, Charlotte, and Laurinburg, N. C;
Clemson College, Columbia, Leesville, and Batesburg, S. C; and

Mount Pleasant, Miss. Yothers reports it actively predacious in

mite colonies on velvet bean,, at Orlando, Fla.

A few tests were conducted for the purpose of ascertaining the

capacity of this thrips for the various stages of the red spider, and

data (Table VII) were secured from six specimens. These 6 thrips

(all nymphs) consumed 232 eggs and 5 nymphs and adults in 10 feeding

days, which gives an average consumption of 23.7 eggs and active

individuals per feeding day, 98 per cent of which were eggs. It is
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prol^ablo that the daily average of No. 2 (Table VII), which was over

35 eggs per day, represents the normal capacity of the species.

Table VII.

—

Red spiders consumed by Scolothrips sexmaculatiis, Batesburg, S. C.

Individ-
ual No.
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Fig. 10.— Triphh'ps insidiosus, an important enemy of the red

spider: Adult. Much enlarged. (McGregor).

(1914); and Parker (1913) states that a closely allied species, T. tris-

ticolor, was the most numerous red-spider enemy in the hop fields, but

that no controlling effect could be detected.

This predator, coming

upon a red spider like a

flash, thrusts its sharp

proboscis through the

mite's back and sijihons

out the body contents.

In the case of one bug,

the first mite was drained

in about five minutes,

but each succeeding meal

was of shorter duration,

so that the average time

required for each meal

was found to be about

three minutes. The ac-

tions of the nymph (fig.

11) are similar. Both

adults and njrmphs feed

upon the mites in all stages from egg to adult, but the Triphleps adult

will not ordinarily consume mite eggs unless other food is scarce.

The operation of draining an egg

requires about two minutes.

These bugs pass the winter

in the adult stage and usually

become active some time in

April, although they have been

seen as early as the middle of

March. Triphleps becomes ex-

tremely abundant by the first

of July, and assists greatly in

the reduction of the red spiders.

Although it seeks hibernation

toward the end of October, in-

dividuals are commonly seen

some years as late as the middle

of this month.

By referring to Tables VIII

and IX it will be seen that S in-

dividuals collected as various

instars of the nymph drained 1,856 red spiders in 57 feeding da3^s.

The average daily consumption of the nymph was 33.16 mites, that

of the adult was 28.88, and the daily average for all individuals was

Fig. U. Triphleps insidiosus: Nymph. Greatly en-

larged. (McGregor.)
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32.56 mites. The predatory capacity of the first instar is not known,

since we have never reared individuals from the egg. The second

nymphal iilstar consumes on an average 80.5 mites, the third instar

consumes 112, and the fourth averages 146 between molts. The

average duration of the second instar is found to be 3.22 da3's, that

of the third instar 2.66 days, and the fourth instar requires 4.36 days.

The maximum recorded consumption for one day was 68 adult mites.

Moulton states that in California the life cycle of T. insidiosus re-

quires only 15 days, but the foregoing data would indicate that in

tlie Southeast a little longer period is required.

Table VIII. -Predatory activity and development of Triphleps insidiosus, Bateshurg,

S. C.

Indi-



THE EED SPIDER ON COTTON. 41

SUMMARIES.

Average daily consumption per nymph 33. 16

Average daily consumption per adult 28. 88

Average daily consumption per bug for all individuals 32. 56

Duration of second nymphal tnstar 3. 22

Duration of third nymphal instar 2. 66

Duration of fourth nymphal instar 4. 36

Table IX.

—

Consumption of red spiders by each instar of Triphleps insidiosus,

Batesburg, S. C.

Individual
No.
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Table X.—Life history ofGeocoris punctipes, Batesburg, S. C.

Indi-
vidual
No.
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consumption of 83 mites per day. Although a number of eggs were
eaten, Geocoris did not seem to take readily to a diet of mite eggs.

Li the course of the experiments with this red-spider enemy it

developed that a certain percentage of its eggs are parasitized. A
scelionid, Telenomus sp., was reared from eggs collected in the field

and required a developmental period of 1 1 days.

Capsidae.

, Rhinacloa foriicornis Reuter. A nymph of this bug about two-
thirds grown was observed in red-spider colonies in a cotton field,

actively feeding on mites. It was transferred to a rearing cell and
kept under close observation. The bug showed a strong liking for

red spiders and developed to adult m the cell. Table XII contains

the record of this individual.

Table XII.

—

Consumption of red spiders hy Rhinacloa foriicornis, Batesburg, S. C.

[Nymph collected Oct. 2, 1914.]

First day (molted Oct. 3) f;0

Second day 72

Third day 71

Fourth day 65

Fifth day 61

Sixth day 67

Seventh day (molted Oct. 9) 46

First adult day 39

Total 481

Total feeding days 8

Average per day 60. 1

Total consumption by last instar 382

In eight feeding days this capsid bug ate 481 red spiders, or an
average of 60 mites per day. Two molts occurred during the obser-

vations, the final nymphal instar lasting six days and requiring, before

completion, the additional consumption of 382 adult mites.

Reduviidae.

A species of reduviid bug was seen commonly on infested leaves

during August and September at Batesburg. Both the eggs and
nymphs were abundant at times m and about red-spider colonies on
tomato leaves. An egg collected August 10, 1914, hatched August
12 and the nascent nymph was immediately placed into a breeding

cell with red spiders. Seven mites were eaten the first day, 14 the

second, 7 the third, 6 the fourth, 17 the fifth, 22 the sixth, and 18
the seventh. A total of 88 red spiders were destroyed in seven days,

makuig an average of 12.6 per day.
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NEUROPTERA.

Chrysopiuak.

Four species of lucewing flies have been collected during the in-

vestigation at Batesburg. Lacewing flies are frequently seen on

cotton leaves associated with common red spiders. Only one species,

CJmjsopa riifilahris Banks, is very abundant in South Carolma.

Olmjsopa rujilahris Banks.—This species appears in late spring or

'early summer, the earhest record being May 6, 1914, on which date

eggs and larvae were seen. Together with the thrips, tliis chrysopid

appears to be the earliest red-spider enemy. When an early season

prevails, this predator becomes abundant about the middle of June,

but, as a rule, this does not take place until July. It is not as hardy as

are some of the more coriaceous enemies of the red spider, and seeks

winter quarters comparatively early in the season. In fact, the

species reaches its optimum development during August, and is rarely

seen in any stage later than September 25. This red-spider enemy

is recorded from Emporia, Va.; Wilmington, Greensboro, Charlotte,

Buies, and Laurinburg, N. C. ; Spartanbm-g, St. Matthews, Lees-

ville, Batesburg, and numerous points in South Carolina; Savannah,

Ga. ; Tallahassee, Fla. ; Girard, Ala. ; and Dallas, Tex.

At certain times during the season CJirysopa rufilahris has been

seen to exert marked control of the red spider, and its value as an

enemy of the cotton red spider can hardly be overestimated. Dur-

ing June, 1914, from the 10th to the 22d, lacewing-fly larvae were

abundant, crawling in myriads on tree trunks, the ground, the

ceilings of porches, and similar positions. At these times man
experiences much annoyance from the mandibles of larvae which

drop from piazza ceilings.

Tables XIII, XIV, and XV present data on the life history of

CJirysopa rujilahris.

Table XIII.

—

Egg period of Chrysopa nifilabris, Batesburg, S. C.

Indi-
vidual
No.
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Table XIV.

—

Larval period of Chrysopa rufilahris. {Individual No. 1.)

Hatched Aug. 3

Pupated Aug. 22.

Length of larval period 18 days.

No. 4 of Table XVI was the only larva which was reared through

from egg to pupa, and, as will be seen, the entire mite consumption

for the individual was also secured. The larval period is 18 days,

which is a trifle shorter than Davidson secured from his data based

on 2 individuals. No attempt was made to determine the duration

of the larval instars, but incidentally the length of the first instar was
estabhshed as about 4 days. Table XV presents statistics on the

pupal stage of Chrysopa rufilahris.

Table XV.

—

Records of the pupal period of Chrysopa rufilahris, Batesburg, S. C.

Indi-
vidual
No.
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Table XVI.

—

Rate of destruction of red spiders by the larva of Chrysopa rufilabris—Con.
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parasites, thus indicating a parasitism of 48.4 per cent. Of a series

of 93 chrysopid eggs, 7 were parasitized, which represents an egg
parasitism of 7.5 per cent. The total parasitism, from species

issuing from the egg and from species issuing from the cocoon, is

computed at about 55.9 per cent. These parasites, as identified by
J. C. Crawford, are as follows. Reared from cocoon : Chrysopophagus
com.pressicornis Ashm., Perilampus chrysopae Crawford, Geniocerus

chrysopae Crawford, Isodromus iceryaeHow., Orthizema atriceps Kshra.

and Heloris sp. Reared from egg: Telenomus chrysopae Ashm.

Fig. 12.—The golden-eyed lacewing fly (Chrysopa oculata): a, Eggs; 6, full-grown larva; c, foot of same;
d, larva devouring an insect; e, cocoon; /, adult insect; g, head of same; ft, adult, natural size. All
enlarged except ft. (Marlatt.)

Table XVII presents our data relative to the parasitism of chrysopid
eggs by Telenomus chrysopae.

Table XVII.—Parasitism of chrysopid eggs by Telenomus chrysopae Batesburg, S. C.

Individ-
ual No.
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During 1914 chrj^sopids were particularly abundant. They were

in fact the most common predatory species. The "stalked" eggs

were everywhere in evidence and the adults, which are nocturnal,

rose in swarms from under the foliage as one brushed through the

cotton rows.

Clirysopa quadripunctata Burm.—Tliis species is also fairly com-

mon in the Southeast. It is most noticeable during July and August,

and its larva doubtless contributes to the predatory work of CJirysopa

rufilabris.

Clirysopa oculata Say.—Adults of this lacewing fly (fig. 12) have

been reared from larvae actively feeding on red spiders. It is not

particularly common in South CaroHna, however, and as a red

spider enemy probably is not of primary importance.

Clirysopa nigricornis Burm.—Tliis species has been reared on a few

occasions from larvse col-

lected on cotton infested

with red spiders. Its status

is probably about the same
as that of C. oculata.

DIPTERA.

Itonididae.

Artlirocnodax Carolina

Felt.—This midge (fig. 13,

at right) was recognized,

early in the investigation,

as one of the most impor-

tant enemies of the red spi-

der, at times ranking first.

Its attack is almost en-

tirely confined to the eggs of the red spider, but an occasional mite is

destroyed. Tlie earhest seasonal record of occurrence is April 30, 1914.

It is first seen usually about the early part of May and becomes abun-

dant during the middle of May. Tliis species does not usually reach its

liighest development until August, although a large amount of con-

trol work is evident during July. Arthrocnodax is always to be seen

during September, sometimes commonly in large mite colonies, but

becomes rare in October, during which month usually only pupae

can be seen. This important predator has been collected in mite

colonies at Chase City and Emporia, Va.; Charlotte, Wilmington,

Laurinburg, and Buies, N. C; Allendale, Anderson, Batesburg,

Browns\Tlle, John's Island, Lees^alle, St. Matthews, and other

points in South CaroHna; Macon and Savannah, Ga. ; Orlando, Fla.;

Girard, iVlbertviUc. and Boaz, iVla.; and Tallulah and Mound, La.

Fig. Vi.—Arthrocnodax Carolina, a predacious enemy of the red

spider. At left, mature predapious larva, magnified 60 times;

at right, adult female, greatly enlarged. (McGregor.)
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Several larvae of tliis midge of various sizes were collected in the

field and reared to adult on mite eggs and mites. Table XVIII pre-

sents the data which bear on the larval period.

Table XVIII.

—

Duration of the larval stage of Arthrocnodax Carolina, Batesburg, S. C.

Individual No.
Larva col-

lected.
Condition at collection. Pupated.

Interval
from col-

lection to
pupation.

Sept. 28, 1914
Oct. 7, 1914

do
Oct. 8, 1914

do
Oct. 10,1914

11,1914
13, 1914
21,1914
26, 1914

.do
Oct. 27,1914

Oct.
Oct.
Oct.
Oct.

One-half grown.
Small

do
Nascent (?)
Very small
Large

.

Oct. 1..

Oct. 9..

do..
Oct. 13.

Oct. 11.

do.

Days.

do 1 Oct. 12.

Two-thirds gro^vn ' Oct. 14.

Nascent (?) ,

Oct. 20.

Small
;

Oct. 29.

Rather large Oct. 28.

Nascent (?) i
Nov. 1

.

Probable larval period, 5 days.

From the foregoing records it may be seen that very small indi-

viduals completed their larval development in from three to five days.

Since several of these gave every evidence of being newly born at

the time of collection and had no appearance of having fed, it is evi-

dent that some of our records represent the entire larval period.

The larva (fig. 13, at left) is a small, glistening, amber-yellow grub

with a pointed, protractile head which bears a pair of retractile,

snail-like tentacles. A series of larvse measured: Length, 1.5 mm.;
width, 0.33 mm.

Table XIX includes the completed records on the duration of the

pupal stage which are available.

Table XIX.

—

Duration of the pupal period of Arthrocnodax cqrolina, Batesburg, S. C.

Indi-
vidual
No.
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The cocoon (fig. 14) is elliptical, whitish (except in the case of the winter-

ing pupae), 1 mm. in length by 0..55 mm. wide, and is spun on the under-

side of the leaf in the protecting angles of the midveins, etc. (fig. 14).

In selecting a site for the cocoon the larva, incloses within the pre-

liminary fibrils two or three mite eggs, presumably for nourishment

while spinning the cocoon. A larva was seen to attach a fibril deftly

to the dorsal bristles of an adult f(>male that happened to wander in

among the guy-fibrils of the cocoon. ''Staked out" in this manner
the female remained

tethered long enough
* '

to deposit two eggs

-''"--n^ '
ii^ the precise position

suitable to the con-

venience of the spin-

ning larva. No effort

is made, apparently,
j" to conceal the sum-
s' mer cocoons, but the

<^ overwintering co-

cj^ coons are designed

\ with the idea of con-
^' cealment. Specimens

of the latter type are

very inconspicuous,

owing to the fact that

they assume almost

the exact color shade

of the surface upon
which they are con-

structed.

. . ^ ,

''
"

, ,
Assuming the incu-

FiG. 14.—Cocoon of ^r^/irocnoaar caro/;7ia on underside of violet leaf. . . ,

(Dra\\-n by camera lucida.) (Original.) batlOn pcriod tO bc

about 3 days (as is the

case with certain similar forms), with 5 days for the larval stage and
8 days for the pupa, the entire cycle from deposition to the issuance

of the adult midge will be approximatcl}^ 16 days. We are inclined

to believe that under optimum conditions the cycle may be com-
pleted in somewhat less time than this. Table XX presents the

records of predation which we have secured.

I
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Table XX.

—

Consumption of red-spider eggs ' by Arthrocnodax Carolina, Batesburg,S. C.
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deterniiiie the egg-eating capacity of Mycodiplosis, but from a few

field observations we are convinced that its appetite is about the same

as that of Artlirocnodax Carolina.

Syrphidae.

Quayle (1913) states that there are two or three species of syrphus-

lly larvtv that eat red spiders. Ewing (1014) also records that he

has seen them feeding on the mites in hop fields. However, we find

no records of any of these having been reared or specifically identified.

At Batesburg svrphus flies are found in all stages in cotton fields

from the last of May imtil the 1st of September, and are most

abundant during July and August. They are incidental enemies of

the red spider, and are more intent upon the capture of aphids and

insects more conspicuous than mites. However, they are often seen

crawling tlirough red-spider colonies, and upon a few occasions

have actually been seen to devour adult mites.

Bacclia davata Fab.—This dark-coloicd, wasphke syrphid was

apparently the commonest species. The larvae and the large, flesh-

colored puparia could always be found tlirough the midsummer on

cotton infested with aphids and mites. A larva was seen to grasp

and devour a female red spider in an interval of 2 or 3 seconds.

Table XXI gives statistics on red-spider consumption gathered from

tests with larvae of Bacclia davata collected in the field in various

stages of development.

Table XXI.

—

Red-spider consumption by larvx of Bacchn davata, Batesburg, S. C.

Individual
No.
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SpJiaeroplioria cylindrica Say.—Although a trifle smaller, this syr-

phid (fig. 15) resembles the preceding species superficially. The small,

parchment-like puparia are frequently observed on leaves support-

ing active or exterminated aphid and mite colonies. They become
very common toward the end of August on tomato vines infested by
mites, upon which they exert marked control.

Toxomerus diiplicatus Wied.—This very small, yellowish species

was occasionally taken on infested cotton leaves toward late summer.
Its small size would indicate, possibly, that it is better qualified as

an enemy of the red spider than the larger species. Its occurrence,

however, is rather limited.

Fig. 13.

—

Sphacroplioria cylindrica, an enemy of the red spider: a, Female fly; 6, dorsal view of abdomen
of male; c, hj-popygium of male, lateral view. Much enlarged. (Webster and Phillips.)

Like most of the other red-spider predators, the syrphids in turn

have their enemies. In fact, they are usually well supplied with

parasites, 7 species having been reared during tlie last few seasons.

We are not in a position to fm'iiish specific data connecting these

]:)arasites with their respective hosts, but will merely list them col-

lectively as enemies of the four syi^phid species. They are: Chry-

sopopJiagus compressicornis Ashm., Pachyneuron allograptae Ashm.,
Pacliyneuron sp., SyrphopJiagus mesograptae Ashm., Tetrasticlius sp.,

Diplazon laetatorlas Fab., and a species belonging to the tribe Mirini.
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COLEOPTERA.

COCCINELLIDAE.

In 1893 Morgan recorded the predatory work of Pentilia sp.,

which was very efFoctive against mites at Baton Rouge, La. Titus

states that several lady-beetles were observed by him in 1905 feeding

on the red spider. In 1906, at Washington, D. C, Chittenden (1909)

found (Scymnus) Stethorus punctum an active enemy of the red spidor

on Gymnocladus. Stethorus punctum was also recorded in 1909 by
Weldon as one of the principal red-spider enemies in Colorado.

Worsham (1910) states that Stethorus punctum was the only preda-

cious species observed in Georgia in the case of the cotton red spider.

In the Sacramento Valley of California, Parker (1913) found Stethorus

nanus, S. marglnlcoUls, and Pentilia sp. present in small numbers

Fig. 16.—Stethorus punctum, an enemy of the rod spider: o, Egg; 6, larva; c, pupa; d, adult. All

greatly enlarged, a, b, c, redrawn after Weldon; d, Webster.

in mite colonies. Ewing (1914) found the larvae of Stethorus punc-

tum in the Willamette Valley, Oregon, where he says they were vora-

cious red-spider enemies. Those coccinellids have been known as

red-spider enemies for some time, and occur over a large part of the

United States.

Stethorus punctum Le Conte (fig. 16).—This is probably the most
effectual coccineUid enemy of the red spider. We have seen it so

extremely abundant on infested jack beans and jump-vine leaves

that the red spider was quickly exterminated. On these host plants

as many as a dozen larvae and a dozen pupse have been seen on a

single leaf. This is the same species as that observed by J. C. Duffey

(1891) to exterminate vast colonies of the red spider on Manihot,
Ficus, Morus, Tilia, and Ipomcea at St. Louis in 1891. Such strikmg
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demonstrations of the economic value of the species have been seen

in the field that it holds a position of greatest importance as an

enemy of the red spider. Duffey records chrysopid larvae as pre-

dacious on the pupae of this form, and we also have observed lace-

wing-fly larvae devouring the immature stages.

Stethorus utilis Horn.—^This little brownish species has been ob-

served in red-spider colonies on cotton. It is second in importance

only to the preceding ladybird, and is most in evidence durmg July

and August. An individual of this species (in the third instar) was
observed to eat 3 mite eggs in 7, 7f, and 8 seconds. This is the

fastest rate of egg destruction noted for any predator. Another
mdividual (in the fourth instar) sucked 4 mite eggs in 28, 72, 46, and
77 seconds. Two larvae were isolated and kept supplied with red

spider eggs. One escaped, but the other was reared through to

adult. Table XXII gives the life-history record of this individual.

Table XXII.

—

Life cycle of Stethorus utilis, Batesburg, S. C. (Individual No. 1.)

Eggs collected July 25

Eggs hatched July 29

First molt Aug. 1, 9 a. m.

Second molt Aug. 2, 11.30 a. m.

Third molt Aug. 4, 3 p. m.

Pupated Aug. 9, 9 a. m.

Adult issued Aug. 13, 9 a. m.

Length of incubation 4 days (?)

Length of first i nstar 3 days

Length of second instar 1^ days

Length of third instar 2\ days

Length of fourth instar 4| days

Pupal period 4 days

Deposition to adult 19 days (?)

Since the conditions surrounding this individual were as nearly

normal as possible, it is probable that the foregoing record represents

fairly the Ufe cycle of the species.

Table XXIII contains statistics covering the entire feeding

capacity of one individual of this species from hatching mitil adult.

Table XXIII.

—

Consumption of red-spider eggs by Stethorus utilis.

Hatched July 29.

Eggs eaten:

First day 10

Second day 14

Third day 7

Fourth day 32

Fifth day 38

Sixth day 17

Seventh day 38

Eighth day 73

Ninth day 40

Eggs eaten—Continued.

Tenth day 1 116

Total 385

Feeding days 10

Average daily consumption

Eggs eaten:

During first instar

During second instar

During tliird instar

... 38.5

... 31

... 32

... 55

During fourth instar 267

1 Was found pupated on eleventh day.

It will be seen that the above individual in 10 feeding days ate 385
red-spider eggs, or 38.5 eggs per day. Although this coccineUid has
frequently been seen eating mites in outdoor locations, the experi-

mental individual was confined to an exclusive egg diet, in order to
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ascertain if the species would develop to maturity on eggs alone.

Quayle (1913) has stated that S. picipes larvae ate about 7 mites per

day during April in California, but that rate of feeding would doubt-

less become accelerated under such temperature conditions as ob-

tained during the tests at Batesburg.

Stetliotnts nanus Le Conte.—This small black species has been

identified from individuals collected while actively feeding in red-

spider colonies. Tests have not been conducted with this coccineUid.

Scymnus coUaris Melsheimer.—This species has been taken on

several occasions from the midst of red-spider colonies in which they

were feedmg, but no data relative to its mite-feeding capacity have

been secured.

Microweisea misella Le Conte.—This minute member of the lady-

beetle group was collected from June to October on elderberry,

phlox, and tomato, all of which were infested with the red spider.

Only individuals in the adult stage were seen, but these were very

Fig. 17.—The spotted lady-beetle {McgiUa maculata), an enemy of the red spider: a, Lan-a; 6, empty pupa
skin; c, adult. Much enlarged. (Chittenden.)

active within the mite colonies. Owing to the mmute size of this

species, it is probable that its control capacity is rather limited.

Megilla maculata De Geer.—A few eggs of this coccinellid (fig 17)

were collected September 10, 1914, and hatched under control. One
individual was reared to adult on a diet of adult mites and was iden-

tified as this species. Table XXIV contains our data relative to the

life history of this lady-beetle.

Table XXIV.

—

Life q/cle of McgiUa maculata, Batesburg, S. C.

Eggs collected 1914 Sept. 10

Eggs hatched Sept. 11

First molt Sept. 18

Second molt Sept. 21

Third molt Sept. 25

Fourth molt Oct. 5

Egg period 1 + day-

Length of first instar 7

Length of second instar 3

Length of third instar 4

Length of fomlh instar 10

Pupal i)eriod 6

Hatched to adult 30

days

days

days

days

days

days
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There is a larval period of 24 days, requiring 4 iiistars of 7, 3, 4.

and 10 days, respectively, and a pupal period of G days, altogether

embracing an interval of 30 days from hatching to the issuance of the

adult.

Table XXV.-

Ist day
2d dav
3d day
4t.h da\-

5th dav
6th day
7th day (molted)..
8th dav
9th day
10th day (molted).

-Feeding capacity of Mcgilla maculata for red-spider adults, Bateshurg,

S. C. (Eggs hatched Sept. 11, 1914.)

Mitci.
7

7

9
17

22
25
31

48
63
75

Mites.
11th day 80
12th day 100
13th dav 96
14th day (molted) 76
loth dav 83
16th day 97
17th day Ill

iNthdav 135
19th day 156

Mites.
20th day 218
21st dav 206
22d dav 224
23d day 12.5

24th day (pupated).

Total consumption. . - 2,011
Average daily con-
sumption 87.

4

From Table XXV it may be seen that 1 individual in 23 feeding

days ate 2,011 adult mites, thus averaging 87.4 mites per day. There

are probably 3 or 4 generations of this coccinellid in a season in the

Southeast.

Fig. is.—The convergent lady-beetle (Hippodnmia cnnvcrgens) , an enemy of the red spider: a, .\dult: h,

pupa; c, larva. Much enlarged. (Chittenden.)

HippodaTYiia convergens Guerin.—This species (fig. 18) is perhaps

the commonest of the ladybirds in the Southeast. We have seen it

on a few occasions busily engaged in consuming the members of mite

colonies. We have conducted no special tests with this beetle, either

for life history or control efficiency, since we do not consider that it

normally spends much of its time in the quest of red spiders. A new-

born hirva of this species on one occasion ate27 adult mites in24hours.

As compared with Miss Palmer's (1914) life-history records for this

species, we obtained 3 days in 2 cases for the egg period and 7 and
8 days in 2 cases for the pupal stage, as against 3 days and 4 or 5 days,

respectively, for her experiment.^. The fact that the summer adults

of the larger lady-beetles live from 2 to 4 months (as established by
Miss Palmer, 1914) makes each individual potentially of much greater

economic importance. Tliis species deposits about 400 eggs.

Coccinella novemnotata Herbst.—Next to the preceding species the
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9-.spotto(l lady-bcotlc (fig. 10) is i)r()b:il)ly most abundant. Its sea-

sonal occuiTence doubtless corresponds very closely with that of //.

^ convergens, although our

records of the latter have

usually been somewhat
earlier.

One adult individual from

infested cotton ate 31 adult

red spiders in 24 hours.

O c <• a s i o n a 1 observations

have been recorded of this

Fig. 19.-The nine-spotted lady-beetle {CoccineUa novemno-
<'<^f'<"lliellia teeomg On red

lata), an enemy of the red spider: Larva at left, adult at spidcrS in the field. At
right. Much enlarged. (Chittenden.) BatCsbuTg the OUC TCCOrd

for incubation was 3 days (in August) and for the pupal period the

solitary record o<'cupied the last 1 days of August.

LEProOPTERA.

NOCTUIDAE.

Alabama argillacea lliibn.—When the cotton leafworm caterpil-

lars become abundant, usualh' in late September or early ()('tol)er,

they devour every vestige of the

cotton foliage, excepting thv

stalks, branches, and petioles.

Consequently mp-iads (^f red

spiders which are har])ored on the

leaves at the time of defoliation

are eaten along with the leaf tissue.

In this wa}'^ the leafworm acts most

effectively as a remedial agency

against the mites. There is an addi-

tional consideration in this con-

nection, namely, that those mites

which are not actuahy devoured at

the time of the defoliation are com-
])clled to seek new hosts through

miirration.
Fig. 20.—Knapsack sprayer suitable for spraying

low-growing plants. (Quaintance.)

APICAL SWARMING.

At times of contimi(>d drouglit and heat tlu' low(>r and earlier

infest<Hl leaves of many plants b<>conu> dry and unattractive to the

red spiders, which travel upward or outward, seeking the apical

leaves, that normally remain green longer. If the plant is heavily

infesti^d, a swarming horde of mites is often witnessed converging

toward and concentrating at the apices of the branchlets. Upon
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reaching the tip of the branch or leaf they fairly overrun one another

and become ensnared in the web spun by the later arrivals. In the

case of the perennial pea (Lathyrus latifolius), the swamiing con-

tinued until fully half of the area of the tenninal leaflets was envel-

oped. A typical terminal leaflet was carefully examined and meas-

ured. The swarm was found to be built out to a thickness of 0.25

inch beyond the surface of the leaf, and all mites witliin the mass were

dead. One such swarm was found to contain about 15,000 mites.

Innumerable thousands of red spiders are eUminated in this manner.
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t'igu vogotation rcinaiiuul free, of ihmI spiders, while the neglected

])ortion develo])e(l sciiious infestation. Too much emphasis can not

be placed on the iniportancH". of ridding all field borders, ditch banks,

terraces, etc., of all vegetation so far as possible. Pok<»weed and

other persistent jx'.rcinnials shoidd be grubbed out.

The destruction of weeds by spraying with sodinm ars<^nite at the

rate of 1 pound to 20 gallons of water is very (effective.

Majiy cases of infestation in url)an looahties can be traced l)ack to

])orders of cultivatinl violets growing in near-by house yards. (PI.

VII.) In several instances of past severe annual infestation violets

adjoining fiehls have been thoroughly sprayed, with the result that

no red spiders appeared in these fields. The objection to this treat-

ment is the failur(^ on the part, of the average person to persevere

with the spraying until the mites have been entirely exterminated.

The most satisfactory procedure consists in the removal and destruc-

tion of the violets.

Early in t\\o. investigation it appeared possible that there might

be a variation in the degree of susceptibihty of cotton varieties to the

red spider, for in 1903 Watt and Mann stated that there was a marked

difference in the susceptibility of tea (Thea) varieties in India to

the Indian red spider, Tetranychus hioculatus Green.

During 1912, 1913, and 1914 many varieties of cotton have been

])lanted in exposed fields and records have been made of the per-

centage of infestation developing in each. ParalleUng these experi-

ments data have also been gatlunxMl from many cases of infestation in

South Carolina and North Carolina. In Table XXVII, which r(^])rc-

sents the relative degi-ee of infestation of iho. varieties tested at

Batesburg, the position of each variety is obtained ])y averaging the

infestation perciintage as exliil)itod by it durhig the several years; thus,

varietv No. 1 was the lieavi(>ist infested and No. 37 was the lightest.

Taiu.k. XXVI.

—

List nfstdndnrd varieties of cotton, tested for susceptibility to red-spider

injury. Batesburg. S. C.

1. Lone Star.

2. Keonaii.

S. Chri.'^toplu'r.

4. Bank Accounl

.

5. Rubleo.
(5. Money Maker.
7. Cook's Improved.
S. Simpkins.
!). Uncle Sam.

10. Broadwell.
11. Stone'.-;.

I'i. Toole.

13. ("o\-injjton-To(ilc.

14. Ilawkin.'^.

15. Mebane Triineph.
Ifi. Lowe.
17. Culpepper.
18. Peterkin
li). Excelsior.

20. Dixie.
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We feel that we can say that among the cotton strains tlie old

Peterkin group is probably most susceptible.

An experiment was conducted in testing the value of thickly broad-

castmg cotton at the boundary of a field as a trap crop for red spiders.

The cotton was sowed between the cotton field proper and a large,

heavily mfested border of violets. The broadcasted cotton became
infested and was plowed in before there was danger of a second

migration to the crop proper. As a result the field remained free

from mites. Although we do not recommend the broadcasting

measures as an important method of prevention, stiU the success of

this experiment would indicate strongly that the cotton trap crop is

practicable as an auxiliary expedient to be used in controlling this

pest.

It has been surmised that wide spacing of the stalks, thus prevent-

ing the interlacmg of branches, would prevent the spread of the red

spider through a field. Experiments at Batesburg have sho-wn that

the red spider disperses through a cotton field commonly both by
means of the ground and the interlacing branches. Wliile this shows
the futility of the wide spacmg as a complete preventive, it seems

reasonable to suppose that the movement of the red spider will be

somewhat impeded; in fact, we can corroborate this supposition to

some extent in that infestation was observed to spread very slowly

in certain checked fields.

Smce the movements of nearly all insects, when crawling over the

ground, are retarded by pulverized soil, it ajjpeared that by maintain-

ing a dust mulch in exposed cotton fields the progress of the migrating

mites would be checked. In the case of the "check" cotton fields, it

was possible to maintain continually a thoroughly pulverized soil sur-

face. It was observed that the infestation in these fields progressed

very slowly and faOed to become at all threatenmg. In fields culti-

vated m checks it is easy to see that leaf-to-leaf dispersion wiU be

greatly restricted and, at the same time, ground travel somewhat re-

tarded. Thus, by combining these two measures—spacing the plants

and maintaming a surface mulch—much goodwill doubtless result.

In the cultural experiments conducted, both the ordinary sweep

and the spring-tooth adjustable c^lltivator have been employed.

The latter implement creates a much better surface mulcli tlian does

the old-type sweep.

Early planting permits the plants to develop a maximmu growth
of foliage and fruit by the tune mites appear in large numbers, which
is important, inasmuch as plants of considerable size are rarely killed

by the pest, nor are weU-advanced bolls commonly shed from red-

spider infestation. Early planted cotton ages and soon toughens,

making it untemptmg to the red spider at a tune when later cotton

offers ideal feeding conditions. Late cotton is almost always objec-
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tionable to tho farmer, since in ordinary seasons it results in a reduc-

tion of the yield, and because of the fact that it suffers heavily in the

event of the appearance in the late summer of the bollworm, or the

leafworm, or of the boU weevil m western sections.

We have made an effort to establish the rotational value of the

common crop plants, garden plants, and field plants, both by planting

them in or near infested fields and by malting frequent examinations

of a great many of these plants which happened to be planted by others

in infested lo(uilities. Besides cotton, we have found red spiders

commonly upon the following field crops: Cowpeas, vetch, red and

white clover, alfalfa, corn, hops, beets, and watermelon. They also

have been found frequently upon the following garden crops: Pea,

bean, onion, tomato, pepper, Irish potato, sweet potato, lettuce,

okra, turnip, mustard, radish, cabbage, squash, beet, celery, straw-

berry, and several others. Our host list also included many of the

common bush fruits, tree fruits, and dooryard plants. Rather acute

cases have been seen on com, cowpeas, and sweet potatoes. The

only plants which have appeared largely immune are the grasses

and the small grains. Ovt^ing probably to the lack of shelter, which

the foliage of the grasses exhibits, the mites are unable to maintain

tluMuselves under severe weather conditions. The planting of grains

on land norm ally heavily infested is therefore a measure which

should be considered by the farmer.

REPRESSIVE.

That it is possible to eradicate the pest from infested fields lias

been demonstrated, but in many cases the task is so tedious that

only the most determined farmers will resort to the necessary meas-

ures.

The experiment has been test(^d frequently of pulling u]) and

destroying the first few plants which show infestation. In applying

this iTK^asure the farmer must maintain a constant surveillance of

suspected fi(>lds, so that the earliest affected stalks may be detected.

In such cases the operation will probably have to be repeated several

times, owing to the fact that certain plants are overlooked during the

first examination because the colonies on them are too young to

have revealed their presence. Great care should be observed in

locating every plant which shows the characteristic red spots, and

these must be carefully taken from the field and burned. Tliis

must be done before infestation has reached the point where there

is danger of a s(H*ondary dissemination, and before there is liability

of the dropping of infest(>d leaves.

If infestation has spread until a consideral^le area has become

involv(ul, more drastic steps will have to be taken. It is sometimes

advisable, wliere a continuous area of infestation occurs in a large
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field, to plow up 111! the affected portion in order to save the balance

of the field. The (stalks should be piled up quickly and burned

with the assistance of straw or light trash. Such a severe measure,

however, should be resorted to only in extreme cases, and the planter

concerned must be the judge of its advisabilit}^.

Since we have established by experimentation that red spiders are

unable to liberate themselves when buried 1 inch or more in soil,

the importance of plowing affected areas thoroughl}' is evident.

INSECTICIDES.

In the course of experiments with red-spid(>r sprays 74 different

spray combinations hav(> been t(»sted.

Table XXVII.

—

List of red-spider sprays employed ivlth favorable results, Batesburg,

.9. r.

1. Potassium sulphid.

2. Kerosene emulsion.

3. Lime sulphur (home-made).

4. Lime sulphur (manufactured).

5. A miscible oil.

(i. A water-soluble oil.

7. Resin wash.

8. Nicotine sulphate and miscible oil.

9. Nicotine sulphate and fish-oil soap.

10. Fish-oil soap solution.

In addition to these successful sprays, special mention should be

made of potassium permanganate. In a 2 per cent solution this is

an excellent spray, but its cost is prohibitive, except in cases where
only a few plants are to be treated.

Sulphur Preparations.

Finely resublimed sulphur, both unadulterated and mixed with

dehydrated lime, was thoroughly tested on infested violets, dahlias,

roses, and cotton. It was applied with a dust gun during very warm
weather. Heavy infestation on prostrate violets was eradicated

by the sulphur dust; 60 per cent of the red spiders on dahlias were
killed; 25 per cent of those on roses were destroyed; and from 1 to

15 per cent mortality occurred on 4-foot cotton. Suspecting that

this variation in mortality came about through the agency of surface

radiation, the following test was made: A small area of ground sur-

face was thoroughly dusted with resublimed sulphur, and a heavily

infested potted violet plant was set into the center of this area, so

that no leaves touched the gromid. The foliage, which had not

been treated, was about 6 inches from the soil surface. Examina-
tion after 8 hom's' exposure on a very hot day showed that over

99 per cent of the mites had been killed. When elevated a distance

of 18 inches above the sulphured groimd practically no mortality

occurred to infested violets. This indicates that the heat radiated

from the gromid (acting on the sulphur immediately at hand) is the

chief factor which determines tlie mortality resulting from the use
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«tf sulplmr <liist. We can state that this treatment (except for such

vory j)r()strate plants as violets) is not at all effectiye in the Soiitlienst.

Sulphur mixed with water was sprayed on infested cotton. Exam-
ination sliowed that the red spiders were in no way affected. When
soft soap was added to this same spray, however, the resulting mor-

tality was from 50 to 99 per cent, depending on the thoroughness

with which the preparation was kept mixed.

Potassium sulphid has been tested at strengths of from 4 ounces to

3 gallons of water to 1 ounce to 4 gallons of water on cotton, sweet

peas, hollyhock, beans, and violet. The former concentration slightly

damaged the foliage and a mixture of 1 ounce to 2 gallons of water

was found to be ideal. This spray commends itself from every view-

point—cheapness, simplicity of preparation, ability to kill quickly,

and safety to foliage.

Both homemade and commercial lime-sulphur sprays were carefully

tested on cotton, beans, and sweet peas. The mortality on cotton

and beans was practically complete, but the results on infested sweet

peas wer(^ mvariably unsatisfactory. With the addition of neither

flour paste nor gelatin was this substance effective on sweet-pea foliage.

This is quite in agreement with Parker's results, and is explainable

through the fact that the pubescent surface of the sweet-pea leaf pre-

vents the even spreading of the insecticide. On cotton, beans, and

several other hosts lime-sulphur is a perfect red-spider spray.

Sodium sulphid was tried repeatedly on infested cotton and beans.

The greatest mortality obtained against red spiders on beans, a host

well adapted to red-spider spraying, was 58 per cent, and the prepa-

ration was so strong as to damage the leaves somewhat. The addi-

tion of fish glue resulted in a mortality of 95 per cent, but in this

case it is believed that nuicli of the destruction was caused by the

mechanical action of the glue.

XlCOTlN I. I'kkparation's.

Nicotine sulphate andjish-oil soap or miscihle oil.—Nicotine sulphate

us(h1 by itself is very unsatisfactory as a red-spider spray. This pre])-

aration was tested at strengths of from 1 : 400 to 1 : 800 against red

spiders on cotton, beans, sweet peas, and violets. The best results

were secured on infested cotton, using the extract 1 : 640, a mortality

of 70 per cent being obtained. When combined with fish-oil soap

(one-half ounce nicotine sulphate, one-fourth pound fish-oil soap. 2

gallons water) its effectiveness was perfect.

The mixture of nicotine sulphate (1 to 500) and a miscible oil

(1 to 40) also gave complete mortality. The addition of flour paste

had almost no noticeable effect in increasing the percentage of mor-

tality. We believe, in the case of the excellent results obtained from

the use of combined nicotine sulphate and fish-oil soap, and of com-



THE EED SPIDER ON COTTON. 65

bined nicotine sulphate and a miscible oil, that the efficacy was
derived principally from the soap and the oil rather than from the

nicotine ingredient. The nicotine sulphate applied by itself dries on

the foliage in little beads so that the mites in the interstices are not

affected.
Oils.

A commercial miscible oil preparation was tested against red spi-

ders on cotton. It was found that a strength of 1 to 20, and even

as weak as 1 to 30, sufficed to kill all red spiders, and no injury to

foliage resulted. Tlie spray is easily prepared and spreads fairly

well over the infested leaves.

An oil that is easily miscible wuth water is more caustic than the

foregoing composition and should not be employed stronger than a

dilution of 1 to 32. This miscible oil induced complete mortality to

red spiders on cotton, beans, and sweet peas. When one considers

the almost invariable failures that have attended the attempts to

destroy mites on sweet-pea foliage, an idea of the effectiveness of this

preparation may be gained. Its spreading qualities are excellent.

When not less than 2 gallons of kerosene were used to 12 gallons

of water in making kerosene emulsion the mortality of mites on cot-

ton and beans was complete. The spreading property of this spray

is excellent. The only possible arguments against its employment
are the labor of preparation and the slight injury that occasionally

occurs to deUcate foliage. A weak solution of kerosene emulsion,

when fortified with a small amount of a miscible oil, did not give

satisfactory results.
Adhesive Sprays.

In 1903 Volck experimented with flour paste as a spreader for

lime-sulphur solution. The success of this additional ingredient,

perhaps, may have suggested to Cook and Home the value of paste

alone, for in 1908 they recommended the latter against the red spider.

Again, in 1913, Parker determined that a flour paste (cooked), con-

sisting of 1 pound of flour to 1 gallon of water, when diluted at the

rate of 1 part paste to 9 parts water, produced complete mortality

to red spiders on hops in California. At Batesburg the flour-paste

solution, prepared according to Parker's formida, has been carefully

tested on sweet peas, violets, beans, hollyhock, and cotton. On
sweet peas, violets, and beans the results were unsatisfactory, while

on hollyhock and cotton the mortality did not fall below 98 per cent

and averaged nearly 100 per cent.

Thinking to utilize only the effective part of the flour, and to sim-

plify the paste-cooking operation, a mucilaginous spray was made by
conv(>rting laundry starch into paste and diluting it with water.

This was applied to heavily infested cotton, and all mites thai
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wore hit by the prcparjition were killed. Since the making of this

spray requires less time and care than is the case with flour paste,

and since its efficacy appears to he just as good, it would appear

thatthis simph^ mixture should be giv(m further consideration.

Rksix Wash.

An insecticide containing, resin 2 pounds, caustic soda one-half

pound, fish oil one-fourth pint, and water 10 gallons was given a

thorough test on heavily infested beans and cotton. In both cases

all rhI spiders were killed. This preparation possesses the valuabl(>i

quality of spreading, and is an excellent red-spid(>r spray. The only

objection to its general us(> is the fact that it is not quickly or easily

prepared.
Soap Solutions.

A common })rand of fish-oil soap, at the rate of one-fourth pound

to 2 gallons of water, was applied to mites on beans and cotton. The

mortahty was complete and the spreading quality of the insecticide

was ideal. Other strengths of this solution were tried, and combina-

tions of the fish-oil soap with other substances were tested, but noth-

ing seemed to be added to the efficiency of the soap through these

modifications.

In addition to the tests discussed in the foregoing paragraphs, we
have conducted several large-scale demonstrations in affected cotton

fields. The sprays used in these operations were either potassium

sulphid or lime-sulphur, and a baiTel pump mounted on some type

•of horse-drawn vehicle was used for applying the material.

It should be noted that all tests with sprays were conducted during

hot, sunny days in the South. This is important to consider in rela-

tion to results, since it is becoming known that similar sprays often

.

yield very different results when applied under diverse climatic

conditions.
SPRAYING OUTFITS.

The sort of outfit to be used for red-spider spraying* depends

mainly upon the extent of the occurrence. Many prefer to use a

75-cent tin atomizer when only a score or so of plants are to be treated.

This instruuKMit is very economical of liquid and throws a fine, vapory

spray which penetrates and blows to all accessible parts, but it is not

economical of time, and slioidd be employed only where a quart or

two of spray material will complete thc> job. The buck(^t pump and

knapsack pump (fig. 20, p. 58) come into use in cases of consideral)le

scattered infestation or for treatment of a few plants in tall cotton

where the platform pump would be impractical. The most economi-

cal outfit for a severe case involving several.acres consists of a barrel

' Our r<>commen<1;itlons regarding .spr;iying iiielhods ivpply priiuiirily to cotton.
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pump earried through the field on a wagon or on a specially con-

structed vehicle of some sort . Figure 21
,
page 59, is from a photograph

of a portable outfit devised by a progressive planter at Laurinburg,

N. C, from suggestions suppUed by the writers. It consists of a plat-

form built upon the axle and shafts of a dismantled hayrake. The
two wheels are large, bringing the axle well above the ground, so that

injury of the plants is avoided to a great extent. A barrel pump
with a capacity of 50 gallons is momited on the platform. A boy
drives, one man pumps, and one handles each sprayer, of which pref-

erably there should be two. Thorough treatment of 3 or 4 acres a

day was readily obtained with this device. For safe work the attempt

should not be made to use this device in cotton of tall growth, since

the passing wagon will injure high plants, but it is ideal in fields of

average height or less.

Some dissatisfaction has been experienced among certain of those

who have undertakt^n to check the ravages of the red spider by
spraying. This can be understood on account of the extreme care

which must be exercised in order to secure effective results. From
the fact that the mite as a rule passes its entire existence upon the

underside of a single leaf, it becomes plainly necessary in spraying to

hit the entire underside of every leafof an infested plant. Furthermore,

since we have shown that no safe insecticide is known which will

destroy red spider eggs, it is clear that a second spraying is necessary

to kdl the individuals which were eggs at the time of the first spraying.

SUMMARY AND RECOMMENDATIONS.

The common red spider occurs throughout the United States, but

is known as a serious pest in only three regions, namely: In that

portion of the cotton belt including North Carolina, South Carolina,

Georgia, Florida, Alabama, and Mississippi, where it is primarily a

pest of cotton; in north-central and western Colorado as a pest of

fruit trees; and in central California, where the species is a rather

serious pest of hop fields.

It is estimated that during a season of severe red-spider occurrence

the loss to the cotton planters of the Southeast amounts approxi-

mately to $2,000,000.

From the records of the present investigation the common red

spider is known to maintain itseK successfully on 183 species of wild

and cultivated plants, weeds, vines, bushes, and trees. A small

number of these hosts show special attractiveness for the pest and
infestation upon them reaches a more acute degree. These favorite

species may be grouped as winter hosts and summer hosts, the former

supporting the pest through the cold, inactive period of the year, and
the latter furnishing food throughout the spring and summer.
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Woods .rpowinjr in honlcrs, torracos, etc., ami dooryara plants (in

Ihr caso of lu'lds n(>ar <hvi'Uings) cciistitute the sources from which

red siMdors are able to enter cotton fields. The invasion of fields is

,.,,.oMn)lishe<l <MtluM- (n bv travel upon the ground, (2) by trave from

l,.af 1.. leaf CA) by the wind, (4) })y rain and surface water, or (5) by

a,-<id.MUal transportation by fann hands, farm animals, or large

insects.

The (-..ntr..! of tiie red spider is possible either by preventive or by

repressive measures. Great expenditures of time, labor, and material,

iK.wcvcr, aire necessary when the latter operation is undertaken.

Measures of i>n«vention are far more economical and practical.

Clenn cvdture, or the extermination of weeds and plants which breed

the ])est, is by far the most vital means of prevention that can be

ai)|)Hed in the case of field and truck crops.

In eases where cotton is grown within 100 yards of dooryards con-

taiinng violets and other ornamental plants a careful watch of these

j)hints''should l)e maintained in order that they may be sprayed or

destroyed.

By the j^ersistent maintenance of a finely pulverized surface mulch

in lields the jMogress of migrating mites is somewhat retarded and the

(h'velopment of infestation correspondingly discouraged.

Although the fertilization of cotton land in no way interferes with

the status of the red spider, and exerts no direct controlling effect on

infestation, yet the judicious use of fertilizers assists the plants to

overcome injury.

Traj) cro])s, rotation, favorable planting time, irrigation, etc., are

either of only shght or of negative value.

Dispersion may be prevented by eliminating the plants in a field

which harbor the initial infestation. Tliis may be accomplished by
])ulling the first few ])lants which show infestation, or, in case the j)est

has secured a good foothold, the elimination will be accomj)lished

on!}' by means of ])lowing up all the affected portion of the field.

In either case the stalks should be quickly piled and burned with the

hel]) of a little straw or light trash.

Sj>raying for red sjuders is effective if it is done \nth extreme care.

There are a few s])rays which will give complete mortality when prop-

<M-ly aj)j)lied, but a second spraying is necessaiy to kill the individ'uals

thai Wire eggs at the time of the first spraying. A contact insecticide is

absolutely necessary, and it is vital that every leaf on an infested plant
slioulij \u' n.iilii.l hy the s])ray.
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INTRODUCTION.

In 1905 an appropriation was made by the State of Massachusetts
for the purpose of bringing to this country parasites and other
natural enemies of the gipsy moth and the brown-tail moth. During
the same year Congress made a small appropriation to provide for an
investigation of the European parasites of these insects and the work
was taken up by Dr. L. O. Howard, chief of the Bureau of Entomology.
As a result of a cooperative arrangement made between Mr. A. H.
Kirkland, then superintendent of moth work for the State of Massa-
chusetts, and the Bureau of Entomology, the general supervision
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and in!um<ri>!iu'nt of this work was placed in the hands of Dr. Howard

and the a^ppropriation bv the State was made avaihible for meeting

a part of the expense of introducing, breeding, and dissemmatmgsuch

parasites as could be secured. This arrangement was continued after

the moth work in Massachusetts w^as transferred to the State forester

and the cost of inii>ortations, breeding work, and colonization of para-

sites from tli(> gipsv moth laboratory, Melrose Highlands, Mass., was

jointlv linanc(>d bv the Bureau of Entomology and. the office of the

State" forester, conducted by Mr. F. W. Kane. Owing to the con-

tinued spread of the luotlis above mentioned, and the extension of

the infested territory into other New England States, the problem

became intei-state iii scope and since December 1, 1911, the entire

work has been financed by the Bureau of Entomology.

A report has already been published by Dr. L. 0. Howard and

Mr. W. F. Fiske as Bulletin 91 of this bureau,* relative to the parasite

work, and in Bulletin 101 of this bureau a detailed ac-count is given

of the satisfactory results secured from the introduction and estab-

lishment, in New England, of ('(ilosoina siicoplianta L., a predatory

beetle imported from several European countries. Bulletin 251 of

the United States Department of Agriculture, by A. F. Burgess and
C. W. Collins, published in 1915, brings the data known about this

predator up to that date.

In connection with the importation of this beetle and of several

other species of C'alosoma secun^d from rMn-op(^ and Japan, it was
fouiul necessary to make a thorough study of the seasonal history of

t he difVerent species concerned, in order that the work might be carried

on in an intelligent way. Some time has also been devoted to investi-

gating the scasomil history and habits of some of the native species of

this genus, as well as to determining the reason why they have not
proved as h(>lpfid in destroying le|)idopterous larvje as have the spe-

cies imported from abroad. Many entomologists and curators of

museums throughout the Ignited States and Canada have sent full

inforniation conc(>rning the various species of Calosoma in the collec-

tions in their charo;e, together with localities from which the speci-
mens were secured. A considerable number have also forwarded
beetles of this genus, and this has made possible an investigation of

the habits of a consideral)le number of species that do not occur in

New England. While it is impossible to mention individually all

those who have so kindly assisted in this work by furnishing live
specimens or data, the writers wish to extend their thanks for the
help which has been so freely given. Special acknowledgments are
due t(^ Dr. L. O. Howard, who has encouraged the work which has
been carried on in this direction and made helpful suggestions from
time to time; to Mr. W. F. Fiske for his continued interest and
hearty cooperation; to Mr. E. A. Schwarz for examining and deter-
mining material received from foreign collectors; to Mr. H. S. Barber
and other assistants in the Bureau of Entomology at Washington,
D. C, for collecting; living material; to Dr. W. D. Hunter and the
fts.sistftnts in Southern Field Crop Insect Investigations of this
bureau for similar collections ; to Dr. W. M. Mann for the loan of
his extensive collection of Calosoma; to Messrs. Kirkland, Rane, and
many of the assistants engaged in gipsy moth and brown-tail moth

' Reprinted as noa<;e Document 077, 62d Congress, 3d session.
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work in Massachusetts, for cooperation and support in carrying on the

work which has extended over a period of several years; and to Dr.
Henry Skinner, of the Academy of Natural Sciences of Philadelphia, to

Mr. Samuel Henshaw, curator of the Museum of Comparative Zoology,

at Cambridge, Mass., and to Mr. Charles W. Johnson, curator of the

Boston Society of Natural History, for the free consultation of the
specimens in the collections of their institutions, as well as for many
suggestions relative to the literature on this genus. Among the

assistants at the gipsy moth parasite laboratory who have made
possible the results which follow by carefully attending to certain

bases of the work should be mentioned Messrs. S. S. Crossman,
H. Timberlake, K. W. Brown, C. W. Stockweh, J. J. Culver, J. V.

Schaffner, jr., E. A. Proctor, F. H. Mosher, J. N. Summers, J. E.

Dudley, jr., and C. E. Hood. The photographs and illustrations

have been prepared by Messrs. W. N. Dovener, H. S. Barber, and
H. A. Preston.

HISTORY OF THE GENTTS CALOSOMA.

The oldest reference to any species of the pri-'sent genus Calosoma
that the writers have been able to trace is that of Reaumur,' published
in 1736. The legends describing the illustrations merely refer to the
species treated as a "scarab," which was a very general term for

beetles at that time. The account of the larvaE feeding in the nests
of processionary caterpillars and the admirable il'astrations of the
larvfe, pupte, and adults refer to the well-known Carohus sycoi^hanta
of Linnaeus, although without mentioning the specific T>ame of the
insect. This reference was later cited by Linnseus ^ and subsequent
writers, always in connection with Carahus sycophanta. The genus
Carabus was described by Linnaeus in 1758, or some time previous
to that, as it appears in his tenth edition of ''Systema Naturae.

^

In the list of species recorded appear sycophanta and inquisitor with
many others that still remain in that genus. The following descrip-
tion of Cara*bus is taken from the foregoing publication.

Carabus. Antennae setaceae.
Thorax obcordatus apice truncatus, marginatus.
Elytra marginata.

Johann A. E. Goeze,^ in 1777, referred to sycophanta as belonging
to the genus Buprestis. A, F. de Fourcroy,^ in 1785, also included
this species in the genus Buprestis, giving a short description and
notes on its habitat. Johann Guseb Voef^ writes of Carabus in^
quisitor as Buprestis sycophanta minor, and later, in 1799, E. L.
Geoffroy ^ includes both sycophanta and inquisitor in the genus
Buprestis. These records are interesting in that they show how
these particular two species of Carabus were transferred from their
proper place to one of error and confusion. According to the present
rules of nomenclature these species rightfully belonged to the genus

Roaumur. MSmoires pour sen'ir a I'Histoire des Insectes, v. 2, 514 p., 40 pi. (p. 455, pi. 37, fig. 14-19)
Paris, 1736.

2 Linnaeus, C. Systema Naturaj, ed. 10, t. 1, 826 p. (p. 413). Leipsic, 1758.
3 (ioeze, J. A. E. Entomologische Beytriige, t. 1, 736 p. (p. 637). Leipsic, 1777.
< Fourcroy

, A. F. de. Entomologia Parisiensis sive Catalogus Insectorum quae in Agro Parisiensi rene-
riuntur. .544 p. (p. 42). Paris, 1785.

- \oet, J. G. Beschreibungenund Abbildungen, hartschaaligter Insekten,Coleoptera, Linn., von O. AV.
F. Panzer, 5 pt., 48 pi. 1793.

s Geoffroy, K. L. Histoire Abr6g6e des Insectes, t. 1, 556 p. (p. 144), 10 pi. Paris, 1799.



4 BULLETIN 417, U. S. DEPARTMENT OF AGRICULTUKE.

Carahiis. in which thov were inchuhHl by Linnaeus, until Friedrich

WoImt in 1801/ subdivided the Linnsean gonus Carabus into Carabus

and CalosoMia. The characters of the latter genus are presented

verbatim below:

(Calosoma)*

Weberi.

E. Carabis Fabr. Linn.

Labrum brevo. Into pmarginatiim. rornoum.

Palpi ifv\.
. ,• ,

Anlcriorfs biartirulati, articulo primo longiore obcomco, ultimo rylindrico,

adhaoronti's maxillae dorso.

Mvdii longiDH's qiuulriarticulati. articulo primo brevissimo, n^liciuis (ilicoiiicis,

st'cundo l(in^Ms,<:im(), basi antcrioruni adnali.

PosliTions triarticnlati, articulo primo brcvissimo, Fccundo longissinio vit-^us

apiccm paululum incrassato, tertio obconico breviore truncato, li<,ndae basi

iiist'rti.

Mnndih\dn cornea, valida unidentata basi ciliata.

MiuiUn cornea basi angulata, processu compresso uncinate, intius basi ciliato.

Labium tran.sversum, comeum, late emarginatum, cum acuminae medio, lateribus

rotundatifl breviore.

Lifjiila meraliranacea, Irilaciniata, lacinia media latiore ciliata.

Antmnac liliformes, articulo primo vaUdo, secundo brevissimo, tertio longissimo,

reliiiuis obconici.s, ultimo cylindrico acute.

Character habit ^lali^I.

CorpjM 8cutellum, agile latum, alatum, subdepressum. marginatum, colore plerumcjue
nitido.

Ta/jH/ ovatum. exsertum, magnum, oculislateralibusprominenti])Usglobosis, antenuis
lateralil)us ante ocidos insertis.

Thorax planus, tran.sversus lateribus rotundatis margine prominulo.
Eh/Ira ngida .'^ubdeflexa, thorace latiora, longitudine abdominis.
Pidrs ciir,«orii. longi. femoribus sul>cylindricis, tibiis versusapicem paulo incrassatis,

ante apicem spinosis, tarsis quin<iue arliculatis.

* " Sticophanta. inqumtor, altemans, reticulatus, etc. hue referentiu- velim. Kovem
genericum deductum est a pulcher et corpius."

I

Weber evidently chose sycofthanta for the type species of the new
enus Calosonia either because it was the lirst species in the Linnsean
ist of Carabi to possess the foregoing characters or because it was
the best known and most common of them. The writers have no
good reason nor do they desire to adopt any other as the type for the
p'uus in tliis paper. SiicopJtanta (PI. 1) has l)(>come common in many
locahlics in eastern Massachusetts and soutliern New Hampshire
and^is becoming very well known l)y a large number of the inhabitants
of Xew Knglaiul and elsewhere. This species is considered the most
valuable aid among the Calosomas as a destroyer of tree-feeding
larvae.

GENERAL SEASONAL HISTORY OF SPECIES OF THE GENUS CALOSOMA.

It was foimd that the various species of Calosoma, both foreign
and native, with which experiments were made at the gipsy moth
parasite laboratory have rather similar habits. Those which were
reared in confinement and are considered in this paper ordinarily
entered the earth and deposit(>d their eggs either singlv or in groups
of from two to three. Propagating adults that are fed in jars con-

» Obearrationes Entomologicae. Continentes novorum quae condidit generum characteres, p. 20.
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taining 4 to 6 inches of earth usually descend to or near the bottom to

perform this function. Infertile females which were denied males,

frequently deposited large numbers of small eggs on the surface of

the earth, seemingly not wishing to leave the surface and lose any
possible chance of mating.
The eggs hatch in from 3 to 15 days, depending upon the tempera-

ture and season of the year, and to a slight extent upon the species.

The longest time is required for those species that deposit many of

their eggs late in May and during the first part of June. C. calidum
Fab. and C. reticttlatum Fab. emerge from hibernation early in the
spring and the number of days spent in the egg stage is greater than
with other species, C. sycopJianta for example, whose normal period
of reproduction is from June 10 to July 31. The period in the egg
stage is much shorter as the season advances. The eggs of C.

sycojiJianta often hatch in three days during very hot July weather.
After hatching, the young larvae, wliich are white at first, rapidly

grow darker in color. They remain in the location where the eggs
were deposited until they reach their permanent color which varies

from brown to black, and in from one to three hours begin to move
toward the surface of the ground. Wlien confined in jars, if food is

not found readily, the more active specimens frequently feed on those
that are weaker or less active.

In New England different species of Calosoma larvae hatch from
May 20 to August 15, and feed until mature upon various kinds of

lepidopterous larvae and pupae. During this period they molt twice,

the time in each stage averaging as follows: First stage 3 to 6 days,

second stage 4 to 7 days, and third stage 9 to 15 days. When
fuU-grown the larva burrows from 8 to 10 inches into the earth if

it is rather soft, and if not, a shorter distance is travelled. From
4 to 7 days are required to prepare a cavity for pupation. The walls

are made compact by the movements of the larva within the cell.

After the larva has gradually contracted and has become shorter and
thicker, the skin is cast and pupation takes place.

The pupa always lies in the cavity resting partly or wholly on the
stiff hairs which are present on the dorsal side of the first five ab-
dominal segments. From 10 to 15 days are ordinarily passed in this

stage. The pupa is at first creamy-white, but the appendages soon
begin to assume the color of the adult insect.

The adult issuers during the latter half of July or in the month of

August, and some species soon seek the surface of the ground and
begin to search for food. C calidum, and C. reticulatum possess this

habit. They feed late in the summer of the year in which they are

larvae and pupae. Adults of C. sijcophanta, C. fngidum Kirby, and
other species remain in the pupal cavity until the following spring
before emerging and taking food.

The longevity of the adults of different species apparently does
not vary greatly, and under field conditions they undoubtedly
survive tlu'ee years or more. Adults of some of the species may live

four years or more, and under conditions where species could be
closely observed one female, C. sycoylianta, has lived for more than
four years. The reproduction of the adults in various years has a
direct bearing on the age limit. If the beetles reproduce freely dur-
ing the first and second years of their existence, they usually die at

the end of that time.
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NUMBER OF GENERATIONS OF CALOSOMA.

Strictly speaking, all the species of tliis genus thus far rearcnl and

studied have only one generation annually. A slight deviation from

this rule was Rioted in the case of 2 males and 4 females of C. scrutator

Kai) that were received from Onset, Mass., Auo;ust 3, 1909. These

hfi'ties were placed in a Riley cage and given plenty of food at fre-

(luent. int ervals. On Septemher 23 and 27, 23 small larva? hatched from

eggs de]Hisited hy one or more of the females. They w^ere isolated

ami later fed insitle the lahoratory. Adults developed from some of

these larva-, Novemher 9 to 12, and a few days later (November 16

and 19) were found on the earth in the jar searching for food. They

fed until December 16, before entering hibernation.

Tliis instance is cited to show that reproduction may take place in

some cases very late in the season. Other females of the same species,

confined at the laboratory that year, began ovipositing as early as

»hme 14, which gave ample time for adults to develop before the

middle of August. It is doul)tful whether the adults of C. scrutotor

under field conditions in N(-w England come to the surface ()f the

earth for food as soon as they issue. The instance just cited indicates

tliat they may do this in the southern United States.

FOOD HABITS OF ADULTS AND LARV^ OF CALOSOMA.

The kind of food consumed by the adults and larvae of the various

ppecies varies great.ly under natural conditions. Of all the species

with which experiments were made at the laboratory, everything
offered in the way of lepidopterous larv?e and pupae w^as eaten, and
in some cases immature stages of Coleoptera and Diptera were
attacked sparingly.

The caterpillars of Portheina dispar L. and Malacosoma americana
Fab. were fed more than other species because of their abundance in

the field at the time needed (PI. II, A). Caterpillars of Eiiproctis

chrysorrhoa were abundant enough, even more so in some localities

than the former species, but the ubiquitous and poisonous hairs of

the cati'rpillars of the latter made their general use impracticable.
The beetles are ravenous for food at the time when the caterpillars

of tlie foregoing species are in season and their larvae feed voraciously
upon either caterpillars or pupa? but usually destroy more of the
latter. Tliis is particularly true of the larvae of Calosoma sycophanta
in connection with Porilutria dispar. Many field observations have
shown that tlie larvae of the beetles arc abundant at the precise time
when caterpillai*s of this species are entering the pupal stage, and as
much food is required for their development they are particularly
a(hipted for destroyers of this pest. The same' is true with the
larvio of ('. fmridum, in their feeding upon larvae and ])ui^a' of
Ilderocampa (juttimttn Walk. These observations w^ere published by
Mr. W. K. Fiske ' and the senior writer in 1910. On July 31 of that
year Messrs. Fiske and Burgess found the adults of" the ])eetle
chnibiiig trees and preying upon the caterpillars of the moth in Tam-
worth, N. 11. On the same date 12 of the beetle larvae were found

Enr.'"''v*':{ To rp'^si>"94'"^r9l6
'^' ^' ^^^ "''^'^' ^°^^^°^ °^ Heterocampa guttivim. Iv Jour. Econ.

.. ',"[?;ro' ^ .K^ ..^"TanV"
'^'a'woTmi /nyWum Kirby, a native beneficial insect. In Jour. Econ. Ent,
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in 1 square yard of leaf mold feeding upon the caterpillars that were
congregating there for pupation. Further observations were made
on August 21, which showed that as many as 80.2 per cent of the

pupa3 of H. guttivitta in one locality had been destroyed in the leaf

mold by the larvtie of this beetle.

Both adults and larvae of C. calidum Fab. search for their food on
and near the ground. The species of cutworms which are often

abundant during the spring and early summer furnish ideal food
for this predacious insect and large numbers are destroyed annually.

Dr. A. W. Morrill has found that C. peregrinator Guer. in both the

adult and larval stages is common as an enemy of the variegated
cutworm (Pet'idroma margaritosa Haw.) in Arizona, and the late

H. M. Russell of this bureau reported finding adults of C. semilaeve

Lee. at Holl_yv\^ood, Cal., April 7 and 27, 1911, feeding upon the
larvas of Penclroma Tnargaritosa under pea vines. This indicates that

the food habits of these two species oi Calosoma are very similar to

those of C calidum in both the adult and larval stages.

Other data have been collected by various entomologists, and
many observations were made at the laboratory at Melrose Highlands,
Mass., most of which are given under the notes on each species and
indicate that great benefit must result from the work of these in-

conspicuous friends.

ECONOMIC IMPORTANCE OF THE SPECIES OF CALOSOMA.

The economic importance of Calosoma sycoj)hanta has been set

forth in Bulletin 101 of the Bureau of Entomology by the senior

author ^ and more recently by both authors ^ in Department Bulletin

251, but since the former publication was issued other interesting

notes have accumulated and may well be added here. Dr. J. N.
Summers of this bureau, during the early spring of 1912, began a
careful study of the internal parasites of the brown-tail moth larvae

in a 4-acre sprout lot in South Lynnfield, Mass. In June it became
necessary to discontinue the observations owing to the depletion

by C. sycophanta of the larvae and pupae of the brown-tail moth.
The Calosoma beetles had consumed in some cases from 50 to 75 per

cent of the brown-tail moth pupae per tree or, as was figured later,

an average of 40 per cent for the whole area.

Mr. W. F. Fiske, recently of the Bureau of Entomology, while

studying the gipsy moth and its parasites in Italy during the summer
of 1911, was afforded an opportunity of observing the efficient control

of the gipsy moth by C. sycophanta in a large forest. Mr. Fiske

states that there were enough beetles in the forest at the time of his

visit to consume aU the gipsy-moth pupae present, with the exception
of those hanging from the trunks of trees or limbs which could not
be reached by the predators.

The beneficial work which is being done by this species of Calosoma
in N(>w England through its feeding upon the gipsy moth and the

brown-tail moth is now common knowledge in the section that has
been longest infested by these pests.

1 Burgess, A. F. Calosoma sycophanta. U. S. Dept. Agr. Bur. Ent. Bui. 101, 94 p. (p. 48), 9 pi., 22

fig. 1911.
2 Burgess, A. F., and Collins, C. W. The Calosoma Beetle {Calosoma sycophanta) in New England.

U. S. Dept. Agr. Bui. 251, 40 p., 7 pi., 3 fig. 1915.
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All ()ull)reak of Uftfrocampa guttivitta in Iho White Moimtain dis-

trirt of New Hampshire and parts of Maine began to attract atten-

tion in I'.iDG and 1907. The moths increased rapidly for several

years and hirge areas of hardwood growth on the moimtain sides

were completely stri])ped. In 1909 this destruction reached its

climax. Cahsoma frigidum had by this year increased to such

i)r(»])orti()ns that its efTeetive work was everywhere evident in local-

ities where these catcri)illars had made their appearance. The
unior writer liad an opportmiity of visiting several localities in

A^)rth Conwny, Intervale, and Tamworth, N. II., on August 20,

1910, when ct)nditions were almost entirely relieved in so far as the

ravages of the caterpillars upon the foliage were concerned. Ex-
aminations wei-e made of many small areas of leaf mold where the

moths had ])upatetl in August, 1909, and it was found that an average

of 87 ])er cent of the pupae had been destroyed by the larvae of C.

frigid inn, and that 3.7 per cent had died from the attack of parasites

or from other causes. The remaining 9.3 per cent emerged during

the s])ring of 1910, and the females deposited eggs that were imme-
diately attacked by a small egg ])arasite, Tdenomvs graptse How.,
which destroyed practically all of them. This shows the good work
of C. frigidum coupled with the timely aid of parasites.*

A similar example of effective control to that of C. frigidum on
Ilderocarnpa guttivitta in New Hampshire was noted by Dr. J. B.
Smith 2 in southern New Jersey a few years ago. This had to do
with an outbreak of a geometrid caterpillar which covered the scrub
oaks in enormous numbers. Calosoma scrutator and C. wilcoxi Lee.

were also there in enormous numbers on the young oaks, feeding
u])on the geometrid caterpillars. Dr. Smith visited the locality the
year following the outbreak but could not find a single specimen of
beetles or caterpillars. This is an instance in which the beetles
came in and made an entire clean-up of the lepidopterous pest, after
wliich tliey evidenth' migrated to other sections and in all proba-
bility many di(>d of starvation.

Oihtsoma caUdmn is quite common in localities where cutworms
are doing great damage to crops. It is sometimes difhcidt to find
adidts of lliis s])ecies or their larvae actually pre\ang u])on the worms,
but the evidence of their presence in such an environment usually
bespeaks their mission. Besides, as stated before, it is believed that
C. calidum is more or less nocturnal in its food hal)its, which is much
in its favor as an efiicient enemy of cutworms. Numerous other
accounts are on record concerning the beneficial work of the various
.species of Calosoma, although the previous records of some of the
species are rather fiagmentary.

LIMITS ON INCREASE OF SPECIES OF CALOSOMA.

Probably llie most potent factor to be reckoned with when con-
sidering the increase of any species of Calosoma is the possible food
sMjiply. Second to this is the feeding and pupation habits of its
lcl)ido]iterfnis host, for it is necessary that the caterpillars be feeding
and ])upating at the time when the adult beetles will reproduce.

I iiiiiiUi, J. U. i.NoU.) In Abu. Knt. .Sqc. Amer., v. 4, p. 179, 1911.



Bui. 417, U. S. Dept. of Agriculture. Plate I.

Calosoma sycophanta.
Adult Calosoma beetle eating gipsy moth caterpillar, lower left; pupa, lower right- eggsupper left; eaten pupse of gipsy moth, upper right; full-grown larvse from above and be-low. All slightly reduced. (Howard and Fiske.)



Bui. 41 7, U. S. Dept. of Agriculture
Plate II

Calosoma Larv/e Feeding, and Parasitized Beetle.

yl.— Fii^t-stnKc liirv:i' of Cntoi'oiiia sjicophanta feeding on lurva of the American tent
Ciil-Tiiillnr (Miiliiriiniiiiia amt rirani't). li.—Calofama niirriphiuila, showing puparia of

parasitic lly Hiniiniinfii'iriiinc beneath wing covers. (Siiglitly enlargo<i.) C.—Larvaof
Viiloroma/riijiilitm feeding on another larva of the same species. (.Original.)
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Bui. 417, U. S. Dept. of Agriculture.
Plate IV.

The Skunk an Enemy of the Calosoma Beetles.

Excri'iDfiil of skunk colleuU-d in tho Ik-ld showiiiK many friVKmeuU of adults of Calosoma
sycuphanta. (Authors' illustratiou.)
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For instance, if caterpillars and pupae of Malacosoma americana and
Euproctis chrysorrhoea were the only source of food for C sycophanta
in New England it is very probable that the beetles would increase

very slowly if at all. The adults of Calosoma emerged from hiber-

nation at Melrose Highlands, Mass., in 1910, between May 11 and
June 28, the average date being June 2} Usually a week or more
intervenes before active egg deposition begins, and it is about June
15 before the eggs begin to hatch. The Calosoma larvae that hatch
from the first eggs deposited usually find ample food in the cater-

pillars and pupae of M. americana, large, full-fed caterpillars of E.

chrysorrhcea, and a little later the pupae of this species. The supply of

Malacosoma for food purposes is practically exhausted by June 25, and
that of Euproctis by July 15. Between these dates the most active
reproduction of C. sycophanta takes place under present conditions,

and it is evident that the bulk of the larvae woidd die from starva-

tion if other food were not available. On the other hand, the habits
of this beetle and its larvae are so well adapted to those of the gipsy
moth that it seems impossible for any other species of Calosoma to

fare better on this particular prey.

Cannibalism among the larvae of the various species is also no
small factor in limiting the increase. All the species reared at the
laboratory and further treated in this paper possess this habit in the
larval stage. Irreparable losses have resulted in laboratory ex-
periments when attempts were made to feed from 8 to 1 5 larvae in a
battery jar with 2 to 3 inches of moist earth in the bottom. As
soon as the food supply was nearly exhausted the larvae began to

attack one another. (PI. II, C) Despite the large number of syco-
pJianta larvae reared for colonization work in New England, it was
impracticable to feed many of them together for more than from
four to six days after hatching, as the mortality in captivity became
too high. After these larvae reached the second stage the mortality
rapidly increased from this cause. Cannibalism does not appear
to be of special importance under field conditions unless the food
supply is greatly restricted.

The ability of Calosoma larvae to climb into the trees is an impor-
tant factor. Many species are unable to do this and it is therefore
impossible for them to feed upon arboreal lepidopterous larvae.

Species of Calosoma larvae that are able to climb are thereby en-
abled to increase more rapidly and are of greater economic impor-
tance except in cases where the habits of the host are strictly terres-

trial.

EXPERIMENT TO DETERMINE THE CLIMBING HABITS OF CALOSOMA
LARV^.

A small white oak tree was cut during the spring of 1911 and two
sections of it, each 6 feet 5 inches long and about 3^ inches in diam-
eter, were set upright in a cage at the laboratory so that a study
might be made of the climbing habits of the various species of Cal-
osoma. The sections of the tree were held in place by wires attached
near the top, and the base, which rested on the cement floor of the
cage, was encircled by a strip of tin 4 inches high. This inclosure,

' Burgess, A. F. Calosoma sycophanta. U. S. Dept. Agr. Bur. Ent. Bui. 101, 94 p. (p. 48), 9 pi.,
22 fig. 1911.
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•A\ f(>rt. in dianu'tcr, ]n-cvcnto{l the Urvx from making their escape.

V small aiuouiit of earth was placed in the circle. Later the size

i)f the circle was reduced to 21 inches in diameter and it was found

lUM-c^ssarv to attach several partitions to the strip of tin, which

extcMuled nearly to the tree, in order to prevent the larvae from

Iravcling around the outer ])art of the inclosiire (PI. III).

A food cage, the bottom of which was made of }-inch mesh cellar-

window screen and the sides and top of fly screen, was perched on

the Hat to]) t)f each section of the tree. The cage was made just

large enough so that the bottom projected about one-half inch be-

yoiul the bark of the tree on all sides and the Calosoma lurvue had

no didi'-idtv iu entering it if they were ^ood climbers. F. dlspar

cat(Mi>iilars"(>r ]>ni):e or both were placed in these cages, and the

i)rcscnco of tiie beetle larvae could be easily determined by the in-

jured specimens in the cages.

Tests were made with tlio larvae of 11 species of Calosoma, namely:

Si/cophanta L., scrutator Fab., calidwm Fnh., frigidam Kirby, hijfuhre

Lvv., externum Say, inquisitor L., reticulatum Fab., chinense Kirby,

Sdiiilaere Lcc, ancl cancellatum Esch. When possible the larvae in

each stage were used.

The results secured demonstrate that sycojdianta is a natural climber

in all larval stages; reticulatum larvte climb considerably and with

ai)])arent ease; chinense climbs to some extent, but not so much as

the i)receding spe<'ies. LarvtB of scrutator and lugnhre are in about
the same class, and seem able to climb to a small extent, but are

very rarely inclined to do so. The larvae of the remaining 6 species,

calidunij'ngidum, externum, inqvisitoi-, semilaeve, and cancellatuin show
very little ability and no inclination to ascend trees.

Considerable information has b(>en secured on the climbing habits

of sevi'ral species of adults and this is given under the species con-
cerned.

NATURAL ENEMIES OF CALOSOMA.

It is undoubtedly true that beetles of this genus are destroyed in
more or less numbers each yc^ar by natural enemies. The principal
vertebrate enemies concerned are the toad, skunk, and various
8]>ecies of insectivorous birds. A considerable number b(H'onie the
prey (»f parasitic and predacious insects, although only a small amount
of data is at h.ind to prove this assertion. Several cases are on
recnid wluM-e adults of C. calidum have been found among the remains
taken frttm the stomachs of toads, and Mi\ F. H. Mosher, of the
Bureau of Entomology, has observed these animals feeding on the
species in the field. This observation was confirmed bv an exam-
ination of the excrement, which contained small i^articles of the
chitinous remains of this species.
On .Inly i), 1M12, Mr. J. E. Dudley, jr.. of the Bureau of Entomology,

collecd'd in Sl(.n(>ham, Mass., a considerable amcumt of toad excVe-
mcnt in which parts of C. calidum could readily be determined.
Durmg the summer of 1912 numerous observers reported that

skunks were undoul)tedly feeding upon si)ecimens of Calosoma syco-
phanta. Most of these reports came from sections where this beetle
wa.s abundant and there seemed but little doubt as to the accuracy
of the reports, although definite data were lacking. In order to secure



THE GENUS CALOSOMA. 11

more information on this subject a series of experiments was conducted
by the junior author using captive skunks, foxes, and raccoons.
The results of these experiments are given in a following paragi-aph
and indicate that the skunk will feed freely upon these msects.
Field observations in 1913 have confirmed the experimental results

referred to above. In many sections of the territory infested by the
gipsy moth where 0. sycophanta has become abundant, unquestion-
able evidence was secured that skunks were destroying them in large

numbers. In some cases it was possible to find the ground thor-
oughly uprooted over considerable areas, which indicated that these
animals had been digging to secure beetles which were beneath the
surface of the ground. In addition to this, large amounts of excre-
ment were obtained, which showed that these beetles formed a large
percentage of the food of the skunk. (PI. IV.) In some cases it

would appear that the work of this animal during the past year has
been sufficient to retard seriously the increase of this beneficial

species.

In June, 1912, a series of observations were made by Mr. Mosher in

woodland near Mehose to determine whether birds were feeding
upon Calosoma beetles. For some tune previous it had been noted
that along paths and wood roads a considerable number of wing-
covers and parts of beetles were frequently seen. Although Mr.
Mosher did not actually see birds feeding upon the beetles, he did
observe many sp.ecimens of the towhee or chewink (Pipilo erytroph-

thalmiis) in the woodland and saw one devouring a female specimen
of Prionus laticollis. In the attempt to consume this insect the
elytra were separated from the thorax and the eggs and internal

tissues were eaten. As most of the hard parts of the insect were
rejected, it is fair to assume that this bird may have attacked Calo-
soma beetles in the same manner.
The brown thrasher (Toxostoma rufum) has a somewhat similar

feeding habit and may be considered a possible enemy of these
beetles.

During the summer of 1913 observations were made by Mi\ J. V.
Schaffner, jr., and Mr. A. M. Wilcox, of the Bureau of Entomology,
which indicate that the crow is an enemy of Calosoma adults. One
of these birds was observed to seize a beetle and to convey it to its

nest in a near-by tree. Several parts of beetles were found at the
base of this tree and on examining the nest, which was occupied by
young crows about 3 weeks old, live broken and torn beetles were
found.
Among the insect enemies of Calosoma are the predacious bugs,

although only a few records are available to support this conclusion.
On July 7, 1910, Mi". Schaffner observed a nymph of Podisiis sp.

feeding upon a second-stage larva of Calosoma sycophanta at Brook-
line, Mass. During each season several different species of Podisus
are found in Massachusetts, although they are not ordinarily abund-
ant enough to destroy many insects.

In 1896 Mr. Burgess reared several tachinid flies from an adult of

Calosoma caluhnn. These were determined by the late D. W. Coquil-
lett as Psendatractocera calosomae Coq., a species which he had reared
some years previous from C. peregrinator Guer. in California. vSince

that time this species has been classified under the name Biomyia
georgiae B. c& B.
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of EntoiunloKV, and also by
^^]^^'^^^^^^^^ 'agree that the

M :iWtts u d not from one imported directly from Europe, it

Ss ±i" lo h X^^^^^^ concerned is georgiae Tachmid pupana

ha'^^
'

n und m the bodies of both C. cahdum ^nd C fng^dum

in.
lohistlW^years,andacarefulcompansonhasfadedtoindica^^

dTi^ere ces between these and the puparia of georgiae Unfortu-

ely ad dt^ ^vere not secured from these puparia. Mr. Johnson

lieves that this species should be more correctly referred to the

^e urViJ^ania Roi d., so that rather positive evidence is at hand

fhTviiZvia georgiae ' attacks three species of Calosoma m this coiin-

namel^^al^^^^^^^^ frigidum, and sycopMnta It is probable that

u'l eCentage of paAi^itism of Calosoma beetles by this tachmid is

ralher small, us only a few records of its work have been secured.

EXPERIMENT TO DETERMINE IF SKI NKS. FOXES. AND RACCOONS PREY UPON

CALOSOMA BEETLES.

Tanuarv -'7 J913, the junior writer took some living adults of syco-

pJu^ tc> Franklin Park Zoological Garden, Boston, Mass and

sec-ured permission fr(uu Mi'. J. T. Benson cm-ator to isolate one

skunk (which happened to be an old female), and these specimens

were offered as food. The animal was placed m the cage about 1 0.30

a m and a cigar box one-half full of earth, contammg four adidt

beetles, was put in at the same time. She scarcely noticed the^box

of earth at iirst, but bv 12 m. had tipped it over and consumed the

four beetles, leaving only two elytra. Two extra specimens were

put in the cage at noon and these were quickly consumed. Excre-

luent was p^issed in the afternoon of that day, but no parts of the

beetles were found in it. The foUowing morning excrement was

HMuoved from the cage. It was composed partly ot undigested

])arts of sycoj)hanta, including elvtra, legs, and other chitinous ap])end-

uges. (PI. IV.)
T ^ VI 1 f

The same sort of an experiment was conducted with a red tox

{Vitlnrs fulva) and a raccoon {Procyon lotor), on January 25, 1913,

at the Middlesex Fells menagerie, Stoneham, Mass. Mr. A. N. Hab-

b««rlev, superintendent of the Fells division, Metropolitan Parkbystem,

kindly permitted these animals to be used for the purpose. A cigar

box of earth containing three males and one female sycophania \viis

phiced in the cage at 9 a. ra., but the fox would not notice them

until Mr. Ilabberlev and the junior writer had receded a short dis-

tance from it. In less than 10 minutes from the time they were put in

the animal ti]iped over the box and consumed all the beetles. Later

:i fresh (lend female was thrown into the cage and was eaten imme-

(hately. Excrement was found in the cage on the morning of Janu-

ary 27 which contained well-ground particles of the beetles.

« Specimens have been described recently by Dr. C. H. T. Townsend as Eubiomyia calosoTuae coq.
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The raccoon when offered adult sycophanta ate from the hand three
males and two females in rapid succession. The beetles were ground
up in coarse particles and were found in the excrement on the morn-
ing of January 27. The appearance of the remains in the excrement
very much resembled those in the excrement of the skunk.
Even though the foregoing experiment^ were conducted under un-

natural conditions, there is httle doubt that these animals destroy syco-
phanta and other species of Calosoma in woodland where the beetles
are plentiful. The skunk is the most important of these animals as
a natural enemy of Calosoma in New England, as it is common in
some sections, while the fox and raccoon are comparatively rare.
In other sections of the United States the latter animals may prey
upon Calosoma rather extensively.

Fig. 1.—Boxes for shipping Calosoma beetles. Each match box contains a single beetle and a small
quantity of wet sphagnum moss. (Burgess.)

METHODS OF SHIPPING CALOSOMA BEETLES.

During the past few years several thousand specimens of Calo-
soma beetles have been received and shipped. When live adults are
to be forwarded and will not be in transit more than one day, they
can be placed in a wooden box with a small amount of twigs and foli-

age and sent by express or mail. It is usually desirable to bore a
few holes in the sides of the box and cover them with wire netting,
but it is not necessary to add food for the beetles as they will survive
the journey weU unless the temperature is excessive.
When tlie length of time in transit is a week or longer, each beetle

should be placed in a small box (a safety-match box is excellent for
this purpose), with a small amount of wet sphagnum moss (fig. 1).

No food need be added, but the packing should be such as to fur-
nish some moisture for the beetles until the end of the journey.

In the writers' experience more specimens have died from lack of
moisture than from any other cause. Metal containers are not desir-
able because too much moisture is present. The small boxes men-
tioned can be placed in a larger box and shipped by mail or express.
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In case two or throo weeks will be required for the journey it is

(lesiruble to ship in cold storage if the beetles are collected early in

the season. Several lots liave come from Japan that were shipped

in this way duriiiu; midsummer and they always aiTived in good con-

dition when tiie packing material (Ud not become too dry.

METHODS OF REARING CALOSOMA BEETLES.

[PI. v.]

Calosoma. beetles are not easily reared, and as a rule considerable

experience is necessary in order to manage the early stages success-

fully and obtain perfect adult specimens. All the species which
have been under observation deposited their eggs in the ground

'
.

: (
', .111:1 beetles: a, Large jar with wooden top and "ladder"; 6, small jar with

WKcxliii lujj, c, .sliowinj; construction of top and "ladder"; d, jar with cheesecloth top held in position
with rubber band. (Hurgess.)

and both male and female beetles usually spent a part of the time
in the ground or under Utter. When defiriite records are desired as
to the number of eggs deposited by females or the molting periods
of the larva\ it has l)een found desirable to use ^lass battery j;irs

containing from 2 to 4 inclit's of loam. A pair of beetles are plactul
in eaeli jar and caterpillars added for food. A wooden cover pro-
vided with a groove wliich fits the top of the jar (fig. 2) has been
found more satisfactory than covers made of cheesecloth or other
niaterial. A circular hole is made in the top of each cover and a
piece of wire screen is tacked over it so as to ;ifl"ord free circidation of
air and prevent the (>scape of the beetles. It lias been found advan-
tageous to attach narrow strips of wire netting to tlie top of the cover
in such a manner that they extend nearly to the surface of the earth
HI the jar. Tli(> b(M>tles are not able to chmb the vertical sides of
tlic jar, and as the caterpillars can do so easily the netting serves as a
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ladder and permits the beetles to reach the top of the jar and feed

upon any of the caterpillars that may crawl to this location. A
small amoimt of foUage to serve as food for the caterpillars should be
placed in the jar, and it should be cleaned daily ana all dead speci-

mens removed. This is necessary in order to prevent the develop-

ment of certain species of mites that feed on caterpillar remains
and in turn attack and sometimes kill the breeding beetles or larvae.

The earth should be examined from time to time to determine whether
eggs have been deposited, and when they are fomid the beetles should
be transferred to a fresh jar and the eggs allowed to remain undis-

turbed for hatcliing. As soon as larvae appear they should be re-

moved and placed in other jars containmg earth. Ten larvae of

most species of Calosoma can be reared through the first stage in a
jar of earth 6 inches in diameter, but if it is desired to cany the

Fig. 3.—Box cages for hibernation of Calosoma beetles. (Burge.'-'s.)

larvae through to the adult stage each specimen should be placed in

an individual jar, as they show a decided tendency to attack one
another, especially at the time of molting. The size of the jars

should be determined according to the size of the species which is to

be studied, but in the writers' experience none of the species can be
satisfactorily handled in jars less than 4 inches in diameter. In case
definite records are not desired or if time is not available to care for a
large number of individual jars, rearing can be carried on by usin^large
cages, the bottoms of which are filled with earth (fig. 3). In aU
cases it is necesasary to keep the earth moist, but not wet. If too
much water is added, the legs and mouthparts of the beetles and
larvae become coated with earth and the insects soon die. When the
larvae are fed in jars and it is desired to secure adult specimens, one
of the most satisfactory methods is to construct small cylinders of
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mosquito wire lu'ttinj; a])()ut 4 iuchos in diameter. These should be

sunk in the ground from 10 to 12 inches and the top should be closed

witli a woodcMi plug. The large larvae can be placed in these cages,

aiul if suj)plied with food will remain there and burrow into the

ground when ready to pupate. Care should be taken to have the

earth in these cages firm, but not too compact. In cases where it is

loose the larvic will not be able to form a satisfactory cavity in

wliich to pupate and the insect will die b(>fore emerging as an adult

Many of the details in rearing Calosoma beetles must be learned fronom
expiTience, but the gen(>ral directions giv(>n above will serve to aid

anyone desu*ing to carry on this interesting work.

CLASSIFICATION OF CALOSOMA.

Tlie following table has been prepared for the separation of the

species of Calosoma occurring in the Unittnl States. It consists

snnply of a n^vision of a similar table publislied b}^ LeCont:" * in

1878, with a few changes and adcHtions to include sycopJmnta L.,

imjuisitor L., reticulatum Fab., and auropuiictatum Payk., imported
from Europ(\ and ch'inense Kirby and maximoiviczi Mor., secured

from Japan. All of these species have been liberated in New Eng-
land except aurojninctatum Payk. and maximoiviczi Mor. The former
species has been studied at the laboratory, but not enough speci-

mens were received for liberation. Only two females of the latter

species were received from Japan, and as the classification is based on
tne characters of the male tliis species is added at the end of the table.

C. carhonatum L(»c. is considered a synonym of C. peregrinator

Gu6r. ; morrisonii Horn, prominens Lee, parviceps Casey, and tris-

toides Fall liave been aclded to those treated by LcConte, as they
are apparently good species, the writers having had an opportunity
to study specimcMis. A male of tlie last species was presented to

the junior writer by Mr. H. W. Wenzel, of Pliiladelpliia, as coming
fi-om the Ricksecker collection. One specimen of C. dietzii Schaf."
was also seen in Mr. Wenzel's collection and is evidently a good
sj)ecies, but could not be included in the table as the description
does not give the characters of the male tarsi.

Col. Thos. L. Casey, •'' * in 1897, described the following species of
Calosoma: Sponsa, mxirginalis, parviceps, monficola, and arcuata.
h\ som(» cases tliese species were described from one or a very few
specimens, and the types are held in his private collection. No
otlier specimens of these species have been secured for studj except
C. parviceps. Some unidentified examples of this species were
found in the collection at the U. S. National Museum. It has, there-
for(\ been placed in the following table, but it has not been thouglit
best to incluch' tlu^ others on account of the small amount of material
available.

1 LeConte, J. L. DescripUon of a new species of Calosoma. In Bull. Brooklyn Ent. Soc., v. 1, no. S,
pp. •>! u>, l.s,H.

^ > • >

1-7 '"i'Im'
"""''*'• ^^"^ peneraand species ofColeoptera. In Jom. N. Y. Ent. Soc., v. 12, no. 4, pp.

"
' ' 'nll^ptProloKicalnotlces. /n .\nn. X. Y. Acsul. Sci., v. 9, pp. 2.S5-0S3, 189ti-1897.

11 \ \V
^''^•'y '" the p;iper cited abc-e also p'-oposed several names of siib-

- 1 III Ills collect ion. rheso wore C. atcUata, a Luke Superior form of cnlidum; eipami.
I lie s:ime .species from Town- nnrl InticVii « fhirri f,-^.,, i .,.. \r„„.„. xt iif„.|j y form of

d one of obsj-

xmrrmanni Lec.and
1 subspecies (

"

'
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Where the Life History of Calosoma Beetles was Studied.

Interior view of one of the outdoor in.sectaries at Melrose Highlands, Mass., where studies were
made on the life histories of many species of Calosoma. (Burgess.)
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Of the species described by Mr. H. C. Fall ^ in 1910, namely,
eremicold, parmcoUis, and tristmdes, the writers have seen a repre-

sentative of tiie last only, which is mentioned above. The other two
could not be added to the table for separating the species, as the
characters of the male tarsi are not given in the description.

TABLE FOR DETERMINING ADULTS OF CALOSOMA.

Anterior tarsi of male with joints 1-4 hairy beneath.
Thorax with sides broadly flattened behind; body elongate, black.

Elytra deeply striate, wdth blue border 1 . externum.
Elytra smooth, with a few punctures on the basal half 2. viaa'um.
Elytra with series of line punctures 3. protractum.

Thorax narrowed behind, sides not flattened: elytra deeply striate.

Elytra gold-green with red margin.
Larger; middle tibiae of male curved and with a dense brush of hairs

on the inner surface near the tip 4. scrutator.

Smaller; middle tibise of male straight, not hairy 5. wilcoxi.

Elytra black to slightly bronze, with three rows of small greenish-bronze
punctures 6. frig idum

.

Elytra coppery to greenish-bronze, with coppery-green margins; punctures
same shade as elytra.

(Europe, introduced into Massachusetts) 7. inquisitor.

Anterior tarsi of male with joints 1-2 only hairy beneath.
Thorax trisinuate behind, elytra deeply striate with three rows of golden

fovese 8. snyi.

Anterior tarsi of male with joints 1-3 hairy beneath.
Green species with underside of body bluish-black or greenish-black; elytral

spots faint and same color as elytra.

Elytra deeply and regularly striate.

( Introduced and established in New England) 9. sycophanta.
Elytra reticulate, granular.

(Europe, introduced into Massachusetts) 10. reticulatum.

I51ack species without golden spots (faint bluish-green spots in obsoletum); striae

of elytra faint and obliterated behind (except in angulatum).
Elytra narrowly margined: •

Side margin of thorax meeting the base in a well-defined angle ( except
in parviceps).

Head coarsely punctured, thorax strongly angulated at the sides.

Elytra deeply striate from base to apex 11. angulatum.
Elytra faintly striate from base to apex 12. peregrinator.

Elytra faintly striate on basal half, becoming obliterated to-

wards apex.
Thorax strongly angled at sides 13. prominens.
Thorax arcuate at sides 14 . parviceps.

Head with a few coarse punctures in front.

Elytra wdth coarse transverse punctures near base ..15. lugubrc.

Head smooth ; thorax naiTowly margined

.

Elytra nearly smooth, oval; wings feebly developed . l(i. palmeri.

Side margin of thorax meeting the base in a curve.
Thorax slightly bisinuate behind.

Basal impressons slight; elytra nearly smooth 17. triste.

Basal impressions broad; elytra vd\h scaly sculpture.
18. obsoletum.

Thorax emarginate behind, hind angles broad, prolonged.
Without luster; transverse basal grooves of elytra as prominent

as longitudinal striee 19. semilneve.

Without luster; transverse basal grooves of elytra not as promi-
inent as longitudinal strige 20. simplex.

Elytra smooth, niore broadly margined, oval; winga wanting (form robust,
nearly as in triste) 21. haydeni.

Elytra smooth, more broadly margined, oblong-oval ; wings well developed
(form robust and posterior angles of thorax not as broadly reflexed as

in triste) 22. tristoides.

1 Fall, H. C. Miscellaneous notes and descriptions of North American Coleoptera. In Trans. Amer.
Em. Soc, V. 36, pp. 89-197 (pp. 90-92), 1910.

54880°—Bull. 417—17 2
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Hlack pperiofl with golden or greenish-golden spote. (Spots sometimes faint in

Thorax with hroa.l ha^il impressions; elytra! stnse regular.. 23. caluhiw.

Thorax with small basal impressions; elytral striae frequently confused or

faint. . , . , • X 1

r-nvtra of smooth sculpture, without imbricated app-^arance.
24. morrisonii.

Elvtral stria? of medium depth and frequently confused. .25. tepidum.

Elvtral striie fine, imbricate or transversely rugose.
•

/ j.^nropo )
-^- ournpunctatum.

Bronzed species with three rows of chainlike elevations on the elytra; striae

confused.

Thorax loss narrowed behind. „ , , , , .. ,, ,

Basal impressions broad; wings well developed; elytra oblong-oval.
27. cdncellatum.

Basal impressions shallow; wings wanting; elytra oval, less deeply

wulptured •--'« subaeneuvi.

Thorax more narrowed behind; basal impressions small; wings Avanting;

elvtra oval r^- I'^onilmtmn

Bronzed" species without three rows of chainlike elevations; with three rows of

deprcss<>(l greenish-golden spots.

Body elongate, tibia; of mesothorax and metathorax of male curved.

"(Japan; introduced into Massachusetts and New Hampshire).
30. chwensf.

Black species with oval or rounded oval elytra, and A\athout wings: thorax

emar^inate behind with the angles produced.

Outer joints of ant(>nn;e pubescent as usual:

Elytra broadly oval, with rows of close-set punctures jind intermediate

rows of more di.stant punctures ~ 31 .
diticors.

Outer joints of antenmc pubescent only along the sides.

Elytra lon£r<'r, oval, striie confused, with three dorsal rows of larger

punctures 32. wilkesii.

Elytra broadly oval, with distant rows of faint punctures; sculpture

scaly, sometimes nearly smooth.

Hind angles of thorax not broadly rounded, sculpture rather rough.
83. luxatum.

Hind angles of thorax broadly rounded, sculpture smooth.
34. latipennc.

TABLK FOR DETERMINING CALOSOMA LARV^.

Tlio tahlo which follows tjives ('haraciors for separating larv.ie of

difiV'ri'iit sjx'cics of Calosoina. FuU-growii spocimoiis were used, as

inoro satisfactory dctortninations can be made with them than with
th(> earlier stages. The larvje must have molted 24 hours or more
before an attempt is made to elassify them, othenvise the colors will

not be normal. In order to show the difference in appearance of

Inrvir, of this genus from those of Carabus, an illustration (PI. VI)
is given of a third-stage larva of Carahvs limhatus. All measurements
of larvtB have been made as follows: The length has been taken from
the base of the mandibles to the posterior border of the anal seg-

ment, and the width has been measured at the middle of the meso-
thoracic segnuMit.

The writers realize that this table is incomplete, but it covers the
species which they have been able to study and is published at this

tune in tiic hoj^e that it may assist anyone who ^^ishes to determine
some of the more common larvae of Calosoma.

With r«'(l(lish-brown patch at base of caudal appendages in second and third stages.
Don^uiM .shining black in all stages except scrutator, which is sometimes brownish-

black. Full-grown larv;e more than 30 mm. long.
Anterior ventral plate of first to seventh abdominal segments oval without

noticeable dilation on anterior middle margin. Outside posterior
ventral plates of same segments round Avithout broad notch on inner
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Bide. Posterior median plates rather oval in form save on sixth and
seventh segments, where they appear somewhat truncate on inner mar-
gins; plates with broad median line of separation in well-fed larvae.

Posterior angles of anal segment pointing backward rather promi-
nently. (PI. XI, B.)

(Introduced and established in New England) C. sycophanta.
Anterior ventral plate of first to seventh abdominal segments oval, with

noticeable dilation on anterior middle margin. Outside posterior
ventral plates of same segments round to approximately square, often
with broad and shallow notches on inner margins. Posterior median
plates square to rectangular, truncate on inner margins of first 7 seg-
ments, plates \vith narrow median line of separation in well-fed larvae.

Posterior margin of anal segment truncate, posterior angles not pointing
prominently backward. (PI. IX, P>.)

(Eastern, southern, aTid central United States and Canada). C. scrutator.
Dorsum brown to blackish-brown in second and third stages. Full-grown larvae

less than 30 mm. long.

Caudal appendages stout, almost straight. Dorsal protuberances prominent,
erect, locatea two-thirds length from base to apex.

Posterior angles of anal segment obtuse, not prominent and not pro-
truding prominently backward.

(Eastern, southern, and central United States) C. wilcoxi.
Posterior angles of anal segment acute and extending backward rather
prominently.

(Europe, introduced into Massachusetts) C. inquisitor.
Caudal appendages long, acute, usually slender. Dorsal protuberance short,

stout, pointing slightly backward, located about one-half length from base
to apex.

( Northern United States and Canada) C. frigidum.
Without reddish-brown patch at base of caudal appendages in second and third stages.

Dorsum bronze to blackish-bronze in all stages; more prominent in second and
third.

Caudal appendages very long, slender, slightly curved upward.
(Japan) C. chinense.

Dorsum dull or shining black in all stages.

Caudal appendages short (less than 2 mm.), stout, curved slightly downward
from base to apex.

Anterior ventral plates of first to seventh abdominal segments dilated
at center, especially on anterior margins.

Posterior median plates of abdominal segments 2 to 7 inclusive with
both median anterior and posterior angles rectangular.

Dorsal protuberance of caudal appendages stout, acute, rather
erect, located in middle. Posterior angles of anal segment
almost truncate. Larva robust. Dorsum dull black.

(Northern, eastern, and central United States and Canada.
C. calidum.)

Dorsal protuberance of caudal appendages stout, acute, rather
erect but located two-tliirds length of appendage. Posterior
angles of anal segments acute. Larva rather elongate. Dor-
sum shining black.

(Rocky Mountain section and southwestern United States.)

C. obsoletum.
Posterior median plates of abdominal segments 1 to 6 inclusive with
median anterior angles rectangular and posterior angles rounded.
Dorsal protuberance of caudal appendage short, stout, rather

erect. Abdominal segments 1 to 8 each containing from four
to ten small plates near lateral apices of anterior ventral plate.

(Pacific slope. Rocky Mountain section and the southwestern
United States) C. cancdlatum.

Dorsal protuberance of caudal appendage rather long, stout,
extending backward in a straight line from basal half of
appendage. Abdominal segments 1 to 8 each containing from
two to five small plates near lateral apices of anterior ventral
plate.

V
(California and Idaho) C. semilaeve.
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Anterior ventral plates of first to seventh abdominal segments not dilated

"^N'lrierwith a prominent notch in center, anteriorly and sometimes

^Tsoilthern and central United States) C. lugubre.

Plates without notch in center antenoriy.
^ , i *

Lateral plates somewhat circular in form; ventral plate on

ei'dith abdominal segment somewhat rectangular, consider-

ably broader than long; middle posterior notch m above

plate obsoh'te or slightly marked—not as prominent as other

two posterior notches.
, • , ,

(Europe, introduced into Massachusetts). .

.

C. rehculatum.

Lateral plates elongate in form; ventral plates on eighth ab

dominal segment neariy scjuare, middle posterior notch well

marked and usually as prominent as other two posterior

notches.

(Europe) ^- aaropuncLalam.

Caudal appendages'long (2 mm. or more), slender, straight, not bent dov?nward

beyond dor.-^il pr()tul)erance.
. , , , . • u. i i

Caudal ai)pen<lages very long (2.5 mm.), slender and straight; dorsal

protuberance short, not prominent; posterior angles of seventh and

eighth alnlominal tergites obtuse.

(Eastern, southern, and central United States) C. externum.

Caudal ai)pendages long (2 mm ), slightly angled downward beyond

dorsiil protuberance; posterior angles of anal segment and seventh

and eighth abdominal tertrites rather sharply pointed. Larva robust.

(^AN'eslcrn and southern United States) C. peregnnator

.

Caudal appendages straight, long (2 mm.), straight beyond dorsal pro-

tul)erance; posterior angles of anal segment obtuse, almost truncate;

angles of tergites on seventh and eighth abdominal segments obtuse.

Larva long, slender.

^Rocky Mountain section and southwestern United States.)

C. haydeni.

GENERAL REMARKS.

On tho folloAviiio; pasjos will bo found a consideration of each species

of Ctilosoina as it occurs in the foregoing table. The original descrip-

tion of the si)ecies is given, and also a statement concerning its dis-

tribution as secured from the hterature and information furnished by
curators and entomologists in charge of museums or collections of

insects from all parts of the United States and Canada. The pub-
lished information concerning each species is smnmarized and the

rcsidts of tlie investigations which the writers have made dealing with
the fccdiuo; habits, ivi)roductioTi, and life history, are included and a
bibliogi!i|)ny of each species concerned.

Following the species given in the table have been added Calosoma
(inrocinctuin. C. diitzii, C. maximovnczi, and C. splendiclum, as these

have been examined by the writers and have been found in greater

or less numbers hi the United States. They have not been placed
hi the table, as no male spechnens were available for study.

MEASUREMENTS OF PUP^.

-Ml measurements of pupae that are given in descriptions were
taken from the anterior margin of the prothorax to the end of the
anal segment, and the width was measm'ed at the center of the first

abduminal segment.
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CALOSOMA EXTERNUM (Say).

(Syn.: C . lo7igipenne De] .)

ORIGINAL DESCRIPTION.

East, Middle, South and Central States. Winged, black, margined with purplish;

elytra with three series of obsolete punctiu-es. Length one inch and three-twentieths.

Body elongated, deep black; antenme brown at tip; thorax punctured, margined
with bluish-purple; lateral edge regularly curved to the base; dorsal and basal lines

distinct; basal angles obtusely rounded; elytra striate; striae well impressed, much
narrower than the interstitial lines, and with conspicuous, definite punctures; in-

terstitial lines convex, equal, the 4th, 8th, and 12th each with a series of obsolete

small punctures, which do not interrupt them; exterior margin bluish-purple.

A large species, brought from Arkansas by Mr. Thomas Nuttall. It somewhat
resem])les C. si/Jrosus, but is larger, the strite of the elytra are much more regular,

exhibiting nothing of the granulated appearance of those of that insect, and the curve
of the exterior edge of the thorax is regular, or without any tendency to excm'A'ature

near the base.

EARLY RECORDS OF THE SPECIES.

This species was described by Thomas Say in 1823 from a specimen
collected in Arkansas, Later Dejean discovered that Carabus
externus Say and Calosoma longipenne Dej. were synonyms. Some
valuable notes on the habits of both adults and larvae have been
recorded by Dr. L. O Howard and Prof. Lawrence Bruner.

DISTRIBUTION.

This species occurs in Arkansas, Connecticut, Delaware, District

of Columbia, Georgia, Illinois, Iowa, Kansas, Kentucky, Maryland,
Missouri, Nebraska, New Jersey, New York, North Carolina, Ohio,
Oklahoma, Pennsylvania, South Carolina, Tennessee, and Texas. It

is more common in the southern range.

COLLECTIONS AND SHIPMENTS.

Messrs. E. A. Schwarz and H. S. Barber, of the Bureau of Ento-
mology, have collected at electric lights in Washington, D. C, and
forwarded living specimens for study at the laboratory. In 1909
a female was received May 18 and a male June 7. June 19, 1910,
one live female was received from Prof. C. E. Sanborn, Stillwater,

Okla. In 1911, 6 males and 8 females were received from Washington,
D. C, and in 1912 one pair of beetles was forwarded from the same
locality.

HABITS OF ADULTS.

A small experiment conducted in June, 1911, to test the climbing
habits of the adults showed that they are fairly agile on the bark
of trees. They run swiftly on the ground and climb as actively as

C. frigidum. During the short time the beetles were under observa-
tion they did not attempt to climb without being forced, but seemed
thoroughly at ease when placed upon the trees.

FOOD OF ADULTS.

This species has been reported by Riley as feeding on the Rocky
Mountain locust (Melanoplus spretus Uhl.), by Howard as an enemy
of the army worm (Oirphis unipuncta Haw.), and by Bruner as feed-

ing on Lachnosterna sp.
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Daily rocords wore kept of one pair of adults in 1909 from July 1

to \u.nist 2:i wluMi the male died. The female died July 26. The

latter was received from Washinojton, D. C, May 18, and fed greedily

upon raw beef until May 25. Caterpillars of Malacosoma amencana

were then supplied until July 1, and large numbers were consumed.

One hundred and twenty-six sixth-stage Por//if;fria(^ispar caterpillars

were consumed from July 1 to August 23. ^ , . -^ ^
In 1911 two paii-s of adults were received from Washmgton, D. C.,

June 4, and placed in jars. Their feeding records are shown in

Table l'.

Table 1.

—

Feeding records of hvo pairs of Calosoma externum, 1911.

Pair
No.
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spring of 1912. Pair No. 5097 produced 15 fertile eggs between
June 1 and July 1. Copulation was noted June 1, 9, and 11, and the

female died August 3. Female No. 5062 and female No. 5841 each
deposited infertile eggs, which were not counted. The eggs were
deposited June 7 to July 2, and one of the females died August 6,

while the other entered hibernation August 30.

This species, like some of the other species of Calosoma experimented
with at the laboratory, reproduced sparingly in jars. The same was
true of C. inquisitor, C. auropunctatum , and C. wilcoxi.

LONGEVITY.

Tlie one male and three females that emerged from hibernation in

the sprmg of 1912 were collected m Washington, D. C, in the spring
of 1911. All of these adults died in July and August, 1912, which
indicates that the species lives at least two full years in the adult
stage, as the beetles m question were larvae and pupae m the summer
of 1910 or earlier and clied m the summer of 1912. Tliree years is

probably nearer the age limit of the species imder natural conditions.

HIBERNATION.

All the beetles received from various sources in 1909 and 1910 died
the same season without entermg hibernation. Several adults, how-
ever, that were received durmg the sprmg and summer of 1911 ceased
activity and entered hibernation August 12 and 26 and September 5.

The same beetles emerged m the sprmg of 1912 on May 27 and 28 and
June 3. The cavities, so far as could be determmed, ranged from 1 to

3 inches deep. Three males and four females entered hibernation in

the fall of 1911 and one male and tlu'ee females emerged the followmg
spring.

Adults of this species hibernated successfully at Melrose Highlands,
Mass., through the winter of 1911-12, one of the most severe in this

section for many years, which proves their hardiness when food and
other conditions are favorable.

THE EGG.

Ten fresh eggs gave the following average measurements: Length, 5.4 mm.; width,
2.5 mm. They are somewhat elliptical in form with a slight taper toward one end.
The color is white with a faint yellowish tinge. They vary gi'eatly in form, ranging
from long and almost cylindrical, tapering slightly at both ends, to short, oval, and
somewhat kidney-shaped.

About 100 eggs were deposited by three females in 1912 but only
12 of these hatched. Tlie fertile eggs were deposited June 4, 5, and
12, and 8 to 13 days were required for hatching. These records indi-

cate that 8 or 9 days is the average time the eggs require for hatching
during June.

DESCRIPTION OF LARVA.

First stage.—Form short, stout. Average length of 7 specimens, 7.7 mm.; width,
2.9 mm. Caudal appendages straight, very long (2.5 mm.), slender, bearing numerous
short spines. Color black above, ventral plates dark to grayish-brown.
Second stage.—Form short, very broad. Average length of four alcoholic specimens,

13 mm. ; width, 4 mm. Caudal appendages very long, the same length as in first stage
but somewhat larger. Protuberance small, located about one-half the distance from
base to tip. Ends of tergites, viewed from ventral side in partially fed larvae, project-
ing well laterad, posterior angles of same obtuse and projecting prominently backward.
Posterior angles of last segment short, rather acute. Color same as in first stage.
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Thinl stnqc. -I^'orin robust. Length of one alcoholic specimen, 20.5 mm.; widtli.

f. 5 mm. ( iiiuhil appendages long, slender, spreading widely apart at tips. Piotulx-r-

once short. acut<', making angle of 45° with ai)pendage, and located slightly more than

one-lialf distance from l)a.se to tip. Tergites not protruding as far laterad in partially

fed lan-ii- as in second stage, ('olor dull black on dorsum, ventral plates dark brown

t«) gi-ayish iirown. No reddish-brown patch at base of caudal appendages iu second

and tliird stages.

TIME REQUIRED TO COMPLETE LARVAL STAGES.

Tlu> time r(v|uiro(l to pass tlm)ii<z;li the dilTeront larval stap;es was only

socuri'd with the first two, as all larva> failed to live through the third

stage. Three larvir hatehed June 24, 1912, and died July 6, 9, and

11, while in the third stage. TSvo of these larvfp moltetl to second

stage on the thii'd day after hatching and one on the fourth. Three

to five days were required to pass the second stage and the larv?e all

died afl<>r 7 and 8 days in the third. An average of these records

indicates that 3 days are requii'ed to complete the first and 4 days the

second stage.

No ])upal records could l)e obtained, as the larvse died in the third

stage.
FOOD CONSUMED BY LARV^.

So few larvsp were secured diu'hig the series of years these experi-

ments were conducted and so many specimens died that the feeding

records are far from complete. Two larvae, all that hatched in 1909,

were fed until l)oth died while hi the second stage. Tlie first hatched
Jidy 6 and died July 13, consumhig in the meantime five sixth-stage

cater])illars of Portlietria difipar. Tlie second hatched July 13, con-
sumed three sixth-stage caterpillars of Porthetria dispar and was
found dead .Inly 23.

Kecords were kept of 12 larvse that hatched durmg 1912; most of

them died in the first stage hut a few lived to reach the second and
third. One larva consumed nme fourth-stage caterpillars of Porthetria
difiiKir anil another destroyed nine pupa? of the same species and died
in the third stage.

The records at hand are so incomplete that a definite statement can
not he given of the amount of food required by the larvie. Tlie adults
are somewhat lai-gei' than those of ('. higubtr, and it is probable that
they reqtiire about the same number of medium-sized caterpillars or
pupa' for the completion of their growth, or an average of 21. The
feeding jx-riod probably extends over about 20 to 25 days.

HABITS OF LARV^.

During the season of 1912 some notes on the climbing habits of
the larva? were obtained. (PI. III.)
June 24 two newly hatched larva' were placed in the experiment.

Many observations were made on tliese during the time they remained
m the first stage and they made no attempt to climb, \\iien placed
upon the bark they would immediately crawl and wedge themselves
under the nearest loose scales, and remam there for'hoiu's unless
disturbed. In attempthig to crawl thev usually fell to the ground.
1 he second-stage larva' maneuvered in about the same manner when
placed up..n the bark of the tree. One crawled back and forth on a
hmb but when it attemi)ted to clmib up or down the trunk it immedi-
ate! v fell.
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Third-stage larvae were kept in the experiment from July 1 to July
11, when the last died. They were placed upon the trunk of the tree
many times but climbed up very little before falling. One specimen
crawled as much as 1 foot down the trunk from where it was placed
before falling and this was the best record of progress during the
experiment.
The larvse in the tlu^ee stages were kept under observation in the

experiment from June 24 to July 11 without any mdications of their

having reached the food cage at the top of the tree. It was necessary
to supply the larvae with food on the ground m order to keep them
from starving. All the data secured on the habits of the larvae would
indicate that under natural conditions they climb very Uttle if at all.

In this respect they possess habits very similar to those of C. calidum.
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CALOSOMA MACRUM Lee.

ORIGINAL DESCRIPTION.

Elongated, black, shining, with front part of head scarcely punctate, with thorax
one-half shorter than broad, narrowed towards the front, sides rounded, somewhat
more broadly reflexed on the posterior, purplisli, witli truncate base, broadly marked
on ])oth sides; elytra scarcely broader than thorax, purplish margined, almost obso-
letely striated, and punctures marked in triple series, thickly punctate here and there
in front of the middle. Length 1.05 inches.

DISTRIBUTION.

J. L. LeConte described this species in 1853.^ It occurs in Louisiana
and Texas and a single specimen is present in the collection of the
California Agricultural Experiment Station labeled "Md."

I LeConte, J. L. Notes on the. classification of the Carabidse of the United States. In Trans. Amer.
Phil. Soc, V. 10, n. s., pt. 3, art. 27, p. 364-403 (p. 400), 1853.
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CALOSOMA PROTRACTUM Lee.

ORIGINAL DESCRIPTION.

Eloneated black, w^mewhat shining, with thorax twice broader than long, base

m-an-flv notdu'-l, soinowhat, in.lented, with margin thickened ;
punctate at base and

sides shh-s refh'xed n>..re l.ioadlv posteriorly; elytra a little broader than the thorax,

parallel puuclate liuely in series. Length 0.95-1.05 [inches]. Arizona. Dr. Irvine,

f.S. A.
DISTRIBUTION.

This sixties was doscribod by LeConte in 1862.* It occurs in

Arizona, ('olorado, Kansas, and 'Mexico. Dr. F. H. Snow collected

si)eciniens at an altitude of 3,750 feet in Arizona.

CALOSOMA SCRUTATOR (Fab.).

ORIGINAL DESCRIPTION.

[Translation.]

Carabus, winged species, with striate elytra, green, with punctures in triple row,

thorax dark blue; margin reflexed, golden. Habitat, Virgima. Very like the pre-

ceding mucophanta). thorax violaceousrwith rounded margin, somewhat reflexed,

golden. Mai-gin of elytra golden. Abdomen green, spotted with gold. It varies

sometimes in having abdomen entirely violaceous.

EARLY RECORDS OF THE SPECIES.

This species was originally described by Fabricius in 1775 and
the ty])e specimen or sj)eeiniens were from Virginia. The species

was given s]>ace nnth'r the genus Carabus in this author's other

writings on Coleoptera until 1801, when he placed it in the genus
Calosoma. This sj)ecies attracted the attention of other early and
])rominent writers like Olivier, Latreille, Say, and Dejean. Chapuis
and Candeze in 1855 were the first authors to figure and describe the

hirva. Kiley, between 1870 and 1880, frequently wrote of the useful-

ness of this species as an enemy of the forest tent cater])illar ( Mala-
coftoma di'ifitna) and cankerworms. Numerous other entomologists
of the I'nited States, Canada, and even some of those of European
countries, have collected and published many valuable notes on this

ini])ortant economic species.

DISTRIBUTION.

This species occurs in Alabama, California, Colorado, Connect i-

ctit, Delaware, District of Columbia, Florida, Georgia, Illinois,

Indiana, Iowa, Kansas, Kentucky, Maryland, Massachusetts, Miclii-

gan, Mississi])])i, Missouri, Nebraska, New Jersey, New York, Nortii
Carolina, Oliio, Oklahoma, Pennsylvania, Rhode Island, Tennessee,
Texas, and Virginia. It has also been found in Ontario, Canada, and
in Mexico.

COLLECTIONS AND SHIPMENTS.

Through the kindness of Messrs. E. A. Schwarz and IT. S. Barber,
of the Cnited States National Museum, many sj)ecimens of this
species, along with sj)ecimens of ('. wilcoxi and C externum, have
been received at the gipsy moth parasite laboratory for study and
exi)erimental work. M of the material shipped by these collectors

v'lf''*«j?"f*'.ufl..'-
,^"t«« °n the species or Calosoma inhabiting the United States, /n Proc. Acad

.>0l. SCI. I. lso2, V. M, p. 5;i-53, 18(53.

I



THE GENUS CALOSOMA. 27

was taken at electric lights in Washington, D. C. One live female was
received from Prof. C. E. Sanborn, Stillwater, Okla., in 1910. Others
were collected by Messrs. J. V. Schaffner, jr., at Dover, Mass., A. M.
Wilcox, at Cohasset, Mass., and N. W. Souther, at Onset, Mass.
From 1909 to 1912, 82 males and 98 females were received. Those

collected in Washington, D. C, arrived between May 12 and July 8,

and most of them reached Melrose the last half of May. The Massa-
chusetts specimens were collected in June, July, and August.

HABITS OF ADULTS.

In the climbing experiment (PI. Ill) a pair of adults when released
proceeded directly to the base of the tree and then to the top. After
climbing around the tree a few times with great ease and swiftness
the pair were seen in coitu on the side of the trunk.
On June 16, 1911, 7 males and 6 females were released in a green-

house at Brighton, Mass., where Asparagus plumosus is grown. Some
of the beetles were placed upon the asparagus stems and leaves to

ascertain if they could climb these small and slippery stems. One
female climbed to the top of one plant which was about 15 feet high,
then continued up the twine, around which the plant grew, about
8 feet farther to where it was fastened, and was then lost to view.
Another adult ascended to the top of a plant and remained on a leaf

for a short time.

May 28, 1909, 24 males and 33 females were placed in a large com-
partment of an outdoor cage to observe their habits of climbmg and
feeding. The cage was covered with fly-screen wire and measured
2 by 4 by 8 feet high. Caterpillars were supphed daily for food
and the following notes were secured:
June 2, Mr. Burgess observed the beetles in the foregoing cage

until 9 p. m. It was a moonlight night but the cage was quite dark
as the light was obscured by the laboratory building. At the advent
of darkness the beetles became very lively and ran about on the walls
of the cage. They also flew about in the cage and were more active
than during the day, at which time they usually remained at the top.
Several were noted feeding ui)on cater])illars on the side of the cage.
They did not appear to hmit the caterpillars as much as did C. syco-
plianta but when one crawled by they seized and devoured it greedily.

The beetles would cling to the side of the cage head down and hold
the caterpillars in their mandibles while feeding and occasionally
earned them about in their jaws for some time before finishing them.
(Fig. 4.) A considerable percentage of the caterpillars were kifled

and devoured by the beetles in this cage during the night. After
dark the beetles made a droning noise, probably by moving the wings
rapidly, which was audible for quite a distance from the cage.

Larvae of C. scrutator were observed crawlmg about in this cage at
various times during the summer. They attacked the largest
caterpillars on the ground but were not seen cUmbing on the sides.

FOOD OF ADULTS.

These beetles have been reported as feeding on the following
species of insects: Cankerworms, tent cater-i)illars, army worms,
(Hihemia) Erannis tiliaria Harr., (Aletia) Alabama argillacea Hbn.,
and ( Cacoecia) Archips fervidana Clem.
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April 1, 1010, the following note was taken from a letter received

from Mr. J. »!.' Davis: "Several years ago at an electric light at

Urbana, 111., I noticed
the species Calosonia

scrutator actively en-

gaged in eating the
June beetles as they
would light on the
pavement." No at-

tempts were made at
the laboratory to as-

certain thenumber of

different species of in-

sects upon which the
beetles would prey.
Daily feeding records
(see Table 2) were
kept of four pairs of

adults received about
the middle of Mav,
1909, the beetles
being supplied with
such food as was
most available at

that time. The bee-
tles were offered raw
meat, of which they
partook sparingly
until about May 25,
when the caterpillars

of Malacosoma am"
ericana had reached
a fair size. The daily

records were then started and continued until the beetles either died

or entered hibernation in the fall.

Fig. 4.— Calosoiua scrutator feeding on a caterpillar in a large cage.

(Original.)

Taui.e 2.

—

Feeding records of four pairs of Calosoma scrutator, 1909.

Pair
No.
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caterpillars per pair. The writers believe that the average would be
slightly lower than this if more experiments had been conducted,
especmlly if some of the females did not oviposit. In two of the
experiments the beetles fed unusually late and the records were
started somewhat earlier than the normal time of activity in New
EngUind. The average feeding period of this species about Wash-
ington, D. C, is probably from May 15 to Sept. 1 or 15, and in New
England from June 1 to Sept. 15.

From a lot of larvae that hatched September 23, 1909, two pairs of

adults issued from cavities at the bottom of jars between November
16 and 21, and immediately came to the surface in search of food.
The beetles were kept in jars of earth in the laboratory at a tem-
perature of about 72° F., during the day. Various living insects

were offered for food and none of them was refused. The feeding
records are given in Table 3.

Table 3.

—

Feeding records of two pairs of young adults of Calosomu scrutator, fall of
1909.

Pair
No.
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Table 4.—Record of eggs deposited by Jive pairs of Calosomu scrutator, 1909.

Date.
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Two pairs of young stock, reared in the fall of 1909 from the par-
ents cited in the preceding paragraph, entered hibernation on Decem-
ber 16 in jars of earth kept in the laboratory. These jars contain-
ing the pairs were transferred to the laboratory cellar which retains a
temperature of from 30° to 50° F. during the winter. At the advent
of spring these jars were again transferred to a shelf in an outdoor
cage. The beetles hibernated in cavities at the bottom of large bat-
tery jars and could be seen from the outside. The females emerged
July 6 and 11, respectively, and until July 18 the males had not shown
any signs of activity, at which time they were removed from their

cavities and placed on the surface. One of the females died during
the summer of 1910, and the remaining two males and one female re-

entered hibernation September 7 and 13. None of these lived to

emerge in the spring of 1911, but two of the males were found dead,
3 and 8 inches deep in the earth.

It appears from the foregoing notes that one might expect normal
adults of this species in New England to enter hibernation from Sep-
tember 1 to 15 and emerge the following spring from June 1 to 15,

depending entirely upon the season.
The cavities ranged in depth from 1 to 9 inches in loose loam such

as was used in the foregoing experiments.

THE EGG.

[PI. vn, ^.]

The average length of 8 eggs which had been preserved in alcohol was 5 mm.,
and the average width 2.3 mm. The largest egg measured was 5.5 mm. long and
2.5 mm. wide. Fresh eggs of this species appear to be somewhat larger than those of

sycophanta; hence the latter measurements would probably be more correct for fertile

eggs soon after deposition

.

The eggs are white, with a faint yellowish tinge, nearly elliptical in form, slightly
tapering toward one end; in fact, they present the same general appearance as those
of sycophanta.

The time in the egg stage varied from 3 to 14 days, the general aver-
age being 6.84 days as secured from a large number deposited in 1909
by several females. The eggs were deposited between June 4 and
Jidy 15. Similar data were secured from the hatching of 81 eggs in

1910, deposited from June 21 and June 24, inclusive. The average
time required for the hatching of this lot was five days. Oviposition
in the latter case took place entirely during the last days in June when
the temperature was more even, and resulted in the development of

the eggs in a shorter time. (PI. VII, B.)

DESCRIPTION OF LARVA.

First stage (PI. VIII, A, B).—Large, robust larva. Average length of 10 specimens,
9.5 mm.; width, 2.5 mm. Caudal appendages of medium length, rather stout. Color
very dark browTi to black, ventral plates light brown.
Second stage (PI. VIII, C, D).—Form similar to that in first stage. Average length of

8 specimens, 16.9 mm. ; width, 4.4 mm. Caudal appendages, short, stout, and straight.

Color same as in first stage.

Third stage (PI. IX, A, B).—Very large, robust larva. Average length of 10 speci-
mens, 25.6 mm.; width, 5.6 mm. Posterior margin of ninth abdominal segment usu-
ally truncate, angles not prolonged. Caudal appendages straight, very stout near base;
dorsal protuberance short and acute, located about one-half distance between base and
tip. Color very dark brown and black, shining. Ventral plates light brown.
Reddish-brown patch at base of caudal appendages in second and third stages.

The foregoing measurements were made from alcoholic specimens,
while those of most other species were made from living material.
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LENGTH OF TIME REQUIRED TO COMPLETE LARVAL STAGES.

Tlio larva- that wore reared in June and July, 1909, completed the

lii-st sta^'c in an average of 3 days; the second in 3 days; and the third

in about 15 to the date the lafvje ceased feeding. The whole active

periotl of the larva3 covers about 21 days for the series reared early in

the season.

For the series that were reared in the fall of 1909, 4 days were re-

quired 1o pass the fii-st stage, 10 days for the second, and 14 for the

third to the date the larvae ceased feeding, making a total of 28 days

for the active feeding period.

The time elapsing })ctween the date the larvae ceased feeding and

the date of ])u])ati()n was secured from the series reared in the fall of

1909 and seven days were required at a temperature of from 68° to 75°

V. The ]>rei)U])al stage, like the larval stages, is pro])ably shorter in

tiie summer when the temperature is high and other coiKhtions more
favorable to development.

FOOD CONSUMED BY LARV^.

A large series of individual f(HHling records of larvae was conducted,

using jelly glasses about two-thirds full of earth. Very poor results

were secured with such small containers. All of the larvae in this

series dietl before pupation. The records of six specimens that

reached maturity before death are given in Table 5 to show the num-
ber of caterpillars destroyed by each.

Table 5.

—

Food eaten by larvae of Calosoma scrutator.

Hatched.
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Calosoma scrutator.

-4.—Third-stage larva, dorsal view, X4. B.—Same, ventral view, XJ- (Original.)
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HABITS OF LARV^.

Experiments were tried with l<arva3 of this sp<>oies in all stages to

secure data on their habits of finding food, using the apparatus show^
in Plate III.

June 24, 1912, Mr. Dudley began an expenment with two first-

stage larvae. They were placed several times upon the bark of the

tree, as they did not seem to venture there of their own volition.

When this was done they would either fall to the ground or advance
to the nearest loose scale of bark in their path and remain tliere until

disturbed.

June 26 and 27, the two larvae molted to second stage. They
acted in a similar manner in this stage. They were usually found
buried in the earth in the morning instead of in the food cage at the
top of the tree.

On July 2, one larva died in the second stage and the other molted.
The third-stage larva was put upon the bark of the tree several times
and would climb 6 to 12 inches around or down the tree before falling.

This larva became rather sluggish by July 12 and was removed from
the experiment.

July 16, the junior writer liberated two large third-stage larvae in-

side the circle, and observed their movements at intervals for two
days, after which time they were becoming exhausted from lack of

food. One larva, when placed upon the trunk, ascended 12 inches
before falling, which was the best record for distance covered during
the period of the experiment.
These experiments were repeated in 1913 with practically the same

result, except that in one case a first-stage larva after being placed
upon the tree was able to climb about 4 feet before falling. This is

the best record made by any larva of this species but hardly indicates
that the species commonly climbs to any marked extent.

The movements of these larvae are very similar in all stages to

those of C. calidum and C. frigidum,. It was necessary to remove the
larvae from the experiment at intervals in order for them to feed, in-

dicating that this species must secure food on or near the ground.

COLONY AND CAGE EXPERIMENTS IN GREENHOUSE.

During the early spring of 1910 it was necessary to secure lepidop-
terous larvie with which to feed specimens of Calosoma and Carabus
after their emergence from hibernation. After much inquiry, a sup-
ply was found in a range of greenhouses at Brighton, Mass. The
proprietor is a wholesale grower of roses, Asparagus sprengeri, and
Asparagus plumosus and his greatest insect pest on asparagus is a cut-
worm, Noctua clandestina Harr. There are several generations
annually and the proprietor and foreman report that the worms can
be found in various stages during most of the year. The proprietor
resorts to poisoned bran mash and hand picking to combat the pest.
He claims an annual loss of S2,500 from this insect which includes
$1,000 expended for hand picking at night and other methods, and
$1,500 damage as a result of the cutting off of the tender terminals of
the plants, which checks their growth.
Cutworms collected by the laborers at night were used to feed

Calosoma and Carabus. In return for this act of kindness in forward-
ing them daily to the laboratory during the early spring, an expcri-

54880°—Bull. 417—17 3
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iiuMit \v:is started to ascertain if predacious Calosoma could he in-

duced to prey u])on the pest.

In June, 1910, live males and three females of this species were

t)laced in one greenhouse, in a wire cage, 2 by U by H feet. A numlxu-

of iisparagus plants were growing in this cage and cutworms were

niU\v\ froni time to time.
i

.
,

On August 17, 1910, three adults were climbing about on the sides

of the cage. No dead beetles had been removed, nor had there been

any repnxhiction ol)served by the foreman. The cage was not

visited again by tlie junior writer until March 21, 1911, when two

males were active, climbing on the sides of the cage. The foreman

stated that the beetles were first active in the cage about February 1,

1911. A dead beetle was removed at that time.

June 16, 1911, the earth in the cage containing the beetles was ex-

amined and three males were found in separate well-made cavities

at the bottom. The walls of one of the cavities was secured unbroken
and the beetles appeared dormant when first disturbed. On this date

the.se beetles had lived in greenhouse temperatures and conchtions for

o!ie year, thoroughly demonstrating their ability to withstand similar

conditions. The foregoing notes show that they do change their

habits somewhat to suit conditions, in bcmg alternately active and
dormant throughout the year. Two males and two females were re-

placed in the cage on this date and further observations were made
tor r<'production of the species in 1911. By August 7, one pair had
died and still there was no evidence of reproduction although this

might have taken place and the young larvae escaped through the

meshes of the fly scrcn^n unnotic(^d, but it is rather improbable.
On the same date (June 16, 1911) seven males and six females were

liberated in the beds of Asparagus plumosus in an adjoining house.
Some of tliesc beetles were placed upon the asparagus leaves and on
these they climbed for a while but soon fell to the ground and disap-
peared.
June 29 and August 7, 1911, the colony was visited to ascertain if

the beetles were reproducing, but no evidence was secured. ' Neither
Mr. Plarbeson nor the laborers had seen any of the beetles since they
wer<> liberated save one dead specimen that was found about June 25.
At this time the men were finding both adults and small cutworms of
iV. dandestina.
June 6, 1912, .3 males and 6 females that had just been received

from Washini^ton, D.C., were added to the colony, which now totaled
10 nudes and 12 females liberated. The colony was visited several
times durinor the year, namely, February 3, April 8, May 29, June 6,
and September 25, and examinations made, but therewas no evidence
that tile ])eetles n^produced.

Altlioucrh reproduction was not noted with any of the beetles in
the greeuhouse up to the end of 1912, larvaB might have been present
in small numbers.

It is not strange that it did not occur or was unnoticed with so
few beetles in a large greenhouse. It is demonstrated in the foUow-
mg paragranh that adults of tills species feed upon cutworms during
the night when the latter come to the surface of the earth to obtain
food, and the \vTit(>i-s still have hope that tliis species may prove a
beneficud enemy of cutworms under tliese conditions. In* this case
It was possible for tlie beetles to escape, as the ventilators and
doors were frequentJy left open.
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EXPERIMENT TO DETERMINE THE RELATIVE AMOUNT OF FOOD DEVOURED BY ADULTS
DURING DAY AND NIGHT.

In connection with the idea of colonizing this species in a green-
house where cutworms {Noctua clandestina Harr.) are abundant sev-

eral times in the year, it was thought advisable to secure some infor-

mation on the feeding of this species upon cutworms. Two large

battery jars two-thirds full of earth, each containing one male and
two females, were used for the experiment. In one jar cutworms
were buried in the earth at 5 p. m. and the jar immediately set in a
dark closet until 8 a. m. the following morning when the count of

devoured and unharmed cutworms was made. All living cutworms
were removed until 5 p. m. on this day when they were returned to

the jar with others. In the other jar cutworms were buried at 8
a. m. and the count of devoured and living was taken at 5 p. m.
They were then removed from this jar until 8 a. m. the following
morning. Green grass was placed on the surface of the earth in the
jars eacli time to furnish food for the cutworms and the latter were
buried about one and one-half inches below the surface.

The experiment was started June 19 and concluded June 28 because
the supply of food was no longer available. After June 24 the cut-

worms were left in the jars all the time, but records of feeding were
made at 5 p. m. and 8 a. m. Fifty-seven full-grown cutworms were
devoured by the beetles during the night and four during the day,
or 14 times as many were eaten at night as during the daytime. It

is evident from these experiments and other jar records that the
adults of this species burrow into the ground very little in search of

food but take the opportunity to seize their prey whenever it is met
(day or night) on or above the surface of the ground. This species

destroys large numbers of cutworms as weU as arboreal caterpillars.

THE PUPA.

One male pupa of this species measured 20 mm. long and 8 mm.
wide. No female pupae were secured for observation.

Some observations were made upon the change and development
of pupa? during the fall of 1909. Some of the larvae constructed their

cavities at the bottom of the jars and next to the sides, which made
it comparatively easy to observe their daily changes in appearance.
The following notes were secured from a pupa observed at that time:

No. 2884-A. September 23, larva hatched and placed in small jar.

October 3, larva cast first exiivium.
October 16, larva cast second exuvium.
October 23, larva ceased feedino; and shortly after that date probably began mak-
ing cavity. It had made tunnels all through the earth at that time.

October 30, larva pupated in cavity at bottom of jar.

Pupa creamy white and lay on dorsal side. It was observed daily for changes of

color, but such changes were very gradual.

November 9, elytra changing to slightly violet color. Eyes could not be plainly
seen from the outside. Abdomen still creamy white.

November 12, beetle issued and remained in cavity. Jar filled with earth and
transferred to cellar of laboratory where it was allowed to pass the winter. The
pupal stage required 13 days in a temperature of from 68° to 75° F.

It is not expected that pupge mature during the summer in much
shorter time than was required in the foregoing experiment, namely,
13 days. In the Southern States, where this species is commonly
found, the pupal stage may possibly be two or three days shorter.



36 Bl'LLKTIN 417, U. S. DEPARTMENT OF AGRICULTURE.

BIBLIOGRAPHY.

177-> l'\nRitii'a, J. C. Svstema Entomologise, v. 1, 268 p.
'

PaB0 239. fonluhis tl.e oriRinal description of the species luuier the genus Carabus. Habitat,

Virginia.

1787 Fabricius, J. C. Mantissa Insectorum, t. 1, 348 p.

I'agel97. practically the same description as that in SystemaEntomologise, 1775.

17<)'> Fabricius, J. C. Eatomologia Systematica, t. 1, 538 p.

Pago HO. Practically the same description with additions to that in Systema Entomologiae, 1775.

17«)") OiiviKR A G. Eutomologie ou Ilistoire Naturelle des Insectes, t. 3, no. 35

(Oarabe), p. 42, pi. 3, lig. 31. Paris.

Inch.des description of species with former references The author describes it as rasembling

(^^il^Tycophameind not^ that it was found in North America, m the Carolmas, and m Virginia.

Ism Fabricius, J. C. Systema Eleutheratorum, t. 1 , 506 p. Kiel.

Page 213. -Viithor's same description of the species but placing it in the genus Calosoma.

ISOl l^ATHKiLLE, P. A. Histoire Naturelle Gen^rale et Particuliere des Crustaces et

dcs Insectes, t. 8, 411 p.

I'ace 3tX). Contains description comparing this species with Calosoma aycophanta and notes that it

is found in North .\merica.

1815. Leach, W. E. The Zoological Miscellany, v. 2, 154 p., 120 pi.

Page 93, pi. 93. Short description of species with figures of adult.

18''3 S\Y Thoma'^. Descriptions of insects of the families of Carabici and Hydro-

canthari inhabiting North America, /n Trans. Amer. Phil. Soc, n. s., v. 2,

no. 1, p. 1-109. \
Page 73. Contains a full and very good description of the species.

1826. DeJean, le Comte. Species General des Coleopteres, t. 2, 501 p.

Page 191. Includes a long description of the species as compared with sycophanta L., and notes

that it is found in North America.

1853 C'liAPUis, F., et Candeze, E. Catalogue des Larves des Coleopteres. In
Mem. Soc. Roy. Sci. Liege, v. 8, p. 347-653, 9 pi.

Page 371. Includes description and figure of larva of C. scrutator Fab.

1862. R.\THVON, S. S. Entomology. In Rpt. U. S. Comr. Patents f. 1861, p. 585-
"'

620, 90 lig.

Page 592. Noted as a rarer species than calidum Fab.

1863. Harris, T. W. A Treatise on Some of the Insects Injurious to Vegetation,

610 p., 278 (ig., 8 pi.

Page 470. Recorded as eating cankerworms in the grass and on the trees.

1863. LeConte, J. L. Notes on the species of Calosoma inhabiting the United
States. In Proc. Acad. Nat. Sci. Phila. f. 1862, v. 14, p. 52-53.

Synopsis of the species of Calosoma occurring in the U. S.

1867. (iLOVER, T. Report of the entomologist. In Rpt. U. S. Comr. Agr. f. 1866,

p. 27-45.

Page 39. Recorded as very useful in destroying cankerworms in orchards in the Eastern States.

1869. Glover, T. Food and habits of beetles. In Rpt. U. S. Comr. Atrr. f. 1868,

p. 78-117, 189 fig.

Page 79. Ueetles noted as feeding upon caterpillars and climbing trees to obtain them.

1870. Riley, C. V. Enemies of the cankerworm. In 2nd Ann. Rpt. Noxious,
Renoficial, and Other Insects, Missouri, p. 102-103.

Recorded as enemy of cankerworms.

1870. RtLEV, C. V. [Note.] In Amer. Ent. and Bot., v. 2, no. 10, p. 306.

Record of a beetle destroying all the caterpillars in a nest in a crab-apple tree, Linwood, Mo.

1870. Riley, C. V. The tent-caterpillar of the forest. In Amer. Ent. and Bot.,
V. 2, no. 9. p. 261-266, fig. 1 6.5-168.

Page 2ti5. The author writes of the elTectivene.ss of the species of Calasoma, especially scrutator
Fab., in kwpiiig under control Clisiocavipa sylvatica llarr.

1S73. Ftn.KV, C. V. Economic Entomologv. /// Trans. Kans. State Bd. Atrr. f.

IS72, p. l.'92-325. 19 fig.

Piiges 307-:«(.s. Includes u note by the author in wnich he states that lie had observed the ground
beetles Calotoma scrutator Fab. preying upon the worms of Anisopteryx vernala.



THE GEKUS CALOSOMA. 37

1878. Riley, C. V. Ground beetles. In 1st Rpt. U. S. Ent. Com. f. 1877, p. 313-

314, fig. Ab-Al.

Page 314. Recorded as feeding upon the Rocky Mountain locust.

1879. Williams, J. Beneficial insects. In 9th Rpt. Ent. Soc. Ontario f. 1878, p.

36-46, fig. 15-35.

Page 4L Notes to the effect that the beetles are washed ashore on Toronto Island and that they
kill cankerworms, army worms, and tent caterpillars.

1880. CoMSTOCK, J. H. Report of the entomologist. In Rpt. U. S. Oomr. Agr. f.

1879, p. 185-347, 16 pi.

Pages 191, 256, and 292. Beetles feed on army worm and Hibernia tiliaria. Note to the effect that
Coquillett has seen the beetles climbing about in the tops of tre&s in search of caterpillars of the latter

species. Adults also feed on Aletia argUlacea in Texas. Adults live under sticks, stones, and bark
of trees; larvae in similar places.

1880. Fletcher, .T. Entomology for beginners. In Canad. Ent., v. 12, no. 1, p. 32-

35, fig. 4-5.

Page 35. Common name, "Beautiful-bodied Searcher." Live specimens rare in Toronto.

1880. Riley, C. V. [Note.] In Amer. Ent., v. 3 (v. 1, n. s.), no. 9, p. 229.

Known as "Rummaging Calosoma." Beetle taken at Lafayette, Ga.

1881-1884. Bates, H. W. Biologia Centrali-Americana. Insecta Coleoptera, v. 1,

pt. 1, 316 p., 13 pi.

Pages 20 and 262. Localities in Mexico where species occur.

1881. Fletcher, J. Popular papers on entomology. In 11th Ann. Rpt. Ent. Soc.

Ontario f. 1880, p. 19-21, 2 fig.

Page 21. Species rare in Canada; predacious.

1882. Riley, 0. V. Report of the entomologist. In Rpt. U. S. C'omr. Agr. f. 1881-

1882, p. 61-214, 20 pi.

Page 99. Record of larvae of this species feeding upon army worms and attempts at rearing them
by L. O. Howard.

1882. MoFFATT, J. A. Entomological notes. In 12th Ann. Rpt. Ent. Soc. Ontario f.

1881, p. 29-30.

Notes on collection on shore of Long Point.

1883. Forbes, S. A. The food relations of the Carabidse and Coccinellidse. In 111.

State Lab. Nat. Hist. Bui. 6, p. 33-64.

Page 38. Stomachs of three specimens taken in an orchard infested with cankerworms examined,
and the contents were composed of two-thirds idsect origin, one-third liquid and unrecognizable.

1883. Howard, L. O. Report of observations upon the army worm, 1881. In 3rd
Rpt. U. S. Ent. Com., p. 132-135.

Page 135. Larvae, probably of scrutator Fab., found destroying army worms at a great rate. One
starved larva killed 15 army worms in 2 hours in confinement, but consumed only 2.

1883. Riley, C. V. Cankerworms. In 3rd Rpt. U. S. Ent. Com., p. 157-197, 7 fig.

Page 177. Recorded as preying upon spring cankerworms. Adults climb trees and are taken
around tin bands.

1887. Bethune, C. J. S. The cotton moth in Canada. In 18th Ann. Rpt. Ent. Soc.

Ontario f. 1887, p. 17-18, fig. 1.

An account of the way beetles are blovsn from fields into lake, then drift ashore alter heavy blow.

1890. Bruner, L. Insects Injurious to Young Trees on Tree Claims. Univ. Nebr.
Bui. 14 (Bui. Agr. Expt. Sta. Nebr., v. 3), art. 2, p. 83-149, 98 fig.

1890. Packard, A. S. Cacoecia fervidana (Clemens). In 5th Rpt. U. S. Ent. Com.,
p. 193-194.

Page 194. Reported attacking Cacoecia fervidana.

1894. Leng, C. W., and BEUTENMiJLLER, W. Preliminary handbook of the Coleop-
tera of North Eastern America. In Jour. N. Y. Ent. Soc, v. 2, p. 133-141,
pi. 3.

Page 140. Brief description of species.

1895. CoMSTOCK, J. H., and Anna B. Manual of the Study of Insects. 701 p., 797
fig. Ithaca.

Page 519. Short description and a note on climbing habits.

1895. Fernald, C. H. Entomologist's report. In 4th Rpt. Mass. State Bd. Agr.
on the work of extermination of the gipsy moth, p. 27-29.

Page 28. Listed as feeding upon the gipsy moth.



38 BULLETIN 417, U. S. DEPARTMENT OF AGRICULTURE.

1S% LiNTNKR* J A. List of pubUcations of the entomologist la lOth Rpt. N. Y.

State Ent. f. 1S9-1, p. 484-506.

Pajje 491. Note to the ellect that this species closely resembles the Koropean C. sycophanta L.

18<)G. Founi'sii, E. 11.. and Fkrnald, C IT. The Gipsy Moth, Mass Stat3 Bd. Agr.,

49r»4-c p., fi(! pi., M fig.

Pages 3SMS3. Brief notes on the amount of food consumed by the adults m confinement.

1898 BiROKss A. F. Notes on predaceous beetles In 45th Ann. Rpt. Mass.

State Hd. Agr. f. 1897, p. 402-411.

Pages 4(X>-»07. Brief notes on distribution and attempts at rearing the speci&s.

1899 G.\DE\u DE Keuville, Henri. Description d'un Col6optfere anomal (Calo-

sonm scrutator F.). In Bui. Soc. Ent. France, p. 81-82.

Page SI. Includes the de.scription of an expansion on the posterior tibia of the right leg of a female

specimen from the Uniteii States.

1910. Bi.ATriri.EY, \V. S. The Ooleoptera or Beetles of Indiana. ]38r) p., 590 fig.

Indianapolis.

Page »". Occurs in all parts of Indiana and is often attracted by the hundreds to the electric lights

of the cities.

1911. Smith, .1. B. [Note.] In Ann. Ent. Soc. Amer., v. 4, no. 2, p. 179, June.

Note on the iircsonce of 0. xcrutator Fab. and vilcoxi Lee. in enormous numbers in southern New
Jersey, one year feeding upon a species of georaetrid calerpillar, and the followuig year neither beetles

nor caterpillars could be found.

CALOSOMA WILCOXI Lee.

ORIGINAL DESCRIPTION.

Greenish-bronze, blackish-bronze or bronze above, shining with gold and blue

below; feet steel-blue; thorax much broader than long, gold-margined; elytra deeply

striate, copper margined, spaces between the strite marked transversely, with punc-

tures marked in triple row. Length 0.77 inch, width 0.4 inch.

Habitat, from New York to Texas, very rare. Very much like the preceding

(srriildtor), but a tliird smaller, and with thorax a little shorter (and a third narrower),

leas rounded on the sides behind the middle, slightly retracted; striae of elytra less

deeply I>ul distinctly punctate.

EARLY RECORDS OF THE SPECIES.

This spocics was originaDy described by LeConte in 1848. In his

description he mentioned that "it occurs rarely from New York to

Texas." In the same year it was listed in his "Descriptive Cata-
logue of the Geodepliagous Coleoptera Inhabiting the United States

East of the Rocky Mountains." The description compares this

species with C. scrutator, which it resembles greatly. In 1862 Le Cont(^

in his "Notes on the species of Calosoma inhabiting the United
States" giv(>s d(>scriptive d(>tails for separating wilcoxi from scrutator.

The middle libia of the male of tlie former species is nearly straight
while (hut of the hittiT is curv(^d. No published references as to the
kind of food sought by these beetles have come to the attention of
the writers, save a note by Dr. W. E. Britton, of Connecticut, in his

"Tenth Report of the State Entomologist, 1910," in which he states
that "Mr. Champlain observed a large ground beetle, Calosoma
wilcoxi Lee, wliich was very abundant during the season, feedhig upon
canker worms."

DISTRIBUTION.

Specimens of this species have been collected in Arkansas, Cali-
fornia, Connecticut, Delaware, District of Columbia, Georgia, Illinois,
Infhana, Iowa, Kansas, Massachu.setts, Michio;an, Missouri, Nebraska,
New Jei-s(>v, New York, Ohio, and Pennsvlvania; also in Ontario,
Canada. There are records of this species iii the Southern States only
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from Georgia, but it probably occurs in others of them. The collec-

tion of the California Agricultural Experiment Station contains
specimens from Tulare County of that State, and the species possibly

occurs rarely in other far Western States.

COLLECTIONS AND SHIPMENTS.

Entomologists in Washington, D. C, about the last of May and the
first of June often observe specimens of C. wilcoxi about electric lights

m fairly large numbers. Mr. Barber forwarded between May 18

and June 7, 1909, 18 males and 31 females. All were alive except
one female. A few other specimens were received from the same
source in 1911 and 1912. The writers have been able to secure the
data set forth in this paper from the parents collected in 1909.

HABITS OF ADULTS.

The habits of this species in the field are little known to the writers,

since they have not had an opportunity to make observations, and
the pubUshed records are rather fragmentary with reference to this

subject. To obtain an idea of their nabits two females were placed
at the base of the tree (PL III) in the climbing experiment, June 14,

1912. Both of these climbed freely and one oi the females was
found at the top of the test tree the following morning and had con-
sumed two large caterpillars of Malacosoma americana that were
placed upon it the previous day.

FOOD CONSUMED BY ADULTS.

Of the beetles received in the spring of 1909, five pairs were placed
in battery jars and daily records kept of the amount of food eaten.

(See Table 6.) The first shipment arrived May 13 and the pairs

reserved for feeding and rearing records were offered raw meat for a

few days. The beetles partook of this diet rather freely until May 27,

when a sufficient number of M. americana caterpillars of medium size

were secured and substituted.

Table 6.

—

Feeding records of Calosoma wilcoxi.

FIVE PAIRS, 1909.

Pair
No.



40 BULLETIN 417, U. S. DEPARTMENT OF AGRICULTURE.

T.\ULE 6.—Feeding records of Calosoma wi/coiJ—Continued.

THREE P.VIRS, 1910.

I'nir

No.
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LONGEVITY OF ADULTS.

Two of the females collected in 1909 died during the spring and
summer of 1911. Taking it for granted that they were pupse in the

fall of 1908, they must have spent three years in the adult stage. The
males in this same shipment (although they were fewer in number
than the females) lived only two years, but under natural conditions

they probably live as long as the females, as both sexes of C. inquisitor

and 0. sycophanta ordinarily attain approximately the same age

before death.
HIBERNATION.

Notes on the hibernating habits of this species are given in Table

7 and the paragraph following.

Table 7.

—

Showing dates at ivhich Calosoma wilcoxi entered and emerged from hiber-

nation in 1909, 1910, and 1911.

No.

1791

1792

1793

179.5

Date entered, 1909.

June 27, 1 male, 1 fe-

male.

22, 1 male, 1 fe-

male.

2-4, 1 male.

1 7, 1 male, 1 fe-

male.

Date emerged, 1910.

Depth
of cav-
ities,

1910.

May 26, 1 female

.

June 4, 1 male
May 23, 1 male, 1

female.

Inches.

June 18, 1 male i.

.

May 26, 1 male, 1

female.

Date entered, 1910.

July 12".

July 11, 1 male

14, 1 female
died.

11, 1 male, 1

female.
Aug. 3, male died..

Date emerged, 1911,

Male died in cav-
ity.

Female died in
cavity.

Depth
of cav-
ities.

Inches.

1 Beetles died during the summer.

The average date of entering hibernation in 1909 was June 23 and
in 1910 July 11. The depth at which this species hibernated in soft

earth ranged from 1 to 6 inches. In 1909 sevei'al specimens were
placed in a cage in the laboratory yard, but not all of them emerged
in 1910. This was not thought to be abnormal, at that time, as some
ordinarily die during hibernation, but on May 18, 1911, one female
emerged from this same cage. (Fig. 5.) This is an instance where
one specmien remained in hibernation two winters and one summer.

THE EGG.

Twelve newly deposited eggs were wliite with a faint yellowish tinge, and averaged
3.9 mm. in length and 2 mm. in width; in form they were elliptical, Ofcasionally
somewhat kidney-shaped, and often tapering toward one end.

Most of the eggs were deposited between June 2 and June 22, 1910,
and hatched in from 3 to 12 days. The average time passed in this

stage by 168 eggs deposited that year was 6.8 days.

BRIEF DESCRIPTION OF LARVA.

First stage.—Form somewliat stout. Average length of 12 specimens, 7.8 mm.;
width, 1.8 mm. Caudal appendages of medium length, straight. Color brown above,
ventral plates light brown.
Second stage.—Form stouter than in first stage. Average length of six specimens,

12.9 mm.; width, 2.9 mm. Caudal appendages short and stout. Color sliglitly

lighter than in first stage.

Thii'd stage.—Form robust. Average length of six specimens, 22.2 mm.; width,
4.4 mm. Posterior angles of anal segment obtuse, not prominent or protruding back-
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ward Caudal appendages stout at base; dorsal protuberance short, stout, located

two-tlrrds .listance from base to tip. Appendages beyond protuberance slender and

pt)iutod. Color chestnut brown above.

I

Fi<i. .').— In(livi(lii;il liibernaliou cuk'i' iluii lias

boon romovpd from I lie earth. Arrow shows
where !» C'ulosoiii;i hootle hibernated; enlarge-
inont shows the beet loin the cage. (Burgess!)

N'entral plates amber. Reddish -brown
patch at base of caudal appendages in

second and third stages.

LENGTH OF TIME TO COMPLETE LARVAL
STAGES.

The duration of each larval

stage was deterininetl from a few
t)f the hidividual records of larvae

ill 1910. Itwas found that the first

stage covered on an
average 7 days, the
stTond 5, and the
third, to the date the
larvae ceased feeding,

14. As is sho\\Ti m
Table 8 the active

growing period ex-

tends over about 28
days. Tlie larvae

used in these experi-

ments hatched June
9 and were practi-

cally fidlgrown about
July 5, or 26 days
after hatching. The

time elapsing between the dates

the larvae ceased feeding and the

dates of pupation proper was not
obtained accurately, but is approxi-

mately about 4 or 5 days.

FOOD CONSUMED BY LARV^.

Daily feeding records kept from
the date of hatching to the date

Rm:

the larvap ceased feedmg and buried themselves for pupation were
as sho^^^l in Table 8.

Table 8.

—

Food caUii hij larvx of Calosoma vnlcoxi, 1910.

No.
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Only one of the larvae in Table 8 lived to pupate, namelv, 2778-H.
One escaped and the others died after they had become full grown.
The active feeding period of the larvae was from 22 to 33 days, or an

average of 28. The average number of ru!i-grown caterpillars re-

quired for the completion of their larval stages was 16, and according

to the data obtained they have approximately tL^ ^ictme capacity as

those of inquisitor

^

HABITS O* LARVA.

Owing to lack ?i ;:T:ateri-d no experiments, such as were conducted
with C. colidum, C, chinenise, and others have been tried to ascertain

whether the larvae of this species are terrestrial or arboreal m their

habits 01 seeking prey.
THE PUPA.

One female pupa measured 16.5 mm. long and 7.5 mm. wide. No
male pupae were measured.
The one incomplete pupal record secured was from a larva which

hatched June 9, 1910, and ceased feeding July 1. On July 14 the

pupa was found m a cavity at the bottom of the jar, where it had
probably remained eight or nhiedays, and woidd have issued in from
three to five days more. This pupa was preserved in alcohol, so no
adult was secured.
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CALOSOMA FRIGIDUM Kirby.

ORIGINAL DESCRIPTION.

l''rii,M<l Calosoma, black underncatli with greenish sides; elytra furrowed with the

furro\\s punctured ; interstices of the furrows elevated with transverse lines impressed,

and a triple series of hilolied ol)sciu-ely gilded punctiforni impressions; margin green-

ish ;
jK)st<'rior angU's of the prothorax depressed. Length of the body 9J lines. Taken

in bruminond's Island, Canada, by Dr. Bigsby.

Not unlike C. calulum, but longer in proportion and more depressed. Body black,

not glo.ssv al>ove. Head not confluently punctured and wrinkled; mandibl(\s ob-

li(|nely liut less densely wrinkletl, and frontal impressions longer than in C. caiidum;

prothirax scarcely wider than the head, posterior angles bent downward^ elytra

scarcely at all l)ronze(l, lateral margin obscurely green, with the same number of

elevated lini^s as in ('. raJidtnn but in th<^ furrows formed by them is a series of punc-
tures, and the transverse lines are less conspicuous; there is a triple series of puucti-

form iini)re.ssions, Imt they are bilobed, smaller, and the gilding is ^eenish and less

conspicuous; they are al.so less numerous, there l)eing only seven or eight in the series

next the suture, eight or nine in the intermediate one, and three only towards the
api'X in the external one; at the liase there is also a pair on each side; the sides of the
bi>dy underneath are greenish, punctured and wrinkled.

EARLY RECORDS OF THE SPECIES.

The spocios was first (l('S("rn)ed l:)y Kirby in 1837. Very little

further titloiitioii was given it until 1S48 and 1863, when LeConte
included it in his ''Descriptive Catalogue and Notes on the Species
of C'alosonia Iidial)itiiig the United States." This species, like many
Others of its congeners, often attracts the attention of collectors and
is present in most general collections. The senior writer, hi 1896, was
the first investigator to rear the species successfully through all its

stages in confhiemeiit, and a continuation of the same work was
attempted by himself and the junior wi'iter in 1909 with a fair

measuiv of success.

DISTRIBUTION.

This sjK'cies occui's hi Connecticut, Georgia, Illinois, Indiana, Iowa,
Maryland, Massachusetts, Michigan, Mimiesota, Nebraska, New
llanipsliire, New York, Pemisylvania, Texas, and Wisconsin. It
also occurs in Ontario and Quebec, Canada. Undoubtedly this
species hjus a greater range than that above mentioned l)ut it is more
common in the northern part of tlie Uiiited States and in Canada.

COLLECTIONS AND SHIPMENTS.

From 1909 to 1<)12 iuhdts and larvae of this species were collected
in the liehl and brought to the laboratory aUve for biologic study.

I
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In 1909 two males and two females were collected near Boston
about April 15. Mr. R. Wooldridge stated that he saw three adults
on June 18, feeding upon caterpillars of P. dispar in Wellesley, Mass.
On July 31 Messrs. Fiske and Burgess, while in Tamwortn, Sand-

wich, and North Conway, N. H., investigating the natural enemies
of Heterocampa guttivitta, found upwards of 100 beetles in a small
infested area, and in one square yard of leaf mold collected 12 second
and third stage larv?e oi frigidwm. The latter were fed and reared
to maturity at the laboratory.

In 1910, 11 males, 7 females, and 2 larvae were received, some of
which were foi-warded by Messrs. P. J. Parrott and H. E. Hodgkiss
of Geneva, N. Y. Mr. Parrott collected these beetles at Geneva,
Gates, and Seneca Castle, where they were found feeding upon cut-
worms (Xylina sp.). One specimen was taken while feeding upon
caterpillars of Euproctis chrysorrhaa at Cape Elizabeth, Me.

In the season of 1912, 71 males and 38 females were collected and
fonvarded to the laboratory between June 1 and June 30. During
these years many specimens were seen in the field but were not
collected. The adults were frequently taken running up and down
the trunks of trees.

HABITS OF ADULTS.

In order to check up the field observations on the climbing habits
of this species an experiment was tried with a pair of adults using the
apparatus shov/n in Plate III. The beetles climbed to the top of the
tree immediately and with considerable speed. They climbed over
the tree at wiU and were not once seen to fall during the few hours
they were left in the experiment. Adults of this species have fre-

quently been reported as fairly common in certain localities in the
gipsy-moth infested area, especially under burlaps where they were
doing appreciable good in feeding upon the caterpillars. The senior
writer ^ found them common in localities in New Hampshire in 1909,
where they were observed climbing the trees and feeding freely upon
larviB of Heterocampa guttivitta.

All indications point to the fact that the adults of this species fuid

most of their ])rey on the trees, but the larvae have very different

habits as is pointed out in another part of this paper.

FOOD CONSUMED BY ADULTS.

Feeding records of adults were conducted through 1909, 1910, and
1911, but each year with different pairs, as in all the cases except
one the beetles died before a second year's notes could be secured.
Caterpillars of Malacosoma americana and Porthetria dispar were
offered for food and the beetles attacked them voraciously. Some
of the beetles were collected in eastern Massachusetts and others
were reared at the laboratory. The records for 1909 and 1910 are
contained in Table 9.

'Burgess, A. F., Notes on Calosoma. frigidum Kirby, a native beneficial ipsect. /« Jour. Econ. Ent.

,

V. 3, no. 2, p. 217-222 (p. 218), 1910.
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Table O.—FccdiiKj records ofJour pairs of Calosoma Jrigidum , 1909 and 1910.

I'airNo. and
year.
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one of the five females reproduced. This was one of those collected

during the spring and it deposited 12 fertile eggs.

One pair of beetles collected June 1 and 7, 1912, was placed imme-
diately in a jar for rearmg records. The female began oviposition

June 8 and contiimed until June 23. One hundred and thirty fertile

eggs were deposited and the female died July 2.

Thirteen pairs of beetles were confined in jars at the laboratory
during 1909, 1910, and 1911, and only three pairs reproduced. Fifty-

one fertile eggs was the total number secured, or an average of 17 to

each female that deposited. In 1896 * the senior author kept one
female in confinement that produced 186 fertile eggs m one season.

It is probable that most of the beetles collected during the spring and
confined at the laboratory were young stock. It has been demon-
strated and published in Bulletin 101 of the Bureau of Entomology
that Calosoma sycophanta reproduces very sparingly durhig the first

year, and the same is evidently true of C. frigidum. From four first-

year females of the latter species in confinement during 1910 only two
fertile eggs were secured.

LONGEVITY.

One pair of adults were collected in eastern Massachusetts about
June 15, 1909. The male died September 2, 1910, and the female
some time later during the same hibernation period. Another male
collected in the spring of 1910 lived until June 21, 1911. The latter

male was paired in a jar with a yomig female which was a pupa of

the summer of 1909. The young female lived just one year in the
adult stage. Another pair of beetles were pupse of the summer of

1909. The male died during the hibernation of 1910-11, but the
female lived until July 6, 1911. None of the beetles cited m the
above instances reproduced while in captivity.

Those beetles that were collected in the field during the spring
were probably pupae the previous summer. On this basis the first

pair of beetles cited lived one or two months over two years. The
one which lived longest of any reared at the laboratory was a female,
which remained alive for about two years. The available records
do not show that this species lives longer than two years, but it is

probable that it lives at least three years in the field.

HIBERNATION.

From the small collection of larvse brought from New Plampshire
August 1, 1909, five adults were reared. The larvte ceased feeding
between August 9 and 13 and then burrowed into the earth m the
cages, where they constructed cavities for pupation. Four of the
cavities formed were from 1 to 2\ inches below the surface, while one
specimen was found 6 inches below. One female emerged May
20, 1910, three females May 26, and one male was dug up June 4.

Two other pairs entered hibernation July 18 and 27, 1910, respec-
tively. One female lived to emerge June 1, 1911, and one male was
dug up June 7. They hibernated f to 2 inches below the surface.
The average date that old beetles entered hibernation in the sum-

mer of 1910 was July 29, but yomig adults, which do not breed, may

» Burgess, A. F. Notes on certain Ooleoptera known to attack the gipsy moth. In 44th Ann. Rpt.
Mass. State Bd. Agr. f . 1896, p. 412-431 (p. 419), pi. 3-5.
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enter at a much earlier date. The notes also show that emergence

took place m eastern Massachusetts from May 20 to June 7, and

that the average depth at whicli the beetles hibernated was 2 mches.

EXPORTATIONS.

ehnie 17. ll»12, 10 males and 10 females were packed with damp
sphagnum nioss singly in jnll })()xes, which were inclosed in a larger

box and fonvarded l)v mail to Mr. E. M. Ehrhorn, superintendent of

entomologv, in the Hawaiian Islands. The adults were fresh speci-

mens, collected in the field just previous to the date of shipment.

Mr. Ehrliorn >\Tote that only two males and three females arrived

lUive, but that those were very active. It was rather difficult to

exphiin the reason for the death of so many hidividuals, as the moss
in tlie l)oxes was still damp on receipt.

Cutworms had been reported as numerous and destructive hi the

islands by Mr. Ehrhorn, and it was thought desirable to attempt to

introduce this species and C. calidum to prey upon these noxious

pests.
THE EGG.

Fourteen fresh eggs gave the following average measurements: Length, 4 mm.;
width, 1.7 mm. They are yellowish-white, somewhat elliptical in form, and taper

slightly toward one end.

Tlie eggs are deposited singly in the earth and hatch in from 4

to 10 days, depending mainly upon the temperature. Two hmidred
and sixteen eggs deposited in 1912 by several females between June
S and 19 hatcned, on an average, in about six days.

DESCRIPTION OF LARVA.

The following description of the larval stages was made in 1896 by
the senior author:

'

First larval slaqc. —At the time of hatching the young larva is of the same color as

the egg, but gradually grow.s darker, until in about 10 hours it is of a deep shining
brown. After remaining in the; cavity occupi(>d by the egg for al)out twenty-four
hours, the lar\-a comes to the surface of the ground in search of food. At this time
the length is 8 mm., including the caudal appendages, which measure 1 mm.; the
width at the middle of the first thoracic segment is 1.7 mm., from which point the
body tapers gradually to the last segment. The head is large in proportion to the
bofly, longer than wide, somewhat flattened, and truncate behind. The cl\^1eus
is separated from the ei)icranium by a well-defined suture, which extends to the base
of tiie antennie, di\nding tlie raised portions from which they arise. The front edge
of the clypeus is emarginate, and bears a prominent hair at each anterior angle. There
are also three pairs of hairs situated on the forward part of the clypeus and two })airs

directly between the eyes, one pair being on the clypeus and one on the epicranium.
Antenna? setaceous, four jointed and ferruginous. Eyes conspicuous, and situated
in groui)s (.f .six each, on .slight elevations just behind the antenniB. The mandibles
are dark brown in color, long, simple, stout at base, but qtiite pointed at the tip, the
left mandiljJe often folded over the right. The maxilhe and lal)ium are small, ferru-
ginous and provided with well-developed palpi. Prothorax large, as long as the
raeso- and meta-thorax. slightly contracted and rounded posteriorly. Mesothorax
slightly rounded posteriorly; metathorax truncate. Lateral edges of the bodv
segments slightly produced. Dorsal line prominent on all the segments except the
liiet <)n the dorsum of each thoracic segment there are ten short hairs, one on the
anterior part of each lateral margin, one at each angle of the segment and one on each
side of the dorsal Vww at the anterior and |)o.steri()r margins. Abdominal segments,
nine \n number, with the exception of the last, truncate behind, the last segment

I nurc«^s, A. F. Notiw on certain Coleoptera known to attack the gipsy moth. In 44th Ann. Bpt.
Mass. SUlo Bd. Agr. f. 1K%, p. 412-J31, pl.3-,'>.



THE GENUS CALOSOMA. 49

being rounded posteriorly and bearing a pair of caudal appendages. Each segment
except the last bears six hairs, one on each lateral margin and two on each side of the
dorsal line at the posterior margin. The last abdominal segment bears a pah of hairs

on each lateral margin, but none on the dorsum. The caudal appendages are entire,

although probably jointed at the base, and bear numerous hairs. The spiracles are
situated just below the dorsal plates. The A'entral portion of the body is of a yellowish
white except the portions which are strengthened by chitinous plates. These are
of the same color as the dorsal part of the body. Legs well-developed, provided with
stout spines which are especially prominent at the joints, the tarsi bearing two claws.
The last body segment bears on the posterior ^-entral portion an appendage which
serves as a prolog and aids in locomotion. The lar\'a remains in this stage about four
days. Molting is accomplished l)y a splitting of the thoracic plates along the dorsal-

line; the head, mouth parts and legs are then withdrawn and the exuviae forced
back over the posterior end of the body. The newly molted larva is of a pale straw
color.

Second stage.—Length, 15 mm.; width, 3 mm. Form somewhat stouter than in the
preceding stage. Head relatively smaller, flattened, as wide as long; eyes less promi-
nent. Clypeus deeply emarginate in front and feebly incised at the middle. Anten-
nae and mouth parts relatively the same as in the last stage; the body, however, is

of a somewhat paler lirown color. All the body segments except the last are trun-
cate behind, and bear a well-defined dorsal line. The first thoracic segment is broad-
est posteriorly and gradually narrows toward the head, but is not quite as wide as the
two succeeding segments. The hairs are arranged the same as in the first stage,

except that two pairs of hairs arise on the lateral edges of each segment up to the last,

which bears only one pair. The caudal appendages are entire but not quite as promi-
nent as in the previous stage, and the legs are a little more slender. The time spent
in this stage varies from four to eleven days.

Third stage.—After molting the lar^'a measures 22 mm. in length and 4 mm. in

width, and is of a light mahogany-brown color, which soon changes to a dark seal

brown. The mandibles are stout, and bear a prominent carina. The clypeus is

deeply bilobed in front, the hinder border separated from the epicranium by a some-
what indistinct suture. Prothorax narrowed in front and much wider behind. Caudal
appendages each pro^-ided with a blunt spine, which is thickened at the base and
arises from the dorsal surface. When full grown the larva is Aery stout, and measures
32 mm. in length, and 6 mm. in width. A detailed description of the full-grown
larva follows:

The head is of medium size, slightly flattened and of the same color as the body.
Clypeus somewhat shield shaped. A faint line separates the clypeus from the epi-

cranium and reaches to the base of the mandibles, but does not diA'ide the raised
portions which bear the antennae. Front edge of clypeus strongly bilobed, each
anterior angle bearing a prominent spine; top of the clypeus slightly hollowed toward
the dorsal line. The spines are the same in number and arrangement as in the
previous stages. Eyes near l>ase of antennae, not prominent. The antennae are
setaceous, short, four-jointed, and arise from an elevation at the base of the mandibles.
First joint short, cylindrical and naked; second joint nearly twice as long, slightly

clavate and bearing a short hair near the middle of the outer margin; third joint a
little shorter than the second, somewhat clavate and having one anterior angle slightly

produced, and bearing three spines, which arise near the outer angles; last joint as
long as the first, nearly cylindrical and bearing three spines at the apex. Mandibles
large, stout at base, with a prominent dorsal carina. A strong, simple, blunt tooth
arises near the base. The mandible gradually tapers from the outermost insertion
of this tooth to a somewhat chisel-shaped point. The maxillae are small, ferruginous
in color, and are densely covered with hairs and spines. They bear four-jointed,
naked palpi, which are nearly as long as the antennae. The three inner segments of

the maxillary palpus are short, stout, truncate, and of nearly equal length; the term-
inal joint is slightly longer than the two preceding joints, oblong ovate in form and
truncate at the tip. The galea or inner lobe is naked, two-jointed and as long as the
three basal joints of the palpus. Lacinia prominent and bearing a spine at its apex.
Labium small, somewhat halberd shaped, with numerous spines arranged in an oval
row on the inner side. Palpi two-jointed; outer joint the longer and truncate at tip.

The dorsal thoracic plates are large, and nearly cover the lateral thoracic walls,

while the dorsal abdominal plates, with the exception of the last, are smaller, and
allow the lateral walls of the abdomen to protrude. Dorsal line not prominent. Each'
abdominal plate except the last bears, near the posterior margin, a very feeble trans-
verse carina. Spines are arranged as in the preceding stage. The last segment is

relatively small, nearly truncate behind; the caudal appendages of moderate length,
and each bears on the upper surface a large, blunt, hornlike protuberance, which is

54880°—Bull. 417—17 4
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terminated with a hrb^tlo. Numerous other hairs occur on these caudal appendages.

The ventral jwrtion of the body is yellowish white except the parts which are strength-

oiicil l>v chiliiious plates

Spiracles seal brown, nine on each side, borne in shallow depressions just below

the lateral edges of the dorsal plate, on the mesothorax and on each abdominal seg-

ment except the last. Those on the abdominal segments are small and circular,

wliile the thoracic spiracles are decidedly larger and elliptical in outline. Legs

small, very muscular and spiny. Coxae very stout, dark brown; trochanters, femora

and tibirt^ slender, rcddisli brown; tarsi of same color, one jointed and bearing two
simple claws. The anal proleg is slender, tapering and bears a number of short

spines. Tliis appendage serves tlie double function of acting as an organ of locomotion

and also ci>ntaining the cavity into which the rectum discharges. General color of

under surface sordid whil(>, varying to light gray, variously marked with light seal-

i)ro\vn patches. Head and anterior part of prothorax seal browni. Two lateral rows

of elongated markings of similar color extend along the body beneath the spiracles.

The upper row terminates on the penultimate segment, the Ictwer row on the last

R'gnient.

The markings forming the upper row are single and entire on the first two thoracic

s<'gmentt»; on the metatliorax there are two spots, the anterior being the smalli^r.

On the abdominal segments the markings are somewhat circular, two to each segment,

a large orbicular marking being followcnl posteriorly by a smaller one of similar shape.

The markings composing the lower row are in general elliptical, and occur singly on
tlie segments staled. On both the meso- and meta-thorax there is a single small

brown spot on the median line. In a corresponding positiim on each of the following

segments except the last two, and near the anterior margin, there is a large elliptical,

transverse, seal-brown spot. Posterior to this marking on each of the segments men-
tioned there is a transverse row of four small spots of similar color. On the last two
segments the median spot is quite large and somewhat pentagonal in outline. The
tnmsverse row of small spots occurring on the preceding segments is here absent.

The fiill-grown specimen measured and referred to in the foregoing
description was probably abnormally large, as those measured
recently do not exceed 30 mm. in length. Larvae in tliis stage have a
reddish-browai patch at the base of the caudal appendages.

THE PUPA.

Following is a description of the pupa:

Length, 18 mm.; width at first abdominal segment, 6.4 mm. Oblong, somewhat
elliptical and flattened. General color of the body pale amber. Head medium,
somewhat flattened in front and strongly dej)ressed beneath the thoracic segments.
Eyes prominent, seal brown in color. Antennae and mouth parts free, translucent.
Prothorax broader than long, considerably narrowed behind; mesothorax emarginate
in front and two-thirds as long as the metathorax; all separated by well-defined
sutures. Wing covers translucent and extending beyond the third abdominal seg-
ment . Abdominal segments nine in number, the sides of the bodv protruding beycmd
the dorsal portions. The lateral edges of abdominal segments 2' to 6 produced to a
blunt jxunt, within which is a slight depressicm. Penultimate segment slightly de-
pressed

;
last segment greatly depressed beneath the bodv, and bearing on the pos-

torior margin a j)air of small anal stylets. Each of the first five abdominal segments
bearsa narrow brush of erect brown hairs, wliich extends two-thirds of the distance
across the segment. The mne pairs of spiracles are light chestnut brown, and are sit-
uated in the same relative position as those of tlie larva; they are larger, however,
and elliptical in outline, those on the metathorax being the largest 'Legs freei
translucent, and nearly surrounded by the wing covers.

Although a few adults were reared from larvse in 1909, no specific
data were secured on the exact time passed in the pupd stage.
August 2 one full-grown third-stage larva was collected in New
llaini)shire ami f(-d untd August 9. August 13 it was transferred to
a siMidi lly-sc.iv(>n cage, winch was set in the ground, and allowed to
)tiry un for pui)ati()n. October 4 the cage was removed and a young

li\ Ml.' female Was fouiul m a cavity 6 inches below the surface. The
female was replaced m the same cage in a cavity 2 inches below the
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surface and reset in the ground. May 26, 1910, the female emerged
from the latter cavity.

Other full-grown larvae were placed in similar cages about the same
time and were not disturbed, but allowed to emerge normally the
following spring. One specimen was unearthed in the fall to make
sure that this species does not hibernate in the larval or pupal stages.

None of the adults reared in 1909 emerged from its cavity as soon as

transformation from the pupa took place, as did C. calidum. The
time spent in this stage varies, being apparently from 10 to 14 days.

TIME REQUIRED TO COMPLETE LARVAL STAGES.

Data secured from larvas in 1909 showed that the first stage covers
a period of from 2 to 5 days or an average of 4 ; the second an average
of 5, and the third 11. The total number of days the larvae are

active and feed is 20, after which time they burrow into the earth
and form the pupal chamber. The time required for this is practically

the same as with other species of the genus studied.

FOOD CONSUMED BY LARV^.

Mention has previously been made concerning the feeding of the
larvse upon the larvae and pupae of H. guttivitta in New Hampshire.
Some larvae were brought in from the field in second and third stages
and fed to maturity on caterpillars of Porthetria dispar. A few
others that hatched from eggs deposited in breeding jars were fed
until they reached the third stage, when all died, and combinations
were thus compiled from these.

The data obtained from feeding records of these larvae are given in

Table 10.

Table 10.

—

Food eaten by larvas of Calosoma frigidum, 1909.

No. of

larva.



52 BULLETIN 417, V. S. DEPARTMENT OF AGRICULTURE.

Two larvjr that hatched June '-'4, 1912, were fed almost to maturity

and died July 10 and 11, respectively. They were supphed chiefly

with pupjv o*f Porthftna dispar, but at the bef?miimg caterpillars of

}f(ihcomma amcncana were offered. Six caterpillars and 8 pupae

were consumed by the first larva and 4 caterpillar and 10 pupa- ])y

the second.
i /• i-

Data secured in New Hampshire in 1909 and 1910 on the teeding

habits of the larvji^ upon ILUrocampa quttlvitta indicated that the

pupai sta<;e of the latter species furnished the most victims of attack.

The larva"^ of fng'ulum were apjM'oachino: maturity at the time most

of the caterpillars of Ilcterocampa guttivitfa had entered the pupal

stajje in cells under leaf mold. In these cavities the larva3 of frigidum

devoured large numbers of them.

HABITS OF THE LARV^.

June 21, 1911, five larvfe, wdiich hatched June 20, and some of

which had fed a little, were tested as to their ability to climb. (PI.

III.) Three of them, w^hen placed upon the bark of the tree, clung

to it for a short interval, then crawled into crevices and remained

there. The other two repeatedly fell from the bark as soon as placed

upon it. At 9 a. m.,.when the exj)erinient was started, caterpillars

were left in a cage at the top of the tree for food. At noon all the

larva^ were on the ground, nmning around the circle and attempting

to climb up the tin in an endeavor to escape. On the mornhig oi

June 22 four of the larv« were found hi the 6arth in the circle, but
there was no evidence of any having entered the food cage during
the night. Two of the larva? were again placed upon the bark of

the tree, hut fell each time without climbing. On June 23 there was
no evidence that the larva? had entered the food cage since the pre-

c('<hng (lav. June 24 one first-stage larva was again placed upon the
tree, l)ut it sliowed very little inclination to clinil), each thne lading
under the loose scales of the bark and mimediately falling when
forced to crawl from under them. June 25 only two first-stage larvne

could ])e found, after exanihiation of all the earth, and one of these
was verv weak from approaching starvation. Neither had entered
tlie food cage over night. June 26 one of the larvae that was found
in the circle the preceding day was dead and the other was almost
dead. June 27 one other first-stage larva was found in the earth at
the base of the tree, having been overlooked hi the search of the two
previous days. It was also very weak and was removed and placed
m a jar of earth and fed, but died later, presumably from the pro-
long(>d starvation.
Two w(>re lost during the experhnent and it is quite probaole that

they were devoured by tlieir mates, for the latter lived about six
days without other food. A further test w'as made with larvre of
this species in all stages between June 26 and July 6, 1912. They
were left inside the circle during this time with food in the cage at the
top of the tree but they did not climb there to secure it. They were
removed and fed when starvation seemed immhient, or lepidopterous
pupiT? were left on the surface of the earth in the circle for a brief
period. They wore many times placed upon the bark of the tree
but did n<»t crawl in any case more than 6 inches before falling.
Tluee inches upward was the best progress noted.



THE GENUS CALOSOMA. 53

The data at hand is rather conclusive that these larvae seemed to

search for their food in, on, or near the ground. Starvation resulted

if the food supply was elsewhere.

Starvation, and to a slight extent cannibalism, among the larvae is,

in the writers' opinion, almost totally responsible for the nonincrease
of the species in tlie areas infested by the gipsy moth and brown-tail
moth. From the data at hand it also seems probable that frigidum
does not reproduce as abundantly as some of the other species invest-

gated.

In the gipsy moth infested area the beetle larvae occasionally find

stray caterpillars crawling upon the ground, but these, on the whole,
are scarce except in cases where woodland is being stripped and
caterpillars are migrating in search of food. The writers have not
heard or noted C.frigidum as niimeroiis in the area above mentioned
as they were in the White Mountain region of New Hampshire in

1909,' when Ileterocampa guttivitta defoliated large areas of beech,
maple, and other woodland growth and when 87 per cent of the
pupae were destroyed by larva? of frigidum in a single year. The
caterpillars of Heterocampa guttivitta furnish more food for frigidum
larvte than those of Porthetria dispar and Euproctis chrysorrlima,

because the former usually fall or descend to the ground during their

feeding stages. Hence, the species, as a whole, fares much better hi a
locality where Heterocampa guttivitta or other lepidopterous insects
that ])upate on the ground are present than where caterpillars or pupae
are present that remain in the trees. This, it is believed, explains
why C frigidum has not increased rapidly and become an important
factor in destroying the gipsy and brown-tail moths.
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CALOSOMA INQUISITOR (L.).

ORIGINAL DESCRIPTION.

(Translation.]

Elytra striate, greenish-bronze: punctures in triple row.

Roland act. Stockls. 1750, p. 292, t. 7, f. 3. Carabus, winged, greenish-coppery,

punctate and striate concavely, feet and antennae black.

Habitat in trees of Europe, living on larv;e of I'apilio and Phalaenalis.

Elytra golden, with green margin. Thorax very short.

EARLY RECORDS OF THE SPECIES.

Tliis very interesting species was described by Linnaeus in 1758 as

Carabus iiujuisitor. Since that time it has attracted the attention of

many prominent European entomologists, judging from the many
short and unique accounts WTitt(>n about it. Linnaeus, in 1758 and

1761, gave its habitat as Europe, destroying larvae of Papiho and
Phala^nahs in trees. Paykull, in 1790, gave a lengthy and compre-
hensive description, giving the habitat as forests and gardens. Pan-
zer, in J. G. Voet's " Beschreibungen und Abbildungen Hartschaa-
hgter Insekten," Col. Tab. 38, fig. 39, 1793, pn^sents a hfe-size col-

ored figure of the adult. Description and refcTences to tlie species

are nuuU^ in 1795 by Ohvier, who says that ''* * * it is found
or(hiiarily on trees, principally oaks, where it catches different insects

on wliich it is nourislwHl.

GcunVoy, in 1799, hsts wdiat is midoubtedly tliis species uiuh^r
Buprcstis; and Falmcius, in 1801, the year that Eriedrich Weber
established the genus Calosoma, phxced tliis species imder the latter
genus. Thomas Marsham, in 1802, lists tliis species as Bupirstis
sycophnnta minor, and P. A. Latreille, in 1804, included it uiuhu- Calo-
soma, where it lias remained until the present time. Latreille reported
it as being found about Paris but less commonly than C. syco-
pluinta L.

I
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Dejean, in 1826, reported the species common in Germany and
northern Europe but more rare in France. J. T. Dawson, in 1854,

stated that the species occurred on oaks in different locaUties in Eng-
hxnd and Ireland, The following reference is quoted from J.T. Harris,

published in 1865-66.^

Occurrence of Calosoma inquisitor near Burton-on-Trent. In a woodland near
here I was fortunate enough, early in June last, to take about 30 specimens of this

insect and could have taken more. I found several in the sunshine and also, just at

dark, moving about freely on the stems of the oak trees but did not observe many
during the daytime high up on the branches, as described by Mr. F. Plant in "The
Zoologist" some years back. J. T. Harris, 31 Lichfield St., Burton-on-Trent, July 3,

1865.

The larva of tliis species was first described in 1867 by J. C. Schiodte
in his remarkable work, "De Metamorphosi Eleutheratorum Observa-
tiones,

"

C. Houlbert and E. Monnot, in 1905, published on the species,

describing the adult and giving a short description of the larva.

They named many locahties in central France where the species is

known to occur.
IMPORTATIONS.

All importations of this species in 1906 were forwarded by Miss
Marie Ruhl, Zurich, Switzerland. The exact localities in Europe
where collections were made could not be ascertained, as the speci-

mens were forwarded to her, then repacked and shipped to the gipsy
moth parasite laboratory.

Table 11.

—

Importations of Calosoma inquisitorfrom 1906 to 1910.

Year.
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Uiuloiibtodly adults of this spocios fly, but this has not been posi-

tively proved. A few att(>mpts to induce them to do so were made

in liHl, by tossing spc'cimens in the air, but all the beetles (hopped

heavily 'to' the c^round without spreadin<^ their wings. Tliis same sort

of treatment of ftycophnnia by tJie junior author resulted in the escape

«.f a few specimeiis, these skimming gracefully out of sight.

FOOD CONSUMED BY ADULTS.

The capacity for consumption of food by this species is much less

than that of the larger spcx-ies, such as scrutator and sycopMnta.

The feeding records of four pairs- are given in Table 12.

Tablk \2.—Feeding records of 4 pairs of Culosoma inquisitor, 1910.

Pair
No.
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LONGEVITY OF ADULTS.

July 8, 1908, one female was receivea from Europe, and in the fall of

that year was placed in a hibernation cage in the laboratory yard.

There were no males to pair with this female until 1909. As soon as a
shipment was received a mate Was given her. The female lived to

enter hibernation in the fall of 1910, but in the spring of 1911 no trace

of her could be found in the cage. The adult mentioned was a larva
in the summer of 1907 or earlier, and therefore lived at least three

years in the adult stage. This female did not reproduce.
One pair of beetles. No. 2720, received from Europe on June 7, 1909,

lived until July 3, 1911, when both died. At the time they died the
weather was very hot, the temperature in the jars reaching 107° F.

several times. The female produced 79 fertile eggs in 1910, but none
in 1909 or 1911. These beetles must have been in their first year
when received in 1909, thereby living two winters and three summers
after reaching Massachusetts. Another female in the same shipment
lived until July 5, 1911, and did not reproduce during three years.

The original mate of this female, received at the same time, lived two
winters and two summers to date of entering hibernation in 1910.

Still another female with an interesting record was received from
Europe on the same date as the preceding, and lived to enter hiberna-
tion in the late summer of 1911. The mates of this female died each
summer, and although she was each time supplied with another she
failed to reproduce. This female died in hibernation during the winter
of 1911-12, having lived more than three years.

HIBERNATION OF ADULTS.

Close observations were made on a series of breeders in 1909, 1910,
and 1911 to obtain the exact dates of their entering and emerging
from hibernation. This varies in different years and with beetles of
different ages, as will be shown by Table 13.

Table 13. -Showing date of entering and emerging from hibernation of Calosoma
iniquisitor during 1909, 1910, and 1911.

No.
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f(.(v!iu«' to ontrr hilHTiuitioii earlier in 1909 than in 1910, the average

iliito hoin" .lune 27 in tlie form(>r year, and July 1 2 ni the latter. Only

one of the females (Xo. 272;^ lived to enter hibernation ni the fall of

1911 and this one died l)efore the following spring. All the original

males and females in this series, exeept female No. 2706, which was re-

ceived in 1908, were received from Europe in the spring of 1909.

Some of the males died later but were replaced with males from more

recent shijunents. These beetles may have been collected in Europe

in a loctdity where spring opcuis at an earlier date than in New England,

and as a consequence their active feeding season was cut short in

1909. The records of 1910 appear more nearly normal. The writers

suspect that female No. 2723, whose cage was dug up June 16, 1910,

disclosing the beetle at a depth of 16 inches, might have remained

dormant through that summ(>r until the next spring had she not been

disturbed at that time. The junior author discovered in 1911 that this

habit is peculiar to a portion of sycophanta, which gives reason for sus-

picion that this and other species of the genus may have the same habit.

The (le])ths of the cavities of this species range from 1 to 16 inches

but most of them were found from 1 to 4 inches below the surface.

COLONIES.

Most of the beetles imported were liberated in suitable localities

soon after receipt; a very few of this species were kept for study. In
all, five separate colonies have been liberated since 1906. On June 20
of that year Mr. E. S. G. Titus and Mr. F. H. Mosher liberated 80
specimens in woodland which was badly infested by the gipsy moth
in Lynnheld, Mass. On the same date another colony of 87 speci-

mens was placed in the same town about a mde from the first libera-

tion, and on July 7, 20 specimens were released a short distance from
the point where the last-mentioned planting was made. These col-

onies were visited several times during the summer of 1906, but no
Ix'etles or larvu^ were recovered. In 1908 a number (jf trees in the
center of each of these colonies were burlapped and several examina-
tions were made during the summer, but none of the beetles or their
larvie were found. Numerous examinations have been made since
that time with sinhlar results.

On June 15, 1909, 27 males and 45 females were released in badly
infested woodland in Melrose, Mass., and although several carefiil

examinations were made that year and in the years following the
species has not been recovered. On June 26, 1911, nine second-stage
larva? of this sj^ecies that had been reared at the laboratorywere placed
in a cidtivatcd held in Saugus, Mass., where cutworms were abun-
dant. At that time it was anticipated that more inquisitor laryse could
be added to this colony, but owing to a heavy mortality in the rearing
jars it was impossible to do this. It was desired to see if it was not
possi])l(> for tins species, particularly the larvae, to develop if hberated
in surrounchngs where caterpillars which were terrestrial in habit were
within easy r(>ach. Although several examinations have been made,
no hvinj' specimens of immisiior have been recovered in this or in the
other colonies that have been liberated. It is probable that the fail-
ure of the l)eetl(^ larvte to climb explains in part the inability of the
species to be(-ome establislied in this country. It will be noted that
no large colonies were liberated, and this may have made it more diffi-
cult for tile species to propagate and develop. Apparently inquisitor

I
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is not as hardy a species as sycophania or the species of Calosoma
native to New England. At any rate the chances of it having become
established in this country are very small,

THE EGG.

The egg is yellowish-white, elliptical, usually tapering toward one end. Twelve
fresh eggs gave the following average measurements: Length, 4.3 mm. : width, 2.4 mm.

Seventy-nine eggs were deposited by one female between May 24
and Jmie 10, 1911, and these required an average of 9.6 days to

hatch. Seventy-one eggs were deposited by six females in 1911
between June 1 and June 27 and averaged 6^ days in the egg stage.

The difference in time noted above was due to the temperature, as
high temperature favors rapid hatching.

BRIEF DESCRIPTION OP LARVA.

First stage.—Color brownish-black above, ventral plates brownish-gray. Form
slender. Average length of 12 specimens, 8.9 mm.; width, 2.3 mm. Caudal
appendages of medium length, rather slender.
Second stage.—Color brown to dark brown above; ventral plates chestnut brown.

More slender than first stage. Average length of 12 specimens, 12.6 mm.; width,
2.9 mm. Caudal appendages stouter but no longer than in first stage.

Third stage.—Body more robust than in previous stages. Average length of 12
specimens, 21 mm.; width, 4.5 mm. Posterior angles of anal segment acute and
extending backward rather prominently. Caudal appendage stout, almost straight;
dorsal protuberance prominent, erect, located about two-thirds distance from base to
tip. Color same as in second stage. A reddish-brown patch at base of caudal append-
ages in second and third stages.

LENGTH OF TIME REQUIRED TO COMPLETE LARVAL STAGES.

Observations were made on 14 larvse during the summer of 1910
to determine the length of tinie passed in each stage. The average
for the first stage was 8.6, for the second 6.6, and for the third 8.7
days to the date the larvae ceased feedmg. Twenty-four days
covered the active growing period of the larvae. The time passed in
the first stage may appear somewhat long as compared with records
of other species, but the weather was cool during the first part of
June and retarded the growth and activity of the larvae.

FOOD CONSUMED BY LARV^.

Twenty-two feeding experiments with larvae were started in indi-
vidual jars during the summer of 1910 and from these 14 complete
records were secured, as shown in Table 14.

Table 14.

—

Food eaten by larvae of Calosoma inquisitor, 1910
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Twelve larva? hi Tul)lo 14 lived to ])upatc and two died when full

irrowii. The average date that the larvae hatched was June 4, and

the average dale lh(>v ceased feeding June 30, so that the active feed-

ing and glowing i)eriod extench'd over 26 days. The average num-

1)(T of fourth to sixth stage caler])illars of Malacosoma americana and

I'iirtltilria dis})ar cateri)illars re([uired hy each larva to complete its

irrowth was 16.^ HABITS OF THE LARV^.

Several larviB were tested as to their inclination and ability to

climb trees in search of food. (PI. III.)

June 9, 1911, tlu-ee larvje less than 24 hours old were placed on the

surface of the earth within the tin circle. Two of the larvae were

repeatedly ])laced u])on the bark of the tree, where they crawled for

one or two minutes, in and out of the smallest crevices, and then fell

to the ground. They did not climl) as much as 2 inches either up
or down the tree before falling.

The experiments were continued until Juno 30 with first and second

stage larvae and observations made once or twice each day. The
larvae in neither of the two stages were observed at any time attempt-

ing to climb on their own initiative. There was no evidence of their

ever having entered the food cage during the continuation of the

ex})eriment. No third-stage larvae were tested on account of lack of

s])eciniens.

This s])ecies in all stages has habits very similar to C. frigidum.

The adults of the latter are commonly found upon trees whereas no
reports have come to us of their larvae having Ijeen taken in such
situations. S(mie bibliographical references and notes made at the

laboratory indicate that adults of C. inquisitor climb for their food

while their larvae search for it at or near the ground.

THE PUPA.

One female pupa measured 15 mm. in length and 7 mm. in width,
and 2 fcmaU's averaged 15.8 mm. in length and 7.3 mm. in width.

Out of 22 feeding records kept in 1910, 7 of the larvae after they
ceased feeding were obliging enough to make cavities for pupation
at the bottom ov side of the jars. This made it possible to make notes
on their transformations without disturbing them. In some cases

the ])repupae were removed from their cavities and placed upon the
surface of the earth where their metamorphoses coiUd be observed
more easily. Table 15 gives an idea of the dates of the changes
from larvae to pupae and the issuance of adults.

Tablk 15.

—

Date uj hatching and transfonrmlions of larvx and pupae of Calosoma
inquisitor, 1910.

No.
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In the foregoing records the date on which the larvae ceased feeding

and adults issued is given in each case. In three of the records the

date the larvfe pupated was ascertained. Six days is the average
time between the dates feeding ceased and pupation took place;

hence if 6 days is added to the date on which feeding ceased in cases

marked "not known" in Table 15, the date of pupation wiU be indi-

cated. After averaging the records in the table in the above-men-
tioned manner it is found that 6 days are required for constructing a

cavity and preparing for pupation and 12 days are spent in the pupal
stage.

STARVATION EXPERIMENT CONDUCTED IN 1911.

May 27, 1911, a pair of beetles emerged from hibernation and were
placed in a jar of earth without food to ascertain how long they
would hve. The female died Jmie 8 and the male June 18. The
former lived 12 and the latter 22 days ^\'^thout food after emerging
from hibernation.

A male reared in 1910 emerged from hibernation May 25, 1911, and
was placed in a jar without food. Tliis specimen Hved until June 2,

or 8 days after emergence.
It is very evident that beetles less than 1 year old require food

sooner than older specimens. The experiment indicates that in-

quisitor can not survive as long without food as its congener syco-

pjiania, a detailed account of which is given in Bulletin 101 of the
Bureau of Entomology.
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1793. VoET, J. E. Beschi'eibungen unci Abbildungen Iiartschaaligter Insekten, Coleo-
ptera, Linn., A'on G. W. F. Panzer. 5 pt., 48 pi.

Contains many references and a short description of the species, which is referred to as "Der
Raupenjager" (The caterpillar hunter) (p. 86, no. 39, pi. 38, fig. 39).

1795. Olivier, A. (t. Entomologie, ou Histoire Naturelle des Insectes, t. 3, no. 35
(Carabe). p. 42, pi. 3, fig. 31. Paris.

Short description comparmg it with Cnrabus vagans, alsolist of references. The author reports that
it is ordinarily found upon trees, mainly oaks, where it catches different insects upon which it is

nourished.

1798. Paykull, G. von. Fauna Svecica, t. 1, 2.34 p.

Page 127. References and description with the same notes as to its habitat, cited in his Mono-
graphia Caraborum.
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17'I9 (iKOKKROY K. L. Histoire Abr^g^e des Insectcs, t. 1, 556 p., JO pi. Paria.

PoRC H5, No. 6. Thespecies is here described under the genus Buprestis. All previous references

list it under Carabus.

1801 FAnuinus, J. 0. Systema EloTithoratorum, t. 1, 506 p. Kiel.

Pape 212. No. 7. The species is here placed in the genus Calosoma for the first time after the estab-

ILshment of the new genus by Weber.

1802. Marsh.\m. T. Entomologia Britannica, t. 1, 547 p.

Pace MS, No. 40. Described and listed as Buprestis sycophanta minor. " Habitat in forests, army

of iasects running over green twigs by night."

1804. Latreille, P. A. Histoire Naturelle Gen^rale et Particuliere des Crustacea

ct des In-sertes, t. 8, 411 p.

Pace 2'.» This author again places the species in the genus Calosoma where it has remained since

that date." ' " It is found in the vicinity of Paris, but is le.ss common than Calosoma sycophanta."

1810. (Iyllenhai., Leonardo. Insecta Svecica, t. 1, pt. 2, 660 p. Sraris.

Pace 50 No 2 Long description of species with references and notes as to habitat. " Habitat in

shady gardens, forests, under stones, and here and there imder fallen leaves."

1826. DeJean, le Comte. Species (ieneral des (\)leoi)teres, t. 2, 501 p.

Description, comparing this species with C. sycophanta; also some notes on a variety of C. inquisitor,

C. aipreum.

18-16. KiRBY, W., and Spence. W. An Introduction 1o Entomologj-.

Page 454. Recorded as a pureuer and enemy of Brachinus crepitans.

1854. Dawson. J. F. CJeodeijhaga Bntannica. A IMonograph of the Carnivorous

Ground-beetles Indigenous to the British Isles, xx+224 p., 3 pi. London.

Page 42. Description with notes on its occurrence in localities of Britain.

1865-1866. Harris, J. T. Calosoma inquisitor near Burton-on-Trent. In Ent. ;Mo.

Mag., V. 2, p. 64; same in Entomologist, v. 2, p. 321.

1867. ScHioDTE, J. C. De ^letamorphosi Eleutheratorum Observationes, Bidrag til

lasekternes Udviklingshistoire. In Naturlh. Tidskr., ser. 3, v. 4, p. 415-552,

pi. 12-22.

Pages 4S2-4S3. Includes full description of larva, and a note of its habitat. This is the first de-

scription of the larva so far as known.

1905-1907. HouLBERT, C, et Moxnot, E. Coleopteres, Carabides. In Trav. Sci.

Univ. Rennes, Fauna Ent. Americaine. t. 1, pt. 2, p. 289-370, fig. 68-145.

Page 2<.)1 . Includes figure and descrii)tion of the species, also many localities in France where it

has been reported.

CALOSOMA SAYI Dej.

(Syn.: Calosoma armatum Lap.)

ORIGINAL DESCRIPTION,

[Translation.]

Length 2') mm. Ea.stern and Southern Statcss. Obscurely coppery above; elytra
crenately striate; interstices equal, grooved transversely, punctures impressed, cop-
perj'-gold and longer than wide, raised, somewhat smooth, an triple row; intermediate
tibiae curved.

DISTRIBUTION.

This insect is represented in collections from Alabama, ^Vrkansas,
Cjiliforniii, District of CoUnnbiu, Florida, (leorfijia, Illinois, Iowa, Kan-
sas, Louisiana, Maryland, Missouri, New Jersey, New York, North
Carolina,Oklahoma, Pennsylvania, South Caroliiia, Tennessee, Texas,
and \'iri:;inia. It is idso known to occur in Mexico.

COLLECTIONS AND SHIPMENTS.

Tlirou<;h the efforts of Prof. C. E. Sanborn, Stillwater, Okla., Mr.
II. P. Lodinj,'. Mol)ile, Ala., and Mr. H. S. Barber of the Bureau of
l'^ntomoloo;y, the following hving specimens of Calosoma sayi were
received

:
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Table 16.—Specimens of Calosoma sayi received in 1910 and 1912.

63

Date received.
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1881-1884. ]?ATES, H. W. Biologia Centrali-Americana. Insecta Coleoptera, v. 1,

pt. 1. aiop., 13 pi.

Pncps21.2fi2. This species believed hy Mr. Gehin, according to Mr. Flohr, to he the same as

C. armattim Lap.

188") RiLEV C. V. Colpoptpra, or booties which destroy Alelia. In 4th Rpt. U. S.

Ent. Com., p. \}'>-'M, fips. 14-lG.

Page 95. Feeds on the cotton worm {Aletia argillacea), p. 9.5.

CALOSOMA SYCOPHANTA (L,).

[PI. I]

ORIGINAL DESCRIPTION.

[Translation.]

Gold-ahinin:^, thorax dark blue, elytra golden green, striate, abdomen somewhat
blark.

Habitat in Europe.

Tins is tlie largest sporios of the jrenus in Europe. The head and
anteinup' are black; the margins of the thorax and elytra golden. The
elytra have 15 crenate strifp.

'This insect was described by Linnaeus. It is found more or less

connnonly in almost all European coinitries, especially in localities

where lepidopterous larvir arc a!)undant, and is considered one of the

most useful species of this genus on account of its ability to climb

trees and its capacity for destroiydng caterpillars and pupae.

HABITS OF ADULTS.

Extensive investigations have been carried on at the gipsy moth
parasite laboratory, and careful studies have been made to secure

all the information possible concerning the life history and habits of

this species.*

IVo important facts have recently been secured, namely, that tlie

beetles may live four or more years, this having been determined by
records secured from specimens reared at the laboratory and kept
under observation for that period. It has also been determined that
the beetles sometimes, and possibly quite frequently, enter hiberna-
tion and do not emerge until tlie second spring thereafter. Several
careful records showing this peculiar habit have been obtained in the
course of tlie investigation of this species.

DESCRIPTION OF LARVA.

First sffifje (PI. X, A, B).—Averajjo lonirth of 12 newly-hatched specimens, from
base of mandibles to pdsterior end of ]a.«t abdonuiial segment (not inciudins: anal
pmleg or caudal appendages), 9.3 mm.; average width at mesothoracic segment,
2 mm.
The anal prolog is usually 1 mm. in length and the caudal appendages are about

twice a.s long and tajier gradually to the tips.
Color jot-black ai)ovo; legs, antonnfo, and mouthparts dark mahogany brown.

If placed under a lens the body a|)pears very dark brown, and the legs and mouth-
part.s are of a somewhat lighter "shade. Joints of antennio, palpi, legs, and underside
of body of a pearly color, except chitinous markings, which are jet-black. General
outline of body fusiform. Antenn;e longer than mandilile.^; maxillary i)alpi nearly
a.H long a.s antenrue, tapering to tip of last joint; labial palpi stout, last segment cylin-
drical, truncate; prothorax wider than long. Second abdominal segment as wide as
the first, body taj)ering quite abruptly beyond the 5th abdominal segment. Body

' Most of the information ohtained has already been published in Bulletin 101 of the Bureau of Ento
mo wy. and the reader is referred to this publication for the principal details of this insect. (Pee also
Bulletin No. 251, U. 8. Department of Agriculture.)
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Plate XI

Calosoma sycophanta.

.1.—Third-stage larva, dorsal view, XL £.—Same, ventral view, XI. (Original.)



Calosoma sycophanta.

Larvoe of Calosoma sycophanta feediiifj on Kipsy-moth caterpillars under burlap which has been
turned up. (Burgess.)



Bui. 417, U. S. Dept. of Agriculture.
Plate XIII.
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provided with rows of lateral and ventral spines. Legs spiny. Caudal appendages
bearing a few spines.

Second stage (PI. X, C, D).—Average length, 15.5 mm.; average width, 3.4 mm.
Much stouter than first-stage larva. Body shining jet-black, mandibles and legs

mahogany brown, mouthparts lighter, nearly honey yellow, dorsum of last abdominal
segment and tip of proleg light brown. Caudal appendages relatively shorter than
in preceding stage, each provided dorsally with a stout but short protuberance on its

inner third, which bears a stout bristle.

Third stage (PI. XI, A, B).—More robust than in previous stage. Average length,
25.8 mm.; average width, 5.7 mm. Body shining black in color; mandibles, legs,

mouthparts, antennae, and lateral and ventral abdominal markings dark brown.
Prothorax much wider than long, wider behind. Dorsum of last abdominal segment
and anal proleg chestnut brown. Dorsal abdominal plates nearly truncate behind;
lateral margins of each raised and thickened, these margins more prominent on the
last three segments. On the penultimate segment each dorso-lateral margin forms
a stout, blunt, overhanging fold, while on the last segment each margin is drawn out
into a stout tooth, pointing backward.
Median dorsal Line prominent on all segments, except the last. Caudal appendages

short, quite erect, with a large, stout, dorsal tooth, and a small lateral tooth, both of

which are provided with spines.

HABITS OF LARV.*.

The larvcT of this species are able to climb trees and are particu-

larly successful in doing so on species that are provided with rough
bark. All the larval stages of this beetle climb skillfully and feed
upon caterpillars or pupae that are resting on the bark (PI. XII).
Lepidopterous pupjB are especially favored as food by these larvae,

and as the gipsy moth is in the pupal stage dm'ing the time these

larvae are abundant in the field, the predacious larvae are particu-

larly adapted to destroy them. (PI. XIII.)

DESCRIPTION OF PUPA.

Length, 25 mm.; width at first abdominal segment, 12 mm. Color pale yellow.

Head depressed, only a small portion of the pronotum being visible from above.
Dorsal part of thoracic segments smooth, shining. Lateral edges of first abdominal
segment rounded behind. On the second to sixth segments, inclusive, the lateral

edges are thickened, dark brown in color, and protrude slightly over the stigmata.

The former are slightly hollowed out in front and bluntly toothed behind. The
segments following are not thickened laterally. A thick brush of brown hairs is

present on the dorsal part of the first five abdominal segments, as also a smaller one
on the eighth segment; sometimes less prominent ones occiu" on the sixth and seventh
segments. Spiracles somewhat protected by lateral brushes. Mouthparts, antennae,

wings, and legs folded beneath the head. Hind pair of legs extending to the tip of

the abdomen. Wings extending beyond the foirrth abdominal segment.

IMPORTATION OF CALOSOMA SYCOPHANTA.

This species has been collected in various European countries and
shipped to Massachusetts for liberation in the field. It attacks the

gipsy moth and many other lepidopterous larvae and pupae and has

now become firmly established over a large part of the area in Massa-
chusetts and New Hampshire that is kno\vn to be infested by the

gipsy moth. The species has become so abmidant in some of the

infested towns that a large number of specimens have been collected

and liberated in infested towns where the beetles were not known
to occur. Small colonies of this insect have been shipped to New
Mexico, California, and to New Brunswick, Canada, in order to test

the ability of the species to become established in widely separated

regions where the climate and food supply are dissimilar to those pre-

vailing in New England.

54880°—Bull. 417—17 5
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CALOSOMA RETICULATUM (Fab.).

ORIGINAL DESCRIPTION.

[Translation.]

Winged, black, elytra reticulated, greenish-coppery, margin of thorax greenish.
Habitat in Europe, Mus. Dom. Zechuck.
Stature and magnitude of C. inquisitor. Head, with antennae, black, ferrugineous

on the last joint. Thorax blackish, with golden reflexed margin. Elytra very
finely reticulate, green, sliining. Feet black.

EARLY RECORDS OF THE SPECIES.

The species was first described in 1787 by Fabricius as Carabus
reticulatus and its habitat given as Europe. A n^ore detailed descrip-
tion was given by Paykull in 1790 under the same genus with a
note as to the scarcity of the species in southern Switzerland. Fabri-
cius, in 1801, gave a further description of the species, placing it in
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the o-iMuis Ciilosoiuu aiul noting its occurrence in Germany. Latreille,

in is()4, wrote thiit the species occurred in Germany, but very

rarelv. Gyllenhal published an account of the species in 1810 and

iiulu'dod a note to the effect that it occurred rarely in southern

Swit/erliind in shaded places. Dejean, in 1826, recorded it as

occinrinj; in S\ve(kMi, North (iermany, and Austria, but very rarely

(>v('rv\vh(MV.
. p 1 T

All tlie information secured on this species from the literature and

fnini the small numbers forwarded to the laboratory by Miss Marie

Kuhl, Zurich, Switzerland, indicates that it is not common.

IMPORTATIONS.

The first importation of this species was received September 5,

1907, from Miss Ruhl, and contained one male and five females

livint? and one female that had died en route. In 1908 50 males

and ()1 fetnales alive, and 23 males and 15 females dead were received,

and ii\ 1910 a few specimens arrived.

The total receipts for 1907-1910, inclusive, were 172 specimens

—

52 males and 72 females alive and 28 males and 20 females dead.

These notes would indicate that the species is not common in many
localities of Europe, as Miss Rulil received specimens from collectors

at various points in France, Germany, Switzerland, and possibly

other countries.
HABITS OF ADULTS.

Observations made on the climbing habits of these adults in 1911

reveale(l the fact that the beetles can climb trees Avhen it is necessary

to obtain food, but they ordinarily secure it on or near the ground
like ( 'alofioiiia calidum. They climb slowly and awkwardly, but when
on the ground can travel swiftly. It has been proved that both
adults and larvte can and do ascend trees voluntarily, and it is

believed from the meager results secured at the la])oratory that
they do this in all stages when the available food supply on the
ground beconu'S exhausted.

HIBERNATION.

Four females were put into hibernation cages in the fall of 1907, and
three of these emerged fi'om May 16 to 30, 1908. Sixteen adults
that were fed in jars during the summer of 1908 entered hibernation
from rjidy 30 to August 29 of that year, or an average date of
August 17. Seven of tlie same beetles emerged the following spring
between May 11 and May 27, or an averao^e date of May IS. The
depth of cavities of a few that entered hibernation in 1910 was
about 1 inch.

One female that was reared in 1910, and issued as an adult July
15, came to th(^ surface and fed until August 3 before entering
hibemation. This female emerp;ed May 15, 1911.

Accurate information as to the depth of cavities was difficult to
secure without disturl)ing the beetles, but it is probable that they
go deeper than 1 inch in most cases.

FOOD CONSUMED BY ADULTS.

Three ]>aii-s of b('(>tl(>s were fed in jai"s in 1908, but no reproduction
resulted. Ka«h female averaged 111 small caterpillars per day
from the date of emergence from hibernation to June 23, when
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males were received from Europe and placed in the jars. Fourth to

sixth stage caterpillars of Ewproctis chrysorrhoea and Porthetria dispar

were supplied. After the males were added, June 23, the average
per day for each beetle was two sixth-stage gipsy-moth caterpillars.

Feeding records were kept in 1909 of four pairs of beetles which
were received from Europe in 1908, and the results secured are

indicative that the species is a ravenous caterpillar hunter, as in one
case a pair destroyed as many or more large caterpillars in a season
than is normally killed by Calosoma scrutator or 0. sycophanta.

Table 17.

—

Feeding record of four pairs of Calosoma reticiilatum, 1909.

Pair
No.
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June 20 and 25, and died Jidy lU; the fourth, 92 fertde eggs between

June 15 and 30, and died July 28. The total number of larvae that

luitfhed from eggs of these four females was 222, or an average of

56 for each.

The second female, which deposited 71 fertile eggs in 1909, entered

hibernation late in the summer, emerged the following sj)nng, de-

posited S2 fertile eggs between Alay 26 and June .SO, and died July 2,

1910. This female dei)osited a total of 15.3 fertile eggs in two sea-

sons. Copulation was observed with the pair on May 20 and 28

and June 2 of the latter year. The females in some cases lived

longer than the males. A" few fertile eggs were also deposited in

1911 by two females—beetles received from Europe in July, 1910.

One female reared in the vivarium at the laboratory in 1910, when
placet! witli an old male in 1911, was observed to copulate, and on
Jmie 3 of that year it deposited one hifertile egg before dying.

All the notes secured on the re])roducti()n of beeth^ of this species

tend to ])rove that they ordinarily do not re]:)roduce the summer after

issuing as adults. None of those received from Europe and confined

m jars re])roduced until the year iollowing their receipt or later, and
they were in their iirst year or older when received. Tlie yomig
female reared at the laboratory that deposited one infertile egg is an
exce]ition as far as the record goes, hut this female died ahiiost

imm(>diat('ly thereafter. Most of the beetles ])assed the lii'st year
under al)normal conditions, as they were ileprived of food diu-ing the
long voyage to America, and this may hi part explain their behavior.

LONGEVITY.

June 23, 1908, a large shipment of beetles was received from
EiKope, and eight pairs were conhned in jars, while others were liber-

ated m a colony. One pair oi beetles, No. 1506, hibeniatcd success-
fully for two wnitei-s and died, the female July 2, 1910, and the male
Se])teinb(a- 2 of the same year. This ])air of beetles were larvae and
pu|j£E m tlu^ summer of 1907 or earlier and lived three years or more.
The female produced 71 fertile eggs m 1909 and 82 in 1910. No eggs
were deposited m 1908. Many of the other beetles in this series died
after one or twt) summei-s at the laboratory and may ha^•e been older
when collected. Three years is ]irol)ably the age Timit hi the adult
stage for this species.

COLONIES.

June 28, 1908, the junior writer liberated 38 males and 45 females
of this species in a wood lot in Winchester, Mass. An am])le su])ply
of caterpillars of Porthetria dispur was availuble, and the woods
adjomed a market garden, where a greater or less number of cut-
worms were present. The species has not smce been Recovered,
idthough occasional visits have been made to secure evidence of its
presence.

In .June, 1911, a lir^^al colony of 27 specimens m the first and
s(>cond stages was liberated ui a garden in North Saugus, Mass.,
where cutworms were very abundant. This colony was very small
and no evidence has been secured that the si)ecies has become
establLshed.

The attempts jit colonizing this species in eastern Massachusetts
hjive thus lur been unsuccessful. There is a possibility, however,
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that recoYories may be made within a few years. It is believed that
this species would be a valuable adjunct to the North American
fauna, and the fact that the larvae climb to some extent adds to their

efficiency as caterpillar destroyers. It is expected. that this would
be a more valuable species for establishment in New England than
Calosoma auropunctatum, although loss is known about the larval

habits of the latter.
THE EGG.

The eggs are yellowish white and elliptical in form, tapering toward one end.
Twelve fresh eggs gave the following average measurements: Length, 5.5 mm.;
width, 2.5 mm. The size varies, but they run somewhat larger than those of Calosoma
sycophanta, although the adults average considerably smaller.

Hatchhig data were secured on 89 eggs deposited between dune 3
and 22, 1909, and the time m the egg stage ranged from 4 to 14 days,
or an average of 10. Similar data were agam secured in 1910 for 82
eggs deposited between May 26 and June 30, and the number of days
passed ranged from 5 to 20, or an average of 13. In 1911, 54 eggs
were deposited between May 22 and June 20, the period in the egg
stage ranging from 5 to 12 days, or an average of 8. Most of the eggs
mcluded in the record of 1910 were deposited during the latter part
of May, when the temperature was much lower than for those
deposited in Jmie, 1909. The records secured in 1911 are rather
similar to those of other species studied.

BRIEF DESCRIPTION OF LARVA.

First stage (PI. XIV, A, B).—Of medium size, fusiform. Average length of 12
specimens, 11 mm.; width, 3 mm. Caudal appendages long, straight, tapering
gradually from base to apex, bearing numerous long spines. Color glossy black.
Second stage (PL XIV, C, D).—Average length of 10 specimens, 18 mm.; width, 3.6

mm. Caudal appendages rather erect, tip curved backward. Color, shining black
above. No reddish-brown patch on dorsum of last segment.

Third stage (PL XV, A, B).—Robust in form. Average length of 8 specimens,
25.7 mm.; width, 5.3 mm. Caudal appendages short, erect, but slightly curved
downward beyond dorsal protuberance, which is rather short and arises slightly more
than one-half the distance from base to tip. C(jlor shining black dorsally. Ventral
plates dark brown. No reddish-brown patch at base of caudal appendages.

TIME REQUIRED TO COMPLETE LARVAL STAGES.

Observations were made on a series of the larvae fed in 1909 and
1910 to ascertain the time required for the completion of the different
larval stages. From those observed m 1909, which hatched June 21
to 28, an average of 3 days was required for the first stage, 4 for the
second, and 14 for the third to the tune when feeding ceased.
Another small series reared m 1910, which hatched Juno 13 and 14,

required an average of 6 days for the first stage, 4^ for the second,
and 9 for the third.

Some of the larvae of the series of 1909 molted in 2 days after
hatching, which is unusual, as 4 days is common with most species
of Calosoma.
From 3 to 7 days were passed by the larvae in making a cavity

and preparing for pupation. A fair average covered by this period
is 4 or 5 days, making the total number passed in the larval stages
25 to 26 days.
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FOOD CONSUMED BY LARVi^:.

Drtilv records wcro kept of a series of larvae reared iii 1909 and 1910.

It. ^vas* observ'CHl that the larviB destroy and consume large numbers

of caterjullai-s in- comi^arLson to larvae of Calosoma calidum. Large

caterpillai-s of Malacosoma americana and Porthetria dis'par were

oil'ered for food. -A few rc^cords follow:

Table 18.

—

Food eaten by larvae of Calosoma reticulatum, 1909, 1910.

No.



Bui. 41 7, U. S. Dept. of Agriculture. Plate XIV.



Bui. 4! 7, U. S, n.^nt. of A,?riculture.
Plate XV.

Calosoma reticulatum.

^1.—Third-stago larva, dur^ view, X4. -B.—Same, vuutral view, X-1- (Original.)
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at various times, but did not climb more than 4 or 5 inches. These
larvae were then removed and others substituted. June 24 two first

and two second stage larvae were tested, and one climbed 2 feet before
falling. June 25 at 8 a. m. one of the second-stage larvae was found
on the bark of the tree 18 inches from the ground, but there were no
signs that it or the others had entered the food cage at the top during
the night.

June 26 a sixth-stage caterpillar of Portheiria dispar was found
devoured i]i the food cage at the top, evidently by a third-stage larva,

as there was a large hole m one side of the caterpillar where it had
entered. A second-stage larva when placed upon the tree crawled
up 18 inches before falling.

June 27, in the forenoon, a tliird-stage larva was found on the bark
15 inches from the ground, but it had not entered the food cage during
the night.

June 28, in the forenoon, the same larva was again found on the bark
of the tree 6 inches from the ground.
June 29, in the forenoon, a third-stage larva was found in the food

cage at the top of the tree, and had devoured a sixth-stage caterpillar.

July 3 a second-stage larva was found in the earth at the base of

the tree, but had entered the food cage at the top during the night
and devoured two sixth-stage caterpillars of Porthetria dispar.

July 4 it was again noted that the larva had entered the food cage
and devoured another large caterpillar.

July 5 the same operation was again noted except that this time a
part of two caterpillars had been consumed. July 11 the larva died
after growing weaker for two or three days. It had probably been
injured in faUing.

Thesa experiments reveal the fact that larvae of this species can and
do cUmb in all stages. The first-stage larvae did not quite reach the
food cage at the top while the second and third stage larvae seemed to
have easy ingress and egress. These results compare quite favorably
with the climbing habits of lai'vae of Calosoma sycopJianta.

CANNIBALISM AMONG LARV^.

An experiment w^as conducted in the summer of 1909 to find out
how many days after hatching these larvae could be fed together in
jars before planting them in colonies in the field. They were con-
fined in large battery jars about 8 inches deep and 6 inches in diameter
with about 2 inches of earth in the bottom. Caterpillars of Porthetria
dispar were supplied daily with fresh leaves so as to keep them feeding
on the earth and to enable the larvae of Calosoma reticulatum to reach
them easily. The larvae hatched between June 21 and June 29, 1909,
and were all removed from the jars, Julv 1. The results are given in
Table 19.

J
' .

S

Table 19.

—

Extent to which larvse of Calosoma reticulatum prey on one another.

Number
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Tlio results obtained show tliat the larvie prey upon one anotlier

to a great extent after the third day, or about the time they enter (he

second stage. The same is true with the other species of Calosoma

thus far stuched. However, the writers have fed larvae of C. syco-

phanta on pu]-):B of Porthetrla dwpar in this manner to the end of the

second stage without suffering heavy losses from cannibalism. Pupae

are more desiralde than catei-pillars for food, as they do not move on
the surface of the earth, whereas caterpillars are continually crawling

about the sides of the jar, w4iere they are out of reach of the beetle

iarvic.
THE PUPA.

[PI. XVI, ^, n, c]

The average length of three females was 19.2 mm. and the width
7.9 nun. The average length of two males was 1G.3 nun. and the

width 7.9 mm.
Adults were reared in the laboratory vivarium in 1909 and 1911,

and data on the time required to complete the pupal stage were
secured each year. Many times the larvae were not considerate

enougli to make their cavities at the side or bottom of the glass jars

in wliich they were confined, so that it was difficult to secure exact
notes on the time of enterhig and completing this stage.

One larva, No. 1506-1, ceased feeifing July 12, 1909, and buried
itself in the earth for pupation. A female issued July 23. About
5 days were passed in the prepupal stage and 13 days as a true pupa.
One larva. No. 1506-AC, ceased feeding July 2 and pupated about
July 5, but the adult died when emerging, July 17. In this case 3 or
4 days were passed in the prepupal stage and 11 or 12 days as a pupa.
Other data obtained during those years and hi 1911 gave similar
results.
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CALOSOMA ANGULATUM Chev.

ORIGINAL DESCRIPTION.

{Translation.

)

So. Calif. Length 27 mm.
Hlarkish-blup. Head punctate. Thorax black, angled in the middle, mar-inate

and (lark blue on the sides, sm<M)th, punctate at base and apex, with longitudinal line
»-arccly impre,s.s('d. Elytra with 14 ribs, interstices latticed, deeply towards the
humerus, stnat.-punctate. with three rows of obloug punctures more marked in the
single beetle examined; apex acutt>ly rounded
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EARLY RECORDS AND DISTRIBUTION OF THE SPECIES.

This species was described by A. Chevrolat in 1834, the type
specimen being taken in southern CaUfoniia. The description reiers

to 14 ribs or elevations on the elytra. A careful examination was
made of the specimens in the LeConte collectioji in the Museum of

Comparative Zoology, Cambridge, Mass., and 16 elevations were
noted in each case. There has been some confusion between Calo-
soma angulatum Chev. and Calosoma angulatum Lee, but the latter

name was changed to prominens by LeConte. Calosoma angulatum
Chev. has been taken in Ai'izona, California, and Texas. There is

also a record from Mexico where it probably occurs in many localities.

BIBLIOGRAPHY.

1834. Chevrolat, A. Coleopteres du Mexique. vii p., 211 1. 1834. Strasbourf?.
1881-1884. Bates, H.W. BiologiaCentrali-Americana, Insecta. Coleoptera, v.l,pt.

1, 316 pp., 13 pi.

Pages 21 and 262, pi. 2, Apr. 12. Habitat notes in several localities of Mexico. " A closely allied but
' sufficiently distinct species ( C. angulicolle Chaud.) occurs near Santa Marta, Columbia."

CALOSOMA PEREGRINATOR Guer.

(Syn.: C. carbonatum Lee.)

ORIGINAL DESCRIPTION,

[Translation.)

Body wholly black, almost entirely dull on the dorsal surface, a little shining on the
ventral side. Head small, very heavily granulated with an oblique dimple in front,
near the insertion of the antennse. Thorax transverse, truncate, nearly straight to its

two extremities, angular at each side in the middle, with the space between the lateral
angle and the anterior margin rounded, with the space between the lateral angle and
the inferior margin rounded; and the space between this same angle and the lower
margin cut off straight. Its disc finely granulate, with the edges more heavily
wrinkled and a feeble longitudinal line sunken in the middle. Shield small, tri-

angular. Elytra very much broader than the thorax at their base, elongate, rounded
anteriorly and posteriorly, nearly parallel in the middle, heavily margined, presenting
some 14 or 15 lines of small sunken dots, gradually disappearing towards the posterior
extremity of the elytra, and three series of distant dots, scarcely visible, without the
aid of the lens. Underside of the body and the feet nearly smooth; some large sunken
dots on the lateral sides of the metathorax and the first abdominal segment, the follow-
ing very finely striate longitudinally to the middle.—L. 0,026; 1. 0,011.
This species is distinguished from all those which have been described by M. Dejean

by reason of its thorax of angular margins. It approaches the character of C. angu-
latumoi'M. Chevrolat (Col. du Mex., fasc, 2marsl843). But with this latter the elytra
have each fourteen elevations.

EARLY RECORDS OP THE SPECIES.

This species was described by M. Guerin Meneville, in 1844, from
specimens collected in Mexico. He erroneously reduced C. prominens
Leo. to a synonym of this species. In 1863 LeConte described a new
species as C. carbonatum, but this was recognized as a synonym of C.
peregrinator Guer. by G. H. Horn, in 1883, and was so published by Mr.
H. W. Bates during the following year.
The writers have studied the descriptions and compared labeled

specimens and have reached the same conclusion.
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DISTRIBUTION.

Museum specimens indicate that this species has been collected at an

altitude of 4,400 to 6,000 foot in Now Mexico and Texas. It has also

l)oon (akon in Arizona, California, Kansas, and Now Mexico. Numor-

ous cases are also on record of the species having been collected in

Mexico.
COLLECTIONS AND SHIPMENTS.

Dr. A. W. Morrill, of Phoenix, Ariz., hi the latter part of August,

1«)12, wrote that both a(hdts and larvae of this species were fairly

connnon near Pn'scoti, Ariz., and wore foo(hng upon the variegated

ciitwonn. lie fonvurdod to the laboi'atory at the same time one pair

of live adults and four third-stage larva?, two of which were dead on
arrival. Under date of October 8, five pairs of adults, one female

(tf wliich was dead, were received from Mr. L. L. Bates, Prescott,

xVriz., an assistant of Dr. Morrill. The beetles were placed in jars of

earth for study.
HABITS OF ADULTS.

One pair of the beetles received October 8 were put at the base of

the tree to tost their ability to climb. (Plate III.) Both beetles

chnibed to the top of the tree without urging and remained there until

removal. They wore left at the base of the tree in the afternoon and
on tlie following morning were again found at the top. The beetles
climli rather slowly in comparisoji to adults of C. frigidum Kirby, or
sijcophanta L., and probably se(;ure most of their food near the ground.

FEEDING RECORDS OF ADULTS.

Beginning October 8, 1912, daily feeding records were kept of two
paii-s in the hope that they might roprocTuco. The jars were kept
mside the laboratory and the beetles remained active until December
2, when the food supply became exhausted. On this latter date the
jai-s were transferred to the cellar and the beetles entered hibernation
in a few days.

Table 20.—Feeding record of tuo pairs of Calosoma peregrhiator, 1912.

Pair
No.
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ing ravenously and consumed 48 large larvje of Hyphantria cunea
during the next 19 days.

The records secured are too incomplete to form an accurate idea
of the value of this insect as a destroyer of lepidopterous larvae.

They indicate, however, that under favorable natural conditions it is

an important species.
HIBERNATION.

Of the small lot of adults received during the fall of 1912 a few after

feeding for a period entered the earth for hibernation. The jars were
then filled with earth and transferred to the laboratory cellar, where
the temperature ranged from 40 to 65° F. during the winter, as it was
thought that this species could not withstand the severe weather
outside. Two pairs were living when the jars were taken outside in

the spring and could be Seen in their cavities. One pair of these
beetles came to the surface for food September 10 and 23, respect-

ively. The other pair was still in cavities in the jar. The male of

the latter jar emerged for food August 31, 1914, the female dying in

its cavity that summer.
REPRODUCTION.

Only one pair of the beetles issued from hibernation in the spring
so as to reproduce at the normal time of other species of the genus.
The female of this pair issued June 8, 1913—the male remaining on
the surface all winter, as the jar where they hibernated was kept in

the cellar. Copulation was observed June 11 and 30. Eggs were
removed from the jar June 28 and 29 and July 3 and 4. Eight larvae

hatched. The male died July 21 and the female during hibernation
the following winter.

DESCRIPTION OF LARVA.

First stage.—Robust in form, tapering gradually to anal end. Average length of

five alcoholic specimens, 8.2 mm.; width, 2.1 mm. Caudal appendages rather long

(1.8 mm.), slender, tapering gradually from base to apex, bearing numerous long
spines. Dorsal protuberance indistinct in this stage. Color brownish-black on the
dorsum, ventral plates grayish-brown. Anterior ventral plates broad in middle and
tapering to a point at each end.

No second-stage larvae were available for description.

Third stage.—Very robust in form, broad. Length of one alcoholic specimen that
had fed to some extent in this stage, 23.5 mm.; width, 6.5 mm. Caudal appen-
dages almost straight, slender, only slightly angled downward beyond dorsal pro-

tuberance. Protuberance short, erect, located more than one-half distance from
base to tip. Color dull to shining black, ventral plates dark brown. Pronotum
nearly square, but rounded on anterior angles. Tergites projecting slightly laterad

in partly fed lar\a^, with posterior angles obtuse, except the seventh and eighth
abdominal, and pointing slightly backward. Posterior angles of seventh, eighth,
and ninth tergites rather acute; angle of ninth very small, not prominent. No
reddish-brown patch on dorsum of anal segment.

NOTES ON LARV^ AND PUP^.

One female pupa measured 20.5 mm. long and 9 mm. wide.
Two live third-stage larvae were received September 4, 1912. One

died September 5 without feeding and the other consumed the greater
part of a full-grown larva of Estigmene acrsea and one of Papilio turnus,

and entered the earth September 8. A cavity was formed and pupa-
tion took place September 12 or 13, The pupa was removed to the
top of the earth for study and although the specimen was not allowed
to develop to the adult stage, it was evident that about 14 days are

spent as a pupa.
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AfewlarviB hatched from c^gs m 1013, but all died in the first and

socond slafjes. T^arfie oatorpillnT-s and pnpre of Porthetria dispar were

ofTerod, an7l the bee'rie larvcTg fed upon them readily.
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CALOSOMA PROMINENS Lee.

ORIGINAL DESCRIPTION.

Black; heail very variably punctate, deeply impressed on both sides, thorax much
wider than long, sides angled acutely, with margin scarcely reflexed, narrowed at
base, somewhat rounded, finely wrinkled, punctate at posterior, elytra shining, finely

Eimctate in rows, punctures larger towards the base, interstices scarcely corrugated,
ength 1.3. Dead specimen about Pimas, Calif.

This species was described by Le Conte in 1851 as Calosoma
anguhUum, but this name was preoccupied, having been used in

1834 by A. Chevrolat for a very different species of Calosoma from
southern California. LeConte discovered this fact, and in 1853
Proposed the name nrominens for this species wath the angled thorax,
t has been rccordecl from several localities in Arizona, California, and
New Mexico, and occurs in Mexico.

BIBLIOGRAPHY.
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CALOSOMA PARVICEPS Casey.

ORIGINAL DESCRIPTION.

Rather stout, with relatively very small head and prothorax, deep black, and
devoid of metallic reflection throughout, the integuments rather shining. Head three-

fifths as wide as the prothorax, evenly and feebly convex, not rugose but finely,

evenly and rather closely punctured, becoming smooth at apex where the lateral

impressions are narrow and veiy deep; labrum dilated and founded at the sides,

transverse at apex, with a broad and very shallow median sinuation, the surface
transversely impressed; antennae short and rather stout, only slightly longer than
the head and prothorax, the third joint fully three times as long as the second. Pro-
thorax moderately transverse, about four-fifths wider than long, widest at the middle
where the sides are obtusely and somewhat bluntly angulate, thence very moderately
convergent and broadly, evenly arcuate to the apex, oblique and straight behind,
becoming slightly sinuate near the base, the latter rather narrower than the apex
and somewhat as in the preceding species; disk broadly and very feebly convex,
polished, feebly wrinkled, finely and rather sparsely punctate, the punctures be-
coming coarser and subcoalescent at the sides, more numerous in the impressions
near the basal angles; side margins defined by a rather thin, strongly reflexed bead;
median line fine and very feeble. Elytra oblong, scarcely more than one-third longer
than wide, fully twice as wide as the prothorax, only slightly wider at apical third

than at base, the sides very feebly arcuate and very narrowly reflexed ; disk moderately
convex, with scarcely impressed even series of extremely fine punctures, which
become stronger toward base, the intervals there becoming transversely broken by
arcuate impressed lines as in pcregrinator, the three series of interstitial asperate
punctules very feeble; marginal punctures visible only toward base, the submarginal
asperate punctures rather widely separated and uneven. Legs moderate in length
and quite slender. Length 16.5 mm.; width 7.5 mm.
The anterior tarsi of the male have the first three joints rather feebly dilated and

densely pubescent beneath, the pad of the first joint small and apical; the hind
trochanters and intermediate legs are not modified. Parviceps also belongs near
pereqrinator, and greatly resembles the preceding species at first glance; it however,
differs in sculpture, structure of the labrum, in its much deeper epistomal impressions,
less transverse prothorax with less rounded side angles, shorter and broader elytra and
in several other minor characters.

This species was described by Col. Thos. L. Casey in 1897.^ The
type specimen or specimens were taken in Arizona. The description

compares this species to peregrinator Guer., but it is much smaller
than the latter. The species has also been recorded from San Diego
and San Clemente Island, Cal.

CALOSOMA LUGUBRE Lee.

ORIGINAL DESCRIPTION.

Black, shining, face sparingly punctate, short thorax, with sides much rounded
and somewhat angled, truncate at the base, broadly depressed on both sides; with
elytra broader than the thorax by one-half, punctate in series, with punctures larger
towards the base and grooves transverse and joining. Length 1.08 inches.

> Casey,T. L. Coleopterological notices. In Ann. N. Y. Acad. Sci., v. 9, p. 285-683 (p. 341-342), 1896-1897.
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EARLY RECORDS OF THE SPECIES.

The writers have been able to fmd very little published on this

ijnportant and interesting species. Le Conte described it in 1858,

but no note was hicorporated in the description as to the location

from which it was taken. Prof. L. Bruner, ni 1890, noted it with C.

externum partly tlevouring May b(H>tles which were flymg to lights in

larc^e numbers. Dr. W. 1). flunter of the Bureau of Entomology

an(t his assistants have observed large numbers of these beetles in

Texas flying to lights at night during September and October.

DISTRIBUTION.

Collection data at hand show that this species occurs rather

commonly at various times in Texas and Kansas, for it has been

reported from many localities in these States. It has also been

taken in Oklahoma, Nebraska, and New Mexico, and it probably

exists in other States.

COLLECTIONS AND SHIPMENTS.

September 23, 1909, Mr. W. F. Fiske, recently of the Bureau of

Entomology, was in San Antonio, Tex., and observed numerous
specimens Hying about electric lights. He collected eight males
and eight females and shipped them to the laboratory, one male and
one female bemg dead on arrival September 29.

June 19 and July 6, 1910, 15 males and 19 females were received at

the laboratory from Prof. C. E. Sanborn, Stillwater, Okla. August 29
of the same year 1 female was received from Mr. W. M. Orr, Man-
hattan, Kans.

April 26, November 11, and November 13, 1911, a total of 29
males and 47 females was received from Dr. Hunter and Mr. J. D.
Mitchell from Dallas and Victoria, Tex. Between April 18 and 30,
1012, Mr. Mitchell collected and shipped from the latter point 103
males and 71 females.

The beetles were packed singly in pill boxes which were inclosed
in pasteboard or cigar boxes and forwarded by mail. No food was
supplied them en route and they arrived in excellent condition.
These large collections show that the species is common at times in
Texas and Oklahoma. Dr. Hunter on NovemV^er 1, 1911, wrote
Dr. L. O. Howard to the effect that they were seeing at that time an
abundance of C. luguhre around arc lights at night and tliat it would
be possible for a man to collect several hundred specimens at electric
lights in an hour's time.

HABITS OF ADULTS. •

Obscr%'ations were ma(l(>, in 1911 and 1912 on the c'imbing habits
of the adults, using the apparatus sliown in Plate III. Adults were
left inside tlic tin circle and were placed upon the bark of the tree
several times between July 29 and August 2, 1911, and tliey would
immediately descend. Tliey proved to be rath(«r clumsy and would
fall in most cases before reactiing the base of the tree. Wlien the
cage was visitc-d the beetles were usually found buried in the earth
at the base of the tree.

1
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Species of Calosoma and their Larv/e.

A.—f'<iloi>omaohsotctum: Adult. B.— Calosoma liai/dini: Adult. C.— Calosoma canccUaliim:
Adult. D.—CaUmnnaobmktum: Third-stnge larva. E.— Calosoma liaiidcni: Third-stage
larva. F.— Calosoma scmilaevc: Third-stage larva, (r.

—

Calosoma canccllafum: Third-
stage larva. A-C, about natural size; D, F, X2H; -B. X2H; <?. X3. (Original.)



THE GENUS CALOSOMA. 81

November 14, 1911, 6 males and 14 females were liberated in the
beds of Asparagus plumosus in Mr. Elliott's greenhouse, Brighton,
Mass., by the junior writer, and several of these were placed upon
the leaves of the plants. They did not show any ability to chmb
the smooth stems of asparagus but merely clung to the leaves for a
few minutes and then dropped. Mr. Dudley, upon liberating adults
in the same place and under tlie same conditions, April 19, 21, and
30, 1912, states that several of the adults thorouglily demonstrated
their ability to climb these asparagus stems. The stems twine about
strings arranged for their support m an upright position and some of

the beetles which were placed upon them about 5 feet from the ground
ascended 15 feet or more. A few of the beetles climbed to the top
of these plants and down again without falling.

The data secured on the latter dates seem to indicate that this

species would fare well under the conditions that existed in this green-
house, as the cutworms (Noctua clandestina) climb to the top of these
plants at night and feed on the young terminals.

FOOD CONSUMED BY ADULTS.

Some daily feeding experiments were conducted in the laboratory
with adults received from Texas, September 29, 1909, and these gave
interesting results. Such food as larvje and pupse of Hyphantria
cunea, puparia of Varichaeta sp., and larvse of Carpocapsa pomonella,
Plodia interpunctella, Pontia rapae, and Tenebrio molitor were offered
and were consumed greedily.

Table 21.—Feeding record of three pairs of Calosomn lugubre, 1910.

Species of full-grown larvae consumed.
First
paif.i

Second
pair. 2

Third
pair. 3

Malacosoma americana
Porthetria dispar
Estigmene acraea
Hyphantria cunea

Total

13

11.5

20

109

• Male emerged Jnne 30, female emerged June 15; pair ceased feeding Sept. 10.

2 Male emerged June 23, female emerged July 3: pair ceased feeding Aug. 10.

3 Male emerged June 30, female was imearthed July 17; record was discontinued .\ug. 10.

None of the above beetles reproduced in 1909 but fertile eggs were
secured from the two latter pairs in 1910. All of these beetles died
at the end of that year.

Two pairs of adults received from Victoria, Texas, April 26, 1911,
were fed in jars from that date until the female of the first pair died
August 11, and the other ceased feeding to enter hibernation at that
time. Both pairs reproduced during the season, which usually
stimulates the feeding activity. The first pair (No. 4764) consumed
44 full-grown Noctua clandestina larvae, 106 sixth-stage Malacosoma
americana, 121 fourth to sixtli stage Porthetria dispar and 16 fuU-
groAvni Estigmene acraea caterpillars witJi 6 P. dispar puptip, making a
total of 293. The second pair (No. 4765) consumed 46 full-grown N.
clandestina ?ind 30 E. acraea larvse; 113 sixth-stage ]\f. americana and
136 fourth to sixth stage P. dispar caterpillars with 43 pupae of the

54880°—Bull. 417—17 6
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latter species, making a total of 368. These two records well demon-

strati^ the feeding capacity of this species.

STARVATION OF ADULTS.

April 21), 1911, one pair of beetles was placed in a jar of moist

earth wit*^hout food to ascertain how lon^ they would live under such

con(Utions. The male died May S and the female May 26, the former

having livinl eight days and the latter one month ai"ter receipt, in

atUlition to four or six days in transit, durmg which time no food was

furnished.

T\w beetles had probably fed before bemg collected about April

20 and the experiment merely indicates that the species could exist

for a short time until migration could take place if, for any reason,

the food supply became scarce or exhausted in a given locality.

REPRODUCTION.

Several specimens received September 29, 1909, from San Antonio,

Tex.,werekeptina warmroomand they remained active and fed ; one

pair until December 23. No reproduction was secured with this lot

m 1909 and two out of three of the females that lived to emerge from
hibernation in 1910 deposited 30 and 36 fertde eggs, respectively.

None of this lot of beetles lived to emerge in the spring of 1911.

One pair of adults received from Victoria, Tex., April 26, 1911,

was placed in a jar for rearing records and between May 24 and
August 11 deposited 141 fertile eggs. This is the highest total for

one female of this species recorded at the laboratory. Another
female received at the same time as the foregoing deposited only 10

fertile eggs between May 31 and Jime 26, 1911. Sixteen males and
20 females were kept in jars and ca^es for reproduction in 1911 but
only about 5 of -these females reproduced.

LONGEVITY.

Some of the adults that were received from Texas in the fall of

1909 did not die until after entering hibernation in 1910-11. During
the winter of 1909-10 they hibernated successfully in the laboratory
cellar but died the next winter on being forced to hibernate outside.
These adults were pupae in the fall of 1908 or earlier and were slightly
over two years old at the time of death. There is no doubt that they
woidd live at least three years in a warm climate.

HIBERNATION.

Beetles received at the laboratory September 29, 1909 (seven
pairs), and kept in a warm room between October 4 and December
23, buried themselves in cavities at the bottom of jars in which they
were fed. Ahvr cavities w(>re made the jars were filled with earth
and transferred to the cellar where they remained until spring. The
temperature of the cellar during the winter ordinarily ranged from
40° to 60° F. but on cold nights it dropped below 32°. " The following
spring the jars were transferred to outdoor cages. Tlie bec^lles
emerged between June 15 and July 2 and one male was removed from
a cavity at the bottom of tlie jar as late as Julv 6 and a female on
JiUy 17. Most of them went as deep as was possibl(\ for hibernation,
as the jars contained only about 4 inches of earth at the time the
beetles entered.
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Seven males and 11 females received from Texas in 1911 were
placed in outdoor hibernation cages after they ceased feeding in the
fall. From the same lot of beetles three males and five females
liibemated in jars in the cellar. None of those put in outdoor cages
lived to emerge in the spring of 1912, while two males of those placed
in the cellar emerged May 10. The dead beetles were unearthed
^ to (3 inches below the surface. The two that emerged from the jars

were at tlie bottom, or under 6 inches of earth.

The results of these experiments indicate that this species can not
successfully hibernate under New England conditions.

COLONIES.

In the fall of 1911 and during the spring of 1912 over 150 beetles of

this species were colonized in a florist's greenhouse at Brighton,
Mass. This is the same house in which experiments were conducted
with Calosoma scrutator as an enemy of cutworms. Although many
visits were made it was impossible to determine that reproduction
took place. At the close of the experiment, December, 1912, no evi-

dence was secured to show that tliis species can live through one year
under greenhouse conditions in the North,
No attempts were made to colonize adults of this species in the field

in New England on account of their failure to survive the winter.

Very little is known of their habits in the South and Central West,
but judging from the large numbers collected at various times and
shipped to the laboratory, and what has been learned of their habits,

they must destroy large numbers of lepidopterous larvae that feed on
and near the ground.

THE EGG.

Twelve fresh eggs gave the following average measurements: Length, 4.1 mm.;
width, 1.6 mm. They are of the same elliptical form, ordinarily tapering slightly

toward one end, as are those of other species of the genus. White with a very faint

yellowish tinge.

Notes secured in 191C and 1911 indicated that eggs deposited the
latter part of July and August required four and five days to hatch.

DESCRIPTION OF LARVA.

First s/ag-f.—Small, rather stout, tapering abruptly to anal end. Average length of

20 specimens, 7 mm.; width, 1.6 mm. Caudal appendages short, stout, angled about
45° h'om the body, bearing a few short spines. Color dull black on the dorsum, ventral
plates grayish brown. Lateral and ^•entral plates bearing numerous short spines.

Second stage.—Stout, tapering same as in first stage. .Average length of nine speci-
mens, 13.2 mm.; width, 3.1 mm. Caudal appendages very short, not erect, curved
downward beyond dorsal protuberance. Dorsal protuberance very short, not promi-
nent, making an angle of 45° with appendages. Color shining black on the dorsum,
ventral plates very dark brown to black.

Third stage.—Robust in form. Average length of 12 specimens, 19.5 mm.; width,
4.9 mm. Caudal appendages similar to those of second stage but stouter, dorsal
protuberance presenting same aspect, acute and located about two-thirds tlie distance
from base to tip. Color dull to shining black on dorsum, ventral plates dark brown to

black. No reddish-brown patch on dorsum of last segment in second and third stages.

TIME REQUIRED TO COMPLETE LARVAL STAGES.

The length of time spent in the larval stages varies considerably;
4 to 7 days are required for the first stage, 5 to 7 for the second, and 12
to 15 for the third, to date of pupation; 26 to 30 are required from
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dale of liiilcliin^' to |)ii|)atioii. One larva closely observed in 1912

traiisfcwmed lo (lie dilTerent stages as follows: Eg^s hatched June 11

;

time ill lirsl stage '.i days; in second, 8 days; m third to date of

pui)ati(>M. l.') (lavs; a total of 26 days. The larva ceased feeding

July ;{ and |)Ui)al(Ml July 7. Thus 4 days were required in making a

cavity and passing throiigli the pre|)upar stage.

FOOD CONSUMEn BY LARV/E.

Eggs of this s|)ecies hatch so late in the season that it is sometimes

dillicult to find food for the larvae in New England, as caterpillars

aiul pupiB of Porthetria dispar are not available at that time.

Tahm-: H'J.- -Food eaten by larvse of Calosoma luguhre, 1911.

Variotles of food consumed.
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and 14 days, respectively. In 1912 two larvie pupated July 7 and a
female issued in seven days and a male in eight after pupation. The
average mean temperature during the time the 1911 pupae were in

that stage, as taken from the Monthly Meteorological Summary
issued from the United States Department of Agriculture Weather
Bureau Office at Boston, Mass., was 63.5° F., while the average dur-
ing the time the latter pair were pupse in 1912 was 79° F. This
accounts in a measure for the varying length of time spent in this

stage. Seven and eight days are abnormafly short pupal periods in

comparison with those of other species of this genus.
The average length of the female pupa is 21.5 mm.; the width,

7.5 mm.; the male pupa is 17 mm. in length and 8.2 mm. in width.
Daily notes were made on the changes in appearance of three pupae

in 1911, and as these varied so little the notes on one (No. 4765-K)
are given:

August 6. Egg hatched.
September 2. The larva ceased feeding and entered the earth for pupation.
September 12. Creamy white pupa observed in cavity at bottom of jar. Eyes

light brown.
September 15. Eyes light brown, appendages and body still creamy white.
September 16. No noticeable change in pupa since the 15th.

September 18. Eyes changing to brownish-black. Aside from that no other notice-
able changes in color of pupa.
September 19. Eyes black. No other definite change noted.
September 21. Eyes black, mandibles and tarsal claws brown. Anal segment of

the abdomen and tibial joints also brown.
September 22. Mandibles brownish black, elytra yellowish brown.
September 23. Eyes and mandibles black, tibiae and tibial joints almost black.

Elytra yellowish brown. Tarsi light brown and claws dark brown.
September 24. Eyes, mandibles, and legs black, last segment of abdomen dark

brown. Head and elytra yellowish brown; other segments of abdomen still light in

color.

September 25. Male adult issued. External skeleton of beetle still soft, but has its

natural color.

Thirteen days were required for completion of the pupal stage, and
the beetle died later after being put into a hibernation cage.

EXPERIMENT TO DETERMINE RELATIVE PROPORTION OF CATERPILLARS CONSUMED
DURING DAY AND NIGHT, 1912.

During the spring of 1912 two jars of adults, each containing two
pairs, were used in this experiment. One jar (No. 5824-A) was sup-
plied with food at 8 a. m. and the count of the number of cutworms
(Noctua clandestina) eaten was taken at 5 p. m. and those remaining
were removed mitil the following morning, when a new supply was
added. Thirty-one full-grown cutworms were eaten during tlie days
between May 4 and 24. Cutworms were supplied the other jar (No.
5824-B) at 5 p. m., when it was transferred to a dark closet until 8
a. m. The jar was then removed from the closet, the number of

cutworms eaten noted, and those remaining were removed until 5

p. m. This operation was repeated from May 4 to 24, and 64 fuU-
growai cutworms were consumed during the nights.

The experiment merely shows that these beetles feed either by day
or by night, as circumstances may require. More cutworms were
consumed by the beetles fed at night than by those fed during the
day, but the probable reason was that the day-record jar was kept
in the outdoor cage and the weather was quite cool, while the other
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jiir was kept, in a closot in the laboratory' a^ night, where it was much
wanner.

<• i
• • j

Similar experiments were tried with the larvae of this species and

it was found tluit they also feed during both day and night.
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CALOSOMA PALMERI Horn.

ORIGINAL DESCRIPTION.

Black, shining. Body feebly winged. Antenna' piceous, fourth joint slightly

shortiT than the fifth. Mandibles sparsely punctured with coarse and fine punctures

interiaixed. Head nearly smooth, with scarcely visible transverse wrinkles and very

minute punctures. Thorax nearly twice as wide as long, base broader than the length

and ni)t emarginate, sides moderately arcuate and converging po.steriorly, margin a ery

narrow, not reflexed, hind angles obtuse, basal impressions moderately deep, median
line very fine; sinface extremely finely transversely wrinkled, and with very few
punctures n<'ar the basal margin: elytra obovate, humeri broadly rounded, sides

iiiodtTalcly an-uate, di.'^c moderately'' convex, ol)solet<'Iy substriate, striae very indis-

tiiiitly punctured, intervals 4-8-12 with very distinct larger punctures. Body be-

neath black, shining, amooth or obsoletely transversely wrinkled. Length .74 inch;

19 mm.
Male.—Anterior tarsi with three joints dilated and pubescent, fourth joint glabrous.

Length 19 mm. Guadalupe Island, Cal.

Following this description/ Horn says:

This species should be referred to the same group with triste, etc. (Group iv., Lee.
Proc. .\cad. 1862, p. 53) from all the species of which it differs by the thorax being
narrowetl behind and the base narrow<»r at the apex; the elytra are also obovate in
the present species atid oblong oval in all the others. The body in Palnieri is feebly
winged, and in the others (except Uaydeni) the wings are fully developed. In the
latter species the elytra are connate, and I have been unabh* to detect traces of wings.
Numerous specimens were collected on Guadalupe Island by Dr. Edward Palmer,

to whom I take great pleasure in dedicating it. Specimens were sent by me to my
frinnd, M. Aug. Sall6, of Paris, who informs me that there is nothing in the fauna of

Mexico with which it may be compared.

Aside from the locality just mentioned, this species occui-s in Cali-

fornia and Mexico.

CALOSOMA TRISTE Lee.

ORIGINAL DESCRIPTION.

Black, elytra very indistinctly striate and punctate, with three rows of larger
impres.se<l punctures.

Haltital : Territory of MLssouri.
Ovate, Honieuhat elongated, with posterior somewhat convex, black. Head punc-

tate anteriorly, minutfly rugose posteriorly with impres-sions lightly marked, arched
posteriorly. Thorax lightly corrugated and punctate, with punctures larger towards
the base; emarginate anteriorly, sides rounded, lightly depressed posteriorly; pos-
terior angles extending below the quite even base; no impressions anteriorly, lightly

> Horn, C. II. Notes on the coleopterous fauna of Guadalupe Island. In Trans. Amer. Ent. Soc.,
. i>, p. 198-201 (p. 199), 1871-1S76.



THE GENUS CALOSOMA. 87

marked posteriorly; lines indistinct longitudinally, with basal impressions regular,
deeply punctate. Elytra obsoletely punctate, and striate, with a few transverse
grooves, quite indistinct; with small shallow pimctures, also three impressed series

of punctures on the interstices.

Calosoma indistinctwn, Say, (which is described by Count Dejean under the name
luxatum) quite agrees, but is larger and elongated. Striae and elytral pits scarcely
conspicuous; moreover the pits of C. indistinctum are blackish-blue.

DISTRIBUTION.

LeConte published the foregomg description in 1845, and since that
time the species has been recorded from Arizona, Arkansas, CaUfornia,
Colorado, Kansas, Nebraska, and New Mexico. F. H. Snow reports
having taken specimens at an altitude of 3,750 feet in Cochise County,
Aiiz. The species is known to occur in Mexico.
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"

CALOSOMA OBSOLETUM Say.

(PI. xvn, ^.]

(Syn.: C. luxatum Dej.)

ORIGINAL DESCRIPTION.

Bro^vnish-black; elytra reticulated and with three series of impressed bluish spots.
Habitat: Ai'kansas.

Body brownish-black; mandibles rugose and convex on the superior surface; thorax
obtusely and minutely rugose, impunctured; region of the posterior angle indented;
an abbreviated impressed dorsal line; posterior angles rounded, extended backward a
little beyond the basal line; elytra reticulate; longitudinal lines slightly impressed,
not more dilated than the transverse ones, which are mostly continuous, their points
of intersection marked by a puncture; three series of impressed bluish or violaceous
obscure spots on each elytron ; lateral margin in a certain light very obscurely purplish.
Length seven-tenths of an inch.
Found near the Rocky Mountains.

EARLY RECORDS AND DISTRIBUTION OF THE SPECIES.

This species was fii'st described by Thomas Say in 1823. Dejean, in
1826, described Calosoma luxatum, which was later found by Dr. Le-
Conte to be a synonym of Calosoma obsoletum Say.

It has been collected in the following States : Colorado, "Dakota,"
Kansas, Montana, Nebraska, New Mexico, Texas, and Utah. It has
also been reported from the Northwest Territory in Canada.

COLLECTIONS AND SHIPMENTS.

The data included on this species were secured in New Mexico by
members of the scientific staff under the cereal and forage insect in-
vestigations of this bureau in connection with the New Mexico range
caterpillar {Hemileuca oliviae Ckll.). Mi\ D. J. Caffrey planned and
executed many of the experiments and, through the late Prof. F. M.
Webster and Mr. W. R. Walton, acting in charge. Cereal and Forage
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Tiwoct Tnvrsticrrttions, and Mr. V. L. Wilderinuth, their notes were

kindlv nlar.Hl at tho writers' disposal.

()(t(.l)cM- 1 1 1015, tliora were received at Melrose Highlands, Mass.,

11 nudes and'o females living and 1 female dead from Mr. Caffrev.

The^e were shi|>jHMl from Maxwell, N. Mex. They were inclosed in

i,us and offered larvae of P. rapne, npon wliich some of them actively

hMl nntil Novemher 1 before entering hibernation. They are still in

hibernation at this writing (A])ril, 1916). Many specimens were col-

lected on the range between May and August, 1913 to 1915, and their

habits stiuhed in" connection Anth the range caterpillar at Koehler,

N. Mex.
FOOD CONSUMED BY ADULTS.

During the summers of 1913 and 191 1 adults were collected on the

ran<'e and one pair each inclosed in battery jars containing earth

ancfreeords kept daily of the amount of caterpillars consumed and

reiM-oductive habits. ' The beetles were very numerous at Raton,

si)ectively, before being transferred to hibernation cages. The beetles

pi-oved themselves readily predacious on tlie above species, having

averaged destro^-ing approximately two caterpillars per day during

the pei-iod. Those fed in confinement in 191 1 devoured H. olivine

larvae fi-om May 2^ to September 5, proving predacious on this spe-

cies throughout, but only to a slight extent after the middle of August.

After tiiatrthne tlie beetles were inactive and spent much of their time

beneath the surface of the soil.

Both achilts and their larvae were observed destroying the pupae of

//. oliruie in their cocoons, but this particular stage of the host insect

was destroyed more commonh' by the beetle larvae than by the adults.

REPRODUCTION AND HIBERNATION.

The females in confinement and under observation at the laboratory,

Koehler, N. Mex., during 1914 deposited eggs, l)eginning the first week
in June and ceasing about the first week in August. The eggs hatched
in from six to nine days. One female, tluring this season, deposited 60
fertile eggs between June 8 and -17; one, 31; and another, 19. The
latter female deposited eggs between July 13 and August L As is

indicated by these records, the propagating and feeding season of the
adults and feeding period of the larvae extends over a long season,
whi<h approximates the groAmig period covered by the larval and
puj^al stages of //. oliviae.

The adults become-more or less inactive after the middle of August
to September 1 in tlie field and soon. seek hibernation in the ground.
Twenty-live beetles under observation, fed in cages in 1913, were
transferred to liibernation cages Septemi)er 4. Tlie last of this lot
entered the ground October 12. Their first appearance in the field

was noted May 26, 1914, inchcating the approximate time of first

emergence. Those ke|)t in jars containing 5 to 6 inches of loose soil

at Melrose Ilighlaiuls, Mass., fall of 1915, descended to bottom of jar
to. make cavities for hibernation.
The maximum \o\vr{\i of life of adidts of this species has not been

definitely determined, but it is probable that they live two or three
years.
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FIELX) OBSERVATIONS AND ECONOMIC IMPORTANCE.

Mr. C. N. Ainslie of this bureau under date of August 26, 1914,
observed a number of adults of this species in alfalfa fields infested
by Loxostege sp. at Friend, Nebr. The beetles were mo\dng about
rapidly, so he clid not see them feeding. One specimen was taken for
determination.
May 26, 1914, Mr. T. S. Wilson of tliis bureau collected the adults

of this species on the ranges in New Mexico as early as May 26 in 1914.
During the week of June 10 the specimens were showing up quite
commonly. June 17 Mr. Caffrey states that the adults were noted to
be present in abundance. Approximately 25 or 30 were seen in one-
half hour. Hemileuca and Malacosoma larvse were abundant in the
vicinity. August 9 several of the beetles were observed on the slopes
of Eagle Tail Mountain, N. Mex.

Mr. Walton and others observed the beetle larvae feeding upon
caterpillars and pupae of 11. oliviae in the field, the beetle larvae seizing
its prey in the usual manner for Calosoma in general and holding on
until the caterpillar is subdued and a puncture effected with the man-
dibles. The body contents then ooze out in part and the beetle
larva feeds until its appetite is satiated. In one instance, an adult
beetle was noted feeding upon a male Hemileuca moth.
The beetles and their larvae were found in practically all parts of a

range infested with H. oliviae Ckll. but were noted more commonly
near wooded areas. The adults and larvae were noted feedmg on pupae
of //. oliviae through the coarse meshes of the cocoon. These cocoons
and pupae were often located in weeds and grasses from 2 to 6 inches
above ground and the fact that the beetle larvae had found their prey
in these situations indicates their ability to climb and their impor-
tance as an enemy of such a caterpillar pest.

Mr. II. F. Wickham conducted some investigations with tliis spe-
cies along with O. haydeni Say by supplying both killed and living
grasshoppers along with //. oliviae larvae as food for the beetles to
determine their preference with reference to accessibihty of same.
The results were similar for each species of beetle and are recorded
under C. haydeni Say.

BRIEF DESCRIPTION OF LARVA.

First stage. Rather slender larva. Average length of five newly-hatched speci-
mens that had been preserved in alcohol, 10 mm.; width, 1.9 mm.; color, black dor-
sally, ventral plates grayish-brown. Ventral plates ordinarily containing one and
two long brown hairs and sometimes other shorter ones. Caudal appendages rather
stout (1.3 mm. long), slender, projecting obliquely backward.
Second stage. Form similar to first stage. Average length of six specimens, 16.6

mm.; width, 3 mm. Caudal appendages bearing short acute protuberance dorsally
beyond middle on .each and curving slightly downward beyond these. Dorsum
shining black and ventral plates dark brown in this stage.

Third stage (PI. XVII, X>). Rather slender larva. Average length of five almost
mature specimens, 26 mm.; width, 4.6 mm. Caudal appendages rather stout (1.3
mm. long) and erect, cur\'ing backward after dorsal protuberance. Appendages
widely separated at base, tapering to a point abruptly beyond dorsal protuberance,
which is located about two-thirds the length of each appendage. Color sliiniug black
above, dark brown below. Ventral plates sparsely clothed with hairs. Anterior
ventra,l plates 2 to 7, inclusive, oval in form, dilated in middle, sometimes notched
posteriorly in the center, also containing a small median keel more prominent near
the posterior margin. Posterior angles of anal segment naiTow at base, slightly turned
upward into a long blunt point with stout spine at apex. Posterior angles of tergite
of penultimate segment projecting backward rather pointedly.
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LARVAL RECORDS.

Many larvte wore reared in jelly glasses during 1913 and 1914 by
Mr. D." J. Caft'rey at the Koeliler, N. Mex. laboratory, and both

larvfe antl pu])a3 of //. oliviae were consumed by them. I^pon ap-

proaching maturity they were transferred to cages for pupation,

i.arva^ hatcliing June 10 and 16, respectively, remained active ami

fed until alxnit July 2 to 10 before entering the ground for pupation.

More llemileiu'a larvae are ordinarily destroyed at this season by each

Calosoma larva wlien they are smaller than when the caterpillars are

apju'oaching maturity.

Tlie average time required to pass the first larval stage was 6 days;

for tlie second, 6, and lor the third to date ceased feeding, 8. Addi-

tional to tliis, from 3 to 6 davs are passed in the prepupal stage, thus

totaling 20 to 26 days in the larval stages to period of pupation. The
larva in the last few days makes an oblong-oval cell in the earth

where the pupal stage is passed.

PUPA.

Two rather undersized specimens reared at Koehler, N. Mex., meas-
ured 15 mm. long and 7 mm. wide for the male and IS ram. long and
8 mm. \nde for the female. The head is folded back under the thorax,
and wings folded over ventral side. The first five abdominal segments
are clothed with very short hairs dorsaUy, dorsal surface of remaining
segments smooth. Color, creamy-white.

Seven of the larvae lu-ed in New Mexico in 1914 went tlirough the
pupal stage and emerged as adults. From 3 to 6 days were passed
in the prepu})al stage and about 12 in the pupal. These larvae like

other species of the genus pupate in cavities in the earth.

BIBLIOGRAPHY.
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CALOSOMA SEMILAEVE Lee.

ORIGINAL DESCRIPTION.

Black, without luster, face intricately punctate, vrith thorax intricately punctate,
more lieavily hack of the middle; much \yider tluui long, with sides quite rounded,
niargin s<)mewhat retlexed at the base no less than at the apex, marked with two
uulentat ions on each side, with elytra finely punctate in series, punctures large on the
anterior interstices \nth imbricated grooves \ip to the middle

Lengtli 0.85 Single specimen, San Jose, Oal. I have found elytra of another
at ban Di(^o, Cal.

Tiiis species was described by Dr. Le Conte in 1851,' his type speci-
men being takeji ui San Jose, Cal. C^ollection data on the species m

n! V* L'rtlM',^v.''5, p^l2i!?216'*TM2
"^"^ "^^'^^ "' ''*"***P^*^^ '^°^ California. In Ann. Lye. Nat. Hist
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later years records it as occurring in many points in California south
of San Francisco and in Camas, Idaho. Its range probably extends
over a somewhat larger territory than is here represented.

COLLECTIONS AND SHIPMENTS.

April 7 and 27, 1911, the late Mr. H. M. Russell of this bureau col-

lected and shipped from HoUyw^ood, Cal., 5 males and 8 females of

this species to the laboratory at Melrose Highlands, Mass. They
were collected under pea vines feeding-upon larvae of Peridroma saucia
Hiibn. Mr. P. H. Timberlake, also of this bureau, collected and mailed
to the laboratory from Whittier, Cal., 1 female which was dead on
arrivalMay 27, 1911. Mr. J. E. Graf collected in Compton, Cal., April
5 and 6, 1914, on low shrubbery 5 males and 12 females and forsvarded

them to Melrose Highlands, Mass. He reported them feeding on cole-

opterous and lepidopterous larvae.

HABITS OF ADULTS.

June 9, 1911, one pair of beetles was liberated inside of the tin

circle in the center of which stood a section of a white-oak tree (see

Plate III). They first traveled around the circle for some time and
did not attempt to climb. Tliey were then placed upon the bark of the
tree and immediately proceeded to descend. At another time when
they were put upon the tree, they climbed slowly and steadily to the
top. The female cUmbed out on a small twig one-eighth of an inch
m diameter and 12 inches long, hanging on the miderside. On reach-
ing the end she fell.

Tliese expermients and the findings of Mr. J. E. Graf cited under
the previous subject (as having taken the beetles on low shrubbery)
indicate that they do climb to some extent. Their habits compare
in a measure to those of C. frigidum Kirby.

FOOD CONSUMED BY ADULTS.

Feeding records were kept of beetles confined hi two battery jars

during the spring and summer of 1911. May 3 the beetles were
received from Hollywood, Cal., and were fed cutworms (Nodua
clandestina Harr.) until June 27. Two males and 5 females were
placed in the two jars and 87 fifth and sixth stage P. dispar cater-
pillars and pupae were consumed in about 15 days after the records
were started. Two males and 2 females died between July 7 and 18
and theremainmg females ceased feeding by August 2 and descended
m the jars for hibernation.
One pair of adults from CaUfomia, April, 1914, were offered N.

clandestina larvae after receipt, of which they consumed from 7 to 12
per day for a period of 3 weeks. M. americana larvae were later con-
sumed until about June 1, when the beetles began to remain inactive
at the bottom of the jar.

The beetles were most active during April and May, at which time
it was difficult to secure sufficient caterpillars for food.

REPRODUCTION AND HIBERNATION.

Three males and 8 females were kept under observation in three
jars at the laboratory during the summer of 1911. All of these died
during the summer except 3 females that entered hibernation about
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Jiilv 1 9 and Autrust :>. No eggs were secured from any of the females

Iiotwithstunding tlie fact that the collector saw one pair in copulation

April 27 at IIoU\-vvo()d, Cal, the day they were shipped.

The three females that entered hibernation in outdoor cages durmg

the snmnuM- of 191 1 wore found dead and dismembered 3 and 4 inches

below the suH"ace of the earth in the spring of 1912. It is very prob-

able that this species is not adapted to withstand New England

winters.

Of the lot of adults received from California April, 1914, two pairs

wore enclosed in one jar in which eggs were found May 15 and June 5.

One of these females died before eggs were deposited, and 69 larva'

hatdied as a total from one female. June 18 a few infertile eggs were

deposited on the surface of the earth in a jar which contained 1 male

and 4 females at the time.

None of the adults lived to enter hibernation that fall.

EGG.

Nine eggs that had been preserved in alcohol averaged 4 mm. in length and 1,7 mm.
in width. Color white, form elliptical, tapering slightly toward anal end in those con-

taining fully developed embryo.

Si.xty-nine eggs deposited by one female in 1914 between May 11

and J line 5 hatched in from 6 to 13 days.

BRIEF DESCRIPTION OF LARVA.

First, stage.—Small ro1)Ust larva. Average length of G newly-hatched specimens
that had been preserved in alcohol, 8 mm. ; width, 2.2 mm. Color dark brown dorsally,

ventral plates grayish brown. Ventral and lateral plates especially thickly set with
long browni.sh hairs. Caudal appendages (L3 mm. long) very slender.

SecDud stage.—Form similar to first stage. Average length of 3 specimens (almost

reaxly to molt) 18.5 mm., width 3.2 ram. Caudal appendages rather long and pointed
with several protuberances bearing spines, the middle dorsal being slightly more
prominent than others. Color of dorsum dark brown to black, ventral plates brown

Tltinl stage (PI. XVII, F).—Short robust larva. Average length of 4 specimens 24.5

mm., wichh 5.7 mm. Caudal appendages rather long (1.8 mm.), diniini.shing al»ru|)tly

in size after middle. Dorsal protuberance on middle of each appendage rather long.

acute, extending backward, parallel with caudal appendage. Appendages show slight

curve downward beyond middle, tapering to ashort point. Color shining black above,
grayish brown below. Ventral plates thickly set with hairs, regular in outline. An-
terior ventral plates on abdominal segments 2 to 7, inclusive, oval in form and some-
what dilated, without regular marginal notches. Posterior median plates rectangidar
in form and outer ventral plates on 3d to 7th abdominal segments oval. Pt)sterior

angles of anal segment narrow at base, projecting straight backward into a long blunt
point with stout spine at apex.

LARVAL RECORDS.

Miiny larvoe were reared in individual jars during 1914 and were
fed .1/. antcHcana larvae which were very easy to obtain during May
and June. It was estimated that from 20 to 35 large caterpillars
were destroyed by each beetle larva before maturity, as actual counts
were not made in connection with this species.
The larvie ure active and feed over a period of from 18 to 25 days,

or an average of 23. Time reouired to complete the various stages
in an outdoor vivarium at the laboratory, as averaged from 7 speci-
mens, was 5 days for tlie first, 4 for the second, and 14 for the third
up to the time tlie larvae ceased feeding. An additional period of
from 4 to 6 days elapsed before the larvie pupated.
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HABITS OF LARV^.

During June, 1914, some observations were made on the climbing
habits of the larvae at the laboratory (Plate III) and it was found
that the very young individuals were inclined to do this to some
extent, one specimen having climbed up the white oak post 6 feet,

then out on stovepipe wire and back to post before falling. Sec-
ond-stage larvae did not show an equal ability in this respect, and
third-stage larvae were not tried, owing to a limited amount of

material.

It is rather difficult to estimate from these limited observations to

what extent this habit prevails in the field, which is indicated by the
habits of the host insect upon which this predator most commonly
feeds.

PUPA.

Two male pupae were preserved in alcohol from the rearings of

1914, the average measurements of which were 18.5 mm. in length
and 8.2 mm. in width. Several larvae pupated and were reared
through to maturity.
Notes were made on the changes of color and development of one

pupa found in cavity at bottom of jar July 5 and transferred to sur-

face of earth. , The pupa was creamy white, the mouth parts and
tarsi after about five days beginning to turn brown. This color dark-
ened with age and later the tibiae began to show brown. After nine
days the thorax and abdomen had changed gradually to brownish
black. Legs brownish black at that period. July 18, the pupa died
just as it was about to mature.

BIBLIOGRAPHY.

1851. LeConte, J. L. Ann. Lye. Nat. Hist. New York, v. 5, p. 199.

Original description of thie species.

1915. EssiG, E. O. Injurious and Beneficial Insects of California.

Supplement to Monthly Bull., Cal. Hort. Com., Vol. IV, No. 4, p. 217. Account of life history
and habits.

CALOSOMA SIMPLEX Lee.

ORIGINAL DESCRIPTION.

Black, subopaque. Head and prothorax finely rugose and punctulate, the latter

more than twice as wide as long; sides strongly margined, rounded in front, oblique
behind, more widely reflexed towards the base; base bisinuate, broadly rounded at
the middle, hind angles distinctly prolonged, broadly rounded; basal impressions
large and deep; dorsal line fine. Elytra slightly wider than the prothorax, oblong,
oval, convex towards the sides, which are narrowly margined towards the base and
more widely so along the sides; near the base are seen four small acute teeth, as in
our allied species; striie not impressed, composed of extremely fine punctures; the
punctures of the three dorsal rows are also small and not conspicuous; interspaces
alutaceous, not distinctly rugose. Tibise straight.

Length 20.5 mm. Micldle California, one male.

/ DISTRIBUTION.

This species was described by LeConte in 1879,* the type specimen,
which was a male, having been taken in California. It has been
reported from Arizona, California, Colorado, and Texas. It has also
been taken in Mexico.

'LeConte, J. L. Description of a new species of Calosoma. In Bui. Brooklyn Ent. Soc., v. 1, no. 8,
p. 61-66, 1878.
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CALOSOMA HAYDENI Horn.

(PI. XVII, B.\

ORIGINAL DESCRIPTION.

The above name is proposed for a species in whicli the first three joints of the anterior

tarsi of tlie male are sponsrv pubescent beneath, tlui base of the thorax truncate. Jt is

therefore allied tn our Irijifr and ohsnlrfuni, but differing from them in having the elytra

connate and body apterous, 'i'lie head is large, as in triste, and the frontal impressions

deep, rather finely punctured and wrinkled; vertex with but few punctures, occiput

smooth. Thorax'as in triste, l)ut wath the basal impression deeper and the lateral

margins at Inise more strongly reflexed, nearly as much as in semilneve. Disc with

distmct coriaceous sculpture and feeble median line, margins coarsely but distantly

punctured, becoming more dense near the hind angles and basal region. Elytra

elongate oval, humeVi strongly rounded, and as distinctly rnargined as the sides.

Surface very convex in botli' directions and with striae of fine distinct punctures

feebly impressed. Basal region with distant eubmuricate punctures. Margins dis-

tinctly muricately puncturinl, more dense at the humeral region, almost disappearing

at the apex. >retathoracic parapleurae and sides of abdomen with coarse punctures.

Its color al>ove and beneath is shining black.

Length 0.S4 inch; 22 mm.
Collected in southern Colorado by C. Thomas, of the U. S. Geological Survey, under

Dr. F. V. Hayden.

DISTRIBUTION.

This species was described by Dr. Horn in 1870.' The type speci-

nioii was collected in southern Colorado. There are also other later

reports of its being taken in Colorado, Arizona, and New Mexico.

COLLECTIONS AND SHIPMENTS.

The data included on this species were secured in New Mexico by
members of the scientific staff under the Cereal and F'orage Insect
Investigations of this Bureau in connection with the New Mexico
Range Caterpillar {Ilemileuca oliviae Ckll.). Mr. D. J. Caffrey with
the assistance of otliers conducted the life-history studies and tlirough

the late Prof. F. M. Webster and Mr. W. R. Walton, the notes were
secured for publication here.

October 16, 1915, there were received at Melrose Highlands, Mass.,
from Mr. Caffrey at Maxwell, N. Mex., 7 males and 5 females, living.

These were packed in damp sphagnum moss and arrived in good
condition. They were placed in battery jars and fed larvse of P.
rapaf. One pair remained more or less active until November 2 in
Massachusetts and consumed 22 of the al)ove larvse before entering
hib(Mnation. Thev are still in hibernation at this writing (April,

1916).

FOOD CONSUMED BY ADULTS.

Jtdy 28, 1913, 2 males and 1 female were collected in the field and
enclosed in a battery jar. They were offered plenty of //. oliviae
larvae and jiupre during the season of which thev consumed 114 of the
larvje up to Septend)er 13.' They were offered the piinj^ after this
date but refused. Weather coiuHtions changed to cold and windy
and the be(>tles sought hil)ernation soon after. In another jar con-
taining the same number of adults, 1 02 Ilemileuca larviie and no pupjie
were consumed. The ])eetles in cages in 1914 proved prechicious on
//. oliviof larva? and fed from June 8 to September 3, the number
destroyed each day gradually decreasing until toward the end of

> Trans. Amer. Ent. Soc., Vol. 3, 1870, p. 69.
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August feeding practically ceased, the beetles spending most" of their

time in the eartli in the jar.

Mr. H. F, Wickam conducted cage experiments at Koehler, N. Mex.,
in August, 1914, to determine if the beetles woidd kill and eat grass-

hoppers and //. oliviae caterpiilai^s and if preference was shown.
The experiment was started August 10 and both varieties of Hving
prey were supphed. In one cage under observation 33 days, 33 large
H. oliviae larvae and two grasshoppers were killed and eaten and
in another cage containing 3 beetles under observation 15 days, 6
caterpillars and 1 grasshopper were killed and eaten. Some con-
trasting experiments were conducted at the time where killed grass-

hoppers were supplied the beetles with living //. oliviae caterpillars

and as a residt manj^ more of the former were consumed than of the
latter. Dead caterpillars were not eaten so readily as living. These
experiments indicate that accessibility to a particular host is the im-
portant factor in the partial control by a predator. Practically the
same results were secured in like experiments with C. ohsoletum Say.

REPRODUCTION AND HIBERNATION.

Two males and 1 female in breeding j ar from July 28 to September
13, 1913, deposited at least 6 eggs, 3 of which hatched. CopiJation
was observed several times during the season. In another j ar contain-
ing the same number of adults, 18 eggs were deposited, 15 of which
hatched. The first eggs were deposited by beetles in confinement
in 1914 on June 9" and the last August 4. In one cage containing
more than one female, 156 larvae hatched and in another 162 hatched.
The time in the egg stage varied from 7 to 12 days.
The first adults issued from hibernation in New Mexico in 1914

on or before June 5 and adults were seen in the field up to September
2 and even October 10, the latter dates inchcating the late periods
of entering hibernation. One beetle remained on the surface of the
earth in a jar at Melrose Highlands, Mass., as late as October 20, 1915.
They went into the soft earth to the bottom of the jar, a depth of 5
to 6 inches, for hibernation.
The maximum length of life of adults of this species has not yet

been determined but they undoubtedly five 2 years or more.

FIELD OBSERVATIONS AND ECONOMIC IMPORTANCE.

June 5, 1914, one female was collected near Dorsey Reservoir and
on the same date Messrs. W. R. McConnell and T. S. Wilson collected
a large number to the south of Koelder, N. Mex. The beetles were
found under rubbish, in the bed of a dry creek. Hemileuca larvas
were present in the vicinity but were not very numerous. June 28,
1915, Mr. D. J. Caffrey observed north of Maxwell, N. Mex., a
female of tliis species feeding upon a second-stage larva of //. oliviae
Ckll. and in the region of Chico on September 2 observed a larva of
this species or ohsoletum Say feeding upon a partly formed pupa of
the same host.

The adidts were observed in the field in New Mexico in common
with 0. ohsoletum Say at periods from June 5 to about October 10,
always associated with its host, //. oliviae Ckll., and apparently accom-
plishing a great deal in the natural control of the above pest. Mr.
Caffrey observed the beetle larvae feeding upon Hemileuca pupse.
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Gonornlly tho anal end of the beetle larva was seen protruding

Ihrnimhtlio inoslu>s of the Hcmileiica cocoon which indicated wliat

was h7ip|i(Miino; inside. Upon closer examination it was found that

(he llciuilcuca pupa was being destroyed. These pupae attacked

wcie locate<l 5 to 6 inches above ground, generally in Gutierrezia

plants, demonstrating the abiUty of the larvfe to climb for their prey.

Adults were also noted feeding upon tlie pup?e to a small extent.

BRIEF DESCRIPTION OF LARVA.

First singe.—Lone;, rather slender larva. Average length of 5 newly hatched

ppeci mens that had been preserved in alcohol, 10. :i mm.; width, 2.1 mm. In very

yuuiig larv;e head and thorax dull hlaek and abdomen brownish-black above and
grayi.-^li-brown below. Ventral plates ordinarily containing Iroin 1 to 3 long brown
hairs and sometimes other shorter ones. Caudal appendages long (2 mm.), straight,

pntjertiiig obli(|uely backward.
Second skujc—Form similar to first stage. Average length of six fairly large speci-

mens, 19.6 mm.; width, 3.2 mm. Caudal appendages long, straight, bearing short,

acute protuberance dorsally in middle. Appendages continuing almost straight after

dorsal ])rotuberance. Dorsum dull brownish-black, ventral plates brown.
Third stfifje (PI. XVII, JS).— Long slender larva. Average length of five almost

mature specimens, 31 mm.; width, 5 mm. Caudal appendages long (2 mm.), rather

slender, curving slightly backward up to short, acute dorsal ])rotuberanco located in

middle and straight beyond these. Color dull to shining black above, very dark
brown below. Ventral plates rather thickly clothed with short hairs. Anterior ven-
tral plates 2 to 7, inclusive, oval in form vaih slight dilations irregularly occurring in

middle of anterior margins. Anterior ventral plates also without median keel as

appears occasionally in obsnlctuin. Posterior median plates in well fed larvae with-
out broad line of separation between the two plates, apparently joined, especially
on f)th and 71 h abdominal segments. Inner angles of all these plates square, outer
rounded, with outer margins containing broad deep notch in middle. Posterior
angles of anal segment short, obtuse, bearing s])ine at apex. Posterior angles of tergite

of penultimate segment also obtuse in form, almost truncate at apices.

LARVAL RECORDS.

Some f(>c(Ung records were secured with larvae of this species by
Mr. Caffrcy in August, 1913, at Koehler, N. Mex. At that time,
//. olivme larvie which were offered were almost full-grown and in
most cases onlya small number were required before maturity. Two
to tlu-eo caterpillars were consmned in the first larval stage," 2 in the
second, and 4 to 6 in the third, or a total of al)()ut 10 to 12. Tlie
beetle larvir. were, transferred from small containers for pupation
upon approaching maturity and the f<n^ding record closed, otherwise
it is prol)a])le that slightly more would have ])e(>n (h^stroyed. These
b(>etle larva^ w<'re active and fed from about August 13 to August 26.
The average time re(|uired to pass the first larval stage was 6 days;

for the second AS->, and for the third to date ceased feeding, 8. Addi-
tional to this, from 3 to 5 days are passed in the prepupal stage, thus
tiitnling 22 to 25 days in the larval stages to period of pui)ation.
The larva in the last few days of its activitv makes an oblong-oval
cell in the (>arth for pupation, as is the haliit with other species of
the senus.

t

to'

PUPA.

Two rather undersized specimens reared at Koehler, N. Mex.,
iiK'asured 17 and 15 mm. in length and 7.5 and 7 mm. in width,
rcsnectively. These specimens were somewhat ])roken in shipment
to Melrose Highlands, Mass. Tlie first five abdominal segments are
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clothed with short hairs dorsally while the remainder of the segments
are smooth. General appearance same as other species of the genus.

Several of the larv?e reared in 1914 lived to pupate and adults
were secured. Pupation took place in a cavity m the earth which
was usually formed at the bottom of a glass jar where observations
could be made on the transformations. The specimens studied
pupated in July and August. Eleven to fourteen days were passed
in tliis stage.

July 11, one pupa was noted in cavity, light yellow in color with
dark brown eyes. July 25, 10 a. m., the beetle was fully formed,
body, wings, and femora still white; eyes, tibise, and tarsi black;
1.30 p. m., the immature beetle all black except central portion of

body; 6.30 p. m., beetle all black and fully formed but occupying
pupal cavity.

July 26, a female emerged from the cavity. Other young beetles

emerged in breeding experiments at this time instead of remaining
in the same cavity for hibernation. Some of the species reared at

Melrose Highlands, Mass., namely, calidum, have this habit to some
extent.

CALOSOMA TRISTOIDES Fall.

ORIGINAL DESCRIPTION.

This name ia proposed for a form occurring in our extreme southwestern region,

which is closely related to but quite surely distinct from triste of the west central

states. As compared with Kansas specimens of trute, in my collection iristoirJes

differs in the much liner punctures of the elytra! series, these becoming very minute
posteriorly, and in the usually well developed greenish lustre of the elytral margins.
The sides and basal impressions of the prothorax also show more or less of the metallic

lustre in many specimens, but in some it is barely perceptible. The coarser serial

punctures of intervals 4, 8, 12 are green as in triste, but in the latter species the side

margins of the body are scarcely at all so. In the type series of three examples of

triste in the LeConte collection the sides of the prothorax are evenly rounded and the
elytra are parallel in both sexes. In tristoides the prothorax exhibits considerable
inconstancy in both relative and actual dimensions, the width varying from 1.53 to

1.72 times the length, the sides either evenly rounded or eWdently straighter pos-

teriorly; the basal sinuations are also variable in depth. The elytra are quite uni-

formly parallel in the male and a little wdder posteriorly in the female. It is, however,
very probable that a good series of triste, or for that matter of any other si^ecies of

Calosoma, would show similar variability. In length tristoides ranges from 22 to 24
mm., width 9.4-10.2 mm. The length given for triste in LeConte's table is 18 mm.

Tristoides is based on a good series taken by Mr. Ricksecker at or near San Diego, Cal.

A single specimen from an unknown source and simply labeled "Cal." has stood
for years in my collection as triste. There is a single examjjle from "Cal." in the
LeConte collection placed near but not in line with his specimens of triste and bearing
a"?" label.

This species was described by Mr. H. C. Fall in 1910 * from specimens
taken at or near San Diego, Cal., by Mr. Ricksecker. The writers

have examined two female specimens collected by Mr. W. M. Mann,
at Pachuca, Hidalgo, Mexico. Mr. H. W. Wenzel, of Philadelphia,
has kindly furnished a cotype of this species for examination and
study.

'Fall, H. C. Miscellaneous notes and descriptions of North American Coleoptera. In Trans. Amer.
Ent. Soc, V. 36, p. 89-197 (p. 92J, 1910.

54880°—Bull. 417—17 7



98 liULLiyriN 417, r. s. dkpartment of ageiculture.

CALOSOMA CALIDUM (Fab.).

(Syii.: Calosoma Icpidum Lee.)

ORIGINAL HESCRIPTION.

1 Translation.]

('anxbu:^. \viiis:Ios.s. black, elytra crenate-striate and with linllowerl out golden

juinctiircs in triplo row.

lialiital in .Vincrica.

Related to ('(imbus hnrlensis, but vnih elytra by no means as smooth, inlersfieefi

between the golden i)unctured slriye very elevated, crenate. Antenna; reddish at

the aj)e.\.

EARLY RECORDS OF THE SPECIES.

'I'his spo'cios was first doscribod by Fabiicius in 1 775 and was given a
place it\ his other writ iiij^si) lit ill 801. Duriiij; the lattor year the gonus

Caralms was siilxlivich'cl into Caraims and Calosoma and this s])ecies

was iiicluthHl in Iho latter gronp. Latreille, Say, l)(\j(>an, and Kirby
gave descriptions of tiie species and notes as to its liabitat. The latter

in 1S37 wrote that '4t is very common in all parts of North America."
L(<^)nte, in 1845, described a now species as Calo'^oma lepidum

from the Territory of Missouri, but later writers and collectors seemed
to liave ignored it. There is no record of the species in any of the

pul)lic collections of the United States save the single iypo, specimen
m the Museum of Comparative Zoology, Cambridge, Mass. An
examination shows that this specimen should be referred to C. calidum,
therefore Ifpidum is regarded as a synonym.

Glover, Fitch, Walsh, and liiley have all published brief notes on
this species. F. G. Schaupp in 1882 made a ])iologi('al study of the
si)ecies and described tlie larva. In 1896 and 1897 tlie senior writer
matle further studies into the life history of the species and described
the larval stages.

Various other writers, namely, Comstock, Fletcher, Lintner,
Packard, Forhes, Bruner, and others have published many inter-

esting notes on the feeding habits of the beetles and their larva?,

togetiier with their occurrence in different parts of the continent.

DISTRIBUTION.

TIlis species is found in Colorado, Connecticut, Delaware, District
of CoUnnbia, Georgia, Illinois, Ijidiana, Iowa, Kansas, Kentucky,
Maine, Maryland, Massachusetts, Michigan, Minnesota, ^lississippi,
Missouri, Alontana, Nebraska, New Hampshire, New Jersey, New
York, North Carolina, North Dakota, Ohio, Pejuisylvania,' South
Dakota, Temiessee, Vermont, Virginia, and Wisconsin. It has also
been reported from Alberta, Nova Scotia, Ontario, and Quebec,
Canada.

SHIPMENTS.

Noveinb(>r G, 1911, two males and one female were removed from
hi])eniation cages, packed with damp sphagnum moss in perforated
tin boxes, which were inclosed in a tube and mailed to Mr. E. M.
Khrlioni, Ilojiolubi, Hawaii. On December 1 he wrote that the
beetles reached bun in tuie condition . This was the first experiment

,

to tha writer's knowledge, in shippmg Calosoma beetles long dis-
tances while dormant. It was successful, however, in this small
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attempt, and could be tried on a large scale when many specimens
are to be transferred from one country to another.
A further attempt was made in 1912 to fonvard adults of this

species to Mr. Ehrhom, and small shipments were made hy mail
May 22, June 6, and June 17. A total of 16 males and 23 females,
all alive, were sent, and 21 of the 39 specimens reached Honolulu
alive. They were packed singly in pill boxes with damp sphagnum
moss, but the moss had dried out in many cases on arrival, accord-
ing to infonnation received. The beetles were liberated in the foot-
hills to prey upon cutworms which were very numerous in the
islands. The genera Calosoma and Carabus are mirepresented there,
which partly explains the annual abundance of cutworms. C.

calidnm in both the larval and adult stages seems perfectly adapted
to prey upon cutworms and favorable results are bound to ensue
if the species can be successfully estabhshed.

HABITS OF ADULTS.

May 31, 1911, a lively male was placed upon a section of a white
oak tree set up in an outdoor cage, in order to make some observa-
tions on its chmbhig habits. (Pi. III.) It climbed very slowly and
awkwardly, each tune making more than one attempt before firmly
gripping the bark and moving upward. The specimen on trial did
not appear at aU sure-footed, faUing often and as soon as on level
gromid would move very rapidly.

Mr. Mosher says that he has repeatedly seen adults of this species
under burlaps feeding upon caterpillars of Porthetria dispar, but has
not seen them higher on trees than where burlaps are usually placed.
They are sometimes collected on tree trunks at sugar when ' 'sugaring "

for moths.
REPRODUCTION.

The highest number of eggs deposited by one female in a single
season was 74, but another deposited 61. Close records were kept
of a few pairs of beetles in the years 1909, 1910, and 1911, with special
reference to their capacity for reproduction. Only a part of the
females reproduced each year they w^ere in captivity, and the num-
ber of eggs that were deposited varied from 16 to 61 per female.
One pair of beetles was observed in copulation May 20, 27, and 29,
and June 2,21, and 22, but only 16 eggs were deposited. It is prob-
able that this species resembles sycophanta in that some of the fe-
males live an entire season without laying eggs.

LONGEVITY.

Most of the specimens of Calosoma calkluin collected in New Eng-
land and confined in jars have not lived longer than one year. One
female, however, which was collected August 20, 1909, "lived until
June 5, 1911. One male was placed in the jar with the female
shortly after she was collected, but died during the following fall or
winter. Another male, added in the spring of 1910 and collected
the same year, lived until after the female died in 1911. No eggs
were deposited by the female in 1909 or 1910, but 22 fertile eggs
were deposited in the spring of 1911. As the female was collected
late in the summer (Aug. 20) it is both possible and probable
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that it was a rorontlv issued adult, as it is shown ,l)olow under "Food

mnsuTued by a(hdts" that the l)eetles often come to the surface of

the earth and wancUn- about in search of food after emerpjing from

the puna. The male that was mlded hi the sprijig of 1910 was a

pupa in tiie summer of 1009 or earlier; therefore it also lived about

two vears or more.

Tlie data at hand on this species will not permit tlic statement that

the adults hve long;er than two years. There is a possibility, how-

ever, that they hve three years, or as long as siicophanta, inquisitor,

irilcoxi, and others.

FOOD CONSUMED BY ADULTS.

In Table 23 are giviMi tlie best records secunnl on the foo<l con-

sumed by this species.

Table 23.

—

Feeding records of 3 pairs of ( alosoma cnlidum, I'JO'J, 1910, and 1911.

Pair
No.

Year.

1797
j

1909
2S79 1910
5009 ' 1911

Feeding
record
started.

June 13

May 4..

June 6.

Ceased
feeding.

July 11

Jiirv292
July 2(ii

Nocfiia

clandes-
tina

(sixth
stage).

Malacoso-
ma amer-
icana

(fifth and
sixth

stages).

130
183
57

Porthc-
tria (lis-

/-nrCfiflh

and sixth
stages).

69
3 121
3 104

TotaL

199
3 317
3 101

1 Female died, record discontinued.
- I'air entered hibernation.
3 Besides one pupa.

Each of the pairs cited in Table 23 reproduced; the first female
deposittnl 59 eggs, the second 16, and the third 24. The record of

the 1909 pair is incomplete as the male was not collected until June
13, on which date the record w^as started, and the female died July 1

,

thereliy shortening the active feedhig period by about two months.
The average number of large-sized caterniUars devoured by each
pair was 226. The pericxl of emergence from hibernation for tliis

species is from April 15 to ^lay 15, and the period of entcrhig hiber-

nation August 1 to 15, leaving an active period extending over ap-
proximately three months.
One female reared from the eo;g in 1909 came to the surface and

devoured two sixth-stage cater]5illars of Porihetria dispar and 70 tliird

and fourth stage caterpillars of Uypliantria cunea before reentering
the ground for hibernation on September 11. Two males and one
female, reared from eggs in 1910, came to the surface of the earth in

from one to nine days after transformation fnmi the pupte. The
males ate 21 and 28 sixth-stage caterpillars of P. dispar, resj^ec-

tivclx, before reenteruig hibernation August 4, The female ate three
oaterpill.irs and died.

.Ml the si^H-imens of this species reared in jars or cages during 1909,
1910, and 1911 came to the surface in search of food in a few days
after transformation from the pupse. Young adults of Calosoma
cahdilm are so voracious that sometimes after coming on the surftice
they attack one anotlier, if caterpillars are not available.

'I he habit of fecMhng dunng the iirst fall after entering the adult
stage i.s rather uncominon with other species of Calosonni that have
been studied in detail by the writers.
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Calosoma calidum.

^1.—Third-btugc larva, dorsul view, X4. £.—Same, ventral view, X4. (Original.)
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HIBERNATION.

One pair of beetles entered hibernation August 30 and emerged
May 17 and 26, 1910, and the average date of entering for 10 adults

in 1910 was August 1 . Only one pair of these beetles lived, and they

emerged May 15, 1911. During normal seasons in Massachusetts

this species enters hibernation during the first half of August and
emerges between April 15 and May 15.

The average depth in the ground to which these beetles go to

hibernate is about 2 inches.

THE EGG.

The egg is white. Measurements of 12 fresh eggs in 1910 gave an average length

of 5.8 mm. and a width of 2.5 mm. The adults of C. calidum are much smaller than
scrutator or si/mphantn, but the eggs run somewhat larger than those of either

species. They liave the same general form (elliptical) as those of the species just

mentioned and taper slightly toward one end.

The average number of days required to hatcli 59 eggs deposited

by ojie female between June 15 and June 28, 1909, was 4^. The
temperature at that time was very favorable for the acceleration of

hatching, the maximum ranging tietween 80° and 90° F. One hun-
dred and ninety-nme fertile eggs deposited by several females be-

tween May 22 and August 2 required an average of nine days to

hatch. Most of the deposition took place during the month of June,
and nine days is about the normal time spent in the egg stage by
this species.

DESCRIPTION OF LARVA.'

First stage (PI. XVIII, A, B).—Length, 8 mm.; width, 2 mm. at third thoracic

segment. Form ellipsoidal, tapering more gradually toward the last segment than
in the corresponding stage of C. JHgidum. General color of the body and mouth
parts dull black, not shining. Head large, as long as wide, dorsal surface flattened;

palpi prominent, longer than antenna^. Posterior margin of the head somewhat
emarginate at the center. First thoracic segment as long as the two following, slightly

wider than the head and edges produced laterally. All the body segments except
the last are truncate behind, and bear a prominent impressed dorsal line. Caudal
appendages present, simple, and provided with numerous spines.

Ventral portion of the body nearly pure white, but it is profusely covered with small
black cliitinous plates. Spiracles nine, black, circular, and arranged just below the
lateral edges of the dorsal plates. Anal proleg moderately stout. After feeding for

a week the larvre molted.
Second stage (PI. XVIII, C, D).—Soon after molting the larvag become black and

measure 18 mm. in length. Body somewhat stouter than in preceding stage. Head
longer than wide, emarginate behind. Prothorax wider than the head. Dorsal line

quite prominent. Abdominal segments truncate and slightly produced laterally.

The second molt occurred at the end of a week.
Third stage (PI. XIX, A, B).—The following description was not made until the

larva was almost ready to pupate. Length, 30 mm. Color, dull black. Head of

Medium size, flattened, truncate behind. Clypeus slightly broader in front than in

C. frigidvm. Strongly bilobed. Sutiue between clypeus and epicranium subobso-
lete. Mandibles stout, the large tooth near the base being deeply cleft on the inner
margin. Prothorax longer than the head, the hind angles slightly cm-ved. Meso-
and meta-thorax smaller, but similar in shape, each thoracic segment bearing fom*
pairs of hairs on the dorsal plate. The abdominal plates one to seven of the same
form and bearing a moderate carina near the posterior ed^e of the segment. Eighth
segment a little larger, slightly wider, and also bearing a carina, lateral edges of each
abdominal segment bearing three short hairs. The last segment small, posterior
angles produced backward, but hind edge of segment truncate; caudal appendages
long, blunt, spiny, slightly depressed, and bearing on the upper sml'ace a hump-like
protuberance provided with a few spines. The spiracles are nine in number, and are

' Burgess, A. F. Notes on certain Coleoptera known to attack tlie gypsy moth. In 44th Ann. Rpt.
M;iss. Slate Bd. Agr, L 18%, p. 412-431 (p. 426-428), pi. 3-5, 1S96.
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arraived llip same as in C friqidum: the color, however, is black. Legs small and

t^u\n\ lai-si bearing two claws. The anal proleg is stout and covered with numerous

sliuri haii>i Tiic under surface is of a purer wliile than in ('. friyidum, but beare

similar markings. The latter resemble those of the preceding species in form and

arran"emi'nl, but are slightlv darker in color. The spots composing the first lateral

row aw more eloutrated anil all the ventral spots are somewhat larger than in the pre-

ceding species. The time si)eut in this stage is about one month, of which about

three weelis are pa.s.^ed in feeding. When full grown the lar\a biurows into the

grouiul to a depth of several inches, and after preparing a cavity throws off its skin

and goes into the pupal stage.

LENGTH OF TIME REQUIRED TO COMPLETE LARVAL STAGE.

From sovoral foodiiig records kept of liirva^ that hatched hetween

June 120 and 24, 1909, it was possilde to secure information on the

leno:th ot time required to complete the (hfferent hirval stages. It

was found at that time of year that an average of 3 days was required

to pass the fu-st stage, 5 days for the second, and 12 days for the third,

or a t(»tai of ahout 20 days"])etween hatching and cessation of feeding.

No notes were secured with this series of hirvsB as to the time when
feeding ceased and pu])ation hegan, ])ut ohservations on larvae m 1911

sliowi'd tliat 6 days were spent in the prepupal stage.

Some Tiata secured in 1912 show that from 'A to 5 (hiys were required

for larvtP to complete the first stage, 4 to 6 days for the second, and
12 to 17 days for the third. A fair average for these would he 4

days for the first stage, 5 for the second, and 15 for the third, or a

total of 24 days for trie active feeding ])erio(l. These hirvte hatched
May 20 to May 28—much earlier in the season than those referred to

undi'r 1909 when the weather was cooler, and this wholly or in part
explains the longer tiiue reriuired to coiuplete the growth in 1912.

FOOD CONSUMED BY LARV^.

The most natural food of these heetles and their larvae is cutworms
l)ut it was not always convenient to collect these in sufficient num-
])eis for the feeding experiments, so caterpillars of Portlietna (lispar
and Mdhicosorna amencaria were used. A series of individual
records was kept in 1909 and 1910 with caterpillaiN of these species

as a source of food sup])ly. In 1911 a series was kept, feeding pupa;
of .][. (imencami only, after the cocoons had heen removed.

T.\Bi,E 24.

—

Food eatm by larvae, of Calosoma calidum, 1909-10.
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The average number of caterpillars eaten by each larva in 1909
was 20, and in 1910, 13. Sixth-stage caterpillars only were supphed
in the latter series, while several fifth-stage caterpillars were offered
in the former. Twenty large caterpillars (the same or similar to
Porthetna dispar, or Malacosoma americana) is about a fair average
for each larva to consume.
The larvae in Table 24 were active and fed over an average period

of 21 days after hatchmg, and then entered the ground for pupation.
Larvae of C scrutator are active the same number of days but
have a somewhat greater capacity for food.

Five larvae were fed from hatching to maturity in 1911 on pupae
of M. americana from which the cocoons had been removed. From
6 to 10 pupae were devoured by each larva, or an average of 9. Larvae
of this species did not attack and devour as many pupae as caterpil-

lars, and the same is true of other species of Calosoma. When a
Calosoma larva attacks and devours a pupa, it usually feeds until

nothing remains but the empty case, but when a caterpillar is at-

tacked part of the fluids and body contents are lost in the struggle
of the caterpillar to free itself from the Calosoma.

HABITS OF LARV/E.

May 29, 1911, an experiment was begun to test the climbing of
these larvae. (PI. III.) Six newly hatched larvae were placed in-

side the tin circle and caterpillars of Malacosoma americana were lib-

erated upon the tree and on the ground. Later in the day two of the
larvae were noted feeding upon caterpillars at the base of the tree.

May 30 the larvae were again noted feeding upon caterpillars on the
ground, on which date five were found buried in the earth. These
first-stage larvae remained in the circle until about June 4 before
transforming to the second stage and were deprived of food some of
the time mitil they were on the verge of starvation. Later on, July
17 and 21, other first-stage larvae were added and kept tinder ob-
servation for a few days. They were placed upon the tree fre-

quently, but each time fell to the ground almost immediately. Sec-
ond-stage larvae were tested but did not chmb except on one occa-
sion when one was seen crawling up and down the trunk about a foot
from the gromid. The others died of starvation and did not attempt
to chmb so far as could be observed, although they were under
observation for several days. One third-stage larva was left in the
experiment for a few days and it made no attempt to chmb for food
but remained on and in the earth.

Li all cases starvation resulted unless food was placed on the ground.
These facts show conclusively that this species is terrestrial in habit
during the larval stages and the same is usually true of the adults.

Pupae of this species averaged as follows: The females, 17.5 mm.
loii^ and 7.7 mm. wide; the males, 15.7 mm. long and 6.8 mm. wide.

Close observations were made upon a series of larvae fed in jars in
1911 to determine the actual time required to pass the pupal stage.
It was found that 1 male pupa matured in 11 days, while the females
matured in 9 and 10. An average of 10 days was required for each,
including both sexes in the series. The adults from the pupae in

question issued from July 4 to 10.
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1895. Comstock, J. H., and Anna B. Manual of the Study of Insects. 701 p., 797
fig. Ithaca.

Page 519. Beetle called the "fiery hunter," known to climb trees in search of food.

1896. FoRBUsH, E. H., and Fernald, C. H. The Gypsy Moth. Mass. State Bd.
Agr., 495+c p., 66 pi., 34 fig.

Pages 381, 383. Brief notes on the adults feeding upon P. dispar caterpillars.

1897. Burgess, A. F. Notes on certain Coleoptera known to attack the gypsy moth.
In 44th Ann. Rpt. Mass. State Bd. Agr. f. 1896, p. 412-431, pi. 3-5.

Pages 426-430. Contains description of the larvte in all stages and notes on habits of adults and
larvae.

1898. Burgess, A. F. Notes on predaceous beetles, 1897. In 45th Ann. Rpt. Mass.
State Bd. Agr. f. 1897, p. 402-411.

Page 409. Notes on rearing the species.

1899. Fletcher, James. Report of the entomologist and botanist. In Canada
Expt. Farms Rpts. f. 1898, p. 167-219, 24 fig.

Page 190, fig. 14. Notes on the variations of color in the spots of the elytra; also refers to the larva
of the "cutworm lion."

1910. Blatchley, W. S. The Coleoptera or Beetles of Indiana. 1386 p., 590 fig.

Brief description with notes on occurrence and habits.
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CALOSOMA MORRISONII Horn.

ORIGINAL DESCRIPTION.

Black modoratt'lv sliining. Head moderately closely punctate, rugulose at the

Bides niandii.leH transversely ^^Tiukled. Thorax twice as wide as long, base and

iDcx ne-irlv e.iual sides strongly arcuate in front, oblique belund, hind angles very

M.tu-*.- 'lalVial nuirtrin narrow in front, more widely retiexed posteriorly, the basal

iun.n^ions moderately deep, apex feebly, base more distinctly emarginate median

line distinct surface moderately closely punctate and more rugulose at the sides

and along the basi> Elvtra oval, widest behind the middle in both sexes, humeri

distinct surface rather shining, with about fifteen rows of rather fine not closely

placed punctiu-es, the intervals wath a single row of finer and more distinct punctures,

the f(Uirth ei'dith. twelfth, and submarginal intervals with a series of moderately

distant lar-'er golden jiuiictures. Prothorax beneath sparsely punctate, metathorax

at sides nic'iie coarsely, abdomen sparsely punctate at the sides. Length .72-.82 inch.

18-20 mm.
. . , ^ r, .i mi •

The male has three joints of the anterior tarsi spongy pubescent beneath. Ihis

epecies from tlu^ exident golden elvtral spots must be associated with caJidum and

tepidym, than either of which it has iiiuch smoother elytral sculjjture although resemb-

lin«' Ihe'm in general form, it might be mistaken for a smooth variety oiob.mhium,

but the elvtra!^are more dilated, thc^r sculj)ture smoother, and without the imbricated

apiiearance. The base of the thorax is distinctly bi.sinuate in obnoktum and simply

emarginate in the present s])ecies as well as in those with which it is associated.

Coflected by Mr. II. K. Morrison in Colorado. With it I associate his name as an

evidence of my appreciation of his industry and success in adding to a knowledge

of <»ur fauna.

EARLY RECORDS AND DISTRIBUTION OF THE SPECIES.

Tliis sp(HM(>s was ilcscrilxHl ])y Horn in 1885^ from specimons that

wero collected in Colorado ])y JI. K. ^lorrisoii. Spociiiieiis that are

dcj)osit«Hl in a f(>w iitusctim collections in the United States bear

locality labels from Colorado and southern California. It appears

not to be particidarly common in any State, although the most have
been rei)orted from Colorado.

CALOSOMA TEPIDUM Lee.

(Syn.: C. irregruZare Walk.)

ORIGINAL DESCRIPTION.

Black, with head and thorax clostdy wrinkled, thorax very broad, narrowed at

the i)osterior end, sides much rounded, margin somewhat reflexed, with base lightly

bisinuate, marked on both sides, elytra extended slightly posteriorly, finely striate,

with s|)aces between tlu^ stria^ much corrugated, almost broken into granules, and
with bronze-colored pits in triple row.

Ix-ngth .7').

Shorter than C. ralidum and differs in having elytra quite rough; it seems similar

to ('(illl.slhciie.'i, and shows its likeness in antenna% oth and (ith joints, glabrous margins,
pubescent at the base, with the glabrous part poorly defined, and 7th to 11th joints

equally i>ubescent, described in this species.

Oregon. I have seen another specimen in the Collection of the Exploring Expe-
diticiu.

This species was described l)y Le Conte in 1851. Mr. J. K. Lord
published in 1866 the description of a new species, Calosomairregulare,
described by Walker, the habitat of which was not given and
compared it with C ((ilidum, C. frigidum, and the Siberian C. denti-

coile. In 1871 Horn reduced this species to a yynon\nii of C tep'idum.
There are no records at hand to show that C. irregulare is represented
in any of the pubUc musemns and experiment-station collections of

I Horn, C. U. rontritmlions to the Coleopterologj- of the I'nited States. In Trans. Amer. Ent. Soc.,
V. 12. p. 12H-162, pi. 1-5, 1885.
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tlie United States, consequently the writ(>rs have not been able to

study specimens.
C.tepidum has been reporttnl from the following States: Arizona,

California, Colorado, ''Dakota," Idaho, Montana, Nebraska, Nevada,
Oregon, Utah, Washington, and Wyoming. British Columbia,
Alberta, and Vancouver Island are points in Canada from which
specimens have been collected.

BIBLIOGRAPHY.

1852. LeConte, J. L. Description of new species of Coleoptera from ralifornia. In
Ann. Lye. Nat. Hist. N. Y. f . 1851, v. 5, p. 125-216.

Vage 199. Orifiintil description of C.tepidum in oomparison to Calosoma caJidum. Habitat, Oregon.

186(3. Lord, J. K. The Naturalist in Vancouver Island and British Columbia,
V. 2, 375 p.

Page 312. Pescription of Calosoma irregulare by \^'alker witliout locality for type specimen.
Comparisons are made of this species w ith calidum and frigidu m and mention made of its alliance to
the Siberian C. dtutivnlle.

1870-1871. Horn, G. H. f'ontributions to the Coleopterologj^ of the United States.

In Trans. Amer. Ent. Soc, v. 3, p. 69-142, pL 1.

Comparisons of specimens coUected in C)regon and California, also the following notes under C.

tcpidum: "This species has been redescrilsed as C. irrnjvlarr by Walker, Naturalist in British
Columbia, Lord, Vol. II, p. 312."

1890. Harrington, W. H. On the list of Coleoptera published by the Geological
Survey of Canada, 1842-1888. In Canad. Ent., v. 22, no. 7, p. 135-140.

Page 139. Catalogue of the Coleoptera determined for Ihe Geological Survey of Canada by Dr.
J. L. LeConte notes the collection of C. tepidum in British Columbia.

CALOSOMA AUROPUNCTATUM (Payk.).

ORIGINAL DESCRIPTION.

[Translation.]

Black, smooth, with thorax emarginate posteriorly, elytra finely punctate-striate,
and punctures of uneven depth a little larger in triple row.

Description of male.
Head entirely Ijlack; antennte becoming brown at the apex.
Thorax black, smooth, marginate, obovate, almost twice broader than long, sides

rounded; truncate anterioi;ly, somewhat emarginate posteriorly.

Elytra black, scarcely broader than the thorax, very finely punctate-striate:
punctures a little larger depressed in triple row.
Sternum black.
Abdomen black.
Feet black. Tibiae curved.
In size and length it almost exceeds the preceding, {Carabns reticnlatus) but it does

not equal it in breadth.
Female similar to male, but somewhat greenish above in color, coppery punctures

in triple row, abdomen scarcely broader, and anterior tibiae shorter. Habitat rare in
southern Switzerland. It differs from ( 'arahus inquisitor in color, in emarginate thorax
and smoother elytra, from Cur. reticulatus in color, body more elongated and elytra
not at all reticulated.

Synqn. Herbst. (kirabus aiiropundatiis., Fab. Mant. Ins. p. 197. No. 35, Car. inda-
gator? is related to this, but this one is wingless as only a hasty description was seen
by the author.

EARLY RECORDS OF THE SPECIES.

This species was first described by PaykuU in 1700 and its habitat
given as southern Switzerland. Dejean, in 182G, put it in the genus
Calosoma as it had previously been identified as Carabus. Gebler, in
1833, writes of the great similarity of this species to O. denticoUe Gebl.
Houlbert and Monnot, in 1905, made a stiuly of C. auroiyunctatum. and
came to the conclusion that 0. sericeum of Fabricius and C. indagator
of GyUenhal were synonyms of it.
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IMPORTATIONS.

The onlv importation of this species was received at the gipsy

motli i>ninsite hiboratory eTime 1, 1909, from Miss Ruhl. The ship-

lueul <'oii1iuiuHl nine males and nine females ahve and three mah^s

and one female dead. Keqnests were made for Miss Kuhl to collect

more ami foiward them but it seemed impossible for her corps of

collectors to find them owing to the scarcity of the species in central

and southern l^^urope.
HABITS OF ADULTS.

June 29, 1911, one female was tested to ascertain if adults of this

species na'turallv climb trees in search of prey. (PI. III.) The
beetle when left" inside the circle crawled about and up to the base

of the tree but did not attempt to climb. When put upon the bark,

lieatl upward, it would turn around very quickly and climb down-
ward to the grountl. Wiien placed uptm the tree near the top, the

beetle would lose its footing and fall. No climbing experiments

were conducted with the larvse.

This snecies is evidently terrestrial in habit.^p<,Hue!;

FOOD CONSUMED BY ADULTS.

Feeding records were kept daily of a series of pairs of beetles

received from Europe June 1, 1909, and these records were extended
over two vears, 1909 and 1910, as shown in Table 25.

Table 25.

—

Feeding records of four pairs of Calosoma auropunctatum, 1909-1910.

1909.

Pair No.
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The male of pair No. 2712 died June 5, 1910, and the female alone
consumed 151 of the 181 caterpillars totaled for that pair. Male
No. 2709 died June 10 but another female was added to that jar,

making two females. The males in the other two jars, together with
all the females, lived to the end of the feeding season.

The average number of caterpillars consumed per pair in 1909
was much less than in 1910, which was probably partly due to the
record bemg started a little late and because they were mostly first

and second year beetles at that time. Female No. 2711 deposited
19 fertile eggs during the latter part of Jime, 1910, and more food
was consumed in that year than in 1909. None of the other females
in Table 25 reproduced during either year. The average number
of caterpillars consumed per pair in 1910 is about the same as the
average for C. calidum, which was 226.

REPRODUCTION.

Out of the lot of beetles imported in 1909 only three eggs from
which larvae hatched were deposited that year. Most of the beetles

entered hibernation and lived to emerge durmg the spring of 1910,
and during that year 152 fertile eggs were secured from the six

females.

No copulation was observed among these beetles, but deposition
of eggs was recorded almost continuously between May 26 and July
27. Only one female hved to issue in the spring of 1911 and there
were no males left for mating.

LONGEVITY.

One female of the lot of beetles received from Europe June 1, 1909,
lived until August 17, 1911. This female did not deposit eggs in any
of the three years of her existence at the laboratory. It was a pupa
in the late summer of 1908 or earlier and passed two winters and
three summers at Melrose Highlands, Mass. Three females of the
same lot died in hibernation during the winter of 1910-11. Notes
secured on the length of life of this species show that the hmit is

three years or longer.
HIBERNATION.

The beetles received in 1909 fed freely for a time and entered
hibernation between July 16 and August 20, the average date being
July 31.

They emerged in outdoor cages in the spring of 1910 between May 3
and June 14, the average date being May 23. The cavities where
they spent the winter were from ^ to 4 inches deep, or an average of

3 J inches.

A few of these old beetles again entered hibernation in the fall of

1910 with some young adults reared the same year, the average date
of entrance being August 9. Only three females (one old and two
young) were still alive in the spring of 1911, and these were unearthed
June 7 and June 23. The beetles hibernated from 2 to 12 inches
below the surface.

THE EGG.

The egg is white, slightly approaching a creamy shade.
Twelve eggs were measured in 1910 soon after deposition. gi\ang an average length

of 4.5 mm. and a Avidth of 2.2 mm. The adults of C. auropunctatum Payk. run slightly
larger than C. cnlidum Fab., but the eggs are much smaller. The eggs of the former
species are elliptical in form and taper gradually toward one end.
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Tlic av(M-ag(^ mmihcr of days passed in tlie o^g stago was 9^ for 111

eggs (ihsoi-vcd in I!) 10. Fifteen days were required for hatching eggs

deposited the hitter ])art of May," wlien the weather was cool, but

only three to six days were necessary hitc in Juno or early hi July.

DESCKIPTION OF LARVA.

FirM slafjc—yU'dhun to small size, fusiform. Avorajjo longth of 12 ffjx'cinuMis,

9 mm.; widUi. '-'.2 mm. Caudal appondasjcs long, straight, bearing a few long spines.

Color sinning Mack above, ventral plates grayish-l)rown.

iS'mi/tr/ s/</(/''.—'Somewhat stouter tlian flr.'^t stage. Average length of nine speci-

men.>^, l(i.5 inm.; wndth, 3.5 mm. Caudal appendages stout at base, rather erect to

dorsal iirotuberance. curved slightly upward and gradually tapering beyond pro-

tuberance. Protuberance short, erect, and located less than one-half the distance

from b;use to tip. Color same as in first stage abo^•e, ventral plates dark brown.
Third sitiijr.—Rather robust in form. Average length of four specimens, 22 mm.;

width, 'L!> nun. Caudal aii|)('ndages short, stout, and rather erect to dorsal protuber-

ance, curved upward licyond this, acute at end. Protuberance more prominent than

in second stage. Color of dorsum shining black with metallic luster, ventral plates

dark brown. No reddish-brown patch at base of caudal appendages in second or

third stages.

TIME REQUIRED TO COMPLETE LARVAL STAGES.

From W to 7 days are n^qnirinl for the first stage, or an average of

5; 3 to 5, or an average of 4, for the second; and 10 to 14, or an
average of 11, for the third. The larviB are active and feed about 19

or 20 days. Four days are passed in the prepupal stage.

Table 2G.—Food required to tmilure larvx of (\dosoma uuropunviaiutn, I'JIO.



THE GENUS CALOSOMA. Ill

took place in 4 days and 12 to 13 days were passed in the pupal
stage. The adults in a few days emerged from their cavities and came
on the surface in search of food.

BIBLIOGRAPHY.

1790. Paykull, G. von. Monographia Caraborum Sveciae. 138 p.

Page 68, no. 41. Original description as Carabus auropunctatus

.

1798. Paykull, G. von. Fauna Svecica, t. 1, 234 p.

Pages 129-130. Practically the same description as aljove, with note as to habitat in Southern
Switzerland.

1826. DeJean, le Comte. Species General des Coleopteres, t. 2, 501 p.

Page 203. Description of the species under the name of Calosoma auropuiKtatum and in comparison
to C. inquisitor. Theanthorgivesit as a variety of Calnsoma sericeum which he had previously thouglit

to be a distinct species. C.auropunctatum is recorded as found in Austria, Germany, and France,
but every-where rare.

1830. Gebler, F. a. von. Bemerkungen (iber die Insekten Sibiriens, vorzuglich

des Altai. Ledeboni-s Reise, t. 2, p. 57.

1833. Gebler, F. A. von. Bulletin de la Societe Imperiale des Katuralistes de
Moscou, t. 6, p. 274.

The species is described as approximately like that of Calosoma dcntkolle Geb. from Siberia. .

1877. Marseul, D. A. de. Melanges. In I/Abeille, t. 15 (ser. 3, t. 3), ser. 2, no. 6,

1875, p. 22-24.

Record of a specimen pierced with a pin so as not to wound the ganglia and the beetle lived IS

months with the pin still in the body and fed voraciously during the time.

1887. Mayet, V. Description des larves des Calosoma Mnderae F. et Olivieri Dej. In
Ann. Soc. Ent. France, ser. 6, t. 7, p. clxxi-clxxiv.

The author states that C. auro-punctatus is not foimd in Algeria.

1905-1907. HouLBERT, E., et Monnot, E. Coleopteres. Carabides. In Trav. Sci.
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CALOSOMA CANCELLATUM Esch.

[PI. XVII, C]

(Syn.: Calosoma ncnescens Lee.)

ORIGINAL DESCRIPTION.

[Translation.]

Thorax A^ery short, rough, bronze, posterior angles produced, elytra greenish-

bronze, obsoletcly striate. Crossed with irregular short wrinkles with three series of

elevated oblong punctures, tiliige straight..

From California near San Francisco.

Length 9 lines. Head and prothorax colored very green, thickly punctate; pro-

thorax very short, twice as broad as long, broader anteriorly than posteriorly; indented
in front in the middle, straight posteriorly; the broad, blunt hind corners project out
prominently, lateral margins broadly ttmied up, shield black. Elytra not much
broader than prothorax, long, indistinctly striate, all the spaces between are uneven
because of cross lines; broad intermediate spaces have larger grooves, whereby three

rows of long chainlike gi-anules are formed. On elytra all depressions colored light

metallic green, all elevations very green. Ventral side of body has on the sides of

prothorax and breast green glimmerings; all the rest as well as the legs are black.

Middle tibise of female straight.

This species was described by Dr. Friedrich Eschscholtz in 1829,

who recorded its habitat as Cahfornia near San Francisco. It has
later been taken in Arizona, Cahfornia, Idaho, Indian Territory, Mon-
tana, Nevada, Oregon, ITtah, and Washington. Dr. I./eConte in 1854
•described a new species (Calosoma aenescens) as occurring at Fort
Vancouver. The WTiters have had the opportunity of studying the

type which is deposited in the Museum of Comparative Zoology,
Cambridge, Mass., and find it does not differ from C. cancellatum^sch..y

and it is, therefore, considered as a synonym of that species.
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COLLECTIONS AND SHIPMENTS.

The late 11. M. Russell, of I his bureau, on June 9, 1910, for-

warded a female of (\ cancellatum Esch. from Compton, Cal., accom-

panied by a letter stating that he had found "the larva of the beetle

leedin*:; iii a su^ar-beet lield on larvfe of Perklromiimucm. It dis-

ai)peared about Mav 15 and was found as a beetle 3 inches below the

sui-face of the ground June 6, 1910." This beetle died June 14 after

its arrival at Mehose Higlilands, Mass.

April 5 and 6, 1914, Mr. J. E. Graf, also of this bureau, collected at

Compton, Cal., six males and two females of this species and for-

war(led same alive to Melrose Highlands, Mass, They w^ere col-

lected on low shrubbery, and Mr. Craf stated that they feed on coleop-

terous and lepidopterous larvae.

i

FOOD OF ADULTS.

The adults received at Melrose Highlands, Mass., April 16, 1914,

were ofT(>red larvie of N. clandeMina, of wiiich one pair of beetles

destroA-ed from 5 to 12 large larvae per day. M. americana and P.

dispar \i\Y\2d were consumed after May 15 to about July 8, when
some of the adults died and others remained inactive in the earth.

REPRODUCTION AND HIBERNATION.

April 16, 1914, one pair of adults from California were enclosed in

a rearing jar and fed regularly at intervals. Erom May 8 to June IS

eggs were noted in the earth, and a total of 11 larvae hatched from
eggs deposited by this female. In another jar containing live males
and one female from the same source as above were found seven

larvae durino; the season. From these records it would appear that

this species is not a prolific breeder.

No adults of this species lived to enter hibernation in the fall.

EGG.

Six eejrs (hat had been preserved inalcohol averaged 3.7 mm. in length and l.o mm.
in width. Color creamy-white, form elliptical, very slightly larger near the anterior

end, tapering slightly toward the posterior.

The eggs were not found as soon as deposited, therefore close data
,.

on time recpiired to pass the egg stage were not secured. It probably
ranges from 6 to 12 days under Massachusetts conditions when the
eggs are deposited in ^lay, possibly less in California, the native
habitat.

BRIEF DESCRIPTION OF LARVA.

First stage.—Small, rather slender larva. Average length of six newly hatched
ppecimens that had been preserved in alcohol 8.1 mm., width 2.1 mm. Color dull
bhuk dorsally, ventral plates dark brown. Ventral and lateral plalos lightly clothed
with short brown hairs. Caudal a|)pendages (1.4 mm. long) verv slender.
Sfcand slnyc—Vorm similar to first stage. Average length of six specimens 17.7

mm., width 4.2 mm. Caudal appendages straight and rather blunt at apex. Color
similar (o first stage, but of somewhat lighter shade in the specimen studied.

Third simii: (PI. XVI I, r,'). - Rather long, slender larva. Average length of six alco-
holic spocinien.s 2")..-^ mm., width 5.2 mm. Caudal ajiiK'ndages rather short (1.4 mm.),
stout, slightly ciir\ ed in center, p^ach appendage bearing stout dorsal protuberance'
on the iukMIp. Appendages taper to a long point bevond dorsal protuberance. Color
dull to shining bla<k above, brown below. Ventral plates rather thickly set \\nth
hairs and regular in outline. ^Vjiterior ventral plates of abdominal segments 2 to 7
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oval in form without regular marginal notches. Posterior median plates rectangular
in form and outer ventral plates on third to seventh abdominal segments oval. Pos-
terior angles of anal segment broad at base, acute at tip, projecting slightly upward.

LARVAL RECORDS.

Many larvae were reared in individual jars during 1914 which were
fed mostly on N. dandestina and M. americana larvae. Those reared
hatched May 8, 11, 22, and 24 and ceased feeding between June 9
and 15. The larvae that hatched late in May matured in much
shorter time—18 to 22 days, while those that hatched early in May
required about one month. One and sometimes two large cater-
pillars were consumed by one beetle larva each day excepting durino-
the molting periods, or a total of from 20 to 35 before matmity!
Proportionately more would be destroyed if small caterpillars were
offered.

Time spent in the larval stages for a few specimens averaged as
follows: For first, 5 days; for second, 6 days, and for the third about
9 to 12 days to the date larvae cease feeding for maldng cavity.
About 4 days additional is passed in the cavity before pupation.

HABITS OF THE LARV^.

A first-stage larva put on the bark of a white oak post, after several
tumbles reached the top (6 feet). Each time placed on with head
upward, it woidd turn the opposite direction and descend, several
times circling the post. Third-stage larvie showed about the same
inclmation to reach the gromid when placed upon the post. They
were not able to ascend more than three feet before fallmg.
The slowness and awkwardness with which these larvae handle

themselves on trees indicated that their natural habits are similar
to those of C. calidum Fab., that is, remaining always on or near the
ground in search of food.

PUPA.

Two pupae (1 male and 1 female) were preserved in alcohol from
the rearings of 1914, the average measurements of which were 18.2
mm. in length and 7.3 mm. in width. Jmie 20, 1 pupa was miearthed
from a cavity at the bottom of a jar which was then about 5 days
old, as determined from the colorations of the tarsi, e3^es, and buccal
parts. The color of the pupa as a whole grew darker daily until it

died June 25. It is probable that about 10 to 12 days are required
to pass the pupal stage for this species.

BIBLIOGRAPHY.
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54880°—Bull. 417—17 8



114 BULLETIN 417, U. S. DEPARTMENT OF AGRICULTURE.

CALOSOMA SUBAENEUM Chaud.

ORIGINAL DESCRIPTION.

ITranslation.]

IjCii'Mh 17 nim. Like diarors in form, but nioro nan-ow and much pmootlicr. Iload

very .-^rij^iiUy piincUitc, liase and aiitcridr margin smonf licr. impressions of face heavier.

Tli<")rax1i little Hiiudler, \ery linely and irregularly wrinkled above, more punctured

lowanl sidis and tlie 1)ase and es|">ecially towards the posterior angles which are less

prolonged liackward, more broa<lly rounded, sides (^f base very hollow near the angles,

lateral"' margin ri-llexed, especially backward. Base of elytra almost as broad as

thorax, liroadi'iiiiig toward the middle and rounding somewliat to the end, one half

longer than l)road. humeral angles more square although rotmded; anterior part of

sides rectilinear, less convex al)ove; strite not impressed, composed of rows of small

dots, moderately near each other, from each of which a very small transverse wTinkh

coA'c're the interstice's; these dots and transAcrse wrinkles are more prominent at the

sides and near the end and giv(^ the outer border a Aery wrinkled ajiiJearance. Sinn-

ing black the upper side slightly tarnished; sides and ])ase of thorax as well as all

surface of the elytra, olive green bronze; on each are three rows of dots, slightly

larger than those on the 8tria\ the first two are obsolete near the base. As it differe

from all other species on account of the sculi)ture of the elytra and also by its narrowed
form 1 have placed it provisionally at the end of the series.

One specimen reported from California by M. Lorquin.

This s])ocios was described as above l)y Baron De Chaudoir in

1S69.' It occurs in California, Idaho, and Washington.

CALOSOMA MONILIATUM Lee.

(Syn.: ('. laqucdlii'mluec.)

ORIGINAL DESCRIPTION.

Obscurely bronze, dark, head and thorax closely rugose and punctate, the thorax
twice shorter than broad, somewhat narrowed posteriorly, sides moderately rounded,
margin .scarcely rellexed, base broadly emarginate, angles slightly produced, elytra

one-half longer than broad, closely grooved, calli on both sides smooth, oblong, and
j)its arranged in triple row. Length .65. Oregon. Length 17 mm. Oregon. Mon-
tana.

Longer than rest, about the size of Carabus serratus Say.

This species was described by LeConte in 1852.^

In 1860 LeConte^ described Galosoma kiqueatum (Proc. Phila.
Acad. Nat. Sci., vol. 12, p. 818), l)ut later reduced it to a synonATn
of monilmtum. C. monlliatnm occurs in Arizona, California, Idaho,
Montana, Nehraska, Oregon, Washington, and in the Northwest Ter-
ritory, Canada,

CALOSOMA- CfflNENSE KIrby.

[PI. VII, fig. 10.]

ORIGINAL DESCRIPTION.

Dusky, blackish-coppcM-y above, rough, elytra marked Avith golden punctures in
triple row.

Length of body, 15 lines.

Habitat in China.
Body black underneath, blackish-coppery aboA-e, dark. Head marked Avith most

minute confluent punctures. Thorax rough' Avith close punctures or minute WTinkles,
indistinctly canaled or furnnved dorsally, and deeply marked posteriorly on both
sides. Klylra obloFig-fpiadrate, roughened Avith A'ery numerous, A^ery minuto
granules, marked aboA'o with golden punctures in triple row. Epipleura very narrow.

'Chmnlntr. Jjivscriptions .1p Cincind.-liAtPS et de Carabiques noiiveaux. In Rev. et Mag.Zool. (ed. by,

I ',}:f
""'-"• •' • '•. < "-^(Tiptiini of now sitecies of Coleoptera from California. In Ann. Lye. Nat Hist. N. vl

f. 1*<->1lV. .1, p. 123-21(1 (p. 2(Hn, lS.i2. *

-J.^*'!J?"""' f 'v. '^"l'^'*
°." *,'?l*'"PtPra found at Port Simpson, Mackenzie River, with remarki^ on \<irth-
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EARLY RECORDS OF THE SPECIES.

The original description of this species was pubhshed by Kirby in

1818/ its habitat being given as Chma. In 1831 Dejean ^ rede-

scribed it as coming from the same country. The latter author
compared it with auropunctatum Payk. in general markings and says
it should be placed near senegalense Dej. The Uterature concerning
this species is rather limited. The writers were able to secure only
the two references above cited.

OCCURRENCE AND IMPORTATIONS.

Three hundred and fifty-three adults were collected and shipped to

the gipsy moth parasite laboratory in two years. Along with the
second shipment in 1910 were received specimens of f'ambus proce-

rulus Chaud., (J. tuhercvlatus Fisch., and DamaMer blaptoides Kollar.

A specimen received January 5, 1910, was collected and mailed by
Rev. H. Loomis, 53 Main Street, Yokohama, Japan, while the two
large shipments were made from the Imperial Agricultural Experi-
ment Station, Tokyo, by Prof. S. I. Kuwana. The beetles were
packed suigly m wooden boxes with damp sphagnum moss. About
40 of these small boxes were inclosed in a large wooden box. Arrange-

^

ments were made with the steamship company wliereby the boxes
were kept in cold storage as far as Vancouver, British Columbia, and
were then shipped by express, in larger boxes containing ice. The moss
in many of the small boxes was stiU damp on arrival, and the beetles

on the whole were m very fine condition, 83 per cent bemg aUve on
receipt. They were en route 18 days.

HABITS OF ADULTS.

The adults of this species are able to fly to some extent. They
also chmb trees, which was deilionstrated in 1911. Experiments
conducted indicate that the adults are able to attack either ground
or tree inhabiting caterpillars.

FOOD CONSUMED BY ADULTS.

Daily feeding records were kept of four pairs of beetles received
from Japan, July 22, 1910.

Table 27.

—

Feeding records offour pairs of Calosoma chinense, 1910.

\? received
from
Japan.
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All the caterpillars of Povtlutna dispar eaten by the beetles wore

in the sixth stage, while the larvae of Edigmene acraea ranged from

the fourth to the sixth stage. An average of 172 largo caterpillars

were eaten l\y each pair from the late date the beetles were received

to the end o( i\\c feeding season. The only pair of beetles that lived

emerged from hibernation June 7, 1911, and immediately began to

feed actively. From this date to July 22 the ptiir ate 63 sixth-stage

caterpillai-s of Malacosoma amoicana and 57 fifth and sixth stage

caterjiiUai-s of P. dispar, a total of 120. This mnnber added to 172,

the average number eaten by 4 paii-s from July 22 to the end of the

previous feeding season, equals 292, or approximately the number
eaten by the Calosoma of equal size.

REPRODUCTION.

July 22, 1910, four pairs were placed in battery jars for rearing

and feeding records. One pair was observed in copulation August 3

and from August 3 to 8, and later 54 eggs were deposited.

July 28, 1911, eight pairs of beetles just received were placed m large

battery jars, as also one pair reared in 1910 from eggs deposited that

year. The male of the latter pair died July 8, but another was
added and the pair entered hibernation August 8 witliout having
reproduced. Two females of the foregouig 8 pairs reproduced in

1911; one deposited 11 eggs and another 112 between August 7

and 17.

One of the eight paii-s that entered hibernation in the fall without
reproduchig emerged May 13, 1912, and the female laid 217 fertile

eggs from May 25 to July 1, and died July 10. This is the largest

nmnber of eggs deposited by a single female of this species in

confinement.
The notes sc'cured indicate that the species is fairly prolific under

favorable con(htions and, if it can be estabUshed, will midoubtedly
prove very beneficial.

LONGEVITY OF ADULTS.

One fenude reared from the egg in 1910 was active during the
season of 1911 and entered hibernation that fall. June 20, 1912, the
cage was dug ui) but the female was dead hi the earth, 3 mches below
the surface, Slie (bed some time diu'hig the hibernation period and
lived practically one year after issuance as an adult.

Many adults were received from Japan during the summer of 1911
and sevend of them successfully hibernated the followmg winter, and
upon emergence were planted in colonies. The few that were left

at the lalxH-atory for rearing during the season of 1912 died toward
the end of the summer before reentering hibernation. These adults
lived two summers and one winter in confinement.
The data at hand show that the adults live at least two years,' and

it is very probable that three years is the usual limit as with some of
the other species of the genus.

HIBERNATION OF ADULTS.

^
Three pairs of beetles received from Japan July 22, 1910, fed until

September 10 of the same year and entered hibernation. As it

luippentMJ, the b(>etles were collected and shipped at the time of their
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greatest activity, and as they were deprived of food en route for about
three weeks, this probably had some influence on the date on which
they entered hibernation. These beetles made cavities from 4 to 6

inches deep in loose soil, but all died before emergmg the following

spring.

One pair of adults reared in 1910 issued from pupae September 13

and 18 and on September 26 were transferred to hibernation cages

out of doors. June 7, 1911, the male emerged and the female was
removed on that date. Both were in cavities 3 inches below the

surface. The male died during the summer of 1911, but the female
again entered hibernation August 12.

July 8, 1911, a large shipment of adults was received from Japan.
Sixty-three males and 48 females out of the shipment were placed in

a large outdoor hibernation cage and food was furnished them until

they sought hibernation. Slightly less than one-third of these

emerged successfully the following spring. In Massachusetts August
12 is the average date for entering and June 7 for emerging from
hibernation.

There can now be no question that adults of this species can
withstand New England winters.

COLO^aES of CALOSOMA CHINENSE liberated in 1911 AND 1912.

August 2, 1911, 60 females and 50 males, received from Japan
July 28, were liberated in marsh land covered with weeds and grass

along the Charles River in Cambridge, Mass. Larvae of Estigmene
acraea were so abundant in this area that 2,500 specimens had been
collected for use at the laboratory just previous to the date (Aug. 2)
on which the beetles were liberated. On August 4 Mr. W. L. Wliit-

head visited the colony and saw four beetles, 2 of which were feeding
upon caterpillars. This colony was visited by Mr. Dudley on May 7,

1912, and again on June 4. No insect life of any kind was found on
the marsh on the former visit; on the latter date one male of Oalo-
soma Chinese was found a few feet from where the colony was originally

planted. At the time of this visit there was no evidence of the
feeding of caterpillars of Estigmene acraea on the weeds and grasses,

and it is probable that the beetles were forced to migrate in search
of food. No beetles have since been found in this colony.
AtStoneham, Mass., May 15, 1912, 15 males and 15 females, which

were received from Japan in July, 1911, and which hibernated in a
large outdoor ca^e in the laboratory yard during the following winter,
were liberated m a market garden where cutworms were doing
considerable damage. On June 4 the colony was visited by Mr.
Dudley but no adults or larvae were found. The cutworms at this

time were not so numerous, but caterpillars of Pontia rapae and
AutograpJia brassicae were present on the cabbage plants. No further
evidence has been found that the species has become established.

Pelham, N. H., June 21, 1912, Mr. H. I. Winchester took 128 first,

second, and third stage larvae from the laboratory and liberated them
in a woodlot badly infested with the gipsy moth. An examination was
made in the fall of 1913 but no traces of the beetles were secured.

Egg white, approaching a creamy shade, almost elliptical in form, slightly curved,
usually a little larger at one end. Ten fresh eggs averaged 4.4 mm. in length and 2
mm. in width.
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BRIEF DESCRIPTION OF LARVA.

first stage—SmaW, rathor stout. Avoraije lono;th of 10 sperimens, 7.8 mm.; width,

2 iiiin. ( "tiudal ai>i>ondaj>;(>8 2.4 mm. Ions?, straight, slender, l)caring many long slender

spines. Color blackish bronze above, ventral plat(>s dark brown.

Semnd sln(if.—i>tmit. Average length of JO specimens, 14.4 mm.; width, 3.3 mm.
Caudal aiii>enciage3 long, rather erect, and curved upward beyond dorsal protuberance

whii-h arises less than" one-half the distance between base and tip. Color slightly

lighter than in lirst stage.

Third glatic- Robust in form. Average length of 10 specimens, 22.o mm.; width,

4.3 mm. Caudal ajJi^endages similar to those in second stage, dorsal protuberance

proMiinenl , acute. Color bronze to blackish bronze, with pronounced metallic luster.

No redd iah-brown patch on dorsum of last segment in second and third stages.

LENGTH OF TIME REQUIRED TO COMPLETE THE LARVAL STAGES.

Observations were made .on larvse in 1911 to determine the length

of time roqnii'od to complete each stage. The records indicate that

the lirst stage requires 4 days, the second 8, and the third 14; about 7

days additional are required in making cavities for pupation.

Table 28.

—

Food eaten by larvse of Calosoma chinense.
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August 18, 22 second-stage larvse were left inside the tin circle. One
larva was placed upon the bark and climbed slowly, then rested for a
time in a crevice, later resuming its journey upward, and finally

-Succeeded in reaching the cage at the top of the tree. This larva also

climbed out 6 inches on a small twig. During the night of August 21
one of the larvae clunbed to the food cage on top of the tree, ate part
of a gipsy-moth pupa, and descended to the base before 8 a. m.,
August 22. In this particular case it was impossible to determine
whether a second or third stage larva had entered, as one specimen
had transformed to the latter stage.

From August 22 to September 4, third-stage larvae were placed in
the circle about the tree. On the afternoon of August 24 one third-

stage larva was found feeding in the food cage at the top. On
August 30 two different third-stage larvne were liberated in the
circle and later one of these was placed upon the tree, on which it

continued to climb at intervals until it reached the food cage. On
September 1 one thhd-stage larva was found in the food cage. It

had eaten one pupa of Plusia hrassicse and one caterpillar of HypJian-
tria cunea.
The larvae of this species climb to some extent in all stages. The

experiments indicate that the large larvae climb the best.

PUPA.

The average length of the female pupa is 19.6 mm. and the width
8.1 mm.; the male pupa averages 17.5 mm. in length and 8 mm. in

width.
Based on data secured from four specimens, an average of 13.5

days was passed in this stage.

CALOSOMA DISCORS Lee.

ORIGINAL DESCRIPTION.

Wingless, less elongate, black, thorax short, quite intricately rugose, with sides

quite rounded, margin somewhat depressed, base emarginate, broader than long at

middle, elytra oval, slightly broader than the thorax, densely substriate with striae

and interstices bearing a row of punctures, and with three rows of impressed indis-

tinct dots.

Length 0.75 to 0.82. [PI. I, fig. 9.]

LeConte * adds the following to this description

:

San Fran. Mr. Child; Sacramento, Mr. J. Wittick. This species by its short, robust
form, and by the absence of wings, simulates Callisthenes, but the antennae are as in
other species of Cal.

Body black, without metallic lustre. Head elongated, rough, with confluent
wrinkles and punctures; antennae with the third joint strongly compressed twice as

long as the fourth, fifth and following joints entirely pubescent. Thorax more than
twice as wide as the head, and fully twice as wide as its length, not convex, margined,
with the sides somewhat depressed behind, but not reflexed; ba.se transversely im-
pressed, and faintly bifoveate; middle ])art truncate, posterior angles moderately
produced, hardly acute at apex. Elytra oval, moderately convex, a little wider than
the thorax, marked with faint approximate striae, whi(>h are strongly punctured; the
narrow interstices are also marked each with a row of punctures equal to those of

the striae; in certain lights three rows of very indistinct foveae may be seen in the usual

position.

This species has also been reported from Washington and many
localities in California.

'LeConte,!. L. Report upon insects collected on tile Survey. (Reports of explorations and sur\'eys

to aaetutain the most practicable and economical route for a railroad from the Mississippi River to the
Pacific Ocean. Made under the direction of the Secretary of War in Isa^-lS.'iS. Supplement to v. 1. Zo-
ological report no. 1.) 72p., 2 pi. (p. 31, pi. 1, fig. 9). 1857.
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CALOSOMA WILKESII Lee.

ORIGINAL DESCRIPTION.

Doop IWack. piinctat<^, witli thorax m< re than twice shorter than broad, narrowed

jmsteriorly, Hi<li's <iiiik' roumli'd. nianj;in somewhat reflexed, base broadly eniarRinate,

|)(>slcri(.r "aiiules slightly i)rt)du(ed, elytra nearly one-half lons,'er than broad, not

dilated p<Ksteriorlv, rui,'(")se-puuctate, with i)its on both sides faintly marked in triple

row. LenfjthO.lio. Orepm. I have seen a specimen also in collection of the cele-

brated Exploring Expedition led by Charles Wilkes.

This spocios was (l('S(ril)od by LoConte » in 1851 and has since

been reported as occiirrino; in CaUfornia, Idaho, Oregon, and Wash-
ington.

CALOSOMA LUXATUM Say.

ORIGINAL DESCRIPTION.

Brownish-black; elytra reticulate; head and thorax minutely punctured.

Inhabits Arkansas.
Mandibles flattened above, rugose, with oblique lines: head punctured: antennae,

second joint half as long as the third; thorax minutely punctured, punctures larger

and Continent on the lateral margin; posterior angles rounded, extending backwards

a little beyond the liasal line; an impressed longitudinal line: elytra suborbicular,

reticulate;"longitii(linal lines not more dilate or profoundly impressed than the trans-

verse ones, which are not continuous, the points of intersection not distinguished by
a puncture; the three punctured striae obsolete, their traces hardly discernible in a

certain light and not differently colored.

Length more than three-fifths of an inch.

This insect has the short, transverse thorax of Calosoma, but the proportions which
the joints of the antennaj bear to each other are similar to those of many Carabi; the

transverse lines are dislocated by the longitudinal ones.

Described by Thomas Say in 1823. Since that time several other

species have been described which are generally considered as varie-

ties of luxatum. Among these are striatulum Lee, zimmermani Lee,
and pi/nielioides Walk. The former is undoubtedly a synonym of

luxatuni Say and the latter of zimwermani Lee. The writers have
seen specimens of Colosoma striatvlum Chev. from Arizona, which was
deseriucMl in 18.')5 l)y A. Chevrolat, habitat, Perote, Mexico.'
A few writers believe that some of those above-mentioned are dis-

iinct species-^ btit the WTiters are unwilling to separate them in this

way without having a large amoimt of material for comparison and
stuily, and this is not available at present.
The bibliography is all listed under C. luxatum with a summary of

the notes given on it and its varieties by various authors. It is the
beli(>f of tbe writers that a careful revision of this species and its

so-called vari<'ties should be made.
The writers feel, however, that a more complete series of specimens

should b<' available for study before this is done, hence the whole is

considered under luxatum and its varieties.

^,' L**""'*'. J. L. Description of new species of Coleoptera from California. In Ann. Lye. Nat. Hist.
N. ^ . f. is.il, V. 5, p. riVilC, (p. 200).

> Tlio writers have received tlie lonn of some material in this group from various entomologists of the
I niled Stales, also have been in correspondence with Dr. E. C. Van Dylie, of the University of Cali-
foraia, who has a largo colleclion and who intends puhlishinR later. The writers appreciate the need of
detailed work in tins >,T<iiip and Rive wav lo one who p()s>;esses the material for propeilv treating it.

••
( ol. Thos. L. Casey, in his " Memoirs on the Coleoptera IV " (Lancaster, Pennsvlvania, 1013, p. 66-75),

holds this view, lie hns sut.dlvided the genus into Calosoma and Callisthenes, "listing under the latter
tuiatum Sav, zimmermani Lee, striatulum Lee., pimelioidis Walk., lalipcnne Horn, and several new spe-
cies and subspecjes. >

j- >
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DISTRIBUTION.

Some of the museum and experiment-station collections of the

United States contain numerous specimens of C luxatwm Say, C.

zimmermani Lee, and C. striatulum Lee. Among the States and Terri-

tories where C. luxatwm Say is reported as occurring are Ai'izona,

Cahfornia, Colorado, Indian Territory, Kansas, Montana, Nebraska,
Nevada, Oregon, Utah, Washmgton, and Wyoming. Those for G.

zimmermani hea. are California, Kansas, Montana, Nebraska, Nevada,
Oregon, Texas, Washmgton, Wyoming, and the Rocky Mountains
without a State label. It is also reported from Canada. 0. striatu-

lum Lee. has been reported from Arizona, California, Colorado, Idaho,
Kansas, Nebraska, Nevada, Utah, and Wyoming.

April 25, 1910, Mr. J. A. Hyslop of this bureau forwarded to the
gipsy moth parasite laboratory several live beetles collected at Govan,
Washington. One male and two females were placed in a jar of earth

and fed larvae of Noctua clandestina and Malacosoma americana. The
females consumed 16 full-grown larvae of the former and 3 of the

latter species before May 24, when the last died. The male died in

two days and did not feed.
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CALOSOMA LATIPENNE Horn.

ORIGINAL DESCRIPTION.

Allied to luxatum Say, but differs from all the races of that species in having a pro-

portionately smaller head, broader thorax with more rounded sides and more broadly
reflexed margin, apex less deeply emarginate, basal angles more broadly rounded;
elytra more broadly oval, marginal groove deeper from the more strongly reflexed
margin.

Color black and shining, head sculptured as in the smooth forms of luxatum; thorax
moderately convex, disc smooth with the median line distinct with the sides coarsely
punctured and wrinkled. Elytra broadly oval, smooth and shining, disc with approx-
imate striae of very fine punctures, margin broad as compared with luxatum and equal
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in iia pntiro l(Mii,'lh exc(>pt at haso, whero it is narrower, rather densely muricateb-

niiiK'ttircil and in well-preacrved wpeciniens of a ii;reenirtli-l)ron7.e color. Under surface

and lo^'s i)lafk and slduing almost entirely smooth and impuuctured. Length 0. 54-0. 68

inch; 11 17 nun.
. . j- , , , ,

in nio.st of the specimens before me the margins of the elytra immediately behind

the humeri have three or four very distinct ser/ations. This character is quite com-

mon in the species of the trisie group, but not seen in any of our species of the

\:nni\) ('(illintJinit's.

On comi)anson the male of this species is found to be as broad as the female of

JUrors Lec, the elytral margin broader and the sm-face sculpture of a different order.

Collected by Mr. Win. ^f. Gabb and myself in the elevated regions of the South

Sierras of California.

Described by Horn * in 1870. The species has later been taken by
vaiious collectoi-s in several locaUties in California and in Reno, Nev.

CALOSOMA AUROCINCTUM Chaud.

(Syn.: C. splendidum Perbosc.)

ORIGINAL DESCRIPTION.

[Translation.] .

Length 11-1.3 lines. Tliis species is very distinct from the true C. splendidnm
^^annerheim, species from Haiti, as I have been able to convince myself by the exam-
inatiiin of many individuals of each of the two species, iiplendiduin is of a beautifid

uuilorm coppery green, while a iirocmct ion is of a metallic green, approaching blue, with
the margins of tiie thorax coppery and those of the elytra of a brilliant c-oppery red.

Head less lieaA-ily punctate; longitudinal ini])ressions of the face much more marked.
Thorax j^roportionately broader and more strongly rounded on the sides. Elytra less

elongate, broadening more posteriorly; striis less heavily denticulate; intervals less

convex. Legs blue; the antenuie, mouth parts, legs, and tarsi which are reddish in
splriulklinn, have a much darker color in aurocinctum. The habitat of tliis species is

.Mexico. I believe that it lias nothing in common ^vith vilcoxi Lee.

GENERAL NOTES.

This species was described by M. de Chaudoir ^ in 1850. The author
bases his description on many individuals of this species collected in

Mexico and compares it with ftplendidum Mann, from Haiti. Bates,
ill 1SS4, in his Biologia Contrali-Americana, listed splendidum Perbosc.
as a s^iionym of aurocinctum Chaud.
Some years ago Mr. C. H. T. Townsend collected a specimen of

aurocinctum Chaud. in BrownsviUe, Tex., which is deposited in the
I'nited States National Museum. The fact that a specimen has been
taken in the United States is the reason for its mention here.

CALOSOMA DIETZn Schaef.

ORIGINAL DESCRIPTION.

Form of di.scolor, deep black, the reflexed elytral margin, base and .sides of prothorax
\vi\h a bluish reflection. Head sparsely punctate and very feebly rugose, epistomal
impre.ssion.s deep, causing a light convexhy of the front; labrum angularly emardnate.
riii,'ose and inipre,s.sed; mandibles stout, faintly rugose; antenn.-e nearly as long^as the
liead and thorax, the outer joints at sides glabrous at base. Prothorax not quiie twice
a.M wide as long, \videst before the middle, sides arcuate anteriorly, becoming nearly
straight pii.'^eriorly, hind angles broadly arcuate and produced posteriorly, ba^-^e'slightly
arcuate-truncate, apex broadly emarginate, with a broad, flattened, impunclured
bead; disk moderately convex, basal angles feeblv impressed and slightlv rettexed,
surface very feebly rugose, finely and sparsely punctate, the punctures larger at sides,

„ 'J'"'"'?..'.^ . I'- 1
''""'•'.'""'""s ^^ ^he ("oleopl«roloKy of the United States. Tn Trans. Amer. Ent. Soo.,

V. .3, p. tHU |-.', 111. 1 (I). 70). 1H7().
'

•,iL*J'^."/^"'''.'J.V"",1" .
•

^^«"i""^ •'^"'" '•' f^m'l'o des (
•ural.i.iues. /« Bill. Sop. Imp. Nat. Moscou, t. 23, p.JJiMU) (p. 420), ISoO.

^
< '

I
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coarser and more confluent in the basal region, median line fine. Elytra oval, not
quite one-half longer than wide, very little broader than the thorax in its widest part,

sides slightly arcuate, margin evenly and narrowly reflexed and coarsely rugosely

punctate with a few granules intermixed; disk convex, striae composed of fine, feebly

impressed punctures, punctation of intervals finer and s])arser; surface smooth.
Length 15-18 mm.; width 7-S.5 mm.
Tulare Co., Calif. Two males and two females in coll. Dietz which were mixed

with typical latipcnnis.

This is the species referred to as latipennis by Major Casey in the remarks following

the description of his arcuata. The true latipennis has a narrower thorax, similar to

luxatum, different form of elytra, the humeri serrate and the elytral margin more
narrowly reflexed near base than at apex.

C. dielzii is best placed near discors, which it more resembles than latipennis.

This species was described by Charles Schaeffer ^ in 1904.

CALOSOMA MAXIMOWICZI Mor.

[PI. VII, fig. 9.]

ORIGINAL DESCRIPTION.

Obscurely greenish-copper-s' above, prothorax greatly rounded on the sides, some-
what narrowed posteriorly, but not contracted, elytra punctate-striate, interstices

imbricately-grooved transversely, little dots impressed in series on the fomth, eighth
and twelfth.

Female 27 mm.
Collected by ]\Iaximowicz on the way between Skabi and Ssawara.

This species was described in 1863 by A. Morawitz.^ In 1883 it

was reported by Bates at "Foot of the Komauotake; taken in abun-
dance by shaking young oak trees."

In Deceni})er, 1909, a dead beetle of this species was received from
Rev. H. Loomis, Yokohama, Japan, and dm*ing the following sum-
mer a pair of beetles were receiv(Hl from Dr. Kuwana , but both died
without feedmg.

CALOSOMA SPLENDIDUM Dej.

ORIGINAL DESCRIPTION.

[Translation.]

Greenish, shining; elytra crenate-striate, small punctures impressed in triple rows;
margin, tibioe and tarsi black.

Length, 11^ lines; breadth, 5^ lines.

It resembles in form scrutator, but it is smaller, and its color dorsally of a beautiful
metallic green, very shining. The head is proportionately smaller than that of scru-

tator; it has two very marked longitudinal recesses, between the antennae, and it is

covered with small sunken dots scarcely marked and not close to each other. The
labrum, the mandibles and the palpi are black. The antennae are missing in the only
female indi^'idual which I possess. The eyes are brownish and very protruding.
The thorax is less broad and less transverse than that of scrutator; it is narrowed pos-

teriorly and covered with iiTegular minkles scarcely distinct; the longitudinal line

of the middle is very marked; the posterior transversal impression is hea\'ily marked,
and it has on each side of the base a very distinct rounded impression; the anterior

margin is truncate; the anterior angles are rounded ; the sides are margined and some-
what recurved; the posterior angles are very pointed, and the base is deeply sinuate.

The elytra have almost the same form as those of scrutator, and are striate and punctate
in almost the same manner. The underside of the body and the logs are of the same
color as the dorsum. The legs are of a sort of brownish-black. The tarsi are black.
The mesothoracic legs are sliglitly arched; the metathoracic are straight.

It has been sent to me by Count Mannerheim under the name that 1 have kept for

it, as coming from San Domingo.
It should be placed after scrutator.

* Schaeffer, C. New genera and species of Coleoptera. In Jour. N. Y. Knt. Soc, v. 12, no. 4, p. 197-236

(p. 197). 1904.
2 Morawitz, A. Beitrag zur Katerfumia der liisel Jcsso, v. 1, p. 20, pi. 1, lig. 7, 1S63.
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This species, iypo s]H'cim('ns ol which were loi-Avarded to Dejean
from San Doniiiiojo hy Count Mannorheim, was described by the

former in ISol.' Dejean in his (k'scription gave Mannerhoim as the

aulhttrity for his new species, and the name of the latter has been
erroneously quoted ])y many authors shice that tmie.

According to recent, writings of Mr. Chas. Schaefi'er^ this species

has nuulo its a])pearance in the United States and the following notes

concernhig its occurrence are copied verbatim:

Two of the interesting additions to the coleopterous fauna of the United States, of

which short dps(Tii)tir>iia are given below, were collected in rhokoloskee, southwestern
l-'l-irida, and kindlv given me by Mr. George Frank; the third: which I owe to the

liberality of Mr. G. \\'. J. Angell, was collected at Enterprise, Fla., by C. \V. Brownell.

A correction was added by the same author in 1910 ^ to the effect

that he had "reported this species wrongly from Enter]3rise, Fla.

It was taken, as Mr. Angell hiforms me, in moderate numbers at lights

in Key West, Florida."

I Dejeaii, le Comte. Species Gt^nt^ral des Coli^optferes, v. 5, 8a3 p. (p. SSS-S-W), 1831.
- Schaeller, C. Three Cuban Coleoptera new to the fauna of the United States. In Jour. N. Y. Ent.

Soc^ V. 17 p. MS-150, 1909.
^ Schaener, C. Additions to the Carabidae of North America with notes on species already known. In

Sci. Bui. Brooklyn Inst. Arts and Sci., v. 1, no. 17, p. 391-405 Cp. 391;, 1910.
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INTRODUCTION.

The grape leaf-folder, Desmia funeralis Htibn. (family Pyralidae)

has long been known as a pest of grapevines. Since 1885 the injury

inflicted by the larva has been described frequently, and different

remedial measures have been suggested. However, the insect has

not been the subject of very careful study, and references to it in

literature are mostly in the form of short notes in farm and horti-

cultural journals.

Certain facts concerning the life history and habits of this insect

were obtained during two seasons' observations in the vicinity of

the city of Washmgton.

HISTORY.

The grape leaf-folder first appeared in literature in 1796, when it

was figured by Hiibner (1)^ under the name of Pyralis funeralis.

Switzerland was given for the locality, which was evidently a mis-

take, as pointed out ^y Guenee (5, p. 190) in 1854. Later Hiib-
ner (2) placed the spc-ies in the genus Anania.

In 1832 Westwood (4) established the genus Desmia and placed
in it the species ma-'ttZaZ-is, including as a probable synonym Botys

1 Numbers hi parenthesis refer to " Literature cited," p. 13,

55655°—Bull. 419—16
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Incoloi- Swainson (3), which he considers the female of maculalis.

In 1S54 Guon^e (5, p. 189) inchidod in the genus Desmia descrip-

tions of both maculalw and lluhwav'sfuneralis, the latter being taken

from Hiibner's original figure of the species. Five years later

"VVali<er (7) r(>(hi('ed Desmia maculalis Westw. to the rank of a syno-

nyni, naturally giving Desmia Juneralis Iliibn. priority.

Following is the synonymy of the species:

Desmia funeral is.

'

Pyrails /iituralislliihn., Pyral. f. 103, 1796.

Anan ia finieralis Jliibn., Verz. Schm. 360, 3449.

Botijs Mcolor ? Swain., Zool. Illustr. II, pi. 77. 1821-2.

Desmia maculalis Westw., Mas;. Zool. Class IX, pi. 2. 1832.

Desmia Juneralis (Ilubn.) Guen., Delt. et Pyral. No. 124, p. 190. 1854.

The history of the grape leaf-folder from an economic standpoint

began in 1855 with Glover's (6, p. 78) description of the injury

inflicted upon grapevines under glass. The remedy suggested,

which has been recommended most often since, was hand-picking

and tram])ling under foot of the folded leaves, thus killing the larvse.

Glover had specimens and records of injury from the District of

Columbia, Columbia, S. 0., and Atlanta, Ga.

In 1868 Riley (9) gave a short description of the insect and its work

and stated that it was of common occurrence in Ilhnois.

Saunders (10), in his "Insects Injurious to the Grape," mentions

liaving met with a few specimens of the grape leaf-folder in Ontario,

Canada.

In 1897 Hoy (11) stated that Desmia, in Wisconsin, was a great

pest among the vineyards.

Bulletin 4 of the South Carolina Agricultural Experiment Station

(12) states that the insect is very abmidant throughout the Southern

States; the damage wrought by it, however, is slight. The usual

remedial measure, that of crushing the larvse withm the folded leaves,

is recommended.

In the same year Woodworth (13) Avrites that Desmia funeralis is

an important pest in Arkansas. Here we find the mos-t complete
account of the life history to date. Six species of insects parasitic

on tlie grape leaf-folder were obtained, and the author advises keeping
the infested leaves, after picking, in a finely screened box in order to

afford the parasites an opportunity to escape, but yet retain the hosts,

and thus materially aid in the natural control of the pest.

The same author (14, p. 71), two years later, informs us that the
station vineyard at the Ai-kansas Agricultural Experiment Station is

badly infested. He notes a difference in the amount of injury in-

flicl.(Ml upon different varieties of grape.

Kiley (IG) again refers to the insect, quoting correspondence show-
ing the leaf-folder to be common in Texas, and Troop (15, p. 74) re-
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cords the species in limited numbers in Indiana. The latter writer

recommends gathering and burning all dead leaves.

Marlatt (17) gives a short account of the insect's life history and
recommends the use of an arsenical spray as well as hand picking and
clean culture as combative measures.

Smith (19, p. 459) hsts Desmia funeralis from several locaUties in

New Jersey, and Bogue (18) records two broods of the insect in

Oklahoma. Picking the folded leaves is recommended, together with

rearing the parasites and allowing them to escape.

Unusual injmy by the pest in various localities in Georgia is

recorded in the Annual Report of the Georgia Agricultural Experi-

ment Station (20).

Webster and Newell (21), in Ohio, reared the insects, together with

a parasite, Hahrohracon gelechiae, from grape leaves. Washburn (23)

records the insect in Minnesota and recommends hand picking.

Pettit (24, p. 322) refers to its presence in Michigan.

Quaintance (25) gives a short sketch of the hfe history of the grape

leaf-folder, with treatment, the latter consistmg of spraying, hand
picking, and clean culture. Vines sprayed with arsenicals for other

insects will not be troubled by the leaf-folder.

Essig (26) has recently treated of the pest in California, giving a

short account of the hfe history of the species; arsenical spraymg is

recommended as a remedy, although the msect has never become
economically important in the Far West.

DISTRIBUTION.

Walker (7) gives the distribution of Desmia funeralis as United
States and Nova Scotia to Orillia, Ontario Province, Canada.

According to Marlatt (17) it occurs from New England southward to

Florida, and westward at least to the Rocky Mountams. The Atlan-

tic States is given as its range in Dyar's hst (21).

In California, according to Essig (26), it occurs in the central part

of the St£fte, being most commonly found in the Sacramento and San
Joaquin valleys.

It will be seen from the above and from the references given under
the history of the species, that Desmiafuneralis is widely distributed

in the United States, covering doubtless all regions where the wild or

cultivated grapes grow. It also extends on the north to include a

considerable portion of Canada. However, the insect has not as yet,

with occasional exceptions, assumed the proportions of a pest of much
economic importance outside of the Central States between the lati-

tudes of 35° and 40°.

On the accompanying map (fig. 1) are shown localities in the United

States and Canada where the writer has been able to find definite
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records of its occurrence. However, in States where the map shows

only a sinj^le record, a search for specimens would doubtless show the

species to 1)0 present generally.

FOOD PLANTS.

Desmiafuneralis feeds principally on the wild and cultivated grape.

It has been collected on fox grape, Vitis lahrusca; southern fox grape,

Vilis roiundlfolla; and Vitis cordifolia.

Generally speaking, all varieties of cultivated grapes are Hable to

attack, though there is some evidence to indicate that the larvae may
show discrimination. According to Woodworth (14) this distinction

made by the larvae between varieties is quite marked, the varieties

Fig. 1.—Map showing distribution in the I'nitod States of the grape leaf-folder, Desmia funcraUs.

(Original.)

Agawam, Brighton, Excelsior, Grein's Golden, Highland, Herman,
Israella, JofTorson, Jessica, Mary Ann, Lady Washington, ?^Ierrimac,

Mason Seedhng, llcqua, Rogers, and others losing more than tliree-

fourths of their fohage, while others lose about one-half. The writer

has found in Virginia that the Clinton, Duchess, Martha, Moore's
Early, and Amber varieties are particularly attractive to the insect.

Varieties with tough leaves are less attractive than those with more
tender foliage.

Plants other than the grape are fed upon by Desmiafiineralis, Titus

having found it on Virginia creeper (Parthenocissus quinquefolia [L.])

near vSomersot, Md. He also found two varieties of rodbud, Cerds
canadcmii^ and Caris chinensis, as hosts, in the Department of Agri-
culture grounds at Washington, D. C.
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The Grape Leaf-Folder.

Life history of the gmpe leaf-folder {Deamta fiim ralig): a. JLgg; b, liead of adult female, side
view; c, adult male: d, pupa; e, folded leaf making a retreat for larva; /. enlarged head of

larva showing mouth parts, frontal view: g, enlarged mandible with which larva eats the
tissues of the leaf; h, h, dorsal view of larva, and head and thorax of same, side view;
i, moth, natural size. (Original.)
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Work of the Grape Leaf-Folder.

a, (irapc leaves rt'cfiillv folded bv larva- b, folded grape leaf torn open to show full-grown
larva within (from life): c, adul't onerapc leaf (from life): rf, effect on grape leaves of attack
by larvx'. a, 6, Ucdueed; c, d, somewhat enlarged. (Original.)
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EXTENT AND CHARACTER OF THE INJURY.

During most years in a few localities throughout its range of dis-

tribution, this insect is quite abundant and the cause of important
damage to the vine by the destruction of the foliage at a time when
this is needed to ripen the fruit properly. During occasional years

it may become excessively abundant and destructive, as has been
the case in the environs of Washington, D. C, during the past three

or four years.

The grape leaf-folder gains its title through the injury inflicted by
its larvse upon the fohage. In the experience of the writer, the

dhect injury is sustained by the fohage alone, although Mr. Fred
Johnson has observed the larvae of the first brood eating the blos-

soms and young fruit.

The mjury to the leaves is very characteristic and may be easily

recognized (PL I, e). As soon as the larva is large enough it folds

the leaf, exposing the under surface, the edge being held in place by
bands of silk thread (PI, II, a; PL III, a). It is withm the protec-

tion of this fold that the larva feeds, skeletonizing the leaf- on the

upper surface (PL III, 6).

Wlien the larvae are numerous the injury to the vine becomes very

conspicuous, even at a considerable distance, for the Hght color of

the under surface of the folded leaves contrasts strongly with the

dark green of the upper side presented normally, givmg the vine a
patchy appearance. Later in the season the skeletonized leaves dry
up (PI. II, d), exposing the fruit to the rays of the sun and, in case

of a severe attack, rendering the fruit unmerchantable. The writer

has observed such conditions in several vineyards in Fairfax County,

Va.

In a young vineyard at Herndon Heights, Va., consisting of sev-

eral acres of Concords and Niagaras, four-fifths of the foliage was
found to have been destroyed. In the immediate vicinity there was
an abundance of badly infested "chicken" grapes {Vitis aestivalis),

which doubtless served to supply the insects to the cultivated vines.

The experience of a grower with the depredations of 'this pest at

Riviera, Tex., is of mterest and is presented in the following letter

received by the Bureau of Entomology under date of January 15,

1915:

This insect was much more troublesome here last year than ever before. It appeared
in force just as the grapes were beginning to color or ripen, and so thoroughly stripped

off the leaves that the grapes could be used only for jelly, or sauce, by cooking them
green. I saved most of mine by dusting the vines with Paris green and lime in the

early morning while the dew was on the leaves and the wind was calm, but the few
others here who raise grapes had no rij^e ones to eat or sell. The clusters hanging
below the leaves (and usually getting very little dew) caught very little of the poison.
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DESCRIPTION OF THE GRAPE LEAF-FOLDER.

ADULT.

Tlio w'iiif^s of tho moth when fully expanded (PI. I, c) meas-

ure about nine-tenths of an mch. These are very dark brown ia

color Willi an opalescent or silvery reflection, and are bordered with

white. The forewings in both sexes have two nearly oval w^hite

spots, while on the hind wings of the male there is one spot, which,

in the female, may be divided. The body is black, crossed by two

white bands in the female and by one band in the male. The male

antennae are thickened

or knotted near the

middle, while in the fe-

male (PL I, h) they are

uniferm and thread-

f^'f/ hke.

THE EGG.

The egg of the grape

leaf-folder (fig. 2, a; PL
I, a) is eUiptical in out-

line and very minute,

measuring about 0.7

mm. in length. Its

membranous chorion,

or outer covering, pre-

sents under high mag-
nification delicate hex-

agonal markings.

THE LARVA.

The larva, when
fully grown (PI. I, 7i;

PI. II, h) is about an

inch long, is widest in

the middle, and tapers toward either end. It is glossy, translucent

yellow-green on the sides and somewhat darker above, with scattered

fine yellow hairs on each segment. The head and prothoracic shield

(PI. I, /, 70 are light bro^\^l, and there are hght-brouai spots on the

sides of the fii-st two thoracic segments.

THE PUPA.

The average pupa of Desmia funerails is a little over half an inch

long (PI. I, d). The hght-browii color shown just after pupation
soon turns quite dark. Tho pupa tapers characteristically toward
the posterior end, where an 8-hooked cremaster is located.

Flo. 2.—a, Egg of the grape leaf-folder showing larva just before

hatching; h, newly hatched larva. Greatly enlarged. (Original.)
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LIFE HISTORY AND HABITS.

The moths of the grape leaf-folder issued in greatest numbers
during the early part of May, from pupae overwintered in jars in the

out-of-door rearing shelter at Washington, D. C. This maxunum-
emergence date will vary, of course, with different localities, owing to

variation in humidity and temperature. Moths were obtained over

a much longer period, including the latter part of April, aU of May,
and most of June.

About 60 minutes is consumed by the insect in emerging from the

pupal skin, the operation commencing with a circular abrasion at the

head end. The number of females to issue was greater than the

number of males by approximately seven to one. Numerous moths,

both males and females, were confined in jars for several days and
fed on honey and water, but at nb time was mating or oviposition

observed.

The adults when disturbed fly rather quickly, but as a rule they are

to be found at rest on the underside of the leaves (PI. I, i; PL II, c).

The eggs are usually deposited singly on the underside of the loaf (PL
I, a) along the miclrib or other veins, or in the angles formed by the

branching of the veins. The writer has found eggs scattered over
the grape canes, as has been recorded, and the finding of them on the

leaves has been corroborated by other observers.

The young larvae, about one thirty-second of an inch in length

(fig. 2, h), emerge from the eggs in 8 or 10 days, and as they are unable
at this time to fold the leaves, search out a sheltered place among the

fohage, or even crawl into the folded shelter made by an older larva,

where they commence feeding upon the upper epidermis of the leaf.

During its hfe the larva molts six times, the thoracic markings
becoming darker with each molt. During the periods of three or four

days between molts the larva feeds almost continuously, though it

is especially active at night.

When about two weeks old the larva makes a small fold in the leaf.

It commences the operation by spinning strands of silk from side to

side, across a portion of the leaf near the edge, each successive silken

strand being shortened until the edge of the leaf is gradually drawn
over and fastened with shorter bands of silk. It has been thought by
some investigatoi's that among the leaf-tying and leaf-roUing larvse

the folding and fastening of the leaf is not so much the product of

actual strength exerted by the immature larva^ but is the result of

sohdification of the newly-produced silken strands in drying. Within
this shelter the larva spins a further protection, composed of many
recrossed strands of silk (fig. 3). If its shelter is torn open, the larva

wriggles violently and usually falls to the ground.

The attacks of a larva are not necessarily confined to a single leaf.

In rearing experiments conducted in jars two leaves usually consti-
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tutod llio food of a sin<:;l(' larva throughout its life. On the other

hand, a single largo leaf may be the object of attack of more than one

lan^a, seven having been counted under field conditions.

In the latitude of Washmgton, and perhaps in most of the Northern

States, there are two generations of the grape leaf-folder each year.

In the Southern States it is thouglit that there may be three or

more generations annually.

Tlie majority of first-brood larva^ pupate during July, the average

length t)f time passed in the larval stage being about four weeks. The

full-gro\\ii lan^5e leave their shelters and drop to the ground, where

they transform among fallen leaves, trash, etc. In exceptional cases

a larva may web several leaves together on the grapevme and pupate

within this shelter, or

it may even pupate

within the folded leaf

where it has fed.

During the latter

part of July and
throughout August
the moths are again

flying and depositing

eggs, from which will

hatch the larvae of

the second brood.

Compared to the
number of larv?e that

appear in the second

brood, those of the

first are quite insignificant, and it is through this great increase in

numbers that the injury becomes serious in late summer and fall.

These larvae of the second brood begin to pupate in September in

the latitude of Washington, and by the middle of October few, if

any, are to be found in the leaves. The pupa) of this brood are also

to be found among the dead leaves on the ground, and it is in this

stage that they pass tbe winter.

Fig. 3.—Larva of grape leaf-foldor under its web on grape leaf, wliich

has been spread open. Much enlarged. (Original.)

NATURAL ENEMIES.

The larvse and pupae of Desmiafaneralis are preyed uj^on by a imm-
ber of liymonopterous and dipterous parasites. These natural enemies
help materially in keeping dow^n the numbers of the pest, and are,

together with other factors, responsible for the greatly diminished
numlxTs of the overwintered pupae, and consequently of the first brood
of larva' in the spring.
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Work of the Grape Leaf-Folder.

a, Grape leaf attacked by leaf-folder, several folds being torn open to show larvse; b, grape
leaf skeletonized by larvae. (Original.)



Bui. 419, U. S. Dppt. of Agriculture. Plate IV.

'm

Parasites of the Grape Leaf-Folder.

"•/^'nV.Lv'"^^'''*!^'""'^^'
"^ iMn-nhrnc.m jolmmi.^nn feeling on larva of grape loaf-folder;

Li, .- I.„iy"5
" '»/^tt' "lore enlarRefi: v. head of Ilabrobracon larva, still more enlarged,

vY.Vv. l^f^V!^ 75't'"^!!"'''''"'^;
''• Hal.rol.m.'on c.eoon on portion of grape leaf; r. ventral

\.u.„?
P' f"'" H"hr,.braeon; /, adult Ilabrobracon; {,. Kmrisl,, p,,,!,; /,, Mrimrus >limi,/intus

^.l,^: 1 A ' "'
VK;'"' : '• P'-nhimiJu^ i>M!if!a.''tcr, an internal livperparasiie attacking- Mete-

^hl^^..i I;"' • ^'''V'r'f-
''.'"''O"' '• ^-'/^•'"""""i tnirra. adult; i-, pnparium of I.eskioinima,Hhowing remains of cbiiinized parts of grape leaf-folder. Much enlarged. (Original.)
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Following is a list of parasites of Desmia funeralis reared by the

writer:

HYMENOPTERA.

Apantelcs canarsiae Ashm.
Habrobracon johannseni Vier.

Meteorus dimidiatus Cress.

Pardianloviella ibseni Gir.

Tachinophyto variabilis Coq.

Exorista pyste Walk.

Trichistus pygmaeus Cress.

Mesochorus sdtuliis Cress.

Gemocerus sp.

DIPTERA.

I

Leskiomima tenera Wied (PI. IV, j, h).

Fig. 4.

—

Apantdes canarsiae, a parasite of the grape leaf-folder: a, Apanteles larva feeding on grape leaf-

folder larva; 6, adult Apanteles (natural size at right below); c, cocoon of same; d, pupa of same. Much
enlarged. (Original.)

The following notes were made on the life histories of several of the

foregoing species during the course of the study.

Several individuals of Apanteles canarsiae Ashm. (fig. 4) were found
in considerable numbers. Their small white cocoons were quite

abmidantly scattered over the larval webs of Desmia during the latter

part of August and the fu-st of September. The minute, sluglike

larvae of the parasite feed externally, a single individual completely

consuming the soft parts of its host. When fully grown the larva

crawls some distance from the remains of its host, and within an hour
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has constructed its cocoon, within which pupation takes phice (fig.4,c).

In about iivc days the adult Apantales issues.

Meteorus dlmidiatus Cress. (PL IV, h) was found reasonably abun-

dant in one locality in Virginia. It attacks the Desmia larvae during

tl\e early autumn. 'When full grown the larva spins an oval bro\vnisli

cocoon 4 or 5 mm. long, which it fastens down to the grape leaf with

Fic a.—PmlampuK platygasler, a parasite of MUcorus dimidiatua, which in turn is a parasite of the grape
leaf-folder: a, Adult female (profile view below); b, pupa of same; c, pupa case of grape leaf-folder from
which adult Pcrilampus issued. Greatly enlarged. (Original.)

silk threads. Numerous adults wore reared during September from
cocoons collected on grape leaves. This species is itself parasitized,

Perilampns phfygaster Say having been found attacking it in both
the larval and pupal stages (fig. 5; PI. IV, i).

On 8eiitem1)er 27 several eggs of a new species of eulophid, Pardian-
lomella ibseni Gir. (fig. 6) were found scattered over the web and bodv
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Fig. &.—Pardimilomella ibseni, a parasite of the grape leaf-folder: a, Adult male; b, eggs of Pardianlomdla
ibseni on leaf-folder larva; c, egg and newly hatched feeding larva on segment of leaf-folder larva; d, larva
of Pardianlomella, full gro^vn; c, pupa of same;/, antenna of adult, Mghly magnified. All much enlarged.
(Original.)
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of a larva of the grape leaf-folder. These eggs hatched the following

day, and the active little parasites greedily attacked their host, feed-

ing externally, their mouth parts emhedded in the soft tissues. In

five days they loft the remains and pupated. ' The pupae at first were

milk white, but later turned black. These pupa? ovei^wintered hi

jars, and on May 30 of the following spring the adults issued (fig. 4, d).

Ihihrohracon joliannseni Vier. (PI. IV, a-f), a new species of

braconid, was found widely distributed. It feeds externally upon

the Desmia larvae.

The fly parasites of the grape loaf-folder were taken only in small

numbers. Tlie most abundant of the three species was the tach-

inid Exorista pyste Walker (PI. IV, g).

METHODS OF CONTROL.

Vineyards regularly sprayed with arsenicals for the control of the

grape rootworm, grape-berry moth, etc., wiU bo practically free

from injury by the grape leaf-folder. The insect is especially likely

to cause injury in small vineyards not regularly sprayed and to

grapes grown in arbors in backyards and similar places.

Whore the insect has been troublesome in previous years, the

vines should be well sprayed with arsenate of lead at the rate of

2 pounds of the paste or 1 pound of the powdered article to 50

gallons of water, shortly after the blossoms have fallen. One treat-

ment at this time, if thorouglily made, should destroy the caterpillars

of the first brood so effectually that injury by second-brood larvae

would be of little importance. If the caterpillars continue trouble-

some, however, additional applications should bo made. Arsenicals

are usually applic^l to grapes in fungicides, as in Bordeaux mix-

ture for the control of fungous diseases. Information on the general

subject of spraying grapes is contained in Farmers' Bulletin 284,

United States Department of Agriculture. For small spraying oper-

ations, as in back yards, a very simple spraying outfit may be em-
ployed, such as a bucket pump or knapsack pump.
Where it is impracticable to spray the vines, it wiU be decidedly

advantageous to go thoroughly over the plants when the folded

loaves are in evidence and crush the larvae by hand. As an addi-

tional method of reducing injury it is advisable to rake together

and burn faUon foliage in the fall, since the insect passes the winter

in the pupal condition in these leaves.
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INTRODUCTION.

During the winter of 1916 the sugar-beet thrips {Heliothrips femor-

alis Reuter) was found in large numbers in a greenhouse at Washing-

ton, D. C. While attacking a variety of plants, the insect confined

itself principally to sugar-beet seedlings. Although long recognized as

a greenhouse pest, the sugar-beet thrips occurs out of doors in some
localities and is recorded as having a large number of food plants.

Short notes on its injurious habits have been recorded and published

from time to time, but as far as known the life history and habits of

the immature stages hitherto have not been fully determmed.

GENERAL DESCRIPTION.

In color this species is dark brown or black, the head, prothorax,

and the end of the abdomen bemg reddish yellow. The eyes are

dark brown. The forelegs are yellow, the middle and posterior pair

yellow with brown femora or thighs. The wings are dusky, the

posterior pair lighter, crossed by a white band at the base and a white

band about two-thirds the distance from the base; the tips are

white. The antennae are three times as long as the head. Tlie total

length is about 1.3 millimeters.

1 The writer wishes to express his appreciation to Dr. F. H. Chittenden, under whose direction this

work was conducted, for many helpful suggestions, and to Mr. J. D. Hood, forfurnishing many references

to literature pertaining to this subject.
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HISTORY.

Tlio sugar-])('(>t thrips was first described by Prof. O. M Renter (1),^

from specimens taken in the greenhouse in 1891, at Helsingfors,

Finland. Tlie first record we liave of its occurrence in the United

States was made by Mr. Theo. Pergande (2), who described it in 1895

as HeUothiips cestn n. sp., and wrote that it had been known to him

sijice 1884, at which time specimens were presented by Mr. P. B.

Mami, wlio discovered them infesting a plant of Cestrum nodurnum

from Massachusetts. He also stated that about the same time it

was sent to liim from Helsmgfors, Finland; and that in 1883 he

discovered the same species, extremely abundant on leaves of an

amaryllis, in a conservatory of the Department of Agriculture at

Waslungton, D. C. It was redescribed by Uzel in 1895 (3), and

again by Hinds in 1902 (6). Since that time we have brief records

of its occurrence in many localities in the United States and elsewhere.

DISTRIBUTION.

The sugar-beet thrips is widely distributed and is found principally

in greenliouses. It is recorded as occurrmg in greenliouses m the

British Isles, Italy, Belgium, Austria, Fmland, German East Africa,

Sweden, and Spain.

It is also well distributed over the United States, and is reported

from the District of Columbia; Lacrosse, Wis.; Ithaca, N. Y.;

Vienna, Va.; Urbana, lU.; Champaign, 111.; Lincoln, Nebr.; and

Amherst, Mass.

The first observation wliich we have of its occurrence on sugar

beets and out of doors was made by Dr. F. H. Chittenden (7), who
collected specimens at Washington, D. C, on August 15, 1904. He
also observed it on greenhouse sugar beets. In 1907 it was collected

on sugar beet at Hamilton City, Cal., by Prof. E. S. G. Titus, and in

1914 from Rio Piedras, Porto Rico, on sugar cane, by Mr. Thomas H.
Jones (Hood, 16).

FOOD PLANTS.

The sugar-beet thrips has confined itseK chiefly to plants grown in

the greenhouse, but it has been taken out of doors on sugar beets

(Beta) and sugar cane {Saccharum officinarum). Hinds in 1902 hsted
the following food plants: Amaryllis sp., Aralia, calla (Arum), the

niglit-blooming Jessamine {Cestrum noctumum), Chrysanthemum,
Criimm, cucumber (Cucumis), Dracaena, Amazon lily (Eucharis
grandljioro), India-rubber tree {Ficus elastica), F. grandiflora, Gar-
denia, cotton (Gossypium), Hydrangea, Mina lolata, moon flower
(Ipomoea honanot), screw pine (Pandanus), date palm (PhoenLx),

' Figures in parentheses refer to Bibliography, p. 11.
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yellow calla (RicJiardea aethiopica), tomato (Lycopersicum), and

grape (Vitis).

The writer has also found it on Begonia, spinach (Spinacia), sweet

potato {Ipomoea &atotos), string beans (Phaseolus), and Mexican tea

(Chenopodium ajnhrosioides )

.

EXTENT AND NATURE OF INJURY.

The injury caused by the sugar-beet thrips is similar to that of the

other, species of tlu-ips of the group. The plant is attacked by the

adult and nymphs in the same manner. The leaf cells are pierced,

and the plant juices withdrawn, causing the cells to shrivel and turn

white. When a number of these cells are destroyed they appear as

irregular white or light-brown spots. If the attack is severe, the

whole leaf surface becomes invested by these spots and finally shrivels

and dries. The nymphs also render the plant imsightly tlii'ough the

browai watery excretion from the aUmentary tract, wliich discolors

the leaves.

Plate I shows a leaf of Swiss chard attacked by this thrips.

HABITS OF NYMPHS OF FIRST AND SECOND STAGES.

Wlicn ready to emerge, the young n;vniiph breaks through the thin

eggshell and pushes its way upward until all but the last abdominal

segment is free. It remains upright and supported by the last seg-

ment mifil the appendages which are folded beneath the body mifold

and become sufficiently hard for use. The forelegs are the first to

unfold, followed by the middle and hind pair. The antennae are now
brought forward. The nymph then places its legs on the surface of

the leaf and by constant pulling frees the body. A period of from

20 to 25 minutes is required for complete emergence.

The newly-hatched nymphs crawl about for a short time before

commencmg to feed. They usually collect and feed in colonies on
the underside of the leaf, but if food is not abundant, both sides are

attacked. Shortly after feeding, the body becomes discolored by the

ingested food. The watery excretion from the alimentary tract is

collected as a globule, which extends over the entire body except the

head, and increases in size until it becomes too large to carrj^. It

is then dropped and spreads over the leaf, giving it an misightly

appearance. The older nymphs are very active and when disturbed

move rapidly, with the tip of the abdomen extended upward.

Wlien full grown, the nymph seeks a secluded spot in which to

transform. The curled portions of dead leaves form a favorite place

of conceahnent, although the base of the plant and the portion of the

leaves along the midribs may be selected.
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HABITS OF NYMPHS OF THIRD AND FOURTH STAGES.

Tim nviuplis of Iho third and fourth stages congregate at some

isolated portion of the plant, as along the midribs, at the base, or

among tlie dead or dying leaves (fig. 1), where they remain during

transformation. Wlien the attack on the plant has been severe, they

will 1)0 found more often among the dead leaves.

The third-stage nymph remains practically motionless unless dis-

turbiul, when it ])ecomes active and moves rapidly. While at rest it

is flattened against the leaf surface.

Fig. 1.—The sugar-beet thrips (Ileliothrips fcmoralis): Section of sugar-beet leaf showing foiuth-stage

nymphs along midribs. Enlarged. (Original.)

The nymi)h of the fourth stage remains motionless and in the same
posit i(m as in the preceding stage. It is not so active, moving slug-

gishly and only for a short distance when disturbed.

HABITS OF THE ADULT.

Wlien tlie adult emerges from the pupa case it is light yellow and
very (U^hcate, but as it hardens it gradually assumes its character-
istic normal dark browqi or black. It remains for a short period in

the spot where it transformed before seekmg food. As in the matun^
stages, nourishment is obtained by puncturing the leaf cells and with-
drawing the plant juices, the adult apparently recpiiring less food
tlian \\w nymi)h. AMiilo resting it remains flattened against the leaf

surface along th(^ \oins and other parts of the plant. It crawls slowly
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Work of the Sugar-Beet Thrips (Heliothrips femoralis) on Swiss Chard.
(Original.)
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Leaf of Beet Showing Adults of Suqar-Beet Thrips. (Original.
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about on the leaf with the abdomen curved downward, but if dis-

turbed moves rapidly away with short, quick leaps. It seldom takes

wing, although the writer has twice observed flight for a short dis-

tance.

A beet leaf showing the adult at rest is illustrated in Plate II.

The adult males are smaller and more active than the females,

which usually greatly outnumber them, although at times the pro-

portion becomes nearly equal. Copulation takes place during the

day, as has been observed on a number of occasions.

Oviposition usually takes place at night or in the evening, but lias

been observed late in the afternoon.

DESCRIPTIVE.

THE EGG.

Egg (fig. 2) transhicent white; surface without sculpture; elongate reniform, slightly

flattened at cephalic end. Average length 0.249 mm.; width 0.108 mm. Deposited

usually on the underside, obliquely to the surface, and beneath

the epidermis of the leaf or stem. /~^ (^ x.

When the embryo begins to develop, the egg becomes swollen C_^ / J
and turns dull white. \J ^

THE NYMPH.

First stage (fig. 3) .—Fusiform, translucent white ; head, eyes,
Fig 2._Eggs ofsugar-beet

, \ , . . 1 \ , \ ,
thnps. Enlarged,

legs, and prothorax large in proportion to the rest of the body; (Original

)

length 0.481 mm.
Head subquadrate; slightly rounded in front. Length 0.083 mm.; width at eyes

0.103 mm. The eyes dark red, ocelli absent. Antennae, length 0.249 mm.; the seg-

ments confused with the exception of 2 and 3, which are separate; segments 1 and 2

cylindrical, bearing spines on outer margins; segment 2 slightly longer; segment 3

pedunculate, annulate, bearing spine on outer anterior margin; segment 4 fusi-

form, annulate, nearly twice as long as 3, bearing two spines on upper margin; seg-

ments 5, 6, 7, and 8 slender and tapering toward apex; spine on outer margin of

segment 5. The head bears two pairs of setae dorsally, and one in front of the eye

on the outer margin. Prothorax large, transverse, rounded at the margins, bearing

one pair of setae on lateral margin; length 0.09 mm.; width 0.146 mm. Mesothorax,

width 0.398; mesothorax and metathorax each bear a pair of setae on outer margin,

and one pair dorsally. Legs translucent, rebust, bearing numerous short spines.

Abdomen tapering posteriorly, segments subequal in length, with the exception

of 9 and 10, which are longer; 9 about half as long as 10. Each segment, except 9

and 10, bears three pairs of setae; one pair on the lateral margin, and two on the dor-

sum; segments 9 and 10 bear 2 pairs. The mesothorax and segments 2 and 8 of the

abdomen each bear a pair of spiracles.

Second stage (fig. 4).—Body fusiform, translucent, tinged with faint yellow.

Length 1.41 mm.
Head subquadrate, rounded and narrowed in front; about as wide as long; length

0.099 mm.; width 0.133 mm-, at eyes. Antennae 8-jointed, all segments distinct ex-

cept 7 and 8, which do not appear to be movable; segments 3, 4, 5, 6, and 7 annulate.

Length 0.332 mm. The prothorax transverse, narrowed toward the head; width
0.294 mm.; length 0.149 mm. Mesothoracic angles prominent; width of mesothorax
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0.:{15 mm.; one pair of fiotir on each lateral margin of the prothorax, and one on the

posterior margin; two pairs on the dorsum of the mesothorax and metathorax.

Abdomen tapering gradually posteriorly until the ninth segment, then abruptly.

Segments 9 and 10 much narrower than the rest and bearing the rudiments of a pair

of obtuse spines on the posterior margins. The first abdominal segment bears one

pair of lateral setip; segment 9, one pair dorsally and one laterally; segment 10 bears

one jmr; the remaining segments bear two pairs dorsally and one pair laterally.

Third stage (fig. 5).—Head subquadrate, wider than long; length 0.116 mm.; width

O.KiO mm. Eyes dark red, small; ocelli absent. Antennal cases, segments con-

fused; only five apparent; length 0.265 mm.

Prothorax transverse, half as long as broad; length 0.133 mm.; width 0.266 mm.;

a row of set:r on the lateral and posterior margins. Mesothoracic angles prominent;

Mi

Fig. 3.—Newly-hatched nymph of

sugar-beet thrips. Enlarged about

100 diameters. (Original.)

Fig. 4.—Second-stage nymph of

sugar-beet thrips. Enlarged

about 40diameters. (Original.)

widili of mesothorax 0.299 mm. The wing pads reach to the third abdominal seg-

ment. Length of wing pads from the base to the tip 0.299 mm.; the hind pair the

longest. Abdomen fusiform, tapering slightly anteriorly; the last two segments are

much narrower than the rest, and bear on their posterior margins two large obtuse

spines, which extend upward.

Fourth or last stage (fig. 6).—Color translucent white; length 1.469 mm.
Head sub(iuadrate, faintly reticulate; wider than long; length 0.12 mm.; width

0.199 mm. Eyes dark red; three ocelli present, lighter in color than eyes. Antennal
cases folded back over the head, the apices extending to the middle of the prothorax,

the cases coming in contact beyond the middle of the head. Segments confused;

1 and 2 protruding in front of the head. Segment 2 bears four setae, two long and
two short ones, extending forward. The head bears four setae, one behind each

eye and two small ones between the antennal cases. The newly formed antennae

may be seen through the wall of the case
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Prothorax transverse, about three-fourths as wide as long; length 0.158 mm.;
width 0.232 mm.; margins rounded; a row of setae extending around the margins,

with the ex(;eption of the anterior margin. Mesothoracic angles prominent and
acute; width 0.282 mm. Wing pads extend to the middle of the fifth abdominal

segment, each forewing pad bearing 12 to 13 short spines; length of wing pad from

base to apex 0.564 mm.
Abdomen fusiform, tapering slightly anteriorly; segments 9 and 10 much narrower

than the rest, each bearing a pair of large obtuse spines, wliich extend upward. Each
segment except 1, 9, and 10 bears two dorsal pairs of setse, one placed laterally and

Fig. 5.—Third-stage nymph
of sugar-beet thrips. En-
larged about 40 diameters.

(Original.)

% f

Fig. 6.—Fourth-stage nymph
of sugar-beet thrips. En-

larged about 40 diameters.

(Original.)

one sublaterally. The first segment is without setse, and 9 bears two pairs on lateral

margin; 10 bears only one pair.

Legs translucent white, bearing numerous short spines, with one long spine on

the tibiae.

THE ADULT.

The adult female (fig. 7) is described by Hinds as follows:

Heliothrips femoralis Reuter.

Female.—Length 1.3 mm. (1.12 to 1.5 mm.); width of mesothorax about one-fourth

the body length. General color dark brown to yellowish brown, lighter at extremi-

ties. Entire surface of body weakly but plainly reticulated.

Head two-thirds as long as broad, widest in front; anterior margin depressed at

insertion of antennae; vertex carinated; bases of antennae separated by a prominence
as high and nearly as wide as the first antennal segment; two transverse wrinkles near

back of head more prominent than the others; l)ehind the anterior one of these two
the longitudinal parts of the reticulations become very faint; spines upon head scat-

tering and small. Eyes cjuite large, protruding anteriorly, coarsely gramilated;

eyes and margins of ocelli l^right, dark red by reflected light; ocelli placed on sides
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an. I irniii of a disi iiict ck'vatioii on top of head between eyes. Head light l.rown with

lii^ht. yellowish lon^nludinal 8trii)e on eaeh side between eye and ocelli. Maxillary

paljti three-segnuMited, short, small; lalnal palpi minute. Antennae eight-segmented,

slender, nearly three times as long as head: relative lengths of segments as follows:

1 2 8 4 5 G 7 8

5 8.8 16.(5 12.2 11 8.0 4.3 10.5

Segment one cylindrical, three-fourths as l)road as two, which is 1 )arrel-shaped and

annulated; remaining segments narrower than these two and more elongated; three

and four fusiform; seven and eight nearly cylindrical; eight very slender; one, two,

and three nearly concolorous, light yellow with tinge of gray or ])rown on one and two;

four and five light yellow in basal half, shading to light brown on a]>i(al half: six,

Fig. 7.—Adult female of sugar-beet llirips. Enlarged. (Original.)

seven, and eight uniformly chocolate brown; segments two to five annulated: spines

slender, light colored

.

Prothorax transverse^, about one-fifth wider than the head, twice as wide as long and

shorter than the head ; aides rounded ; without conspicuously large spines. Mesothorax

about one and two-thirds times as wide as the head: anterior angles prominent: meso-

notumwith deep incision on posterior margin: metanotum with four spines standing

in a square near its center.. Wings present, long, al^out one-sixteenth as broad as long;

fore wings broadened at haae, with two longitudinal veins, the second branching from

the first not far from the l)ase of the wing. Spines upon veins of fore wing stout,

dark colored, and set at uniform distances; costa bears seventeen to twenty, fore Aein

fourteen to seventeen, hind vein ten to thirteen, scale three to five besides pair at its

tip; spines on l)asal fourth of wing are light colored, smaller, and much less conspicuous;

anterior fringe on both wings fairly long and stout: posterior fringe long, slender, and
dark colored. Wings gra^ash brown to dark gray, lighter between the longitudinal

veins; three nearly white cross bands; one across base before branching of veins,

another at three-fourths the length of wing and the third across the tip. Legs: All

tiliiu-, tarsi, and fore femora yellow; middle and hind femora dark brown, yellow only



THE SUGAR-BEET THRIPS. 9

at ends; spines upon legs small and inconspicuous except ten to twelve on inner side

of hind tibiae.

Abdomen broadly ovoid, conical at tip, twice as vnde as head; ovipositor long and

slender; tenth segment split open above; segments two to eight with dark cross line

near anterior edge. Two or three spines on sides of each segment from two to eight,

not conspicuous ; anal spines weak . Color of al^domen yellowish brown to dark brown

;

last two segments much more yellow, but shading to brown at posterior edges.

This species has the power of springing.

A description of the male, which hitherto has not been recognized,

is appended.

Male.—The male resembles the female in appearance, but is much smaller and more

active. The abdomen tapers gradually posteriorly; the apex (fig. 8) is truncate; the

Pig. 8.—End of abdomen of male of the sugar-beet thrips. Greatly enlarged.

Drawn by J. D. Hood. (Original.)

last segment is short and broad. Segment 9 bears dorsally three pairs of short, black,

obtuse spines, light brown at the base; two pairs near the middle of the segment, and

one pair near the posterior margin, and more widely separated.

Measurements: Length of head 0.099 mm.; width of head 0.174 mm.; width of

prothorax 0.199 mm; length of prothorax 0.0996 mm. ; width of metathorax 0.282 mm.

;

width of abdomen at third segment 0.299 mm.; length of abdomen 0.73 mm.; length

of antennae 0.299 mm. Total length 1.185 mm.

LIFE CYCLE,

Tlie hfe history was determined under natural greenliouse condi-

tions. Females were isolated on small beet seedlings, and as soon as

they deposited eggs the adults were removed. The temperature and

moisture were fairly constant, the maximum temperature bemg
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rcadiocl in Iho muldlo of tlic day. The average mean temperature

was about 73° F. during the time of development.

Tlie egg requir(^s from 12 to 14 days to develop; the nympli molts

four times, the first mstar lastmg about four days. The second stage

transforms to the third in about eight days. The third stage is short,

tlie skin being molted in about a day. The fourth or last stage

r(Hiuires about five (hiys before it emerges as an adult.

Tlie fuU length of the adult's life was not determined, but adults

emerging from isolated pupae on February 11, 1916, were still alive

40 days later.

The normal mode of reproduction is bisexual, but owing to the

fact that at certain ijitervals the proportion of males to females is

very small, it is likely that partlienogenesis occurs as in other species

of this group. Wliile this species was under observation males were

present most of the tune, but iii very small numbers, although on one

occasion they appeared very abundant, nearly equaling the females.

CONTROL.

Iji the greenhouse the sugar-beet thrips may be held in check by
the apphcation of a strong spray of water to the foliage. This

washes the younger stages from the leaf; and as these are unable

to reach the food plant again, they die.

As a result of experiments, spraying is the best method of control,

both in the greenhouse and out of doors. The following solutions

were used

:

Experiment No. 1.

Nicotine sulphate ounces. . 4

Fish-oil soap pounds. . 4

Water gallons. . 50

Result: About 60 per cent of adults and 40 per cent of nymphs
killed.

Experiment No. 2.

Nicotine sulphate ounces. . 5

Fish-oil soap pounds. . 4

Water gallons. . 50

Result: Ninety per cent of adults and 60 per cent of n\anphs
kUled.

Experiment No. .3.

Nicotine sulphate ounces. . 6

Fish-oil soap pounds. . 4

Water gallons. . 50

Result : AM adidts and about 95 per cent of n^Tuphs kiUed.

Tlie fact that the adults were more susceptible to the spray than
the nym|)hs may be due to the globule of excretion which serves to

protect the body of the nymph.
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The spray should be appHed to both sides of the leaves; if possible,

on a dull or cloudy day. The adults are not so active at this time

and are, therefore, less likely to move out of reach of the spray.
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INTRODUCTION.

During the spring of 1915 the larva of a tortoise beetle, Cassida

-paUidula Boh., was observed in injurious numbers on the foliage of

young eggplant and on the leaves of Irish potato at Baton Rouge,

La. Wliilo injury to eggplant by this species was mentioned by
Riley, under the name of Cassida texana Cr., as early as 1882 (2)/

and while other writers have referred to its presence on wild Sola-

nums, no comprehensive article regardmg it has been pubhshed.

During 1915 the writer, assisted by Mr. C. E. Smith, of the Bureau of

Entomology, kept the insect under observation at Baton Rouge, La.,

studying its life history and habits and conducting control experi-

ments with insecticides. Although the species has not been found

to be a pest of first-class importance to the plants wliich it attacks, it

is apparent that it is, at times at least, destructive enough to its cul-

tivated hosts to warrant the use of insecticides for its control.

DISTRIBUTION.

The species is somewhat widely distributed over the more southern

portions of the United States. Riley (2) has recorded it from south-

ern Texas and Washington, D. C, CoquiUett (4) reported its presence

in California, and Blatchley (6) lists it in his ''Coleoptera of Indiana."

It also occurs in Missouri, Kansas, Oklahoma, New Mexico, and
Arizona (7, 8).

HOST PLANTS.

Riley (2, 3) has recorded it as feeding on Solanum elaeagnifolium,

S. carolinense, and eggplant, and CoquiUett (4) found it on Solanum
xanti in California. Wickham (5) has stated that he saw it feeding

on Solanum in the lower Rio Grande Valley. At Baton Rouge, La.,

it has been found on Solanum carolinense, eggplant, and Irish potato.

' Figures in parenthesis refer to "Bibliography," p. 8.

55499°—Bull. 422 16 t
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DESCRIPTION.

THE EGG.

Tho egg (fig. 1 ) is ellipsoidal in shape and creamy white when first

dcposiicil, later becoming brownish. Ten eggs gave an average

length of 1.24 mm., ranging from 1.16 to 1.30 mm., and an average

\\4dth of 0.f)7 mm., ranging from 0.62 to 0.76 mm.

THE FIRST-STAGE LARVA.

The general color is greenish white, with light, dirty brown head,

and witli tjie tips of the mandibles and the claws dark bro^\^l. The

head and legs are large and out of proportion to the rest of the insect.

The surface of the body is sparingly covered with short spmes. Six-

teen pau's of branched appendages extend from the sides of the body,

the branches being larger on the anterior pair. Another pair of long

appendages originates on the dorsal surface of the body, just anterior

to the anus, and it is upon this pair that the excrement and cast skins,

commonly known as the "pack," are carried, the pair

f^.T'.'^-N., of appendages sometimes being called the^facifork."

r^ '

- ''\ The length of the first-stage larva, mcluding the head,

\ \ is about 1.5 mm. and the width of the head about

\ \ 0.46 mm.
i ,]'"'-~ \ THE SUCCEEDING LARVAL STAGES.

. • } There are m all five larval stages. The prmcipal

J difference between them is the mcrease m size after
—'^ each molt, the full-grown larva measurmg from 5 to

FIG. I.-Eggplant tor- 55 ^^^^ \^ Icilgth.
toise beetle {Casaida ,^ . • . • • ^i -j^- <> ^i
pallid ui a): Egg. ihere IS some variation m the position oi the ap-
Gr.?atiy enlarged, pendagcs aloug the sidcs of the body in the various
(Orieinal.') '

^ p , n iiit ii
stages. Alter the ni-st molt the head and legs are

smaller in comparison with the growth of the body and are not so

conspicuously out of proportion as in the first instar. The color

of the body in the second and in the succeeding stages is light green,

sometimes tmged with yellow. The cast larval skins of the various

stages are often retamed on the faecifork up to the time the larva is

ready to transform to the pupa. They arc arranged consecutively,

that of the first nymphal stage nearest the tip of the fork and with the

head molts on the upper surface of the pack as it is held over the

doi-sal surface of the body.

The width of the heads of individuals m any one stage is quite

constant, that of the second instar being about 0.55 mm., that of the

tliird about 0.67 mm., that of the fourth about 0.82 mm., and that of

the fifth about 0.97 mm.
THE PUPA.

Tlie fringe of appendages persists in the pupa, there being five

branched pail's on the sides of the abdomen and about 45 smaller

appendages around the edge of the promin(?nt thoracic shield. Tlio
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antennas, legs, and wdngs of the adult are evident on the ventral

surface, held against the body. Portions of the larval molts adhere
to the blunt tip of the abdomen, by which the pupa is attached to the

surface upon which it rests.

Measurements of five individuals gave an average length of 5.4

mm., the length varying from 5 to 5.5 mm. The average width of

the thoracic shield was 2.9 mm.
THE ADULT.

The following description of the adult (fig. 2.) is taken from
Blatchley (6):

Oblong-ovate, sides nearly parallel. Uniform dull green or greenish-yellow;
antennae with last three joints piceous. Thorax twice as wide as long, the angles all

broadly rounded; margin very broad, flat and
translucent. Elytra with humeral angles

prominent, margins broadly flattened, punc-

tures very coaise and close-set; intervals nar-

row. Length 5-5.5 mm.

DEVELOPMENT.

OVIPOSITION.

On eggplant the greater number of

the eggs have been found on the

underside of the leaves, although they

are also placed on the surface andsome-
times on other portions of the plant.

While as many as four eggs have been
found together, they are usually placed

singly or in groups of two or thi*ee

eggs each. Where more than one egg
occurs they are placed one above
another. SurrouncUng the egg and extending from it in the plane of

its greatest circumference, to form a more or less rectangular flake, is a
thin, transparent layer of membranous substance having a brownish
tinge. Covering this, almost without exception, is a second, larger

flake of the same material. These are attached to each other at the
end where the flake inclosing the egg is attached to the surface upon
which it is placed.

Eggs were first noted in the field at Baton Rouge, La., on May 11

and were present as late as September.

PERIOD OF mCUBATION.

During June the period of incubation of eggs kept in the insectary
was quite constant, the larvae issuing in from four to five days after

the eggs had been deposited.

The following table gives the mean maximum and minimum tem-
peratures for the insectary where the life-history studies were con-
ducted, and the corresponding figures given for Baton Rouge by the
United States Weather Bureau. Reachngs were taken each morning
from a maximum and minimum thermometer.

Fig. 2.—EggiDlant tortoise beetle: AdiUt.

Enlarged. (Original.)
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Table I.

—

Meaii maximum and minimum temperatures at Baton Rouge, La., during

June, July, and August, 1915, when life-history studies on eggplant tortoise beetle were

conducted.

Period.
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were separated, except for a pair that was found copulating. The

next day it was found that three females of tliis lot had deposited

eggs, and these mdividuals were placed on eggplants growing in

flowerpots. One of them was the female with which the male beetle

had been placed and the male was kept with the female until the

latter died. The eggs were removed each day and counted. The

.*«^

^^^1
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not couutod as eggs. The following data have been selected from

the data concerning these three females:

Table II.—Egg-laying records of three females of the eggplant tortoise beetle.

Err layinR begun
Liist (^v.s deposited
Total iiiiml)er of ck'k's deposited
Greatest number deposited in one day
Average number deposited in a day .

.

Female A.

July 7.

Aug. 16.

268
10

Female B.

July 7. .

,

Aug. 26.

269
12

Female C.

July 7.

Aug. 24.

231
11

5

NUMBER OF GENERATIONS.

With a continuous food supply available during the spring, sum-

mer, and fall, it is apparent that several generations, perhaps five,

will develop during this tune at Baton Rouge. The minimum life

cycle in the insectary during June ctiii be summed up as follows: ^

Days.

Period from aj^pearance of first adult to date first eggs were laid 9

Length of egg stage 4

Length of larval stage 12

Length of pupal stage 2

Total 27

During the same period the egg and larval stages were completed

in 16 days in outdoor cages, corresponding to the minimum time

required in the insectary. As larva? were observed in the field as

early as May 10 and as late as October 20, there is a strong proba-

biUty that, under ideal conditions, there may be five generations in

a year. After the first generation, individuals in all stages are found

in the field at the same time, so that it is hardly possible to determine

the number of generations that develop under natural conditions.

ENEMY.

The only insect enemy of this tortoise beetle that has been found

is an egg parasite which has not been determined as yet. So far as

observed this species, which was first noted at Baton Rouge during

August, destroys only a small percentage of the eggs.

EXPERIMENT WITH ARSENICALS.

During May larvae were causing sufficient injury to small eggplant

at Baton Rouge to warrant the application of poison to the plants,

and an experiment with arsenate of lead and arsenite of zinc was
conducted, the application being made with a compressed-air sprayer.

From this experiment the following summary has been made

:

' Somes (~) found in Missoisri that from eggs Inid in July a longer period was required for the develop-

ment of a generation.
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Table III.

—

Results of arsenical sprays against the eggplant tortoise beetle.

Treatment.
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INTRODUCTION.

When the writer was stationed at Garden City, Kans., in 191.S,

some of the first inquiries he received were for methods of preventing

injury by borers to shade trees—cottonwood (Populus deltoides) and
willow {Salix alha). Neither entomological literature nor inquiries

made of other entomologists regarding the cottonwood borer yielded

accurate information upon which remedial measures might be based.

Investigations were begun, therefore, to determine the life history

and habits of the insect. Its large size and the obvious character of

the injury it accomplishes have facilitated the securing of results,

which are here given.

DESCRIPTION.

THE ADULT.

The cottonwood borer {Plectrodera scalator Fab.) is one of the

largest beetles found in Kansas, the male measuring from 1.25 (3.2

centimeters) to 1.375 inches in length by 0.40 inch (1.1 centimeters)

in greatest width, and the female about 1.5 inches long (3.5 centi-

meters) by 0.50 inch (1.2 centimeters) in width. The ground color

in both sexes is shining black overlaid by stripes and patches of

cream-colored scales. On each elytron the black shows through in

two rows of irregularly rectangular piatches, and there is a black

patch on each side and one on the top of the prothorax. The an-

tennae are black, except the first two segments, which, with the legs,

appear rusty or grayish from a scattering covering of the light

scales. Much of the ventral surface is also covered with light scales,

although not so thickly as the dorsal. In both sexes the prothorax

^ The investigations of the cottonwood borer (Plectrodera scalator) were begun prior to
the reassignment of shade-tree insect problems to the Branch of Forest Insect Investiga-
tion.—1<\ 11. Chittenden.

55508°—Bull. 424—16
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bc-.>s „ stronp. sh.rp spine on «,ch side. In tl.e female the antennj

r h I e ape^ of the abdon.en. while in the male they reach a fonrth

!,f an inch I.r n.ore heyond. and the segn.ents are thicker and longer.

The male hoetle is illnstrated hy Plate I.

THE EGG.

The o-r is 0.1-2 tc, O.i:. inch (from 3 to 4 millimeters) long by about

10 incrc>.5 millimeters) thick and is elliptical in shape The outer

covering is pliable, but very tough, being almost leathery. It is

yellowish or light brown in color.

THE LARVA.

The newly hatched larva is of the usual cerambycid foi-m In

color it is white with black mouth parts and is much w-i-mkled trans-

versely It is about 0.20 in. (5 millimeters) Ion- by 0.0. inch (2 milli-

FiG 1.—The Cottonwood borer {Plcctrmlcra scalator) : Larva, lateral view. Enlarged.

(Orisinnl.)

meters) across the widest part, which is just behind the head. Little

change occui-s in color during the larval stages, but the length

may increase eleven times and the width five or six times, making

the mature larva nearly twice as long in proportion to its width as

the newly hatched larva. (Fig. 1.)

THE PUPA.

Of five pupae the average length was 1.40 inches (3.5 centimeters)

and the average width 0.80 inch (2 centimeters). When first formed

the pupa is dull white, but the points soon become dark. The femur

}«nd tibia of each leg are folded against each other and placed trans-

veisely on the ventral surface of the body, with the tarsi extending

backward beside the median line. The wingpads are folded ob-
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liqiiely downward and backward, passing between the body and the

first two pairs of legs, the tips extending under the posterior pair of

legs. The antennae curl outward and backward dorsally to the two

anterior pairs of legs, then A^entrally and inward nearly to the

median line and forward along the tarsi, where they end with the

apices or tips pointing nearly outward just below the legs. (Fig. 2.)

LIFE HISTORY AND HABITS.

OVIPOSITION.

The female deposits her eggs in the trunks of cottonwoods and

willows at, or a little below, the surface of the ground. A prelimi-

nary examination is made, which,

among very small trees, may in-

clude the bases of several. Wlien

satisfied with her selection, the

female clings securely to the bark

with her head toward the ground,

and by means of her strong jaws

loosens the surface soil. This she

pushes away with her head by

straightening her front legs and

thrusting her body outward from
the tree. ^ this manner the

soil may be removed to the depth

of half an inch. A hole is then

made in the bark to receive an

egg. In small trees, especially in

cuttings set during the preceding

spring, this hole may extend

through the bark well into the

wood. In any case the bark and
Avood are torn to shreds by the strong jaAvs of the insect, and some
of these shreds usually remain attached to the small round cavity

intended for the egg.

After completing the egg cavity the female turns round and backs

into the excavation, locating the cavity with the tip of her abdomen.
She then secures a firm hold on the bark and remains in this posi-

tion for several minutes, during which time much muscular activity

is evident at the tip of the abdomen. The egg is finally extruded and
pushed firmly into the cavity intended for it. A quantity of a

dark gelatinous substance is deposited around and over the egg. and
the adhering wood fibers are patted into place with the tip of the

abdomen. The wound is then covered and the depression usually

Fig. 2.—The Cottonwood boi'er : Pupa, ven-

tral view. Enlarged. (Original.)



4 BULLKTIN 424, IT. S. DEPARTMENT OF AGRICULTURE.

lilloel with cailli by means of the abdomen, which is carried outward

fiom the tree and draAvn back against it with the tip scraping the

h)ose soiL All evidence of injury to the tree is often obliterated by

the first succeeding shower. In the instances under observation ovi-

|)()sition required about one hour.

After the egg has been covered the female crawls aimlessly about

the tree trunk. Her wanderings usually end among the branches,

where copulation may occur, some of the tender leaves may be eaten,

<•!• the female may take wing from the tip of a branch.

The place of oviposition was discovered in July, 1918, when the

wind blew down cottonw^ood and willow cuttings in the Forest

Service nursery at Garden City, Kans. The forest supervisor, Mr.

B. R. 11. D'Allemand, brought in damaged cuttings to learn the

cause of the injury at the surface of the ground. Field observations

revealed eggs in the wounds on the sides of the cuttings, and these

eggs were identified as those of the cottonwood borer. Later they

were discovered in trees of all ages, and adults were observed in the

act of oviposition. The cuttings and younger trees were preferred

for egg laying.

In 1913 the injury to cuttings was reported on July 29. At that

time the edges of many of the wovmds had healed and many of the

eggs had hatched and the young had worked well into the tree.

About two weeks are recjuired for hatching; the eggs, therefore, niTist

have been deposited about July 10. On July 9, 1914, eggs were

found that had been deposited after July 4, as the w^ork was fresh

and the last preceding rain occurred on the latter date. Oviposition

probably extends into Sej^tember, as adults were numerous on August
22. 1914, and one was found on August 28, 1913. Mr. C. H. Popenoe
collected both sexes at Dodge City, Kans., September 23, 1913, They
were abundant, and several were found in copula.

One female after depositing 2 eggs was found on dissection to

contain 13 others of different sizes,, a total of 15; another female

deposited 1 e<i^ and contained 15, a total of 16 ; a third deposited 1

Qf:<i and contained l(i, a total of 17; and a fourth contained 23 after

depositing 1, a total of 24. During July of 1914 the average period

of incubation for 14 eggs was 13 days.

DEVELOPMENT OF LARVA.

On hatching, the young larva works out of the egg cavity and
begins to bore in the tender bark just outside of the wood. The
tunnel which it forms is usually tilled behind it with excrement and
fine pieces of wood. As cold w^eather approaches it passes into the

wood, i-emaining either above or below the irround level. DuTinc:
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November, 1913, and January and February, 1914, the larva» tliat

hatched in 1913 varied in length from 0,70 inch (1.75 cm.) to 1.0

inch (2.5 cm.). By September, 1914, they had grown to 1.20 inches

(3.25 cm.) and 2.0 inches (5 cm.). By the spring of 1915 nearly all

Avere more than 1.60 inches (4 cm.) long, some reaching 2.20 inches

(5.5 cm.).

During the second winter the larvae occupy large tunnels that

reach from the inside of the bark near the ground level to the bark

several inches below. Both ends of the tunnel are plugged with

excelsiorlike fibers of wood, the larva resting on the lower plug. In

the spring, before transforming to the pupa, the larva cuts through

the bark at the upper end of the tunnel, and plugs the openings

with wood fibers.

TIME AND PLACE OF PUPATION.

In 1914 pupse were secured on June 23. Of the larvae reared from

the 1913 material, one was found as a pupa when examined on July 3,

1915, Another was found as a dead pupa a few days later.

The pupa rests back downward on the fiber plug at the lower end

of the tunnel which was occupied by the larva during the second

winter.

EMERGENCE OF ADULT.

One adult, which was reared from a larva hatched in 1913,

emerged on July 13, 1915. In 1914 adults emerged from 12 screened

trees from July 8 to August 4. However, as noted, eggs were se-

cured that had been deposited about July 4, which indicates that

emergence occurred during the last of June, and one report was
received on June 16 that adults had been seen several days before.

The period of emergence thus computed is about 50 days.

NATURAL ENEMIES.

Several young larvie were found dead, overgrown with a fungus.

No instances of parasitism were observed during the investigations,

METHODS OF CONTROL.

The desirability of developing control measures will be under-

stood from a perusal of the following figures. On September 15,

1913, the bases of 10 trees that varied in diameter from 4 to 8

inches were examined for eggs and larva\ The number of eggs,

small larvae, and large larvae, and of the tunnels that penetrated too

deeply into the wood for their extent to be ascertained, ai-e shown
in Table I.
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Tahijc I.

—

h'croni uf damage by the Cottonwood borer (Plectrodcra scalatorj to

JO trees at Garden City, Kans., 1913.
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the lower edge sunk into the ground about an inch. The top

parts of the screen should be pinned -to one another with small

brads so as to fit closely about the tree; or they may be held in

place by a piece of binding twine wrapped around them. The same
screen cone will protect a tree for several years if made large

at first; but the screens should be examined during June of each

year, being loosened where too tight and repaired where torn.

REMEDIES.

When the 10 trees were examined in September, 1914:, all eggs

and young larvae were removed. (Table I.) Where possible the

large larva? were also removed, and the number of eggs and larvae

secured from each tree is noted in the table. The tunnels from which,

owing to their depth, the larvae could not be removed were treated

with a small quantity of carbon bisulphid injected from an oil can.

From the 10 trees treated in this manner only five adults emerged
during 1914, whereas from two untreated trees that were screened

eight adults, or an average of four beetles to a tree, emerged. How-
ever, the treatment with carbon bisulphid is of little benefit, as the

larger larvae in tunnels from which they can not be removed have
done, at this stage, nearly all the injury of which they are capable.

The greatest benefit arising from the careful examination of the tree

trunks lies in the removal of the immature borers that are working
in the bark. This work is inexpensive and is entirely practicable

for shade trees.

SUMMARY.

The injury by the Cottonwood borer results from the adults ovi-

positing in cuttings and very young trees, the young larvae cutting

the bark and preventing the sap flow, and the larger larvae tunneling

the Avood, thus weakening the trees against wind.

The eggs are deposited in the younger trees principally during
July and August. The larvae work in the trees until the second

summer after the eggs hatch, when the adults emerge from about
the middle of June until the 1st of August.

Oviposition in shade trees may be prevented by screening the bases

of the trees. The young larvae can be removed before they injure

the trees severely if the remedial work is done during the first two
weeks of September, but removal of the large larvae from deep tun-

nels often injures the trees more than would the larvae if allowed to

remain and complete their development.

WASHIXCTON : GOVERNMENT PRINTING OFFICE : 191S
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Summary

The account of the potato tuber moth (Phthorimaea operculella

Zell.) given in the followmg pages is the result of an investigation

of this insect carried on in southern CaUfornia from 1912 to 191 6.

^

During the latter part of 1911 the late H. M. Russell conducted a

few life-history experiments at Compton, Cal., but the work was not

taken up as a special project until the following year. The laboratory

work was conducted almost entirely at Whittier and Pasadena,

Cal. The material for rearmg and collection of parasites, however,

was collected from the following counties: Los Angeles, Orange,

Riverside, San Bernardino, and Ventura.

HISTORICAL.

The tuber moth was first mentioned in literature by Capt. H.

Berthon (1) ^ who described it, under the name of the "potato grub,''

as being very damaging to potatoes in Tasmania in 1854, and con-

• Resigned Jan. 10, 191C).

2 The writer wishes to express his indebtedness to Dr. F. H. Chittenden for suggestions throughout the

work, and for the use of notes from his files; practically all the data on the occurrence of the tuber motli

within the United States outside of California being taken directly from his notes.

Acknowledgment is due Mr.S.S. Rogers, Assistant Plant Pathologist of the University of California

Experiment Station, for allowing the writer to collect data relative to the tuber moth in the experiment field

at Van Nuys; to Mr. B. L. Boyden of the Bureau of Entomology, who conducted all the rearing experi-

ments from December, 1913, to April, 1914, and to Mr. F. R. Cole for illustrations of the moth in its dilier-

ent stages and parasites, and for assistance in rearing.

' Figures in parentheses refer to similar numbers in the " Bibliography,'' p. 52.

Note.—This bulletin is of interest to entomologists luid to potato growers especially in the warmer

sections of the country.

55889°—Bull. 427—17 1
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eluded that it was probably the same insect which had in previous

years caused so much trouble in New Zealand.

The tuber moth has been known in Cahfornia (San Francisco)

Bince 1856/ and in southern California at least since 1874.

Mr. Wilham Wood, commissioner of Los Angeles County, reports

that in 1874 when planting potatoes in the vicinity of Whittier,

Cal., the seed potatoes were badly attacked by the larva of this

insect, and in most of the eyes the sprouts had been killed. He

states that the Chinese who planted a majority of the fields were in

no way worried by the presence of the insect, so he did not consider

it a new arrival. The description of the injury given, and the fact

that Mr. Wood is quite familiar with this insect, would indicate that

the tuber mothwas well distributed in southern California before 1874,

The first recognized technical description of the species was made

by Zeller (o) in 1873 from specimens collected in Texas. In 1874 the

insect was redescribed from specimens collected in Algeria.

An article pubhshed by David Gunn (66) mentions the tuber moth

as occurring in Canada in 1878. Staudinger and Rebel (39), in their

catalogue of Lepidoptera published in 1901, also list this locality.

As yet, however, these statements remain unverified, and the tuber

moth is not at present known to exist in Canada.

In California the potato tuber moth has been reported as established

and working on potatoes in the following counties:

iVlameda, Contra Costa, El Dorado, Kern, Los Angeles, Modoc,

Monterey, Napa, Orange, Riverside, Sacramento, San Benito, San

Bernardino, Santa Clara, Santa Cruz, San Diego, San Joaquin, San

Luis Obispo, Shasta, Sonoma,^ Stanislaus, Ventura, and Yolo.

DISTRIBUTION.

In literature the tuber moth has been given the following distribu-

tion, the date appended being either that of the pubUcation, or the

time its occurrence was reported.

New Zealand, "Some years before 1854."

(1)3

Tasmania, 1854 (Capt. H. Berthon). (1)

California (San Francisco), 1856.

Texas, 1872. (4)

Algeria, 1874. (5)

California, 1874.

Australia, 1878 ("Some years back"). (7)

California, 1881. (13)

(LosGatos, Santa Clara County, 1888).

(21)

(Alameda County, 1891). (24)

(Bakersfield, Kern County, 1891).

(23)

Florida, 1897. (35)

North Carolina, 1897. (33)

Virginia, 1897. (36)

South Carolina, 1897. (36)

South Africa, 1898. (37)

Hawaii, 1905. (50)

India, 1906. (59)

Southern Europe. (59)

Italy, 1906. (Some years before.) (73)

Cuba, 1907. (54)

France. (88)

Spain. (88)

Canary Islands. (88)

Azores. (88)

' California Orchard and Farm, September 15, 1S93.

' Localities furnished by Mr. E. O. Essig, of the University of California.

' Numbers in parentheses refer to similar numbers in the "Bibliography," p. 52.
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POSSIBLE ORIGIN.

A study of the literature shows that the tuber moth was known to

be present almost simultaneously in Australasia, the United States,

and Algeria. It is indeed strange that, considering this fact and, in

addition, the fact that this country is the home of a wild potato

and tobacco, of all the entomologists who have studied the tuber

moth, only one, Gerald McCarthy (31), who found the tuber moth
mining tobacco in North Carohna in 1897, should claim that this coun-

try is its native home. McCarthy also fomid the moth in Solanum
carolinense, a native weed common in the southeastern part of the

United States. Speaking of the tuber moth, he says, "This insect

probably inhabited its present range prior to the coming of the white

man."
Dr. Picard (83, 84), a prominent authority on this insect, says that

a Mediterranean origin for this species must be excluded. Consid-

ering the fact that he has not found a specific natural enemy, in the

shape of a parasite, on the insect, his opinion must be given consider-

able weight. He mentions either Australia or the United States as a

possible origin for the tuber moth.

Analyzing the facts as presented by these two countries, it is seen

that it was reported from both places at practically the same time.

Edw. Meyrick, one of the earher authorities on the Microlepidoptera,

states that it is not an Australian form. In addition, there is no
mention of any natural enemies of the species, which is quite signifi-

cant, considering that many competent entomologists have worked
on it in Australia.

On the other hand, in the United States there are several parasites

on the tuber moth, and, as previously stated, this country is the home
of a wild potato and tobacco, its two favorite food plants. When it

is considered that it was not until the sixteenth centmy that the

potato was introduced into Europe, and that it was not until many
years later that the use of the potato became at all general, it seems

only reasonable to suppose that the rapid dissemination of the tuber

moth came about by following the potato "around the world."

Furthermore, the tuber moth is an insect which could be introduced

easily from one locality to another, as once it infests potatoes it is

assured of food enough to carry it through several generations; and
as the insect can stand lower temperatures than the tubers, it would
never be in danger of being killed by freezing.

The entire economic history of the tuber moth is another indication

that it originated in America. Losses reported to potato crops in Al-

geria, India, Tasmania, South Africa, Austraha, and New Zealand

are far heavier than any ever reported from California or Texas.

Climatic conditions being equal, it is generally true that a pest is more
injurious in an adopted home, for a time at least, than in its natural
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one, since tho change always favors its being freed from some of its

natural oncmios and checks. This is especially true of the tuber

moth, since most of its parasitic enemies aid in reducing it only when

it appears as a leaf miner, and if it were introduced into a new locaUty

in th(^ tubers, these would be left behind.

Wlien all these facts are considered, there is some argument in

favor of considering America as its native home.^

NATURE OF INJURY.

Injury l)y the tuber moth is accomplished through two widely dif-

ferentiated methods of attack : (1 ) To the growing plant, and (2) to the

tuber (fig. 1). The injury to the plant is incident to the mines in the

leaf and petiole and to the tunnels in the stem. As a rule the egg

is deposited on the leaf, and the larva as soon as hatched starts to

mine in the leaf. As the larva grows the leaf becomes too thin for

minmg, and if there is not another leaf near by to tie up, the larva

cither rolls the leaf or enters the petiole. If the larva confines its

work to the leaves it injures one-third to one-half a leaf during its

larval life, but where necessity drives it to mining the petiole it kills

the entire leaf. Once started in the petiole the larva rapidly works

its way to the main stem, which it begins to tunnel. (Fig. 2.)

The larva generally works downward in the stem, although in a very

few cases where the stem is thick and succulent it may turn and work
upward. Wherever a larva works within the stem for several days

before becoming mature the terminal section of the stem usually

dies. It is easy to see that wherever this occurs generally over a

field while the potato plants are young considerable injury might

result through the reduction of leaf surface and a weakening of the

plants.

A factor which would make this possible would be the stacking of

a large amount of infested potatoes from the first crop near fields

where the second crop of potatoes was just beginning to come up.

Only one instance of this type of injury has been noted, although in

1912 conditions were as bad as they would ever be allowed to become.
In one small field (about 7 acres) at least half of the plants were

materially injured and the yield was probably reduced one-fourth to

one-third. The moths were very abundant in this field at the time

the potato plants were coming up, and several could be foimd on
each plant. The reason that more injury was not caused was prob-
ably due to the fact that vigorous young potato plants are quick to

grow away from any injury.

' Notwithstanding the opinions above expressed there are, perhaps, equally good reasons for supposing
that this species is of exotic origin, and since it was first reported in New Zealand it would be natural to
look to that vicinity for its natural habitat. It has been somewhat generally credited with being native
to North Africa, and with reason, since the flora of that continent is part icularly rich in solanaceous plants.

In fact, the tropical regions of Africa and South and Central America include among their native plants
nearly, nine hundred species of Solanaceae.—F. H. Chittenden.
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In lui-o-o liokls near the one mentioned above larvse could be found

in most of the plants, but apparently the vigor of the plants was not

noticeably afTectcHl and the amount of damage done, if any, was

certainly small. Taking all things into consideration, the damage

done by the tuber moth to the growing plant in southern California

is slight in comparison to that caused to tubers.

The tuber-feeding larva injures the potatoes themselves by tunneling

through them, so filling these tunnels with excrement and fungus that

the potatoes, even if not severely injured, are very unsightly and of

small market value. The character of the injury (figs. 3-5) does not

seem to ))e influenced by the condition of the tuber or climatic condi-

FiG. 3.—Potato sliced to show advanced injury by potato tuber-moth larvae. (Original.)

tion, some larvse digging subepidermal channels while others tunnel

directly through the substance of the tuber. The loss consists not

only of the actual substance of the tuber which is channeled and
ruiiu'd, but is also due to the fact that badly injured tubers are

luisightly and undesirable for food.

ECONOMIC IMPORTANCE.

Since the first report of the tuber moth, large losses have been
r('])oit('(l from various sections of the world. Analysis of these reports

shows beyond a doubt that in mild, dry climates the tuber moth
works very serious injury to stored potatoes. In similar climates,
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Fig. 4.—Potato in more advanced state of infestation by tuber moth. Larvae of second gener-

ation reared from tliis tuber pupating. (Original.)

Fig. 5.—Potato showing rot (at left) following attack by potato tuber moth. (Original.)

I
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but whoro potatoes are not habitually stored, the tuber moth is more

in the nature of au annoying pest, causing minor losses practically

every year, but becoming of primary importance only where condi-

tions favor its increase. Careless planting, late and slow harvesting,

and poor markets with the consequent holding back of the crop, woidd

bring about such conditions.

The tuber moth is reported to have done much injury to potatoes

in Tasnuxnia in 18o5, and it was then stated that it "has of late years

be(Mi nniking ravages amongst tubers in New Zealand" (1).

In 1875 it was reported to have been injurious for the preceding

years in ^Vlgeria. Specific instances give the losses at El-Bear as

three-fourths of the entire crop (6). Meyrick (9) mentions large

losses caused by it in Australia in 1878-79, and gives an authenticated

case where four-fifths of the crop in one field was destroyed. The
tuber moth was reported as destructive to potato(»s in California in

1881 and 1882 (13), and in 1901 (37).

In 1897 the tuber moth was noted mining in tobacco in North

Carolina (31) and in 1899 was mentioned as being destructive to

tobacco and eggplant in Florida (33). In 1898 it was reported from

South Africa as being common in potatoes, but, due to the fact that

the potatoeswere marketed very quickly, seldom causingmuch damage.
Literature further records damage by the tuber moth in India in

1906 (62).

In Australia, India, Tasmania and New Zealand the damaging
outbreaks have been of periodic occurrence from the time the tuber

moth has been reported. Usually some explanation is given for

this condition, and it is noticeable that the outbreaks generally occur

during dry years. Authorities seem to agree that the tuber moth is

a dangerous pest oidy to stored potatoes.

This probably explains why the tuber moth attracts so little at-

tention in the United States, where it has long been present. In the

warm, dry sections potatoes are never habitually stored, and as

these districts supply early potatoes for the neighboring States,

under normal conditions the entire crop is harvested as early as pos-

sible.

Records of the Los Angeles County Horticultural Commission show
that the importation of potatoes is twice as great in the fall as is the

exportation in the early summer. This alone shows that normally

potatoes once harvested are not held sufficiently long to permit in-

festation by the n\oth, or once infested they are used up before their

food value is materially imi)aired thereb}^ The tuber nu)th can

become of importance only during times of poor market conditions,

when th(> potatoes are held for a rise in price.
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CLASSIFICATION AND SYNONYMY.

The tuber moth belongs to that very large and cosmopolitan family

of Microlepidoptera, the Gelechiidae. The genus Phthorimaea was
founded by Meyrick in 1902 (43), the tuber moth being made the

type.

There seems to be not a little difference in the synonymy given

this insect by various authors, so the following list has been selected

from the literature cited in the bibliography:

Phthorimaea operculella (Zell. ) Meyr. , 1902 (43)

Gelechia terrella Walk. , 1864 ' (2)

Gelechia operculella Zell. , 1873 (5)

Bryotropha solanella Bdv., 1874 (6)

Lita solanella Me>T., 1879 (9), (11)

Gelechia tahacella Rag. ,1879 (10)

Lita tahacella Rag., 1885 (15)

Gelechia solanella Meyr. , 1886 (16)

The foregoing synonymy does not take into consideration the 6^6"?^-

cJiia similiella (3) and the G. solaniella (4) of V. T. Chambers, which

were described in 1872 and 1873, respectively. G. similiella was de-

scribed first and the name subsequently changed to solaniella when
the larva of this form was found mining in Solanum, carolinense

.

Later, in 1878 (8), Chambers adds to his description of G. solaniella.

Specimens were collected in Kentucky and Texas. It appears from

the life notes he adds that the insect in question might be Phthori-

maea operculella, but there seem to be no types in existence to sub-

stantiate this.

DESCRIPTION.

THE EGG.

The egg when freshly laid is opaque, pearly white in color, and
with a faint iridescence. As the egg becomes older it becomes yel-

lowish and the iridescence becomes more pronounced, so that at the

time of hatching it is nearly lemon-yellow with the iridescence

strongly marked. As hatching time approaches the thin shell

sometimes becomes more or less distorted, and the outlines of the

embryo within can be distinguished. Due to the habit of the moth
of ovipositing on rough surfaces, the eggs are often distorted and the

shape varies greatly. Two masses of eggs on the surface of a potato

are shown in figure 6.

The egg is ellipto-cylindrical in shape, the bluntly rounded ends

closely resembling each other. An average of several measurements

gave a length of 0.48 mm. and a width of 0.36 mm.

• Oldest name, but a homonym,

55889°—Bull. 427—17 2
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THE FULL-GROWN LARVA.

The full-grown larvno (fig. 7, left and right) are sUghtly fusiform in

shape, and plainly constricted at the segments.

The head is dark brown, with the exception of the frons, w^hich is

lighter in color. The cervical plate is black, with a pale narrow me-
dian line, and the thoracic

legs are black. The venter

and sides of the abdominal

segments are a waxy white

and the dorsum is gener-

ally a light pink, though in

some larvae there is enough

green present to give the

dorsum a very light green-

ish tinge. The spiracles are

small, dark, and inconspicu-

ous. There are about 10

to 14 small light hairs on

each segment, at the base

of each of which there is a

small black spot. There

are five pairs of prolegs,

and near the base of each,

on the outside, is a small black projection armed with three stout,

short, black hairs. The anal plate varies from a yellow to dusky

yeUow^ in color. The full-

grown larva is from 9.5 to

11.5 mm. in length, and

when fuUy extended is

even slightly longer. At
the w'idest point the aver-

age is about 1.5 mm. in

wndth.

As pupation approaches
the entire larva becomes
greenish in color, and
much shorter.

Fig. 6.—Egg masses of the tuber moth on the surface of a

potato. Enlarged. (Original.)

THE PUPA.

Fig. 7.—The potato tuber moth: Ventral view of lar\-a at

left; dorsal view at right; pupa in middle. Larva much
enlarged; pupa still more enlarged. (Original.)

When first formed the

pupa (fig. 7, center; fig. 8)

is white, with green mark-
ings, but soon changes to deep uniform brown. In general form it

is spindle-shaped, being broadly rounded at the head, widest at the

thorax, and tapering evenly to the last abdominal segment. The

I
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cases for antenna? and legs fold closely on the venter and are rather in-

conspicuous. The wing cases are also closely folded and generally

reach the distal end of the fourth abdominal segment. The tips of

the wing cases and the eyes are darker in color. All the segments of

the abdomen are armed with a few weak hairs, and the anal segment,

aside from its short, stout dorsal hook, bears many light hooked

spines arranged in a circle.

THE COCOON.

The cocoon (fig. 9) is white, rather loosely woven, and very thin.

The exposed portion is more tightly woven and much thicker, and is

• iSJe: t

->v

••
^-.f

. ;

.^i^-^/

Fig. 8.—Mass of potato tuber-moth pupae. (Original.)

covered with excrement or debris to such an extent that the white

silk of the cocoon is seldom visible. The cocoon is therefore more

nearly tectiform than complete and is generally toni in two when

the upper part is lifted. As the larva generally seeks some depres-

sion in which to pupate, this heavier part is seldom more than half

of the entire cocoon and more often less.

Tlie covering of the cocoon is generally composed of particles of

the material surrounding it.
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THE MOTH.

Tlio moth (figs. 10, 11, 12) is small, having a wing expanse of a

little, more than a half inch (12 to 16 milhmeters). The general color

is gray. Tlie fonnvings hear on the onter half a fringe of light gray as

wide at the hase as the width of the wing. The sm-face is more or

less spotted and mottled with black and ocher. The hind-wings are

nnicli shorter and narrower and hare a stiU stronger fringe of huff.

P'lG. 9.—Cocoons of tuber moth ouoxtrrior of i)otat'o, showing method of grouping many cocoons

oloselj' under black excrement itious webbing. (Original.)

The antennae are long and slender and the palpi are comparatively
long and conspicuous. The abdomen is also slender.

The following descrijDtion is a translation of Zeller (5):

The male bears on the upper side of the anal segment a large oval disk, from each side
of which protrudes a readily perceptible tuft of crumpled hair. The somewhat lighter

female—if it is the female—has somewhat wider fore-wings, and the dot on the cross-

vein and the one before it darker in color, the one toward the inner margin distinctly
lighter.
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Of the size of the smallest [species] tereUa or of the largest [species] senectiUa. Head
whitish, mixed with a little ocherous, brighter on the dorsum. Ocelli I can not per-

ceive. Antennae gray, lighter on the undersides, with well-defined joints. Palpi

whitish, second joint flattened, with noticeably channeled bristles, and having a gray

efflorescence on the outer sides near the end. Third joint more than half as long as

the second, awl-shaped, finely pointed, with a brown spot between the base and middle.

The four front legs light gray, the outsides dusted with brown, tarsi brown, the joints

m, ^^^^mm^^^^^^'^'

Fig. 10.—The potato tuber moth {Phthorimaea opercuklla). Greatly enlarged. (Original.)

with whitish ends. The hind legs pale yellow, the tibiae with small light-colored

hairs, and the tarsi brownish at the joints. Abdomen yellowish dust-gray, grayish-

white beneath, the last joint, in the male, as long as one-third of the abdomen, bright

ocher yellow. Two elliptical, somewhat hollowed disks lying with their hollows

upon one another. The lower projects somewhat from beneath the upper and is

clothed on the upper side with a rich covering of somewhat loose-ljdng hairs, appressed

above and projecting over the margin. On both sides of the base of the upper disk

stands an outwardly crumpled brush of hair reaching nearly or quite to the end. In

the female the anal joint is of

the usual length, and is of the

form of a truncated cone, the

ovipositor slightly projecting.

Fore-wings 2\ to 2J
''^^ in

length, smaller in the male

than in the female, light gray,

dusted yellowish gray, particu-

larly toward the base, in the

middle pure ocherous. Along

the middle fold lies a longi-

tudinal blackish streak, in-

closed at both ends with whitish dashes. Above this lie two small blackish dots,

the lower nearer the base than the upper. On the cross-vein is a larger dot, nearly

ringed about with light gray. At the rear margin is an indistinct row of blackish,

somewhat larger dots. Fringes light gray, inwardly dusted with darker, and espe-

cially near the tip.

Hind wings hardly as broad as the fore-wings and with underturned hind fringe,

bright gray. Fringe longer than the width of the wing, with a yellowish sheen toward

the base. The entire underside uniform gray.

Fig. 11.—The potato tuber moth: Natural position at rest.

Much enlarged. (Original.)
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In a doubtful female the whole dorsum ia of the same color as the head, the abdomen

a.s before stated. The broader fore-wings are lighter at the front margin, plentifully

sprinkled ^vith uniform gray without the usual ocherous color in the middle, and the

general ocherous tone of the whole. At the fold lies a black dot with a whitish border.

Obliquely behind and over this dot there is no double spot, but a separate stronger

deep-black ringlike dot, bright and strikingly inclosed. The cross-vein dot is smaller,

but also black and similarly ringed with light color. Since the hind fringes are almost

entirely broken off, I can not say further about the markings. The hind wangs are

sensibly broatler than the fore-wnngs, and less finely pointed.

FiQ. 12.—Potato tuber moth details: a, b, Views of the face; c, antenna; d, tip of abdomen of female; e,

tip of male abdomen; /, hind leg: g, foreleg. All much enlarged. (Original.)

FOOD PLANTS.

Prof. F. Picard (83) gives the following food plants for the tuber

moth:

Potato (Solanum tuberosum), S. commer- Red pepper {Capsicum annuum).
«"«'•

j
Tobacco (Nicotiana tabacum), N. sylves-

Darwin potato {Solarium maglia), Bitter- tris.

sweet {S. dulcamara), 8. miniatum. Henbane {Hyoscyamus albu^). Matrimony
Eggplant (.*?. melongena). vine {Lycium europaeum), Fabiana im-

Tomato {S. lycopersicum)

.

bricata.

To tliis list may be added nightshade (Solanum nigrum), wliich

has been noted as an occasional food plant for tuber-moth larvae in

Southern Cahfoniia.

I
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In the files of the Bureau of Entomology there are also records of

this species boring into the stems of poka or Cape gooseberry (P%-
salis 'peruviana) , made by Mr. Jacob Kotinsky in Hawaii. The species

has also been found mining the leaves of Physalis mollis and Solanum

elaeagnifolium, at Brownsville, Tex., by Messrs. McMillan and Marsh,

of this bureau.

The tuber moth is unable to increase rapidly on plants which

confine its activities to mining the leaves, owing to the abundance

of its parasitic and predacious enemies. In California, therefore,

only the potato, tomato (figs. 13, 14), and eggplant (fig. 15) may be

considered as affording suitable protection to the larvae, and of these,

the potato only is of primary importance. While adults have been

reared from tomato and eggplant friiit, no important infestations

have been noted under field conditions, even where moths were

abundant and close at hand.

LIFE fflSTORY AND HABITS.

THE EGG.

The egg, under outdoor conditions, is deposited early in the spring

on the miderside of the foliage of young potato plants. Sometimes
the eggs are placed on the stems or petioles of the leaves, but more often

the body of the leaf is selected. In such cases the eggs are placed

singly, though two or more may be quite close together. Three is

the largest number that has been noted on a single leaf m the field.

In bins, or in stacks of potatoes, oviposition takes place through-

out the winter, but is most general during the warmer months.

The eggs are usually deposited in the eye or a rough scar on the potato,

and when placed in this way are generally grouped, as many as 30

having been found in one eye. In sprouting potatoes the eggs are

often placed in circles around the base of the sprout. In this way
they are protected on aU but one side.

Another favorite place for oviposition is at the point of scab in-

jury, and the narrow deep cracks caused in this way are very often

filled with the eggs of the tuber moth. Here also they are pro-

tected. Where the eggs occur in more or less of a mass, scales from
the wings and body of the moth are thinly scattered over them.
This probably is not due to an effort of the moth to hide the eggs, but
is the result of her moving about during the deposition of the egg

mass.

In potato bins eggs are often found on the sacks, in depressions

on the sprouts, and on debris occurring on or between the potatoes.

However, very small numbers of eggs are fomid deposited in such

places, and they generally occur singly.

The eggs are usually deposited during the evening, night, or early

morning, although in cool weather and in darkened bins oviposition



16 BULLETIN 427, U. S. DEPARTMENT OF AGRICULTURE.

takes place at all hours of the day. DayUght oviposition out of

doors occurs only on cold and dark days. A single moth under labor-

atory conditions will deposit 150 to 250 eggs with the extremes of 38

1

Fig. 13.—The potato tuber moth as a leaf-miner on tomato. An uncommon form of injmy. (Original.)

for the niiiihnum and 290 for the maximum; oviposition is completed

in from 6 to 1 7 days, and by far the greater number of eggs is usually

deposited in about 4 days.
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The largest number obtained in one day from a single female was
68, and this female on two consecutive days deposited 112 eggs.

Fig. 14.—Tender stems of tomato killed by potato tuber-moth larvee. Uncommon form of injury.
(Original.)

The length of the egg stage varies with the temperature.
Eggs deposited in midwinter may require 34 days to hatch, while
those deposited during July and August may hatch in 5 days. There

55889°—Bull. 427—17 3
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,,,,, n.turnllv, aU degrcos between these extremes There seems

to he no true hihernation of the egg, those which develop slowly

passin- tln-(.iigh about the same color changes and reqnmng about

the'same time in proportion as those which dcvei^^^ very quickly.

There is more or less re-nlaritv in hatching of the eggs deposited,

even wliere the period of incul>ation is the longest. In the case of

those which took 34

days, all which were

deposited during one

night hatched during

36 hours. Practi-

cally all the unin jured

eo-o-s hatch success-

fully. From a count

kept of those depos-

ited imder laboratory

conditions only 5 out

of 730 eggs failed to

hatch; of these 4 were

sterile, and the other,

after partial develop-

ment, collapsed.

The shells of the

esss, as indicated by

the color changes be-

fore hatching, are

very thin and collapse

shortly after the lar-

vae leave them.

THE LARVA.

EMERGENCE AND FEEDING

HABITS.

The larva emerges

by eating a hole

through the eggshell.

The newly hatched

larva is about 1 milli-

meter in length and

is fpiite light in color with the exception of the head, which is dark

])i-own; it is inconspicuous and very diflicidt to detect when on the

surface of a potato.

The larvir ar(^ quite active and begin feeding almost at once. They

seldom move far fnmi where tliey hatch before they begin to burrow.

When the egg is laid on a leaf there is sHght chance that the larva

13.—Potato tubcr-moth injury to exterior of fruit of eggplant.

(Original.)
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will migrate to another leaf or to the petiole before starting a mine.

In the case of a tuber the larva generally begins where the egg was
located, since the irregularity chosen by the moth for oviposition

affords a favorable location for starting a tunnel. For this reason

the damage to potatoes first becomes evident in the eyes. The fact

that the entrance hole is very small and webbed over makes it difficult

to detect infestation in potatoes shortly after the eggs have hatched.

After a few days a pink coloration may be detected around the

injured eye, and closer exammation evidences the presence of excre-

ment held in the web at the entrance to the burrow. The larvse first

burrow straight through the skin and into the substance of the tuber.

Some then turn their mines so that they follow close mider the skin of

the potato. A fungus grows in the burrow and discolors it so that the

course of the work may be easily followed. Later the skin of the

potato partially dries and sinks so that the scar becomes very promi-

nent; this is commonly called subepidermal injury. This type is the

most noticeable, but is not so injurious to the tuber as the deeper

channel; and as it dries out more easily, it is not so apt to be the cause

of rot.

The channel of the tuber-moth larva is as a general rule deeper and
may even go through the center of a large potato. This form of

injury is more difficult to detect from the outside than the sub-

epidermal form, but from its greater injury to the potato is the more
important. The surface injury may be cut out without much loss

to the tuber, but to remove the burrow through the center, the tuber

must be cut to pieces and much of it lost.

There seems to be no deffiiite course followed by the larva which
might determine the character of mjury or the direction taken in the

tuber. Some channels are partly subepidermal and partly deep, while

other larvse construct subepidermal channels and still others deep

ones.

The channels or galleries generally measure 1 to 3 inches in length

and are quite tortuous. The portion occupied by the larva is fresh

and white, but the older parts are covered with a matlike bro\NTi

fungus and often partially filled with excrement. In older mjury the

mycelium of the fungus may entirely fill the channel. The growth is

very compact, and if the tuber is cut in such a way that the injury

is exposed the fmigus may be lifted out in one piece.

It should be added at this point that, in its occurrence in Cali-

fornia, the larva does not prefer to feed upon the tubers in the ground

as long as the potato tops are green and succulent. However, as

soon as the tops become dry and hard the larvae do not hesitate to

attack the exposed part of a potato, and will even dig through a thin,

layer of soil in order to reach the buried tubers.
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EFFECTS ON THE TUBER.

The immediate effect of the potato-tuber moth on the potato is in

the rodiictiou of its market value. This takes place in two ways:

(1) By laiiuhig the substance of the part of the potato actually

attacked, (2) by causing the entire tuber to be unsightly and,

therefore, undesirable. Losses through the tuber moth may practi-

cally all bo classed mider these two heads. It is true that the larvae

cause decay in the tubers, but when this takes place the infestation

is generally so heavy and the injury so far advanced that the tubers

have ceased to have value, either for food or for seed.

The growing sprouts of seed potatoes also form a favorite point

af attack. \Yhen thus attacked they are badly injured or killed,

and potatoes which have too long been exposed to the attacks of the

moth are likely to have their value as seed materially reduced.

NUMBER OF LARV^ DEVELOPING IN TUBERS.

Since several generations of the insect may develop in a smgle

tuber, it is difficult to determine the maximum that a tuber of average

size will support. Mature larvae have been noted, apparently of

normal development, in tubers which contained no appreciable

moisture and which were simply a network of pith holding together

the dried burrows of previous generations of tuber worms. In one gen-

eration 121 pupae and 3 mature larvae were taken from a tuber 4 cm.

by 6 cm. by 9 cm. The substance of the tuber had been so com-
pletely destroyed that on removal from the breeding jar it coUapsed.

DEATH OP LARV^ IN TUBERS.

The normal rate of mortahty among the larvae while tunneling in

tubers is very low. Whenever too many develop in a tuber and a

putrid condition ensues, very few of the partially developed larvae

escape. Some may leave the tuber and go in search of other food,

but most of them remain in the decaying tuber and die.

Larvae mining in potato tops are very susceptible to change of

weather, and in short cold and rainy periods most of the larvae in the

leaves are killed. Those in the stems, being better protected, are safer

from weather changes.

LENGTH OF FEEDING PERIOD OF LARViE.

The length of the feeding period varies with the temperature.

During July and August the active larval life requires as few as 14

days, whUo during December and January the same period some-
times lasts 69 days. This much greater length of the larval stage

in winter is a result simply of retarded development and can not be
considered hibernation, as the larva is active and feedmg at all times.
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METAMORPHOSES.

The instars of the insect show the greatest irregularity, even where

conditions as regards food and temperature are kept as nearly uni-

form as possible. Li determining the molting periods, a large num-
ber of larvae, hatched on the same day, were placed on tubers and on

each succeeding day the larvae were dissected from a tuber and pre-

served in formalin . For the first two days the larvae were of approxi-

mately the same size, but from the time of the first molt the greatest

variation was noticeable; when some had reached the last instar

others hatched on the same day and feeding on the same tuber were

only half grown.

This variation was also very noticeable in the life-history work.

Where the first mature larvae appeared m 18 days, there were mature

larvEe leaving the tuber for the succeeding 6 days. Table 1 shows

the variation in the length of the larval period with larvae from

the same egg masses.

Table 1.

—

Length of larval stage of the potato tuber moth tvith larvx from, the same egg
masses.

Eggs hatched.

1913.

Nov. 5
Dec. 3

1914.

Jan. 2

Feb. 2
Mar. 19

Apr. 1

May 4

June 19
July 5

Aug. 4

Sept.l
Oct. 4

Number
of

mature
larvae.

Dates between which they
appeared.

Dec. 16 and Jan. 4...

Feb. 3 and Feb. 21..

Mar. 2 and Mar. 28..
Mar. 16 and Apr. 4.

.

Apr. 21 and May 2..
May 1 and May 12. .

.

June 2 and June 10.

.

Julv6and July 14...

July 21 and July 27..

Aug. 18 and Aug. 23.

Sept. 21 and Sept. 30
Nov. 3 and Nov. 16..

Number
of day.s

in emer-
gence
period.

As has been suggested, the rapidity of growth of the larva seems

not to be influenced by the amount of food. Larvae developing

in leaves, stems, or petioles, grew more rapidly than those in the

tubers. In these experunents the larvae were kept on potted plants

indoors, and those in tubers were placed in a breeding jar beside the

plant. The experiments were carried on under the same temperature,

but the larvae in the leaves were more exposed to changes in tem-

perature, and whether the greatest difference in the time of develop-

ment was caused by a variation in temperature or a difference in the

character of the food, it would behard to deteiTuine. It seems probable,

however, that the larvae m the potato tops had the most succulent

food, and that this made some difference in the time of development.

The results of the experiments are shown in Table 2.
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Table 2.—Lcnqlh of larval stage of potato tuber moth; comparison of larix reared on
tubers and larvse. reared on potato tops.

LARViE REARED ON TUBERS.

Eggs hatched.

Nov. 10, 1915.

Julys, 1914.-

Larvae
mature.

Dec. 13
July 14

Larval
stage.

Days.
33
16

LARVJE REARED ON POTATO TOPS.

Nov. 10, 1915 Dec. 7 27

July 5,1914 July 18
j

13

The process of molting is similar to that in other lepidopterous

lai-vse, the skin sphtting down the dorsum of the first few segments,

and the larva working its way out through this opening. By far

the greater time is taken up in preparation for molting and in

resting after the operation.

LEAVIXG THE TUBER.

When the larvae become mature they usually leave the tuber for

pupation. If they remain hi their channels they come out toward

the opening, so that the head of the pupa is just under the skin of

the potato. When the larvsB leave the tuber they are very active

and seldom remain exposed very long. If they are disturbed in any

way they throw themselves about until they reach shelter of some
kmd. They are especially active when parasites are near, and

should the latter approach, contort themselves rapidl}^ until the

parasite has disappeared.

When a suitable place for pupation is discovered, an operation which

may consume from an hour to a day, the larva begms a cocoon at

once, working so rapidly that very soon it is covered with a thui

mesh. If disturbed, it will often leave its partially completed cocoon

and seek another place to pupate. Sometimes one larva will interfere

with another spinning a cocoon to such an extent that the partially

constructed cocoon will be deserted by both. Parasites, however,

cause the desertion of the greatest number of cocoons by attempthig

oviposition before the cocoon is completed.

Cocoons contauiing pupse of the tuber moth were noted in an old

bin in the foUowhig places: (1) In the eyes of potatoes: (2) between
potatoes (where they touched or ahnost touched); (3) between
potatoes and bin walls; (4) between potatoes and sacks; (5) in folds of

sacks; (6) hi cracks hi bin walls; (7) hi nail holes of bin walls; (S) onbiii

walls; (9) in rubbish on floor; (10) on open floor (mostly naked ) : (11)

hi end of burrow with cocoon partly protrudmg; (12) in old l)urrows

under dry skm of potatoes.
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In the field, where the larvae were workmg on potato tops, the pupse

were noted m the followmg places: (1) In curled dried leaves on the

plant; (2) under clods and rubbish, and (3) protrudmg from old

burrows in the stem.

Under field conditions most of the pupae were found in the dried

leaves which still clung to the potato plant.

After the larva has completed its cocoon it spends a period varying

from two days to a week or more before changing to the pupa. The
larva becomes greenish aU over and sometimes takes on a famt blue

tinge. It also becomes much shortened and constricted at the seg-

ments, and loses nearly aU its activity. This stage varies very much
with the temperature, being much shorter in summer than m whiter.

The larva is helpless at this tune and can not move withm its cocoon

sufficiently to ward off the attacks of parasitic enemies. During

this period the greatest amount of parasitism of the mature larva

takes places.
THE PUPA.

As the tune of pupation approaches, the skin on the dorsum of the

anterior segments of the larva splits, and the pupa works the skin off

in a short time. The cast skin occupies a small space in the posterior

end of the cocoon.

The pupa v/hen newly formed is white with greenish markmgs.
It soon begins to darken and in a few hours' time is uniformly dark

bro^\^l. When first formed it remains quiet until it becomes hard-

ened, but is very sensitive and if disturbed turns itself around by
movmg the tip of its abdomen m a circle. The hooks at the tip of the

abdomen are sometimes fastened in the cocoon, so that even if part

of the anterior end of the cocoon is torn off, the pupa will not neces-

sarily be dislodged. Just before emergence it is quite active and

turns itself around quickly if disturbed. As the tune for emergence

approaches the pupa becomes still darker in color and is less active.

The period of pupation varies greatly with the temperature and

even when under constant temperature. Lots of pupae formed on

the same day vary to such an extent that the last to emerge often

requires twice as long as the first. Experiments undertaken to de-

termine the influence of sex on the length of the pupal period gave

entirely negative results, as both sexes were practically evenly divided

at all periods of emergence.

Extreme variations for the pupal period indicated 8 days for

July and 56 days for December and January. Variations during

one month include 12 days for the shortest and 29 days for the

longest period.

Even where the pupal stage is of the longest duration the ratio

of this to the increased length of the other stages of the moth re-

mains so nearly constant that it seems development within the
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pupa must continue all the time, thouf^h, of course, at a greatly

recluced rate. For this reason this longer pupal stage must be

classed as retarded development and could hardly be termed true

hilxMiiation.
THE ADULT.

EMERGENCE.

The skin of tlie pupa splits along the dorsum of the thorax, and the

moth by contracting itself draws its head from the pupal case. From

this tmie on it is never quiet, contracting and expanding its abdomen

and withdrawing its legs from their cases on the venter of the pupa.

Wlien the legs are free and the bod}^ has started to move in the case,

the whole hisect is free within a few moments. The freshly emerged

adult generally moves very little until it has expanded its wings to

their normal size. Sometunes the latter process is c|uite slow, but

generally within a short time the wings reach beyond the tip of the

abdomen. Even after development is apparently complete the

moth prefers not to attempt flight for some tmie, but if disturbed

either feigns death or seeks a place of concealment with a character-

istic jerky running movement.

For some time after emergence the adult spends most of the time

in hiding, but if sweetened water is placed near it the insect will feed

readily.
HABITS OF THE MOTH.

Under field conditions the habits of the insect are well adapted to

protect it until tlie eggs are deposited. During the day the adult

hides beneath rubbish, or if the fields are clean, under clods of earth.

Its coloring is very protective, and it is difficult to locate the adults

even after they have been observed to alight. They seldom fly in

the field durmg the brighter hours of midday, unless disturbed, and

then the flight is short and jerky, and on alighting they seek con-

cealment. When they fly to the potato vines they hide beneath the

leaves, so that they are seen with difficulty. Under field conditions

they have not been noted to take food. The activity increases with

the temperature, being greatest during warm nights.

PUOPORTION OP THE SEXES.

The proportion of the sexes during the year remains very nearly

constant and almost equal. Pupa? selected at random at various

times of the year gave the results shown in Table 3.

Table 3.

—

Proportion of sexes of (he potato tuber moth.

Month.

January
ApriL.".
July....
October

Number
of pup<D.

127
200
200
100

Male.

69
111

95

52

Female.

51
86
104
43

Not
emerging.
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REPRODUCTION.

Mating takes place within a day or two after emergence. During
the summer months this time may even be reduced. Sexual attrac-

tion is quite strong, the males being readily attracted to the females.

Pairs may mate several times, frequently promiscuously. Mating
is most common during the morning and evening. Mating pairs

have been noted in the field, generally under clods and rubbish, at

temperatures of from 59° to 65° F.

Oviposition takes place within from 24 to 48 hours after mating.

Generally only a few eggs are deposited the first night, from 10 to 20

in number. The maxmium number is deposited the second, third,

and fourth nights. Oviposition by a female when fed on sweetened

water may last for two weeks, but even in these cases it will be found

that over half of the eggs were deposited before tlie fifth night.

The following record gives the oviposition record of an average

pair

:

October 7.—Pair mating.

October 8.—7 eggs deposited.

October 9.—31 eggs deposited.

October 11.—57 eggs deposited.

October 12.—39 eggs deposited.

October 14.—34 eggs deposited.

October 15.—5 eggs deposited.

October 17.—11 eggs deposited.

October 18.—3 eggs deposited.

October 19.— eggs deposited.

October 22.—Female dead.

I

Oviposition takes place almost altogether at night, especially

during warm nights. On cool dark days eggs are sometimes depos-

ited, but these are few in number and very seldom are two found
placed together. When the moths are kept in darkened cages they

deposit a few eggs during the day, but even here the greater part of

oviposition takes place at night.

Adults in the act of ovipositing on potatoes were very commonly
noted. The female generally sought the eye of the potato and after

turning around a few times settled down and remained quiet for a
few moments. Just before oviposition the tip of the abdomen was
moved around slightly until a suitable place was found, then the

abdomen was contracted rapidly by drawing in the tip and the egg
was extruded.

The egg when first deposited is viscid, and translucent white, but
hardens in a very short time. Generally the adult moves about
after oviposition until another satisfactory place is found, but the

same adult may deposit most of a night's quotum of eggs in the same
place. In case the adult discovers a narrow deep crack in the tuber
the eggs are often placed within it in a chain. When the breeding

jars are covered with cheesecloth it is always found that some eggs

are deposited on the cloth. This is in corroboration of the fact stated

by Picard (83), that oviposition is stimulated by a roughened surface.

55889°—Bull. 427—17 4
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RELATION OF FOOD TO OVIPOSITION.

Experiments to test the effect of feeding on oviposition show

that hoth the period of oviposition and the number of eggs laid may
be increased by feeding. In these experiments some of the moths

were kept in dry vials, some in vials with a little water, and others in

vials with sugar water. Those kept with water were under condi-

tions more like those outdoors, while the ones in dry vials would be

under extreme laboratory conditions.

The results are shown m Table 4.

Table 4.

—

Relation offood to oviposition of the potato tuber moth.

Nature of experiment.
Number
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Table 6.

—

Oviposition of the potato tuber moth by virgin females.

Female No.



28 BULLETIN 421, U. S. DEPARTMENT OF AGRICULTURE.

A fairly average record of a pair of adults which mated October

29, 1914, is as follows:

October 31.—40 eggs.

November 1.—03 eggs.

November 2.—28 eggs.

November 4.—41 eggs.

November 5.—18 eggs.

November 8.—19 eggs.

November 10.—6 eggs.

November 12.—3 eggs.

November 13.— eggs.

Male dead.

Female dead.

SEASONAL HISTORY.

NUMBER OP GENERATIONS.

The number of generations in one year, as might be expected, is

subject to the wide uTegularity shown in the separate stages, and to

temperature and other natural influences.

By taking the first to emerge from each ])rood, six generations are

theoretically possible. In reality this would include five complete

generations, and the beginning of the sixth.

By starting several generations in each month for almost three

years, it was possible to determine the average length of generations

for the different months of the 3^ear.

Table 7 gives the results obtained:

Table 7.

—

Length of genei-ations of the potato tuber moth.

Month of .starting

generation.

Tannary

.

February
March .

.".

April

Approxi-
mate

length of

genefa-
tion.

Days.
90

Month of starting
generation.

May
June . .

.

July....
August,

Approxi-
mate

length of

genera-
tion.

Days.
50
40

30-35
30-35

Month of starting
generation.

September
October. .

.

November
December.

Approxi-
mate

length of
genera-
tion

Daux.
45

70-75

92
95

Consecutive generations for a year, using the first to emerge, may
be plotted as follows:

Plot A.

isl Opii. 2n(l fien. 3d Gen. 4th Gen. 5th Gen. 6th Gen.

Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Xov. Dec.

This shows plainly that even hi tlie more severe years six genera-
tions may be obtained, usmg the first to emerge from each brood.
By usuig the last to emerge from each brood, the number of genera-

tions is reduced as the followhig plot shows.
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1st Gen. 2nd Gen.

Plot B.

3rd Gen. 4th Gen. 5th Gen

Jan. Feb
Nov. Dec.

Tie gradual emergence of adults from a generation the lary^ ofwinch aU hatched on the same day may be shown from the exampleswhich foUow, one from midsummer and the other from midwmter.
Table ^.-Emergence of adults of the potato tuber moth from two generations the eaasof one hatching on July 7 and those of the other on December7 ^^

Average mean temperature 72° F.

1914
July 7. Eggs hatched.

Aug. 1. 2 adults emerged.
Aug. 3. 21 adults emerged.

5. 18 adults emerged.
6. 4 adults emerged.

„- -. 1 adult emerged.
Aug. 10. 2 adults emerged.
Aug. U. adults emerged.

Aug.
Aug.
Aug.

Average mean temperature 51° F.

1914
Dec. 8. Eggs hatched.

1915
Mar. 7.

Mar. 9.

Mar. 10.

Mar. '11.

Mar. 12.

Mar. 13.

Mar. 14.

Mar. 16.

Mar. 18.

Mar. 20.

Mar. 23.

Mar. 30.

2 adults emerged.
4 adults emerged.
2 adults emerged.
1 adult emerged.
6 adults emerged.
3 adults emerged.
3 adults emerged.
1 adult emerged.
4 adults emerged.
1 adult emerged.
1 adult emerged.
adults emerged.

The records given above show plainly the difference m number ofgenerations which may be caused by takmg the first to emer^^e or thelast to emerge m each life cycle. If the first eggs deposited by the
first to emerge/' and the last eggs deposited by the -last to emerge"are taken for the second generations, the difference wiU be increased

to such a degree that abnost a month wfil elapse between the timeof startmg the two generations.

rT^bl^?
ge^^r^tions throughout the year gives the foUowmg periods(Table 9). The records are for 1914, and were made at Pasadena, Cal!
'^^^^^ 9-— Variation in life cycle of the potato tuber moth.

Month started.

, 1914
January
February
March
April
May ;;

June
July

'
"

August ..'.

September

r. ^ ,- 1913.
October
November
December

Eggs
laid.

Adults emerging.

Jan. 4
Feb. 11

Mar. 18
Apr. 15
May 16
June 14
July 13
Aug. 17
Sept. 14

First.

Apr. 6
Apr. 25
May 18
June 9
July 4
July 24
Aug. 15
Sept. 19
Oct. 29

Last.

Apr. 30
May 13
May 31

Apr. 10
Apr. 29

^ - ,
May 21

June 20 June 12
July 16 July 7
Aug. 3 July 27
Aug. 23 Aug. 17
Sept. 27 Sept. 22
Nov. 10 Nov. 1

Length
oflife

cycle.

Days.
91

73

61
55
49
40
33
33
45
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Li examining this tabic it must be borne in mind that the results

given are for a particular year, and great variations are possible from

shnilar months m other years. One example will be sufficient to

illustrate this pomt: During the middle of April, 1914, the mean

temperature averaged about 66°, and during this tune eggs of the

tuber moth were hatching in from 8 to 9 days. During the same

period of 1915, with the average mean temperature about 59° F., the

egg stage lasted from 12 to 14 days. AU stages of the insect vary

so greatly that it is difficult to foretell how long a generation will

take.
OVERLAPPING OF GENERATIONS.

From the foregoing examples it is evident that all stages of the

tuber motli exist throughout the year in Southern California, and

consequently the broods can not be distinguished. Many writers have

estimated the numbers of broods or generations by the abundance of

moths at different times of the year. If conditions are considered,

it may be seen that food and temperature govern this condition. In

summer, with an abundant food supply, the insect multiplies with

great rapidity, adults become abundant, and the impression of the

emergence of a brood is given. If plots A (p. 28) and B (p. 29) are

compared, the overlapping of generations may be understood.

By placmg one over the other as in plot C, the shaded areas

show the time adults are emerging. The broken lines are from

plot B.
Plot C.
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noticeable development for a few days at a time when the average

mean temperature is low.

Experiments were carried on in the storage rooms of an ice company
at Pasadena to determine if low temperature acting for some time

would kill the various stages of the moth or whether they could

hibernate successfully. For these experiments the following stages

were taken : Adults, pupa?, mature larvre in cocoons, and eggs. Two
experiments were carried on at the same time. One lot was kept at

32° F. for three weeks, while the other lot was kept for 35 days at a

temperature of 38°-40° F.

The results are summarized in Table 10:

Table 10.

—

Effect of low temperatures on stages of the potato tuber moth.

Time.
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is SO liitrli that an iiicrcaso of the insect from this, source is highly

huprohablo. Rains and sudden changes in climatic conditions kill

many of the larvi^, and the large number of predacious and parasitic

enemies furtlier reduce the numbers of the insect. The figures will

be considered later with the discussion of natural enemies.

When the insect attacks stored tubers the percentage of insects

develoi)ing safely is very high. Figures show that practically all the

eggs cU'posited hatch. In storage there is always an abundance of

food and all stages are protected from most of their enemies, so most

of the larva^ develop successfully.

POSSIBLE RATE OF INCREASE.

The theoretical rate of increase for the tuber moth is very rapid.

Taking 150 as the average number of eggs deposited and counting

half tlie adults as females, the progeny of one pair would give about

60,000,000 adults at the end of the fourth generation.

While this theoretical rate is seldom even approached, it serves to

show that mider favorable conditions for reproduction the insect may
increase to damaging numbers in a short time.

NATURAL ENEMIES AND CHECKS.

Where the tuber moth works as a leaf-miner on the potato tops, its

numbers are kept dowii very well by its enemies and climatic changes.

Its numerous parasitic enemies play the most important part, rains

and cold weather probably come second in point of importance, and

the predacious enemies last.

In southern California the parasitic enemif^s of the tuber moth
form a fine series and work on every stage. The egg and pupa each

lias its parasite, while several attack the partially grown larvse and

at least two the mature larvae.

Only throe of th3se work on the tuber worm infesting potatoes,

and here they are only partially effective. Tlie burrowing habit of

the larva protects it from parasites except while spinning its cocoon

and pupating. Parasites are also hampered by the storage of pota-

toes. Altogether it is doubtful ii parasites could bo of practical

importance when the insect infests stored tubers. Certainly the

stored potatoes examined have discouraged such a belief.

Experiments to ascertain the percentage of parasitism in the potato

tops show that the parasites, taken altogether, are valuable in the

control of the tuber moth. Tlie impracticability of direct methods
of control necessitates the use of all possible measures to limit the

number of moths before harvest. This is well accomplished by the

parasites, resulting in lessened injury to the loaf surface and dimin-

ishing the number present to infest the potatoes just before and during

harvest.
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PARASITES.

Parasites vary in effeiiitiveness. During 1914 Hahrohracon johann-

seni (fig. 16) was the most effective, and the following list probably

gives them in the order of their importance for that year:

Habrobracon johannseniYier. Apantales s^ . (Chttn. No. 2230"').

Cheloniis shoshoneanorum^Yier. Microgaster s\) . (Chttn. No. 2230"*).

Sympiesis stigmatipennis Girault. Nepeira benevola var.fuscifemora Cushm.

Campoplex pJithorimaeae Cushm. Zagrammosomaflavolineatum Cwfd.

Bassus gihbosus Say.

During early 1915 Dihrachys clisiocampae Fitch was discovered,

and while not so well distributed, it seems to be well fitted to be an
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DIHRACHYS BOUCHEANUS RATZ.'

This well-kiiowii and cosmopolitan secondary parasite (lig. 17)

oniorp'd from the tubor-moth material collootod during 1912, 1913,.

and 191 I, and, as slunvn by dissection, from both Hahrohracon,

a * c * ^b
Fig. 17.—Dibrachys houcheanus: a, Larva; 6, pupa; c, adult female; d, heul of larva; e, antenna of

'

male, highly magnified. Greatly enlarged. (After Howard.)

johannseni and Chelonus slioshoneanorum, the former seeming to be its

favorite host. Tliis species was reared from the egg in the laboratory,

where it attacked the mature larvae of its hosts after they had spun
their cocoons. Wliere the cocoons were not too thick to prevent it

from reaching its host

tiie parasite would

often feed at the

wounds caused by its

ovipositor.

"\Ylien roared under

laboratory conditions

thohvperparasites in-

crease rapidh", but
under field conditions

their numbers are not

as large in proportion

to the host as might
be expected. During
1912 and 1913 the

percentage of para-

sitism ran as high as

50 per cent in the case of llahrohracon jolmnnseni. With Chelonus
shoshoneanorum the average was much lower, the highest running
29p(^r cent. During 1914 the percentages in >)oth cases were much
reduced, and wliile greater numbers ol its two hosts were reared than
in the previous year, Dibrachys houcheanus was noted on only a few
occasions.

Fig. lH.~Zagrammosowa flavoUncatum: Adult male, wi.li lateral'

view of head. Much enlarged. (Original.)

' Chittenden No. 2230»».
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During 1915 the parasitism averaged slightly over 1 per cent, as

two individuals of Dihrachys houcheanus were reared, while 172

specimens of Hahrohracon johannseni issued in the parasite cages.

Three or four specimens were commonly noted in one host, and

in the material reared under laboratory conditions a single hyper-

parasite was rarely reared from one host.

The following record shows the development of a faU generation:

1913.

October 27.

—

D. houcheanus parasitizing mature larvse of H. johannseni.

November 8.

—

D. houcheanus larvte mature.

November 14.

—

D. houcheanus larvse pupating.

December 7.—2 D. houcheanus adults issued.

December 8.—7 D. houcheanus adults issued.

December 10.—i D. houcheanus adults issued.

December 11.—1 D. houcheanus adult issued.

Life cycle 40 days at average mean temperature of 62° F.

ZAGRAMMOSOMA FLAVOLINEATUM CWFD.'

During 1914 and 1915 Zagrammosoma flavolineatura (figs. 18, 19)

wasnoticed issuing from cages containing some Phthorimaea operculella

Fig. 19 Zagrammosoma flavolineatum: Adult female, witli lateral view of head.

Much enlarged. (Original.)

material. Efforts to rear it from the tuber moth were failures at first,

so numerous tuber-moth larvte were taken from leaf mines and placed

on tubers so that there might be no danger of gettmg mixed material.

No specimens of this parasite emerged in these cages, and it was
supposed that it was issuing from some other host.

> Chittenden No. 223001.
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Filially a parasito pupa was noted in a loaf mine with tlio remains of

a tiiber-moth larva. \Vlieii the adult issued it proved to be Zagrammo-

soma fiavolineatum. More experiments were carried on, using only

material where the tuber-moth larvse occurred as leaf-miners and

were less than half grown. The parasite was seen to oviposit in

these larvae, and it was successfully reared through to the achilt.

This parasite tlius far has not proved to be of mucli importance,

and seems unpromising, as the adult is so slow and deliberate in its

movements that a tuber-moth larva in a large mine can move about

and often escape the ovipositor of the parasite.

The followhig record gives the length of its life cycle:

1915.

August 17.

—

Zagrammosoma flavolineatum ovipositing in tuber-molli larva.

August 29.—1 Zagrammosoma flavolineatum adult issued. (Male.)

August 30.—2 Zagrammosoma flavolineatum adults issued. (Males.)

August 31.—1 Zagrammosoma flavolineatum adult issued. (Male.)

September 1.—1 Zagrammosoma flavolineatum adult issued. (Female.)

September 2.—2 Zagrammosoma flavolineatum adults issued. (Male and female.)

Life cycle 13 days at average mean temperature of 75°F.

SYMPIESIS STIGMATLPENNIS GIRAULT.^

During 191-1 and 1915 tuber-moth material collected at Pasadena

during late fall gave great numbers of a small parasite, the male of

which (fig. 20) had
branched antennae.

At about the same
time an examination

of mines on potato

% leaves often showed

? a parasitic larva (fig.

21) feeding extern-

ally on a partially

grown larva of the

tuber moth. Wlien

these were reared

they proved identi-

calwith those issuing

in the parasite cages.

The parasite was

Fig. 20.—Sympiesis stigmatipennix: Md.le. Much enlarged. (Original.)
TCarod Wltll Case in

the laboratory, and
it oviposited readily in leaf-mining tuber-moth larva? when half grown
or slightly smaller. The host is soon killed and within a short time
becomes semiliquid, and the development of the larva is very rapid.

Wlion mature (fig. 22) it crawls into a comer of the mine and, mthout
spinning a cocoon, pupates.

» Chittenden No. 2230<«.
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The pupa (fig. 23) is very flat and black. Several individuals may
issue from one host. Under field conditions about equal numbers,

of males and females

issued, but in the labo-

ratory males greatly

predominated. Mating

takes place as soon as

the adults issue, and

oviposition shortly
after. The females (see

fig. 24) probably obtain

moisture from the
wounds made in the

epidermis of the leaf by
their ovipositors, as

they were often noted

after oviposition to

backup and apply their

mouth parts for some
tune to the hole made
in the leaf. As the

tuber-moth larva had
generally moved away by this time, it could not have been possi-

ble for it to have obtained food from the wound in the larva.

Fig. 21.Sympiesis
stigmatipcnnis:
Immature larva

feeding on larva

of tuber moth.
Much enlarged.

(Original.)

Fig. 22.—Sympiesis
stigmatipennia;

Mature larva.

Much enlarged.

(Original.)

Fig. 23.

—

Sympiesis

stigmat ipennis:

Pupa. Much en-

larged. (Original.)

Fig. 24.

—

Sympiesis stigmatipcnnis: Female. Much enlarged. (Original.)

I „.,„., -.„,-,.„ „
^^promise of doing much to control the leaf-mining tuber worm. The
^^feollowing record gives an average life cycle

:

I

1915.

January 26.-

February 21.-

-Tuber-moth larva parasitized by Sympiesis stigmatipennu

.

-3 Sympiesis stigmatipennis adults issued. (Males.)
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1915.

February 23.—1 Synipiesis stigmaiipennis adult issued. (Female.)

February 25.—3 Sfjmpiesis sligmatipennis adults issued. (^lales.)

Life cycle 26 days at average mean temperature of about 52° F.

Longest life cycle noted, 45 days.

CAMPOPLKX rTITHOUIMAKAE CUSHM.'

Durino; 1013 a vorv fow adults of this species (fig. 25) were reared

from tuber-moth material collected near Puente, Cal. These speci-

mens could not be reared in the laboratory. In 1914 and 1915

the parasite became very abundant, and was reared from tuber-moth

larva^ provuijjj it to be a parasite of this species.

Fig. I'i.— Campopld phlhorimaeae; Adult female, with lateral view of abdomen.
(Original.)

^^llph enlarged.

Tests under laboratory conditions showed that it oviposits in the
tuber-moth larva^ only where they act as leaf-miners, and prefers those
about half gjruwii. The achilt has been noted oviposit uig both in the
field and in the laboratory. It is so active that the tuber-moth

• Chittenden Nos. 2230''' and 2230M3.
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larva seldom escapes. The parasitized tuber-moth larva is readily de-

tected when it becomes mature and seeks a place to pupate. A large

dark or reddish spindle is apparent, filling most of its abdomen, and the

larva is very restless and seldom stays in one

place long enough to spin a cocoon. Finally

the host loses all power of locomotion and dies,

and within a few hours the mature parasite

larva (fig. 26) forces its way through the skin of

its host and begins spinning its cocoon (fig. 27)-

As the parasite larva is almost the size of its

liost, only one develops on each tuber wonu.

The cocoon is completed within a day or two.

It is very heavy, ellipto-cylindrical in shape,

light gray, and with a lighter band around the

middle. The pupa,
removed from its co-

coon, is shown in fig-

ure 28.

This parasite assisted greatly in reduc-

ing the numbers of the tuber moth in the

potato tops during 1914 and 1915.

An average life cycle is given below

:

December 15, 1914.—Tuber-mulh larva parasitized

by Campoplex phthorimaear.

February 5, 1915.—1 Campoplex phihorimaeae adult

issued. (Male.)

February G, 1915.—1 Campoplex

phihorimaeae adult issued. (Female.)

Life cycle 52 days at an average

Fig. 2^.— Campoplex plitliori-

macqc; Lateral view of ma-

ture larva with view of face.

Much enlarged. (Original.)

Fig. 27.—Cocoon of Campoplex phtho-

rimacae, parasite of potato tuber

moth. Much enlarged. (Original.) mean temperature of about 54 t.

HABROBRACON JOHANNSENI VIER.'

This is probably the best known parasite of the

tuber moth, both where it occurs as a leaf-miner and

as a pest of stored potatoes. It is woU distributed,

having been reared from tuber-moth material collected

over most of southern California.

It oviposits in the mature larva of the tuber moth
after it has spun its cocoon. As many as 13 parasite

larvae have been observed to develop on a single host.

The adult female is very active, but seems to prefer

to* work only in the light, for the parasite has never

been reared from material kept in darkened bins.

The larva3 may develop either externally or internally, the host

seeming to depend on the position of the egg. After the tuber-moth

Fig. 2S.— Campo-

plex phthorimaeac:

Lateral view of

pupa. Much en-

larged. (Original.)

1 Chittenden No. 2230''<.
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larva has boon parasitized it, docs not pupate, hut soon breaks down

and becomes seniiliquid.

The matin-o larva spins a Ught T)ut tough white cocoon witliin the

cocoon of its host, thus being well protected. This apparentl3^

Fig. 20.— Chdonus shoshoneanoruvi: Adult female. Much enlarged.

(Original.)

explains its comparative immunity from the secondary parasite

Vihra cliys houcheanus.

The adult feeds quite often at the oviposition wounds of its host.

The adults are very hardy and the female is long hved. One female

lived from Jidy 19 to September 21, 1014, a period of 64 days, and in

this time 291 adults were reared from this one specimen. When the

Fig. ZO.— Chdonous shoshoneanorum : Female ovipositini; in egg of tuber

moth. Much enlarged. (Original.)

mortality of the stages under laboratory conditions is considered, it

will lie seen that this species is quite prohfic. This female was fed

sw(U'.tened water four times during this period. The hfe cycle varies

from 10 to 38 days in length.
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The record of a shorter hfe cycle follows

:

1913.

September 15.—Tuber-moth larva parasitized by ITabrobracon johannsem.

September 18.—Parasite larvae nearly mature.

September 19.—Parasite larvae spinning cocoons.

September 20.—Parasite larvae pupating.

September 25.—4 parasite adults issued.

September 26.—17 parasite adults issued.

Life cycle 10 days at an average mean temperature of 78° F.

CHELONUS SlIOSHONEAXORl M VIER.^

This parasite (fig. 29) has been consistently abundant every year from

1912 to the present time. Efforts to rear it from the larvae and

pupae of the tuber moth
failed, and, at the sug-

gestion of Dr. Howard,

the insect was placed

with eggs of the tuber

moth. Oviposition (fig.

30) took place at once,

the parasites usually
feeding on the moisture

which collected at the

wound caused by the

ovipositor.

The eggs of the tuber

moth hatched normally,

and the yomig larvae at

once burrowed into the

tuber. Later the matm'e

tuber-moth larvae began

to leave the tuber and start their cocoons. Some of the larvae ap-

peared restless and darkened spindles were noticeable in their bodies

(fig. 31), quite similar to those in the case of Campoi^lex 'phthorimaeae.

None of the larvae pupated, and soon the mature parasite larva (fig. 32)

emerged and spun its white cocoon within the cocoon of its host.

This parasite promises to be of value in controUing the tuber moth
in the field. It apparently does not work in darkened bins.

The life cycle is divided as follows:

1914.

July 26.—Tuber-moth eggs parasitized by Chclonus shnshoneanorum.

July 31.—Tuber-moth eggs hatched.

August 16.—Chelonus larvae matiue.

August 18.—Chelonus larvae pupating.

August 26.—1 Chelonus adult issued.

August 27.—3 Chelonus adults issued.

August 28.—2 Chelonus adults issued.

Life cycle 31 days at an average mean temperature of about 72° F.

Fig. 31.—Larvee of tuber moth para-

sitized by Chelonus shoshoneanonnn.

Much enlarged. (Original.)

Fig. 32.— Chilonus sJio-

shovcanorum: Mature

larva. Much enlarged.

(Origmal.)

1 Chittenden No. 2230«5.
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BASSUS GIBBOSUS SAY.'

Bassus gihhosus (figs. 33-35) attacks the haK-grown tuber worm

ill li':if inuics. Like Zagrammosoma Jlavolineatuin, it is apparently of

minor iniixn'lanco, and probably for the same reason.

Adults placed on potato leaves containing larvae of the tuber moth

attempted oviposition, but frequently without success. The parasite

is rather slow in oviposition, and the larva within the muie is given

opportunity to escape tlie ovipositor.

Fig. 3.1.

—

Bassus gibbosus: Adult female. Much enlarged. (Original.)

TJiis parasite appears in the greatest numbers during tlie late fall

and winter. For this reason its life cycle is of rather long duration,

as the following record shows

:

1915.

February 8.—Tuber-moth larvae parasitized by Bassus gibbosus.

April 2.— 1 parasite issued. (Male.)

April 3.— 1 para.site issued. (Female.)

April 7.-1 parasite issued. (Male.)

Life cycle 53 days at an average mean temperature of about 53° F.

The parasite seems to be well distributed throughout southern.

California.

1 Chittenden No. 2230o».
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APANTELES SP.'

This small active parasite (figs. 36-38) was not observed until

1914, and seems quite scarce except in the vicinity of Pasadena.

The haK-grown leaf-mining tuber-

moth larvae are attacked. Wlien

the parasite has discovered a leaf

mine, it cautiously examines it until

it has located the position of the tu-

ber-moth larva. The parasite then

quickly inserts its ovipositor m the

mine. In case it strikes the larva,

it oviposits; otherwise it quickly

withdraws its ovipositor, inserting

it agam in a new place. This is

repeated until the larva is parasi-

tized, although the difficulty in lo-

cating the larva may require a sec-

ond examination of the mine.

Should the parasite discover a larva,

however, it seldom leaves until it

has been successful in oviposition.

This Apanteles is a most promis-

ing parasite. The record of an average winter life cycle follows;

Fig. 34.

—

Bassus gibbosus:

Mature larva. Muc-h

enlarged. (Original.)

YiG.SS.—Bassus gib-

b s us : Pupa.
Much enlarged.

(Original.)

Fig. Z6.~Apantcles sp. (Chttn. No. 22300'), a parasite of the potato tuber moth:
Adult female. Much enlarged. (Original.)

1915.

January 25.—Tuber-moth larvae parasitized by Apanteles sp.

March 3.—1 adult Apanteles sp. issued. (Female.)

March 5.—2 adult Apanteles sp. issued. (Males.)

March 6.—^1 adult Apanteles sp. issued. (Male.)

Length of life cycle 37 days at average mean temperature of 53° F.

1 Chittenden No. 2230«.



44 BULLETIN 427, U. S. DEPARTMENT OF AGRICULTURE.

MICROOASTEU SP.'

This, tlio most active parasite attacking the tuber motli, pre-

fers lialf-groMni leaf-minhig larva\ This parasite seems the best

fitted naturally to be a dangerous enemy of the tuber moth, but dur-

ing three years' observation has not reached expectations.

Tlie adults (fig. 30) arc readily reared at any time fromlate summer to

sjiriug, but never in large numbers. The adult has the shortest length

of life of any observed. Even when fed,

only one individual lived as long as 11 days.

It seems to be fairly well distributed through

the San Gabriel Valley.

The record of a typical life cycle follows

:

1915.

August IS.—Tuber-moth larvae parasitized by Micro-

gaster sp.

Septembers.— 1 adult issued. (Male.)

September 4.—2 adults issued. (Male and female.)

September (5.— 1 adult issued. (Male.)

Life cycle 16 days at an aAerage temperature of 73° F.

DIBRACHYS CLISIOCAMPAE KITCH.^

Fig. :)7.—Lateral view of mature The last wcll-ascertained parasite of the

S'''l«ln'^'!f'*'^/?""; tuber moth was Dihrach/s disiocampae
No. 2230'"), with view of fan at

_

• ^
left below. Much enlarged. Fitch. During 1913 OUC fc-
(OriKinai.)

male was reared from tuber-

moth material, but could not be bred through, and as

no more issued, it was given up.

In the winter of 1914 specunens were captured on

potato foliage, and it was later noticed breeding on
stored potatoes in the insectary. The parasite ovi-

posits in the mature larva? in cocoons, and in pup?e

and issues from both stages, but usually from the

mat lire larvae. This parasite works both in tlie field

and in storage. It seems to prefer piles of potatoes,

working all through them, and also has been noted to

oviposit iin dark bins. The egg is shown in figure 40.

The adult (fig. 41) is persistent, and if driven away
from a cocoon will return agahi and again until it ovi-

posits. Fourteen mature larvae (fig. 42) have been
reared from one host. These pupate (see fig. 43) with-
out spinning cocoons, and within the cocoon of their host. The
parasite does not seem to be very well distributed, having been
found only m \Mnttier and Pasadena, Cal. It seems at first glance
to be the most effective i)arasite of the tuber moth, but probably this

is not the case. It is not as effective a: others under field conditions,

Fig. ^fi.—Apanteles

sp. (Chttn. No.

223O07): Lateral

view of pupa.

Much enlarged.

(Original.)

« Chittenden No. 2230«. 2 Chittenden No. 2230".
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Fig. Z9.~Microgaster sp., a parasite of the potato tuber moth: Adult female. Much
enlarged. (Original.)

Fig. iO.~Dibrachys cUswcampac: Egg, lateral view. Greatly enlarged. (Or g'nal.)

Fig. il.-Dibrachysclisiocam-pac: Adult female. Much enlarged. (Original.)
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and on stored potatoes conditions arc such that any parasite is of

doublful value. In addition, it seems to have one unfortunate habit,

that of becoming at tunes a hyperparasite on Camjw-
plrx pWwrimaeae . This habit is so unusual, however,

as to be unimportant.

The record below gives the length of a life cycle:

1915.

August 8.—Tuber-moth larviB parasitized ]jy Dihrachys clisio-

campae.

August IG.—Parasite larvae mature.

August 18.—Parasite larvye j)upating.

August 25.—4 parasite adults issued.

August 26.—7 parasite adults issued.

August 27.—1 parasite adult issued.

Length of life cycle 13 days at an average mean temperature of

75° F.

OTHER PARASITES.

(Male and female.)

(Male and female.)

(Female.)

Fig. 42.—Dibrachys

clisiocnmpae: Ma-

ture larva. Much
enlarged. (Origi-

nal.)

Other parasites ' were reared from time to time in

small mnnbers from tuber-moth material collected in

the San Gabriel Valley. They never became at all

common. Efforts to rear them in the laboratory have

been unsuccessful thus far. Both have been seen on

occasion to oviposit in small leaf-mining tuber-moth larva>, but no

parasites have issued, and so they have not as yet been proven to be

parasites of the tuber moth.

NEPEIRA BENEVOLA VAR. EUSCIFKMORA CUSHM.^

For some time this parasite (fig. 44) was considered

identical with Campoj^lex phiJiorimaeae Cushm. The
differences noted seemed to be variations within the

species. AMiile Mr. Cole was making drawings of the

parasites, he noted that there were three separate tj^^es.

Xepeira henei'ola var. fuscifemora Cushm. closely

resembles Campoplex phthorimaeae, both in appear-
ance and life history, but has never become as abun-
dant as the latter. It oviposits in half-grown loaf-

mining tul)er-moth larvae.

Larvie parasitized November 12 have given adult
parasites December 12, a length of life cycle of 30
days, at an average mean temperature of about 63° F.

Fig. K.~Dibraclii's

clixiocampac: I'upa,

lateral view, ^fuch

enlarged. (Origi-

nal.)

PERCENTAGE OF PARASITISM.

The percentage of parasitism has fluctuated so

greatly in the time it has })een under observation that
it is diflicult to give even approximate figures. The lowest parasitism
noted was 40 per cent and the highest was 95 to 100 per cent. The

' Cbittenden Nos. 2230'»» and 2230"". 2 Chittenden No. 2230«i».

J&
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parasites are undoubtedly of value in limiting the increase of the tuber

moth while itworks in the tops, thus decreasing infestation of the tubers.

Fig. 44.

—

Ncpeira bcncvola: Adult female. Much enlarged. (Original.)

A review of the parasites shows that they attack the tuber moth
under the following: conditions:

On leaf-mining tuber moth.



48 BULLETIN 427, U. S. DEPARTMENT OF AGRICULTURE.

sooms that the destruction of the tuber-moth eggs and larvae is more

nccidoiitjil tlian natural.

Several species of spidere which are found in the fields spin wehs in

which dead tuber moths have been noticed, and in a few ceases the

spidei-s have been observed kilhng moths caught in the webs.

ARTIFICIAL CONTROL.

INDIRECT METHODS, GOOD FARMING.

A study of the literature of the tuber moth shows that many wTiters,

])eginning with Capt. Berthon (1), have recommended good farming

and carefid harvesting and storing of tubers as the best remedies

against the tuber moth. The powere of reproduction of this insect

have given weight to these arguments, and a study of cultural methods

in relation to tuber-moth infestation has proved the correctness of

their recommendations.

Through the kindness of ^Ir. S. S. Rogers, of the University of CaH-

foniia, the wTiter was enabled to compare the results of different cul-

tural methods. The test field, situated near Van Nuys, Cal., had

every conceivable variation in culture. Planting depth varied from

2 to 16 inches. Each plat contained both flat and ridged culture and

was hai-vested in three parts, so that each variation in culture had

early, medium, and late harvesting.

The results may be briefly summarized as follows

:

Taking the entire field as an average, the percentage of infestation

in Ihe plats having ridged culture was 8 per cent less than in those

having flat culture.

In the same way the plats harvested early had 4 per cent less infes-

tation than those harvested at tlie medimn period and 9 per cent less

than those harvested late.

In the experiments with dej)th of planting results were even more
striking. In the plats planted 2 inches deep (many tubers were ex-

posed) the vines were dead, and the percentage of infestation of the

tubers varied from 98 to 1 00. From this the percentage of infestation

became steadily less, as the depth of planting was increased, until at

a depth of 6 inches a minimum was reached, several plats giving

entirely clean potatoes and the average of infestation being low. In

the plats where deeper planting was used, the potatoes seemed to grow
as near the surface as where 5 to 6 inches planting depth was used,

and consequently there was no difference in freedom from the moth.
Results from the experiments as to time of planting varied so

greatly that it was evident several other factors have more to do
with determining mfestation than the time of planting. The same
might be said of the variety test, except that tlie tubers of varieties

where the vine stayed green the longest suffered least from the

moth.
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On an average the results show the vakie of the recommendations

given for fighting the tuber moth by culture.

These may be stated as follows

:

(1) Plant as deep as practicable (5 to 6 inches).

(2) Use ridge culture, i. e., ridge the rows (fig. 45).

(3) Harvest as early as possible.

(4) Harvest before the potato tops become so dry as to drive the

partially grown larv?e to descend and work on the tuber.

In harvesting the tubers, several rules must be followed to keep

the tubers from infestation

:

(1) The sacks should 7iever be covered with potato tops, as the

larvae leave these when they wilt, and enter the potatoes.

Fig. 45.—Potato field showing careful hilling. Walker, Cal. (Original.)

(2) The sacks should be sewed as soon as possible and hauled

from the field.

(3) Potatoes should never be left in the field or exposed to the

moth over night.

(4) All cull potatoes should be gathered up within two weeks and
either fed to stock at once or destroyed. If left in the field they are

a menace to the neighbors, and to the grower himself, for the follow-

ing crop.

After the potatoes are harvested they should be marketed at once,

unless the grower has storage facilities and is willing to take the

trouble to treat the potatoes.

While there are good reasons for destroying the potato vines yet

there appear to be even better reasons for not doing so. Destroying

the potato vines kills all stages of the tuber moth within, but it also
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kills the parasites. Tlic tuber moth is more apt to pupate under

elods and rubbish in the field than are any of the parasites, hejice

the (k\struction of potato tops would be a more serious check to

tli(> |)arasites than to the tuber moth. It seems that if growers

destroy waste tubers and keep the rest protected so that the tuber

moth must breed on potato tops, the parasites will keep the tuber

moth from becoming dangerously abundant.

DIRECT CONTROL METHODS.

Experiments were made to determine a cheap practical method of

treating tubers infested with the tuber moth. As the tuber takes up

odors and flavors readily, and retains them for indefinite periods,

only a few methods were tried.

Th(^ only ])romishig unobjectionable applications tested were for-

malin dilutions antl water used as dips, and carbon disulphid and

hydrocyanic-acid gas as fumigants. Of these four, the only one which

was at all successful was carbon disulphid.

Carbon disulphid naturally has many advantages as a fumigant

for potatoes. It does not injure the tubers, it can be applied for

long periods and thus ]")enetrate thoroughly, and finally, it is heavier

than air and if liberated at the top will go entirely through a pile to

the lloor. Various dosages and periods were used for fumigation,

but it was early apparent that for all-around results the material

should be used at the rate of 2 pomids to 1,000 cubic feet, and fimii-

gation should last 48 hours. At this strength the larvae and adults,

and j)ractically aU the pupa^ and eggs, wiU be killed, and the long

exposiu'e to the vapor insures thorough penetration.

If potatoes are to be stored they should be fumigated promptly.

Cheap gas-tight bins may be made by Immg temporary structures

with tarred paper and pamting the seams. If the tubei-s are notice-

ably hifested the fumigation should be repeated m a week in summer,
or in two weeks in winter. Careful watch should be kept, and if the

tuber moth is still working, another fumigation should be given.

In fumigating with carbon disulphid the liquid should be placed

on top of the sacks m shallow tin pans, and care should be taken not
to expose the gas to fire, as it is explosive when mixed with air and
ignited.

OTHER REMEDIES.

TRAPPING THE ADULTS. .

As the adidt is attracted to light, some authors recommend trap-
J

ping with lanterns. This remedy is of questionable value, as not
all the adidts could be trapped, and there is much doubt as to whether
the numbers coidd be sufficiently reduced to make a difVerence at

harvest time. In this connection it must be remembered that it is the
multiplication of the insect in storage that causes practically aU the
loss.
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QUARANTINE.

Quarantine as a method of keeping out the tuber moth has

attracted considerable attention in the Western States m recent

years. A quarantine of one district against another when the

tuber moth is estabhshed in both places is of little value, as the

numbers of this insect in any one year are not influenced as greatly

by its numbers the preceding year, or by any that might be introduced,

as by food and climatic conditions. The great interstate shipment of

potatoes throughout the West proves that the potato question is a

factor which affects many of the people living in those States, and

a hasty or ill-advised quarantine might cause losses which would
more than offset any advantages to be gained from it.

In conclusion it should be said that while the tuber moth is always

a menace in warmer climates, it is by no means a fatal potato pest,

and its damage, if not totally eliminated, can at least be minimized

by rational farming methods and a knowledge of the habits of the

insect. For this reason whenever there has been an outbreak of the

moth in a new district the conditions ^ in this district should be studied

and means devised to prevent a recurrence of injury.

SUMMARY.

(1) The tuber moth injures the potato by destroying the leaf

surface and tunnelmg in the substance of the tuber.

(2) Its life history is variable, but in southern California aU the

stages exist at aU times of the year.

(3) The numbers of the insect should be reduced by practicing

good farming and leaving no tubers exposed for the msect to work on.

(4) Potatoes should be harvested and marketed as rapidly as possi-

ble, unless the grower has facilities for storage and is prepared to

treat the potatoes if necessary.

(5) Once the tubers become infested the best way of ending the

damage is to fumigate with carbon bisulphid, using 2 pounds to 1,000

cubic feet of air space (measured before storing the tubers) and allow-

ing 48 hours for fumigation.

(6) Clean or iminfested potatoes should be kept away from the

moth.

(7) Potatoes should never be left in the ground after they are

ripe and where the soil is dry.

(8) When tubers are mfested and facilities are lacking for storing

in bins, the progress of mfestation can be checked by holding the

potatoes in cold storage. The temperature should be about 37° to

40° F. This should be adopted only as a temporary method in

keeping potatoes from deteriorating in value while they are being held

for a rise in price.

1 This refers especially to various methods of storing potatoes.

i

I
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INTRODUCTION.

During the past four years the Bureau of Entomology has main-
tained a field laboratory at Roswell, N. Mex., for the purpose of in-

vestigating the life liistory and habits of the codling moth, Carpocapsa

pomonella L., under semiarid conditions in the Southwest, and for the

purpose of carrying out experiments in orchards for its control.

Especial attention was given to the life history of the insect in that

region during 1912 and 1913 in addition to extensive spraying opera-

tions in orchards. During 1914 and 1915 the work has been limited

to orchard experiments.

The Pecos Valley, in the vicinity of Roswell, comprises an im-
portant fruit-growing section especially devoted to the cultivation of

apples and peare. The codling moth in this region, due to the mild
cUmate, is able to develop three and probably four broods of larvae

each season and is hence extremely injurious. The present investi-

gation by the Bureau of Entomology will furnish needed information
to the orchardists of the Pecos Valley in New Mexico for the control

of the codling moth, and the results should be applicable to similar

regions in the Southwest generally.
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This buLlotiu deals with the life history and habits of the codHng

moth, giving the results of observations in 1912 and 1913. Rcsidts

of spraying operations during those years have been given in Bulletin

No. 88 of this de]iartment. Subsequent experiments in orchards

will be reserved for a later pubheation.

During the season of 1912 investigations were conducted by Mr.

A. G. Hammar, assisted by Mr. E. R. Van Leeuwen. Mr. Hanmiar

was also in charge of the work during 1913 and was assisted by Mr.

L. L. Scott and the junior author. Messrs. R. J. Fiske and H, G.

Ingei-son rendered valuable assistance in coiuiection with the prepara-

tion of the tables in the present paper. Owing to the death of Mr.

Ilanimar it devolved upon the writers to prepare for pubheation

the results of his studies and experiments.

DEFINITION OF TERMS USED.

The terms used herein are practically identical with those em-

ployed in recent former pubhcations of the Bureau of Entomology

on the codling moth. Thus the term "brood" is used in speaking

of indivithials of one generation of any stage, as egg, larva, or pupa.

A ''generation" is considered to begin with the egg stage and to

terminate with the moth, or imago, stage of the same generation,

thus including all the stages of the hfe cycle. The "complete hfe

cycle" includes the time from the deposition of the egg of one genera-

tion to the time of deposition of the egg of the next generation.

Since the wintering larvae of the codhng moth in the Pecos Valley

(as well as in other localities where there is even a partial second

brood of larvae) are from the different broods produced throughout

the same season, they are referred to collectively as "wintering

larvse," and include all the larvae which do not transform the same
season as hatched.

Similarly, the overwintering larvae when transformed in the

sprmg to pupae may be suitably referred to as "spring pupae" and
the resulting moths as "spring moths."

The terms used in designating the separates stag(>s may ])e (k'fined

as follows:

Wintcnnij /ar we may include larvie of the first, second, third, and fourtli lirooda of

the i)receding reason.

The spring brood of pupae include pupsD resulting from overwintering larvtt.

Tlie spring brood of moths include moths emerging from the spring brood of pupa'.

The first generation includes:

The first brood of eggs;

The first brood of larvae, which includes both transforming larvte and wintering

larva;; ^
The first brood of pupae, resulting from transforming larva; ~
The first brood of moths, which emerge from transforming pupa; of the same genera-

tion.

1



LIFE HISTORY OF CODLING MOTH IN PECOS VALLEY, N. MEX. 3

The second generation includes:

The second brood of eggs;

The second brood of larvse, which includes both transforming larv-fe and wintering

larvae;

The second brood of pupa', resulting from transforming larvae;

The second brood of nioihs, which emerge from pupae of the same generation.

The third generation includes:

The third brood of eggs;

The third brood of larvse , which includes 1 )oth transforming larvae and wintering larvae

;

The third brood of pupx, resulting from the transforming larvae;

The third brood of moths, which emerge from pupae of the Bame generation.

The fourth generation (not complete) includes:

The fourth brood of eggs;

Thefourth brood of larvse; none of these larvae transform until the following spring.

SEASONAL-HISTORY STUDIES OF 1912.

The rearing material in the spring of 1912 consisted of a consid-

erable number of overwintering larvae which had been collected at

random in near-by orchards. About 500 larvse were collected in

January and early March, and later in March and in early April several

thousand more were secured from the same source. Some 500 larvse

were transferred to "pupation sticks" (figs. 6, 7) for pupal observa-

tion, but the mortality among them was unduly high and many of

them failed to withstand the transfer and reconstruction of cocoons.

The overwintering larvse in the spring were found in poor condition,

many being small and feeble, and even in the field a number of dead

ones were found in the cocoons.

A supply of larvse was transferred from the field station at Douglas,

Mich., both for the purpose of introducing the parasitic hymenop-
terous fly Ascogaster carpocapsae Vier., and to compare the time of

emergence of the moths with specimens native to RosweU, N. Mex.

—

a point of interest in view of the frequent extensive shipment of

lai^vse into localities of variable conditions.

THE SPRING BROOD.

PUPATION OF SPRING BROOD.

The few observations taken on the pupal stage of the spring orood

are not sufficient for conclusions as to the exact length of the pupal

stage, nor the degree of variation in the spring brood of pupae. The
earliest pupa was found in the field March 15, and the earliest moth
appeared in cages from field-collected material April 12, the pupation

period being approximately 31 days. Fully 50 per cent of the insects

were pupse in the field by April 2, and on May 5 about one-half of

the moths had emerged, which shows that the pupal stage for most
individuals was about one month. The pupal stage during the

latter half of the pupal period was much shorter. Records of seven

individuals from March 22 to May 14, give an average of 24.4 days for

the pupal stage.
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EMERGENCE OF SPRINfJ BROOD OF MOTHS.

The time for omergenco of moths from Roswell-collocted rearing

material was contrasted with that Ijrouglit from Doughis, Mich., and

it was found that from the lloswcll material moths emerged several

days earUer than from material introduced from a more northern

location, but were less regular m the number and time of appearance,

although covering almost the same length of time. The Michigan

moths showed a marked maximum of emergence about May 1 ; other-

wise considerable similarity is noted. In tliis connection 542 moths

were reared from the New Mexico material and 506 from the lot

from Michigan. The records for emergence for the spring brood are

given in Table I.*

Tablk r.— Time of emergence of spring brood of codling moth, RosveJl, N. Mex., in

comparison with emen/ence of moths from, materin I from Douglas, Mich., 1912. {See

fig. 1-)

EGG DEPOSITION OP SPRING BROOD OF MOTHS.

In order to secure deposition records on the spring brood, moths
were confined in cages after the first emergence on April 21. From
the 13 moths issuing in cage No. 1, bearing the above date of emer-

gence, the first oviposition occurred Aprd 25—four day^ later—and

oviposition continued for a period of three days, the last deposition

in cage No. 1 occurring April 28, seven days after emergence. The
last oviposition recorded for the entire period covered by observations

' Explanatory note.—It may be well to explain here that each table in this publication should be

considered a unit. Consecutive or succe.ssive tables are not necessarily continuations of tlielife history

of the same indiviiluals. For example, it will be noted that Table XIV is a record of the lenplh of feeding

period of 4X9 transforming larvic of the second generation, while Table X\'I includes observations on

the length of the cocooning period of ordy 2S2 larv;r of this generation. DilTerences of this cliaracter may
be due to natural or artificial cau.ses, such as death of the insects, accidental injury, the removal of

specimens for other purposes, etc.

I
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occurred June 2. Hence the period of oviposition covered practically

38 days.

By a study of Table II it will be noted that the average number of

days from the time of emergence to the time of first oviposition was
4.4 days; the maximum time 7 days, and the minimum time 2 days.

The average duration of the oviposition period was 5.95 days; the

80
75
70
€5
eo
55
50
IS
fO
35
30
SS
BO
15

10
5
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LENGTH OP LIFE OP MOTHS.

Observations wore made on the length of hfe of 335 male moths

and 303 female moths. The average hfe of the male moths was 6.7

days; of the female 8.47 days. The maxhnum length of life of the

male moth was 20 days and of the female 22 days. The minimum
numlxT of days for each sex was identical—2 days.

The records of these observations may be found in Table III.

Tablk 1 1 1 .

—

Length of life of 728 individual male andfemale codling moths of the spring
brood, Roswell, N. Mex., 1912.

Male.
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Table IV.

—

Length of incubation period of eggs of the first brood of the codling moth,
Roswell, N. Mex., 1912.
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Time of hatching.—By reference to Table V it will be noted that

the earliest first-brood eggs hatched May 7, and hatching continued

more or less invgularly until June 2, when the last observation was

made. Hence, eggs of the first brood were hatching for a period of

26 days, and wei'e liatching in largest numbers from May 21 to May
26, reacliing the maximum num])er on May 21.

THE FIRST BROOD OF LARV^.

Length offeeding period of larvse—The length of feeding period of

larviTe of the fii-st brood was determined from observations with 51

in(hvichials as given in Table V. The average length of fcnnling was

21.52 days; maximum, 27 days; minimum, 15 days. In tliis in-

stance the wintering larvae were not isolated from transforming

larvse of the samc^ brood.

Tarlk V.

—

Length offeeding period of larvse of the first brood of the codling moth, Ros-
wcll, N. Mex., 1912.

Pate of
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Table VI.— The making of cocoons by codling-moth larvse of the first brood, Roswell,

N. Mex., 1912.

Date of leaving fruit.
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FIRST BROOD OF MOTHS.

Time of emergence.—Tho records of emergence of first-brood moths

given in Table VIII cover observations with 786 individuals. The

material used in this instance was secured from banded trees in

orchards.

The first moth appeared June 0, while a maximum emergence

occurred June 23, witli irregularly decreasmg numbers thereafter until

July 22, when the last observation was made. The total emergence

of 786 moths covered a period of 43 days.

^cy/v£- ^i/Ly

^«»^^!j)!5^'Q^^^5j^^^5;j^!^;^^^^^--^'^>'o^^'^'>^^^5i,<;j^^^^^5j^^[^5^^^

es
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Table IX.

—

Egg deposition by codling moths of first brood in stock jars at Roswell, N.
Mex., 1912.

Cage No.
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Table X —Length of life of male and female codling moths of the first brood, Roswell,

N. Mex., 1912.

Summan,' of records of 778 individual
moths.
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Table XII.

—

Summary of results from experiments on the separate stages of the first

generation of the codling moth, Rosivell, N. Mex., 1912.

Complete life cycle of first generation.

Number of dajrs.
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Ta in.E XI 1 1 —Length of incubation of second brood of eggs of the codling moth at Roswell,

N. Mex., 1912—Continued.
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Larval life in the cocoon.—The length of the period of time which

the larvse require to construct a cocoon preparatory to pupation or

wintering, is found to vary considerably when large numbers of the

larvae are kept under observation. In Table XVI will be found the

results of observations on 282 individual insects. Of this number 70

larva? required 5 days, and an average period of 5.16 days is found

to exist. Tlic maximum time was 17 days; minimum, 1 day.

Table XVI.- -The making of cocoons of the second generation of the codling moth,
Roswell, N. Mex., 1912.

Date of
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Table XVll.—Pupal sta/je of second brood codlinff 7710th, Rosivdl, N. Mex., 1912.
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Table XVIIL— Time of emergence of codling mntha of the second generntion, Rosivell,

N. Mex., 1912.

Pate of emergenfe.
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Tho time of oviposition in orchards ma}^ be determined with fair

precision from the combined data on the habits of the moths in

captivity and from the results of the rearing experhnents.

In conducting the experhnents, the results of which are shown in

Table XX, eggs of the codling moth were readily obtamed by con-

fining a number of moths together hi cages. It is not possi])le by

this method to dctenninc the number of eggs thus produced, but the

time and* period of egg deposition can be ascertained.

'
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Table XX.~-Egg deposihon by codHngmoths of the secondhrood, Roswell, N. Mex., 1912.

Cage.
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Lengili of life of moths.—Observations in this connection were made

with a total of 1,416 moths confined in cag(>s in order to secure

mortality records. The results obtained with this number of indi-

vidual moths give the average length of life of male moths to be

5.49 days; female moths, 7.58 days; maximum length of life of male

moths, 12 days; female moths, 24 days; the minimum length of hfe of

moths of both sexes is identical, 2 days. These records may be found

in Table XXI.

Table XXI.-

—

Length of life of viale and female codling moths of the second brood.

Summary of records of 1,416 individual moths, Roswell, N. Mex., 1912.

Male.
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THE THIRD GENERATION.

THE THIRD BROOD OF EGGS.

Length of incuhation.—In Table XXIV will be found the results

of 96 observations of eggs of the codling moth in an endeavor to

determine the length of the several stages from time of deposition

until hatching occurs. The average length of time from date of depo-

sition to the appearance of the red ring was 3.22 days; maximum, 5

days; minimum, 2 days. The average time until the appearance of

the black spot was 4.22 days; maximum, 6 days; minimum, 3 days.

From date of deposition until time of hatching the average period

was 5.75 days; maximum, 9 days; minimum, 4 days.

Table XXIV.

—

Length ofincuhation of third brood ofeggs of the codling moth at Rosivell,

N. Mex., 1912.

Observation No.

1.

2.

3
4

5
6.

7.

8,

9
10

n
12

13

14

15.

Ifi

17

IS

19

20
21

22
23

24

25

26
27
28
29
30
31

32
33
34

35
36
37

38
39
40

41

42
43
44

45

46
47
48

49
50
51
52
53
54

Number
of eggs.

53
46
112
30
120
26

506
42

401
103

342
127

192
46

203
151

341
85

432
70

')

195
15

160
15

227
5

158
12

100
8

100

2

307
102
195
12
300
16
90
110
104
6
80
180
200
109
207
77
60
SO
ii6
6

Date of-

Ovipo-
sitiou.

Aug.

July 22
22
23
23
24
24
25
25
26
26
27
27
28
28
29
29
30
30
31

31
1

1

2
2
3
3
4

4

5

5

6

6

Appear-
ance of
red ring.

Aug.

July 24
24
26
2()

27
27
2S
28
29
29
30
20
31

31

1

1

2
2
3
3

4

4

5

5

6
6
7

7

Appear-
ance of
black
spot.

July 25
25
27
27
28
28
29
29
30
30
31

31
Aug. 1

1

2

2

3

3

4

4

5
5
6

6
7

7

8

Hatch-
ing.

Aug.

July 26
27
28
29
29
30
30
31
31

1

1

2

2

3
3

4

4

5

5

6

6
7

7
8

Days for—

Red
ring.

Black
spot.

Incu-
bation.
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Tahle XXIY.—Length ofincubation of third brood of eggs of the codling moth at Eosrrell,

N. Mex., 1912—Continued.

55.

56.

57.

58.

59.

60.
01.
62.

63.

64.

65.
66.

67.
68.

69.
70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.
91.

92.

93.
94.

95.
96.

()l)sorviili(>n No.

Maximum.
Minimum.
Average...

Number
of eggs.

329
123
137

5

120
112
92
225
125
31
142
54
97
7

302
107

75
341

7

IfiO

24
8

52
16
90
6
4

8
162
46
84

16

10
46
16
6
10
4

4

13

20
7

Date of—

Ovipo-
sition.

Aug. 18
18

19
19

20
20
21

21
22
22
23
23
24
24
25
25
26
26
27
27
28
28
29
29
30
30
31
31

Sept. 1

1

2
2
3
3
4

4

5

6
6
7

Appeiir-
unce of

red ring.

Aug. 21
21
22
22
23
23
24
24
25
25
26
26
27
27
28
28
29
29
30
30

Sept. 1

1

2
2

3
3

4

4

5

5
6
6

Appear-
ance of
black
spots.

Aug. 22
22
23
23
24
24
25
25
26
26
27
27
28
28
29
29
30
30
31
31

Sept. 2
2
3

3

4

4

5

5
6
6
7

7
S

8
9
9
10
10

11

12
14

14

Hatch-
ing.

Aug. 23
24
24
25
25
26
26
27
27
28
28
29
29
30
30
31
31

Sept. 1

1

2
3
4

4

5

5

6
6
7

7

8

S

9
9
10
10
11

11

12
12

14

16
17

Days for

—

Rod
ring.

5
2
3.22

Black
spot.

6
3
4.22

Incu-
bation.

9
4

5.75

1 Exact number of eggs not recorded.

Time of JiatcMng.—According to the records in Table XXIV
hatching of eggs of this brood began July 26 and continued until

after the middle of September. A study of the table will show
that hatching in greatest numbers was found to occur between
August 1 and August 8.

THE THIRD BROOD OF LARV.S.

Length offeeding 'period.—K total of 829 individual insects were
kept under observation in order to obtain the records found in Table
XXV. Duruig the progress of the experunents the transforming
larvae were not separated from the wintering larvae, which possibly
influences the average length of the feeding period to some extent.
The records given cover a variation hi the length of the feedmg
period of from 15 to 56 days, or a range of variation of 41 days.
The average length of the period was 26.55 days.
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Larval observations with reference to the length of the cocooning

period of this generation were Hmited to 26 individuals. Of this

total the greatest number, 6, completed the construction of the

cocoon in 4 days. The average length of this period was 6.48 days

as compared with 5.24 days for the first brood and 5.16 days for the

corresponding stage of the second generation. The records for the

cocooning period for the third generation are found in Table XXVI.

Table XXVI.— The making of cocoons of the third brood of the codling vioth, Roswell,
N. Mex., 1912.

Date of leaving
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Table XXVII.

—

Pupal stage of the third brood of the codling moth, Roswell,

N. Mex., 1912.

Date of pupation.
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Table XXIX.

—

Length of life cycle of the third generation of the codling moth, Roswell,
N. Mex., 1912.

Date of egg
deposition.
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time at which it was possible for the stage to begin, while the dotted

lines following the shaded areas represent a possible continuation

of any particular stage as shown by observations which may, in many
instances, represent extreme conditions.

Af^Atr// /ifV?/L AMY JC//V£ jaiy y^iA5. s£Pr ocr
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overwintering larvae in the spring of 1913. Of all the larvae collected

throughout the season of 1912, moths from the transforming larvae

composed 49.32 per cent, almost one-half of the entire number.

Moths emerging from wintering larvae comprised 24.32 per cent of

the total number, while 26.36 per cent of the larvas died without

transforming.

Table 'KX'X.I.—Band recordsfor the codling mothfor the season of 1912, Roswell, N. Mex.
Emergence records completed, 1913.

Collection No. Date of
collecting.

Number
of larvae
collected,

Number
of moths
emerged,

1912.

Number
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The occiirroiKM^ of the larva'; of the codling motli in orchards as

shown by results of the band records is graphically desci-ibed by

means of curves in figure 5. From this figure it may be deduced

that the greatest number of larvae of the first brood leaving the fruit

was found to occur about June 7. Larvae of the second brood

appeared under the bands in greatest jmmbers in the neighborhood

of fJuly 25, or practicaDy 50 days after a maximum was found in the

first brood. With reference to the tliird brood it will be not(>d that

the greatest immber of larvae were found September 14, which is

just 51 days following the corresponding stage of the second genera-

tion. These figures agree very well, however, with the conclusion

M^r
1

^u/vc
1

.juLy
1

^ususT 1 scptcmbcr 1 octobch nor.
O*^***! Qn,tt9l'<J^% ^tS«»t'^'^^"^ OJU**^'^^^ ^'*N^'*>'** ^ttK^*******
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The larvse were from both band-record material and the results

of propagation of the several broods in the rearing shelter.

Many of the larvae had been kept over winter in pieces of decayed

wood and in strips of corrugated paper. These formed a suitable

means of seclusion for the wintering larvse and were kept in glass

jars with easily removable tops, from which the emerging moths

could be taken without difficulty.

METHOD OF PROCEDURE.

Immediately following emergence the moths were transferred to

large glass receptacles covered with white cheesecloth or mushn, and
there allowed to pro-

ceed with mating and

egg deposition. Fresh

pear foliage was
placed within these

receptacles daily, and

while the majority of

the eggs were depos-

ited on the leaves

and stems, frequently

the sides of the jar

would be quite thickly

studded with eggs

when the ninnber of

females per jar was
excessive.

The leaves and the

twigs upon which the

eggs had been depos-

ited were removed
from the containers

daily and placed in

a glass jar in which

a holder or basket

made from wove n

wire of fine mesh, and
containing a number ot medium-size apples, had been inserted.

Only unsprayed fruit was used for this purpose, and care was exer-

cised to make certain that no fruit was used that had been previously

entered by larvse. When the period of incubation was over the

leaves and the twigs were removed, because the presence of the

leaves frequently offered a place for cocooning and pupation, which
was not desirable. Tn figure 6 a sample cage is illustrated, and the

strips of wood which were prepared-and dropped in to provide accept-

able hiding places during cocooning and pupation are also shown.

Fig. 6.—Sample cage used to determine feeding period of codlin?-

moth larvu'. ( Hammar.)
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In order that observations might be made during the peritxl of

cocooniiig and at the time of pupation without disturbing the speci-

jiuMis in tlioir normal manner of procedure, small strips of wood
with shght partitions between them were used, held together by

paper cHps bent at a convenient angle. Over the partitions was

])asted a thin film of mica with a sprinkling of fine sawdust under-

neatli. This device, described in previous publications of the bureau,

proved to suffice throughout the period of experimentation.

Figure 7 is an illustration of the strips of wood used.

Fig. 7.—DcNice used to obtain pupal records of the codling moth. (Hammar.)

THE SPRING BROOD.

SPRING BROOD OP PUP.K.

T'inie of pufation.—The first record of pupation of ovei-wintering

larvae took place March 23, and from that date pupation continued
more or less regularly for a period of 51 days, the last pupation
recorded occurring on May 13.

Length of pupal stage.—The length of the pupal period of the spring

brood has a range of from 12 to 36 days, the majority of the indi-

viduals, however, completing the stage after 26 days had elapsed.

The average for the entire time is found to be 22.97 days. (See

Table XXXII.)
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8PRING BROOD OF MOTHS.

'Time of emergence.—^The emergence of moths of the spring brood

was found to begin as early as April 7 and to continue more or less regu-

larly imtil the first part of June. However, a maximum emergence

was found to occur in the 10-day period between April 17 and 27, in

wliich a total of 1,334 moths emerged. The emergence during this

period represents 58.33 per cent of the entire number which emerged

during 1913, covering a period of 57 days. Further examination of

Table XXXIII will show that of 7,343 larvae, the entire number col-

lected, a sum total of 5,216 moths emerged, being equivalent to 71.04

per cent of the larvse It may be noted in this comiection that 56.19

per cent of tho moths emerged during 1912, while 43.81 per cent

emerged in the spring of 1913.
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The time and rate of emergence of the spring brood of motlis are

ilhistrated diagrammatically in figure 8.

Kgg deposition.—The records on egg deposition ])y individual moths

of tlie spring brood are somewhat hmited, because of the 34 females

isohited in this connection only 9 gave results worthy of record, as

shown in Table XXXIV.
From a total deposition of 257 eggs it will be noted that the maxi-

mum de]:)osition per female was 91 eggs, while the average number
per moth was approximately 28 eggs. On an average 7.33 days

3so
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THE FIRST GENEKATION.

I'lnST I1K(J01> or LiSOH.

Time of dejwsition.—The earliest deposition of eggs of the first

l)r()()(l in roaiijijji; ch^^o'a occurred April 16, and more or less regular

<l('])ositions continued for a period of 45 days. The time for the

occurrence of a maximum deposition, however, would appear to be

near tlie latter part of the period, and the irregularities previously

noticeable are probably due to weather conditions.

Length of incubation.—A total of 212 observations made in this

connection show a range of variation in the length of the incubation

j)eriod of 4 to 11 days. A decrease in the length of the period was

somewhat noticeable as tlie season advanced, although exceptions

occur. An average period of 5.96 days is found for the entire

number. Tiiese results are shown in Table XXXV.
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THE FIRST BROOD OF LARV^.

Length offeeding period.—The length of the feeding period of larvae

of tliis brood covered a range of 22 days, the greatest number, 38, hav-

int' completed the period in 24 days. The maximum time is 38 days,

and the minimum period 16 days. The average period for the entire

212 individuals is found to be 24.45 days, which is 2.93 days greater

than the corresponding period for the first brood in 1912.

Feeding period of wintering larvx.—It is generally conceded that

wintering larvae experience a longer feeding period than those trans-

forming the same season. In Table XXXVI it is sliown that of 15

wintering larvae of the first brood a maximum period of 31 days was

noted; a minimum period of 22 days, with an average period of 25.13

days. This is an increase of but 0.68 day over the feeding period of

the transfoi-ming larvae of this brood.

Table XXXVI.

—

Length offeeding period of wintering codling-moth larvae of the first

brood, Roswell, N. Mex., 1913.
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The emergence of moths of the first generation is shown in the

diagram appearmg as figure 9. The larvae used in these experiments

were collected regularly from May 20 imtil June 22 from banded

trees, and the curve in tliis figure represents the sum total of daily

emergence from these larvae.

JUNC JULY
1
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Of 149 individual insects under observation, 16 were found to have

a total life cycle of 45 days. Two insects required 65 days and
represent a maximum time for the brood; two specimens were found

to have completed the previous stages in 39 days, which is considered

the minimum time. An average time of 46.91 days prevails, and a

range of variation of 26 days is noted.

EGG DEPOSITION BY INDIVIDUAL MOTHS,

Mating.—Records of egg deposition by individual females in cap-

tivity have proven of especial interest in connection with these

studies of the codling moth. Records on egg laying and mating of

tlie ctxUing moth have been very limited, and statements by earlier

investigators have been largely speculative estimates. The lack of

information is due to the difficulty of getting moths to deposit eggs

in a state of captivity, especially when the individual insects are

isolated. Although many thousand moths have been mider obser-

vation it has been only in rare instances that moths have been found

in copula. In 1913 these observations were made for the first brood

of moths, and in Table XLI these observations are listed under

numbers 21, 23, and 48. The moths in connection with observation

No. 21, both male and female, emerged Juno 22 and were found

mating at 10 a. m. on June 24. Eggs were deposited the same day.

The individuals in coimection with observation No. 23, both male
and female, emerged June 24 and mated on June 27 at 8 a. m. Eggs
were deposited during the following night. The moths referred to

as observation No. 48, male and female, emerged July 6 and were
found in copula on July 7 at 9 a. m. and remained so until 2 p. m.
of the same day. The wings of this female were not fully expanded,

and this may account for the long mating, the moth when dead stUl

having the abdomen distended with eggs. Since the moths are very

inactive during the heat of the day it is very probable that mating
takes place at twilight, during warm nights, and in the morning.

Mating also very likely takes place under natural conditions shortly

after the moths take flight after emergence, and as the sexes en-

counter each other.

Egg deposition.—In the course of these investigations it was noted
tliat eggs were deposited in abundance when motlis were confined

togetiier in numbers in large jars. This fact led to further experi-

mentation and male and female moths were isolated, being
removed from the larger jars after two days' confinement, and
placed in smaller jars for observation of egg deposition. The
motlis were first fed on diluted sugar water placed on a smaU piece

of sponge, but this metliod invariably made the jars sticky and in

cotiseqiKMU'e tlie moths died prematurely. Later dried pear leaves
were placed in each jar, each leaf being daily moistened with pure
water. Tlie dried leaves, being black, showed the presence of the
white eggs; the most of the eggs, however, were placed on the side

of the glass jai*s.
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In all, 141 female .moths were taken from the larger jars and

isolated, some of thes(i being aecompanied by males aiitl others being

without males. Of these, 48 furnished oviposition records, as stated

in Table XLI, while 93 of them, or two-thirds of the number, failed.

Of the latter a few eggs resulted, though as far as observed they

were all nonfertilized, one or two being d(>posited a day, thougli the

greater number of the moths did not oviposit at all.

The confining of the moths in this manner results in a very abnor-

mal condition for the insect, and markedly different results may
occur normally in orchards. For instance, it was found that most
of the moths died before all the eggs had been deposited, the dead

females often containing an abundance of fully developed eggs.

Thus the averages here obtained are unquestionably far below what
normally occurs in the field. It is also likely that in many cases

egg laying was delayed. The results, however, show what is possible

in this connection and what might happen even under conditions

considerably removed from the normal with reference to the extent

of egg deposition and length of life of moths.

On an average the first eggs were deposited three days after the

emergence of the moths, while a maximum length of time of 6 days

and a minimum time of 2 days prevailed. The greatest number of

eggs produced by a single female was 200, and the results averaged

80.2 eggs for the 48 females under observation. The moth listed under

observation No. 8, in Table XLI, escaped before the test was con-

cluded and might have deposited more eggs, as the abdomen was stiU

quite distended with eggs. A total of 192 eggs were found in the jar.

As there exists a considerable degree of variation in the size of

moths also, there probably is to be found variation in the number of

eggs laid by each female. Moths of tlie spring brood are, as a whole,

smaller than moths of the first and second broods, and probably arc

less productive than the latter.

In general the moths began ovipositing 3 days after emergence,

although the shortest period was 2 days. The number of eggs

deposited per female per day varied from 1 to 96 and averaged 20

eggs per day for the 48 moths. Normally this number would be

greater. In confinement moths often ceased ovipositing for a day
during the period of deposition, and frequently only one egg was
deposited during 24 hours, although previously and later numerous
depositions were made. On an average, oviposition extended over

5.7 days, and the moths died on an average 2 days after final ovi-

position, although sometimes death occurred the same day. In

1912, deposition records obtained with moths of the first brood

show that the average extent of the deposition period was 4.45 days.

The average length of time from the date of emergence to that of the

last oviposition was almost identical for the corresponding broods of

the two seasons, there being a difference of but 0.55 day.
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.SUMMARY OK KPJCOKUS.

A condensed summary of the records on the stages of the first gen-

eration is found in Talkie XLII. The average of the averages of the

different stages is found to be 47.37 days, as compared witli 46.91

days in the total life cycle column, a difference of but .46 day. The

length of the life cycle of the insect of the first generation of 1912, as

obtained by addition of the separate stages, was shown to be 50.62

days. This number is 3.25 days greater than the corresponding

sum of the length of the several stages of the first generation during

1913.

I
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THE SECOND GENERATION.

THE SECOND BROOD OP EGGS.

Lengtli of incuhation.—Egg deposition of the second brood was

found to cover a period of practically one month, extending from

Juno 11 to July 12, and only a slight variation in the length of the

s(>v('nil incubation observations is noted. It may be found by com-

parison (hat this period is practically 14 days shorter than the cor-

responding period for the first generation. In Table XLIII are

included the records for 505 observations. The length of incuba-

tion varied here from 4 to 7 days. An average of 4.9 days is described

for the entire period.
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THE SECOND JJHUOU OF LAHV.E.

Length offeeding period.—Th(; feeding period of second-brood larvae

is somewhat shorter than has been recorded for the hrst-bi-ood

larvje, and is mainly the result of warmer and more settled wealliei-

conditions than were prevalent at tlie time the first-lmxxl larvae

were feeding within the fruit. A more advanced stage of the fruit

at this later period of the season was also probably conducive to a

shorter feeding period. Of the 505 larvae of the second brood under

observation, one individual insect completed the feeding period in

14 days, the shortest time recorded, while the longest time was 34

days, thus making a range of variation of 20 days. An average of

19.7 days is computed on the whole number under observation,

including both wintering larvae and those transforming the same

season. These records will be found in Table XLIII. The average

length of the feeding period of larvae of the first brood was 24.45

days, thus making an average of 4.75 days greater than larvae of tlie

second brood. Records on the corresponding period obtained during

the season of 1912 sliow an average of 21.23 days.

Feeding period of wintering larvx.—During the period f)f observa-

tions conducted with individuals of the second brood a total of 505

larvae was used, and of this number 100 larvae, or 19.98 per cent,

proved to be wintering larvae. In Table XLIV it is shown that a

maximum of 34 days is found to exist for the feeding period and a

minimum of 15 days, covering a range of variation of 19 days, with

an average feedmg period of 21.13 days. This period is 1.43 days

greater than the average time for the transforming larvae of the same
brood, and is foimd to be practically identical with the corresponding

period of the second generation (hiring the pi-eceding season.
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Larval life in the cocoon.—A comparison of the length of the cocoon-

iug period of the second generation with the corresponding period of

the first generation shows practically no difference, and a fairly con-

stant length of the period may be derived from the figures. Table

XLV records the observations with 400 individuals, and while a

maxunum ]ieriod is represented by 24 days and a minimum time by

2 days, giving a range of variation of 22 days, the results maintain an

average ])eriod of only 5.6 days for all larvae observed. This period

is 0.44 day greater than the length of the cocooning period as observed

with larvae of the same generation during the season of 1912.

Table XLV. -The mnkiiKj of cocoons of Uie second generation of the codling inolh,

Roswell, N. Mex., 1913.

IJate of egg
deposition.
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Table XLVI.—Length ofpupal stage of the codling moth in days of all individvals devel-

oping from eggs deposited on specified dates, second brood, Roswell, N. Mex., 1913.

Date of egg depo-
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Tahle XLVII.

—

Length of life cycle of second generation of codling moth from lime of
egg deposition to emergence of moth, Roswell, JV. Mex., 1913.

Date of egg
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SUMMARY OF RECORDS FOR SECOND GENERATION.

In Tabic XLIX there appears a summary of the records on the

time development of the codling moth of the second generation in

the stages of egg, larva, and pupa. The sum of the average periods

spent in the several stages totals 41.8 days as compared with 41.4

days given as the average length of the life cycle of the second genera-

tion. These figm'es compare very closely with corresponding data

obtained during 1912.
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rm: thihi) <;enekation.

TUIKl) UliOOD OF EGGS.

Time of incubation —Eggs of the third brood were found in tlie

field July 10, and d(>position continued more or less regularly until

August 11, a period of slightly more than one month The length of

tliis period of deposition is found by comparison to be practically iden-

ticiU with that of the second brood, but is exceeded by the correspond-

ing period of the first brood by 13 days. Of 180 observations made, an

average incubation period of 5.3 days is found. These records appear

in Table L. In comparing this period with average incubation

periods of the previous broods, it ^^^ll be noted that the first brood

experienced a somewhat longer incubation period, it being 5.96 days,

wliilc that of the second brood was somewhat shorter, 4.9 days.
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THIRD HROOD OF LARV.E.

Length offeeding period.—In Tabic L are iilso found the records on

tlie leniith of the feeding period of transforming larv-se of this genera-

tion. Of the 180 individual insects under observation in this con-

nection the results show that 81 of the number completed the stage

within IS days. The maximum number of feeding days is 28, the

niiuinunn number 15, and the average is 20 days for the whole

series. This average is found to be somewhat greater than the cor-

responding average for the second brood, but is 4.45 days shorter

than the same time for the first brood.

Feeding period of wintering larvx.—Of the 722 larvje of the third

brood under observation in this connection, 542 or 75.06 per cent,

were found to be wintering larvae. The maximum length of the

feeding period of the wintering larvae was 35 days, as contrasted

with the maximum of 28 days, which is the longest corresponding

jHU-iod for transforming larvae of the same brood. The shortest

feeding period recorded is 14 days, while an average of 21.1 days ex-

ceeds the average period for the transforming larva' by only 1.1

days. See Table LI.
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THIItl) BKOOI) OF I'UP/K.

Length of pupal stage.—Tlie observations made on the length of the

pupal stage of the tlnrd brood, as found in Table LIU, show that of

the entu'e number of 180 individuals accounted for, 53 of that number
completed the pupal period in 11 days. The maximum length of the

stage is shown to be 17 days and the mmimum time 7 days. The

average is found to be 11.4 days and this is practically identical in

length with that of the corresponding period of the preceding brood,

11.6 days, and is exceeded only slightly by the corresponding average

for the fu'st brood, namely, 11.76 days. The average pupal period

for the spring brood, 22.97 days, is found to be almost twice as long

as that of succeeding generations of the same season.

Table LIU.

—

Length of pupal stage of the codling moth in days of all individuals

developingfrom eggs deposited on specified dates, third brood, Rosivell, N. Mex., 1913.

Date of egg
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THIRD BROOD OF MOTHS.

Time of emer'gence.—Because of a slight overlapping of the periods

of emergence of moths of the second and third broods transforming

from larvae collected from banded trees in orchards, the records

showing the time of emergence of moths of the two broods are con-

solidated and appear in Table LV.

The data show the first emergence of moths of the second genera-

tion to have occurred July 6, and a maximum number of moths of

this brood to have appeared on August G, or practically one month
later. Emergence continued c{uite irregularly until September 19,

although moths of the third brood apparently reached a maximum of

emergence on August 28. The variations in the periods of emergence

of the two broods shown by means of curves appear in figure 10, and
illustrate very concisely the features of the periods and the time of

occurrence.

Table LV.

—

Time of emergence of codling moths of the second and third broods, Rosivell,
N. Mex., 1913.

Date of emergence.
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FOURTH BROOD OF LARV^.

Length offeeding.—The first observation of larvae leaving the fruit was
made September 23, after a feeding period of 28 days. Records in this

connection were kept with 125 individual insects and the last larvae were
found leaving the fruit on October 31, thus covering a period of 28
days. All of these mdividuals passed the winter as wintermg larvae.

The maximum length of the feedmg period for larvae of this gen-

eration was found to be 53 days, and the minimum period 25 days,

covermg a range of variation of 28 days. The average feeding period

for the entire time was 38.36 days, as shown in Table LVII. This

average feeding period is 17.26 days greater than the corresponding

average for wintering larvae of the third generation of this season,

and 11.81 days greater than the corresponding average for all larvae

of the third generation during 1912.

MISCELLANEOUS EMERGENCE OF MOTHS.

Records of hourly observations.—In an endeavor to determine the

time of day at which the greatest number of insects leave the pupal

case and emerge as moths, experiments were conducted by using a

number of glass jars in which larvae collected from banded trees had
been placed and on which daily emergence records were taken.

The first observations of the season were made April 28, using moths
of the spring brood. Observations were begun at 7 a. m. and con-

tinued throughout the day at mtervals of one hour until 7 p. m.
Largely because of the cool weather prevailing at that early stage

of the season no emei-gences were fomid to take place until 11a. m.,

when 1 moth was discovered. At 12 noon, however, 35 moths were
found and at this hour a thermograph within the breeding shelter

indicated a temperature of 84° Fahrenheit. At 1 p. m. a total of 14

moths was found and a temperature of 85° F. was recorded and later

noted as being the liighest temperature throughout the day.

On June 24 and 25 similar experiments were again conducted
although no observations were made until 9 a. m., when the greatest

number of accumulated moths was found for any particular hour,

bemg 55 in all. Records show an average temperature of 70° F.,

for that hour on the two days. However, the highest emergence
during the more heated portion of the day occurred at 3 p. m. with

a total of 33 moths and an average temperature of 90° F., for that

hour on the two days.

On August 1 similar records were made with emerging moths of the

second generation, and the first observation of the day was made at 7

a. m., when a total of 19 moths was found. The maximum emergence
of the day, however, occurred at 3 p. m., when 103 individuals were dis-

covered. The temperature records at this hour read 83° F., while the

maximmn temperature of the day occurred at 12 noon and was found
to be 89 ° F. Emergences for other hours throughout the day on which
records were taken were found to be in varying numbers, as is sho^^^l

in Table LVIII. Of a total of 731 records of individual emergences,

55888°—Bull. 429—17—6
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137 occurred at 3 p. m. which, according to these records, can be con-

sidered the hour of maximum emergence.

Tahlh LVIII.—Records of hourli/ emergence of codling moths of the spring brood, and
of the first and second broods, Roswell, N. Mex., 1913.

Date of obser-
vation.
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RESULTS AT ROSWELL.

Banded trees for the experiments at Koswell were selected about

May 15, although no collections are recorded until May 20. Through
the kindness of a number of orchard owners, trees for banding were
obtained as follows: Five trees on the farm of Capt. W. C. Reid, 5

belonging to Mr. H. J. Hagerman; 4 in the orchard of Mr. R. C.

Horner; and 3 in an orchard owned by Mr. Robert Beers. Careful

collections were made from the bands on these trees at intervals of

three days from May 20 until November 7, and an accurate record

kept of the larvae found. By consulting the figures in Table LIX
it will be noted that the maxiriium number of first-brood larvsB

occurring in the field is found to be on May 29, when 833 larvae were

M^y JUNC
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Taulk LIX.—Codling-moth larvae from bands and emergence of moths, Roswcll,
N. Mex., 1913.

Observation
No.
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Table LX.—Band records at Artesia , N. Mex., 191,3.

(Larvae collected by Mr. N. E. Bralnard.)

Record No.
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biincls July 13. The greatest number of second-brood larvae occurred

August 30, 48 days later, and the very probable overlapping of this

brood with larvae of the partial third brood, coupled with a decreas-

ing amount of available fruit during the late summer and early fall,

JUNE JULY
1

/AUGUST SEPTCMBER
I
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The band-record curve

found in figure 13 is in-

tended to show in a gen-

eral way the fluctuating

occurrence of larvae in

the region of Lincoln,

and in addition to illus-

trate the periods when
greatest numbers of lar-

vae may probably be

present.

Wliile the figures in

Table LXI give the nimi-

ber of moths emerging

from each specific collec-

tion, no dates correspond-

ing to these emergences

are included. Reference

to figure 14 will, how-
ever, furnish data show-

ing the number of moths
emerging on specified
days from June 26 until

September 20, after which

date the adults failed to

appear. The somewhat
exceptional fluctuating

feature of the emergences

is here graphically illus-

trated.

RESULTS AT SANTA FE.

Santa Fe is located

somewhat north of the

geographical center of

New Mexico, at an alti-

tude of about 7,000 feet.

While commercial fruit

growing has never been

conducted here on as ex-

tensive a scale as in many
other parts of the State,

the section has long been

settled and the growing

of fruit has been practiced
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ft»r many >a^iirs. Because of the rather exceptionally high altitude

and its possible effect on insect behavior, it was considered desirable

to make band records in this mountain locality.

Through the courtesy of Dr. James Rolls, a number of trees were

obtained for this purpose, and bands placed on them in May. How-
ever, no larvas were found until June 7, when 5 were taken from the

bands, 4 of which proved to be wintering larvae. The maximum
number of larvae of the first brood occurred July 16, the exact date

of the occm-rence of the greatest number of larvae of the second

brood at Roswell. From tliis date on the number collected is so

variable that no very definite conclusions can be drawn. However,

it appears probable that the overlapping of first-brood larvae with a

partial second brood may have taken place about September 5.

Reference to Table LXII will show the great number of wintering

larvae after August 1 and the number of moths emerging from band-

record larvae tln'oughout the season.

Table LXII.

—

Band recordsfor the codling moth at Santa Fe, N. Mex., 1913.

[Larva" collected by Mr. ."Vlfred Rolls.]

Record No.
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gonce of moths from band-record larvae collected at Lincoln the same

season. From a total of 260 larvae removed from the hands at Santa

Fe, 169 larv«, or 65 per cent, proved to be wintering larvae, and 88 of

the entire number transformed the same season to emerge as moths.

SEASONAL HISTORY OF THE CODLING MOTH DURING 1913.

Figure 17 illustrates graphically the seasonal history of the codhng

moth during 1913 with dates of the respective broods and genera-

.JUNC
1

JULY
1

AUGUST 1 SCPTEMBCR 1 OCTOBER 1 NOV. \
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Mollis of tlic spring brood in 1912 were first in evidence April 12

and continuod to emerge to May 28. In 1913 the spring brood of

moths was out from April to early June.

Female moths of the spring brood in 1912 lived on the average 8.47

days and in 1913, 12.88 days. Male moths in 1912 lived 6.7 days.
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Fii'sl-brood larva; in 1012 fed on an average 21.52 days, and in 1913,

24.45 days.

The pupal stage of the first hrood in 1912 averaged 12 days, and in

1913, 11 days.

Moths of the first brood in 1912 were out June 9 and continued to

emerge until July 22. In 1913 first moths were out June 3, the period

of emergence lasting until July 10.

First-brood moths in 1912 oviposited over an average period of

4.45 days, and in 1913, 5.7.

The life cycle of the first generation in 1912 required on the average

51.14 days, and in 1913, 46.91 days.

. Second-brood eggs in 1912 averaged 5.62 days for incubation, with

a minimum of 4, and a maximum of 8 days. The incubation period

of eggs of this brood in 1913 was on the average 4.9, with a minimum
of 4 and a maximum of 7 days.

The feeding period of second-brood larvae in 1912 averaged 21.23

days, and in 1913, 19.7 days.

The pupal stage for second-brood pupae in 1912 averaged 11.23

days, and in 1913, 11.06 days.

The life cycle for the second generation of the codling moth in 1912

averaged 41.26 days, and in 1913, 41.04 days.

Eggs of the third brood in 1912 averaged 5.75 days for the incu-

bation period, with a minimum of 4 and a maximum of 9 days. In

1913 the incubation period for eggs of this brood averaged 5.36 days.

During 1912 third-brood larvae fed on an average of 26.55 days

with a range of from 15 to 56 days, whereas in 1913 the average feed-

ing period for this brood was 20 days, the range being from 15 to 28

days.

The pupal stage of the third brood in 1912 required on an average

14.94 days, with a minimum of 11 and a maximum of 20 days. The
average length of this stage in 1913 was 11.4 days, with a minimum
of 7 and a maximum of 17 days.

The life cycle of the third generation of 1912 required on an aver-

age 48.57 days, with a range of from 36 to 62 days, and in 1912,

43 days, with a range of 34 to 58 days.

Fourth-brood eggs were in evidence in 1913 on August 20, and
oviposition continued to September 8. The incubation period, on
an average, was 7.9 days.

The feeding period of fourth-brood larvae in 1913 averaged 38.36

days, with a minimum of 25 days and a maximum of 53 days. All of

these larvae passed the winter as such.

Records of egg deposition by individual moths were obtained

with females of the spring brood and also of the first and second
broods. The maximum egg deposition by a female of the spring

brood in 1912 was 91 eggs, while the average number per moth was
approximately 28 eggs.
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Tlie liighcst oviposition record established was by a female of the

second brood in 1913, with a total of 259 eggs.

Oviposition may occur two days after the emerge;ice . of moths,

and, on an average, moths of the first brood in 1913 continued ovi-

position over a period of 5.7 days.

The average incubation period for all eggs of the four generations

produced during 1913 was 6.4 days. The corresponding average for

the tliree generations during the season of 1912 was 6.8 days.

Stuches in the insectary of the hourly emergence of moths show

that of 788 records of individuals tlie greatest number, 17.44 per

per cent, emerged at 3 p. m. In general the maximum period of

emergence was found to occur at the time of, or almost immediately

following, the period of highest temperature for the day. There was

some variation from this, however, earlier in the season.

P'ourtii-brood larvae were found leaving the fruit on September 23,

after a feeding period of 28 days. Larvae of this brood persisted as

late as October 21 in the rearing shelter, and the last collection from

bands in orchards showed larvae to be present as late as November 1.

The wintering larvae of 1913, as illustrated in figure 17, were com-

posed of 7.16 per cent of the larvae of the first brood; of 19.98 per

cent of the larvae of the second brood; of 75.06 per cent of larvae of

the third brood; and of 100 per cent of the fourth brood.

The feeding period of wintering larvae of the first brood in 1913

was 0.68 day longer than the corresponding period for the transform-

ing larvae of the same brood. Wintering larvae of the second brood

fed 1.94 days longer than transforming larvae of this brood, wliile the

length of feeding period of wintering larvae of the tliird brood exceeded

that of the transforming larvae by 1.1 days.

The probable efi'ect of sudden changes of temperature on the activi-

ties of the codling moth is illustrated in figure 8. Temperature
records also accompany figure 1.

Successful band records were made during 1913 at Roswell, Artesia,

Lincoln, and Santa Fe. From available data the conclusion is drawn
that at Lincoln there occur two full generations and a partial third,

while at Santa Fe, a more northerly location, there appears to be
but one complete generation, followed l)y a partial second.
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INTRODUCTION.

Sacbrood is an infectious disease of the brood of bees. It is fre-

quently encountered and has often been the cause of fear on the part

of beekeepers through a suspicion that one of the naore serious

maladies—the foulbroods—was present.

The disease is more benign than malignant. It is insidious in its

nature and somewhat transient in its character. The number of

colonies that die as a direct result of sacbrood is comparatively small;

the loss of individual bees from it, however, in the aggregate is

enomious. The loss tends naturally to weaken the colony in which

the disease is present, a fact which makes the disease one of great

economic importance.

58574°—Bull. 431—17 1
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Until recently no laboratory study has been made of this disease.

Circular No. 169, Bureau of Entomology, is a preliminary report on

recent studies made by the writer. The present bulletin represents

the results obtained from a continuation of these studies. Li it are

included only such results as it is beheved can be applied by the

beekeeper directly to his needs or as will be otherwise of particular

interest to him.

HISTORICAL ACCOUNT.

There are a number of references in beekeepmg literature to a dis-

order of the brood of bees which had been recognized by the presence

of dead brood that was different from that dead of "foulbrood."

It will be profitable to cite here a few of these articles:

liangstroth (1857) writes as follows:

TIkmo are two kinds of foul-brood, one of which the Germans call the dry and the

other the moist or foetid. The dry appears to be only partial in its effects and not

contagious, the brood simply dying and drying up in certain parts of the combs. The

moist differs from the dry in this that the brood dies and speedily rots and softens,

diffusing a noisome stench through the hive.

In this statement it will be seen that beekeepers had ab-eady

recognized differences in the brood diseases which caused Langstroth

to write that there were two kinds of "foulbrood." The kind referred

to as "dry" foulbrood might easily have been sacbrood.

Doolittle (1881), foUowmg a description of "foulbrood," writes:

We have been thus particidar in describing the disease [foulbrood] so none can

mistake it; and also because there ia another disease similar, called foul brood, which

is not foul brood. With this last-named, the caps to the cells have very much the

same appearance as in the genuine, but the dead larva is of a grayish color, and instead

of being stretched out at full length in the cell, it is drawn up in a more compact shape.

After a time it so dries up that the bees remove it, and no harm seems to arise from it,

only as there are a few larv;e that die here and there through the combs at different

periods; sometimes never to appear again, and sometimes appearing with the next

season; * * *.

Doolittle, therefore, as early as 1881, had also observed a brood

disease which he says is similar to foulbrood and called foulbrood, but

which is different from the genuine foulbrood. From his description

one cjm readily believe that the disease which he says was not foul-

brood was sacbrood.

Jones (1883), of Beeton, Ontario, Canada, writes the following:

There is also another disease of the larvae which is sometimes found both in Europe
and America, which is more like foul brood than any of the above [chilled, starved,

or neglected brood] and which frequently deceives those who we might claim should
be good judges, but which, however, is not the genuine article. It is a dying of the
brood both before and after it has been capped over. The appearance of tliis and the

genuine is much the same during the earlier stages of their existence, but the former
ia usually removed by the bees and no further trouble ensues.
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It will be noted that Jones also recognized that there was a disease

that resembled somewhat the genuine foul brood, but was different

from it, and that it was also different from chilled, starved, or

neglected brood. Most hkely the disorder referred to in his article

was sacbrood.

Simmins (1887), writing from Rottmgdean, England, points out

the difference between ''deadbrood" and foulbrood:

That foul brood is often confused with simple dead brood I am well aware. * * *

But that every bee keeper may decide for himself without the aid of a microscope,

which is the genuine foulbrood and which is not, I will show how I have always been

able to detect the difference. With simple deadbrood, while some may appear like

the foul disease, much of the older brood dries up to a white cinder, in many cases

retaining its original form, which I have never found to occur when genuine foul-

brood is present. Chilled brood can be distinguished from the more serious malady
in like manner.

In addition to emphasizmg the difference between ''deadbrood"

and '"foulbrood," Simmins says that these two diseases are m turn to

be differentiated from chiUed brood. He adds the additional fact

also that Cheshire had examined this "deadbrood" and failed to find

any microscopic evidence of disease.

Cook (1904), under the heading ''New Bee Disease," writes as

follows

:

In California and some other sections the brood dies without losing its form. We
use the pin-head, and we draw forth a larva much discolored, often black, but not at

all like the salvy mass that we see in foulbrood.

From his description, and from the fact that the disease is quite

prevalent in California, it is very probable that the disorder men-
tioned by Cook is sacbrood.

A study of this " dead brood" recognized by the beekeepers as being

different from foulbrood was begun by the writer in New York State

in 1902, mider the direction of Dr. V. A. Moore. In a brief report

on the work (1904) the following is found:
«

The beekeepers are sustaining a loss from a diseased condition in their apiaries

wliich they ai'e diagnosing as "pickled brood." The larvae usually die late in the

larval stage. The most of them are found on end in the cell, the head frequently

blackened and the body of a watery granular consistency. * * *

The results of the examinations showed that Aspergillus pollinis was not found.

Further investigations must be made before any conclusion can be drawn as to the

real cause of this trouble.

It will be observed from this quotation that the so-called pickled

brood did not conform to the description of pickled brood and could
not therefore be the condition which had called forth the description

of and the name, "pickled brood" (see p. 4).

Burri (1906), of Switzerland, writes:

Dead brood, said to have been black brood, I have occasionally met with in my
investigations. It occurred in the older larvae, and showed a gray to blackish colora-
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tioD, partially drying the larvae until mummified. These larvie of the black-brood

type gave a negative result both in microscopic examination and in the usual bac-

teriological culture experiments. Bacteria seem to take no part in this disease, and

so far as 1 have come in contact with black brood, I have been able to reach no certain

opinion as to its cause. [Translation.]

It is very probable that the disorder encountered by Btirri, which

was free from bacteria, was sacbrood. Out of 25 samples examined

between 1903 and 1905, he found four samples containing this dis-

ease alone, while in a few of the samples the disorder was accom-

panied by one of the other brood diseases.

Kurstemer (1910), of Switzerland, gives a summary of all samples

examined by Bun-i and himself from 1903 to 1909. Out of 360

samples of suspected disease examined, 94 were diagnosed as "dead

brood free from bacteria." These were probably samples of sac-

brood. As shown by his later reports, Kursteiner has continued to

find this disease m the examination of suspected samples.

The foregomg references to the literature show that beekeepers in

different countries had been observing dead brood in their apiaries

which was mihke brood dead of "foulbrood." On this point all of

the observers practically agreed. No name had been given to the

disorder.

NAME OF THE DISEASE.

Before 1912, very httle definite information concerning this

somewhat mysterious disorder of the brood had been obtained.

After discovering its cause and dcterminmg its time nature, the

writer (1913) used the name "sacbrood" to designate it. The
name was coined to suggest the saclike appearance of the dead larvge

in this disease at the time they are most frequently seen by the bee-

keeper.

The fact should here be emphasized that sacbrood is not a new
disease. It is only tlie knowledge concerning the disease and its name
that is of recent origin. It is far better, and in all probability much
more accurate, to think of sacbrood as a disease which has affected

bees longer than history records the keeping of bees by man. The
disease, therefore, has been collecting its toll of death for centuries,

often unawares to the beekeeper. Simply knowing that there is such
a disease should not be the cause of any additional anxiety concern-

ing its losses. On the other hand, less fear should be experienced,

since by knowmg of it hope may be entertauied that the losses resultmg
from it may be reduced.

PICKLED BROOD.

The term "pickled brood" was introduced into beekeeping htera-

ture 20 years ago (1896), by William R. Howard of Texas. The
condition which he described under this term he declared was caused

i
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by ;i fungus to which he ^nxc the name jUijergilhis yollini. In a

second article (1898) he writes that pupae and adult bees, as well as

the larvae, are attacked by the disease, stating his belief that the

disease in adult bees had been diagnosed as paralysis. Technically,

therefore, the term "pickled brood" refers to an infectious disorder

of bees affectmg both the brood and adult bees and caused by a

specific fungus, Aspergillus pollini.

It was particularly unfortunate that these articles on pickled

brood should have appeared at the time they did, as through them
some beekeepers have been led to the mistaken belief that the brood
disease, which they had so long observed as being similar to "foul-

brood," but differing from it, had been described in his articles as

pickled brood.

Whether such a disease (pickled brood) does exist, can not be defi-

nitely stated. It may be said, however, that it probably does not.

The writer has not encountered such a disorder during his study on the

bee diseases. He believes that if the condition is present it cer-

tainly has not attracted the attention of beekeepers to any great

extent. It can safely be advised, therefore, that all fear of losses

from such a possible condition should be dispelled, at least until the

disease is met with again.

It would seem that the name "pickled brood" is being used among
beekeepers at present in a very general sense. Root (1913) writes:

The name pickled brood has been applied to almost any form of dead brood that was
not foul brood. In a rather general way, it seems to cover, then, any form of brood

that is dead from some natural causes not related to disease of any sort'.

This quotation suggests that a number of conditions are most
likely included under the term "pickled brood" as it is popularly

used. Brood dead of starvation and that found dead before capping

and not dead of an infectious disease seem to be referred to especially

by the name.

Beekeepers sending samples of disease to the laboratory have been
asked the question :

" Wliat disease do you suspect V ' In the replies

received more than one disease was sometimes suggested as being

suspected. Out of 189 replies received from beekeepers sending

samples of sacbrood, European foulbrood was suggested in 55 replies,

pickled brood in 39, foulbrood in 19, blackbrood in 15, poisoned brood
in 7, chilled brood in 5, starved brood in 6, American foulbrood in 13,

dead brood in 3, neglected brood in 1, scalded brood in 1, suffocated

brood in 1, and in 24 cases the reply was: "Don't know." These

replies show that beekeepers generally had not learned to recognize

the disorder which is now called sacbrood by any one name.
It is natural to suppose that sacbrood would have been one of the

conditions occasionally referred to under the term "pickled brood."
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As siubriMxl has l)ei'ii proved, however, to be a distinct disease ami

(lidcrcMit from all other disorders, iiatm-ally it is mcorrect to use the

terms "sacbrood" and "pickled brood" synonymously, either in the

popular or in the technical sense.'

APPEARANCE OF HEALTHY BROOD AT THE AGE AT WHICH IT DIES OF
SACBROOD.

By comparing the appearance of healthy brood with that of brood

dead of ii disease, both the description and the recognition of the

symptoms of the disease are often materially aided. Before discuss-

ing the sjrmptoms of sacbrood, therefore, a description of the healthy

brood at the age at which it dies of sac-

l)rood will be given . In this description

the same method will be used and simi-

lar terms employed as will be found in

the description of the symptoms of the

disease.

It will be recalled by those who are

at all familiar with healthy comb in

which brood is being reared that the

brood is arranged in such a way that

capped and uncapped areas occur alter-

nately and in more or less semicircular

fashion . Practically all cells in the un-

capped areas will be without caps while

practically all in the capped areas will

be capped.

Since the brood that dies of sac-

brood, with but few exceptions, does

so in capped cells, a description of such brood involves the form, size,

and position of these cells.

A cell (figs. 1 and 2) may be described as having six side walls, a

bottom or base, and a cap. (The cap has been removed by the beesfrom

the cells from which these figures were drawn.) In general the six side

walls are rectangular and equal. These walls form six equal obtuse

angles within the cell (fig. 1). The angle which is uppermost in the cell

(Ai) is formed by two sides which together may be termed the roof of

the cell. The angle which is lowermost (figs. 1 and 2, Aj) is formed by
two sides which with equal propriety may together be termed the

floor of the cell (fig. 2, F). When a cell is cut along its long axis

' For the purpose of an explanation for those who may have learned to refer to sacbrood by the term
"pickled brood," it might be felt advisable by some to continue for a while in some way a reference to the

latter term. In such an event, the expression " so-called pickled brood " is suggested as being more nearly

accurate than the term "pickled brood."

Fig. 1.—Looking into an empty worker cell

uncapped Ijy bees. The uppermost angle

(.\i),the lowermost angle (Aj), the lateral

wall (L), and the wrinkling of the inner sur-

face of the cell near the opening, indicating

the presence of a mass of cocoons (C), are

shown. Enlarged about 8 diameters.

(Original.)
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the cut surface of the older ones shows the presence of a varying num-
ber of old cocoons (fig. 2, C). Near the mouth of the cell on the side

walls (figs. 1 and 2, C) will often be noted a wrinkling of the surface.

This wrinkling is caused by the presence of old cocoons. The two

remaining walls ^re parallel and will be referred to as the lateral

walls (fig. 1, L). The bottom is concave on the inside. The cap

Fig. 3.—End view of cell capped. The cap is

convex, being recently constructed. (Origi-

nal.)

is also concave on the inside, making
it convex on the outside.

When freshly constructed the sur-

face of the cap (fig. 3) is smooth and

and entire and shows considerable

convexity. Later, not infrequently

it is foimd to be less convex and

somewhat irregular. The cap should

remain normally for the most part

entire (fig. 8). While this is the rule,

there are exceptions to it. The bee-

keeper is familiar with the appear-

ance which suggests that it had not been entirely completed (fig. 11;

PI. II, &).

The long axis of the cell is nearly horizontal, the bottom of the cell

being normally only sUghtly lower than the mouth. The long axis

measures approximately one-half inch, while the perpendicular dis-

tance between any two diametrically opposite side walls is approx-

imately one-fifth of an inch. The side walls are each approximately

one-tenth of an inch wide. It is in such a cell, then, that the brood

of the age at which it c'ies of sacbrood is found.

Fig. 2.—Empty worker cell cut in half along

the long axis of the cell, showing cocoons (C)

at the base and near the mouth of the cell,

and the lowermost angle (A2) formed by the

two walls which constitute the floor (F) of

the cell. Enlarged about 8 diameters.

(Original.)
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APPEARANCE OF A HEALTHY LARVA AT THE AGK AT WHKH IT DIES OF SACBROOD.

The symptoms wliicli differentiate sacbrood from the other brood

diseases are to be found primarily in the post-mortem appearances

of the larva* dead of the disease. As an aid in interpreting the

description of these appearances a description of the healthy larvae

is first made.

Larvre ' that die of sacbrood do so almost invariably after capping

and at some time during the four days just preceding the change in

form of the maturing bee to that of a true pupa.

During the first two days of this prepupal period the larva moves

about more or less in the cell and spins a cocoon. It is then com-

paratively quiet for about two days, lying on its dorsal side and ex-

FiG. 4.—Lateral view of healthy worker larva showmg the normal position within the cell. For conven-

ience of description the length is divided into thirds—anterior third (AT), middle third (MT) and

posterior tliird (PT). Enlarged about 8 diameters. (Original.)

tended lengthwise in the cell. At the close of this two-da}'" period of

rest, as a result of the metamorphosis going on, the larva changes

very rapidly to a true pupa, assuming the outward form of an adult

bee.

Although many larvae die of sacbrood durmg the first two days

cr active period, of the 4-day prepupal period, by far the greater

number of deaths occur during the last two days, the period of rest.

A healtliy larva at this resting period of its development is chosen,

therefore, for description. As dead worker larvae are the ones usually

encountered in sacbrood and the ones almost invariably chosen in

discussing the symptoms of the disease, the worker lai-va is here

described.

The normal larva hes extended in the cell (fig. 4) on its dorsal

side, motionless, and with its head pointing toward the mouth of the

cell. Its posterior or caudal end lies upon the bottom of the cell,

' As iMMJkcepers nsnally refer to the brood at this age as "larvae," the term is used here to designate the
developing beo at this stage of its growth.
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while its extreme anterior or cephalic end extends ahnost to the cap

and roof. The length of the larva is approximately one-half inch,

being nearly that of the cell. Its two lateral sides cover about one-

half each of the two lateral walls. The width of the larva is approxi-

mately one-fifth of an inch, being the distance between the two
lateral walls of the cell.

The dorsal portion of the larva lies against the floor of the cell,

being more or less convex from side to side and also from end to end.

Its ventral surface is convex from side to side, and is, generally speak-

ing, concave from end to end. Considerable empty space is found

between the larva and the roof of the cell. The spiracles are visible.

The ghstening appearance, characteristic of a larva before capping,

very largely disappears after capping. Although larvae at this

age might be thought of as white, they

are in fact more or less bluish white in

color. It is possible to remove a healthy

larva at this age from the ceU without

rupturing the body wall, but care is

required in doing so.

For pm'poses of description it is con-

venient to divide the length of the larva

into three parts. These may be denom-

inated the anterior (AT), middle (MT),

and posterior tliirds (PT).

Anterior third.—On removing the cap

from a cell the anterior cone-shaped

portion of the larva is seen (fig. 5; PL
II, g). The apex of this cone-shaped

third is directed upward toward the

angle in the roof of the cell, but is not in contact with the roof or the

cap. Transverse segmental markings are to be seen. Along a por-

tion of the median dorsal line there is frequently to be observed a

narrow transparent area. A cross section of this third is circular in

outline. The anterior third passes rather abruptly into the middle

third. At their juncture on each lateral side, owing to a rapid increase

in the width of the larva at this point, there is presented the appear-

ance of a "shoulder."

Middle third.—This third (figs. 6 and 4; PL II, m) lies with its dorsal

portion upon the floor of the cell, its axis being nearly horizontal.

The ventral surface is convex from side to side, and is considerably

below the roof of the cell. This upper surface is crossed irom side to

side by well-marked furrows and ridges representing segments of

the larva. These furrows and ridges produce a deeply notched

appearance at the lateral margins. In some of the segments a trans-

verse trachea may be seen appearing as a very fine, scarcely pcr-

58574°—BulL 431—17 2

Fig. 5.—End view of healthy worker larva

in normal position in the cell. Cap
torn and turned aside with forceps. En-
larged about 8 diameters. (Original.)
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ceptiblc, white line. Sometimes there may be seen a narrow area

along the median lino of tho ventral sm-faco that is more nearly trans-

parent than the remaining portion of tho surface. This area may
extend slightly into the anterior and posterior thirds. It is similar

in appearance to the one on the dorsal side, but less distinct. A cross

section of this third is slightly elliptical in outline. The middle third

passes more or less gradually into the posterior third. The juncture

on tho ventral surface is indicated by a wide angle formed by the

ventral surfaces of these two thirds.

Posterior third.—In form the pos-

terior third (figs. 6 and 4) is an im-

perfect cone, the axis of which is

directed somewhat upward from

the horizontal. This third occupies

the bottom portion of the cavity of

the cell. Its dorsal surface lies upon
the bottom wall, with the extreme

caudal end of the larva extending to

the roof of the cell (fig. 4). The
third is marked off into segments

by ridges and furrows similar to,

but less regular than, those of the

middle third.

TISSUES OF A HEALTHY LARVA AT THE AGE
AT WHICH IT DIES OF SACBROOD.

Upon removing a larva in the late

larval stage and puncturing its body
wall lightly, a clear fluid almost

water-like in appearance flows out.

This fluid consists cliiefly of larval

blood. By heating it, or by treat-

ing it with any one of a number
of different reagents, a coagulum is

formed in it. Upon rupturing the

body wall sufficiently, the tissues of the larva flow out as a semiliquid

mass. The more nearly solid portion of the mass appears almost
white. This portion is suspended in a thin liquid, chiefly blood of the

larva. A microscopic examination shows that the cellular elements
of the mass are chiefly fat cells. Many fat globules suspended in the
liquid tend to give it a milky appearance.

SYMPTOMS OF SACBROOD.

The condition of a colony depends naturally upon the condition of

the individual bees of which it is composed. In the matter of diseases

in practical apiculture the beekeeper is interested primarily in the

Fig. 6.—Healthy larva and cell viewed from

above and at an angle. (Original.)
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colony as a whole, and not in individual bees. Therefore, in describ-

ing the symptoms of a bee disease, the colony as a whole should be
considered as the unit for description, and not the individual bee.

A symptom of disease manifested by an individual bee, broadly con-

sidered, is, in fact, also a colony symptom. The symptoms of sacbrood

as described m this paper are, therefore, those evidences of disease

that are manifested by a colony affected by the disease.

It has been found that sacbrood can be produced in a healthy colony

by feeding it a suspension in sirup of crushed larvas dead of the disease.

With sacbrood thus produced in ex-

perimental colonies the symptoms of

the disease have been studied, and the

description of these symptoms given

here is based chiefly upon observations

made in these experimental studies.

The facts thus obtained are in accord

with those observed in numerous sam-

ples of the disease sent by beekeepers

from various localities in the United

States for diagnosis. They are in ac-

cord, furthermore, with the symptoms
as they have been observed in colonies

in which the disease has appeared, not

tlu-ough experimental inoculation but

naturally.

The symptoms of sacbrood which

would ordinarily be observed through

a more or less casual examination of

the disease will first be considered. It

must be remembered that the brood is

susceptible to the disease, but that the

adult bees are not.

SYMPTOMS AS OBSERVED FROM A CASUAL
EXAMINATION. Fig. 7.—Larva dead of sacbrood lying in the

cell as viewed from above and at an angle.

It may have been dead a month. Cap of

cell removed by bees. Enlarged about 8

diameters. (Original.)

The presence of dead brood is usually

the first symptom observed. An irreg-

ularity in the appearance of the brood

nest (PI. I, figs. 1 and 2; PL IV) frequently attracts attention early

in the examination. The strength of a colony in which the disease

is present is often not noticeably diminished. Should a large

amount of the brood become affected, however, the colony

naturally becomes weakened thereby, the loss in strength soon

becoming appreciable. Brood that dies of the disease does so

almost invariably in capped cells, but before the pupal
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Fig. S.—End view of cappotlci'll whit'li coii-

taius a hirva dead of sacbrood, being simi-

lar to the one shown in figure 9. The cap

here is not different from a cap of the same

age over a healthy larva. (Original.)

stage is reached. It is rare to find a pupa dead of sacbrood (PL II,

zz). The larvae that die (fig. 7) are found Ijang extended lengthwise

with the dorsal side on the floor of the cell. They may be found in

capped (fig. 8) cells or in cells which

have been uncapped (fig. 9), as bees

often remove the caps from cells

containing dead larvae. Caps that

are not removed are more often en-

tire, yet not infrequently they are

found to have been pmictured by
the bees. Usually only one pimcture

is found in a cap (PI. II, d), but

there may be two (fig. 10) or even

more (PI. 11,/) . The punctures vary

in size, sometimes approximating

that of a pinhead, idthough usually

smaller, and are often irregular in

outline. Sometimes a cap (fig. 11,

PI. II, h) has a hole through it which

suggests by its position and imiform

circumference that it has never been

comi)leted. Through such an opening (fig. 11; PI. II, e) or tlu-ough

one of the larger punctures the dead larva may be seen within the cell.

A larva recently dead of sacbrood is slightly yellow. The color in a

few days changes to brown. The shade

deepens as the process of decay con-

tinues, untn it appears in some in-

stances almost black. Occasionally for

a time during the process of decay

the remains present a grayish appear-

ance.

In sacbrood, during the process of

decay, the body wall of the dead larva

(figs. 7 and 9) toughens, permit-

ting the easy removal of the re-

mains intact from the cell. The
content of the saclike remains, dur-

ing a certain period of its decay, is

watery and granular in appearance.

Much of the time the form of the

remains is quite similar to that of a

healthy larva. If the dead larva is not removed, its surface

through evaporation of its watery content, becomes WTinkled, dis-

torting its form. Further drying results in tlie formation of the

Fig. ').—Looking into a cell containing a

larva dead of sacbrood. The stage of

decay is about the same as in figure s.

(Original.)
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Fig. 1.—Marked Sacbrood Infection. Size Slightly Less than Natural.
(Original.)

FiQ. 2.—Heavy Sacbrood Infection, Showing a Number of Different Stages
OF Decay of Larv/e. Eggs, Young Larv/e in Different Stages of Develop-
ment, AND Diseased Larv/e in Same Area. Natural Size. (Original.)

SACBROOD PRODUCED BY EXPERIMENTAL INOCULATION.
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Comparison of a Healthy Larva and the Remains of Larv/e Dead of
Sacbrood.

o. Acapof a healthy larva: &,r, rf, e, and/, caps over larv^in first, second, third, fourth, and
fifth stages of decay, respectively; r/, a healthy larva, end view; /(, /, j, k; and I, an end view
of the five stapes of decay; m, a healthy larva viewed from above; v. o, p, q. and r, cor-
responding view of the five stages of decay; .sand.;/, healthy larva removed from the
cell; t, u. V. v\ and z. larval remains in dilYercnt stages of decav removed from the cell;
WW a larva recently dead of sacbrood with the anterior third removed bv the bees; .r, a
scale remcn-ed from the cell; .rx. larval remains from which a small portion has been
removed by bees; ////.almost a pupa; sc, a pupa dead of sacbrood which had only recently
transformed. (Original.)
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"scale'' (ligs. 22, 23; PL 11, /, /', and x). Tliis scale is not adherent

to the cell wall.

In sacbrood the brood combs may be said to have no odor. Larvae

undergoing later stages of decay in the disease, however, when
crushed in a mass and held close to

the nostrils are found to possess a

disagreeable odor.

From a superficial or casual ex-

amination alone of a case of sac-

brood it may be mistaken for some
other abnormal condition of the

brood. A careful study of the post-

mortem appearances of larvjB dead

of the disease, however, will make it

possible to avoid any such confusion.

A more careful study of the dead

larvae is therefore justified.

APPEARANCE OF LARV^ DEAD OF SACBROOD. Fig. 10.—Cap of cell eontaining the remains

of a larva dead of sacbrood. The cap is

slightly sunken and bears two perforations

made by the bees. (Original.)

No signs in a larva dying of sac-

brood have yet been discovered by
which the exact time of death may be determined. As the larvae in

this disease usually die during the time when they are motionless, lack

of movement can not be used as an
early sign of death. In this descrip-

tion it is assumed that the larva is

dead if it shows a change in color

from bluish-white to yellowish or

indications of a change from the

normal turgidity to a condition of

flaccidity.

The appearance of a larva dead
of sacbrood varies from day to day,

changing gradually from that of a

living healthy larva to that of the

dried residue— the scale. A de-

scription that would be correct for

a dead larva on one day, there-

fore, may and probably would be
incorrect for the same larva on the; following day. Moreover, all

larvae dead of the disease do not undergo the same change in appear-

ance, causing another considerable range of variation. For con-

venience of description, this gradual and continual change in appear-

ance is here considered in five more or less arbitrary stages. As the

Fig. 11.—End view ofcell containing a larva

dead of sacbrood, with aeap which has the

appearance of never having been com-

pleted. (Original.)
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SiJiiui ))laii will 1)0 followed juid similar terms will be used in describing

these stages as were employed in the description of a healthy larva

of the same age, the interpretation of the description will be aided

if the appearance of a healthy larva as described above is borne in

mind.
First Stage.

Uncapping a larva showing the first symptoms of the disease, it

will be observed that it has assmned a shghtly yellowish appearance.

Fig. 12.—First stage: I^arva showing first

symptoms of sacbrood and presenting tlie

dorsal view of tlie anterior tliird. Cap
removed artificially. (Original.)

This shade deepens somewhat during

the stage, but does not become a deep

yellow.

Anterior third.—The lateral margins

and extreme cephalic end of the an-

terior third (fig. 12; PI. II, h, li) may
have assimied, and frequently do as-

sume, a more or less transparent ap-

pearance (represented in the figure by
shading). The position and the sur-

face markings of the anterior third are

approximately those of the normal larva. When a change in the

position is observed, however, the extreme anterior end of the larva

—

the apex of this cone-like third—having settled somewhat, does not

approach so near the roof of the cell as does that of a healthy larva.

It is sometimes found also that this cone-like third is deflected more
or less to one side or the other.

Middle and 'positenor thirds.—The changes from the normal that

have taken place in these two thirds are similar and can, therefore, be
described together. The yellowish tint is here observed. The trans-

verse ridges and furrows are still well marked (fig. 13). The trans-

FiG. 13.—First stage: Ventral view of larva

dead of sacbrood as seen from above and at

an angle, giving a ventral view of all three

thirds. Cap torn across. (Original.)

I
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verse tracheae under slight magnification may be distinctly seen.

The narrow, somewhat transparent area present along the ventral

median line of the healthy larva is still to be seen in this stage of the

decay. The lateral and posterior margins are still deeply notched
and are frequently found to appear quite transparent. This appear-

ance is due to a watery looking fluid beneath the cuticular portion of

the body wall.

Sometimes only the renmant of a larva (fig. 14; PI. II, ww) dead
of sacbrood is found in the cell. Such remnants vary in size. The

Fig. 15.—Second stage: Dorsal view of an-

terior third of a larva dead of sacbrood.

(Original.)

surface left from the removal of tissues

is somewhat roughened, indicating that

the removed portion has been taken

away piecemeal, and is more or less

transverse to the larva.

Consistency of the larva in the first

stage.—The cuticular portion of the

body wall, which chiefly constitutes the

sac that characterizes the disease sac-

brood, is less easily broken at this time

than in the healthy larva. When the

body wall is broken the tissues of the

larva, which constitute the contents of

the sac, flow out. This fluid tissue mass is less milky in appearance
than that from a normal larva. The granular character of the con-

tents of the sac which is marked in later stages of decay is already in

evidence. By microscopic examination the granular appearance is

found to be due chiefly to fat cells.

Condition of the virus in the first stage.—When larvae of this stage

are crushed, suspended in sirup, and fed to healthy bees, a large

Fig. 14.—First stage: Portion of a larva

dead of sacbrood, showing a more or less

transverse roughened surface from which
the bees have removed a portion of the

larva piecemeal. (Original.)
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iimoimt of sac'brood is readily produced, showing that the larval re-

mains in tliis stage are particularly infectious. This is an important

fact, as it is the stage of decay at which the larva is frequently re-

moved piecemeal from the cell.

Second Stage.

The color of the decaying larva has changed from the yellowish hue
of the first stage to a brownish tint. The yellow, however, has not

Fig. 17.—Third stage: Dorsal view of an-

terior third of larva dead of sacbrood.

(Original.)

yet in all cases entirely disappeared.

Anterior third.—The shade of

brown is deeper in the anterior third

(fig. 15; PI. II, i) as a rule than in the

other two thirds. On the ventral

surface of the anterior third there are

sometimes present minute, very

dark, nearly black areas, appearing

little more than mere points. Upon
dissecting away the molt skin, these

areas are found to be associated with the developing head and thoracic

appendages of the bee. The position of the anterior third in this

stage has changed only slightly from that observed in the preceding

one. The apex is farther from the roof of the cell (PI. II, i). The
deflection is more marked and is seen in a greater number of larvae

The surface markings have not changed materially.

Middle and posterior thirds.—The changes that have occurred in

each of these two thirds are still similar and can, therefore, again be
described together.

Fig. If). -Second stage: Larvadead of sacbrood,

ventral view. (Original.)
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The ventral surface of these two thirds (fig. 1 6, PI. II, o) is less con-

vex from side to side. The ridges and furrows, representing the seg-

ments, are less pronounced. The lateral margins are still deeply

notched. The prominent angle seen on the ventral side of a healthy

larva, at the jimcture of the middle and posterior thirds, has given

place to a wider one in this stage of decay. The clear subcuticular

fluid frequently observed at the lateral and posterior margins of lar-

vae dead of this disease is here increased in quantity.

Consistency of the contents of the sac.—The cuticular sac is now
more readily observed and less easily

broken. The decaying contents con-

sist of a more or less granular-appear-

ing mass suspended in a watery ap-

pearing fluid, the mass possessing a

slightly brownish hue. The micro-

scopic examination shows that the

granular appearance is due to the

presence of decaying tissue cells,

chiefly fat cells, which are changing

slowly as the decay of the larva goes

on.

Condition of the virus.—The results

of inoculations show that the remains

of larvae at this stage of decay are

still in some instances infectious. The
amount of infection produced when
such larv£e are used in making in-

oculations is very much less, how-
ever, than when larvse in the first

stage are used.

Third Stage.

Fig. 18.—Third stage: Larva dead of sacbrood,

ventral view. (Original.)

The color of the dead larva of this

stage is quite brown, that of the an-

terior third being a deeper shade than

that of the other two thirds. An indication that the remains are

drying is observed in the wrinkhng of the sui-face that is beginning to

be in evidence.

Anterior third.—The color of the anterior third is a deep brdwn.
This third stiU preserves its conelike form (figs. 17 and 9; PL II, j),

the distance of the apex from the roof of the ceU being still further
increased. This may equal one-fourth or more of the diameter of the
mouth of the cell. The surface markings are still quite similar to

those of a healthy larva with the exception that evidences of drying
are present.

58574°—Bull. 431—17 3
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Middle third.—WMle the color of the middle third is similar to

and often approaches in its shade that of the anterior, very frequently

it is considerably lighter. The ventral surface of this third (figs. 18

and 7) is less convex from side to side than in the preceding stage,

and the segmental markings, while still plainly visible, are less pro-

nounced. The notches along the lateral margins are also less pro-

nounced.

Posterior third.—The color of the posterior third (figs. 18 and 7;

PL II, p) equals or exceeds in depth of shade that of the middle

thhd and sometimes equals that of the anterior third. The surface

markings are still pronounced and much resemble those ol the

normal larva.

That the watery content of the sac is being lessened through evapo-

ration is evidenced by the diminution of the quantity of the watery-

FiQ. 19.—Third stage: Larva dead of sacbrood, lateral view. (Original.)

appearing substance seen at the lateral margins of the middle and

posterior thirds and by the wrinkUng of the cuticidar sac. These

wrinkles are small and numerous.

The lateral view of the larva in the third stage (fig. 19) shows that it

still maintams, in ^ general way, the form and markuigs of the normal

larva (fig. 4). The turgidity is gone, although the position in the

cell is very much as it is in the healthy larva.

Consistency of the sac and its contents.—It is the appearance of the

remains of the larva in the third stage of the decay that best character-

izes the disease, sacbrood. The cuticular sac is now quite tough,

permitting the removal of the larva from the cell with considerable

ease and with httle danger of its being torn. The content of the sac is

a granular mass, brownish in color and suspended in a comparatively
small quantity of a more or less clear watery-appearing fluid. Upon
microscopic examination the mass is fomid to consist of decaying
tissues, chiefly fat cells.

Condition of the virus in the third stage.—When the larval remains
in this stage of decay are crushed and fed in sirup to healthy colonies

no sacbrood is produced, indicating that the dead larvae at this stage
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are not infectious. The status of the virus in this stage is not defi-

nitely known, but the facts thus far obtained indicate that it is

probably dead.
Fourth Stage.

The brown color of the larval remains has further deepened, the

anterior third being much darker as a rule than the other two-thirds.

Tlie marked evidence of drying now present might be said to charac-

terize this stage.

Anterior third.—The color is a very deep brown, often appearing

almost black. As a result of drying, the apex of this conelike third

Fig. 20.—Fourth stage: Remains of larva

dead of sacbrood . ( Original
.

)

is often nearer the roof of the cell in

this stage than in the preceding one.

As a result it has also been drawn
inward from the mouth of the cell.

The surface markings seen in the

normal larva are in this stage (fig.

20; PL II, Ic) of decay almost obhter-

ated through the wrinkling of the

surface, due to drying.

Middle third.—This third is de-

cidedly brown, but hghter in shade

than the anterior third. The ventral surface (fig. 21; PI. II, q) is

shghtly concave from side to side. The segmental markings are stiU

to be seen, but are not at aU prominent. The notched lateral mar-

gms extend upon the side walls of the cell. The subcuticular fluid

so noticeable in some of the earlier stages has disappeared through

evaporation. The effect of drying is very noticeable, causing a

marked wrinkling of the surface.

Posterior third.—The posterior third (PL II, q) may or may not be

darker than the middle third, but it is not darker than the anterior

Fig. 21.—Fourth stage: Remains of larva dead
of sacbrood, ventral view. ( Original.

)
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tliird. Tiio effect of the drying on this third is quite perceptible also.

The surface markings and notched margin of the normal larva are

still indicated in the decaying remains, but are much less pronounced.

The subcuticular fluid is no longer in evidence.

Consistency of the contents of the sac.—^Upon tearing the sac, the

contents are found to be less fluid than in preceding stages. The
decaying tissue mass is still granular in appearance. As the drying

KiG. 22.— Fifth Stage: Scale, or larval re-

mains, in sacbrood as seen on looking

into the cell. (Original.)

proceeds further the contents of the

sac become pastehke in consistency.

Condition of the virus in the fourth

stage.—As in the j)recediiig stage, the

larval remains in the fourth stage do
not seem to be infectious.

Fifth Stage.
Fig. 23.—Fifth stage: Scale, or larval remains,

in sacbrood viewed at an angle from aliove.

(Original.)
The dead larva in this last stage

has lost by evaporation all of its

moisture, leaving the dry, mummylike remains known as the "scale."

Anterior third.—Tha anterior third (fig. 22; PI. II, Z) through dry-

ing is retract<>d from the mouth of the cell, with the apex drawn still

deeper into the cell and raised toward its roof. This tliird is greatly

wrinkled, and, being of a very dark-brown color, presents often an
almost black appearance.

Middle third.—Tho middle third (fig. 23; PI. II, r), is deeply
concave from side to side and may show remnants of the segmental it

markings of the larva. The suiface is often roughened through
"

dryhig. Sometimes botli longitudinal and transverse tracheae are
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plainly visible. The margin frequently presents a wavy outline cor-

responding to the original furrows and ridges of the lateral margin of

the larva.

Posterior third.—The posterior third (figs. 23 and 24) extends upon
the bottom of the cell, but does not completely cover it. A lateral

view of the scale (fig. 24) shows that it is turned upward anteriorly

and drawn somewhat toward the bottom of the cell. The ventral

surface is concave, often roughened, and directed somewhat foi-ward.

Tliis margin, hke that of the middle third, has a tendency toward
being irregular.

TTi.e scale.—The scale can easily be removed intact from the cell.

(PL II, X.) Indeed, when very dry, many of them can be shaken
from the brood comb. When out of the cell, they vary markedly
in appearance. The anterior third is of a deeper brown than the

the other two thirds as a rule. The dorsal side of the middle and

p^'/;Wff'iiiMi'¥iiiiiiiiiiiiii/"i'''"'''ii'"''ii"ii!'!ii'i'iii'i('iiHii)niwiii'

Fir,. 24.—Scale, or larval remains, in position in fell out lengthwise, lateral view. (Original.)

posterior tliirds is shaped to conform to the floor of the cell, being in

general convex, with a surface that is smooth and polished. The
margin is thin and wavy. The anterior third and the lateral sides of

the middle and posterior thirds being turned upward, the ventral sur-

face being concave, and the posterior side being convex, the scale in

general presents a boathke appearance and could be styled "gondola-
shaped." This general form of the scale has been referred to by
beekeepers as being that of a Cliinaman's shoe. When completely

dry, the scale is brittle and may easily be ground to a powder.

Condition oftlie virus in the scale.—The scales in sacbrood, when fed

to healthy bees, have shown no evidence of being infectious.

The length of time that dead larvae are permitted by the bees
to remain in the cells before they are removed varies. They may be
removed soon after death, they may remain until or after they have
become a dry scale, or they may be removed at any intervening stage
in tlieir decay. Not infrequently they are permitted to remain to or
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through the stage described above as the third stage (figs. 7, 9,

17, and 18; PL II j, p). That the dead larvae are allowed to remain

in the cells often for weeks is in part the cause of the irregularity ob-

served in the appearance of the brood combs (p. 11). (Pis. I, IV.)

APPEARANCE OF THE TISSUES OF A LARVA DEAD OF SACBROOD.

The gross appearance of a larva during its decay after death from

sacbrood has just been described. The saclike appearance of the

remains, with its subcuticular watery-like fluid and its granular

content, can better be interpreted by knowing something of the

microscopic structure of the dead larva.

A section through a larva (fig. 25, A) dead of sacbrood shows that

the fat tissue constitutes the greater portion of the bulk of the body.

The fat cells (FC) are comparatively large. In the prepared section

when considerably magnified (C) they are seen to be irregular

in outline, with an irregular-shaped nucleus (Nu). Bodies stained

black, more or less spherical in form and varying in size, are found

in them. The presence of these ceUs is the chief catise for the

granular appearance of the contents of larvae dead of sacbrood. This

appearance has often been observed by beekeepers and is a well-

recognized symptom of sacbrood.

In the section (A) may be seen a molt skin (Cj), which is at a con-

siderable distance from the hypodermis (Hyp). Another cuticula

(Cj) is already quite well formed and lies near the hypodermis. Be-

tween these two cuticulae (Cj and C^) during the earlier stages of

decay there is a considerable space (" intercuticular space " ) (IS).

This space is fiUed with a watery-looking fluid. That the fluid is not

water, but that it is of such a nature that a coagulum is formed in it

during the preparation of the tissues for study, is sho\\Ti by the

presence of a coagulum in the sections.

The body (B, A) wall of the larva is composed of the cuticula (CJ,

the hypodennis (Hyp) and the basement membrane (BM). The
hypodermal cells may be present in the mass content of the larval

remains. These cells are comparatively small. Similar ones are to

be found in the tracheal walls (Tra). These cells, however, make
up only a small portion of the contents of the sac.

There are many other cellular elements to be foimd in the decaying

mass of larval tissues, some of wliich contribute to this granular ap-

pearance. Among these are the oenocytes (Oe), cells (D) larger than
the fat ceUs, but comparatively few in number. These are foimd
among the fat cells, especially in the ventral haK of the body. The
oenocytes in the prepared tissues are irregular in outline, having a

nucleus regular in outline. The cytoplasm is uniformly granidar and
does not contain the black staining bodies found in the fat cells (C).
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Fig. 25.—The tissues of a worker larva after being dead of sacbrood about one week. A, cross section,

semidiagrammatic, of the abdomen in the region of the ovaries, showing a recently cast cuticula, or

molt skin (Cs), a newly formed cuticula (Ci), the hypodermis (Hyp), the stomach (St), the ovaries (Ov),

the heart (Ht), the ventral nerve cord (VNC), the dorsal diaphragm (DDph), tracheae (Tra), oeno-

cytes (Oe), and fat cells (FC). Between the cuticula C2 and the cuticula Ci is a considerable intercu-

ticular space (IS). B represents the body wall in this patholo,t,ical condition, showing the cuticula C2

and the cuticula Ci, both bearing spines (SC2 and SCi), and the intercuticular space (IS) in which is

found evidence of a coagulum formed from the fluid filling the space by the action of the fixing fluids.

The remainder of the body wall, the hypodermis (Hyp), and the basement membrane (BM) are also

shown. C, fat eeU with irregular outline, irregular nucleus (Nu), and deep staining bodies (DSB).

D, cenocyte with uniformly staining cytoplasm, and with a nucleus (Nu) having a uniform outline.

E, a portion of the stomach wall showing the epithelium (SEpth) during metamorphosis, it being at

this time quite columnar in type, and the musculature (M). (Original.)
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The molt skin (Cg) is probably the one that is shed normall}^ about

three days after the larva is capped. The cuticula (Cj), abeady quite

well formed, is probably the one which normally would have entered

into the formation of the molt skin that is cast at the time the larva

or semipupa changes to a pupa. The molt skin (Cg) constitutes for

the most part the sac which is seen to inclose the decaying larval

mass in sacbrood, the cuticula (CJ probably assisting somewhat

at times. The presence of the subcuticular fluid is made more intelli-

gible by these facts. Larvie dying of sacbrood at an earlier or later

period in their development will present an appearance varying

somewhat from that just described.

Contrasted with the stomach (midintestine or midgut) of a feeding

larva, the stomach (A, St) of a larva at the age at which it dies of sac-

brood is small. The cells lining the wall of the organ vary con-

siderably in size and shape, depending upon the exact time at which

death takes place. In contrast to the low cells of the stomach wall in

younger larvae, the cells (E, SEpth) at this later period are much elon-

gated. These cells would also at times be found in the decaying

granular mass present in the larval remains.

The various organs of the body contribute to the cellular content

of the decaying larval mass. At the period at which the larva dies

of sacbrood, the cellular changes accompanying metamorphosis are

particularly marked. This condition introduces various cellular ele-

ments into the decaying larval mass.

The granular mass from the larval remains in sacbrood is, therefore,

a composite affair. Upon examining the mass microscopically, it wiU

be found that the granular appearance is due for the most part to

fat cells suspended in a liquid. The Hquid portion seems to be

chiefly blood of the larva, or, at least, derived from the blood, although

augmented most probably by other liquids of the larva and possibly by
a liquefaction of some of the tissues present. The granular mass

suspended in a watery fluid, as a symptom of sacbrood, is by these

facts rendered more easily understood.

CAUSE OF SACBROOD.

Doohttle (1881), Jones (1883), Simmins (1887), Root (1892 and

1896), Cook (1902), Dadant (1906), and others through their writ-

ings have pointed out the fact that there are losses sustamed from
sacbrood. There has been no consensus of opinion, however, as to

the infectiousness of the disease. On this point Dadant (1906)

writes

:

Whatever may be the cause of this disease (so-called Pickled Brood'), and although

it is to a certain extent contagious, it often passes off without treatment. But, as

colonies may be entirely ruined by it, it ought not to be neglected.
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In the quotation Dadant expresses the belief that the disease is an

infectious one. This view has been proved by recent studies to be the

correct one. Since the disease is one of a somewhat transient nature,

often subsiding and disappearing quickly without treatment, and is

quite different in manyways from thefoidbroods, it is not strange that

some writers should have held that it is not infectious.

PREDISPOSING CAUSES.

Beekeepers have known for many years certain facts concerning the

predisposing causes of sacbrood. Recent studies have added others

relative to sex, age, race, climatic conditions, season, and food as

possible predisposing factors in the causation of the disease.

Age.—The results of the studies suggest that adult bees are not

directly susceptible to the disease. Pupre are rarely affected (PI.

II, 2z). If one succumbs to the disease, it is quite soon after trans-

formation from the larval stage. Primarily it is the larvte that are

susceptible. When a larva dies of the disease, it does so almost

invariably after capping, and usually during the 2-day period immedi-

ately precedmg the time for the change to a pupa.

Sex.—Worker and drone larva? may become infected. Queen larvae

apparently are also susceptible, although this point has not yet been
completely demonstrated.

Race.—No complete immunity against sacbrood has j^et been found
to exist in any race of bees commonly kept in America. That one
race is less susceptible to the disease than another may be said

to be probable, although the extent of such immunity has not been
established.

The question: "What race of bees is there in the diseased colony ?
"

was asked beekeepers sending samples of diseased brood. Out of 140
replies received from those sending sacbrood samples, 53 reported
hybrids, 49 reported Italians, 21 reported blacks, and 17 reported
Italian hybrids. These replies show that the bees commonly kept by
American beekeepers are susceptible, although their relative suscepti-

bility is not shown.

The bees which have been inoculated in the experimental work
on sacbrood have been largely Italians or mixed with Italian blood.

Blacks have also been used. No complete immimity was observed
in any colony inoculated. That the blacks are more susceptible

than strains having Italian blood in them is suggested by some of the
results. Facts concerning the problem of immunity as relating to

bees are yet altogether too meager to justify more definite state-

ments.

Climate.—Historial evidence strongly suggests that sacbrood is

found in Germany (Langstroth, 1857), England (Simmins, 1887),

58574°—Bull. 431—17 4
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and Switzerland (Burri, 1906). Boulme (191.3) reports its presence

in Australia, and Balir (1915) has encountered a brood disorder

among bees in Denmark which he finds is neither of the foul broods.

He had examined 10 samples of it but had not studied it further.

He says it may be sacbrood.

About 400 cases of sacbrood have been diagnosed by Dr. A. H.

McCray and the Avriter among the samples of brood received for

examination at the Bureau of Entomology. A few of these were

obtained from Canada. Whether the disease occurs in tropical

climates or the coldest climates in which bees are kept has not yet

been completely established.

The mountains and coast plain of the eastern United States, the

plains of the Mississippi Valley and the moimtains, plateaus, and coast

plain of the western portion of the country have contributed to the

number of samples examined. It occurs in the South and the North.

Its occurrence in such Avidely different localities is proof that sac-

brood is of such a nature that it can appear under widely different

climatic conditions. The relative frequency of the disease, further-

more, is not materially different in the different sections of the country.

It must be said, however, that the extent, if any, to which the dis-

ease is affected by climate has not yet b^en determined.

The practical import of these observations regarding climate, of

particular interest here, is that the presence of sacbrood in any region

can not be attributed entirely to the prevailing climatic conditions.

Season.—It has long been known that sacbrood appears most often

and in the greatest severity during the spring of the jear. As is

shown by the results obtained in the diagnosis of it in the laboratory,

the disease may appear at any season of the year at which brood is

being reared. In the inoculation experiments sacbrood has ])een

produced with ease from early spring to October 21. While it is thus

shown that the brood is susceptible to sacbrood at aU seasons.

A-arious factors together cause the disease to occur with greater

frequency dm'ing the spring.

Food.—Before it was known that sacbrood is an infectious dis(>ase

the quantity or quality of food was not infrequently mentioned by

beekeepei's as being the cause of the disease. Since a filterable virus

has been shown to be tlie exciting cause of tlie diseas(\ it is left to be

considered whether food is a predisposing cause. The distribution

of the disease mentioned above, under the heading ''Climate," here

again serves a useful purpose. Since it occurs in such a wide range

of localities, wherein the food and water used by the bees vary as

greatly almost as is possible in the United States, the conclusion may
be (lra\vn that its occurrence is not dependent upon food of any

restricted character. Furthermore, sacbrood is found in colonies

having an abundant supply of food, as well as in colonies having a



SACBEOOD. 27

scarcity. It has been produced experimentally in colonies under

equally varying conditions in regard to the quantity of food.

While it is possible that the quantity or quahty of food may influ-

ence somewhat the course of the disease in the colony, the role played

by food in the causation of sacbrood must be slight, if indeed it con-

tributes at all appreciably to it. Practically, therefore, for the

present it may be considered that neither the quality nor quantity

of food predisposes to this disease,

EXCITING CAUSE OF SACBROOD.

That sacbrood is an infectious disease was demonstrated by the

writer (1913) through experiments performed during the summer of

1912. This was done by feeding to healthy colonies the crushed

tissues of larvae dead of sacbrood, suspended in sugar sirup. The
experiments were performed under various conditions, and it was
found that the disease could be produced at will, demonstrating

thereby that it was actually an infectious one.

In the crushed larval mass no microorganisms were found either

microscopically or culturally to which the infection could be attrib-

uted, although the experiments had proved that the larva dead of

the disease did contain the infecting agent. This led to the next step

in the investigation, which was to determine whether the virus was
so small that it had not been observed, and whether its nature would
permit its passage through a filter. The first filter used for this

purpose was the Berkefeld.

The process by which the filtration is done is briefly this: Larvae

which have been dead of saclirood only a few days are picked from
the brood comb and crushed. The crushed mass is added to water in

the proportion of 1 part larval mass to 10 parts water. A higher

dilution may be used. This aqueous suspension is allowed to stand for

some hours, preferably overnight. To remove the fragments of the

larval tissues stiU remaining, the suspension is filtered, using filter

paper. The filtrate thus obtained is then filtered by the use of the

Berkefeld filter ^ (fig. 26) properly prepared. The filtering in the

case of the coarser filters especially can be done through gravity

alone.

To determine whether any visible microorganisms are present

in this last filtrate, it is examined microscopically and culturally.

W])en found to be apparently free from such microorganisms, a quan-

tity of it may be added to sirup and the mixture fed to healthy colo-

1 The Berkefeld filter consists of a compact material (infusorial earth) in the form of a cylinder. A glass

mantel (A) in which is fixed the filter forms a cup for holding the fluid to be filtered. Having filtered

the aqueous suspension of crushed sacbrood larvte through paper, the filtrate is then filtered by allowing

it to pass thi-ough the walls of the Berkefeld cylinder (B). The filtrate from this filtration is collected

into a sterile fiask (F) through a glass tube (D) with its rubber connection (C). In filtering in this instance

gravity is the only force ased.
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iiios. Wlion all this is properly done, sacl)ro()d will appear in the

inociilalctl colonies. This shows that the virns ^ of tliis disease, to a

Fig. 26.—IJerkefeM filter (B) with the glass mantle (A), glass tubmg (D), a tonnectmg rubber
tubing (C), and a flask (F) with a cotton plug (E). (Original.)

certain extent, at least, passes through the Berkefeld filter. With
this filter the virus is therefore filterahle.

> In referring to the infecting agent in sacbrood, the term "virus'' is preferable to the terms "germ" or
"parasite." In relation to the disease, however, its meaning is the same as that conveved bv the latter
terms.
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In the study of the virus of sacbrood use has been made also of
the Pasteur-Chamberland fiUer ' (fig. 27). This is a clay filter, the
pores of which are much finer than those of the Berkefeld used. In
using this filter, an aqueous suspension of larv^ dead of the disease
is prepared as before. This is filtered by the aid of pressure obtained

^'
: 7.t ^T^'''''''*

apparatus which can be employed m using the Pa5tem--Chamberland
Berkefeld and other filters. Pasteur-Chamberlajid filter (b) with a glass mantle (a), a rubber stopper (e)through which passes the filter, a connecting rubber tubing (d), glass tubmg (e), a perforated rubberstopper (f), a vacuum jar (g), designed by the writer, in which is placed a cotton-stoppered and steril-ized flask, a glass stopcock (h), a vacuum gauge (i), a reservoir (m) with pressure-rubber connections
(J), and a vacuum pump (k). (Original.)

by means of a partial vacuum in an apparatus devised for this pur-
pose. Filtrates obtained from this filter when fed to healthy colonies
produced the disease. Since the virus of sacbrood wiU pass through

iThe Pasteur-Chamberland filter consists of clay molded in the form of a hollow cvlinder and baked
1 his IS used with a glass cylinder (a) fitted with a rubber stopper (c). In the use of this filter force isemployed. This was obtained for these experiments through the use of a jar (g) devised by the writer in

^
hich a partial vacuum can be produced. Ln this jar, is placed a flask plugged with cotton'and sterilised

( onnecions are made as shown in the illustration, the vacuum bemg produced through the use of thepump (k). In less than half an hour usually a half-pint of filtrate can be obtained with this apparatus
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Iho pores of the Pasteur-Chamberland filter also, it is therefore fii-

torablo and is very properly referred to as a " filterable "^ virus.

In considering the virus of sacbrood it is suggested that the bee-

keeper think of it as a microorganism ^ which is so small or of such

a nature that it has not been seen, and which wiU pass through the

pores of fine clay filters. This conception of it will at least make it

more easily imderstood.

WEAKENING EFFECT OF SACBROOD UPON A COLONY.

The firet inoculations in proving that sicbrood is an infectious

disease were made on June 25, 1912. Two colonies were used,

each being fed with material from a different source. The inocu-

lation feedings were made on successive days. Sacbrood having

been produced in the colonies, the inoculations were continued

at intervals throughout July and August. During this period, a

large amount of sacbrood was present in both colonies. By the end

of July these colonies had become noticeably weakened, and by the

end of August they had become very much weakened, as a result of

the sacbrood present in them. On September 5 one of the colonies

swarmed out.

The brood (PI. IV) of this colony, large in quantity, was practically

all dying of sacbrood. The other colony, when examined on Sep-

tember 16, was found to be very weak. At this time, however, most
of the dead brood had been removed and healthy brood was being

reared. This colony mcreased in strength and wintered successfully.

The results obtained from the inoculation of these two colonies

demonstrated not only that sacbrood is an infectious disease, but

also that the disease in a colon}^ tends to weaken it. The results

indicate also that a colony may be destroyed by the disease, or it

may recover from it, gain in strength, and winter successfully.

Each year since 1912 two or more colonies have been fed sacbrood

material at intervals during the brood-rearing season for the purpose

of obtaining disease material for experimental purposes. The inocu-

lated colonies in aU instances have shown a tendency to become
weakened as a result of the inoculations.

The death of the worker larvae is the primary cause for the weak-
ness resultmg from the disease in a colony. Another point to be

thought of is that dead sacbrood larvie remaining in the cells for

weeks, as they not infrequently do, reduce the capacity of the brood
nest for brood rearing, which has a tendency also to weaken the colony.

' In searching the tissues of larvae dead of sacbrood and the filtrates obtained from thom nothing has been
discovered by the aid of the microscope, or culturally, which has yet been demonstrated as beinj; the infect-

ing ajjent. This bein^ true, the virus could be spoken of tentatively as an " idtramicroscopic virus." !t

is preferable, for the present, ho\vc\er, to refer to it simply as a fdterable virus.

'There is some question whether, in the ca.se of diseases having a \irns which is filterable, the infecting

agent is in every instance a microorganism. The evidence is strong, however, that it is.
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AMOUNT OF VIRUS REQUIRED TO PRODUCE THE DISEASE, AND THE
RAPIDITY OF ITS INCREASE.

Assuming the virus of sacbrood to be a very minute microorgan-

ism, the number of germs present in a larva dying of the disease must
be considered as exceedingly large. Whether a single germ taken

up by a larva will produce the disease in every instance, or in any
mstance, is not known. If the disease does result at any time from the

ingestion of a single germ, all of the conditions, it may be assumed,

must be especially favorable for the production of the disease. From
what is known of diseases of other animals and of man, and from the

results thus far obtamed in the study of sacbrood, it is well, at present,

to assume that the number of sacbrood germs taken up by a larva

may be so small that no disease results.

It is certain, however, that a comparatively small number of

sacbrood germs ingested by a larva about two days old are sufficient to

produce the disease. That the few germs thus taken up can increase

within the larva- during an incubation period of five or six days to

such a vast number as is assumed to be present in a larva dymg of

the disease indicates the extreme rapidity with which the germs are

able to multiply.

The minimum quantity of virus necessary to produce a moderate

infection in a colony has not been definitely determined. It was
found by experiments, however, that the virus contained in a single

larva recently dead of the disease was sufficient to produce a large

amount of sacbrood in a colony.

As a very rough estimate, it may ])e said that the quantity of virus

in a single larva dead of sacbrood is sufficient, when suspended in

half a pint of sirup and fed to a heaithy colony, to produce in-

fection in and death of at least 3,000 larvae. Startmg tjien with the

virus contained in a single larva, in less than one week it would

easily be possible to have 3,000 larvae dead of the disease, which

means that the virus has been increased 3,000-fold within one week.

This latter amount of virus would be sufficient to produce an equal

amount of infection in 3,000 colonies, increasing the amount of virus

again 3,000 -fold. In less than two weeks, therefore, theoretically

it would be possible to produce a sufficient amount of virus to infect

9,000,000 colonies, more colonies probably than are to be found at

present in the United States. Carrying the idea somewhat further,

within three weeks, theoretically enough virus could be produced

to inoculate every colony in existence.

These facts are sufficient to indicate somewhat the enormous

rapidity with which the virus of sacbrood is capable of increasing.
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METHODS USED IN MAKING EXPERIMENTAL INOCULATIONS.

Tho lal)oratory study of bee diseases being new, it has been neces-

sary ill many instances to devise new methods. In the experimental

inocnlationsOf Ixm^s tho methods used have undergone revision from

time to time. Those

now employed have

proved r[uite satis-

factory.

As the virus of sac-

brood has not been

cultivated in the lab-

oratory artificially, it

has been necessarj^in

these investigations

to inoculate a large

number of colonies,

A nucleus of bees

that could be accom-

modated on from 3

to 6 brood frames

was found to serve

very satisfactorily

the purpose of an ex-

perimental colony.

The c}ucen should al-

ways be clipped. The

frames are placed in one side of a 10-framo hive body (fig. 28). Over

the entrance to the hive is placed wire cloth, leaving a small space

of about 1 inch in length on the side occupied by the brood frames.

Petri dishes * (fig. 29) serve well the purpose of a feeder. Both

halves of the dish are used

as receptacles. These are

placed, preferably about

four of the halves, within

the hive on the bottom
board on the side not occu-

pied by frames. The hives

of the experimental apiary

(PI. Ill) are arranged
chiefly in pairs, with the entrances of consecutive rows pointing in

opposite directions. The space occupied by the apiary should bo

' A Petri dish, a much-used piece of apparatus in a laboratory, is simply a shallow, circular, plass dish

with a flat bottom and perpendicular sides. It consists of two halves, a bottom and a top. These arc

very similar. The top half, being slightly larger, fits over the bottom one when the two halves are placed

together.

Fig. 28.—The hive as it is employed to house and feed a colony used

for experimental inoculations. Here are shown four Ifoilman

frames, a division board, four open Petri dishes as feeders, and the en-

trance nearly closed with wire cloth, the opening being on the side

of the hive body occupied by the colony. The dimensions indicated

are approxunate. The angle at which the hive was photographed

for th is drawing caused its length to appear foreshortened . ( Original
.

)

Fig. 29.— Petri dish. The top half is slightly raised, 'iliosft

used here are 4 inches in diameter. (Original.)
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broken up, preferably by trees or shrubbery. By these means, it

will be observed, there is a tendency to minimize the likelihood of

robbing, swarming, absconding, and accidental straying or drifting

of bees to foreign colonies.

In preparing the material with which the colony is inoculated,

larvae in early stages of the disease are picked from the brood

frames, crushed, and added to sugar sirup. The _
crushed mass from 10 or more sacbrood larvse, sus-

pended in somewhat more than half a pint of sugar

sirup, has been found to be a suitable quantity of the

infective material to use in making an inoculation.

The suspension may be fed to the bees as one feeding

or more. The inoculation feedings should be made as

a rule toward evening to avoid the tendency to rob,

whichmay be noticed during a dearth of nectar. Inocu-

lations should not be made when the tendency to rob

is at all marked.

Before a colony is inoculated it should be deter-

mined that its activities are normal. A colony should

not be inoculated for several days after it has been

made by division, or immediately after its removal

from a foreign location. An experimental colony when
inoculated should have larvae of all ages, and a queen

doing well.

Between five and six days after a colony has been

inoculated with sacbrood virus, the first symptoms of

the disease are to be expected. The finding of capped

larvae having a slightly yellowish hue (fig. 12; PI. II,

h, ?i) is the best early symptom by which the presence

of the disease may be known.

Another method of inoculation may be used and

under certain circumstances is desirable. The method
is more direct than the one just described. The
crushed tissues of a diseased larva are suspended in a

small amoimt of water or thin sugar sirup. With a

capillary pipette (fig. 30) made from small glass tubing,

a very small amount of the suspension is added di-

rectly to the food which surrounds the healthy larva

in the cell. This is easily done. Having drawn some of the suspen-

sion into the pipette, carefully touch the food in the cell surround-

ing the larva with the point of the pipette. A small amount of the

suspension will flow out and mix with the food. Larvae approxi-

mately two days of age should be selected for feeding. A dozen

Fig 30—CapUlary
pipette. A piece
of glass tubing
drawn to capil-

lary size at one
end. Reduced to
tliree-fourths of

the size used.
(Original.)
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or more should be fed in making an inoculation. The area of

brood inoculated may be designated by marking on the brood frame,

or by removing the brood from around the area inoculated, thus

marking it off.

MEANS FOR THE DESTRUCTION OF THE VIRUS OF SACBROOD.

Although the virus of sacbrood may increase with great rapidity,

fortmiately it is quite as readily destroyed. Nature supplies many
means by which this may be accomplished. While theoretically a

sufficient amount of virus may be produced within one month to

inoculate all the bees in existence, within another month, if left to

natural means alone, practically all such virus would be destroyed.

This latter fact constitutes one of the chief reasons for the compara-

tively rapid self-recovery of colonies from this disease.

It was observed in the experiments that larvae dead of sacbrood

when left in the brood comb ceased to be infectious in less than one

month after death.

HEATING REQUIRED TO DESTROY SACBROOD VIRUS WHEN SUSPENDED
IN WATER.

Approximate results have been published (White, 1914) relative

to the heating that is necessary to destroy the virus of sacbrood

when it is suspended in water. Li the following table are given

some results which have been obtained

:

Table I.—Effect ofheating on the virus of sacbrood suspended in waters

Date of inoculation. Temperature.
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In performing thesii experiments a crushed mass,

representing from 10 to 20 larvae recently dead of the

disease, is diluted to about 10 times its volume with

tap water. About one-half ounce of this suspension is

placed in a test tube (fig. 31), almost filling it. The
tube is stoppered with a perforated cork, bearing a

short glass tube of small caliber and drawn at one end

to capillary size. This is all immersed in water at a

temperature to which it is desired that the virus shall

be heated. It requires nearly five minutes for the tem-

perature of the suspension in the tube to reach that of

the water outside. After reaching the degree desired

the temperature is maintained for 10 minutes, after

which the tube is removed and the contents added to

about one-half pint of sirup. The suspension is then

fed to a healthy colony. If by such a feeding no sac-

brood is produced, the vhus is considered as having

been destroyed by the heating. On the other hand,

if the disease is produced it follows naturally that the

virus had not been destroyed.

HEATING REQUIRED TO DESTROY SACBROOD VIRUS
WHEN SUSPENDED IN GLYCERINE.

In determining the amount of heating that is necessary

to destroy the virus of a disease when it is suspended

in a liquid, the results should always be given in terms

of at least the three factors, (1) degree of temperatm-e,

(2) time of heating, and (3) the medium in which the

virus is suspended.

With the virus of sacbrood the results vary markedly,

depending upon the nature of the liquid in wliich the

suspension is made. To illustrate this point the re-

sults of a few inoculation experiments are given here

in which the virus was heated while suspended in

glycerine.

Table II.

—

Effect produced by heating the virus of sacbrood suspended

in glycerine.

Date of inoculation.
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In these inoculations it will be observed that a temperature some-

what greater than 158° F. (70° C.) maintained for 10 minutes was

necessary to destroy the virus of sacbrood when it was suspended in

glycerine, while a temperature somewhat loss than 140° F. (60° C.)

is sufficient to destroy it when suspended in water (p. 34). The same
technique was employed when glycerine was used as the suspending

medium as was employed when water was used as the medimn.

The same stram of virus was used in both instances. The point

here illustrated is of special interest in connection with the heating

of honey containing the virus of sacbrood.

HEATING REQUIRED TO DESTROY SACBROOD VIRUS WHEN SUSPENDED
IN HONEY.

From the results obtained by heating the virus of sacbrood in

glycerine as given above it might ])e expected that a higher tempera-

ture would be necessary to destroy the vu'us when it is suspended in

honey than when it is suspended in water.

In determining the heating necessary to destroy the virus when
suspended in honey the technique followed was similar to that

employed when water and glycerine suspensions were used. The
virus used in the inoculations bearing the date 1915 was of the same
strain in all instances.

Table III.

—

Results obtained when the virus of sacbrood was heated in honey.

Date of inoculation.

June 1, 1915.
June 11, 1915

Do
June 4, 1915.
June 24, 1915

Do
June 1, 1915.
June 18, 1915
Julys, 1915..
Aug. 2.S, 1915
Aug. 7, 1915.
Aug. 28, 1915
Junel, 1915.
Aug. 7, 1915.
June 1, 1915.

Temperature.

'F.
140
145
149
154
156
158
158
158
160
160
163
163
167
167
176

'C.
60
63
65
68
69
70
70
70
71

71

73
73

75
75
80

Time of
heating.

Minutes.
10
10
10
10
10
10
10
10
10
10
10

10
10
10
10

Results of inoculation.

Sacbrood produced.
Do.
Do.
Do.
Do.
Do.

No disease produced.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

As shown by the results recorded in Table III, the virus of sacbrood

when suspended in honey was destroyed in 10 minutes at a tempera-
ture very near 1 58° F. (70° C.) . This temperature is more than 18° F.

(10° C.) greater than the temperature required to destroy in the same
time the virus when suspended in water and approximately equal to

that necessary to destroy it when suspended in glycerine.
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RESISTANCE OF SACBROOD VIRUS TO DRYING AT ROOM TEMPERATURE.

In the experiments made for the purpose of determining the amount

of drying which the virus of sacbrood will withstand, larvae recently

dead of the disease were used. These are crushed, strained through

cheesecloth, and the crushed mass poured into Petri dishes (fig. 32) to

the extent of a thin layer for each dish, the material in each being the

crushed remains of about 30 larvae. These are placed in a drawer,

shielding the larval material from the light. The drying then pro-

ceeds at the temperature of the room. This temperature varied

greatly from day to day, sometimes being as high as 93° F. (34° C).

At intervals, reckoned in

days, after the preparation

of the virus, colonies are

inoculated. An aqueous

suspension is made of the

drying larva] content con-

tained in a Petri dish.

This is added to sirup, and

the sirup suspension is fed to a healthy colony,

gave the following results

:

Fig. 32.—Open Petri dish. One-lialf of Petri dish, either

top or bottom. (Original.)

The experiments

Table IV.

—

Resistance of sacbrood virus to drying at room temperature.

Date of inoculation. Time of drying. Results of inoculation.

Aug. 8, 1914..

Aug. 14, 1914,

Sept. 6, 1915.
July 1,1915..
Sept. 28, 1915
July 6, 1915..
Sept. 3, 1915.
Sept. 27, 1915
Oct. 9, 1914..
July 29, 1915.

Sept. 3, 1915.
Do

May 22, 1915.
Do

3 days
7 days
13 days
16 days
18 days
20 days
22 days
26 days
28 days
28 days
35 days
45 days
7 months 12 days
7 months 21 days

Sacbrood produced.
Do.
Do.
Do.
Do.
Do.

No sacbrood produced.
Do.
No.
Do.
Do.
Do.
Do.
Do.

From the results recorded in Table IV it will be noted that the virus

of sacbrood in the experiment referred to withstood drying at room
temperature for approximately tlu-ee weeks.

The inoculations made during the third week indicated, by the re-

duced amount of sacbrood produced, that much of the virus had
already been destroyed. Obtaining negative results from the use of

larval material which had been drying more than seven months tends

toward eliminating the possibility tliat the virus possesses a resting

stage.
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Similar preliminary experiments made to determine the amount of

drvino- which the virus of sactrood will withstand at outdoor tempera-

ture and at incubator temperature (about 99° F. [37° C.]) gave results

approximately those obtained from drymg at room temperature, the

time being somewhat less in the case of drying at incubator tempera-

ture.

Prelinunary experiments indicate also that when the virus is mixed

with pollen and allowed to dry the period for which it remains virulent

is increased only slightly.

RESISTANCE OF SACBROOD VIRUS TO DIRECT SUNLIGHT WHEN DRY.

In the experiments made to determine the amount of sunlight

which the virus of sacbrood is capable of resisting, Petri-dish prepara-

tions similar to those made in the drying experiment were prepared.

After drying a few hours in the room the uncovered dish is exposed

to the direct rays of the sim. At different intervals, measured in

hours, inoculations of healthy colonies are made similar to those in

the drying experiments. The following results were obtained

:

Table V.

—

Resistance of the virus of sacbrood, when dry, to direct sunlight.

Date of inoculation.

Time of

exposure
to sun's
rays.

Results of inoculation.

Sept. 17, 1915.

Julv29,1915..
Sept. 17, 1915.

Sept. 16, 1915.

Do
Do

Aug. 25, 1915.
Sept. 10, 1915.

Do
Sept. 9,1915..

Do
Aug. 19,1915.
July If), 1915.
Aug. 20, 1915,

Sept. 11, 1915

Hours.
2
2h
3
4
5
6
6
4
5
7

9
12
13

18
21

Sacbrood produced.
Do.
Do.
Do.
Do.
Do.
Do.

No disease produced.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

The results recorded in Table V show that the virus of sacbrood in

the experiments made was destroyed in from four to seven hours'

exposure to the direct rays of the sun. The results obtained also

indicate that much of the virus was destroyed in a 2-hour exposure

to the sun.

It wiU be readily appreciated that the time that the virus will

resist the sun's rays \yi\\. depend a great deal upon the intensity of

the rays at the time of its exposure and the tliickness of tlie layer

of the infective larval material in the Petri dish. The drying that
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would natm-ally take place during the exposure to the sun would

tend also to destroy the virus, but as the resistance to drying is better

given in weeks than days, this factor may be disregarded here.

RESISTANCE OF SACBROOD VIRUS TO DIRECT SUNLIGHT WHEN SUS-
PENDED IN WATER.

In the experiments made for the purpose of determining the resist-

ance of the virus of sacbrood to the direct rays of the sun when
suspended in water, Petri dishes were again used. About 1 J ounces of

the aqueous suspension containing the crushed tissues of 30 larvae is

poured into the dish and exposed to the direct rays of the sun. After

intervals reckoned in hours the inoculations of healthy colonies are

made. Tlie contents of a single Petri dish are added to about one-

half pint of sirup and the suspension fed to a healthy colony. The
following results were obtained from the experiments

:

Table VI.- -Resistance of sacbrood virus to the direct rays of the sun when suspended in
water.

Date of inoculation.

Time of

exposure
to sun's
rays.

Results of inoculation.

Sept. 10, 1915
Aug. 20,1915.
Sept. 14, 1915
Aug. 24, 1915,

Aug. 18, 1915,

Sept. 9, 1915.,

Sept. 10, 1915
Aug. 24, 1915

Do
Aug. 16, 1915.

Sept. 8, 1915..

Do
Sept. 9, 1915.

Do
Aug. 25,1915,
Aug. 20, 1915.

July 13, 1915.
Aug. 26, 1915.

Hours.
1

2
2
2
3

4

4

5

4

5
5
6

7
8

10

12

13

13

Sacbrood produced.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

No disease produced.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

From Table VI it will be seen that when suspended in water the

virus of sacbrood was killed in from four to six hours.

The aqueous suspensions in the Petri dishes in these experiments

did not reach by several degrees the temperature 138° F. (59° C.) at

which the virus is destroyed readily by heating (p. 34). Naturally

experiments of the natin-e of those in tliis group will vary in aU cases

with the intensity of the sun's rays to wliich the virus is exposed.

The exposures were made in these experiments between 9 and 4

o'clock, the sun's rays toward the middle of the day being most
often used.
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RESISTANCE OF SACBROOD VIRUS TO DIRECT SUNLIGHT WHEN SUS-
PENDED IN HONEY.

The crushed and strained tissue mass of larvae dead of sacbrood

was suspended in honey and exposed to the direct rays of the sun.

To prevent robbing by bees, closed Petri dishes were used. At

intervals reckoned in hours healthy colonies were inoculated, each

with the virus from a single Petri dish. The exposures were made
during the day between 9 and 4 o'clock, preference being given to

the hours near midday. The group of experiments conducted on

tliis point gave the following results:

Table VII.

—

Resistance of the sacbrood virus to direct sunlight when suspended in honey.

Date of inoculation.

Time of
exposure
to sun's
rays.

Results of inoculation.

Aug. 24, 1915.

Do
Aug. 18, 1915.

Sept. 9, 1915..

Sept. 10, 1915.

Aug. 24, 1915.

Aug. 16, 1915.

Aug. 25, 1915.

Sept. 8, 1915..

Do
Sept. 9, 1915..

Do
Aug. 25,1915.
Sept. 11, 1915
Aug. 26, 1915.

Sept. 11, 1915

Hours.
Sacbrood produced.

Do.
Do.
Do.
Do.
Do.

No disease produced.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

From the results of the experiments recorded in Table VII it will

be observed that the virus of sacbrood when suspended in honey

was destroyed by the direct rays of the sun in from five to six hours.

These figures represent the time for destruction of all of the virus

used in each experiment. The results obtained from the experi-

ments indicate, however, that much of it was destroyed earlier.

LENGTH OF TIME THAT SACBROOD VIRUS REMAINS VIRULENT IN

HONEY.

In devismg methods for the treatment of sacbrood it is of particular

interest to know the length of time that the virus will remam virulent

when it is in honey. Experiments have been made to gain data on

tliis point. Larvae recently dead of sacbrood are crushed, strained,

and suspended in honey. About one-half pmt of the suspension,

representing the virus from about 30 dead larvae, is placed in each of

a number of glass flasks. These are allowed to stand at room temper-

ature, being shielded from the light by being placed in a closed cabinet.
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After periods reckoned in days inoculations of healthy colonies are

made. The following results have heen ohtained:

Table VIII.

—

Length of time the virus of sacbrood remains virulent in honey.

Date of inoculation.

June 17, 1915.
June 4, 1915..
Oct. 2, 1915...

Sept. 3, 1915..

July 29, 1915..

June 30, 1915.
Do

July 17, 1915..

Oct. 21,1915..
Sept. 8, 1915..

May 13, 1915..

May 6. 1915...

May 4, 1915...

May 18, 1915..

Sept. 3, 1915..

Time
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A small quantity of soil is added to inoculate the suspension further.

This is then distributed in test tubes (fig. 33), the quantity in each tube

representing the virus from about 15 larvae. These suspensions are

allowed to remain at room temperature, shielded

from the light. Under these conditions fermenta-

tion goes on rather rapidly.

After intervals reckoned in days colonies free

from the disease are inoculated, each with the

suspension from a single tube. Results from
such inoculations are given in the following table:

Table IX.

—

Resistance of sacbrood virus to fermentation in a 10
per cent sugar solution at room temperature.

v_y

Date of inoculation.
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four volumes of water to one of ripened honey to obtain tlie strengtli

recommended. The honey solution by volume, therefore, is about

20 per cent honey.

A suspension of the virus of sacbrood in such a solution is dis-

tributed in test tubes placed in an empty hive body and allowed to

ferment at outdoor temperature. After periods reckoned in days

colonies are inoculated as was done in case of the sugar solutions

described above. The following results were obtained from the

experiments performed

:

Table X.

—

Resistance of sacbrood virus to fermentative processes in a 20 per cent honey
solution at outdoor temperature.

Date of inoculation. Results of inoculation.

Sept. 11, 1915,

Sept. 13, 1915.

Sept. 14, 1915.

Aug. 4, 1915..
Sept. 15, 1915,

Sept. 14, 1915,

Sept. 22, 1915.

Sept. 17, 1915,

Sept. 8, 1915..

Sacbrood produced.
Do.

No disease produced.
Do.
Do.
Do.
Do.
Do.
Do.

In the presence of fermentative processes takmg place in a 20 per

cent honey solution at outdoor temperature it will be observed that

the virus of sacbrood in the experiments recorded in Table X was
destroyed in six days. The outdoor temperature during these

experiments was quite warm. Had it been cooler, the time for the

destruction of the virus would have been somewhat increased. In

the making of vinegar it may be concluded that the virus of sacbrood,

should it be present in the honey used, would be destroyed in a com-

paratively short time as a result of fermentation.

RESISTANCE OF SACBROOD VIRUS TO THE PRESENCE OF PUTREFACTIVE
PROCESSES.

Larvae containing the virus of sacbrood are crushed and suspended

in water. A small quantity of soil is added. The suspension is

strained and distributed in test tubes. These are allowed to stand at

room temperature in a state of putrefaction. After periods reckoned

in days colonies free from the disease are inoculated, each with the

contents of a single tube added to sirup. From experiments of this

kind the results tollowiiier have been obtained.
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TAULii; XI.

—

Resistance of sacbrood virus to putrffaciion.

Date of inoculation.

Aug. 6, 1914..

Aug. 7, 1914.

Aug. 10, 1914

.

July 20, 1915.

Sept. 13, 191.')

Sept. 14, 1915
July 22, 1915.

Julys, 1915..
May 22, 1915

.

Sept. 22, 1915

Aug. 18, 1915,

Sept. 16, 1914

Sept. 25, 1914

July 1,1915..

Time of
putrefac-

tion.

Days:

Results of inoculation.

Sacbrood produced.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

No disease produced.
Do.
Do.
Do.
Do.

From Table XI it will be noted that the virus of sacbrood was

destroyed in the experiments recorded in from 7 to 10 days. As in

the case of fermentation, so in the case of putrefaction, it is to be

expected that the time for the destruction of the virus will vary

appreciably with the temperature at which the putrefactive processes

take place.

RESISTANCE OF SACBROOD VIRUS TO CARBOLIC ACID.

Larvae recently dead of sacbrood are crushed and stramed. This

Larval mass is diluted with carbolic acid in aqueous solution. About

10 parts of carbolic acid to 1 part of the larval mass is used. This

suspension is distributed in test tubes and allowed to stand at room
temperature. Each tube contains the virus from about 15 larvje.

After periods, reckoned in days, colonies free from disease are inocu-

lated, each with the contents of a single tube added to sirup.

C^xrbolic acid solutions of ^, 1, 2, and 4 per cent were used m mak-

ing the suspensions. The followmg results were obtained from tlic

experiments

:

Table XII.

—

Resintnnce of sachrnorl virus to carbolic acid.

Date of inoculation.

Sept. 3, 1914.
Sept. 18, 191

1

Sept. 3, 1914.

Sept. 17, 19U
Aug. 12, lOl.'i

Aug. 20, 191.5

May 14, 19iri.

Sept. 3, 1914.

Sept. 18, 191

1

June 2:J, 1915
Sept. 17, 191,-.

Aug. 12, 1915
Aug. 21, 1915
June 4, 1915.

Strength
of car-

bolic acid
used.

Per cent.

Time in

siispen-

Day.t.

1

If.

24

38
50
50

2.iH

1

10

25
38
50
.iO

251

Tlesults of inociilal ion.

Sacbrood produced.
Do.
Do.

No diseivse produced.
Do.
Do.
Do.

Sacbroo<l jiroduced.
Do.
Do.

No disease jtroduced.
Do.
Do.
Do.



SACBROOD. 45

Table XII.

—

Resistance of sacbrood vints to carbolic acid—Continued.

Date of inoculation.

Strength
of car-

bolic acid
used.
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Technically the foregoing studies should be thought of as being

preliminar}". Questions relating to vnulence of the virus, resistance

of the bees, technique, and many other factors contribute to make
results such as these vary. For practical purposes, however, they

are sufficiently complete. In estimating the time necessary for the

destruction of the virus in practical apiculture by any of the fore-

going tables of results it should be emphasized that the time element

should be somewhat increased, inasmuch as the conditions present in

the experiments were more favorable for its destruction than would

ordinarily be the case in practice.

MODES OF TRANSMISSION OF SACBROOD.

The transmission of a brood disease must be thought of as taking

place (1) from diseased to healthy brood within a colony and (2) from

a diseased colony to a healthy one. The manner in which sacbrood

is spread naturally depends dii-ectly upon the modes by which the

virus of the disease is transmitted.

As is shown experimentally, the virus of sacbrood produces the

disease when it is added directly to the food of young larvge or when
it is mixed with sirup and fed to a colony. From this fact it is fair

to assume that sacbrood may result whenever the food or water used

by the bees contains the living virus of the disease.

Bees have a tendency to remove diseased or dead larvsB from the

cells. When the removal is attempted about the time of death, it

is done piecemeal. Each fragment removed from such a larva, if

fed to a young healthy larva within a week, would most likel}'

produce sacbrood in the larva. Within the hive, therefore, the dis-

ease may be transmitted to healthy larvae more or less directly in

this way.

Just what becomes of these bits of tissue removed from the dis-

eased larvaj, however, is not known. If it were the rule that the

tissues of the dead larva after being removed in fragments were fed

unaltered to the young healthy larvaB within two weeks after its

removal, it would seem that the disease would increase rapidly in

the colony as a result. Such an increase, however, is unusual, the

tendency in a colony being in most cases toward a recovery from
the disease.

This fact leads one to think of other possibilities regarding the

destiny of the infected tissues removed as fragments from the dis-

eased larva?. If the infective material were fed to the older h.rva^,

death ])robably would not result. Should it be used by adult bees as

food for themselves, the likelihood of the transmission of the dis-

ease under such circumstances would apparently be very materially

reduced. If tlie infective material were stored with the honey and

1
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did not reach the brood within a month or six weeks, it is not prob-

able that the disease would be transmitted under such circumstances

(p. 41). Should the dead larvae or any fragments of them be car-

ried out of the hive, the virus would have to be returned to the

hive, as a matter of course, before further mfection of the brood

could take place from such infective material.

It is left to be considered in what way the infective material if

removed from the hive might be returned to the brood and infect

it. Should any material containing the vhus reach the water sup-

ply of the bees, or the flowers visited by the bees, it is within the

range of possibility that some of the living virus might be returned

to the hive and reach healthy young larvss.

While out of the hive, however, the virus must withstand certain

destructive agencies in nature. Under more or less favorable cir-

cumstances it would withstand drying alone for a few weeks (p. 37),

but if exposed to the sun it might be destroyed in a few hours, (p 38).

If the virus were subjected to fermentation it might be destroyed

within a week (p 43), and if subjected to putrefaction, within two

weeks (p. 44).

The experimental evidence indicates that the virus, once out of

the hive and freed from the adult bees removing it, during the

warmer seasons of the year, at least, has but little chance of being

returned to the hive and producing any noticeable infection. In the

experimental apiary (PI. Ill) a large number of colonies have been

heavily infected with sacbrood through experimental inoculation,

and no infection was observed to have resulted in the uninoculated

colonies. If tlu-oughout the main brood-rearing season the usual

source of infection were the flowers or the water supply, a quite

different result would be expected.

Tentatively it may be concluded, therefore, that the probability of

the transmission of the virus of sacbrood by way of flowers visited

by bees, practically considered, is quite remote, being, however, to

a limited extent theoretically possible.

It would seem that there is a greater likelihood of the water supply

being a source of infection than flowers. The chances for infection

from this source, should it occur at all, would be greater in the

sprmg, as at such a time the quantity of uifective material in dis-

eased colonies is greater, increasing the chances that some of it

might be carried to the water supply and contaminate it, and fur-

thermore, the destructive agencies in nature are at tliis time less

efficient.

Bees drifting or straying from infected colonies to healthy ones

must be thought of as possible transmitters of the disease. That
the disease is not spread to any great extent in this way is evidenced
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by the fact that colonies in the apiary that were not inocuJated

experimentally remained free from disease, although many colonies

in the apiary were heavily infected at the time.

Sacbrood has a tendency to weaken a colony in which it is present.

Frequently this weakness is noticeable and often marked. Rob-

bing, which occurs not infrequently at such a time, results in the

transmission of the virus, to some extent at least, directly to healthy

colonies. Robbing, therefore, must always be considered as a prob-

able*means of transmission.

The modes of transmission of sacbrood within the colony and from

colony to colony, as will be seen, are not by any means completely

determined. In what way the sacbrood virus is carried over from

one brood-rearing season to another is one of the many problems con-

cerning this disease that are yet to be solved. The foregoing facts,

accompanied by the brief discussions, it is hoped, will thi'ow some
Hght upon this important phase of the study—the transmission of

this disease—and will serve as an aid to later researches.

DIAGNOSIS OF SACBROOD.

The diagnosis of sacbrood can be made from the symptoms already

described (p. 10). The colony may or may not be noticeably weak-

ened. The adult bees are normal in appearance. Scattered here and

there on the brood frame among the healthy brood are found dead

larvae in the late larval stage. Usually there are only a few of them,

yet sometimes there are many. These larvae may bo in capped or

uncapped cells. When found in uncapped cells, however, the cap-

pings had already been removed by the bees after the death of the

larvae. The cap over a dead larva in a cell may be found punctured

or not. The brood possesses no abnormal odor, or practically none.

The post-mortem appearances of larvae dead of the disease are espe-

cially valuable in making the diagnosis. The larva is fomid extended

lengthwise in the cell and on its dorsal side. Throughout the period

of decay it will be found to maintain much of the form and markings

of a healthy larva of the age at which it died. Soon after death the

larval remains are slightly yellow. After a period tlit^y assume a

brownish tint. Since the brown color deepens as the process of decay

and drying takes place, the r<^mains may be found having any one of

a numbiu" of shades of brown. They may appear at times almost

black.

After death the cuti(;ular portion of the body wall becomes tough-

ened, permitting the easy i-tunoval of the larva intact from the cell.

When removed, the saclike appearance of the remains becomes easily

apparent. Upon rupturing the cuticAilar sac the contents are found
to be a brownish, granular-appearing mass suspended in a compara-



SACBROOD. 49

tivoly small quantity of more or loss clear liciuid. Tho scales formed

by the di'ying of the decaying remains are easily removed from the

cells. After becoming quite dry many of them indeed can be shaken

from the brood comb.

Upon crushing larvaewhich have been found dead for some time but

not yet dry, a marked unpleasant odor will be noticed if the crushed

mass is held near the nostrils.

Microscopically no microorganisms are to be found in the decay-

ing remains of the larvte. Cultures made from them are also nes-

ative.

Differential diagnosis.—Sacbrood must be differentiated from the

other brood diseases.

American foulbrood may be recognized by the peculiar odor of the

brood combs when the odor is present. The body wall of the larval

and pupal remains is easily ruptured, and the decaying mass becomes
viscid, giving the appearance popularly referred to as "ropiness."

The scale adheres quite firmly to the floor of the cell. The presence

of Bacillus larvse in tho brood dead of the disease is a positive means
by which it may be differentiated from sacbrood.

European foulbrood may be recognized by the fact that the larvae

as a rule die while coiled in the cell and before an endwise position is

assumed. In the majority of instances, therefore, death takes place

before the cells are capped. The saclike appearance characterizing

the dead larvae in sacbrood is absent. The granular consistency of

the decaying mass is absent also. Microscopically, a large number of

bacteria are found in larvae dead of European foulbrood, but are

absent in larvae dead of sacbrood. The presence of Bacillus pluton

is a positive means by which European foulbrood may be recognized.

Bacillus alvei and other species may also be present,

Sacbrood must also be differentiated from other conditions re-

ferred to as chilled brood, overheated brood, and starved brood,

which occasionally are encountered. This can be done by a compar-
ison of the syTaptoms presented by these different conditions with the

symptoms of sacbrood, and the history of the cases. Some of the

larvae dead from these conditions will be found to have died while

yet coiled in the ceil. This fact suggests some condition other than
sacbrood. Wlien dying later, the saclike remains characterizing sac-

brood are not present in conditions other than sacbrood,

PROGNOSIS.

The tendency in a colony affected with sacbrood is to recover from
the disease. Colonies which during the spring months show the pres-

ence of more or less disease, by midsummer or earlier may, and very
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frequently do, contain no (lis<^as(?d hiood. Experimontally it is pos-

sible to destroy a colony by IVuiding it repeatedly the virus of sac-

brood, and beekeepers report that the disease sometimes destroys

colonies in their apiaries. The percentage of colonies, however, that

actually die out as a dh-ect result of the disease is small. The weak-

ening of the colony in the spring of the year not only reduces or entirely

eliminates the profits on it for the season, but may also cause it to

be in a weakened condition on the approach of wintcn-.

\Miether a larva once infected ever recovers from the disease is not

known. Reasonmg from what is known of the diseases of other ani-

mals and man, one would expect that a larva may recover from sac-

brood infection. It is known that many larvas, both worker and

drone, do die. From the information thus far obtained it does not

appear that a queenless colony would be likely to remain so as a con-

sequence of the disease.

As to the prognosis of the disease in a colony it may be said, there-

fore, that it is very favorable for the continued existence of the colony.

As to the economic losses to be expected from the disease, the present

studies suggest that they may vary from losses that are so light as not

to be detected upon examination to losses that may equal the entu'e

profits of the colony for the year. Indeed, at times the death of the

colony takes place as a result of the disease.

RELATION OF THESE STUDIES TO THE TREATMENT OF SACBROOD.

An earher paper (Wliite, 1908) contams a brief general discussion

of the relation existmg between the cause of bee diseases and the

treatment of them. The general remarks made m it apply also to

sacbrood. No doubt the beekeeper m studying the results given

here has already observed relations existing between them and points

which should be mcorporated m methods for treatment. Mention-

ing a few of them here may serve to suggest still others.

That the weakness resulting in a sacbrood colony is due to the

death of worker larvae; that adult bees are not susceptible to the

disease; that queenlessness is rarely to be expected as a sequence

of the disease; that the disease may be produced with ease at any
time of the year that brood is being reared; that it occurs at all

seasons, but is more frequently encoimtcred in the spring; that it

is found in localities differing widely as to food and chmatic con-

ditions; and that no complete racial [immimity to the disease has

yet been found are facts concerning the predisposing causes of sac-

brood which beekeepers will at once recognize as bearing a close rela-

tion to the methods by which the disease should be treated.

As sacbrood can not occur in the absence of its exciting cause

(a filterable virus), a knowledge of this cause is of special uuportance
ir\ the treatment of the disease.
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Tliat sacbrood is very frequently encoiuitered; that it is infectious,

but that it is more benign in character than maUgnant; that it does

not spread rapidly from one colony to another; that colonies manifest

a strong tendency toward self-recovery from the disease; that this

tendency is stronger after midsummer; that the disease may so weaken
a colony during the early brood- rearing season that the profits from

it may be much reduced, or even rendered nil; and that the disease

may indeed destroy the colony are facts which must be considered in

devising logical methods for its treatment.

That the virus of sacbrood remains virulent in larvae dead of the

disease for less than one month; that it remains virulent in honey
approximately one month ; that when mixed with poUen it ceases to be

virulent after about one month; and that in drying no virulence is to

be expected after one month, are facts that account in a large measure
for the strong tendency to recover from the disease manifested by
the colony and that furnish infonnation concerning the use of combs
from sacbrood colonies. From the results it may be concluded that

it is better, theoretically, to store combs from sacbrood colonies for

one or two months before they are again used, provided such storing

entails no particular mconvenience or financial loss to the beekeeper.

Further experiments show that brood frames from badly-infected

colonies may be mserted mto strong, healthy ones, and cause thereby

very little infection and consequently only a slight loss. This is

especially true after the early brood-rearmg season of the year is

past. Since this can be done, it is quite probable that the practical

beekeeper wiU find that this disposition of the combs will be the

preferable one to make. At any event, it is comforting to know that

it is never necessary to destroy the combs from sacbrood colonies on

account of the disease.

The experimental results here given regarding the destruction of

the virus through heating, fermentation, putrefaction, drying, and«

direct sunlight should assist materially in the solution of the problem
of the transmission of sacbrood, and should be found helpful in de-

vising efficient methods for the treatment of the disease.

Toward disinfecting agents it is shown that the virus of sacbrood

possesses, in some instances'at least, marked resistance. Tliese and
other experimental results thus far obtamed indicate that the use

of any drug in the treatment of the disease should not be depended
upon until such a drug has been proved to be of value.

No fear need be entertained m practical apiculture that the disease

wiUbe transmittedby thehands or clothmg of the operator, by the tools

used abo*ut the apiary, through the medimn of the wind, or by the

queen. It would seem at all times superfluous in the case of sacbrood

to flame or burn the inside of the hive or to treat the ground about a

hive containing an infected colony.
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There is l)Lit little dautjer tli.it the disease will l>e Iraiismittcd by

way of flowers visited by bees from sae])rood colonies and h\ter from

healthy ones.

Theoretically, it is possible that the disease may be transmitted

through a contamination of the water supply by bees from sacbrood

colonies. Whether infection ever takes place in this way, however,

is not yet Imown. If the disease is ever transmitted in this way, it

would seem that it is more likely to take place in the spring of the

year than at any other season.

While there is yet much to be learned about sacbrood, it is hoped

that by carefuUy considering these studies the ])eekeepers will be

aided in devising efficient and economical methods for its treatment.

SUMMARY AND CONCLUSIONS.

The following summary and statements of conclusions seem to bo

justified as a result of the investigations recorded in this paper:

(1) Sacbrood is an infectious disease of the brood of bees.

(2) Adult bees are not susceptible to the disease.

(3) The infecting agent causing sacbrood is of such a nature that

it passes tlirough the pores of a fine clay filter. It is therefore a

filterable virus.

(4) A colony may be inoculated by feeding it sirup or honey con-

taining the virus.

(5) The quantity of virus contained in a single larva recently dead

of the disease is sufficient to produce quite a large amount of sacbrood

in a colony.

(6) The period from time of inoculation to the appearance of the

first symptoms of the disease—the incubation period—is approxi-

mately six days, being frequently slightly less.

(7) By inoculation the disease may be produced at any season of

^the year that brood is being reared.

(8) The disease is more often encountered during the first half of

the brood-rearing season than during the second half.

(9) It occurs among bees in localities having as wide a range of

climatic conditions, at least, as are found in the United States.

(10) The course of the disease is not greatly affected by the char-

acter or quantity of the food obtained and used by the bees.

(11) Larval remains recently dead of the disease prove to be very

infectious when fed to bees. Dead larvae which have been in the brood
comb more than one month are apparently noninfectious.

(12) Colonies possess a strong tendency to recover from the disease

without treatment.

(13) The virus of sacbrood suspended in water and heated to

13S° F. (50° C.) was destroyed in 10 minutes. Considering the vary-

ing factors which enter into the problem, the minimum temperatui-e

necessary to destroy this virus wdien applied for 10 minutes should
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bo found at all times to lio somowhwe between the limits of 131° F.

(55° C.) and 149° F. (65° C).

(14) When the virus of sacbrood is suspended in honey it may bo
destroyed by heating the suspension for 10 minutes at approximately
158° F. (70° C).

(15) The virus resisted drying at room temperature for approxi-

mately three weeks.

(16) The virus when dry was destroyed by the direct rays of the

sun in from four to seven hours.

(17) The virus when suspended in water was destroyed by the direct

rays of the sun in from fom* to six hours.

(18) The virus when suspended in honey was destroyed by the

direct rays of the sun in from five to six hours.

(19) The virus when suspended in honey and shielded from direct

sunlight remained virulent for slightly less than one month at loom
temperature during the summer.

(20) The virus was destroyed in approximately five days in the

presence of fermentative processes taking place in 10 per cent sugar
solution at room temperature.

(21) In the presence of fermentative processes going on in 20 per

cent honey solution at outdoor temperature the virus of sacbrood was
destroyed in approximately five days.

(22) In the presence of putrefactive processes the virus remained
vu'ulent for approximately 10 days.

(23) The virus will resist | per cent, 1 per cent, and 2 per cent
aqueous solutions of carbolic acid, respectively, for more than three

weeks, 4 per cent being more effective.

(24) Neither carbolic acid nor quinine as drugs should at present
be relied upon in the treatment of sacbrood.

(25) Varying factors entering into many of the problems discussed

in this paper tend to vary the results obtained. In such problems
the results here given must be considered from a technical point of

view as being approximate only. They are sufficiently exact for

application by the beekeeper, but to insm-e the destruction of the

virus in practical apiculture the time element indicated from these

experiments as sufficient should be increased somewhat.
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INTRODUCTION.

The leaf-miner Cerodonfa dorsalis Loew, although known since

1861, has not received much attention from economic entomologists,

probably for the reason that to the present time, so far as known, it

has not proved a serious pest, owing to the activity of its parasites

and to its wide range of food plants. Although known in entomo-

logical literature as " a com leaf-miner," it has been observed lately

that the larvae work as readily in barley, millet, wheat, and various

grasses; in fact, in the rearing cages as well as in the field the leaf-

miners prefer barley and millet to corn. Wheat and oats may also

be included in the list of food plants, and young barley and oats

infested with this species may die from the injury. Oats and barley

plants infested with Cerodonta dorsalis present a similar appearance

to those infested with Meromyza americana Fitch or other species of

Oscinidse, and it is possible that injury formerly attributed to the

work of Meromyza was in reality the work of C. dorsalis.

1 Cerodonfa dorsalis Loew ; order Diptera, family Agromyzidae.

563230—Bull. 432—16 1
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SYNONYMY.

This species was first described hj Panzer (1)^ as Chlorops denti-

cornh, it being wrongly placed in the genus Chlorops, and in the

year 1835 was referred to the genus Odontocera by Macquart (2). In

the year 18G1 Kondani changed the generic name from Odontocera,

which was preoccupied, to Cerodonta (3) (in error published " Cero-

dontha"). The generic name Ceratomyza was used for this leaf-

miner by Schiner (4, p. 434) in 1862, this being a synonym for Cero-

dontha Eondani.

HISTORY OF THE SPECIES.

So far as could be ascertained from reference to specimens in the

National Museum collections, and Bureau of Entomology notes, this

leaf-miner was reared, by F. M. Webster, in September, 1884, for the

first time in this country, from A^olunteer wheat plants that sprang

up after harvest and near which adu\ts had been captured earlier in

the same month. It was also swept with other wheat flies from fields

of growing wheat, during the period from November 13 to 15, 1884.

The species was reared by Webster from mines in the leaf sheaths

of young wheat, July 30, 1888; and on August 24, and again on

October 12 of the same j^ear, he reared adults from larvse found

mining the leaves of timothy. From wheat plants taken by him

July 7, 1890, at La Fayette, Ind., and shipped to the Bureau of Ento-

molog}'-, adults were also reared by Mr, Theodore Pergande. On Feb-

ruary 24 to 28, 1891, Webster swept it from a field of growing wheat

at College Station, Tex. During the season of 1894 Dr. W. E. Brit-

ton (5), of the Connecticut Agi'icultural Experiment Station, reared

the species from mines in the leaA^es of corn which was being grown

under glass for vegetation experiments. During December, 1897, at

Wooster, Ohio, the adults were again reared by Webster from young

wheat plants. Dr. A. D. Hopkins (7) reared the fly from timothy

at Morgantown, W. Va., in 1898, the larvas doing considerable damage

to this grass.

On June 26, 1905, Webster reared this species from bluegrass grow-

ing along the street parking in Aurora, 111. Flies were reared from

wheat plants collected at Lincoln, Nebr., December 9, 1904, by Geo. I.

Peeves, and he swept them from young wheat at Wichita Falls, Tex.,

April 16, 1905. Wildermuth reared it from wheat at Groveport,

Ohio, during the summer of 1909. It was sent by W. V. Peed, April

2, 1909, from Cornelia, Ga., where the larvae were observed attack-

ing grooving rye. During 1910, adults were swept in June and

July from alfalfa in fields on the college farm at Pullman, Wash., by

J. A. Hyslop. In 1911 it was reared, June 9, from a pupa found in a

^Numbers in parentheses refer to "Bibliography," p. 17.
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stem of wheat, June 1, at Nashville, Tenn., by Geo. G. Ainslie, and

^as reared by him the same year from mines in leaves of corn at

PTurricane, Tenn. During the period from July 23 to September 7,

C. N. Ainslie reared it from leaf mines in timothy collected along the

banks of ditches about Ely, Nev., September 1, and also from mines

in the leaves of Hordeum at Salt Lake City, Utah, during the follovr-

ing September, and again from the same material early in March,
]912.

During 1911 the senior author reared it from leaves of Panicum
miliaceum at La Fayette, Ind., and followed the species o nthe same
plant from June 4 to July 29, 1912, when he was transferred elsewhere,

after which the work was continued throughout the remainder of the

season by W. J. Phillips. This was the first attempt made to study the

development of the species continuously throughout the year. Dur-
ing June, 1913, G. G. Ainslie found a number of mines in the leaves of

corn at Nashville, Tenn. All tli£ mines were empty save one, which
contained a hymenopterous parasite of this species. On July 7, at

the same place, he found a larva mining in crab grass {Eleusine

indlca), which pupated on the same day and became adult on July 17.

During 1913 V. L. Wildermuth and E. N. Wilson made some observa-

tions on the life history of this species (March to November) at

Tempe, xiriz. The senior author again continued his study on the

life history of the species at Columbia, S. C, in 1913, from May 4,

when larv8e were first found mining in the leaves of corn in the

field, until June, when experiments were discontinued for the year,

owing to imperfect facilities for continuing the work at that time.

In May, 1914, he again took up the investigation and continued the

work throughout the remainder of the year.

During February, 1914, the junior author began an investigation of

lliis species in the San Fernando Valley of California, where it was
attacking grains. Observations were later extended to the Yuma
Valley, in Arizona, and San Joaquin Valley, in central California.

Observations on the life history of the species were made in the

laboratory at Glendale, Cal., from February to June, and at Pasa-

dena, Cal., from July to April, 1915. Adults and parasites of this

species were again reared during March and April, 1914, from mines

in leaves of corn at Lakeland and Orlando, Fla., by G. G. Ainslie.

Such mines were very common in leaves of corn during this time.

FOOD PLANTS.

This species breeds in a large variet}^ of food plants belonging to

the order Graminacese. Although it appears to be most frequently

found breeding in leaves of corn and barley, it shows a decided fond-

ness for the grasses, especially the millets {Panicmn spp.), in which
it has been found to breed very freely.
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In the breeding cages at La Fayette, Ind., the varietj' known as

hog-millet was used by the senior author as a host, and at Columbia,

S. C, the variety known as golden millet was used exclusively dur-

ing the hot summer months, corn in early summer, and oafs and rye

during late summer and fall.

At Tempe, Ariz., Wildermuth and Wilson used wheat as the

host plant in their life-history studies, while at Glendale and Pasa-

dena, Cal., the junior author used barley plants in the life-history

studies of the species.

The following is a list of food plants from which adults of Cero-

(lonta dorsalls have been collected or reared, showing locality, date,

and by whom recorded:

Alfalfa :

Pullman, Wash., June 9, 1910. (J. A. Hyslop.)

Barley :

Salt Lake City, Utah, 1911-12. (C. N. Ainslie.)

TiMupc. Ariz., .Tune 21, 1913. (R. N. Wilson.)

Glendale, Cal., February to May, 1914. (T. D. Urbahns.)

Pasadena, Cal., August, 1914, to April, 1915. (T. D. Urbahns.)

Tulare, Cal., May 15, 1914. (T. D. Urbahns.)

San Bernardino, Cal., May 27, 1914. (T. D. Urbahns.)

Santa Ana, Cal., April 10, 1915. (T. D. Urbahns.)

Heber, Cal., April 15, 1915. (T. D. Urbahns.)

Yuma, Ariz., April 16, 1915. (T. D. Urbahns.)

Bakersfiekl, Cal., May 22, 1915. (T. D. Urbahns.)

Corn :

Urbana, 111., 1915. (S. A. Forbes.)

Hurricane IMills, Tenu., September. 1911. (G. G. Ainslie.)

La Fayette, Ind., 1912. (P. Luginbill.)

Columbia, S. C, 1913 and 1914. (P. Luginbill.)

Nashville, Tenn., June 10, 1913. (G. G. Ainslie.)

Lakeland and Orlando, Fla., 1914. (G. G. Ainslie.)

Glendale, Cal., aiay 5, 1914. (T. D. Urbahns.)

Yazoo City, Miss., May 17, 1914. (H. E. Smith.)

Greenwood, Miss., May to August, 1914. (H. E. Smith.)

Jackson, IMiss., May 15, 1914. (H. E. Smith.)

Egyptian maize :

Glendale, Cal., June 23, 1914. (T. D. Urbahns.)

Grasses :

Bluegrass {Poa sp.), Aurora, 111., June 2G, 1905. (F. IM. Webster.)

Hordcvm sp.

—

Salt Lake City, Utah, 1911, and March, 1912. (C. N. Ainslie.)

Tempe, Ariz., June 21, 1913. (R. N. Wilson.)

Elcusine indica—
La Fayette, Ind., 1912. (P. Luginbill.)

Nashville, Tenn., July 7, 1913. (G. G. Ainslie.)

Coluiubia, S. C, August, 1914. (P. Luginbill.)

Hordcum murinuni—
Glendale, Cal., April 13, 1914. (T. D. Urbahns.)

Elymus gJaucus—
Glendale, Cal., May 3, 1914. (T. D. Urbahns.)
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The Spike-Horned Leaf-Miner (Cerodonta dorsalis).

^^1oV^~T'^''^™^^°"u'
do;-.sn;t,s.- Adult female, dorsal view, greatly enlarged, la. Head of sameatera view showing tooth or horn at tip of antennaf more enlar|ed. Fig. 2 -Sectro^of

enlarJed*''a°FL"/3«H'° ^'^" and also young larva, beginnin^g their mlues^sligMy
fili^.^ . • ^- ^^^' g'^eatly enlarged. Fig. 3.—Larva, lateral view, much enlarged. Sa An-
Fir 5 i^Hofnfh'' r°'1

enlarged, Fig. 4.-Puparium, dorsal view, greatly enlarged.

Pto' fi P?; ? y°^ barley stem showing usual position of puparium beneath leaf sheath.

Seatly^nSd:"^^.)'^
hymenopterous parasite of C. clor.alis; dorsal view, very
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Grasses—Continued.

Bromus carinatus—
Glendale, Cal., May 3, 1914. (T. D. Urbahns.)

Phalaris minor—
Glendale, Cal., June 9, 1914. (T. D. Urbahns.)

Panicum dichotoniiftonim—
Owensboro, Ky., September 22, 1913. (G. G. Ainslie.)

Panicum miliacenm—
La Fayette, Ind., 1911; June 4-July 29, 1912 (P. Luginbill).

Dactylis glomcrata—
La Fayette, Ind., July 23, 1913. (P. Luginbill.)

Millet {Panicum sp.) :

La Fayette, Ind., 1911-12. (P. Luginbill.)

Columbia, S. C, 1914. (P. Luginbill.)

Oats :

Glendale, Cal., May 3, 1914. (T. D. Urbahns.)

Pasadena, Cal., August, 1914. (E. L. Barrett.)

Columbia, S. C, October, 1914. (P. Luginbill.)

llYE

:

Cornelia, Ga., April 2, 1909. (W. V. Reed.)

Columbia, S. C, October, 1914. (P. Luginbill.)

Sorghum :

Columbia, S. C, August, 1914-15. (P. Luginbill.)

Timothy :

La Fayette, Ind., August 14, 1888. (F. M. Webster.)

West Virginia, 1898. (A. D. Hopkins.)

Ely, Nev., September 1, 1911. (C. N. Ainslie.)

La Fayette, Ind., July 12, 1912. (P. Luginbill.)

Wheat :

La Fayette, Ind.. November, 1884; July, 1888; and July, 1890. (F. M.

Webster.

)

Oxford, Ind., Sepicunber 5, 1884. (F. M. Webster.)

Lincoln, Nebr., December 8, 1904. (G. I. Reeves.)

Wichita Falls, Tex., April 16, 1905. (G. I. Reeves.)

Groveport, Ohio, date unknown. (V. L. Wildermuth.)

Nashville, Tenn., June 9, 1911. (G. G. Ainslie.)

Tempe, Ariz., March to June, 1913. (Wildermuth and Wilson.)

Elk Point, S. Dak., July 8, 1913. (C. N. Ainslie.)

Visalia, Cal., May 15, 1914. (T. D. Urbahns.)

Tulare, Cal., May 16, 1914. (T. D. Urbahns.)

DESCRIPTION.

THE ADULT.

Cerodonta dorsalis (PI. I, fig. 1) Avas redescribed by Mr. J. R.

Malloch (14, p. 331), then assistant in the Bureau of Entomology.

The description is as follows:

' ISlale and female: Fi-ons yellow, opaque, in breadth about one-half that of

head ; orbits sometimes blackened, very narrow, on upper half each not over

one-sixth as wide as center stripe; three distinct orbital bristles present, and on
lower portions a few short hairs

;
proclinate ocellar bristles parallel, or slightly

divergent, separated at base by as wide a space as posterior ocelli ; antennjie

yellow, third joint black, one and one-half times as long as broad ending in a
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thorn-like point on ui)per side; arista black, distinctly thickened at base and

tapering to near its middle, pubescence indistinguishable, length of arista short

of twice the length of antennae; face yellow, sliglitly concave, central keel

i-ounded ; cheeks yellow, higher posteriorly than anteriorly, and at highest point

about one-half as high as eye, marginal bristles distinct ; vibrissa strong, dif-

ferentiated from marginal bristles ; proboscis and palpi yellow ; occiput unpro-

jecting on upper half. Mesonotum with disk entirely glossy black, with some-

times an indication of grayish pollen, or with the central portion In front of

scutcllum yellow, more rarely with two narrow black stripes on sides, and the

central yellow portion carried forward at its anterior margin, slightly beyond

middle, as narrow lines which more or less distinctly intersect the broad discal

black mark, giving the disk the appearance of having five stripes, or a pattern

somewhat similar to that of Agromyza melampyya ; lateral margins of mesono-

tum broadly yellow ; humeri -with a black spot ; four pairs of dorso-central

bristles on mesonotum ; no setulse on disk
;
pleurae yellow with black variega-

tions ; squamjE yellow, the fringe brownish or grayish ; scutellum all black or

with the disk yellow, two scutellar bristles present. Abdomen from almost

entirely yellow to almost entirely black, posterior margins of segments narrowly

yellow. Legs slender, yellow, sometimes with fore tibise and tarsi blackened,

all tarsi bnm nish. AVings as figure.

Length 2-2.5 mm.

The stages of this species are as follows :

^

THE EGG.

(n. I, fig. 2, a.)

Egg elongate kidney-shaped, rounded at each end. Color opaque white, with-

out distinct punctation, markings, or ornamentation of any kind. Two or three

days after deposition the embryo, as seen through the chorion, sliows 14

segments.

Length 0.40 mm ; diameter O.IS nun.

THE LAKVA.

(PI. I, £ig. 3, and Tl. II, flgs. 1 and 2.)

Length 4 mm
; greatest diameter 0.75 mm. Slender, nearly cylindrical,

slightly thicker near cephalic end, which is obtusely pointed. Mouth-hooks
black and exposed to view when at rest. Body segments plainly defined, armed
at eitiier end near sutures with slender areas of microscopic spinous processes.

Anal extremity abruptly truncate and bearing the spiracular appendages close

to the dorsal line. Anterior stigmatal projections plainly visible and formed
as in figure 3, a. Color of body in life dirty white, the surface of the skin

l:aving a distinct gloss, as shown in figui'es 7 and 8; after death and preserved

in alcohol, opaque, nearly white.

THE PUPA.

(PI. I, fig. 4.)

Pupa somewhat elongate, flattened dorso-ventrally. White when freshly

formed, turning yellow and growing darker as pupa advances in development.

Cephalic end obtusely conical
; posterior end more rounded. Segments strongly

constricted at sutures. Stigmatal processes, both anterior and posterior, dis-

tinctly projecting. Length 2.5 to 3 mm.; lateral tliameter aluiut 1 nnu. ; dorso-

ventral diameter O.GO mm. to 0.70 nnu.

^The descriptions were written by W. R. Walton.
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DISTRIBUTION.

This species has a wide range of distribution within the United

States (fig. 1). It is known to occur from Indiana and Ohio in the

North to southern Florida in the South, and from Massachusetts in

the East to Washington, California, and New Mexico in the West.

It is probably to be found wherever its food plants thrive. Outside

of the United States it has been collected from Porto Rico and

Mexico.

The following localities and other data have been compiled from

pinned specimens of this species in the United States National Mu-
seum collection: Beverly, Mass., August, 1911 (Burgess) ; Las Vegas,

• Y f >* ' J'-Z'->'

Fii;. 1.—Map showing records of distribution of the spike-horned leaf-miner (Cerodonta
dorsalis) in the United States. (Original.)

N. Mex. (H. S. Barber) ; Ames, Iowa, June, 1877; Orizaba, N. Mex.,

January (H. Osborn) ; Colorado; High Island, Md., May, 1898

(Currie) ; New York, July, 1898; Arroyo, Porto Rico, February,

1899 (Busck) ; District of Columbia; Claremont, Cal. (Baker);

Biscayne, Fla. (A. Slosson).

INJURY TO PLANTS BY ADULTS PUNCTURING THE LEAVES.

The punctures made by the females of this species in leaves of

plants on which they feed and oviposit (PI. II, fig. 3) resemble very

closely those made by females of Af/romysa parvicomis Loew, with

the exception that they are frequently somewhat longer and a trifle

narrower. Some of the punctures are twice as long as others. The
punctures are not made solely as receptacles in which to deposit

eggs, but apparently primarily as a means of acquiring access to the



8 BULLETIN 432, U. S. DEPARTMENT OF AGEICULTURE.

sap of the leaves upon which the adults subsist. Only a very small

proportion of the punctures are utilized as receptacles for eggs,

which fact would indicate that they are made for feeding purposes

rather than for oviposition.

As a general rule, the punctures are made from the upper side,

in the tenderest portions of the leaves of recent growth. Sometimes,

however, punctures may be found even in the upper part of the

tender stems, especially in the case of young plants.

The female adult of this species apparently first scars the leaf

surface with her ovipositor. Then, as the sap begins to escape from
this wound, the insect proceeds to feed and, with a rasping move-

ment of the mouth parts, digs little furrows between the leaf veins.

These feeding punctures are mostly in the form of furrows from

1 to 3 mm. in length and 0.5 mm. wide. Seven adults placed upon

young barley plants covered by a lamp chimney made 918 feeding

punctures in five days. All of these were on the upper surface of

the leaves. Another newly emerged female made 133 feeding

punctures on the upper leaf surfaces in a period of seven days.

When leaA^es of young plants are extensively punctured they pres-

ently begin to assume a pale yellow, sickly appearance, first at the

tips, but gradually extending down toward the base to the stem,

and finally they curl up and wither away. When more than one leaf

or if a majority of the leaves of the same plant are injured to this

degree by the punctures, the whole plant may die from the injury or

produce an inferior, worthless plant.

Older plants, as a rule, do not suffer from damage caused by

females puncturing the leaves, as they have considerably more leaf

surface and sufficient vitality to withstand the injury.

INJURY TO PLANTS BY MINING HABITS OF LARV.5:.

This species has been found to be most destructive in the larval

stage, mining in the leaves and sometimes in the stems of young

tender plants having only a limited area of leaf surface. Mines

started in the leaves of such young plants are often continued down
into the heart after reaching the base of the leaf to a point near or

slightly below the surface of the ground before the larva? reach ma-

turity and their ravages cease. The leaves arising from the bud hav-

ing been severed, they dry up, and the whole plant presents an

appearance as though infested with the wheat bulb-worm {Meromyza
mnericana Fitch) or some species of the genus Oscinis.

Young tender oat plants about 3 inches tall, having from three to

four leaves, were found by the senior author to be injured in this

manner in a small patch of oats at Columbia, S. C, in the fall of 1914.

Tlic larva? of f\ dorsalis have been observ^ed by the junior author

causing much injury to small barley plants in the fields in several
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The Spike-Horned Leaf-Miner (Cerodonta dorsalis"i.

Fig. 1.—Larva, dorsal view. PhotoRraplied from life. Tlie young larva of an external
hymenopteroiis parasite may he seen attached to middle of larva of Cerodonta on the right,
much enlarged . P"ig. 2.—Larva, lateral view, from life, showing polished surface and eon-
tents of alimentary canal, much enlarged. Fig. 3.—Tip of barley leaf, showing feeding
punctures made by adult tiy, much enlarged. Fig. 4.—Leaf blades showing advanced
work of the larvae, about natural size. Fig. 5.—Leaf blade, showing mine.s of voung larvse,
about natural size. Fig. 6.—Type of rearing cage used in rearing the larvre of C. dorsalis.
Fig. 7.—ruparia, dorsal and ventral views, much enlarged. (Original.)
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localities of southern California. The larva, hatching from an egg

deposited near the tip of the leaf blade, begins burrowing between the

upper and lower epidermal layers of the leaf.

During its first day in that stage it makes a burrow from 5 to 17

mm. in length, directed toward the base of the leaf. After two or

three days of burrowing it frequently pursues a zigzag course within

the leaf, thereby cutting off the sap supply. In the course of about

four days the length of the burrow may reach from 4 to 6 inches.

The larvae soon enter the leaf sheath and in small tender plants

burrow into the center of the stem, killing that particular stool or the

entire plant.

Up to the present time this species has never been recorded as a

serious pest of agricultural crops. The most severely infested field

observed by the junior author was one of barley at Yuma, Ariz., on

April 16, 1915, in which about 5 per cent of the plants had one or

more of the leaves mined by larv£e of Cerodonta.

At Tulare, Cal., both wheat and barley fields showed that about 2

per cent of the plants were infested by this species on May 16, 1914.

In older plants, with more leaf surface and less tender stems, the

larvae, after reaching the base of the leaf, will not enter the stems, but

proceed down the sheath. The hearts of such plants are not injured,

and consequently the damage inflicted is very small in comparison

with that upon young tender plants. However, if a plant has a num-
ber of larvae mining in the leaves, considerable injury may be done.

The mines traversing the leaves from tip to base (PL II, fig. 4), from
one side to the other, have a tendency to interfere with the sap flow

of the leaves, which eventually turn yellow and die. In long leaves,

such as those of older corn plants, the mines in the leaves frequently

reach from 15 to 20 inches in length before the larva is fully de-

veloped.

LIFE HISTORY.

OVIPOSITION.

The act of oviposition has been observed upon the leaves of millet

by the senior author at Columbia, S. C. ; upon wheat by Wildermuth,
at Tempe, Ariz. ; and upon barley by the junior author at Glendale,
Cal. The general method of oviposition is very similar on these three

different food plants.

The female fly selects a suitable place for oviposition, usually near
the tip of the leaf or along the edge. With head elevated and tip of
abdomen lowered, the body is held almofit perpendicular to the leaf

surface, and by rapid piercing movements of the abdomen the epi-

dermal leaf tissue is punctured. The ovipositor is then forced by
repeated thrusts to its full length bet-v^ een the upper and lower layers

of the leaf, the egg quickly deposited, and the ovipositor withdrawn

56323"—Bull. 432—16 2
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to its normal position. The time occupied in oviposition varies from

10 seconds to 1 minute. The entrance to the puncture appears to be

left open, although frequently the epidermal tissue about the punc-

ture collapses, partly closing it.

Only one egg is deposited in a puncture, but the fly repeats the

process of oviposition a number of times in a given day. Frequently

she oviposits into what are apparently small feeding punctures.

The eggs of this species are not as easily detected by the naked

eye as ai'e those of AgroTnyza farvicornls in corn, and ^1. angulata

Loew in timothy. They are more of a pale white than the eggs of

either of the other species and, consequently, are not so conspicuous

against the background.

The flies feed and oviposit during all hours of the day. The ma-
jority of the eggs, however, are deposited between the hours of 11

a. m. and 4 p. m. during the time the adults are most active.

Eggs may be deposited either from the upper or lower side of the

leaves, but the majority of them are deposited from the upper side.

They are placed with the longer axis of the egg parallel to the veins

of the leaves, as are the eggs of xlgramyza angulata and A. pa?'vi-

cornis. (PL I, fig. 2, shows an egg in situ in leaf.)

In the rearing cages eggs are deposited at or near the tips of the

leaves, along the margins, near or at the base, in the sheaths, and

sometimes in the upper part of the tender stems, especially in young
plants. In nature the eggs apparently are deposited at or near the

tips of leaves or along the margins of the lower leaves, as mines in-

variably are found to start from one of these points.

EGGS DEPOSITED BY ONE INDIVIDUAL.

The females of this species, if they have been fertilized, begin to

oviposit in from one to six days after emerging from puparia; if

unfertilized, they do not usually oviposit.

The laboratory observations of the senior author, made at Co-

lumbiiu, S. C, showed that a single individual deposited as many as

24 eggs in leaves of millet within a period of 24 hours. On an

average, nine eggs were deposited per day. The rate of oviposition

varied greatly and ranged from one or two eggs on a given day to

as many as 15 or 20 eggs on the following day. The maximum
number during the life of an individual was 188 eggs, and the longest

period of oviposition covered by one individual was 33 days.

At Tempe, Ariz., Mr. Wildermuth recorded 105 eggs deposited by
a single individual in leaves of wheat in a period of 10 days. The
greatest number deposited in a single day was 27 eggs.

In California the observations of the junior author showed 61 eggs

deposited in leaves of barley plants during the life of one individual.
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From the observations made in widely separated localities by both the

senior and junior authors, it appears that about 60 per cent of the

eggs deposited are fertile.

EGGS DEPOSITED IN ONE LEAF AND ONE PLANT.

In our breeding experiments at Columbia, S. C, 28 eggs have been

found in a single leaf of millet 6 inches tall, and as many as 50 eggs

in an 8-leaved plant; 39 in a 6-leaved plant; and 99 in a 9-leaved

plant. It can be seen very readily that even in case some of the

eggs are infertile or for other reasons do not hatch, the plants thus

heavily infested will be completely destroyed by the larvae.

INCUBATION OF EGGS.

At Tempe, Ariz., Mr. Wildermuth's records made during the

month of April showed the period of incubation to vary from 5 to 9

days, with an average of about 6 days. At Columbia, S. C, the senior

author's observations during July and August showed this period to

va ry from 3 to 5 days, with an average of about 3^ days ; one egg,

however, was found to hatch in 54 hours (2.2 days). In the fall this

period was found to vary from 4 to 8 days, with an average of about

5 days. At Glendale, Cal., the junior author made observations

during the month of March which extended this period from 7 to

12 days, with an average of 10^ days. Observations continued dur-

ing both winter and summer months at Glendale and Pasadena, Cal.,

showed the incubation period to vary from 5 to 12 days, with an

average of about T days. This period is without doubt somewhat
shorter in the open fields where infested plants are subjected to

refracted heat.

LARVAL HABITS.

The larva, when ready to emerge, ruptures the cephalic end of the

eggshell, as do the larvse of Argromyza angulata and A. parvi-

cornis, and immediately begins to feed on the green tissues of the leaf.

The mine at first is very small and threadlike, scarcely noticeable to

the unaided eye. (PI. II, fig. 5. ) The diameter of the mine increases

as the larva increases in size, and by the time the larva reaches

maturity the mine may be greatly widened. In large plants, with

long, wide leaves, the larvse frequently make mines from 15 to 20

inches in length. Such mines are usually linear in outline, and
although they run from side to side, the turns are less frequent than

when larvse mine in short leaves of smaller plants. In the latter

the larvse traverse the leaves oftener. They frequently make side

galleries diagonally across the leaves, then retreat and continue the

main mine down the blade.
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A number of these galleries are often found leading away from

one mine in a leaf. All sorts of peculiarly shaped mines are made
in leaves, especially in small plants or in plants with a limited amount

of leaf surface. Some of these mines show almost perfect loops,

while others traverse the leaves in snakelike fashion.

In young oats and barley the larvae apparently break away from

the accustomed habit of making threadlike mines and instead appear

to undermine almost the entire upper surface of the leaves in which

they are feeding. As a result the leaves dry up (PI. II, fig. 4).

The larvaa of this species pupate in the mines, usually in the leaf

sheath (PI. I, fig. 5). The adult, upon emerging from the puparium,

tears open the dry tissue at or near the pupal case and makes its

escape.
LENGTH OF LARVAL STAGE.

The average length of the larval stage in the latitude of Columbia,

S. C, is 10 days during midsummer or in seasons of high tempera-

tures. This period is considerably longer in spring, and much longer

in late fall, ranging from 9 to 24 days during different seasons and in

different localities.

Larvae hatching from eggs about the middle of October were

overtaken by frost and killed the second week in November. Larvae

hatching from eggs deposited the same day by the same fly some-

times show a difference of three days in their total period of larval

development. The difference is apparently caused by a deficiency

in the immediate supply of food, which forces the larva to mine a

greater area to satisfy its demand, and as a result the duration of

the period of larval development is lengthened.

LENGTH OF PUPAL STAGE.

The length of the pupal stage (PI. I, fig. 4; PI. II, fig. 7) of this

insect varies from 9 to 12 days during midsummer and from 11 to

16 days during spring and late fall in the latitude of Columbia, S. C.

A short pupal period of eight days during July is recorded by
G. G. Ainslie at Nashville, Tenn., and a pupal period of from 14

to 18 days by V. L. Wildermuth at Tempe, Ariz., during March
and April. At Pasadena, Cal., the pupal period ranges from 12 to

24 days at different seasons of the year.

LIFE AND HABITS OF ADULTS.

Flies begin to issue from puparia during the latter part of May
in the latitude of La Fayette, Ind., but probably considerably earlier

at Columbia, S. C, as adults in breeding cages began to issue in

February of 1915. These, however, died within a short time and
without reproducing. In the vicinity of Pasadena, Cal., adults of
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this species are active throughout the entire year, appearing in

abundant numbers over the grain fields during the months of Feb-

ruary, March, and April. The males do not live quite as long in the

rearing cages as do the females. They may live from eight days to

four weeks, but generally not over two weeks. The females may live

from three to five weeks and oviposit during most of this time. This

long period of oviposition accounts for the complete overlapping of

the broods. The first progeny may have progressed to the pupal

stage some daj^s before the last eggs of its mother have been de-

posited. The females live only from three to five days after they

cease to oviposit.

The flies appear the most active when the temperature ranges be-

tween 85 and 95 degrees F., and when below 70 degrees they become
sluggish in their movements, especially so in flight.

Adults are fond of sweets and lived for a longer period in cages

supplied with a quantity of sugar solution than in cages not so pro-

vided.
MATING.

Adults generally begin to mate the second or third day after

emergence; sometimes mating occurs on the day of issuance. They
apparently mate several times during life. They remain in copula

from a few seconds to thirty minutes or more. The female is able

lo fly about while in coitu with the male, the added weight being

apparently no great hindrance in flight.

NUMBER OF GENERATIONS.

According to the rearing experiments conducted by the senior

author at La Fayette, Ind., there are at least three generations from
about the middle of May to the first of October, after which the

species goes into hibernation. He found apparently six generations

in the latitude of Columbia, S. C. Many of the larvae of the last

generation at both places did not reach maturity. Some died upon
maturity of the plants and others were killed by frost.

Rearing experiments in the vicinity of Pasadena, Cal., show that

there are at least eight generations of this insect throughout the year.

The first and second generations are generally well defined, but the

others overlap completely, so that all stages of the insect may be

present at one time. In southern California it may be fouod in all

stages throughout the entire winter.

LIFE CYCLE.

The average life cycle in the vicinity of Pasadena, Cal.. is con-

siderably longer than in the vicinity of Columbia, S. C, because in

the former locality the insect reproduces throughout the winter
months, when the stages are very slow in development. The average
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period elapsing betT\-een the different stages throughout the year in

the vicinity of Pasadena is as follows

:

Days.

Period between emergence of adult and oviposition 3

Egg stage—^ 1 7

Larval stage IG

Pupal stage 18

Average life cycle -^4

Observations made at Columbia, S. C, from June to August, 1914,

showed the stages and life cycle as follows

:

Days.

Period between emergence and oviposition 3

Egg stage 8. 5

Larval stage 10

Pupal stage 10

Total life cycle 26.5

Wildermuth obtained the following life cycle of this species at

Tempe, Ariz., during April and May in 1913

:

Days.

Period between emergence and oviposition 4

Egg stage 3.5

Larval stage 12

Pupal stage 16

Total life cycle 37. 5

HIBERNATION.

This species has apparently no distinct period of hibernation in

the warm climate of southern California, but the different stages are

naturally considerably retarded in their development during the cold

days of winter.

In tlie latitude of Columbia, S. C, and La Fayette, Ind.. the spe-

cies hibernates in the pupal staget The first heavy freeze killed the

adults, larva?, and the plants in rearing cages at Columbia, S. C.

An infested field of oats at Columbia revealed only p)uparia through-

out the greater part of the winter.

REARING METHODS.

The rearing cages found to be the most satisfactory b}' the senior

author in his study of the life history of this species, both at La
Fayette. Ind., and Columbia, S. C, consisted of 12-inch flowerpots

containing food plants and covered with cylinders made of celluloid

and galvanized iron. The tops of these cylinders were covered Avith

cheesecloth. Moist food was kept in the cages for the adults.

The junior author in his study of this species in California found
that cages made of wire arches and cheesecloth bags gave the best

results. The type of cage used by him for observations on feeding
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and oviposition consisted of a lantern chimney covered with cheese-

cloth and placed over a small potted plant (PL II, fig. 6). A lump
of sugar moistened with water was placed in the bottom of the cage.

The senior author in his study of the oviposition and feeding habits

used a cage consisting of a small lantern chimney placed in an earthen

saucer. Inside of the lantern chimney was placed a bottle containing

a small millet plant in water; these plants were afterward potted.

Moistened sugar was also placed in this cage. It was found that

adults in the small cages lived for a longer period than in the larger

rearing cages, probably on account of having access more readily to

food given them.

PARASITIC ENEMIES.

The important natural enemies of this leaf-miner are parasitic

Hymenoptera, of which the species named below have been reared.

Some of these have been reared at widely separated localities and
from their host working upon different food plants. These para-

sites become active in early spring, increasing in abundance with

each succeeding generation, until their activity is retarded by the

approach of cold weather.

It may be possible that the almost total disappearance of the host

during midsummer in some localities is due to the effective work of

some of these parasites, the life histories of which have not been

worked out.

CirrosyUu^ fiavoviridis Cwfd.—This species was reared from a

mine of C. dorsaXis in a timothy leaf taken at Ely, Nev., by C. N.

Ainslie. It is also a parasite of the leaf-miners Agromyza pusiUa

Meig. and A. parvicomis.

Cyrtogaster occidentalis Ashm.—This species was reared by the

junior author, on May 9, 11, and 18, 1914, from puparia of C. dor-

salis, taken from barley leaves at Yuma, Ariz., and again on June 3,

1914, from a puparium which was removed from a leaf of wheat

taken at Tulare, Cal. During 1913 the senior author reared it

from C. dorsalis mines in corn at Columbia, S. C. G. G. Ainslie

reared it on May 11, 1914, from C. dorsalis mines in corn at Lake-

land, Fla., and H. E. Smith reared it May 25, 1914. from mines of

this species in corn at Greenwood, Miss.

Diaulinus wehsteH Cwfd.—This parasite was reared in December,

1914, by E. L. Barrett from larvae of C. dorsalis working in barley

at Pasadena, Cal. The species was described by Crawford^ (p. 184)

from specimens recorded from Tempe, Ariz., under Webster No. 7286.

Diaulinopsis caTHchroma Cwfd.—This species was also reared

from C. dorsalis larvte working in corn, first by G. G. Ainslie at

1 Crawford, J. C. Descriptions of new Hymenoptera. In Proc. U. S. Nat. Mus., v. 43,

p. 163-188. 1912.
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Lakeland, Fla., in May, 1913, and by H. E. Smith at Greenwood,

Miss., in May, 1914. The species was described by Crawford*

(p. 183) from specimens under Webster No. 7286, Tempe, Ariz.

Poh/eijstus foersteri Cwfd. (PL I, fig. 6).—This species was reared

from C. dorsalis in corn by G. G. Ainslie, May, 1913, at Orlando,

Fla., and was reared from C. dorsalis in barley by E. L. Barrett at

Pasadena, Cal., on June 6, 1915. This parasite was described as

a new species by Crawford (Proc. U. S. Nat. Mus,, v. 45, p. 313) in

1912, from specimens reared by the senior author from Agrotnyza

angulata at La Fayette, Ind.

Dacnusa n. sp.—This species was reared April 25, 1914, from a

puparium of C. dorsalis removed from Ilordeiim munnum taken at

Glendale, Cal., and on May 1 and 2, 1914, it emerged from puparia

, of Cerodonta dorsalis removed from barley at the same localit3\ It

was reared on January 3, 1915, by E. L. Barrett from a puparium of

C. dorsalis removed from a barley leaf at Pasadena, Cal.

Chrysocharus parksi Cwfd.—This species was reared by T. D.

Urbahns, the junior author, June 16, 1914, from a puparium of C.

dorsalis removed from a leaf of wheat taken at Visalia, Cal. The

species was described by Crawford^ (p. 173).

Opius dimidiatus Ashm.—The senior author reared one adult

of this species from C. dorsalis mines in millet at La Fayette, Ind.,

in 1912. This species is also recorded as a parasite of A. pusUlar

Opius aridus Gahan.—Mr. G. G. Ainslie reared this species from

mines of C. dorsalis in corn at Lakeland, Fla. This species is also

an enemy of Agromyza pusUla.^

PREVENTIVE MEASURES.

Owing to the concealed character of damage and method of work-

ing, this insect has not attracted widespread attention, and no de-

mands have been made concerning control methods. It would
appear, however, that the practice of summer fallowing in the West
would do much to destroy puparia remaining in the dry leaves.

Fall plowing and, in fact, any thorough cultivation of grain fields

to destroy the remaining stems and leaves as well as Aolunteer grain

should destroy such of this species as remain in the larval and pupal

stages.

Burning of dry grasses along fence lines, roadsides, and terraces

in late fall and early spring should likewise destroy some of the

puparia.

* Crawford, J. C. Descriptions of new Hymenoptera. In Proc. U. S. Nat. Mus., v. 43,

p. ir,.-i-i88. 1912.
- Crawford, J. C. Descriptions of new Hjmenoptera. In Proc. U. S. Nat. Mus., v. 45,

p. .•?09-317. 1913.
' Webster, F. M., and Parks, T. II. The serpentine leaf-miner In Jour. Agr. Res., v. 1,

no. 1, p. 59-88. pi. 5, fig. 1-17. 1913.
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INTRODUCTION.

In the summer of 1914, whilo engaged in deciduous-fruit insect

investigations at Wmchester, Va., the writer's attention was attracted

by the common occurrence of the apple leaf-sewer, Ancylis nuheculana

Clemens, sometimes termed the apple leaf-folder, upon apple foHage.

Although injury to apple foHage by the larva of this insect was
recorded by K-iley as early as 1877, very Uttle concerning it has been
published since. This apparent lack of attention may be attributed

to the fact that although common and widely distributed, it has

occurred so far only at infrequent intervals in suincientiy large num-
bers to cause serious damage and attract special notice to it, as an
economic pest.

The feeding habits of the larva, while interesting when contrasted

with those of other leaf-inhabiting species, are such as, under certain

conditions, render the insect capable of considerable damage to the

fohage of the apple, especially in young orchards receiving indifferent

care. At the suggestion and under the direction of Dr. A. L, Quain-
tance, of the Bureau of Entomology, the study of the biology of this

insect was made in the summer of 1914 and 1915.

Note.—This bulletin wiU be found of value to apple growers in the North and Central Atlantic States,

the Middle West , and portions of Canada.
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HISTORY.

This species was first described by Clemens, in 1860, under the

name of Anchylopera nuheculana Clem. In 1875 Zeller described the

adult, pupa, and larva under the name of Phoxopteris nuheculana.

The first record of injury caused by this species is given by lliley,

who called it by the common name of "apple leaf-sewer," in his

annual report of 1878, the injury occurring in Ontario County, N. Y.,

whore certain orchards were seriously affected, one-fourth of the

leaves being infested. In 1878 P. II. Hoy reported it a serious orchard

pest in Wisconsin, while Lugger, in 1899, reported injury by this

insect in Minnesota. The moth has also been recorded as abundant

in Ontario (Canada) orchards in 1895 and 1903. Felt in 1907 re-

corded the ravages of the insect in New York State and gave meas-

ures for its control. Slingerland and Crosby have given a short ac-

count of the apple leaf sewer in their recent "Manual of Fruit In-

sects
"

DISTRIBUTION.

Dyar gives the distribution of this species as "North Atlantic

States." Fernald received it from Nova Scotia (Canada), while

Rounthwaite collected it in Manitoba and Fletcher recorded it from

Ontario. In the United States, specimens in the United States Na-
tional Museum, the correspondence, notes, and collection of the Bu-

reau of Entomology, and the available literature, all indicate that

this species occurs in the following States: Connecticut, Illinois,

Maine, Massachusetts, Michigan, Minnesota, Missouri, New Hamp-
shire, New Jersey, New York, Pennsylvania, Rhode Island, Virginia,

and Wisconsin.

FEEDING HABITS AND CHARACTER OF INJURY.

This insect appears to confine its attack to the apple.

Immediately on leaving the egg the larva migrates to the vicinity

of one of the prominent main ribs on the underside of the leaf and

spins a sheltering web of silk, under wliich it begins to feed (fig. 1,6).

The larva never feeds before completing its shelter of silk, and during

the first 3 or 4 weeks of its life does not leave tliis silken covering,

but extends it from time to time over the tender parenchymatous

tissue on the underside of the leaf, gradually drawing the lower

sides of the leaf together (fig. 2). At the end of this period, the

young larva, having increased very materially in size, gnaws
through the upper tissues of the leaf and makes its way to a

fresh leaf, usually the one directly above. Here it stations itself

on the upper side of the leaf at the juncture of the midrib and
stem and spins another web of silk. Each strand crosses the

midril) at right angles, and both ends of each strand are fastened
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to the leaf at equal distances from the midrib. At the begimiing,

this web is about three-eighths of an inch in width and somewhat

Fig. 1.—Apple leaf-sewer (Ancyl'm nubeculana) : a, Apple leaf showing location of silken covering of newly
hatched larva; b, portion of same, murli enlarged; c, newly hatched larva, much enlarged. (Original.)

greater in length, but gradually the outer edges of the leaf are chawn
together and at the end of 24 hours are completely joined (fig. 3, a).

FiQ. 2.—The apple leaf-sewer: Work of young larva on leaf.

(Original.)

In constructing this web and weaving the

strands of silk from the sides over the mid-
rib, the larva appears to exert no force, and
the drawing together of the upper sides of

the leaf probably results from contraction of

the silken strands in drying.

When the leaf has been folded in this fash-

ion, the larva sews the two halves securely

together with silk immediately under the

edges. Within this folded leaf (see PL I, fig.

1) the insect continues to eat the upper par-

enchyma, the excrement being deposited within the fold near the
stem end (PI. I, fig. 3). The leaf soon begins to present a scorched

appearance and the larva eventually gnaws a hole through the

Fig. 3.—The apple leaf-sewer: a.

Folded leaf showing how feeding

larva is protected; 6, full-grown

larva, much enlarged. (Origi-

nal.)
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side (PI. I, fig. 2) and, crawling to another leaf, repeats the folding

and sewing operation.

During the season a single larva will thus destroy several leaves,

and when the insect is present in sufficient numbers, extensive

defoliation may result.

Felt, in discussing the habits of the apple leaf sewer or "folder,"

as he designate", it, states that the common name "apple leaf folder"

exactly describes the work of the caterpillar, since the presence of the

dark yellowish-green, black-marked caterpillars is most easily recog-

nized by the apposed halves of infested leaves, their edges being

held together by strands of silk.

From observations made in the spring of 1915 it developed that

the larva of the apple leaf-sewer does not begin to sew up the leaf

immediately on leaving the egg, as stated by Riley, Felt, Fletcher,

and others. Tliis would seem an impossible task for the newly

hatched larva because of its minute size.

DESCRIPTION OF STAGES.

THE EGG.

As far as can be ascertained, no description of the egg has been

made in the literature of the apple leaf-sewer. This is probably

due to the fact that the egg is minute, inconspicuous, and difficult

to detect. Except in color, it

- "''"\ bears a striking resemblance to

the egg of the codling moth, be-

ing a flat, somewhat oval-shaped

object with a raised circumfer-

ence or flange and a shallow de-

pression in the center (fig. 4, h).

The eggs are about the size of

pinheads, and are fairly uniform,

averaging about 0.8 mm. in

length and 0.6 mm. in width.

The surface is covered with a

network of ridges which are

closer together and more regular

toward the central portion than

around the edges. When first

deposited the eggs are the color

of the leaf and it is only in reflected ligjat that they can be detected.

In 48 hours the color changes to a deep yellow. Later the embryo
is indicated by the raised outer edge becoming darker in color, and
shortly before hatching the larva is plainly visible, bent like a U
around the central depression. The eggs are always securely glued

Fig. 4.—The apple leaf-sewer: a, Apple leaf, with posi-

tion ofegg indicated; b, egg on portion of leaf, greatly

enlarged. (Original.)
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The Apple Leaf-Sewer.

Fig. 1.—Twig bearing two leaves infostcd by the apple leaf-sewer {Ancylis nubeculana).
Fig. 2.—Leaves killed by the apple leaf-sewer, showing exit holes of larvEe. Fig. 3.—In-
fested leaf torn apart, exposing larva, silken web, and partially destroyed parenchyma.
(Original.)
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to the leaf and are usually deposited on the under side, singly or

in irregular groups (fig. 4, a). After hatching the eggshell is white

and retains its shape. One often finds shells which remain for some
time after the egg has hatched.

THE LARVA.

On hatching, the larva escapes through an irregular crack near the

outer edge and leaves the eggshell in 2 or 3 minutes. The newly

hatched larva is very active; its color is j^ellowish green throughout,

with the exception of the orange-colored head. Riley describes the

full-grown larva as follows

:

Length about 11.5 mm. Head a yellowish orange, thoracic shield yellowish, the

body a variable fuscous yellowish green. The head is somewhat flattened, the labium

reddish brown, the mandibles fuscous apically and the small antennse are whitish

basally, pale orange near the middle, and semitrans-

parent apically. The large thoracic shield has irregu-

lar black markings at the lateral posterior angles, the

body is somewhat more fuscous laterally, and the setig-

^rous tubercles are rather large, Lighter than the body,

and each bears a single fuscous hair. Anal plate yel-

lowish with a conspicuous irregular, transverse, black

spot on the posterior half. True legs with the basal

segment fuscous yellowish, the other segments dark

brown or black, prolegs pale yellowish green.

There is great variation in the size and
color of the larvae, but the conspicuous black

spots near each outer hind corner of the

thoracic shield serve as a ready means of

identification (fig. 3, 6).

THE PUPA.

When first formed, the color of the pupa
is a dark yellowish brown (fig. 5, &). The
last four abdominal segments retain their

original color, but the head, eyes, and wing
shields gradually change to black, mottled

with yellow. The wing shields extend to

the fourth abdominal segment; the antennae not quite so far. The
anterior and posterior borders of each abdominal segment are armed
dorsally with a transverse row of minute decurved spines. The anal

segment is quite sharp. The size is variable and averages 3 mm. by
7.5 mm.

THE ADULT.

The moth (fig. 6) measures about 18 mm. across the expanded
wings. The head, thorax, and abdomen are dark brown dorsally

and Ught gray upon the ventral side. The antennae are dark brown.

Fig. 5.—The apple leaf-server: a,

Apple leaf showing pupal case

and manner of emergence; b,

pupa, much enlarged. (Origi-

nal.)



BULLETIN 435, U. S. DEPAETMENT OF AGRICULTURE.

Fig. 6.—The apple loaf-sewer: o, Adult moth, much
enlarged; 6, same, natural size, at rest. (Original.)

while the legs are light gray. The fore wings are marked by heavy

white areas near the anterior margin and with a broad, obhque

white stripe on the posterior margin near the extremity. The hind

wings are light gray, merging

into a somewhat darker gray at

the outer margins.

The adult was first described

by Clemens in 1860. The fol-

lowing is his description:

Anchylopera nubeculana n. s. Fore

wings white, with a dark brown dorsal

patch extending from the base to the

middle of the wing, with its costal

edge irregular or doubly curved. The
oblique central fascia is almost obso-

lete, except on the middle of the costa, where it appears as a dark grayish brown

round spot exterior to which is a short black dash. The wing above the inner angle

is V2,ried with grayish brown and brownish. The costa exterior of the middle is

alternately streaked with white and brownish, becoming reddish brown toward the

tip. Extreme apex reddish brown.

SPRING PUPATION OF WINTERING LARV^.

At Winchester, Va., in the spring of 1915, pupation of the winter-

ing larvjB began the latter part of April, and from that time pupation

appeared to depend entirely on the temperature. A few days of

warm weather would result in several larvas entering pupation, while

a cold spell would prolong that period for those already in pupation

and prevent any additional larvae from transforming. In the latitude

of northern Virginia and the District of Columbia pupation evidently

begins normally about April 20, or possibly a little before, depending

on the relative lateness of the season.

The larvae used in obtaining these pupation records were collected

in November, 1914, shortly before the leaves began to drop. They

were placed in rearing jars partly filled with soil and carried through

the winter in an out-of-doors rearing shelter. The beginning of pupa-

tion was readily observed, since the larva pupates within the folded

leaf in which it undergoes the final molt.
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Table I.

—

Length of pupal period ofiuintering larvae of the apple leaf-sewer,

Winchester, Va., 1915.

No. of
observation.
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OVIPOSITION OF THE MOTHS,

As the moths emerged from day to day they were transferred to

rearing jars containing apple twigs in leaf, the ends of which were

placed in small vials of water to maintain freshness. The eggs are

laid singly or in irregular groups, usually on the underside of the leaf,

but sometimes on the upper side, and are securely glued to the leaf;

in fact, they can not be removed without crushing. In the rearing

cages the eggs are often deposited indiscriminately upon the sides

and bottom of the jars.

Table II.

—

Oviposition of moths of apple leaf-sewer, Winchester, Va., 1915.

Numl er of cage.
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These moths were supplied with honey and water. Several moths
were given no food or water and several were given water alone.

The former lived only a few days after emergence and the latter lived

a shorter period than those suppHed with both water and honey.

The moths fed upon water and honey lived from 5 to 18 days, the

average of 11 observations being 10.3 days. No data were obtained
upon the relative longevity of the sexes.

HABITS OF MOTHS. .

The moths are active during the day, especially. in the morning, at-

which time they appear to deposit most of the eggs. In the rearing

cages they are rather inactive, spending most of the time resting on
the underside of the leaves, with their wings tightly folded (fig. 6, h).

In the orchard they are active, making short, quick, erratic flights

from one portion of the tree to another. The moths are so small and
so adept at hiding* that they are seldom observed in the orchard.

INCUBATION OF EGGS.

The shortest incubation period observed was 7 days, the longest 13

days, and the average for 16 lots of eggs 8.8 days. As a rule, the

incubation period for the individual eggs of a given lot varied only

a few hours, and in recording observations for any lot of eggs incuba-

tion was considered over when the first egg hatched. Table IV shows

the incubation period of the eggs.

Table IV.

—

Incubation ])criod of eggs ofapple leaf-sewer, Winchester, Va., 1915.

Number of eggs
observed.
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LARVAL FEEDING PERIOD.

As fast as the larvse hatched in the laboratory they were trans-

ferred to the leaves of young trees growing within cages of wire net-

ting. When placed upon the leaf the newly hatched larva imme-

diately crawled to the underside of the leaf and began the construc-

tion of its silken web, as previously described. About this time (June

24) young larvEB were very abundant in the young unsprayed orchards

in the vicinity of Winchester, Va. During the remainder of the

summer the larvae continued to feed upon the leaves, the length of the

feeding period therefore being directly dependent on the time the

individual infested apple leaves begin to drop in the fall. The leaves

infested by the apple leaf-sewer usually fall before the rest of the

normal foliage, owing to their weakened condition. In 1914 the

leaves continued upon the trees until about November 20, while in

1915 they had all fallen to the ground by November 6. Table V shows

the feeding period of the larvse.

Table V.—Feeding period (yj the larvx of the apple leaf-sewer, Winchester, Va., 1915.
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NATURAL ENEMIES.

The larvae of Ancylis nuheculana are attacked by a number of

parasitic and predacious enemies.

Pseudomphale ancylae Girault, n. sp. [MSS.], a hymenopterous para-

site belonging to the family Chalcididae, was found to be a very

common enemy of larv^ of the apple leaf-sewer in the vicinity of

Winchester, Va. Six hundred and seventy-eight infested leaves

were collected in the fall of 1914, and of these, 98 contamed the pupal

cases of this parasite, indicating that about 15 per cent of the leaf-

sewer larvae were destroyed. In late summer and early fall the para-

sitic larvae leave the body of the host and spin their cocoons within

the folded leaf, attachmg the cocoons along the midrib of the leaf.

From 4 to 6 parasites emerge from a single leaf-sewer larva. Only
in two instances on examination at this time were pupae found in

these cocoons, and it appears that the parasite does not commonly
overwinter withm the folded leaf.

No parasites were reared from the breeding material in the spring

of 1915.

Riley reared a braconid, R^ysipolis pTioxopteridis Riley MS., from

a leaf-sewer larva, in 1884, at Kirkwood, Mo., and in 1877, at Ithaca,

N. Y., reared Angitia paediscae Riley MS.
Ants are an important factor in reducing the number of larvse and

pupae during the winter and spring. In the spring of 1915, during

the pupal period, ants almost ruined the writer's breeding material,

which had been placed upon the ground under wire rearing cages.

REMEDIAL MEASURES.

The apple leaf-sewer larva migrates from one leaf to another
several times during the season, which renders the control of this

insect by the use of arsenical sprays very simple. According to the

life-history studies of this msect at Winchester, Va., in 1915, the

eggs begin to hatch about Jmie 14 and continue hatching until about
July 2, the maximum number of larvse appearing about June 20.

TTie regulation arsenical spray of 2 pounds arsenate of lead to 50 gallons

of water, applied hy June 15, will therefore control this insect, and as

the second spray for the first Irood of codling moth is usually applied

hy the above date, in the vicinity of Winchester, no special application

will he requiredfor the control of the apple leaf-sewer.

Spraying experiments conducted at Winchester, Va., indicate that

even the full-grown larva is extremely sensitive to arsenical sprays
and readily killed by that means. This is easily understood when
one remembers that on sewmg up the leaf the larva consumes all the

upper parenchyma and can not escape the arsenate of lead deposited
thereon by the spray.
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In Virginia young apple trees which do not receive the arsenical

spray are frequently defohated by the apple leaf-sewer, whereas

nLn:j:hboring orchards in bearmg, having received one or more

codling-moth spray appUcations, almost entirely escape. Young

orchards should receive the arsenical spray as soon as this pest

appears in numbers sufficient to cause any serious damage.

Mr. Fred Johnson describes conditions in Niagara County, N. Y.,

in 1905, as follows:

The depredation of tliis post is becomin^j quite marked in many orchards in the

Youngstown district and also in orchards on the Canadian side of the Niagara River.

The worst infestation coming under my notice is in an orchard of about 60 acres of the

Greening, Baldwin, and Duchess of Oldenburg varieties.

On many of these trees nearly all the leaves are sewn together and have a scorched

appearance. The larva does not appear to attain its full growth in one le2.f, but as

soon as it has eaten the greater part of the tissue on the inside of the leaf wliich it has

sewn together it gnaws a hole through the side of the leaf and escapes. It then attacks

another leaf and proceeds as with the one it has vacated.

This entire orchard is in sod and received only an indifferent spraying early in June.

Parts of trees and whole trees that were fairly well sprayed have good foliage, whereas

the foliage of trees or parts of trees which received little or no spray has either fallen

or presents a scorched appearance on the tree.

Duchess of Oldenburg trees sprayed June 9 and June 23 with 4 pounds of arsenate

of lead to 50 gallons of full-strength Bordeaux mixture are quite free from this post,

. whereas its ravages on the check trees are very marked. The condition of the foliage

in this orchard at this date indicates that the pest can be held in check by thorough

spraying at the dates that applications are usually made for scab and codling moth.

Mr. Johnson used 4 pounds of arsenate of lead to 50 gallons of water,

but the spraying experiments conducted at Winchester, Va., indicate

that 2 pounds of arsenate of lead to 50 gallons of water is sufficient for

the control of the apple leaf-sewer. Lime-sulphur solutions or

Bordeaux mixture may or may not be added, according to orchard

conditions.
SUMMARY.

When present in sufficient numbers, the apple leaf-sewer may
cause serious injury to apple foliage.

Tlie apple leaf-sewer is generally distributed over the North and

Central Atlantic States, the Middle West, and in portions of Canada.

The insect appears to confine its attack to the apple.

The newly-hatched larva spends the first 3 or 4 weeks of its life

under a silken covering on the underside of the leaf. The remainder

of the larval feeding period is passed within a succession of folded

leaves. It destroys these leaves by eating the upper parenchyma.

In appearance the egg is very similar to that of the codling moth.

The average period of incubation was found to be 8.8 days.

The full-grown larva is yellowish green, with an orange-colored

head and thoracic shield, the latter with irregular black markmgs

' Unpublished notes, Bureau of Entomology.
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at the lateral posterior angles. This last character serves as a ready
means of identification.

The larval feeding period varies from 125 to 141 days.

The larva hibernates upon the ground within the fallen leaf, and
while in this state is able to withstand wide extremes of moisture and
temperature.

When first formed the pupa is a dark yellowish brown, some por-

tions later changing to black, mottled with yellow.

The moth is grayish brown and measures about 18 mm. across the
expanded wings.

In the latitude of northern Virginia, in a normal season, pupation
begins about April 20, or possibly a little before, depending on the
relative lateness of the season. The larva pupates within the folded

leaf upon the ground. The average pupal period of the wmterino-

larva of the apple leaf-sewer at Winchester, Va., in 1915, w^as 26.05

days.

In 1915, the moths continued to emerge from May 7 until June 8.

They began to deposit eggs upon the apple fohage in from one to two
days after emergence. Oviposition lasted from 5 to 13 days, and the
moths averaged 65 eggs each. They lived from 5 to 18 days, aver-

aging 10.3 days.

The moths are active during the day, especially during the morning,

at which time they appear to deposit most of their eggs.

The principal insect enemy of the apple leaf-sewer in Virginia

appears to hePseudompJiale ancylae Girault, n. sp. [MSS.], of the family
Chalcididae.

At all times during the larval stage, the apple leaf-sewer is very
susceptible to arsenical sprays. Arsenate of lead should be used at

the rate of 2 pounds to 50 gallons of water. Bearing orchards

receiving the customary spraying for the codling moth usually escape

injury from the apple leaf-sewer. Young orchards should receive an
arsenical spray as soon as the insect appears in nmnbers sufficient

to cause serious damage.
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INTRODUCTION.

For a number of years past reports have been received by the

Bureau of Entomology of considerable damage to corn, milo maize,

and related crops by a small black beetle, Ghaetocnema ectypa Horn,

which, because of the fact that it is a native of the southwestern

desert regions, has been named the desert corn flea-beetle (fig. 1, p. 5).

The writer first noted this small black beetle in the spring of 1910,

while located on a ranch in the extreme southern part of Cahfomia.

In a field which had been planted to Indian corn, as an experiment

on the productiveness of this corn in the newly irrigated Imperial

Valley, it was noticed that within a few days after the corn came
through the ground the leaves became whitened and bleached, appar-

ently as a result of the work of some insect, and upon closer investi-

gation this beetle was found to be the cause. Subsequently the work
of this flea-beetle was noticed on various Egyptian corns and sorghums

as well as on sweet corn in various localities, not only in southern

California but also in southern Aiizona and New Mexico.

The study of the habits, life history, and methods of controlUng

this insect was commenced in the Imperial Valley of Cahfornia in 1910,

and during 1913, 1914, and 1915 has been conducted at Tempe, Ariz,^

The following pages comprise a report of these studies and obser-

vations upon the economic status of this species in the Southwestern

States.

' The writer was assisted during a part of the time by Messrs. R. N. Wilson, F. H. Gates, and L. J.

Hogg, of the Bureau of Entomology.
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DISTRIBUTION. I

So far as known, the distribution of this flea-beetle is confined to»

those areas of the southwestern United States that are normally'

semiarid in chmate. As was stated in a preceding paragraph, the:i

observations by the writer and his associates have been confined to'

California, i\j-izona, and New Mexico, and the species has been col-

lected in practically all of the lower altitudes throughout these

States. Collections in the higher altitudes show the species to be

usually absent. This is no doubt due to the annual rainfall, which

usually increases with the altitude. An exception to this rule, how-

ever, was found by Mr. F. H. Gates, during the fall of 1915, when
he took several of the adult beetles at Prescott, Ariz., elevation

5,000 feet, where they were injuring Sudan grass. The writer, three

months pre nous to this, had made observations throughout northern

Arizona, stopping at Kirkland, Prescott, Ash Fork, Flagstaff, Hol-

brook, Wilhams, and Joseph City, all of which are located at altitudes

over 3,000 feet, and although a careful and prolonged search was

made upon various known food plants, not a specimen was foimd

and no injmy was apparent except at Prescott, where typical feed-

ing scars were found on corn.

Through the kindness of Dr. F. H. Chittenden, the writer was per-

mitted to make use of certain records in the files of his office and

found that Prof. E. S. G. Titus had collected the species upon sugar.'

beets at Lehi, Utah, and Huntington Beach, Cal.; that Mr. E. L.

Crow found specimens at Yuma, Ai'iz.; and that Mr. H. O. Marsh

collected specimens feeding upon com at iVnaheim, Cal.; the type

specimens were secured at Los Angeles, Cal., and Dr. George H. Horn
reported it as also occurring in Arizona. Only one other observation

has apparently been recorded;^ this was by Dr. A. W. Morrill, who
mentions it as occurring upon Sudan grass at Phoenix, Ariz.

,

ECONOMIC CONSIDERATIONS.

To understand properly the nature of insect damage to crops

growing on irrigated tracts in the southwestern semiarid regions of

the United States one should know something of the existing condi-

tions. A tract of land is often found, varying from 200 to 100,000'

acres or more, entirely surrounded by thousands of acres of land

which is practically worthless from an agricultural standpoint; yet.

growing upon this land are weeds and grasses which serve as the

native food plants for certain insects. When this comparatively

small irrigated or dry-farm tract is planted to any crop, such as com,
milo maize, Kafir com, etc., a great many of these insects quickly

attack the new growing crops and feed upon them. Then, when

• Morrill, A. W. Report of the entomologist of the Arizona Commission of Agriculture and Horti-

culture. Ariz. Com. Agr. Hort., 6th Ann. Rpt., p. 33, 1914. *



I

THE DESERT COBN FLEA-BEETLE. 3

these crops follow one another year after year, and the area becomes
established and known as a farming region, the insects develop in

still larger numbers, being fostered by abundant food and protected

by certain careless methods of farming. Sooner or later we have an
economic pest of grave importance.

The injm-y caused by the flea-beetle under discussion is due to

just such circumstances, and to these alone.

As has been suggested previously in this paper, this insect does

its greatest injury to Indian corn of various kinds and to the non-
saccharine sorghums, while it bids fair to be a very important pest

of Sudan grass. It also exerts a minor influence upon all crops on
which it feeds, taking its yearly toU from each of them.

NATURE OF INJURY.

In destroying its food plant, this beetle works from both ends, as

it were, the adults attacking the plant above the gi'ound and the

larvae below the ground. The adults eat out the chlorophyll of the

leaves, and when sufficiently numerous they cause the leaves to

wilt. If feeding is long continued, new growing plants wiU be killed.

As the eggs are deposited below the surface of the ground, the larvae

immediately begin feeding upon the roots, and soon the plant has

quite a shallow root system that wiU not support it in a thrifty

manner.

The roots, after having been injured by the larvae, attempt to

overcome this injmy by sending out new laterals, as illustrated in

figiu-e 6, page 11, and then sometimes slight windstorms wiU cause

plants to blow over and lodge badly, thus further reducing the yield.

EXTENT OF INJURY.

The extent of damage inflicted in any year upon any particular

crop depends largely upon conditions. First, if corn is planted

early in the spring, it will usually suffer most heavily. Then again,

if the grain is planted under conditions which have been ideal for

the hibernation of adult beetles, the damage wiU also be considerable.

In the early months of the year sweet corn is especially liable to

attack, and partly because of this it is almost impossible to secure

roasting ears early.

Mr. Peterson, of the Bureau of Plant Industry, who was formerly

in charge of the experiment station located at Bard, Cal., states that

these beetles damage corn on the station plats to a considerable

extent, and that they have caused this damage there for several years.

The writer has seen small pieces of com completely destroyed by this

beetle, the attack occurring just as the corn was coming through the

ground. In these cases the owner often thought that the corn had
failed to come up.
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Mr. K. N. Wilson, in notes made during Maj'^, 1912, at Sacaton,

Ariz., relative to a small area cultivated by the Pima Indians, stated

that corn on the Bureau of Plant Industry Experimental Farm at

that place had been entirely kiUed by these beetles before it matured.

Mr. Hudson, agent in charge of tliis farm, says that this is the usual

fate of the early corn planted at Sacaton, but that some years the

beetles are not so numerous and the corn partially escapes, although

it is not so vigorous as it should be, on account of the beetle attack.

Three years previous to this, Mr. C. N. Ainslie, also of the Bureau

of Entomology, made the following notes on his observations in the

same locahty:

Heard early this a. m. that a "l)lack l)ug" was destroying corn in garden. Found

several long rows of corn 4 to 6 inches high, almost killed by Chnelocncma cdypa. The

beetles were clustered on the leaves and in many cases a dozen or more woidd he

down in the center, busy with the terminal leaf. The hills looked as if blasted by a

hot wdnd.

Some volunteer stalks of corn 2 feet high, in a watermelon patch some rods away,

were bleached almost white, as was a plat of corn 2 feet high on experimental i)lat, 60

rods or so distant. These beetles are credited with doing much mischief to corn here.

Dr. A. W. Morrill ^ states:

The corn flea-beetle, Chaetocnema ectypa, was unusually a1)undant in parts of the

Salt River Valley, and was especially troublesome in experimental plots of Sudan

grass at the experiment station farm near Phoenix.

Prof. G. F. Freeman,^ of the University of Arizona Experiment

Station, in speaking of variety tests of Papago and other varieties of

sweet corn, says:

Small black flea-beetles (Chaetocnema ectypa) injured Troth lots quite severely. So

many plants of the early lot at Tucson were killed that all plots had to be replanted

about April 20. The latter planting was injured to some extent but very few plants

were killed outright.

From these observations it is obvious that the injury caused by
this beetle is such as to demand careful attention, and vigorous efforts

should be made to reduce its numbers upon the ranches of the south-

western United States.

FOOD PLANTS.

It seems probable that this beetle had as its native food plant some
one or more of the native gi-asses growing in the Southwostern States,

as it is found on quite a number of these. It is especially abundant

at different times on wild barley (Hordeum murinum), salt grass

(DisticMis spicata), Johnson grass (Sorghum Iwlepense), and hair-

grass dropseed (Sporoholus airoides), as weU as on others. Johnson

grass and salt grass are two of its favorite food plants, and at all

' Morrill, A. W. Report of the entomologist of the Arizona Commission of Agriculture and Horticulture.

In fith .\nn. Rpt. Ariz. Com. Agr. Hort., p. 33. 1914.

> Freeman, G. F. Papago sweet corn, a new variety. Ariz. Agr. Exp. Sta. Bui. 75, p. 4^2. May, 1915.
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seasons of the year when these grasses are flourishing the adult

beetles can be found feeding upon the leaves, while the larvje can be

taken from the roots.

Of the cultivated crops, this beetle seems to be especially fond of

corn, milo maize, and Sudan grass, and it is to these crops that it does

the greatest damage. It has been taken m both the adult and larval

stages, feeding upon Indian corn, milo maize, kafir corn, sorghum,

sugar cane, Sudan grass, wheat, barley, and alfalfa, and Mr. R. N.

Wilson reported it as domg exceedingly great damage to a field of

beans on a ranch southeast of Tempe, Ariz. Accordmg to the state-

ment of Mr. E. W. Hudson, many young bamboo plants growing on

the Bureau of Plant Industry Experimental Farm at Sacaton, Ariz.,

were entirely kiUed. Dr. F. H. Chittenden has on file a record by Mr.

E. L. Crow, showmg that the beetle, besides feeding on corn, Johnson

grass, and barley, occasionally attacks cantaloupes; and one by Mr.

E. S. G. Titus, reporting it as feeding upon sugar beets

DESCRIPTIONS.

THE ADULT.

One is hardly likely to confuse this flea-beetle with any other

occurring in the areas where corn, wheat, barley, and Sudan grass are

seriously injured. Only one other re-

sembling it in size, color, and jumping

habits occurs in these semiarid regions

in any number. This is the western

cabbage flea-beetle {Pliyllotreta pusilla

Lee.) which occurs on cruciferous plants,

and which differs in being slightly longer

Pig. 1.—The desert corn flea-beetle (C/m«/oc«f7na fc/j/pa): Adult, dorsal view: n, same, lateral view in out-

line. Greatly enlarged. (Original.)

and in havmg a more pomted abdomen than the desert corn flea-beetle.

The eastern corn flea-beetle {CJiaetocnema pulicaria Crotch) occurs in
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oxceedingly limited numbers in the southwestern United States, but

the farmer need not be concerned in regard to this, for the insects are

quite similar in habits and methods of control.

The adults of Chaetocnema ectypa (fig. 1) are

shining black, less than 2 miUimeters (three thirty-

seconds of an inch) in length, and nearly as broad

as long. Upon a com leaf they appear as tiny,

nearly round objects, each about the size of the

point of a lead pencil. The species was origi-

nally described by Dr. George H. Horn in 1899.

His description is necessarily incomplete, since he

merely points out the difference existing between

Cliaetocnema ectypa and Chaetocnema obesula Lee,

^ „ ^, , . which it very closely resembles. The description
Fig. 2.—The desert corn -j •-' J

flea-beetle: Egg. foUoWS :

Greatly enlarged.
(Original.) Surface distinctly aeneous. Antennae rufotestaceous at

base, the five outer joints piceous. Thorax distinctly alutaceous. The punctation

extremely fine, indistinct, and sparse. The basal marginal line consists of fine, closely

placed punctures. Anterior and middle femora brown, the posterior femora piceous,

tibiae and tarsi rufotestaceous. Length, 0.06 inch; 1.5 mm.

THE EGG.

The eggs (fig. 2) are minute, averaging about 0.35 mm. long by

0.15 mm. in diameter, whitish and invisible to the unaided eye

unless placed upon a suitable dark or black background. They are

bean shaped, with one side slightly concave and one end smaller

than the other. The surface is sculptured and of a creamy white

luster, which becomes apparent when the egg is examined with a

binocular microscope.
THE LARVA.

The larvfe (fig. 3) of this flea-beetle are elongate and quite small in

diameter; compared to the adult, they seem to be the young of a

larger insect. When
newly hatched they
are very smalland deh-

cate, being less than

a millimeter in length;

the measurements
of six specimens giv-

ing 0.80 mm., 0.75

mm., 0.70 mm., 0.75

mm., 0.80 mm., and
1.10 mm., they being eight times as long as their greatest diam-

eter. The head plate measures 0.1 mm. in width. They are pale

white excepting the head, which is a very light straw color, and are

Fig. 3.—The desert corn flea-beetle: Larva; o, anal segment, dorsal

view; h, same, lateral view. Greatly enlarged. (Original.)



Fig. 4.—The desert corn flea-beetle:

Prepupa. Greatly enlarged .

(Original.)
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partially covered with short stiff hairs. In color and texture they
are so much like the corn roots in which they are found feeding that
one will often overlook a larva, even with the aid of a microscope.

However, when quite numerous, the full-

grown larvae are easily found on the roots

of a corn plant or in the surrounding soil.

Tlie full-grown larvae just previous to

changing to prepupae are often as much as

5 mm. (three-sixteenths of an inch) long,

varying from 3.5 to 5 mm. in length; the

average length being about 4 mm. They are opaquely white in color,

well segmented, and cyUndrical m form as compared with the younger
larvae.

THE PREPUPA.

Tlie prepupa (fig. 4) is the full-grown larva which has shrunken
preparatory to pupation, and is thus reduced to about one-half its

former length, though it is considerably greater in

diameter. It usually lies quietly, in a curved position

resembling m shape a question mark. It is segmented
and of the same texture as the full-grown larva.

THE PUPA.

The pupa (fig. 5) very closely resembles the adult in

size and appearance. It varies from 1.5 to 2 mm. in

length and from 1 to 1.3 mm. m width. It is white

when first formed, and has aU. appendages firmly com-

pressed against the body. It is quite dehcate, soft

bodied, and sparsely covered with fine hairs.

LIFE HISTORY AND HABITS.

Fig. 5.—The desert

corn flea-beetle:

Pupa. G r e a t ly

enlarged. (Origi-

nal.)

THE LIFE CYCLE.

The total length of the life cycle of this beetle m the Southwest

averaged 46.3 days, with a minimum of 31 days m July and a maxi-

mum of 79 days in March, April, and May. This, of course, is subject

to variation as in the case of most msects, and depends upon prevail-

ing meteorological conditions.

The average length of the combined egg, larval, and pupal stages

(Table I) of 82 specimens averaged 37.5 days for all temperatures,

varying from a minimum of 24 days in June to a maximum of 65 days

in March. Adding to this the average time requhed for the female

to complete her development after issumg, before she deposits eggs,

namely 9.8 days, gives the above-mentioned length of 46.3 days for

the complete life cycle.
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Table I.

—

Combined length of egg, larval, and pupal slayes of the desert corn Jlea-beette

(Chaetocnema ectijpa) at Tempc, Ariz., 1915.

Cage No.
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Fig. 1.—Laboratory Cages Used in Life-History Work on the Desert Corn
Flea-Beetle. (Original.)

I^JIST'

Fig. 2.—Field Cages Used in Life-History Work on the Desert Corn
Flea-Beetle. (Original.)

Fig. 3.—Johnson Grass Along a Neglected Fence Row and Ditch Bank.

A Deplorable Condition Favoring Insect Development and Affording

a Place for Insects to Hibernate. (Original.)

THE DESERT CORN FLEA-BEETLE (CHAETOCNEMA ECTYPA).





THE DESERT COEN FLEA-BEETLE. 9

The incubation period (Table II) varied from 3 days in the month
of July and August to 15 days during March and April. The average

time required for 314 eggs was 5.8 days. The egg stage was secured

by placing freshly laid eggs within newly made plaster of Paris cages,

the eggs being placed directly upon the plaster, which had been pre-

viously darkened with waterproof India ink. This plaster not only

kept the eggs sufficiently moist, but also kept down any fungous

growth until the eggs could have time to hatch. Just previous to

hatching the eggs darken slightly, taking on a yellowish tinge, and

the larvae escape by bursting one side of the eggshell.

Table II. -Length ofegg stage of the desert cornflea-beetle
(
Chaetocnema ectypa) at Tcmpe,

Ariz., 1913, 1914, 1915.

Cage No.
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plaster of Paris cages, consisting of 2 or 3 ounce salve boxes filled

with newly mixed plaster in which a cavity was bored before the

plaster had set. The first season that these cages were used a great

many larvse were reared partially but died before reaching maturit}'.

Finally efforts in this direction were rewarded and six larva3 were car-

ried successfully through from egg to pupa (Table III) during the

month of June at a mean temperature of 84° F., and during this

time the length of the larval stage averaged from 22 to 25 days.

Table III.

—

Length of larval stage of the desert corn flea-beetle (Chaetocnema ectypa) at

Tempe, Ariz., 1915.
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''feeding mines," while in others the feeding may produce a groove

along one side of the root, the larva finally entering the root and the

tmrnel being continued within the same. Often where tw^o tumiels

pass, the root is entirely cut off, and as is the case with small fibrous

roots, they are often entirely consumed. This feeding habit fre-

quently makes it quite difficult to locate any larva? except those that

were completely matured, and hence they were usually found in the

soil at some distance from the root. The larvae consume a consid-

erable amount of food. A single larva confuied in a plaster of Paris

cage entirely consumed a section of root one-fourth of an inch long

and one-sixteenth of an inch in diameter.

LARVAL FOOD PLANTS.

The food plants of the larvse do not differ materially from those

of the adults. The amount of damage done to these various food

plants does, however, differ con-

siderably as between the larva and
adult. AKalfa is rarely, if ever,

injured by the adults, while the

larvae do a considerable amount of

damage to alfaKa roots, especially in

alfalfa fields which have been seeded

to a gram crop such as barley, oats,

or wheat during the winter. It is

upon corn, however, that the larvae

do their greatest damage. This is,

of course, due to the fact that the

feedmg of the adults is concentrat-

ed upon newly growing corn each

spring, and egg deposition conse-

quently becomes much heavier, the resultmg damage being accord-

ingly great.
THE PREPUPA AND PUPA.

When the larva becomes full grown it constructs an oblong earthen

cell in which to change, (1) to a transitional or prepupal stage, and
(2) after a further period of a few days, to the true pupal stage.

These pupal cells average about three-thirty-seconds of an inch in

length, the inner walls being quite smooth. In constructmg its cells

the larva, owing to the fact that it is longer than its ceU, must be
doubled back upon itself, thus working in very close quarters. As
soon as the cell is completed the larva changes to a prepupa. In this

stage the body length shrinks while the diameter greatly increases,

and the larva changes to a plump, rotund object shaped like a ques-

tion mark. This stage, as shown by Table IV, varies in length

from 2 to 8 days, the average being 3.4 days for 10 specimens. This

Fig. 6.—Section of corn root showing injury

by larvae of the desert corn flea-beetle.

About one-half natural size. (Origiaal.)
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was ascertained by taking larvae that had ah*eady constructed their

pupal cells, placing them in a vial, and allowing them to go through

these various changes in plain sight.

Table IV.

—

Duration of prepupal and papal slagesof the desert corn Jfea-beetle (Chaetoc-
nema eclypa) at Tempe, Ariz., 1915.

I'upa No.
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THE ADULT.

The change from pupa to adult takes place rather quickly, but

often a day or two passes before the adult entbely assumes the char-

acteristic shining black. When the adults first emerge from the

pupal state they are almost white, but after a short time gradually

become darker, beginning with the legs, then the elytra, and finally

the whole body is enveloped.

The adults are very soon able to jump nimbly and it is this habit

which has given this group their name of "flea-beetles.'' They are

quite easily alarmed, leap quickly from a plant, and, falling to the

ground, often feign death in order to escape their enemies.

To the ordinary observer the males and females are very much
alike, the difference being largely one of size, the male averaging

slightly smaller than the female. A gravid female can be distm-

guished by the size of her abdomen, but large males are often larger

than small females, so that the distinction is not very reliable.

ADULT DEVELOPMENT.

After the adults emerge several days must elapse before their

sexual development is completed. Numerous records on this point

were made by the waiter as well as by J. H. Newton, assistant in the

bureau at Tempe, and it was fomid that copulation usually takes

place from 4 to 6 days after emergence and oviposition from 4 to 5

days thereafter. Table V shows the length of the period elapsing

from issuance to oviposition as observed in five females. This varied

from 7 to 14 days, the average being 9.8 days.

Table V.

—

Length of J ifc of the desert corn flea-beetle {Chaetocnema ectypa) at Tempe,
Ariz., 1915.

Date adult issued.

Age at
Date ovi- begin-
position ning of

ovipo-
sition.

Adult
died.

Length
of life.

On or before Apr. 25..

On or before Apr. 20.,

Mav7(3)
May 17

"Do
July 16

Do
On or before Apr. 28.

Apr. 29
Apr. 28
May 22
May 26
May 29
July 23
July 25
May 7

Days.

Average. 9.8

June 1

May 31
May 27
June 15
...do....
July 31

...do....
July 20

Days.
38+
41+
20
29
29
15
15
83

33.6

NUMBER OF EGGS DEPOSITED BY ONE FEMALE.

The females usually lay their eggs in stages, there being from one

to two, and sometimes three, different egg-laying stages, often extend-

ing over half a month. As shown in Table VI, a female may deposit
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all her eggs in a single day, or in two or more successive days, or she

may deposit only a part of them and then rest from four to five days,

after wliich another large number may be deposited; then, after

another period of three or more days, a third deposition of eggs may
oocm*.

Table VI.

—

Egg-laying record of 13 females of the desert corn flea-beetle {Chaetocnevia

eciypa) at Tempe, Ariz., 1915, by L. J. Hogg.
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time be protected from the heat. In feeding a beetle will stand
crosswise on a corn leaf and with its strong mandibles eat out a
portion of the epidermis between two parallel veins, continuing in a
straight line, often 1 or 2 inches in length. They rarely eat a hole

entirely through a leaf. In cases where extremely "heavy feeding
occurs and where the infestation is great, the green portion is entirely

eaten out, and the leaf has a burned or scarred appearance.

SEASONAL HISTORY.

NUMBER OP GENERATIONS ANNUALLY.

The desert corn flea-beetle usually appears about the middle of

February each spring. The time at which the beetles may first be
found actively feedmg in the field wiU, of course, depend upon the
season. In the year 1912 Mr. R. N. Wilson first took these beetles

on February 14, sweeping a few specimens from a barley field. In
1913 the same observer took a few feeding beetles on January 13.

The month of January of that year, however, was quite warm and
advanced over the ordinary year. In the year 1914 Mr. D. J, Caffrey

took adults for the first time on February 20. These were feeding in a
green wheat field. In the spring of 1915 Mr. F. H. Gates first swept
adults in an alfalfa field on February 9. They did not, however,
become abundant until February 23, when both the author and
Mr. Gates secured an abundance of this species.

It is only a few weeks after emergence that these hibernathig

adults begin depositing eggs. The earliest date that eggs have been
secured in cages was March 12, 1915, at which time the writer secured

eggs in considerable numbers. There are from tlu-ee to four genera-

tions each year in the Salt River VaUey. The first generation, starting

with eggs deposited in early March, appears about the first of June.

Another generation quickly follows, adults coi.img forth about the

middle of July, a third generation is completed hy the first to the

middle of September, and in occasional years there is a partial fourth

generation.

The fact, however, that the length of each individual fife cycle is

determined quite largely by the proximity of both larvae and pupae

to the surface of the ground is responsible for the general inter-

mingling of the various generations, so that eggs may be secured

tliroughout the breeding season. Eggs have been secm-ed in cages

tln-oughout the year, beginningwith the first of March and continuing to

the middle of October. Mr. Wilson has secured eggs in cages during the

months of May, June, July, August, September, and October, while

the writer has secured eggs during March, April, May, and June, and
these records were followed up by those of Messrs. Hogg and Newton,
who obtained eggs during July, August, and September of the same
year. Of course, eggs deposited the first of October would, ordi-
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Harily, not reach maturity, while those deposited in the middle of

September in some seasons develop a partial fourth generation. From
October 13, 1914, to March 9, 1915, the writer maintained in a labora-

tory cage a large number of Chaetocnema adults which had l)een

collected from the field, but did not secure a single egg during this

time.
HIBERNATION.

From the foregoing remarks on the generations it is at once seen

that these adults usually are found hibernating during the latter

part of November, in December, and in January. They enter hiberna-

tion gradually during November, and one is rarely able to find adults

tln-oughout December and January, although on an occasional warm
day specimens might be secured during any winter month. On Nov.

7, 1912, at Tempe, Ariz., Mr. R. N. Wilson made the following note:

Only a few Chaetocnema could be found on corn on the Godfrey field to-day.

Then on November 23, 1912, he made the following observation:

The corn on the Godfrey field has been cut since the field was last visited. No
specimens were found.

On December 14, 1914, also at Tempe, the Avriter observed adults

in hibernation and made tlie following record:

A few Chaetocnema adults were found to-day in protected places, as back of sheath

leaves, in an old cornfield, and at the base of wild barley plants that thickly covered

the ground. The species is apparently very quiet at this time and can be said to be

hibernating. The past week has been rather cold and several mornings the tem-

perature fell to considerably below freezing. One or two specimens were noted, how-

ever, that appeared quite active.

The hibernating adults may be found beneath anything that will

give them protection, such as rubbish and grass clumps in waste

places. A favorite place for adults to winter is along ditch banks

thickly grown up with Bermuda and Johnson grass. These places

seem to be ideal because, late in the winter or early in the spring,

they become overgrown with wild barley, and this plant gives the

beetles succulent food the first warm da3^s in the spring. Waste
salt places which are not too wet and are grown up with salt grass

also afford ideal conditions for hibernation quarters, and the beetles

have been observed on this grass quite early in the spring. Early in

1912 Mr. R. N. Wilson made the following note:

At the northeast corner of this farm there is a large patch of salt grass (Distichlis

spicata), which forms a thick mat on the ground. Sweepings made on this grass

to-day revealed many Chaetocnema. This is likely one of their food plants, and
l)robab]y furnishes an ideal place for hibernation.

NATURAL ENEMIES.

Judging from our present knowledge of this species, it seems to be

fairly free from the attacks of enemies of any kind. While it is quite
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possible that it is occasionally picked up by birds, yet no definite

observations have ever been made upon this, and the Bureau of

Biological Survey has no records bearing upon this species, though

related species have been found to be taken as food by certain birds.

PREDACIOUS ENEMIES.

The larvse of this beetle are without doubt fed upon by several

subterranean larvag of ground beetles which have been found to

inhabit the soil in the vicinity of corn" plants. The adults are preyed

upon by the nymphs and adults of Reduviolus ferus L. Mr. Wilson

first took specimens of these nymphs, which be found feeding upon
Chaetocnema adults, at Tempe, Ariz., and reared them to maturity, and

then fomid that both adults and nymphs were feeding upon the flea-

beetles. It is quite likely that other reduviids also attack this species.

At Holtville, Cal., the writer found a great many beetles with their

bodies almost covered by a species of mite. Upon being sent to

Washington these mites

were determined by Mr.

Nathan Banks as Pedicu-

loidessp. They have since

been found quite frequently

upon adult flea-beetles.

PARASITIC ENEMIES.

During his observations

in 1915,^ the writer discov-

ered that a small parasitic

wasp, Neurepyris sp.- (fig.

7), was pre}'ing upon the

arvse and prepupae of this

flea-beetle. Six specimens

taken m the soil, already within the pupal cases, were each found to

have very small, insignificant external larvse feeding upon them, the

larvae being attached to the ventral side just back of the hind pan- of

legs. These were carefully placed in small vials, and subsequently

several of the parasites died, while one specimen pupated and finally

changed to an adult, the hymenopterous larvse in the meantime

having completely consumed the beetle larvse.

The adult of this parasite is very small, black, with yellow legs,

and its pupal case, which is about the size of a Chaetocnema pupa,

is constructed in the soil of a brown, densely woven material. The

larval stage of this parasite was found to be about 8 days and the

pupal stage 24 days. This was during the month of May, with the

mean temperature about 76° F.

Fig. 7.- Neurepyris sp., a parasite of the desert corn flea-

beetle. Greatly enlarged. (Original.)

I \t Tempe, Ariz. 2 Determined by Mr. S. A. Rohwer.
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REMEDIAL AND PREVENTIVE MEASURES.

The control of this insect over a wide area can be accomplished

only by ciiltural methods, the eradication of its hibernation quar-

ters, and the destruction of some of its favorite native and adopted

grass and weed food plants. In smaller areas, consisting of only

a few acres, a certain degree of success can be expected from the

use of arsenate of lead as a spray. Several experiments were tried,

using different kinds of repellents, but without any great amount of

success.

The greatest damage is done to the plant just as it is coming through

the ground, because at this time it is more tender and attractive to

the beetles and also is less resistant to insect attack. If, there-

fore, the growth of the plant is stimulated by good cultivation, fer-

tilizers, or any other stimulative measures, as has been recommended

by Mr. Wilson in his notes- upon this species, then the plant will

have an excellent chance in spite of the flea-beetles. If the numbers

of the beetles are also lessened by the cleaning up of hibernation

quarters and the eradication of breeding places, the plants will have

a stni greater chance of reaching maturity, and finally, if the plants

are sprayed by arsenate of lead, as will be shown latei*, the damage
wiU be almost neghgible.

REPELLENTS.

While located on a ranch south of Holtville, Cal., in April, 1910,

the \\Titer undertook to determine the value of several volatile oils

and also of naphthalene balls, as repellents for this beetle. The
oils used were those of eucalyptus, citronella, and pennjToyal. A
small piece of cotton was placed m the ground, even with the surface

of each liiU of corn treated, and was moistened with the oil each

morning for five days, whUe the naphthalene balls were utilized by
placmg a single ball beside a hiU of corn. Two rows were treated

with each of the four remedies used and every third row was left

untreated as a check row, the idea being that if the com could be

protected for a few days it would reach a stage of growth m which

it would be able to withstand an attack from the flea-beetles. The
results of this experiment may be sunmiarized as follows: Tlie

naphthalene balls and the oil of eucalyptus were found to act m no

way as repellents of this beetle. Tlie rows treated with the oil of

citronella were damaged the least by the flea-beetles, while the rows

treated with the oil of pennyroyal were damaged only slightly.

However, suice the cost of these oils and the time taken m apphca-

tion were foimd to be prohibitive from an economical standpoint, and

since the results were not conclusive, the use of these repellents

can not be recommended.
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POISONS.

Speaking in regard to the control of tiiis flea-beetle on Sudan

grass, Dr. A. W. Morrill ^ states:

Experiments with applications of Bordeaux mixture and arsenate of lead to the

infested grass failed to give satisfactory results.

Later than this, after additional experunents, he remarks: ^

Spraying the plants with arsenate of lead, using one ounce of arsenate of lead

powder to one gallon of water, is the only remedial measure which can be recommended

at the present time.

Prof. Freeman,^ m his bulletin previously mentioned, speaking of

the injury from this Uttle flea-beetle, says:

The plants were all sprayed twice with lead arsenate, but very little benefit could

be ascribed to this treatment.

In correspondence with Prof. Freeman, the writer was informed

that he used arsenate of lead without soap in the solution, and he

says that the spray collected in drops upon the corn foliage, and

attributes the failure of the arsenate of lead to this fact.

The writer first used 1 pound of powdered arsenate of lead to 50

gallons of water, but without any success whatever, the beetles

being fully as nmnerous on rows treated as on those not treated. It

was easily seen that this was due to the fact that the solution of

arsenate of lead did not stick to the corn leaves. Later an experi-

ment was tried, using powdered arsenate of lead, 2 pounds to 50

gallons of water, mixed in a strong soap solution which caused the

diluted poison to stick well to the surface of the leaf. This seemed

to act both as a repellent and as a poison to the beetles, and the

treated rows were in no way mjured by the attack of these flea-

beetles. While additional experiments must be carried on with

regard to the use of this poison, from the writer's past observations

it can be used in this manner upon small areas of corn, applied by
means of a small spray pump, with very satisfactory and practical

results.
CULTURAL METHODS.

As has been pointed out in the discussion of the pupal stage of

this flea-beetle, if the soil be kept fairly moist the pupae will form

near the surface of the ground and within 2 or 3 inches of the corn

plant. Now, if precautions are taken to follow each irrigation by a

very shallow cultivation close to the plant and shallow enough to

insure no tearing of the root surface, a great many pupse will be

1 Morrill, A. W. Report of the entomologist of the Arizona Commission of Agriculture and Horticul-

ture. Ariz. Com. Agr. Hort., 6th Ami. Rpt., p. 33, 1914.

2 Morrill, A. W. The Com Flea Beetle. In Ariz. Agr. Exp. Sta. Bui. 75, p. 46S. May, 1915.

3 Freeman, G. F. Papago sweet com, a new variety. Ariz. Exp. Sta. Bui. 75, p. 462. May, 1918.
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destroyed and damage to future crops will ]>(>. greatly lessened.

Such eidtivation will not oidy assist in reducing the number of beetles

maturing, but it will also aerate the ground and place it ui a thrifty

condition, producing strong healthy plants that will be able better

to withstand insect attacks.

This point should not be passed without mention of the fact that

stable and barnyard or corral manure, which, in the Salt Eiver VaUey,

is ordinarily dumped in waste places, on ditch banks, or absolutely

destroyed, as it were, should be utilized in building up the soil and

making it still more productive than it is at the present time. Manure

is ordinarily not used in the warm southwestern country because it

is claimed that it causes burning of the plants and contributes to the

dispersion of weed seeds. If manure is thoroughly rotted and

properly applied it will not burn the plants, and if rotation of crops

is practiced, there will be a minimum of complaint in regard to the

dissemination of weed seeds.

Mr. E. W. Hudson, who has been in charge of the Bureau of Plant

Industry Experimental Farm at Sacaton, Ariz., and who is well

acquainted with farming conditions in the Southwest, beheves that

all manure should be utilized, and if it is to be plowed under it should

be applied in the fall, turned under, and given a chance to decay

during the cool part of the year. If used at other times of the year,

he believes that it should be applied by the aid of a manure spreader

as a light top-dressing. The writer is thoroughly in accord with

this latter method, for in addition to putting the nourishment just

where it is needed by spreading the manure over the gromid where

it soon dries, the breeding of flies is also avoided. If all manure

and refuse were handled in this manner, there would be a consider-

able reduction in the fly population of these regions.

If land well treated with stable manure is afterwards planted to

corn, the plants will be enabled to make a good start and contiinie in

a thrifty condition in spite of flea-beetle attack.

ERADICATION OF JOHNSON GRASS AND OTHER TROUBLESOME GRASSES.

Since it has been shown that this flea-beetle lives quite largely

upon Johnson grass {Sorghum halepense) and salt grass (DistichlU

spicata), it is obvious that the fewer of these grasses found grow-

ing in alfalfa fields or cultivated fields of any kind and also along

roadsides and ditch banks, the fewer the number of beetles to attack

the cultivated crops. Wliile Johnson grass may be a difficult and

troublesome grass to control, yet there is no excuse for allowing it

to become an almost inaccessible thicket, 15 to 20 feet wide, along

roadsides, fence rows, and ditch banks, as is sometimes found to be

the case in Arizona. Each farmer should consider it a part of his

duty to the community in which he lives to mow such places two
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or three times a year, or to pasture them with sheep, thus keeping
down all weed and grass growth.

ELIMINATION OF HIBERNATION QUARTERS.

Cleaning up weeds and grasses will eUminate a great many of the

hibernation quarters of this beetle, and if such methods oan be car-

ried further, to include all waste places and any place where trash

may accumulate, then the hibernatmg beetles will not be able to

protect themselves from the colder days and frosty nights of the

winter months and their numbers will be reduced.

SUMMARY.

The desert corn flea-beetle is present in injurious numbers in the

cultivated areas of the southwestern United States, where it takes

an annual toll upon such crops as corn, milo maize, sugar cane,

Sudan grass, wheat, barley, and alfalfa. Both the adults and the

larvfe are concerned in injuring crops, the adults feedmg upon the

top of the plant and the larvae upon the roots.

The eggs are deposited at or near the surface of the ground and
hatch in about six days. The young larvae are foundwithin the tender

roots of the food plants, while the older larvae are found in the soil

near these roots. The average length of the larval stage is found to

be 32 days.

The prepupal and pupal stages are both passed within a cell in

the soil near to the roots on which the larvae fed.

The flea-beetles hibernate in the adult stage under rubbish or at

the base of various grasses growing m the regions of infestation.

The total length of the life cycle of this flea-beetle is about seven

weeks, there being from three to four generations each year.

The numbers of adult flea-beetles can be reduced greatly by
cleaning up hibernation quarters and eradioatmg some of their weed
food plants, such as Johnson grass, salt grass, and Bermuda grass.

They can be further reduced by carefully cultivatmg such crops as

can be cultivated just as soon as the soil becomes dry, foliowhig each

irrigation. This method destroys a great many pupae. Small

pieces of corn can be sprayed successfully with arsenate of lead, using

2 pounds to 50 gallons of water, the water being made into a strong

soap solution. This acts both as a repellent and as a poison to the

beetles.

Injury to oorn and other crops can be overcome partially if the

soil is placed m the best possible cultural condition by the addition

of barnyard manure or other fertilizer.

The nymphs and adults of a predacious hemipteron (Reduviolus

ferus L.) were observed to feed upon these beetles, and a small

parasitic wasp, Neurepyris sp. (fig. 7.), was found to prey upon the

larvae and prepupae.
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IMPORTANCE OF FLAT-HEADED BORERS.

Flat-headed borers 0)uprestid larvae) are among the most important

of the borers infesting forest trees in the United States. Some mine

the leaves, one burrows into the cones, a nmnber bore into the inner

bark and outer wood of the trunk, branches, and roots, while the

majority excavate oval winding "wormholes" throughout the sound

or decaying sapwood and heartwood.

At present the leaf-miners and the cone-burrower are not common
enough to be important. The bark-borers often girdle and kill healthy

trees or those injured by fire, floods, droughts, diseases, other insects,

or careless lumbering, and at other times weaken trees so that they

become easy victims of diseases, other insects, or unfavorable environ-

ment. Sometimes when they do not kill the tree outright their work
causes dead limbs or twigs, or serious defects, checks, or gum spots

to form in the wood, or swollen gaUs to form on the branches. The
wood-borers mine the sapwood and heartwood of the trunk, top, and

larger branches and thus destroy or seriously injure a large amount
of the tree's most valuable product, its timber. Wormholes will cause

the finest grade clear lumber to become unfit for the higher grade

uses and therefore unsalable at the higher prices.

67169°—Bull. 437 17
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FOOD PLANTS.

Both deciduous and coniferous trees, as well as shrubs and herba-

ceous plants, are attacked. Some genera attack only deciduous

trees, some only conifers, while others attack both. Plants of any

age may be attacked and any part of the plant from the roots to the

leaves, but the principal part is the bark and wood of the main

trunk.
CHARACTER OF THE WORK.

The borer work or mjury consists of a flattened, oval, gradually

enlarging, more or less tortuous mine or wormhole (PI. VIII,

figs. 1, 2), which, when completed, widens out into an elongate

oval pupal ceU. This cell connects with the outer surface by a short,

oval exit hole. The mine has its surface marked by fine, transverse,

crescentic lines and is usually tightly packed with arc-like layers of

sawdust-hke borings and pellets of woody excrement. The injury

may be entu-ely in the bark, entirely in the wood, or, as is usually

the case, in both bark and wood.

LIFE HISTORY.

All bark and wood boring flat-headed borers hatch from eggs de-

posited by the mother beetle singly or in a mass (PI. IX) , on the bark

or tucked in some crevice in the bark or wood or under the bark at

the edge of a wound. Each larva mines the inner bark or wood
until it reaches maturity, when, after mining outward nearly to the

surface, it retreats into its mine and forms an oval cell, in which it

pupates and transforms to an adult beetle. The beetle rests awhile,

then bites its way out, feeds on the bark, foliage, or pollen of some

plant, usually its host, and then mates. The female, after depositing

eggs to start a new generation, soon dies.

SEASONAL HISTORY.'

The egg is usually laid in the spring or summer and the borer

hatching from it feeds and rests until the following fall, or the second

fall, or even the third fall, before it reaches maturity. It then

either rests over the winter in the larval stage and pupates and trans-

forms to the adult the following spring, or it pupates and transforms

to the adult in the summer or fall and rests over the winter in the

adult stage in the pupal cell. Most of the bark-borers pass the

winter in the larval stage and emerge soon after pupating and trans-

fonuing to adults in the spring. Many of the wood-borers pupate

and transform to adults in the summer or fall and pass the winter

' Some evidence has been obtained which indicates that certain species may pass the winter in the egg

stage. Mr. A. B. Champlain collected a mass of eggs at Colorado Springs on February 12, 1914, which

produced yoimg Chalcophora larvaj. Certain Agrilus larva) feed in the s[)ring a short time before pupatings

and transforming. Individuals of some species pass the winter in the pupal stage. No observation

have been made which would indicate that the adults live over the winter after they have emerged.
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in the adult stage before emerging. Feeding begins soon after emer-
gence, and mating, egg-laying, and death soon follow, the whole
being completed before the end of summer.

SPECIAL HABITS.

So far as known to the wi-iter only two of our genera (Agrilus and
Eupristocerus) cause the formation of galls (PI. VIII, figs. 3, 6) on
the host plant, and in these cases it seems to be more the special

nature of the plant to produce the galls than it is the special work
of the insect that causes them to be produced. Thus, the same
species of insdct will produce galls on some plants and not on others,

or on one part of a plant and not on other parts of the same plant.

A common western form, Agrilus, that infests the alder often pro-

duces gaUs in eastern Oregon, while it seldom does so in eastern Cali-

fornia. The common Agrilus hilineatus Web. of the Eastern States

hardly ever produces galls, but it will do so sometimes when it works
on the smaller branches of the oak.

Besides the enlarged roughened galls, some species cause "splotch"

mines to form in the bark of young shoots or branches.

Chrysophana placida Lee. usually works in the heartwood of dead
branches, tops, fire scars, etc., but recently Mr. P. D. Sergent found

it mining the cones of the knobcone pine {Pinus attenuata) in southern

Oregon (PI. VIII, fig. 5).

In pupating, it seems to be the most natural habit for the bark-

borers to pupate in the bark, and most of them wiU do so if the bark

is thick, but where it is thin they will go into the outer wood. The
natural habit of the wood-borers is to pupate in the wood, but some
will pupate in the bark.

Although the usual food of the adults is the foliage of the host plant

(PI. VIII, fig. 4), some are pollen feeders, and, as has been determined

recently by Mr. F. C. Craighead, some will feed on the spores of fungi.

In this mstance the adult Agrilus hilineatus is of some benefit in de-

stroying the spores of the destructive chestnut blight fungus. Mr.

L. E. Ricksecker mentions (Entomologica Americana, 1885) having

seen adult MelanopJiila consputa Lee. devouring scorched white ants

(termites) on an old spruce log.

SPECIAL STRUCTURAL CHARACTERS.

The larvse of the genus Agrilus (PI. VI, fig. 2) and of the genus

Eupnstocerus (PL VI, fig. 1) bear on the thirteenth or last segment a

pair of strong, heavily chitinized, toothed forks or forceps. These

are absolutely distinct from any structure possessed by any other

member of the family. Polycesta larvse have a pair of sunken brown-

ish spots on the head, one on each side of the jaws, a pair on the

postero-dorsal surface of the third segment, and a pair on the antero-

ventral surface of the fourth segment. The function of these spots
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is unknown, but possibly it may be auricular. Thnncopyge larvae

have a pair of brownish spots on the median subdorsal areas of the

second and third segments which appear to be secondary spiracles.

AGREEMENT OF ADULT AND LARVAL CLASSIFICATIONS.

The buprestid larval classification agreesvery well in the grosser

features with that of the adults, except in the case of the genus

Antliaxia. In adult classification this genus is placed between Melan-

ophila and Chrysobothris, but its larval characters and life history indi-

cate a much closer relation to Dicerca and its allies.

The larval characters strongly indicate that the genus Buprestis

should be split into three genera and the genus MelanopMla into two

genera.
DISTINGUISHING CHARACTERS.

The principal distinguishing character of the buprestid larva is the

occurrence of a well developed ambulatory plate (Pis. I-VI) on both

the dorsal and ventral surfaces of the first segment behind the head.

Both plates closely resemble one another. Similar plates occur on

some of the eucnemid larvae (PI. VII, figs. 1, 3), but the markings

are different. The buprestids have a central line, groove, or V on the

dorsal plate, while the eucnemids have two lateral lines. Cerambycid

larvae (PL VII, fig. 2) never have the ventral plate as well developed

or similar to the dorsal. Cucujid larvae (PI. VII, fig. 4) are very flat,

but they can be distinguished from the buprestids at once because of

their well developed legs.

Structurally there are two general types of buprestid larvae: One
(bark and wood borers) "flat-headed," with a long slender subcy-

lindrical tail; the other (leaf-miners) flattened, rather oval, deeply

notched, and gradually tapering to the last segment. In the first

type, the first segment, taken with the second and third and some-

times the fourth, forms a broader, head-hke division from the re-

mainder, which, taken together, forms the long subcylindrical tail.

In this type the first segment is much larger and broader than the

others, while the thirteenth is usually much smaller. In the second

type there is no distinct club head; the first and second segments

are only a little narrower or a little broader than the third and fourth

and the whole gradually tapers down to the thu'teenth.

Both types are distinguished by the following characters: Com-
paratively small head more or loss retracted into the first segment of a

body composed of 13 fairly well defined, flattened segments; antennae

medium-sized and tlu-ee-jointed; oceUi wanting ; labrum rather large,

arched and protruded; mandibles sliort, strong, usually toothed and

rather spoon-shaped; maxillae well developed; maxillary palpi two-

jointed; labium well developed, arched, protruded; labial palpi

minute and unsegmented, almost obsolete; first segment with a

large, well-developed plate on both the ventral and the dorsal sur-
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Flat-Headed Borers.

Fig. l.—Chalrophom nnniilirnllis: Larva. A, Dorsal view; B, dextral view; C, ventral view. XU.
Fig. 2.

—

ClialcopluirilUi cuiiijHMrin: Larva. A. dorsal view; B, dextral view; C, ventral view.
XU. Fig. S.—Biii>ii!'ti!< (iiJiiciiiis: Larva. A, Dorsal view; B, dextral view; C, ventral view.
X2. Fig. 4.

—

BinjiTstis aiindntta: Larva. A, Dorsal view; B, dextral view; C, ventral view.
X'25. ( Drawings by Eleanor T. Armstrong.) (Original.)
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Plate II.

^^:-

Flat-Headed Borers.

FIG. l.-Buprrstis Imviventris: Larva. A. Dorsal view; H. dextral view; C, jentml view. X2.

Fig. •2.-.ifrlnjwplnla rlrumimmdi: Larva. A. Dorsal view; B de.Ktral view; C, ventral v ew. X_i4-

F,G i-M,l,u,oi,l,i'<i iHli-H.'or Larva. A, Dorsal view; B, dextral View; C, ventral view. Xij.

fIo. l.-rA'-'/l'I'/J-r/.s/'/.^rr/.^ Larva. A, Dorsal view; B, dextral view; C, ventral view.

X34. (Drawings by Eleanor T. Armstrong.) (Original.)
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Flat-Headed Borers.
riG. l—CI,r!/mbothri.;<f: Larva. A, Dorsal view: B, ventral view. X3i. Fig. 2 —A7ifharia aerien-(mter: Larva. A Dorsal view; B, dextral view: C, ventral view. X5 FiG/s-cfmTamciUm"-
La^a A Dor^« vf/' I ^'''''^'

r^^'
C ventral view. xSi. Pro. i.-Poe^Sfhu^Za:

A^rong f (OriginaT')
^'"''^'*'^ '"*'''' ^' ^^''^^''^ ^'^w. X3. (Drawings by Eleanor T.



Bui. 437, U. S. Dept. of Agriculture. Plate IV.

Flat-Headed Borers.

^^'^.JT^''''''":
^'?'"''9'«'n- I-arva. A. Dorsal vit-vv: H, ilextral view; C, ventral view.

K-

^—lrn<;l».lkilf Uo.utn: Larva. A, Dorsal view; B. dextnil view; C, ventral view,
r l

— l>'-iiici>l,!i<,r ,ii„binis: Larva. A, Dorsal view; B. de.xtral view; C. ventral view,

^,;:.,^i^.''''u-,
'''''"'''','• '''"^"- '^' '^"'•''•i' vi<'w; B, cephalic view; C, ventral view.(DrawinKM »)> KlcaiiorT. Armstrong. ) (OriKinal

)

X-21
X3.
X2.
Xl^
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Flat-Headed Borers.

Fig. l.—Chrysophavn placida: Larva. A, Dorsal view: B, dextral view; C, ventral view.
Fig. 2.

—

Acnianxhra prorsa: Larva. A, Dorsal view: B, dextral view; C, ventral view.
Fig. 3.

—

IHiiKuiKi i/iiibicollia: Larva. A, Dorsal view; B, dextral view; C, ventral view.
Fig. 4.— TyHilar ix ulnnjai': Larva. A, Dorsal view; B, dextral view; C, ventral view.
iDrawingsby Eleanor T. Armstrong.) (Original.)

X4.}.

X5.
X3i.
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Flat-Headed Borers.

Fig. l.—Eupruitocerm cngitans: Larva. A, Dorsal view: B, dextml view; C, ventral view. X3.t.

KiG. •l.—Agrilm biline'atus: Larva. A, Dorsal view. B, dextral view; C, ventral view. X4J.
Fig. •i.—Jimchys atrom: Larva. A, Dorsal view; B, ventral view. X5. Fig. 4.—Pachyscdus
fr/iwarzii: Larva. A, Dorsal view; B, ventral view. XlO. (Drawings by Eleanor T. Armstrong.)
(Original.)
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~^k]

'"1,
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EUCNEMID, CERAMBYCID, AND CUCUJID LARV/E.
Fig. l.—M'elasis ruflpennis: Larva. A, Dorsal view; B, dextral view: C, ventral view. X3. This

is a cross borer (euenemid ) often mistaken for a fiat-headed borer (biiprestid). Fig. 2.—ifAa-
giuin lineatum: Larva. A, Dorsal view; B, dextral view; C, ventral view ^"^ TV,ic,o„ ^^„„^X3. This is a round-

---,-- -:; --V • '^"" .-w.^v.„ .V,. ....... ,.^„..... ...... ^„..j..vo....). Fig. 3.—Z>ro-
maeolus nitens: Larva. A, Dorsal view; B, dextral view; C, ventral view X3. This is a cross
borer (euenemid ) often mistaken fora flat-headed borer ( buprestid ). Fig. 4.—Cucujits punicem-
Larva. A, Dorsal view; B, dextral view; C, ventral view. X3. A very flat larva found uuder
bark but nota flat-headed borer. (Drawings bv Eleanor T. Armstrong.) (Original.)

.J- - — .^. i-"ji!iit.i vit'iv; r>, iieAuai view; >.^, veimai view. xo. iiiisisaro
headed borer (cerambycid) often mistaken for a flat-headed borer (buprestidi. Fig. 3.-

A, Dorsal view; B, dextral view; C, ventral view. X3. This is a
1 mist!! It ATI fr»r Q flo t_lioa rl»:»rl Kr\rt»r ( Kiir^T'octirl \ trio A /"'.i,/vn,i*.*.i i . ..« i
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Fia. 1. Bark from dying yellow pine (JPiwws

pondcro.sa) mined by larvw of MdariophUa
druiiiinondi. X\. (Photograph by H. E.

Burke.) (Original.)

Fig. 2.—Wood from .scar on living red fir(.46fc,s

viagnifica) mined by larvfe of Tnichi/kde
nhhhoKa. (Photograph by H. E. Burlie.)
(Original.)
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Work of Flat-Headed Borers.

Fig. 1.—Effgs of Agrilus nvficliru.'i lai<l singly on twigs of live oak (Quercus agrifolia).
XI. Fig. 2.—Egg of Agrilus sp. laid singly on sUni of uianzanita (Arctokafjhylos
VLScida). XJ. Fig. 3.—Egg masses of A;iriliin ikjUIus ou bark of .stem of urroyo
willow (SaH.!; lasiolepM). Some covered with the protective covering, some nncov-
ered. XJ. Fig. 4.—Egg masses of Agrilus s^p. on bark of trnnk of white alder
{Alnm rhombij'(ilia). XJ. Fig. .5.—Trunk of living white alder (Al)ius rhombi-
folia) showing egg masses of Agrilus sp. and the .sap flowing from the wounds
caused by the feeding of the young larvce. X^V- Fig. 6.—Sections from the trunk
of a living white alder {Alnus rlioinbijolia) showing old egg masses on the liark,

larval work under the bark, and the "craters" formed in the bark when the
attack was not severe enough to kill the tree. The brood died in the larval stage
and tlie wound will cause a check in the wood. XL (Photographs by H. E.
Burke.) (Original.)
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faces; true legs wanting; ambulatory tubercles sometimes present;

cerci wanting; spiracles crescentic, one large one on either side of tlie

second segment and one small one on either side of each of the fourth

to eleventh segments, on the anterior dorso-lateral surface.

Key to Genera of Buprestid Laev^.'

1. First segment distinctly larger and broader than the following segment;
larva clublike or pestlelike in form, somewhat flattened ; bark and
wood miners (PI. I, fig. 1) 2

First segment only slightly broader or slightly narrower than the following
segrnent; larva slightly wedge-shaped (cuneiform) or spindle-shaped
(fusiform), much flattened; segments deeply notched and lobed;
leaf-miners (PI. VI, figs. 3, 4) 19

2. Last segment without a distinct chitinous fork (PI. I, fig. 1) 3
Last segment with a distinct chitinous fork (PI. VI, figs. 1,2) 18

3. Plates of first segment with distinct chitinous rugosities (PI. I, fig. 1) 4
Plates of first segment without distinct chitinous rugosities, surface some-

times dull, sometimes sliining (PI. 1 V) 8
4. Rugosities of first segment strongly developed, tending to form ridges;

flates with rather definite margins, markings dark and distinct (PI.

...fig.l) .---, ; 5
Rugosities of first segment pointlike; plates with indefinite margins, mark-

ings light, appearing more as grooves than as definite lines (PI. I,

figa. 3, 4) 6
5. Dorsal plate marked by a distinct inverted Y (PI. I, fig. 1) Chalcophora,

Dorsal plate marked by a distinct marking more Like an inverted V or U
than a Y (PI. I, fig. 2) Chalcophorella.

6. Dorsal plate marked by a short, trunked, inverted Y or U , the apex and trunk
of which are often faint, rugose area forming more or less of a hood
around the Y; ventral plate marked with a median groove that ex-
tends from the posterior margin of the plate two-thirds or three-
fourths of the distance to the anterior margin, not bisecting the
plate (PI. I, figs. 3, 4; PI. II, fig. 1) ^

Buprestis.

Dor^l plate marked by an inverted V formed from light grooves; ventral
plate marked with a median groove that extends from the anterior

margin backward, sometimes bisecting the plate (PI. II, fig. 3) 7
7. Dorsal plate rather oblong; ventral plate quite narrow, almost rectangular,

completely bisected by a median groove; first segment not much
larger than the second and third, fourth segment as large as the fifth

(PI. II, figs. 2, 3) _.
. . . MdanopUla.

Dorsal plate circular; ventral plate circular, never completely bisected by
the median groove, which extends backward from the anterior margin
about two-thirds of the distance to the posterior margin; first seg-

ment much larger than the other segments, fourth smaller than fifth

(PI. II, fig. 4; PI. Ill, fig. 1) Chrysobothris.

8. Dorsal plate marked by an inverted V or Y formed of lines or grooves (PI.

Ill, fig. 2) 9

Dorsal plate marked by a single median Line or groove wliich may broaden
out at either end (PI. IV, fig. 3) .•---.--- 13

9. Dorsal marking an inverted V of deep grooves, ventral line not bisecting

plate, tliird segment with a pair of ambulatory tubercles above and
below, surface sliining (PI. Ill, fig. 2) _.

Anthaxia.

Dorsal marking an inverted V or Y of dark Lines, ventral Line bisecting plate,

surface rather dull (PI. IV, fig. 2) 10

10. Both dorsal and ventral markings with narrow simple anterior ends (PI.

III, figs. 3,4) - 11

Both dorsal and ventral markings with broad reticulated anterior ends (PI.

IV, figs. 1,2) ;
12

11. Dorsal marking a long trunked inverted Y with a brownish base, ventral

marking a straight bisecting Line with a brownish anterior end (PI.

Ill, fig. 3) -.-.-. Cinyra.

Dorsal marking an inverted V with a simple apex, ventral marking a simple

bisecting groove (PI. Ill, fig. 4) Poecilonota.

> So far as determined the characters used in the key hold for larvoe of any stage.
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12. Dorsal marking an inverted Y with a depressed shining reticulated diamond-
Bhaped area suiTounding the ai)ex (PI. IV, fig. 2) Trachykek.

Dorsal marking an inverted V with a broad reticulated apex (PI. IV, fig. 1)

Dicerca.

13. Dorsal plate rather small, oval or egg-shaped, marked by a distinct brownish
median groove wliich is goblet-shaped in front and forked beliind;

a pair of brown spots on the median subdorsal areas of the second and
third segments (PI. IV, fig. 3) Thrincopyge.

Dorsal plate large, covering most of the dorsal surface, marked by a distinct

simple median groove sometimes broadening in front (PI. IV, fig. 4). 14

14. Ventral plate with a median dark line, both plates slightly corrugated longi-

tudinally, a dark brown sunken spot on either side of the head near
the base of the mandible, a pair of brown spots on posterior subdorsal
areas of third segment and a pair on anterior ventral area of fourth
segment (PI. IV, fig. 4) Polycesta

.

Ventral plate with simple median line or groove, no sunken spots (PI. V,
fig. 1) 15

15. Fourth segment narrower than fifth (PI. V, figs. 1,3) 16

Fourth segment broader than fifth (PI. V, figs. 2,4) 17

16. Grooves of first segment light, plates not whitish opaque (PI. V, fig. 1)

Chrysophana

.

Grooves of first segment dark brown, plates whitish opaque (PI. V, fig. 3)

Ptosima.
17. Tliird segment narrower than second (PL V, fig. 2) Acmaeodera.

Third segment wider than second, appearing nearly as large as first (PI. V,
fig. 4) Tyndaris.

18. Dorsal plate marked by two moderately separated dark brown lines whicli
converge anteriorly (PI. VI, fig. 1) Ewprislocerus.

Dorsal plate marked by a single median bisecting line (PI. VI, fig. 2) Agrilus.
19. First segment as broad or slightly broader than the following, body gradually

tapering to the twelfth, slightly wedge-shaped (PL VI, fig. 3) Brachys.
First segment narrower than the following, body tapering both ways from

about the middle, more acute at the posterior end, spindle-shaped

(PI. VI, fig. 4) Pachysceliia.

Note.—The author will be glad to determine specimens of "flat-headed borers," and foranj'one, if the
locality and host plant are given. Sucli specimens should be sent to Forest Insect Investigations, Bureau
of Entomology, Washington, D. C. So far as known no larvte of the genera Gyascutus, IJipporne as, Agaco-
ccra, Psiloptera, Xcnorhipis, Actcnodes, G.yptosce.imorpha, Dystaiia, Schizopus, Masiogcnius, Khaebosceiu,
and Taphrocerus have been collected. Xcnorhipis has been reared from hickory twigs and Mastogeniua
from oak twigs, both in the Southern States, but the larvae have not been collected.

List of Genera, Distribution, Common Habits, and Host Trees.

Chalcophora. Throughout United States, wood-borer in the stump and trunk of injured,
dying, and dead trees: Pine {Pinus), Douglas spruce (Pseudotsuga), ana
fir (Abies).

Chalcophorella (Texania). Atlantic States, wood-borer in the stump and trunk of

injured, dying, and dead trees: Beech (Fagus), oak (Quercus), and sycamore
(Platanus).

Buprestis. Throughout United States, wood-borer in the stump and trunk of injured,
dying, and dead trees: Pine (Pinus), spruce (Picea), Douglas spruce
(Pseudotsuga), fir (Abies), hickory (Hicoria), aspen and Cottonwood
(Populus), beech (Fagus), chestnut (Castanea), oak (Quercus), and tulip
(Liriodendron)

.

Melanophila. Throughout United States, bark-borer in the stump, trunk, top, and
branches of healthy, injured, dying, and dead trees: Pine (Pinus), larch
(Larir), spruce (Picea), hemlock (Tsuga), Douglas spruce (Pseudotsuga),
and fir (Abifs). Kails many trees and causes checks or "gum spots" in

the wood of others.

ChrysoboOiris. Throughout United States, bark and sapwood borer in the roots, stump,
trunk, top, and branches of injured, dying, and dead shrubs and trees:

Pine (Pinus), spruce (Picea), Douglas spruce (Pseudotsuga), fir (Abies),

bald cypress (Taxodium), incense cedar (Libocedrus) , cypress (Vupressu^S,
juniper (Juniperus), butternut and walnut (Juglans), hickory (Hicoria),

willow (Salix), aspen, poplar, and cottonwood (Populus), birch (Betula),
alder (Ainus), beech (Fagus), chestnut (Castanea), oak (Quercus), elm

^
Ulmus), hackberry (Cc//is), sweet gum (Liquklambar), mountain mahogany

(Ccrcocarpus), apple (Pyrus), Christmas berry (Ileteromeles), plum, cherry,
and peach (Prunus), catsclaw (Acacia), 'mesquite (Prosopis), redbud
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(Cercis), palo vercle {Cercidium), creosote-bush {Covillca), maple {Acer),
zizyphus {Zizyplius), coffee-berry (Khammis), grape {Vilis), ocatillo
(Fouquieria), basswood (Tilia), dogwood (Cornus), wild lilac (i'eannthus),
sour gum (Ni/ssa), and persimmon (Diospyros). Kills injured shrubs and
trees.

Anthaxia. Throughout United States, bark-borer in trunk and branches of injured,
dying, and dead shrubs and trees: Pine (Pinus), Douglas spruce (Pseudo-
tsuga), fir (Abies), hickory {Hicorki), willow (Salix), oak {Quercus), elm
(ZJ^wiiis), mountain mahogany (Ccrcocar;ji(s), service berry (AmelancMer),
plum (Prunus), redbud (Cercis), grape ( Vitis), and paulownia (Paulownia).
Kills injured shrubs.

Xenorhipis. Southern States, twig-miner in dead twigs: Hickory (Ilicoria).

Cinyra. Atlantic States, wood-miner in dead limbs: Oak (Quercus).
Poecilonota. Throughout United States, bark and wood miner in trunk of injured

trees: Willow (Salix) and aspen and Cottonwood (Populus).

Trachykele. Southern, Rocky Mountain, and Pacific States, wood-borer in stump,
trunk, and branches of injured, dying, and dead trees: Hemlock (Tsuga),
fir (Abies), bald cypress ( taxodium), big tree (Sequoia), incense cedar (Libo-
ccdrus), arborvitae ( Thuja), cypress (Cupressus), and juniper (Juniperus).

Dicerca. Throughout United States, wood-borer in the stump, trunk, and branches of

injured, dying, and dead shrubs and trees: Pine (Pinus), spruce (Picea),

Douglas spruce (Pscudotsuga), fir (Abies,) bald cypress (Taxoaium), butter-
nut (Juglans), hickory (Hicoria), willow (Salix), aspen, poplar, and
Cottonwood (Populus), birch (Betula), alder (Alnus), beech (Fagus), oak
(Quercus), elm (Ulmus), hackberry (Celtis), mountain mahogany (Cerco-

carpus), cheny, peach, plum (Prunus), sumach (Rhus), and poison oak
(Toxicodendron), maple (Acer), buckeye (Aesculus), coffee-berry (Ehamnus),
wild lilac (Ceariothus) , dogwood (Cornus), black gum (Nyssa), persimmon
(Diospyros), ash. (Fraxinus), and snowberry (Symphoricarpus)

.

Thrincopyge. Southwestern States, wood or pith borer in the flower stem: Yucca,
Spanish bayonet, palmio, eotal (Dasylirion); noLina (Nolina).

Polycesta. Southwestern and Pacific States, wood-borer in the stump, trunk, and
branches of injured, dying, and dead shrubs and trees: Cottonwood (Pop-
ulus), alder (Alnus), oak (Quercus), sycamore (Platanus), mountain mahog-
any (Cercocarpus), apple and pear (Pyrus), Christmas berry (Heteromeles)

,

almond (Prunus), catsclaw (Acacia), mesquite (Prosopis), redbud (Cercis),

palo verde (Cercidium), maple (Acer), and manzanila (Arclostaphylos)

.

Chrysophana. Rocky Mountain and Paciilc States, wood-borer in stump, trunk, top, and
branches of injured, dying, and dead trees: Pine (Pinus), hemlock (Tsuga),
Douglas spruce (Pseudotsuga), fir (Abies), and arborvitae (Thuja). Cone-
burrower in cones of knobcone pine (Pinus attenuata).

Acmaeodera. Tlu'oughout United States, wood-borer in stump, trunk, top, and branches
of shrubs and trees: Bald cypress (Taxodium), ywcca, sotal (Dasylirion),

hickory (Hicoria), poplar (Populus), alder (Alnus), oak (Quercus), hack-
berry (Celtis), California laurel (Umbellularia), mountain mahoganjr (Cer-

cocarpus), apple and pear (Pyrus), service berry (Amelanchier), Christmas
berry (Heteromeles), choke cherry (PaJtts), plum and almond (Prunus),

redbud ( Cercis), palo verde (
Cercidium), ironwood (Olneya), lupine(Lupwus),

china ash (Melia), poison oak (Toxicodendron), zizyphus (Zizyphus), coffee-

berry (Mawini^s), wild lilac (Ceanothus), manzanita (Arclostaphylos), and
yerba.santa (Eriodiclyon).

Tyndaris. Southwestern States, wood-borer in roots, trunk, and branches of injured,

dying, and dead slu-ubs and trees: Catsclaw (Acacia), mesquite (Prosopu),

and ironwood (Olneya).

Ptosima. Atlantic States, wood-borer in stump, trunk, top, and branches of injured,

dying, and dead shrubs: Redbud (Cercis).

Mastogenius. Southern States, twig-borer in fire-killed saplings: Spanish oak (Qttercf^s).

Eupristocerus. Atlantic States, bark-borer in branches of living shrubs and trees:

Alder (Alnus). Causes the formation of enlarged growths (galls).

Agrilus. Throughout United States, bark and wood borer in roots, stmnp, trunk, top,

and "branches of healthy, injm'ed, dying, and dead shrubs and trees: But-

ternut and walnut (Juqlans), hickory (Hicoria), willow (Saliz), aspen,

poplar, Cottonwood, and Balm of Gilead (Populus), birch (Betula), alder

(jLZ?ii(s), ironwood and hornbeam (Os/rya), beech (i^a^i/s), chestnut (Cos-

tanea), o^k (Quercus), hackberry (Celtis), mulberry (Morus), raspberry and
blackberry (Rubus), apple (Pyrus), serviceberry (Amelanchier), catsclaw

(Acacia), coffee-tree (Gymnocladus), locust (Robinia), sumach (Rhus),
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maple (Acer), dogwood {Cornus), madrone {Arbutus), manzanita (Arctosta-

piiylos), aster' (Aster), and sagebrush (Artemisia). Kills many slirubs and

trees often causing the formation of galls and checks in the wood.

Brachvs Eastern and Central States, leaf-miner in leaves: Populus?, alder (Alnus),

Faqus'^ chestnut (Castanea), oak (Quercus), Ulmus?, and Acer?.

Pachyscelus. Eastern States, leaf-miner in leaves: Eicoria?, Quercus?, and Lespedeza.

Note —Host treo as given indicates, for bark and wood borers, that borer was actually taken from bark

and wood and not that the adult was resting on the bark or wood.
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INTRODUCTION.

The pear leaf-worm, more scientifically termed the pear sawfiy

(Gymnonychus californicus Marlatt), is an hymenopterous insect

belonging to the family Nematidas and to the subfamily Nematinse.

For several years it has been noted as a pest on pear trees on the

Pacific coast. The observations and experiments recorded hereui

were made in California by Messrs. R. L. Nougaret and W. M. David-

son, during the years 1911 to 1914, inclusive, and in the State of

Washington by Mr. E. J. Newcomer, during the seasons 1914 and
1915.

The injury is caused almost entirely by the feeding of the green

wormlike larva and is confined to the foliage, resulting in partial

defoliation.

In the localities in which it occurs the insect is quite abundant.

Occasionally it becomes a pest of serious consequence, and under favor-

able conditions it might cause widespread damage.

HISTORY AND DISTRIBUTION.

The pear leaf-worm was described from 1 female collected at

Brockport, N. Y., and 10 females taken near Sacramento, Cal., by

Note.—This bulletin is of interest to pear growers generally, but especially to those of the Pacific coast.

57170°—Bull. 438—16 1
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MatthewCooko (1)' in the year 1881. At that time it was reported also

from Natoma and Santa Chxra, Cal. In the spring of 1909 it wa$

quite common in the vicinity of Stanford University, Cal., and in 1911

it was a pest in Tehama County, Cal., besides being generally dis-

tributed throughout the central counties, both on the coast and id

the great interior valleys of Sacramento and San Joaquin? (3) As to

neighboring States, Prof. H. F. Wilson, of the University of Wisconsin,

in a letter reports the insect attacking pear fohage in Oregon (1913);

Dr. A. W. Morrill, State entomologist of Arizona, states in a letter

that Arizona is free from the insect (1913) ; Prof. iC. P. Gillette states

that the insect does not appear to live in Colorado. In Washington

it was found in pear orchards in the Wenatchee Valley in 1914 and

1915, being particularly abundant in an orchard about 6 miles from

Wenatchee, but careful inquiry did not lead to the discovery of other

orchards having more than a scattermg mfestation.

Mr. C. L. Marlatt, in describing this insect, states that Dr. J. A.

Lintner, former State entomologist of New York, reported an unde-

termined sawfly larva as being injurious to pear in a nursery at

Geneva, N. Y., in May, 1894. Mr. Marlatt says (2)^ it is probable that

this is the same species, but as it has not been reported since, so far

as known, the identification of the Geneva specimens remains doubt-

ful; however, the collection of a specimen at Brockport, N. Y., indi-

cates that it may be found in the East.

POSSIBLE ORIGIN.

An attempt was made in Washington to ascertain the natural

hosts of the pear leaf-worm. The fact that it is found in various

localities throughout a range of a thousand miles would indicate that

it is a native species. Two wild plants related to the pear are to be

found in the vicinity of Wenatchee, Wash. These are the service

berry (Amelanchier cusicMi Fern.) and the thorn apple {Crataegus

hrevispina DougL). Plants of both species were searched carefuUy

for larvae of the sawfly several times in May. Nothing was found

on the service berry, but the thorn apple yielded a number of green

larvsB very similar to those on pear. They differed, however, in

being a more shiny green, and in having scattered brown dots laterally

and dorsaUy on the thorax. A number of these were reared, but the

adults have not yet emerged. It is very probable that they belong

to a distinct but closely related species, -yr-^^fr

Nearly full-grown larvae of the pear leaf-worm were placed upon
twigs of both the service berry and the thorn apple. Those on

the former fed a little, but soon dropped off and died, while the

larvae on the latter at once began to feed, and several of them matured
and spun cocoons. From this it may be inferred that the pear leaf-

1 Figures in parenthesis refer to "Bibliography," p. 23.
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worm may naturally feed upon the thorn apple, and if a native of the

Pacific coast there probably exists another host to which it is adapted,

and its habit of feeding upon pear may be an acquired one. This is

not impossible, as various species of Crataegus and of Sorbus occur

throughout the known range of the species.

CHARACTER AND EXTENT OF INJURY.

The injury caused by the pear leaf-worm (fig. 1) is confined among
economic plants to the foliage of the pear and is due chiefly to the

larva. Wbile it consists primarily in the eating out of circular or

semicircular holes in the leaf (fig. 1, a, h), often whole leaves are

eaten down to the petiole. During its period of life a single larva

eats about one-fourth of an

average-sized pear leaf, so

that it requires several larvae

to consume such a leaf en-

tirely. When two or more
larvae are feeding simultan-

eously on the same leaf they

frequently cut the midrib in

two at about the middle of

the leaf, and the portion thus

cut off falls to the ground.

Severe infestations cause the

defoliation of branches (PI. II,

fig. 2) . The larvae are not ad-

dicted to roaming and com-
monly do not leave their

original leaf as long as any
edible part of it remains. In

Washington many trees were Fig. l.—The pear leaf-worm (Gymnonychus californicus):

observed in 1Q14 that were «. Leaf showing character of injury and egg in situ; 6,uuseiveu m^ lyi^ inau weie
enlarged section^f leaf showing egg in tissue and manner

from one-third to nearly one- of feeding of young larva; c,full grown larva. a, Slightly

half defohated. Such infes-
enlarged; 6, c, much enlarged. (Original.)

tations, however, are not common. The lower parts of large trees are

the more heavily infested.

The eggs are usually laid in leaves that are not yet unroUed, and
those which fail to hatch often deform or curtail the growth of the leaf,

possibly by cutting off its food supply between the point where the

egg was deposited and the edge of the leaf, making the latter one-

sided (PI. I, fig. 3). When the eggs hatch normally this malforma-

tion does not occur. The puncture of the ovipositor frequently causes

a discoloration of the adjacent tissues and sometimes wilts young,

tender leaves.

The larva apparently will eat the foliage of all cultivated varieties

of pear.
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DESCRIPTION AND HABITS.

THE EGG.

The egg (fig. 1, a, h) appears on the surface of the leaf as a small

oval blister of a greenish color. It is reniform, slightly smaller at

one end, translucent greenish, and about 0.75 mm. in length and 0.50

mm. in maximum width. As the margins of the egg are more or less

covered by the edges of the ruptured epidermis of the leaf to which

it adheres, it is hard to remove the egg intact. This incised part of

the leaf epidermis appears as a narrow brownish area surrounding the

egg. On the lower surface of the leaf nothing is visible but a dark

spot, indicating the passage of the ovipositor. The egg is slightly

more oval than that of the pear slug (Caliroa cerasi L.), which it

greatly resembles.

As many as 20 eggs have been found in a single leaf, but ordinarily,

even upon a heavily infested tree, there are not more than three or

four and more often only one or two.

Just before the egg hatches the whitish curved embryo with its

pink ''eyespots" is visible through the sheU.

The manner of oviposition is described later in this section under

the heading of ''The adult."

THE LARVA.

The larva emerges through the epidermis of the underside of the

leaf, apparently crawling out through the incision made by the adult

in depositing the egg. The newly hatched larva measures 1.3 mm.
to 1.7 mm. in length, and has an average width of 0.35 mm. As
soon as its head is free of the shell the larva begins to feed, cutting

a small round hole in the leaf. By the time the larva has fully

emerged, the hole or opening is large enough to permit the true

legs to grasp the edge, and as the hole is enlarged the whole body is

drawn in so that it lies in a curved position around the edge. The
true legs are gray, quite long, and are fitted for straddling the edge

of the leaf and not for walking over the surface. After a few hours

of feeding the color of the food begins to show through the body, and

the head and true legs become olive bro"v\Ti. There are seven pairs

of prolegs, which like the body are pale whitish or greenish-white.

Molting takes place on the edge of the hole eaten out of the leaf

wherever the larva happens to be in the course of its feeding. Tlie

larva crawls out of the old skin and soon resumes its feeding. The
skin usually adheres to the leaf for a time and is not eaten. After

the first molt the larva has a length of from 2 to 3 mm. Just after

molting the appearance is much as before, except that the head is

larger in proportion to the body and both it and the true legs are of a
lighter green than the body, which latter is considerably wTinkled

and slightly flattened, especially at the caudal end. Later the head
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changes to light brown and the wrinkles disappear as the body fills

out. After the second molt the average length is about 6 mm. The
head appears green and toward the end of the instar is lightly dotted
with small brown spots. The folds or wrinkles m the cuticle and
sutures appear as white stripes and spots. The length after the third

molt is 9.2 mm. Wliile at first the larva is similar in appearance to

the preceding instar, the color later is bluish green with whitish
lateral and dorsal stripes, due to the folds of the skin. These whitish
stripes disappear at maturity, when the folds have become filled out.

By the time the larva has cast its first skin (on the average 5\ days
after hatching) it has eaten a hole with average diameter of 3.8 mm.
After the second molt (on the average 8^ days after hatching) it has
eaten out an area of about 12 mm. diameter. Four larv£e were found
to have eaten during their larval existence 514, 241, 280, and 416 sq.

mm. of leaf, respectively, the first of these having consumed somewhat
more than one-fourth of an average-sized pear leaf (Bartlett)

.

It was found that a considerable percentage of larvae died at the time

of their emergence because they were unable to cut their way through
the eggshell or through the leaf. Also during the first instar there

was considerable mortality due to unknown causes. During the

operation of molting numbers fall to the groimd, because the larva

retains only a precarious foothold at this time and is easily shaken or

knocked off.

Ihe width of a strip of leaf eaten by the larva during one of its

circular trips around the hole is equal to three-fourths the height of

its head. It eats as far as it can reach forward without advancing.

The head of the larva is always closely m contact with the leaf, fiUmg

up the place of that portion eaten away, as does also its body, w^hich

lies at full length along the edge of the hole (fig. 1, h). It is for this

reason that the edge of the leaf, defining the hole, appears to be an

iminterrupted line, and the larva, being almost the color of the leaf,

is not readily detected without close examination, but its presence

is made known by the characteristic circular holes that it cuts in the

leaves. In feeding the larva holds the posterior end of the body
either straight along the edge of the openmg or curled about it, and

eats around and around the hole, which becomes gradually larger.

Where the larvae are numerous and two or more feed on the same leaf

they may soon consume it entirely, whereupon they migrate to other

leaves and commence feeding on the edges (fig. 1, a), as they are

imable to eat through the flat surfaces. The larvae feeding along the

edges of the leaves on the lower part of the tree are mostly those

which drop down from above, being dislodged at the time of molting

or from some other cause. While migrating along the leaf petioles

or the edges of the leaves the posterior part of the body is carried in
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a characteristic curled position, and when the larva is disturbed this

posterior curled part is thrown up in a threatening manner.

The full grown larva (fig. 1, c) measures 12 mm. (0.5 inch) in length

and 1 .6 mm. in width. The head is light green, dotted antero-dorsally

with small brown dots. Upon closer examination these dots are seen

to be divided into two or three parts which fit closely together. The
eyes are black; the mouth parts dark brown, and the clypeus light

brown vdi\\ a narrow inverted V-shaped band of green between it and

the dotted area, wliich latter extends from the eyes back to the inser-

tion of the head into the thorax and is divided dorso-frontally by a nar-

row green line. Ordinarily the larva when full growai drops to the

ground, but some have been noticed crawling about the trunks of the

trees as though crawling to the soil. This is imusual, however, and

probably occurs with those larvae that happen to have been feeding

near the main trunk. Just before the larva is ready to drop to the

groimd for "cocooning," the caudal segments turn yellowish.

THE COCOON AND PUPA.

The cocoon (fig, 2; PI. I, fig. 4) is cylindrical, slightly constricted

at the middle, rounded at the ends and somewhat larger at one end

than at the other. It is closely woveu of

fine silk, smooth inside and roughened or

with a pebbled appearance, due to the ad-

herence of small bits of soil, outside. It is

at first light greenish and if kept dry re-

mains a straw color, but if moistened, as

it usually is when spun in the soil, it soon

"''u^.':i,lS::SZT'°- darkens, becoming a dark brown. Some
larvse spin a quantity of loose, red-brown

silk about the outside before spinning the light-green cocoon, especially

if the cocoon happens to be spun among old leaves in the soil, and

an occasional cocoon is found wliich is entirely of this red-brown

color. The larva lies with its head in the small end of the cocoon,

and the posterior part of the body curled up in the larger end. In

Washington the average length of 20 cocoons was 5.7 mm. and the

average maximum width 3 mm. In Cahfornia the measurements

of both width and length were sUghtly in excess of this.

The habit of cocooning in the soil seems to be for protection rather

than for the effect of moisture. Cocoons spun in dry glass vials in

May, 1914, gave adults in April, 1915, though they had been kept

perfectly dry during the intervening 11 months. The cocoon is

closely spun and very tough and undoubtedly prevents the evapora-

tion of any moisture from the inclosed larva. Most of the larvae

spin their cocoons within an inch of the surface, and during the long

dry summers of California and Washington this top inch of soil is
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subjected to a large amount of heat and desiccation. Thus it is

evident that the larva and its cocoon must be able to withstand

considerable dryness. An experiment was performed at Wenatchee,
Wash., to learn whether moisture was necessary to the larva.

Cocoons were collected from the soil within a few days after they were
spun, in May, 1914, and divided into two lots, both of which were
kept on the surface of some soil in jelly glasses. The soil in one lot

was kept moist by pouring water through a glass tube inserted in the

soil. The other lot was allowed to remain dry. The first lot was
kept moist until September. After this both lots were left untouched
until spring, being kept over winter in an unheated room. During
the emerging period the first lot was again kept moist, while the

other remained dry as before. As a check on these lots the emergence
from a third lot, collected April 3, 1915, was recorded. Table I

gives the results of this experiment

:

Table I.

—

Adult emergence of pear leaf-worm from moist and dry cocoons, Wenatchee;

Wash., April, 1915.

Observation.
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THE ADULT.

Female.—Length 4.5 mm., very short and robust, shiny; head densely punctured,

rather opaque ; clypeus very slightly emarginate; frontal wanting or very slightly indi-

cated ; antennae very short, not as long as head and thorax, filiform, third joint longest;

intercostal nearly at right angles with costa, interstitial with basal ; venation otherwise

normal; stigma short, broadly ovate at base; apex of costa strongly thickened; sheath

broad, slightly emarginate beneath and acuminate at tip; claws simple. Color black;

angles of pronotum, tegulae, trochanters, apices of femora (particularly anterior pair),

tibiae, and tarsi yellowish ferruginous; the posterior tibise and tarsi particularly some-

what infuscated; veins, including stigma and costa, dark brown; wings hyaline.

The females are more robust than the males. Upon issuing from the

cocoon the adult cuts a smaU circular hole almost all the way around

the end of the cocoon and issues by pushing up this "hd." Adidts

(fig. 3) fly preferably in the full sunshine, but also in cloudy weather.

Their flight is jerky, and when captured they feign death. A great

amount of time is spent running about over the unfolding leaves and

buds, the antennas vibrating incessantly. They take food from the

Fig. 3.—Pear sawfly, the adult of the pear leaf-worm. Much enlarged.

(Original.)

nectaries of the leaves, and from observations it appears probable

that they also make sHght incisions with the ovipositor and suck up
the moisture which collects at these wounds. (PI. I, fig. 1.)

When ovipositing they run about in the same way, and at intervals

the abdomen is bent down and the tip of the ovipositor inserted in the

leaf, always on the under side, the leaves being mostly as yet unrolled.

Sometimes the place selected appears to be unsuitable, for the ovi-

positor is withdrawn after several seconds and inserted in another

place (PI. I, figs. 1, 2). The whole process of oviposition occupies a

little less than two minutes. The ovipositor (fig. 4) normally lies in

its sheath, point up, and the abdomen must be curved under, so that

the point, which is extruded a little way, may be inserted into the

leaf. The saws immediately begin to work back and forth, and after

about 30 seconds the ovipositor has been driven far enough into the

leaf epidermis so that it no longer needs the support of the sheath.

At this juncture the abdomen is straightened out, leaving the ovi-
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The Pear Leaf-Worm.

Fig. 1.—Adult female feeding. Fig. 2.—Adult female ovipositing. Fig. 3.—Leaves deformed
by oviposition. Fig. 4.—Cocoons. (Original.)
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positor at right angles to the sheath (fig. 4, a). The rhythmical sawing
goes on for about 50 seconds more, the two sm^faces of the leaf being

forced apart to form a more or less oval cavity. The sawing ceases,

and the portion of the ovipositor still outside the leaf is seen to be-

come more opaque and greenish. This is due to the passage of the

egg and the mucilaginous matter around it. The abdomen moves
up and down slightly as the egg is forced into the cavity, and tha
saws are removed gradually. The actual depositing of the egg occu-
pies about 30 seconds, and as soon as the ovipositor is free the anten-
nte, which have been practically quiet during the whole operation,

immediately resume their rapid vibrations, and the fly moves to a

Fig. 4.—Ovipositor of adult female of the pear sawfly: a, Last three abdominal segments with
ovipositor protruding; h, ventral view of last segments of abdomen with ovipositor retracted

within its sheath; c, ventral view of ovipositor and portion of shoath, showing lateral ridges

on inferior blades; d, single superior saw blade; c, single inferior saw blade; o, ovipositor;

s, superior saw blade; i, inferior saw blade; sh, sheath; cac, cerci. All highly magnified.

(Original.)

new place. One female was observed to deposit 5 eggs in 20 mmutes,
but not all in the same leaf.

BIOLOGY.

Tliere is one generation annually. In California, from observations

made in 1912 and 1913, it was found that adults issued during March
and the first half of April, but before the middle of March very few
emerged. In Washington, in the spring of 1915, 2:)ractically all the

adults emerged between the 1st and 15th of April. In both localities

the period of emergence probably varies more or less with the season.

Immediately after issuing, the sexes presumably mate and the
females oviposit on young pear leaves.

.57170°—Bull. 438—16 2
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THE EGG.

In California, in Santa Clara County, in 1912, eggs were first ob-

served on trees as early as March 23, and in Contra Costa County, in

1913, as early as March 25. During the last few days of March in

both these years oviposition was observed. In Washington, in 1915,

numerous females were observed in the Zimmerman orchard on April

7, though none had been found 3 days before. None was seen to ovi-

posit on this date, and they were evidently all very recently emerged.

A week later the period of oviposition was at its height and by April

24 most of the adults had disappeared. The adults prefer to ovi-

posit on those varieties of pears which leaf out early and generally

select for oviposition a young leaf not yet unrolled. In California

the earliest adults generally find the Bartlett not far enough advanced,

and so the earliest eggs are deposited on other varieties. Ovipositing

females kept in a jar were provided with cherry and plum leaves, but

they refused these as hosts, although, in similar confinement, they

oviposited regularly in pear leaves.

Table II indicates the incubation period in California for 85 eggs

:

Table II.

—

Incubation record of eggs of the pear leaf- worm, Walnut Creek, Cal., 1913.

Number
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Another lot, deposited from April 8 to 11, began hatching April 18.

The incubation period was thus 8 to perhaps 12 or 13 days. The
twig above cited was badly wilted by the 24th, after only 50 per cent

of the eggs had hatched, and none hatched after this date. It is

probable that under normal conditions hatching would have been

more regular, and also that the average mcubation period would have
been lengthened. It was observed that unfertilized eggs hatched as

readily as fertiUzed ones. The life-history phase of parthenogenesis

is considered farther on in this chapter in the discussion of the adult.

THE LARVA.

In the field at Walnut Creek, in 1913, the first larva was observed

on April 1. It was about 3 days old. Two days later about 1 per

cent of the eggs already laid had hatched. At Red Bluff, Tehama
County, Cal., in 1911, most of the larvse were haK grown on April 9,

and m 1912 full-grown larvae were found at Red Bluff April 22, and
on May 12 no more larvae could be found.^ At Suisun and Courtland,

Cal., in 1912, the first larvae went to the gromid about April 10, but

at San Jose not before May 1. In 1913, at Walnut Creek, the first

larvae went to the gromid about April 20, and after May 10 very few

larvae remained on the trees. It appears that in the interior vaUeys,

where the pear trees move earUer, the sawflies emerge and the larvae

mature earher than in the coastal districts. This is doubtless due to

climatological influences.

The first molt is cast from 3 to 8 days after hatching, the second

molt from 2 to 7 days after the first, the third molt from 2 to 7 days

after the second, and from 4 to 10 days elapse between the date of

the third molt and maturity of the larva, the variations being chiefly

due to temperature influences. The pupal molt does not take place

until the followmg spring or shortly before the issuance of the adult.

Table IV indicates the larval life observed at San Jose, Cal., m 1912.

Table IV.

—

Larval stages of the pear leaf-worm, San Jose, Cal., 1912.

No.
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Tlius iho maximum larval life was 37 and the minimimi 26 days.

The average is found to be 31.6 days. In this experiment the larvae

were kept in glass vials, but in the experiment of which the results

are given in Table V the larvae were allowed to remain on the tree

imtil a day or two before they went to the soil, a small numbered

cloth tag attached to each leaf permitting accurate observation on

each larva. The observations recorded in Table V are, therefore,

more normal than those indicated in Table IV.

Table V.

—

Larval stages of the pear leaf-worm, Walnut Creek, Cal., 1913.

No.

Date of- Length of instars in days.

Hatching. M,oltl. Molt 2 Molt 3.
Spinning
cocoon.

Totul.

3
4

5
6
7

8
9
10
11

12
13
14

15
16
17

18
19
20
21

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

42
43
44
45
46
47

Apr. 13
..do
...do
...do
...do
..do
..do
Apr. 14
..do
..do
..do
..do
...do
Apr. 15
...do
Apr. 16
...do
...do
...do
...do
Apr. 17
...do
...do
...do
Apr. 18
...do
...do
...do
...do
Apr. 19
...do
...do
Apr. 20
...do
Apr. 21

...do

...do

...do

...do

...do
Apr. 22
...do
Apr. 23
...do
...do
Apr. 25
May 7

Apr. 19
Apr. 20
...do
Apr. 21
...do
Apr. 19
Apr. 20
Apr. '19
Apr. 20
...do
AT)r. 21

...do

...do
Apr. 20
Apr. 21

Apr. 20
...do
Apr. 22
...do...-

...do....

...do....
Apr. 23
...do....
...do....
...do....
...do....
...do....
...do....
Apr. 24
...do....
...do....
...do....
...do....
...do....
...do....
...do....
...do....
...do....
Apr. 25
...do
...do..-.
Apr. 26
...do....
...do-.-.
Apr. 30
May 1

May 14

Apr. 24
..do
..do
..do
..do
..do

Apr. 23
..do
..do
Apr. 24
..do
..do
..do
...do
Apr. 23
Apr. 24
.--do
Apr. 25
...do
...do
...do
...do-...
Apr. 26
Apr. 25
...do..-.
...do....
Apr. 26
...do
...do
...do
Apr. 28
Apr. 26
Apr. 28
Apr. 27
...do
Apr. 28
...do
Apr. 29
May 1

Apr. 29
May 2
...do...-
May 3
May 4

May 6
May 17

Apr. 28
..do
..do
..do
..do

. (^>
Apr. 26

(?)
Apr. 26
Apr. 29
Apr. 27
Apr. 28
..do

(?)
Apr. 30
Apr. 25
Apr. 26
Apr. 28
Apr. 27
Apr. 30.

..-do
Apr. 28
Apr. 30
May 2
Apr. 30
...do
...do
Apr. 29
...do
Apr. 28
May 2
...do
Apr. 28
May
May
May
May
May
..-do
May
May
May
...do
...do....

May 9
May 10
May 22

May
May
...do..
May
May
May
May
...do..
May
May
May
May
May
...do.
May
Died.
May
May
May
May
Died.
May
May
May
May
May
May
May
May
Died.
May
May
May
Died.
May
May
May
...do..
...do-.

May
May
May
May
...do..
May
May
May

5
4

4

3
3
5

(?)

4

3

3

3

3

3
4

3
3
4

2
3

3
3
2
2
3
2
2
2
3
2
2
2

4

2

4

3

3
4

4

4

6
4

6
6
7

4

5

3

4

4

4

4

4

(?)

(?)

(?)
3
6
3
4

4

(?)
6
2
2
4

2
5
5
3
5
6
5

5
5
3
3
2
Jo

4

2
7

5
6
3
6

5

5
3
4

4

3
5
4

5

4

6
5
6
7

7

7

(?)
8
4

7

5

(?)
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Table V, 122 eggs were marked on the trees. Thirty eggs died
before hatching or were infertile. The remaining 92 hatched and
16 larvae disappeared and 3 died before molting. Thus 73 larvae

cast their first skin under observation. Of these, 6 disappeared and
2 died before casting the second skin. Thus 65 larvae molted a second
skin under observation. Of these, 5 disappeared and 5 died (1 being

destroyed by a coccineUid larva) before shedding the third skin. Of
the 55 larvae which cast the third skin, 8 subsequently disappeared

before they were ready to drop to the ground. The larvae under
observation were taken into the laboratory insectary after their

tliird molt, but were not inclosed in cages, so that those which desired

to move away could do so. On the trees most of the larvae which
disappeared were dislodged during the operation of molting.

Table \1.—Summary of Table V.

Instar.
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Table VII.

—

Larval life history of the pear leaf-worm at Wenatchee, Wash., 191.5.

No.
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the lai-vse had hatched by April 24, and the largest number were enter-

mg the soil about May 20, giving an average larval period of about
26 days. The table shows an average of 28.1 days, and the only
larva that was reared to maturity (No. 3) occupied 26 days from egg
to cocoon. This is a longer period than at Walnut Creek, Cal. (18.4

days) where the larvae were reared normally on the trees, and a

shghtly shorter period than at San Jose (31.6 days), where the larv8&

were reared under conditions similar to those in Washington State.

THE COCOON AND PUPA.

In order to determine how deeply the larvae penetrate the earth

for the purpose of spinning their cocoons, 60 full-grown larvae were

placed in a screen cage sunk into the soil and filled with 7 inches of

average orchard soil April 30, 1913. By May 3 aU the larvae had
burrowed and on Jime 18 the soil was examined with the results

enumerated in Table IX.

Table IX.

—

Depth in soilfor cocooning of the pear leaf-worm, Walnut Creek, Cal., 1913.

Number of
cocoons
found.
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Thus 88. 7 per cent of all the cocoons were formed less than 1 inch

below the surface of the soil. This approximates the percentages

found at this depth in California.

Tables XI, XII, and XIII indicate the period spent in the cocoon

in CaUfornia

:

Table XI.

—

Cocoon records of the pear leaf-worm, 1911-12.

Place.



THE PEAR LEAF-WOEM. 17

Another lot of 53 cocoons gave almost similar results, the days on

which the greatest numbers issued being March 16 and 17.

In 1913 a number of cocoons were examined March 10, and none of

the inmates were pupsB. On Maich 13 one newly molted pupa was
observed. It was entirely pale green, with black eyes, and measured

5 mm. by 1.7 mm. On March 30 this pupa began to turn dusky, and

on April 2 the head and thorax were black and the abdomen dusky.

This pupa failed to develop, but would have issued as an adult about

April 5. On March 28, 1913, a fully formed adult was found inside a

cocoon. The pupal stage is passed in from two to three weeks.

THE ADULT.

Table XV indicates the adult emergence in Washington of 200 indi-

viduals, and their sex, in the spring of 1915.

Table XV.

—

Adult emergence of the pear leaf-worm, Wenatchee, Wash., 1915.

Date.
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were found in May, 1914, indicating the probable existence of a

parasite. In the spring of 1915 the possibility of securing parasites

was kept in mind. On April 1 three small parasites were found in

one of the rearing jars, evidently coming from a single cocoon that

had a small hole in it. The following day the sawflies began emerg-

ing, and continued to do so until April 13. At this time there were

still over a hundred cocoons in the jars, and these were kept for

possible parasites.

On April 24 a small ichneumonid, determined by Mr. S. A. Rohwer,

of the Bureau of Entomology, as Mesoleius sp., emerged from one of

the cocoons through quite a large hole that it had made.

On May 4, 27 specimens of the small parasite previously referred

to were found in one of the rearing jars, having come from four

different cocoons, and in another jar 15 specimens of the same species

had emerged from three cocoons, or an average of 6 parasites for

each cocoon. These parasites, evidently chalcidids, have not been

determined.

On May 19 a single larger parasite was found, which, upon being

submitted to Mr. S. A. Rohwer, proved to be a chrysidid, probably

Cleptes provancheri Aaron.

Thus it appears that of 308 cocoons, only 10, or a little over 3

per cent, were parasitized. The ravages of the sawfly would not be

diminished to any appreciable extent by this degree of parasitism,

though there may be years when these parasites are much more
numerous. It is interesting to note that practically all of these

parasites came out considerably later than the adult sawflies, and

at about the time when the largest number of sawfly larvae were

full grown. This indicates that the parasites oviposit on the larvae,

which is probably the case, as it is difficult to miderstand how they

could reach the larvae after the latter had spun their cocoons in the

soil. Since there is but one brood of the host, there would be only a

single brood of the parasites if peculiar to this host.

In California larvae of coocinellid beetles in rare instances have
been observed to prey on the larvae of the pear sawfly. Before the

first of May coccinellid larvae are comparatively scarce, and so it is

miUkely that they will ever prove a check upon the pear sawfly.

REMEDIAL MEASURES.

The pear leaf-worm is easily controlled when in the larval stage.

A poison spray, such as arsenate of lead, if properly applied, is

highly effective (PI. II, fig. 1), because of the habit possessed by this

insect of passing the whole period of this stage of its life upon the same
leaf, unless forced to move away by interference, accident, or scarcity of

food, mainly due to the location of several larvae on one leaf and the

fact that they consimie it before they attain the stage of pupation.
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The larva shows no preference for any one part of the leaf. The
parenchyma and main or lateral veins—even blister-mite galls, when
these happen to be present—are consumed in turn as met with during

the continuous circular travel of the larva. A spot of arsenate of

lead reached in its path of travel becomes part of its food. The larva

does not change its course or eat around it because of a dishke for

the taste of the poison.

The larval period occurs at a time when spraying is done for more
serious pests of the pear. Spraying specifically for its control would
coincide with the first application of spray for the codling moth,
when the blossoming period is about over and two-thirds of the petals

have fallen. The formula of arsenate-of-lead spray used for the

latter is quite as effective for the pear leaf-worm.

CALIFORNIA EXPERIMENTS.

In California, when pear orchards are infested with pear thrips

{Taeniotlirips j)yri Daniel), the Government formula of distOlate-oil

emulsion and nicotine^ used for the control of the pear thrips larva

is usually applied at a time when the pear leaf-worms are about aU.

hatched, and is also efi'ective, as a contact-spray control, for the

latter.

Therefore, in pear orchards well taken care of, when spraying

for the codling moth has become as much of an indispensable pra>tice

as that of plowing and cultivating, the pear leaf-worm has less

chance of becoming a pest of economic importance, and its control can

be considered as correlative with that of both the codling moth and

the pear thrips.

Table XVI.

—

California spraying experiments indicating degree of efficiency of different

formulas against the pear leaf-worm, Apr. 29 and 30, 1913.

Tree sprayed and spray material used.

Number of pear leaf-worms.

Dead. Alive. Sick.
Per
cent
dead.

Per
cent
alive.

Tree No. 1:

Lead arsenate 4 pounds, water 100 gallons
Tree No. 2:

Lead arsenate 4 poimds, flsh-oil soap 10 pounds, 40 per cent
nicotine sulphate 1 '1600, water 100 gallons

Tree No. 3:

Fish-oil soap 10poiuids,40per cent nicotine sulphate 1/1600,

water 100 gallons
Tree No. 4:

Lead arsenate 4 pounds, fish-oil soap lOpounds, 40 per cent
nicotine sulphate 1/1600, water 100 gallons

Tree No. 5:

Lead arsenate 4 pounds, flsh-oil soap lOpounds, water 100

gallons
Tree No. 6:

I-ead arsenate 6 poimds, water 100 gallons .ff>f-i'v*tf
Tree No. 7:

Fish-oil soap 10 pounds, 40 per cent nicotine sulphate 1/1600,

water 100 gallons

91

100

50

661

97i

53.3

3

44

9*

30

2i

> Foster, S. W., and Jones, P. R. How to Controlthe Pear Thrips. U. S. Dept. Agr^Bur. Ent. Circ.

131. 24 p., 15 fig. 1911.
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To ascertain how far the control of the pear pests just mentioned

could be relied upon to keep the pear leaf-worm in check, control

experiments were made in the spring of 1913 in California and in

1915 in the State of Washington, and are shown in Table XVI.

Actual count was made 24 hours after spraying, and the larvae

found on the leaves only were taken into consideration. Leaves

with holes eaten in them, but with no larvae present, were not made

part of the record. This spray was applied with pressure, the force

of which, when bitting the leaves at close range, more than likely

caused larva? to loosen their hold and fall to the ground. It is also

more than probable that some sick larvie likewise fell before the

count was made. At that time leaves were noticed with holes in

them smaller than those which would have been produced by larvag

remaining on the leaf until their full development had boen attained.

The mortality therefore would be greater than is recorded in these

tables, and this accounts in a measure for the difference in the results

found for the same formula applied in California and in the State of

Washington, because in the latter instance the experiment was made
under laboratory conditions which would afford opportunity for closer

observations and would yield more precise results.

Field conditions prevailed in the California experiments, because

common every-day spraying, as ordinarily practiced in orchards for

other pests, was the only object in view as a control at the same
time for the pear leaf-worm.

In the control table (Table XVI) the experiments with tree No. 3

and tree No. 7, in which a contact spray was used containing

fish-oil soap and extract of nicotine, inchoate a comparatively small

percentage of mortality compared to that in which the material con-

tained in addition arsenate of load, as in the experiment with tree

No. 2. But it must be mentioned that in the case both of tree No.

3 and of tree No. 7, the absence of larva? on leaves with holes when
the count was taken was very conspicuous and the larvae that sur-

vived were all large.

A contact spray, whether with or without the addition of dis-

tillate oil, is a mechanical emulsion or mixture, which, to be effective,

requires application with greater pressure than does a poison spray.

Because of this, the liquid 'strikes the leaves wdth enough force to

dislodge many of the worms, which drop to the ground, where death

ensues, caused by the spray adhering to them.

The addition of fish-oil soap to a mixture of water and nicotine

extract increases the efficiency of the spray by imparting to the

liquid more penetration and better spreading and adhering properties.
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WASHINGTON EXPERIMENTS.

In Washington State, where the pear thrips is not to be considered^

lead arsenate would appear to be the only logical insecticide to

be used against the pear leaf-worm. It is less expensive than extract

of tobacco sprays, and easier to mix than oil sprays; besides, the

lead arsenate can serve a double purpose—that of controlling this

worm and, at thesame time, the codling moth. The first appHcation of

lead arsenate for the control of the latter is made when the petals of

the pear blossom drop, and at this time the larvae of the sawfly have
reached the second instar. The injury done previous to this is

neghgible ; it is only during the last two instars that the larvae cause

serious injury to the foliage.

Mr. Zimmerman, in whose orchard the worst infestation occurred,

used lead arsenate at the rate of 4 pounds to 100 gallons of water

against the pear leaf-worm with excellent results, both in 1914 and in

1915. The first year there was a very severe infestation of larvae

and the application was made May 16, at the same time that the first

codling-moth spray was applied to apples; this was too late for the

pears, as the larvae already had devoured as much as a third of many
of the leaves. However, it saved most of the trees from a severe

defoliation, as is shown in Plate II, which pictures a tree of which

the left half was sprayed while the right half was left unsprayed, the

photograph having been taken on May 21,5 days after the trees were

sprayed. The difference was very marked. No definite count was
made, but on the sprayed trees scarcely any living larvae could

be found, while many limp and blackened remains were hanging

from the partially eaten leaves. In the unsprayed portion of the

tree just mentioned, which served as a check, larvae were numerous,

and large numbers of them were dropping to the ground to spin their

cocoons.

In 1915 the infestation was not so severe, owing to the control

measures of the year before. The orchard was sprayed on May 6,

earlier than in 1914. Lead arsenate was used at the same strength

as before, that is, 4 pounds to 100 gallons of water. This applica-

tion effectually checked the ravages of the larvae, and the trees suffered

very little injury.

In 1915 a small experiment was performed with nicotine sul-

phate, 40 per cent concentration. Infested twigs were placed in

water and sprayed with a hand pump. April 27 a twig with 10 second-

instar larvae was sprayed with the nicotine sulphate at the rate of

1 to 1,200, with the addition of a little fish-oil soap. On April 28

the twig was examined and aU the larvae found dead. The larvae

on a check twig were still alive. On this date a similar twig was

sprayed in the same way, except that the nicotine sulphate was
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diluted to 1 to 2,000. This time the check twig was sprayed with

clear water. An examination on April 29 showed that all the larvae

sprayed with nicotine were dead, while those sprayed with water

were ahve.

Control by cultivation is not successful. The Washington orchard

in which the spraying was done was kept well cultivated all summer,

the soil being in a finely pulverized condition and a dust mulch being

maintained for the conservation of moisture. The orchard had been

kept in this condition for several years. The cidtivation evidently,

as a measure of control, had but little effect on the cocoons in the

soil. Many of the cocoons are located too near the trunk of the

tree to be susceptible of mechanical injury by the teeth of the culti-

vator, but aside from this they are tough and resist rough treatment,

and moisture seems to be an indifferent agent, as indicated in Table

I (p. 7), pertaining to moisture conditions.

SUMMARY,

The pear leaf-worm {Gymnonychus califomicus Marlatt), so far as

is known, is a native of the Pacific coast.

Its original host is probably some one or more wild species of plants

related to the pear, such as the service berry (Amelanchier), thorn

apple (Crataegus), or mountam ash (Sorbus). As to cultivated plants,

its selection of food is restricted to the different varieties of pears.

There is only one generation each year. The adult or parent saw-

flies issue in March and April, the female sex greatly predominating.

Eggs are inserted mto the pear leaves, the resultant larvae or worms
feeding upon the foliage for an average period of 3 weeks. The
larvae may be found on the leaves during April and May, and in

Washington the season is perhaps 10 days or 2 weeks later than in

California, Upon acquiring full growth the l;arvae drop to the ground
and bury themselves in the topmost inch of soil (a few go as deep as 3

or 4 inches) and weave around themselves a brown, oval, tough cocoon

in which the insect remains for slightly over 10 months, at first as

larva and later for a period of 2 or 3 weeks as a pupa. At the end
of the pupal stage the adult issues from the cocoon and comes forth

from the ground, and thus the cycle is completed.

Injury is confined to the fohage of the hosts and is done almost

entirely by the larva or worm, the presence of which is readily

detected by the characteristic circular holes it eats in the leaves.

Generally it is of sUght economic importance, but in cases of severe

attacks trees have been defoliated and have suff'ered badly.

What few natural enemies the insect has are quite imable to control

it. Artificial remedies are correlative with those used against the cod-
ling moth and also against the pear-thrips larva, and these are

respectively as follows

:
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Poison Spray.—Four pounds lead arsenate to 100 gallons water.

Contact spray.—Fish-oil soap 4 pounds; water 100 gallons; nico-

tine sulphate (40 per cent concentrate) 1 to 1,200; also the Govern-
ment formula of distillate-oil emulsion and sulphate of nicotine.*

In cases of ordinary infestation the contact spray such as is used
for thrips larvse or aphids will prove successful in controlling the larva

of the pear leaf-worm. When the infestation is severe and promises

the defoliation of limbs or whole trees the poison spray should be
used. The best time for application is when the largest larvse are

about half grown and when the holes in the leaves are not larger

than one-half inch in diameter. At this time nearly all the eggs have
hatched.
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-The New Mexico range caterpillar: l-arva, fourth stage.

Much enlarged. (C. N. Ainslie.)

INTRODUCTION.

The New Mexico range caterpillar ^ (fig. 1 ) is regarded as a serious

pest by the stockmen and farmers of eastern and southern New
Mexico. It devastates

large areas of range pas-

ture and at one time

threatened to destroy

the live-stock industry

over an area of 30,000 fig- i-

square miles. Formerly

it fed only upon the range grasses, but of late has changed its feeding

habits and now attacks many cultivated crops as well. The present

destructive abmidance of the pest is probably due to the fact that

the natural enemies, m the form of parasitic and predacious bisects,

birds, and small mammals, were reduced in numbers through some

severe climatic condition which, however, did not destroy the cater-

1 The purpose of this bulletin is to place before the stockmen and farmers of the Southwest the

results of investigations carried on during the past three years concerning the control of the New Mex^

ico range caterpillar

.

i Hemileuca oliviac Ckll.; order Lepidoptera, family Saturniidae.

51860°—Bull, 443—16
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pillar. Without these natural checks the caterpillar multiplied and

became destructively numerous. At the present time the mtroduced

and native natural enemies are apparently reducing its numbers and

it is hoped that it will soon cease to be a menace.

GENERAL DESCRIPTION OF THE RANGE CATERPILLAR.

The newly hatched caterpillars (fig. 2) are one-fourth of an inch

long, dark browTi or black in color, covered with fine prickles or

spines, and may be seen during the cooler parts of the day feeding

in groups. When not feeding, or during cold or wet weather, the

Fig. 2.—Hatching of the eggs of the New Mexico range caterpillar. Size of larvaj indicated by metric

rule beneath. (C. N. Ainslie.)

small caterpillars (fig. 3) ascend a gi'ass or weed stem and twine

themselves together in a tight ball, for mutual warmth and protection

against cold or rain. When in this position they arc conspicuous

objects upon the prairie. These small caterpillars feed upon their

various food plants, growing rapidly larger, and as this occurs they

separate from one another, and generally feed alone. In this process

of growth the caterpillar "sheds its skin," or molts, five times, after

each molt becoming larger and of a different color, gradually chang-

ing from the dark brown or black of the newly hatched caterpillars

to a imiform light brown, then to a light brown streaked with yellow,

and fuially tlie full-gro"\vn caterpillars appear, yellow in color, with

fault black markings. These fidl-grown yellowish caterpillars are

from 2 to 3 inches long and as tliick as a man's little finger, bemg
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covered with clusters of sharp, poisonous spines. They remain in this

stage about four weeks, and, owing to their large size, greediness, and
great numbers, do their greatest damage at this time by devouring,

or rendering unfit for grazing, most of the range grasses, and certain

cultivated crops to a more limited degree, over large areas.

WHERE THE RANGE CATERPILLAR OCCURS.

At the present time the range caterpillar is knowm to occur in the

northeastern and south-central portions of New Mexico, with a

scattering infestation along the adjoining ''Pan-

handle" of Texas. During the season of 1915

small colonies were found at Duran and Corona,

in southern New Mexico. The parent moths have

been found outside the limits mentioned, but in

these locahties no caterpillars have ever been dis-

covered, although the surrounding country has

been searched each year for evidence of their

presence. It seems possible that this pest may
eventually be found far to the southward of its

present known hmits, but the insect is now of

great economic importance only in the north-

eastern corner of New Mexico, in the counties of

San Miguel, Taos, Mora, Colfax, and Union.

ITS ECONOMIC IMPORTANCE AND GREAT ABUN-
DANCE.

In many parts of the section just mentioned

these range caterpillars, or ''grass-worms," as

they are popularlv known, constitute a great fig. 3.—The xew Mexico

menace to successful stock raising and farmmg. ^^^^l^tS' on .td
When the present investigations began, many stem, to avoid the

stockmen and farmers were of the opmion that on ^o^nl i'c. N^^nsiif

)

account of the ravages of tliis insect it would be

necessary to abandon stock raising in that part of New Mexico,

which, as has been stated, includes an area of approximately 30,000

square miles, or about the area of Maine.

Owing to the constantly decreasing area devoted to stock raising,

the economic importance of this caterpillar can not be overestimated.

The great abmidance of these caterpillars should be taken into

consideration in estimating the damage caused by the insect. In

1913 a total of 300 fuU-groAm caterpillars were counted feeding upon
an average square rod of pasture, 6 miles northeast of Las Vegas.

This is at the rate of 30,720,000 of these large caterpillars j)er square

mile. Many square miles in this section were similarly infested.

The caterpillar is commonly found in numbers of from 100 to 200
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to the square rod over all of the infested section. It is plainly evi-

dent that the tremendous abundance of the pest constitutes a grave

menace to any crops attacked.

CROPS AND GRASSES ATTACKED.

The range caterpillar devours the range grasses down to, but not

including, their roots. It feeds upon all the grama grasses, bunch

grass, foxtail, side oats, wild rye, blue-joint, mesquite grass, buffalo

grass, and even bluegrass on lawns. About 40 different kinds of

grasses are included in the determined list of food plants of tliis

insect.

One of the most important developments noted during tlie past

two years is that of the apparent change of the food habits of the

range caterpillar. In many instances, in addition to its damage to

the range grasses, it has seriously injured cultivated grains and

forage crops, including miUet of various kinds, wheat, oats, barley,

milo maize, Sudan grass, and, to a slight extent, corn and alfalfa.

Of the cultivated crops, millet has appeared to suffer the most from

attacks of this caterpillar. The damage to such crops has usually

occurred where isolated farms were surrounded by infested range

pastures. As the range country of New Mexico is rapidly becoming a

dry-farming and irrigated agricultural district, it is evident that the

range caterpillar, unless checked, is likely to become a serious pest

to cultivated crops, and therefore of as much importance to farmers

as to stockmen. However, it is at present primarily destructive to

the range pastures.

CHARACTER OF THE INJURY.

The range caterpillar injures the crops in two ways: First, ])y eat-

ing the range plants down to the roots, over large areas, and in the

case of cultivated crops by devourmg the leaves ; second, by poison-

ing the imeaten plants with the caterpillar spines, which it sheds

in crawhng from place to place or during the process of molting.

INJURY CAUSED BY PLANT FEEDING.

Thc^ injury caused ])y the range caterpillar in feedmg upon various

plants is the more important of the two, as it deprives the grazmg
stock of food and renders such cultivated crops as miUet and Sudan
grass unfit for forage. The greatest amount of damage is done during

July and August, although some destructive feeding takes place

during late June and early September. When the caterpillars are

very numerous the range pastures for many miles wiU have the

appearance of having been clipped by a lawn mow(>r. Under these

conditi(ms many of the caterpillars die through lack of sufTicient food

to enable them to complete their growth.
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111 cultivated crops the caterpillars devour the leav(>s and, in rare

instances, the upper and tender portions of the stem.

The caterpillars are very greedy and wasteful feeders, often eating

only a small part of each plant destroyed. Frequently they will

bite tlii'ough a plant stem several niches below its top and then eat

from this point down to the junction of stem and roots, leaving the

upper part of the plant as waste. They are equipped with large,

powerful jaws and eat a tremendous amount of plant matter each

Fig. 4.—Diagram illustrating liie cycle of the New Mexico range caterj^illar. (Original.)

day. Much of tliis food is not fully digested, but passes through the

caterpillar and is voided in an apparently slightly changed condition.

Oftentimes it appears that the caterpillars eat from habit rather than

necessitv.
INJURY CAUSED BY POISONING UNEATEN PLANTS.

When partly grown the range caterpillai-s develop poisonous spines,

probably as a protection against birds or insect-eatmg mammals. In

crawling from place to place, or duruig the process of moltmg, these

spines (see fig. 1) become scattered tln-ough the uneaten plants.
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ror

Upon coming in contact with the tender portions of the human skin,

such spines cause at first an intense local irritation or smartmg, wliich

later results in a swollen and itching condition of the

affected parts, resemhUiig that caused by the stmg of a

wasp. It is possible that the same thmg happens to the

mouth of an animal feeding upon tliis grass, and that

after one experience the plants are left untouched. At

least the cattle seem to avoid grasses so affected,

this reason many areas of range pas-

ture not actually destroyed by the

range caterpillar are rendered unfit for

grazmg purposes.

LIFE HISTORY.

During its hfe (see fig. 4) the range

caterpillar passes through four stages

—

lirst the egg, then the caterpillar, next

the pupal or ''spun-up" stage, and,

lastly, that of the moth or parent.

Egg stage.—^The eggs (fig. 5) are de-

posited by the parent moths (fig. 6)

during the months of September, Oc-

tober, and November, in cylinder-

shaped clusters, about the diameter

range caterpillar of all Ordinary lead pencil, encirclmg
on weed stem.

Enlarged. (C.

N. AinsUe.)

FiG.o.—Eggma.ss

of New Me.xico

grass and weed stems. These egg

clusters contain from 50 to 175 eggs,

are pearl-white m color, and from their size and

position are frequently mistaken for bunches of

weed seeds. The individual eggs are fig. e.-The New Mexico

,1.1 ini 1 -11 i •,! range cat eniillar: Tema'e
very tliick-shelled and able to with-

^^^^i, ^^ characteristic

stand the winter weather conditions resting attitude. En-

in New Mexico.
'"^^'- (^•N-^^''^)

Caterpillnr stage.—The caterpillars (fig. 2) hatch from

the eggs as a rule in May or early June, the time de-

pending upon moisture conditions. A certain amount

of moisture appears to be necessary for hatchuig the

eggs, temperature being of less importance. By late

August or durmg September the caterpillars have com-

pleted their growth and are ready to enter the *'spun-

caterpillar: Pu- yp" or pupal stage.
pa, side view. ^

t. ^ ^ . . ,

Enlarged, (c. Pupal stagc.—In entermg its pupal or restmg stage
N. Ainsiie.)

(^£jg 7^ ^^^ full-growu caterpillar draws the stems and leaf

blades of any weed or grass plant together (fig. 8), and mside this

foimdation spins a rough, netlike mclosm'c or cocoon of yellow silk.

Fig. 7.—The New
Mexico range
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Inside this cocoon tlie pupa is formed. The pupa is dark brown
in color, more or less cone-shaped, and from 1 to H inches long. It

is this process of ''spmningup" that causes the matted and distorted

appearance of the range plants from late August' to the end of the

year. The pupal period lasts for a month or six weeks and then the

moth comes forth.

Ilotli, or 'parent insect.—The moth (see figs. 6 and 9), or parent,

when freshly emerged bears only short, stubby mngs, and may be seen

during the early part of

the day clmging to a

grass or weed stem sit-

uated near its former

cocoon. After a few

hours the wdngs be-

come fully developed

and the moth takes

fhght. Mating occurs

very soon after emerg-

ence from the pupa,

andwithin 24 hours the

female depositshereggs

for next year's brood

of range caterpillars,

after which she usually

dies very quickly. In

the moth stage this in-

sect does not consume

any solid food. Most
of the moths emerge

and deposit then* eggs

during the period be-

tween September 10

and November 15.

They are most active

just before sunset and
are often so numerous
as to give the impres-

sion of a snowstorm.

The male and female

moths differ in color and size. The male moth measures about 2

inches from tip to tip of the wings; his wings are white or light gray,

and his body is covered with long, brick-red hairs. The female

moth is larger than the male, being generally 2h to 3 inches from

tip to tip of the wings; her wdngs are reddish gray or dark brown
and her robust body is dark reddish brown with white stripes on

the lower side.

Fig. 8.—The New Mexico range caterpillar: A characteristic mass of

cocoons in a single plant of Gutierrezia. Reduced. (C. N. Ainslie.

)
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NATURAL ENEMIES OF THE RANGE CATERPILLAR.

Several Idnds of natural eneiuics native to New Mexico arc destroy-

ing the range caterpillar. To help these native forms, other kinds of

natural enemies have been introduced.

NATIVE NATURAL ENEMIES.

A small percentage of range caterpillar eggs is destroyed by a four-

winged, wasphkc internal parasite. Two kinds of two-%\-inged flies

resembling house flies

or blowflies lay then-

eggs upon the caterpil-

lars, and the maggots
hatching from them act

as internal parasites,

(levourmg the flesh and
"insides"of the cater-

pillars. One of these

flies is illustrated in fig-

ure 10. Furthermore,

three kinds of wasphke
internal parasites, one
of which is shown in

figure 11, have been

found to destroy the

pupae. The effective-

ness of such parasites

in different localities

varies from less than 1

to as much as 75 per

cent of the caterpillars

and pupa) present.

Skunks eat great

numbers of range cat-

erpillar i)upa> and have

been the means of prac-

tically externunating the pest over certain areas. Duruig the autumn
season about S5 })er cent of the food of the skunk, in the infested

region, consists of these pupa'. This animal is very valuable as a

destroyer of insects.

Badgei's, coyotes, mice, and robins also feed upon the range cater

pillar in its various stages. Several kinds of large ground beetles,

soxne of the large ants, and robber flies prey upon the pest.

In some localities from 10 to 50 per cent of newly deposited eggs

are destroyed by two diff'erent kinds of camel crickets.

Fig. 9.—Male moths of the New Mexico range cateri)illnr resting

(luring the day on stem of wild sunflower. (C. N. Ainslie.)
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INTRODUCED NATURAL ENEMIES.

Natural insect enemies, similar to those mentioned above, have
been introduced into New Mexico from Massachusetts, Indiana, Kan-
sas, Missouri, and California in an attempt to aid the native natural

enemies already present. Some of these have established themselves

in New Mexico and are at work helping to destroy the range cater-

pillar. None of these introduced insects, under any possible circum-

stances, could become injurious to crops.

Among the most important of these insects which have established

themselves in New Mexico are three kinds of large ground beetles

introduced from Massachusetts. One of these is illustrated in figure

12. Although onlv the above-mentioned insect enemies are known

Fig. 10.— Tachina mella, a fly which is parasitic on the range caterpillar: Adult. Enlarged. (C. N.
Ainslie.)

to be at work, additional natural enemies have. been introduced to

work upon the range caterpillar, and it is expected that they will

soon make their presence felt.

A WILT OR ROT DISEASE.

A '

' wilt
'

' or rot disease in favorable seasons kills many range cater-

pillars during the late summer. This happens at rare intervals dur-

ing unusually wet weather, but owing to the semiarid conditions of

this region the disease can not be depended upon to hold the range

caterpillar in check.

DESTRUCTION BY HAIL.

Hailstorms often kill many full-grown caterpillars during August
and September.
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HISTORY OF THE RANGE CATERPILLAR.

As a result of complaints KH'cived from the stockmen of north-

eastern New Mexico (U)ncernin^ the ravages of the range caterpillar,

a preliminary investigation was made during the period 1908 to 1912,'

It appears that no records exist of damage by this insect until

about 1904—that is, five years previous to the beginning of the original

investigations. There is no doubt, however, that the range cater-

pillar has been present in limited numbers in the section for many
years, and probably for centuries. Taking these facts into consid-

eration, it is probable that just previous to the date mentioned above

some severe and unusual climatic condition caused the death of most

Fkj. U.—runpla cnnquixilor, a parasite of the range caterpillar: o, Larva; /), head of same; c, pupa; d'

adult female. Knlarged. ((/, C. N. Ainslie; a, b, c, redrawn from Kh Upl. U. S. Ent. Comm.)

of the natural enemies of the range caterpillar Init alhnved the pest

to survive, and in consequence to multiply rapidly and injm*e the

range. These unusual climatic conditions might have been in the

nature of a severe, long drought, or it might have been a mild, warm
period in midwinter, followed by a rai)id drop in temperature, con-

ditions which occur in the plateau regions of New Mexico.

In 1913 a camp was established in the midst of badly infested range

pastures on the open range 6 miles east of Koelder, N. Mex. To
this camp natural enemies of the range caterpillar were brought

from various parts of the country. Experiments carried on under

temporary structures demonstrated that some of these natural ene

mies were effective against the pest and were capable of existing

1 Ainslie, C. N. The New Mexico Tl&nfX) Caterpillar. V. S. Pept. Agr. Bur. Ent. Bui. 85, pt. 6,

pp. 59-%. flps. .12-53, pis. ^, 4. 1910.
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under New Mexico conditions. These were therefore hberated on
the range.

After two years at this camp it became evident that perma-
nent quarters were necessary, so a laboratory was cstabhshed at

Maxwell, N. Mex., where work against the range caterpillar and other

cereal and forage-crop insects is now being carried on.

At the present time the native natural enemies are beginning to

assert themselves again, and with the help of the introduced enemies

it is hoped that the range caterpillar will soon be reduced to a point

where it will cease to

menace the stockmen and

farmers of the Southwest,

CONTROL MEASURES.

Mechanical m e a s u r e s

,

such as burning the range,

rolling the ground, and

brush dragging have been

suggested as a possible

means of artificially con-

trolling the range caterpil-

lar. The pasturing of

turkeys and sheep has also

been proposed as a means
of control.

Burning the range.—
Burning the range to de-

stroy the range caterpillar

has been tried out. on sev-

eral occasions, but has not

proved successful on a

large scale because of the

lack of sufficient vegetation on most of the range to support a hot

running fire. Under certain favorable circumstances the winter

burning of restricted areas has proved of great benefit in destroying

the ovei-wintering egg clusters. Cidtivated areas usually may be

protected by winter burning the surrounding egg-bearing grass, weeds,

or other vegetation. However, such burning destroys the grass

crop for that year, and unless carefully conducted may result in

the burning of buildings or timber in the vicinity.

Rolling the ground and hrusth dragging.—Rolling the ground with a

heavy corrugated iron roller proved expensive antl killed only a small

percentage of the caterpillars present, on account of the tufted or

uneven condition of the surface. Brush-dragging the small cater-

pillars gave similar results.

Fig. 12.—a predatory ground beetle, Calosoma sycophanta,

introduced into New Mexico from Massachu.setts to help in

the destruction of the range caterpillar. About twice

natural .size. (Howard.)
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TJse of sheep and twlceys.—The pasturing of sheep might prove

effective in kilUng range caterpillars or pupas over small areas, but this

method would not be practical on the vast expanse of the cattle

ranges. Turkeys kept in confuiement refused to eat the range cater-

pillar, and it therefore seems probable that they would not accept

them as food on the range.

General considerations.—In any method for destroying the range

caterpillar, the low value of the range land nmst be taken into consid-

eration. This land sells for $5 or $10 per acre and rents at from 2 to

10 cents per acre. It will thus be seen that none of the foregohig

methods of artificial control are practical on range land. Thus the

introduction of natural enemies remains as probably the best solution

of the problem.

Proteciimi of cereal crops.—When this pest is found attacking

cultivated cereal crops, such as corn, sorghum, or kafir, it can be

controlled ])y spraying these crops with a solution of powdered

arsenate of lead, 1 pound to 50 gallons of water. But crops so

treated should not be pastured off or fed to stock until after lieavy

rains have fallen, and at least 30 days should elapse between the

time of spraying and the use of such crops as forage.
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INTRODUCTION.

In nearly all parts of the ITnited States damage is produced each

year by leaf-eating insects, and the application of arsenicals, in the

form of poison sprays, has been demonstrated to be the most efficient

method of suppression or control. In the work of suppressing and

preventing the spread of the gipsy moth and the brown-tail moth,

spraying with arsenate of lead on an extensive scale has proved a

very important factor. The magnitude of the insect problem which

the ravages of the gipsy moth has developed in the New England
States made it necessary to devise extensive improvements in insecti-

cides and spraying machinery.

HISTORY.

Wlien the work against the gipsy moth was first undertaken by

the Commonwealth of Massachusetts, the problem was one of ex-

termination rather than repression, and spraying with arsenical

63392°—Bull. 480—17
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poisons at that time was not regarded as an important factor. The
State Board of Agriculture of Massachusetts later conducted ex-

periments "with insecticides which resulted in 1S94: in the develop-

ment of arsenate of lead as the most economical and effective poison

for control work against leaf-eating insects. After these demonstra-

tions, spraying became moi-e general, owing to resulting effectiveness

as well as to a considerable reduction in expense, and this naturally

led to the modification and improvement of machinery and appa-

ratus for applying mist sprays.

In 1895 the late J. A. Pettigi^ew, while superintendent of Prospect

Park, Brooklyn, N. Y., began solid-stream spraying, and in the

Yearbook of the United States Department of Agriculture for 1896

there appears an article by Dr. L. O. Howard on the subject. The
sprayer assembled by Mr. Pettigrew had steam as its motive power,

the pump and engine l:)eing connected to a watering cart. (PI. II.)

Owing to the discontinuance of appropriations by the Legislature

of Massachusetts, the gipsy-moth work was stopped in 1900, and no
State work was carried on in combating this pest until May, 1905,

when a further appropriation was made.

In 1905 the late Gen. S. C. Lawrence, of Medford, who was in-

tensely interested in the work of combating the gipsy moth on his

large estate and others surrounding it, saw the necessity of larger

machines for spraying and purchased a high-power machine which

was operated by an air-cooled gasoline engine and had a triplex

cast-iron pump. This machine did very good work, but its use indi-

cated that further improvements were desirable.

Through the efforts of the writer, Avhile in the employ of the

State of Massachusetts, some important mechanical devices in solid-

stream spraying were constructed, and during the last few years,

while carrying on the scouting and extermination work for the

Bureau of Entomology. Ignited States Department of Agriculture,

further improvements have l)een made. Many of these improvements

are now being extensively used in New England, but in order that

others contemplating the use of sucli apparatus may know the most

economical and practical methods the following suggestions, illus-

trations, and tables are submitted.

After a careful inspection of the territory surrounding the Imown

infested area in Massachusetts, it was found that it luul increased

from 359 square miles in 1900 to 2,500 square miles in 1905. It was

apparent that a considerable amount of sprayiuL^ must be done, but

the apparatus available for so large an operation was insufficient

and indequate,- there being hardly any spraying machinery on the

market except that principally used for orchard spraying. After

the first season's work efforts were made to improve spraying ma-

chinery, so that the work could be brought to a higher degree of
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efficiency. Our efforts led to the construction of a high-power solid-

stream machine, which was an improvement over those used in the

previous season. These machines were assembled from stock parts

purchased in the open market and consisted of stationary eng:ine,

with battery ignition and single cylinder or duplex pump.
While the results accomplished were an improvement, they were

not satisfactory as the pump did not furnish a steady pressure and
the engine caused too much vibration. In 1907 a two-cylinder

marine engine and triplex cast-iron pump were used. This machine
was an improvement over the first, but the pump would not stand

high pressure and its use resulted in a large amount of valve trouble.

Later a four-cylinder marine engine was used with high-tension

magneto and a triplex pump made of phosphor-bronze having metal

valves. This proved satisfactory, and practically the same outfit is

in use to-day.

DESCRIPTION OF APPARATUS.

The high-power solid-stream sprayers being used b^^ the Bureau of

Entomolog}' are assembled as follows (PI. Ill) :

Caravan running-gear, U-shaped tank, phosphor-bronze pump, ll-

horsepower marine engine. Running gear built of best oak stock

with high-grade iron. Wide tires on wheels, cut-under front wheels,

with springs all aroimd, fitted for a two-horse hitch. Tank made
from select pine stock, capacity of at least 400 gallons, with a solid

roof capable of carrying supplies on the top. An arch made of heavy

steel straps is bolted on the inside to protect the agitator. This ar-

rangement provides space in the tank for storing the hose while the

sprayer is being moved frorn place to place and eliminates the need

of a supply wagon, reducing the cost of operation about $5 a day.

The roof extends over the engine, and side curtains are used to protect

»it from weather. Pump, triplex type, with cylinders, valves, valve

chambers, and plungers made of a high-grade phosphor-bronze with

a tensile strength of 35,000 pounds per square inch. This makes a

much lighter and more compact pump than would be safe if cast iron

was used, as the latter rarely has a tensile strength of more than

15,000 pounds per square inch. The cylinders and displacement

chambers are cylindrical in design, so as to offer no flat surfaces to

pressures ; thus greater strength can be secured with the same amount

of metal. The valves and waterways are extra large to permit high

speed while filling. The valve chambers are so designed that any

one valve may be removed without disturbing another. The uprights

are made of high grade iron with babbitted bearings. The crank is

a drop-forging which usually has an elastic limit of over 74.000

pounds per square inch and is not subject to crystallization. Cast-

iron cranks should be avoided, as they usually have an elastic limit
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not exceeding 40,000 pounds. The pump is attached to the engine by

a durable cbitch. with gear and pinion. Connected with the pump
are two automatic safety release valves, one set at 300 pounds and

the other at 350 pounds. By having two release A-alves a variation

of pressure can be obtained from 275 pounds to 375 pounds without

making any change in the release valve and not running the engine

at an excessive rate of speed. These valves are properly set and
should not be adjusted in the field.

THE ENGINE.

The engine is a 4-cycle, water-cooled type, having four cylinders,

with a maximum of 14 horsepower, and is equipped with a high-ten-

sion magneto, and so oiled as to require little attention from the en-

gineer. The cooling system consists of a coil of pipe submerged in

the spray tank and fed by a supply tank located near the engine.

The gasoline tank has a capacity of 10 gallons. The agitator consists

of three long paddle blades extending the entire length of the tank
and has proven more satisfactory than single propeller blades.

The safety or release valve is so arranged on the delivery line that

the solution is automatically released into the spray tank whenever
the nozzles are shut off. The piping, w^herever subjected to high pres-

sures, is extra heav3% Avith double-strength fittings, and is so arranged

on the pressure side that the solution may be delivered into the hose

for spraying or diverted into the tank when filling. The suction

line is arranged so that the solution may be drawn directly from the

tank or water from the suction hose when the tank is being filled.

While this arrangement is not essential in spraying work, it enables

this apparatus to be used for other purposes, such as fighting

fires, etc.

THE HOSE.

Hose used in high-power solid-stream spraying should be con-

structed to stand a working pressure of 600 pounds, with couplings

especially adapted for high-power work. Hose used in this woi'k

not only has to stand high pressures, but is also subject to severe

strain in pulling and hauling that is necessary especially in wood-
land spraying. Unless a very high grade 10-ply hose is used, with

heavy inner tube and outer walls, it is advisable to have 7 or 8 ply

hose covered with a cotton jacket treated to prevent mildew and in-

crease wearing quality. It is also advisable to use high-grade hose,

whether covered or not, as the life of it will be so extended as to re-

duce the yearl}'- cost to a considerable extent. Couplings should be

constructed so as to make it impossible for them to blow off under

pressure and to offer as little resistance as possible when the hose

is being pulled. In woodland spraying parts protniding from cou-
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A New Feature in Hose Couplings.

High-power hose equipped with quick-hitch couplings. A, Uncoupled; B, coupled but
not fastened; C, coupled and fastened. (Original.)
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Comparison of Old and New Type Nozzles.

Nozzles for solid-stream sprayer. A, Old type nozzle; B, latest type kiunyn as the

Worthley nozzle, with spreader; C, smaller size, same type as B .
(Urigmai.;
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Comparison of Details of the Old and the Improved Types of Nozzles.

Fig. 1.—Old type nozzle, o, Shut-oS open; b, Hopkins; c, square top of Hopkins; rf, taper
at base of tip. Fig. 1 A.—Square waterway in sliul-ofl; a, opening of pipe above and below
shut-off; b, rectangular opening insluit-ott; c, protruding shoulder in shut-oflf wlien open.
Fig. IB.—Cross section of tube and Hopkins, showing Hopkins loose in the chamber of the
nozzle.

Fig. 2.- Base of "Worthley nozzle, a, Swivel handle; 6, shut-ofT handle; c, shut-off closed;
d, base of tube of nozzle. Fig. 2.\.—Clear waterwav in sliui-ofl when open. Fig. 2B.—
Details of the shul-oll; a, shut -ofl open; 6, nut; c, shut-olT handle; </, washer.

Fig. 3.- Tip of ^Vonhley nozzle, a, Melhod of holding lloi^kins in posilion in top of tube;
b, lop of Hopkins leveled to sharp edge; c, condensing head in end of tube; (/, beveled
base of Hopkins; r, protecting shoulder. Fig. 3A.- Cross section of tube and Hopkins.
a, Hopkins firmly held in place at lop of tube. (Original.)
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plings are a great hindrance to the work, as they become entangled
in twigs, rocks, and other obstructions. Recently there has been

placed on the market a quick-hitch coupling that is easily connected
without the use of wrenches and is being used by this Bureau in

its spraying work. It promises a great saving in time when long
lines of hose are being used. (PI. IV.)

NOZZLES.

From observations made by the writer on solid-stream spraying
operations in 1907, 1908, and 1909 it was evident that the nozzles

being used were not giving satisfaction and that some improvement
should be made. The nozzle then in use had a long, tapering tube

with the shut-off near the tip or at the base and was constructed so

as to offer considerable resistance to pressure. ( PI. V, a.) The " hop-

kins " (a finlike arrangement used in open-bored nozzles to stop the

circular movement) was placed near the hose end and the tips were

tapered nearly to the end, which caused the stream to spread, by
reflex action, immediately after leaving the tip. Water passing

through lines of hose takes a spiral motion, owing to the spiral

winding in the manufacture of the hose.

Experiments were conducted in 1909 and 1910 for the improve-

ment of solid-stream nozzles, and resulted in the production of a

nozzle that gave much more satisfaction, gaining at least 25 feet in

the height of the stream, working at the same pressure, with the same

size tip, and using the same amount of solution. Later it was ob-

served that some means should be devised for breaking the force of

the stream, so that small trees and the lower foliage of large trees

could be properly sprayed. For this purpose a strip of brass, slightly

curved, about 10 inches long and 1^ inches wide, known as a spreader,

was attached to a brass ferrule about a foot in length, so that it could

be moved up and down the tube of the nozzle. "VVlien this brass strip

is slid beyond the tip the force of the solution coming in contact with

it is broken up into a fan-shaped stream, thus giving a good mist

spray. (PI. V, &, f.)

Solid-stream nozzles now being used have a full-way shut-off at

the hose end which is packed on both sides to prevent leakage, and a

reduction is made in the condensing head for a tapered way of ap-

proximately 1 inch in length. The " hopkins " is placed directly in

the end of the tube, straightening the stream practically at the tip

entrance. The tips are all bored from solid metal, making an abso-

lutely smooth waterway. A swiveled handle is provided on the large

nozzles to permit them to turn freely when the hose twists, without

annoyance to the nozzleman. The introduction of this nozzle prac-

tically eliminated the climbing of forest trees in spraying. For full

details of construction, see Plate VI.
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MOTOR-TRUCK SPRAYER.'

The first motor-truck sprayer used in New England was built in

the winter of 1910 along lines suggested by the writer. This sprayer

was used by the State of Massachusetts and gave such satisfactory

results that several others have been built and are being used in that

State. (PI. I.)

In the fall of 1915 a machine of this type was built for the Bureau

of Entomology and has been used to great advantage during the past

summer.

Profiting by the experience secured when the other machines were

constructed, the one built for the Bureau was improved and per-

fected in many respects, so as to render its operation more perfect

and economical. A machine of this type is particularly useful where

work has to be done in locations demanding the use of long lines of

hose and Avhere water must be hauled long distances. It can ac-

complish more work in a single season than four horse-drawn high-

power sprayers and can be operated more economically on accoimt

of saA'ing time on the road and reduction in the number of men
needed.

One and one-eighth inch hose is used on this machine, as it does

not offer as much resistance as the hose of smaller diameter, and

makes it possible to maintain proper pressures at the nozzle when
2,500 feet of hose is required. Two automatic safety release valves

are connected to the pump, one set at 300 pounds and one at 500

pounds. The maximum pressure needed on 2,500 feet of 1^-inch

hose to obtain 225 pounds at the nozzle is 475 pounds, against ap-

proximately 600 pounds in the case of 1-inch hose.

When 1-inch hose is used the pressure must be increased 50 pounds

for every 100 feet that the nozzle is operated above the level of the

sprayer. With 1^-inch hose a slightly greater pressure is required.

This matter must be given careful attention when lines of hose are

run to hilltop areas which are at much greater elevations than the

sprayer.

When the sprayer truck combination is not in use the pump and

tank attachment can be easily removed and a commercial body

attached which can be used in transporting supplies to and from the

field. (Ph VII.)

The construction of the motor-truck sprayer is of special design,

owing to the double work which it is called upon to perform. As
the truck must propel itself and at fhe same time maintain high

1 Since this manuscript was prepared a more powerful truck sprayer has been designed.

For this purpose a 5-ton truck with a worm drive and a pump of greater capacity has

been used. This outfit is to be used in difficult spraying work in the border territory of

the gipsy moth infested region.
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pressure for spraying, it is necessary to have an engine transmission
of extra strength, and many other parts are oversize from what
would be necessary for an ordinary 3-ton truck. The chassis is of
1-inch beam construction, with phitform springs and chain drive.

The engine is 45-60 horsepower and has an internal governor. It

has three speeds forward and one reverse, with special transfer

arrangement to the pump which makes it possible to spray while
traveling or standing. The controls for operating either the truck

or spraying attachment are easily reached from the driver's seat.

The pump is practically the same as those on horse-drawn outfits,

with the exception that it is reinforced in many places to stand extra

high pressures. The tank is of the U-shaped tj^pe, with a 400-gallon

capacity.

In doing street-tree or roadside spraying, the motor truck is espe-

cially adapted, as very little time is wasted in securing Avater.

POISON.

The amount of poison to be used varies with different insects, as

some species will withstand more than others. In the case of the

apple-tree tent caterpillar {Malacosofiia americaixa Fab,) about one-

half the amount of poison is required that is necessary to kill the

gipsy-moth caterpillars. It is obviously Avasteful to use an unneces-

sary amount of poison. In the case of the gipsy moth, 10 pounds
of arsenate of lead and 100 gallons of water is sufficient until the

caterpillars have passed the third stage; then the poison should be

increased to 12^ pounds to 100 gallons of water. This increase is

necessary, as the caterpillars are more resistant to poison as they

grow older.

Spraying against any leaf-eating larva at the time when it is

about to change to the pupal stage is not. as a rule satsifactory, as

very little feeding is done for a few days previous to transforming.

In purchasing arsenate of lead paste, the following specifications

have been found satisfactory:

Fift}' per cent actual dry arsenate of lead, not less than 15 per cent

arsenic oxid (AsoO^), not more than three-fourths of 1 per cent of

soluble arsenates, no free acids, no adulterant or inert substances.

Arsenate of lead should be in a good mechanical and physical condi-

tion and should be subjected to analysis.

These specifications carry 3 per cent more arsenic oxide (AsaOg)

than is required by Fedei'al law. but much better work is done than

by the weaker percentage and with more economy.

Poison carried over from one season to another in wooden con-

tainers should be tested before it is used to ascertain if it contains
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the proper amount of moisture, otherwise a hirger amount of actual

arsenate of lead may be used than is necessary.

Dry arsenate of lead has been tried on a small scale and has giyen

good results. It has not been used extensively, as it is more expen-

siye than the paste form.

MIXING POISON.

Arsenate of lead in paste form can be obtained in different-

size steel drums or wooden packages, nnd should contain 50 per cent

water. The lead, being heayier than the water, readily settles at the

bottom of the container and should be stirred to an even consistency

before being mixed with Ayater for spraying. If this is not properly

done an uneven strength of the solution is the result and consequently

spraying operations are often unsatisfactory. This is one of the

parts of a spraying operation that is easiest to neglect, and in order

to secure an even solution a mixer has been devised, as shown in

Plate VIII. It can be attached to a 100-pound drum of arsenate of

lead and the contents brought to an even consistency in from 3 to 5

minutes. The lead should be poured into another drum to make sure

it is thoroughly mixed, thus increasing its efficiency and lessening

the cost of labor.

AGITATION.

Agitation is one of the most important factors in the operation of

any spraying machine, owing to the fact that if constant and

thorough agitation is not maintained uneven results may be expected.

In some power machines the agitator is in motion only when the

pump is working, but this is not a satisfactory arrangement. If the

machine is moved from one location to another and the pump is

stopped a large part of the poison will settle to the bottom of the

tank. It is very difficult to get arsenate of lead again into suspen-

sion, under such conditions, as it has to be sucked gradually from

the bottom of the tank by the agitator, which will not function as

well as if the poison is not allowed to settle.

On all machines the agitator should be directly connected with the

engine and when the pump is not in use the engine should be run

slowly, so as to keep the solution well mixed until the tank is empty.

AMOUNT OF SOLUTION TO BE USED.

The amount of solution used in solid-stream spraying should be

carefully guarded, as it is very easy for considerable waste to occur.

With high-power outfits using 1-inch hose and one-fourth-inch tip

on the nozzle, from 25 to 35 gallons of solution is being delivered
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An Improved Type of Poison Mixer.

I'oisou mixer attached to 100-pouud drum, showing jjaddles.
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every minute, and as the average shade tree contains about 3,000

square feet of foliage and 9.1 gallons of solution will actually cover

this amount of foliage, it is practically impossible to prevent a small

amount of waste, although a much smaller percentage than would be

supposed results if care is taken by the nozzleman. One-half minute
of solid-stream spraying at the proper pressure will ordinarily spray

the average shade tree.

There are several conditions which would cause this estimate to

vary, such as high winds,- location of tree, etc. In directing solid-

stream spray, the force of the stream should never be allowed

to strike the foliage, as the solution will not adhere, but is driven off.

It should be applied in as near a mist form as possible. In the spray-

ing of shade trees care should be taken to direct the stream so that

the mist will blow or drift through the foliage. It is not always

possible to spray all sides of a tree, but it can usually be completely

sprayed by drifting it through or by allowing the stream to go over

the tree. In spraying trees on country roadsides, where the water

supply is not always easy of access, considerable time can be saved

by filling the tank when there is an opportunity, even if it is not

empty. If this is done an accurate method should be worked out to

determine the amount of water to be added so that the proper weight

of poison can be placed in the tank. Considerable time is required

to secure Avater, even if hydrants are available.

PRESSURES.

A knowledge of the correct pressures to use in solid-stream spray-

ing is most essential. As has been previously stated, the solution

should reach the leaves as a mist if best results are to be obtained.

If this is not done much poison is wasted, and if the force of the

stream is allowed to come in direct contact with the foliage it often

tears and damages the leaves.

After several years experience and many experiments, it has been

concluded that to obtain the best results the pressure at the nozzle

when 1-inch hose is used w'ith any sized tip should be 225 pounds in

order to break the stream into a mist at the proper place.

It has been determined by tests shown in Table I that it is

not practical to use over 1,500 feet of 1-inch hose with the high-

power machine when a one-fourth-inch tip is used, and not over 600

feet of 1-inch hose when a five-sixteenths-inch tip is used.
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Table I.

—

Correct ito;:zle p/es-sHrt.s' for different hiuiths of hose and sizes

of tips.

Length of hose.
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SHADE-TREE SPRAYING.

The spraying of shade trees with arsenate of lead should be ac-

complished at as early a date as possible after the foliage has suf-

ficiently developed, (PL XII.) Early spraying not only applies to

the gipsy moth, but will poison many brown-tail caterpillars, as they

are much earlier feeders than the gipsy moth. In the case of the elm
leaf-beetle {Galerucella luteola Miill.) much is accomplished in pois-

oning the adult beetles, which do a small amount of feeding after

coming out of hibernation before mating and laying eggs, as they are

A'ery easily poisoned at that time. It is often argued that solid-

stream spraying on street trees is too expensive and that the work can

be done much cheaper with smaller apparatus. The principal reason

for this is because of the low first cost of the smaller outfits. (PI.

XIII. ) This may be true for a single year, but for two or more years

the solid-stream method is the cheaper. The total cost of the most

expensive high-power apparatus on the market at the present time is

approximately $1,500 for a complete equipment. It is safe to figure

depreciation at the rate of 20 per cent each year, although there are

machines in the field at the present time that have been used 8

years and have onl3^ required an annual overhauling and the replace-

ment of small worn parts. In 20 days' spraying one large machine

should treat 10,000 shade trees. This would average only 3 cents

for each tree in depreciation which is not prohibitive to any munici-

pality. Taking everything into consideration, the entire cost of

spraying shade trees with the solid stream does not exceed 12 cents

per tree if the work is managed properW. The following figures are

submitted to show how the cost per day is computed for 20 working

days:

1 pair of horses and driver .$6. 00

3 men, 8 liours eacli 7.50

560 pounds of poison, at 5 cents per pound 28. 00

10 gallons of gasoline 1. 80

1 gallon of oil .30

Depreciation per day at 20 per cent per year 15. 00

$58. 60

The average number of shade trees sprayed with each 400 gallons

of poison is 35, and 14 tanks (5,600 gallons) in 8 hours is a good

average, totaling 490 street trees per day, making the average cost

per tree about llf cents. In treating shade trees, where any consid-

erable amount of spraying is to be done, the use of small outfits in

mist spraying is much more expensive than the solid-stream method.

In an experiment conducted during the summer of 1916 the cost of

treatment with a small hand outfit was more than twice the amount

per tree that it was when the solid stream was used. While one can
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find considerable variation in the cost of applying the mist spray,

either with gasoline or hand outfits, it is more than double the cost

of solid-stream spraying, which, in the long run of the season's

work, will equal an amount that will more than two-thirds pay for a

high-grade solid-stream machine and equipment. By following the

mist method for two seasons a high-grade outfit has practically been

thrown away and with no asset shown for money expended.

WOODLAND SPRAYING.

In woodland or park spraying the solid-stream method is in a class

by itself, as the climbing of trees over large areas makes the mist

method not only too slow but lal)orious and expensive. With a high-

grade solid-stream machine properly equipped an average of from 12

to 15 acres can be sprayed in a day. This applies to large areas

where machines can be operated without the necessity of moving any

great distance in the day's work. Twenty-one acres of woodland,

consisting mostly of trees 60 to 70 feet high, is the maximum treated

in a single day. (PI. XIV.) In this instance the water supply was

convenient and easily accessible. The solid-stream machine for wood-

land spraying should be equipped with from 1,000 to 1,500 feet of

1-inch hose; 100 feet of 2|-inch suction hose, suction strainer, two noz-

zles (one long and one short), and with each nozzle one of the fol-

lowing tips: 1%, i, i\-, ^ inch bores. The nozzles should be equipped

with a brass spreader for spraying undergrowth and low foliage.

(PI. XV.) Hose should be provided with couplings that will not

blow out—if expensive delays are to be avoided. Spraying in wood-

land should be arranged so that whenever possible the location of

the hose may be changed while the sprayer is being filled. ISIuch

time Avill t)e lost if this is not done, and 10 men are usually necessary

where long lines of hose are being used.

Men should be so located on hose lines that the nozzlemen will not

be hindered by the weight of hose. The number of men needed in

woodland spraying is determined entirely by the lengths of hose

used. One hundred feet of 1-inch 8-ply cotton-covered hose weighs

84 pounds, and carries 4.8 gallons of water weighing 32.64 pounds,

making the total weight Mhen spraying 116.64 pounds. This makes

it necessary to assign a man to every 100 feet, besides the nozzleman.

The cost of woodland spraying where large areas are involved aver-

ages about $5.50 per acre. "Where only small areas are sprayed the

cost is much greater. Six hundred gallons of solution, when prop-

erly applied, will usually spray an acre and no climbing should be

necessary. In experiments recentl}' conducted, a pine tree 99-i feet

high was successfully sprayed from the ground. Good results can

usually be ol)tained in woodland spraying by directing the stream

through the open places in the foliage in order to minimize damage

f
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Testing the Distribution of Poison Spray.

Spraying elm tree 65 feet high with solid stream. Note the plates at top of tree which were
used to secure a record of the distribution of the poison. (Original.)
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Results of Tests for Distribution of Poison Spray.

Distribution of poison. Location of these plates is sliowu in Plate IX. (Original.)
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Results of Tests for Distribution of Poison Spray.

Distribution of poison. Location of these plates is shown in Plate IX. (Original.)
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The Solid-Stream Sprayer in Operation.

Spraying shade trees along the streets with solid stream. (Original.)
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Plate XIII.

The Unsatisfactory, Old-Time Spraying Operation with a Hand Outfit.

Spraying shade trees with hand outfit. These trees had to be climbed in order to treat the tops
(Original.)
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Tests for Distribution of Poisoned Spray at Extreme Heights.

Spraying oak 85 feet high in woodland. Note the distribution of the poison spray on the plate

located at top of tree. (.Original.)
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Adaptation of the Spreader in Spraying Operations.

Spraying low growth, using spreader. (Original.)
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to the leaves, and at the same time thoroughly treat the surrounding
foliage. By using a spreader on the nozzles the lower foliage and
undergrowth can be properly sprayed with much less damage or loss

of solution than if the solid stream is applied. The essential thing
in woodland spraying is to keep the nozzleman moving. Poison is

sure to be wasted when stops are made for any length of time. Care-
ful arrangements for water supply should be made in advance.

Damming of brooks or digging holes in Ioav ground to provide an
accumulation of water will reduce the cost of spraying to a great

extent. It sometimes becomes advisable in the spraying of large

wooded areas to build temporary roads. This is often necessary

from an economic standpoint, as the average wood road suitable for

spraying machines can be built for 5 cents per square yard, and re-

sults in a great saving in the aggi-egate spraying cost. Especial care

should be taken in the spraying of conifers, as the leaf area is very

small and the stream must be broken into a fine mist in order to have

the solution adhere.

WINTER CARE OF SPRAYING MACHINES AND EQUIPMENT.

Failure to take proper care of a spraying outfit is responsible for

most of the difficulties and delays that result during the spraying

season. This is particularly true in regard to the precautions that

should be taken when the spraying season is over and the machine is

laid up for the winter. If careful attention is not given to the appa-

ratus at this time, many difficulties and delays are likely to result

during the following season.

Each machine should be taken to a convenient water supply and

clear water forced through the pump and ho^se until both are per-

fectly clean. The running gear should be thoroughly washed. After

this has been done the hose should be laid away for the winter. Stor-

ing hose in coils should be avoided. The machine should be properly

drained of water and all metal parts coated with heavy grease. Care

should be taken that all valves and peteocks are open, and the plugs

and packing in the pump should be removed for the winter to allow

the latter to drain. After the water has been properly drained from

the engine and the circulating pipes have been disconnected the engine

should be started and run for a few minutes so as to force the water out

of the pump and check valves into the water jacket of the engine, where

the heat will cause it to evaporate. Care should be taken not to allow

the engine to become overheated while being run under the above

conditions. After this has been done the spark plugs should be

removed and wrapped in oiled cloth to [prevent rusting. After the

spark plugs have been removed, pour a cupful of cylinder oil into each

cylinder and turn the engine over a few times, so that the oil may be

worked in around the piston rings. Cork stoppers should be placed
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in the spark-plug holes to prevent moisture from entering the cylin-

ders. The panels should be taken from both sides of the engine and

all oil removed from crank case, after which the crank shaft and

connecting rods should be coated with heavy grease. A few drops

(>f light oil should be worked into all metal parts of the magneto

bearing to prevent rusting.

SUMMARY.

The subject of spraying, either solid-stream or mist spray, should

be given very careful consideration, as the importance of securing

good results is imperative. If they are accomplished, much more

interest and cooperation may be expected in the problem of con-

trolling leaf-eating insects. It often happens that those responsible

for the results do not give sufficient attention to important details

until it is too late in the season to secure the best results. One should

familiarize himself with every phase of spraying, so that he may
be able to coj^e with all conditions. "While there are still those at the

present time who do not feel that solid-stream spraying with arsenate

of lead can be as effective as that done with smaller machines and mist

nozzles, all will concede that much good work has been accomplished

in the gipsy-moth area in Xew England with solid-stream spraying.

While the solid-stream method is confined almost entirely to shade-

tree and forest spraying it has been used successfully in orchards

(PI. XVI). Solid-stream work is not necessarily confined to the

highest-power machines, as good results may be obtained on a small

scale with medium-power machines capable of delivering a solid

stream of smaller size, and which at the same time may be easily

converted to mist-spray work. This also applies to the larger

machines.

The problem of fighting the gipsy moth and the brown-tail moth is

of such magnitude and general economic importance that it would

be impossible to do the necessary spraying in the infested area with

mist spray and small machines. During part of many seasons the

weather is not suitable for spraying, and when conditions are right

a large amount of spraying must be accomplished in a short time.

The work of several boring insects which have riddled our shade

trees in the past few years has also made climbing of them much
more hazardous, but this must be done if tlie mist spray is used. If

climbing is resorted to, the expense is proliibitive, especially in wooded

areas.

IMany times the question is asked, "Why pursue other methods

of fighting the gipsy moth and the brown-tail moth: why not confine

it entirely to spraying?" There are several reasons; the nature

and severity of the infestation must be taken into consideration,

and the proximity and danger of spread to noninfested regions.

If extermination is to be expected it would not be wise to confine all
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efforts to spraying. If the infestation is severe and egg clusters are
very numerous they should be treated with creosote prior to spraying.

^Yhi\t is termed "rough creosoting" consists of treating the egg
clusters, which can be easily reached in areas to be sprayed. In
rare cases infested shade trees are located near buildings where
it is impossible to spray without defacing the buildings to some
extent. This can be avoided, however, if buildings are first wet with
clear water. If the infestations are located in pasture lands, propei

precaution should be exercised so that live stock will not be poisoned.

Poison notices should be placed in conspicuous places in all locations

where spraying is done.

From 800 to 1,000 tons of arsenate of lead and about 500 high-

power solid-stream machines are being used each year in the New
England States in fighting the gipsy moth. Thousands of acres

of park and orchard trees and woodland in addition to approxi-

mately 20,000 miles of street trees are being sprayed. Wlien spray-

ing is properly done to control the gipsy moth, very little trouble

is experienced with other leaf-eating insects.
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INTRODUCTION.

The gipsy moth (Porihetrla dispar L.) was first liberated in this

country in 1868 or 1869, and 20 years later, about 1888, it became a

very serious pest in the neighborhood in which it was liberated.

Since then it has continued to spread, destroying both coniferous and

deciduous foliage, until it is now found throughout a large part of

eastern New England. (See map, p. 16.) It is particularly obnox-

ious because it feeds heavily on the foliage of so great a variety of

trees and other forms of vegetation. Although many years have

been spent in efforts to control the insect, it is still very abundant

and in need of constant repression.

Trees may be classified as shade trees, fruit trees, and forest trees.

Shade and fruit trees are more valuable, more accessible, and fewer

in numbers than forest trees, and for these reasons have received

much more attention than forest trees with respect to protection

against gipsy-moth attack. Satisfactory means of protecting the

first two classes of trees have been developed, but they are too expen-

sive to be practicable in the case of forest trees. The problem of

combating the gipsy moth in forests is a large one, and its solution

will occupy many j^ears.

Twenty years ago gipsy-moth caterpillars were reputed to be

almost omnivorous. Studies made in more recent times by the

64360°—Bull. 48-1—17 1
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Bureau of Entomolog}^ have developed a number of imj^ortant facts

not formerly recognized. Among these are the following: (1) The

foliage of some species of trees is more acceptable as food to gipsy-

moth caterpillars than that of other species. (2) Caterpillars in the

first stage of their development do not eat the foliage of conifers,

except tamarack. These two facts apparently open up a considerable

field for the use of forest management in the control of the insect.

Toward the end of the year 1912 Mr. W. F. Fiske, of the Bureau

of Entomology, called attention to the gipsy moth as a forest insect

and suggested the possibility of control by forest management.^

In January, 1913, a cooperative agreement was entered into between

the Bureau of Entomology and the Forest Service, providing for a

full investigation of this matter. This investigation is now under

way. It is based on the belief that infestation of woods can be re-

duced and possibly controlled by eliminating the species of trees

which are particularly favored as food by gipsy-moth caterpillars

and replacing such species with others which are less favored.

The object of the investigation is twofold. It is desired to ascer-

tain in the first place in what proportions trees of different species

can be associated to form stands which will not be subject to gipsy-

moth ravages, and in the second place, the best method of converting

existing stands into others better able to resist attack.

The plan for the work of this investigation provides for the estab-

lishment of sample plots in different kinds of typical forest stands in

the infested region. Stands varying in composition, quality, age, cli-

matic situation, and degree of gipsy-moth infestation are to be sub-

jected to different forms of management with a view to determine

what forms produce the safest stands and the best methods of es-

tablishing the most favorable conditions. During the past three

years 16 sample plots have been established, and much of the pre-

scribed work has been done on them. Several years must elapse

before conclusions can be drawn from these experiments.

In the course of carrying out the work just referred to a number of

facts have been observed, and it is believed that a presentation of

these facts may be of interest.

BEHAVIOR OF THE GIPSY MOTH IN THE WOODS.

The gipsy moth msij be introduced into forests by the wind," by

caterpillars crawling from adjacent infested areas, or by transporta-

tion by man or animals.^ The caterpillars begin feeding as soon as

iFlske, W. F. The Gipsy Moth as a Forest Insect, U. S. Dept. Agr. Bur. Ent. Circ.

164. 20 p. 1913.
" Collins, C. W. Dispersion of Gipsy Moth Larvae by the Wind, U. S. Dept. Agr. Bui,

273. 23 p., G pi., 1 map. 101."5.
3 Bursess, A. F. The Dispersion of the Gipsy Moth, U. S. Dept. Agr. Bur. Ent., Bui. 119.

62 p., 6 fig., 16 pi., map. 1913.
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the new foliage appears in the spring and stop before the middle of
July. A gipsy-moth colony may exist for several years in a wood
without doing sufficient damage to attract any attention. The mem-
bers of such a colony multiply in numbers continuously and spread
over more and more territory until ultimately a point is reached
where the caterpillars suddenly become so abundant that they de-
foliate large numbers of trees, frequently over wide areas.

Following a gipsy-moth defoliation over a considerable area, the
intensity of an infestation generally diminishes. This is due largely
to the following causes: (1) Caterpillars die of starvation or migrate
on account of the exhaustion of their food supply. (2) An epidemic
of the wilt disease destroys large numbers of the insects. (3) Natural

enemies, particularly parasites and predacious beetles, reduce the

infestation.

Woods which have suffered a heavy gipsy-moth attack are thus

usually provided with some opportunity to recover. A few cater-

pillars survive in such cases, and in the course of a few years (three

to five) defoliation again occurs. There is usually very heavy feed-

ing following a season of defoliation if it happens, as it may occa-

sionally, that an infestation is of such an extent that the amount of

foliage available is just sufficient to carry the caterpillars to the

pupation stage.

An infestation once established in a wood will probably remain

as long as the food supply lasts, but the degree of infestation will

vary from time to time.

The development and extent of gipsy-moth infestations are influ-

enced to a large degree by meteorological conditions, insect enemies,

and the wilt disease. Owing to the uncertainty with which these

factors act, it is impossible to make a definite prediction as to the

exact outcome of any infestation.

Feeding occurs in varying degrees over all the infested region,

the extent in any locality depending on the stage of the infestation

and the character of the food. After defoliation most trees imme-

diately put forth new foliage, and in a few weeks there is usually

but little external evidence of damage. In such cases the injury

amounts only to a temporary retardation of development, and from

this the trees attacked usually recover. Trees previously weakened

through the action of decay, fire, or poor growing conditions may
not survive one defoliation, but mortality through this cause is low.

Gipsy-moth feeding does not cease until after most of the early

summer rains have fallen, so that defoliated trees in their weakened

condition encounter more or less unfavorable conditions for their

recovery. An unusually dry summer may influence recovery very

adversely. Defoliation by gipsy-moth caterpillars usually occurs
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ulien the larvae are in the very last stages, but occasionally defolia-

tion is effected by caterpillars in earlier stages, in which case the

defoliated trees have a better chance to recover, because there re-

mains a longer period than usual in which they may grow and

recuperate.

Repeated defoliation from year to year will ultimately kill any

tree or render it susceptible to the attacks of bark borers, which

produce the same result. In the gipsy-moth region repeated annual

defoliation may result from the combined activities of the gipsy

moth, brown-tail moth {Euproctis chrysorrhoea L.) , forest tent cater-

pillar {Malacosoma disstria Hiibn.), and several other common
species. Thus, at times when gipsy moths are not abundant, trees

previously stripped of foliage by them would doubtless often recover

were it not for the activities of other defoliators. Brown-tail moth

larvae cease feeding not later than the middle of June, so that de-

foliated trees have the advantage of a part of the spring precipi-

tation, and more time to recuperate before the end of the growing

season.

Oaks have suffered the highest mortality among defoliated forest

trees, probably because of the action of the two-lined chestnut borer

(Agrilus hilineatus Weber), whose work is usually present beneath

the bark of all dead specimens. Many defoliated oaks which have died

would doubtless have recovered had it not been for the additional

injury produced by this borer. Oaks, more than any other species,

are found growing in unfavorable situations in the infested region,

Avhich, together with the fact that the infested region includes the

northern limit of the range of the white oak, is responsible for many
oaks of poor physical condition. Trees in poor condition are par-

ticularly liable to serious damage by defoliation, especially in con-

nection with attack by the two-lined chestnut borer, which infests

only weakened trees. The removal of dying oaks would not only

help to reduce a gipsy-moth infestation, but would reduce the num-

bers of Agi'ilus and create room for species of trees for which the

situation is more favorable.

COMPOSITION AND CONDITION OF WOODS IN INFfeSTED
TERRITORY.

At present the gipsy-moth infestation is largely confined to whal

Hawley and Hawes^ have designated the White-pine Region. The
northern part of the infested region in Maine and New Hampshire

extends a little into the "Northern HardAvoods Region," and the

1 ITawloy, R. C, and ITawps, A. F., Forestry in New England ; a Handbook of Eastern

Forest Management. New York, 1912. 47U p. (P. 190.)
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infested portions of Rhode Island and Connecticut lie in the " Sprout
Hardwoods Region."

The White-Pine Region is broadly characterized by stands of (1)

pure white pine, (2) mixed white pine and hardwoods, and (3) mixed
hardwoods. The predominating hardwoods in this region are the

oaks. Other hardwoods are birches, beech, maples, hickories, ashes,

poplars, and chestnut. Pitch pine occurs in pure stands over certain

small portions.

The Northern Hardwoods Region is characterized by stands of

maples, beech, and birches. The sugar maple, beech, and yellow

birch are particularly characteristic. Spruce, white pine, and hem-

lock also occur in the region, together with red oak, white ash,

black ash, black cherry, paper birch, and basswood.

The Sprout Hardwoods Region is characterized by stands of

chestnut, either pure or in mixture with several species of oak.

Other hardwoods occurring in this region are maples, ashes, birches,

poplars, tulip, and hickories.

The stands in all three of the regions vary greatly in composition

and are frequently very complex. This is largely due to the usual

methods of lumbering and to the repeated action of fire. Stands

have been repeatedly culled or cut clear with no provision for re-

production. This system and repeated fires have been responsible

in many cases for the extensive introduction of species which would

otherwise be absent or be represented by only a few individuals.

A large amount of neglected pasture and cultivated land in New
England is reverting to woods. The trees which generally spring

up on such lands are white pine, gray birch, red cedar, poplar, pin

cherry, and, in places, red maple. The stands th\is derived are usu-

ally very open for a long period of time, and the quality, aside from

the composition, is therefore poor.

Large blocks of woodland under single ownership are rather

scarce, and the woods for the most part occur on more or less isolated

small lots belonging to many different owners. Owing to this fact

and to the great diversity in the composition of woods, even on small

areas, it is impossible to classify the stands of timber growing in

the infested region except in a very general way.

The complexity and variable composition of the woods in the

region infested by the gipsy moth are indicated by the table (p. 6).

This shows the composition of the stands on some of the areas used

for experimental work, and the trees are only the living ones which

are two and a half inches in diameter and over at breast height.
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Complexity and variable composition of woods in the area infested by the

gipsy moth.

1 aero in Dover, Mass. Mixed
liardwoods.

Speoles:
Red oak
Wliitc oak
lilack oak
Whit e pine
Red maple
(!ray liirdi

PitOint hickory
Wluteash

Per cent.

45
3S
11

3
(')

(')

P)
(')

100

2;^ acres in Exeter, N.H. Mixed
hardwoods.

Species:
Red oak
Wliito oak
Black oak
Red maple
Wliite pine
Gray birch
Pignnt luckory..
Black birch
Beech
Pitch pine
Yellow bircli

Aspen
Black cherry,...
Elm (American)
Apple

Per cent

31
30
26
7

4

100

5.4 acres in Wareham, Mass.
Mixed liardwoods.

Species:
Scarlet oak.
AMiite oak

.

White pine
Black oak..
Pitch pine.
Red oak . .

.

Red maple.

Per cent.

54
21

.15
8

1

(>)

(•)

5.4 acres in Wareham, Mass.
Mixed hardwoods—Con.

Species—Continued.
Gray birch
Black gum

Per cent.

0)
(')

100

1.3 acres in Medfield, Mass.
Mixed hardwoods.

Species:
Chestnut. .

.

Red oak .

.

White oak.
White pine
Black oak.

,

Red maple.

I'er cent.

52
21
10

9

7

1

4.2 acres in Amesbnry, Mass.
White pine and mixed hard-
woods (old-field growth).

Species:
White pine
Gray birch
Black oak
Red maple
Pitch pine
White oak
Red cedar
Wliite ash
Swamp white oak
Chestnut
Red oak
Black birch
Pignut hickory...
Butternut
Aspen
Wild red cherry..
American elm
Hop hornbeam . .

.

Apple

Per cent.

28
21
16

10
8

5

5
2

1

(')

(')

(')

(')

(')

1 Less than 1 per cent.

3.4 acres in North Berwick, Me.
Northern hardwoods.

Species:
Beech
Hop hornbeam
Sugar maple
Red maple
Black birch
Hemlock
Yellow birch
Red oak
Paper birch
White ash
Big-tooth poplar.

.

Basswood
American elm
Black ash

Per cent.

45
16
14
.8

4

4

3
2
2
1

(')

1

(')

(')

11 acres in Westbrook, Me*
White pine and mixed hard-
woods.

Species:
White pine
Red oak
Gray birch
Red maple
Hemlock
Paper birch
Shagbark hickory
Balsam fir

Wliite ash
Big-tooth poplar.
Choke cherry
Hop hornbeam...
Pitch pine
Chestnut
Black oak
Sugar maple
Beech

Per cent.

23
21
20
16
7
3
2
1

1

1

1

1

(')

(')

(')

100

The physical condition of the trees composing the woods in the

infested region is extremely poor, due largely to the action of re-

peated fires which destroy the litter and decomposed vegetable mat-

ter so essential to successful tree growth. Fire is also responsible

for physical injury to trees and the admission through fire wounds of

injurious fungi and insect borers. A very high percentage of the

deciduous trees in the infested region is of sprout origin. The stools

from which these have sprung are often worn out and more or less

decayed, and from suoh impaired stock it is unreasonable to expect

successful tree growth.

Owing to poor physical condition, small size, and limited propor-

tion of desirable species, the woods of the infested region are of rela-

tively low commercial value. Under present conditions a large



CONTROL OF GIPSY MOTH BY FOREST MANAGEMENT. 7

quantity of the white pine is suitable only for box boards, and a

large portion, possibly 75 per cent, of the deciduous growth is suit-

able only for fuel.

The composition and physical condition of woods subject to gipsy-

moth infestation have a very important bearing on the extent of the

damage which may ensue therefrom. Coniferous trees grown in

pure stands are immune from any considerable damage. The ashes

are seldom attacked, and the red maple, sugar maple, hickories, and
chestnut are not seriously affected. The proportions of such species

occurring in stands have considerable influence upon the degree of

damage done. Trees weakened by drought, fungi, fire, suppression,

or other unfavorable growing conditions can offer only a weak
resistance to the effects of defoliation and so are much more likely

to succumb than vigorous trees.

The presence of dying and weakened trees in a wood is very objec-

tionable, inasmuch as such trees harbor injurious borers, and these

multiply rapidly when favorable conditions for their entrance into

other trees are provided by defoliation.

The forests of the infested region are highly valued for their at-

tractiveness and the protection they afford. There is probably no

region in which the esthetic features of woods are more valued than

in New England, and there are numerous instances where they are

maintained largely out of consideration for their appearance. Woods
thus maintained are generally of better quality than others, but there

is usually a chance to increase the commercial value of many such

stands. Such improvement would not impair esthetic values.

It is quite impossible to appraise the damage inflicted upon owners

of woods by gipsy moths. The woods vary so much in composition

and quality, and individual trees suffer in such varying degree, that

there is no available basis for such an estimate. The esthetic value

which an owner or community places upon woods adds to the diffi-

culty of such an appraisal. Individuals and communities have fre-

quently gone to large expense to protect inferior stands of timber

against the ravages of the gipsy moth, and in such cases the reduction

of infestations is of greater importance than the conservation of the

woods alone, since adjoining fruit and shade trees are thereby pro-

tected.

The scarcity and corresponding values of forest products of good

quality in New England appear to justify an outlay in improvement

measures. Trees capable of producing only material of low value

should be removed and replaced by more valuable species. Defective

and dying individuals should be made to give way to vigorous trees.

Trees growing on sites on which other species will yield greater values

should be replaced by such species. The complexity of many stands
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should be greatly reduced, for it is a very difficult matter to grow

together successfully a large variety of trees varying widely in their

requirements.

The expense necessary to bring about the desirable changes Avould

be the following: (1) The sale of a lower grade, and hence a less

profitable product than would be available under present methods.

(2) Added expense of cutting, owing to the greater cost of cutting

scattered trees instead of cutting clear. (3) Added expense of cut-

ting, owing to the effort w^iich should be made to protect young

growth of desirable species already started on the ground. (4) The

cost of planting desirable species where these can not be procured by

natural seeding.

FEEDING HABITS OF GIPSY-MOTH CATERPILLARS.

The Bureau of Entomology has conducted extensive experiments to

ascertain the feeding habits of the gipsy moth. The methods used

and the results obtained have been described by Mosher.^ The results

of these experiments have considerable bearing on any forest manage-

ment w^hich may be prescribed in an effort to control infestations in

woods.

Mosher has classified the trees and shrubs of the region according

to susceptibility to gipsy-moth attack. This classification includes

several species of trees which are not indigenous and some which

occur almost exclusively as ornamental trees. Following is a list of

only the indigenous and naturalized forest trees of the region as

classified by Mosher. The nomenclature used here is that which

has been adopted as standard by the Forest Service. It varies

slightly from that used in Bulletin No. 250.

Class I: Species that are favored food of the gipsy-moth larvae in all their stases.

Ash, Mountain {Sorbus amcricana Marsb.).

Aspen (Populiis tremuloides Michx.).

Aspen, Large-tooth {PopuJus grandidentata Michx.).

Balm of Gilead {Populus halsnmifera Linn.).

Basswood (Tilia americana Linn.).

Beech {Fagtis atropunicea [Marsh.] Sudw.).

Birch, Gray {Bctula popidifoUa Marsh.).

Birch, Paper {Betula papyrifera Marsh.).

Birch, River (Betula nigra liinn.).

Boxelder (Acer negundo Linn.).

Oal<, Blacli {Quercus lelutina Lam.).

Oak, Bur {Quercus macrocarpa Michx.).

Oali, Chestnut (Quercus prinus Linn.).

Oalv, Pin (Quercus palustris Mueuch.).

Oalv. Post (Quercus minor [Marsh.] Sargent).

1 Mosher, F. II. Pood Plants of the Gipsy Moth In America, U. S. Dept. Agr. Bui.

250. 39 p., 6 pi. 1915.
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Oak. Red (Quercus rubra Linn.).

Oak, Scarlet (Quercus coccinea Muench.).
Oak, Scrub (Quercus pumila [Marsh.] Sudw.).
Oak. Swamp white (Quercus platanoidcs [Lam.] Sudw.).
Oak, White (Quercus alha Linn.).

Service Berry (Amclanchicr canadensis [Linn.] Medic).
Sumac, Dwarf (Rhus copaJIina Linn.).

Sumac, Staghorn (Rhus hirta [Linn.] Sudw.).

Tamarack (Larix laricina [Du Roi] Koch.).

Willow, Glaucous (Salix discolor Muehl.).

Witch Hazel (HamamcUs virginiana Linn.).

Class II: Species that are favored food for gipsy-moth larvse after the earlier larval stages.

Chestnut (Castanea. dentafa [Marsh.] Borkh.).

Hemlock (Tsuga canadensis [Linn.] Garr.).

Pine, Pitch (Pinus rigida Mill.).

Pine. Red (Pinus resinosa Ait.).

Pine, White (Pinus strobus Linn.).

Spruce. Black (Picea mariana [Mill.] B. S. P.).

Spruce, Red (Picea rubens Sargent.).

Spruce, White (Picea canadensis [Mill.] B. S. P.).

Class III: Species that are not particularly favored, but upon which a small proportion of the

gipsy-moth larvae may develop.

Beech, Blue (Carpinus caroliniana Walt.).

Birch, Black (Betula lenta Linn.).

Birch, Yellow (Betula lutea Michx.f.).

Cherry, Black (Prunus serotina Ehrh.).

Cherry. Choke (Prunus virginiana Linn.).

Cherry, Wild Red (Prunus pennsylranica Linn.f.).

Cottonwood (Popuhis deltoides Marsh.).

Elm, American (TJlmus americana Linn.),

Elm, Slippery (TJlmus pubescens Walt.).

Gum, Black (Nijssa sylratica Marsh.).

Hickory. Bitternut (Hicoria minima [Marsh.] Britton).

Hickoi-y, Mocker-nut (Hicoria alba [Linn.] Britton).

Hickory, Pignut (Hicoria glabra [Mill.] Britton.).

Hickory, Shagbark (Hicoria ovata [Mill.] Britton).

Hop Hornbeam (Ostrya virginiana [Mill.] Koch.).

Maple. Red (Acer rubrum Linn.).

Maple, Silver (Acer saccharinum Linn.).

Maple, Sugar (Acer saccharum Marsh.).

Poplar, Silver (Populus alba Linn.).

Sassafras (Sassafras sassafras [Linn.] Karst.).

Class IV: Species that are unfavored food for gipsy-moth larvie.

Arborvitse (Thuja occidcntnlis Linn.).

Ash, Black (Fraxinus nigra Marsh.).

Ash, Red (Fraxinus pennsylvaniea Marsh.).

Ash. White (Fraxinus americana Linn.).

Balsam Fir (Abies balsamea [Linn.] Mill.).

Butternut (Juglans cinerca Linn.).

Cedar. Red (Juniperus virginiana Linn.).

Cedar, White (Chamaecyparis thyoidcs [Linn.] B. S. P.).

Dogwood, Flowering (Cornus florida Linn.).

64360°—Bull. 484—17 2
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Hackberry (Celtis occidentalis Linn.).

Holly, American (Ilex opaca Ait).

Laurel, Mountain iKalmia latifolia Linn.).

Locust, Black (Robinia pseudacacia Linn.)

Locust, Honey (Glcditsia triacanthos Linn.).

Maple, Mountain (Acer spicatum Lam.).

Maple, Striped (Acer pennsylvanicuin Linn.).

Mulberry, Red (Moras riihra Linn.).

Sheepberry (Viburnum lentago Linn.).

Sycamore (Plutamis occidentalis I>inn.)

Tulip (Liriodendron tulipifera Linn.).

Walnut, Black (Juglans nigra Linn.).

Shrubs occur frequently as undergroAvth in the woods of the in-

fested region and may have an important bearing on the infestation

of the trees growing above or around them. A stand of such species

of trees as are not fed upon until the larva? reach their later stages

might be immune from damage were it not that the larvae are en-

abled to reach these later stages by feeding on near-by shrubs. Most

of the shrubs which grow in the region die out if sufficiently shaded,

and the balance occur so rarely in shade or are eaten to such a slight

degree by gipsy-moth larvae that they are unimportant. If forests

were under management the danger of woods thus being infested

would be eliminated, because in a properly managed forest the trees

should be so grown that they produce at all times an amount of

shade sufficient to preclude the development of shrubs in any numbers.

Larvse feeding on shrubs which are favored food plants, occurring

in open land adjacent to woods, might migrate to the woods, but

would not penetrate very far if the trees of the stands were of any

but those of Class I.

The following statement appears on page 27 of Bulletin 250:

" There is in some cases, at least, considerable variation in suscepti-

bility of different trees of the same species." This should be con-

sidered carefully in connection with any form of management which

prescribes the removal of certain trees on the ground that they are

liable to infestation.

PRECAUTIONS NEEDED.

Natural enemies of the gipsy moth, in particular those introduced

from abroad, are constantly increasing in numbers, and their influ-

ence is a large factor in the control of the moths in woods. It is safe

to assume that this increase in numbers is going to continue and that

in the future the character of gipsy-moth damage to woods will

thereby be greatly modified.

In view of the above, and of the fact that it is impossible definitely

to predict the outcome of an infestation under any circumstances,

it is unwise to attempt to eliminate any particular species out of

consideration for susceptibility to gipsy-moth attack alone. There
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is sufficient cause for removing many trees on the ground that they

are mature, dying, defective, unfavorably situated, or interfering

with the development of better trees. It is not good forest policy to

remove any thrifty young tree until it has been given every oppor-

tunity to yield a return on the investment which it represents. To
remove such young trees would be similar to abandoning a crop of

young potato plants because of the appearance of the potato beetle.

Sawmill men have frequently induced owners to sell standing white

pine by asserting that the trees were doomed to destruction by the

presence of the gipsy moth. An owner believing this is likely to be

induced to sell his stumpage at whatever price the sawmill man may
choose to offer him. This practice has resulted in the cutting of im-

mature trees which would have yielded a greater profit to the owner
if permitted to mature. No owner who is unfamiliar with the action

of the gip^y moth in woods should permit himself to he influenced

hy a tiTriber buyer to part toith thrifty trees of any sort on the ground
that the trees are liable to attack by gipsy moths. The advice of

State and Federal officers who are familiar with the problem is avail-

able to any owner of woods in the region.

The poor condition of woods, combined with the damaging effect

of gipsy-moth attack, makes improvement and protective measures

imperative. Introduced enemies of the gipsy moth are becoming well

established and are doing effective work, and the wilt disease pre-

vails throughout the region.^ Still the woods continue to be defol-

iated by gipsy moths, and further protective measures are in demand.

Any plan for the silvicultural improvement of stands of trees

should provide for the removal of dead, dying, mature, and defective

trees, trees standing in unfavorable situations, and trees of low com-

mercial value. It should provide for the replacement of these re-

moved trees with thrifty trees of high commercial value well adapted

to their environment. It should also provide for a compact stand of

trees without overcrowding. Such action alone would constitute a

protective measure of great value, but if it could be extended to em-

brace the removal of trees and conditions favorable to the develop-

ment of the gipsy moth and the replacement of these by trees and

conditions unfavorable to the gipsy moth, a still greater degree of

protection would be provided.

APPLICATION OF FOOD-PLANT DATA TO INDIVIDUAL SPECIES.

The classification of trees on the basis of the extent to which they

are fed upon by gipsy moths (p. 8-10) is one which may well be

used in the production of stands of trees which shall be free from

1 Glaser, R. W. Wilt of gipsy moth caterpillars. In U. S. Dept. Agr. Jour. Agr. Res.,

V. 4. No. 2, p. 101-128, 17 fig.. May 15, 1915. (P. 102.)

I
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gipsA'-moth damage. A detailed consideration of the classification in

this light is interesting and may prove of value in combining pro-

tective with improvement measures.

Class I (p. 8) is composed of 26 species Avhicli are favored food

of gipsy-moth larvae. Ten of these species, mountain ash, gray birch,

river birch, boxelder, scrub oak, service berry, dwarf sumac, staghorn

sumac, glaucous willow, and witch hazel, yield products of low com-

mercial value and should in any case be eliminated from mixed

woods.

Ten of the species in this class are oaks, including the scrub oak

just referred to. All oaks require the best of forest soils to develop

well and profitably. Oaks growing on thin soils, rocky ridges, and

very sandy soil are usually not very vigorous and frequently suffer

severely from gipsy-moth attack. If oaks were removed from the

unfavorable sites on which they very often occur and were confined

to sites best adapted to their requirements, a large amount of gipsy-

moth food would be eliminated, a better quality of oak would be pro-

duced, and there would be available a considerable acreage of forest

land better suited to the growth of other valuable trees.

The bur oak, chestnut oak, pin oak, post oak, and swamp white

oak are generally more or less rare and of restricted local occurrence

in the infested region. On account of their scattered distribution

they are not of any great commercial importance here. In consider-

ation of their susceptibility to moth attack and capacity for main-

taining infestations, they could well be spared from most stands in

which they occur.

The white oak reaches the northern limit of its range in the in-

fested region, but still is one of the most abundant of the oaks. This

abundance is abnormal and is due to the sprouting capacity of the

species, resistance to the effect of fire, and current methods of cutting.

The trees grow very slowly and seem to be particularly favored by

both gipsy and brown-tail moths. A very large proportion of the

existing trees of this species could be removed to great advantage.

The red oak, black oak, and scarlet oak do well in the infested

region, and it is hoped that the experiments now under way will

show that there may be conditions under which 'they may be safely

grown.

The following poplars occur in Class I : Aspen, large-tooth aspen,

and balm of Gilead. These species all demand a large amount of

light and occur only where it can be procured. As a result they

generally occur scattered in mixed woods, and pure where they can

get the necessary start. They grow rapidly, and when they occur

in any abundance are in good demand for excelsior and pulp manu-

facture. There is some question as to what extent they should be

encouraged in view of their susceptibility to gipsy-moth attack.
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Basswood occurs very much scattered in the infested region. It

grows to advantage only on the best sites and should be eliminated
from all others.

Beech occurs most abundantly in the northern portion of the
region. It grows slowly and is liable to become defective before ma-
turity. It is perhaps the least liable to damage of any Class I trees.

Paper birch demands a great deal of light and is not abundant in

mixed stands. Where it occurs in abundance it is in great demand
for spool and novelty wood. Scattered specimens may be replaced
with species which are less liable to gipsy-moth attack.

Tamarack is nowhere abundant in the infested region. It is a
tree which can well be cut out when found outside of pure stands.

It is the only conifer which is eaten by the youngest gipsy-moth
larvae.

Class II (p. 9) is composed of eight species of trees on which
gipsy-moth caterpillars in their earliest stages do not feed, but upon
which they do feed in their later stages. Young caterpillars must
have food, and if this is not available they can not attain the point

in their development where they can feed on the trees of this class.

Hence if stands of these trees have in their vicinity no plants upon
which the young caterpillars can feed, the stands are practically im-

mune from attack. Trees of this class can therefore be safely grown
in pure stands, in mixture, where conditions permit, with one

another, or in mixture with Class IV trees.

Stands composed largely of one or more of the species of this class

can be made immune from gipsy-moth attack by removing the plants

w^hich may provide young larvae with food. Since most of the spe-

cies which are susceptible to gipsy-moth attack are deciduous, pro-

vision in this case will have to be made for the suppression of the

sprouts which follow cutting.

Trees of this class may be substituted frequently for removed trees

of species susceptible to moth attack. The white pine is particularly

important in this respect, owing to its commercial value, rapidity of

growth, and adaptability to a variety of sites. The red pine, while

somewhat slower growing and of slightly less value, is also a valu-

able tree and deserves particular consideration owing to its immunity

from the white-pine blister rust.

Chestnut is the only deciduous tree of this class. It grows well

and yields a valuable product, but unfortunately is subject to attacks

of the chestnut blight. In the light of existing conditions the propa-

gation of this species can not be advocated.

Class III (p. 9) is composed of 20 species which are not par-

ticularly favored, but upon which a small proportion of gipsy-moth

larvae may develop. Stands composed of any trees of this class and

containing none of the trees of Class I would maintain slight infesta-

tiojis and would rarely, if ever, be defoliated.
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Blue beech, choke cherry, wild red cherry, hop hornbeam, nud

sassafras have no particular commercial value, and the elimination

of these species from stands would afford some degree of protection.

Black cherry has considerable commercial value, but occurs very

scatteringly. As it is not a favored food, it may well be left in vieAv

of its value. American elm and slippery elm also occur as scattered

trees. Their value is less than black cherry, but they might well

be left. Cottonwood, bitternut hickory, black gum, silver maple,

and silver poplar if found might well be eliminated from most

stands. Such an elimination would help to reduce the complexity

of stands and would serve as a protective measure.

The remaining species of this class, black and yellow birch, mocker-

nut, pignut and shagbark hickories, and red and sugar maple, can

be grown in comparative safety. In any process of gradual trans-

formation these species should be retained in preference to the trees

of Class I.

Class IV (p. 9) is composed of trees on which the gipsy moth

does not feed, or if it does, the amount is so slight as to be entirely

negligible. Stands composed of trees of this class alone, or combined

with the trees of Class II, need cause no anxiety whatever as far

as gipsy-moth attack is concerned. Some of the species of this

class are of rare occurrence, some require peculiar conditions for

their development, and some have little or no commercial value.

Arborvitse, black ash, and white cedar require very moist situations

and usually occur in or near swamps. Butternut, red cedar, locust,

honey locust, and sycamore all require a large amount of light. The

red ash, hackberry, American holly, red mulberry, tulip, and black

walnut are of rare and local occurrence, for which reason they can

not be depended upon to supply any large commercial demand.

Flowering dogwood, mountain laurel, mountain maple, striped

maple, and sheepberry have little or no commercial value locally.

The Avhite ash has a high commercial value, but should be confined

to the best forest soils.

In general, it may be said that stands containing only trees of

Classes TI, III, and IV will suffer but slight damage from gipsy-

moth attack. The number of Class I trees would be tremendously

reduced if the worthless species were replaced by suitable trees and

the remainder were confined to the best sites, as is necessary if they

are to be grown at all profitably.

Any plan for the removal of trees must provide for their replace-

ment with more desirable ones. All trees may be removed in one

operation and replaced in another, or the transformation may be

gradual. There are many conditions which influence the methods

to be employed, and these vary greatly among different stands. It

is hoped that the experiments now in operation will provide a basis
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for definite recommendation as to the best methods to be employed
under some of the most characteristic conditions.

Forest management requires a relatively long time to produce re-

sults and necessitates a considerable investment. For these reasons

a definite object and ,plan of action are essential to success. In a

large majority of cases the primary object is to produce a valuable

crop of timber. The object must be decided by the owner, but

methods to be employed require the knowledge of a forester, since

the values and habits of different species of trees and the character

of soils must be known and should have expert consideration.

OTHER MEASURES IN NEED OF ATTENTION.

There is a need of a wide application of any steps adopted to

control the gipsy moth in woods. The efforts of scattered individual

owners may be offset by the indifference of neighboring owners on

whose properties the moths are permitted to increase without in-

terruption. On account of the greatly divided ownership of wood-

land in the infested region, this amounts to a considerable obstacle.

There is great need of impressing upon owners the necessity of con-

certed action in the improvement and protection of their woods.

How this can be accomplished is a problem to which immediate atten-

tion should be given.

The woods of New England have reached their present stage of

degeneracy through a long period of abuse and neglect, and it will

take years to restore them. Owing to the nature of the ownership of

our woods and present economic conditions restorative measures must

be simple and practicable for all owners. More good will be accom-

plished by the universal adoption of simple but definite improvement

measures than by the sporadic application of intensive measures. As
soon as the value of such a beginning has been demonstrated owners

will be ready enough to adopt further measures, and by that time

these will be better justified by economic conditions. Improvements

necessitate the investment of money, and the value of such improve-

ments must be demonstrated before they will be generally adopted.

One of the greatest needs among New England wood owners is that

they may be impressed individually with the necessit}^ and desirability

of starting some definite, if simple, improvement measures at once.

The difficulty of securing concerted action upon protective meas-

ures against the gipsy moth has directed attention to the question of

town forests, one which is now being agitated to some extent in

New England. Town forests would provide areas of considerable size

upon which systematic control measures could be put into operation

with assurance of a fair trial. Such conditions would be most favor-

able to the solution of such a problem as the one under consideration.

Furthermore, town forests would supply other benefits, among which

the following may be mentioned: (1) Large areas of waste land
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could be made to yield an income. (2) Communities would be pro-

vided Avith a permanent local supply of wood products, the use of

which for manufacturing purposes would insure a certain amount

of local industrial activity. (3) Private owners would be supplied

with examples of the value of systematic management. (4) Com-
munities w^ould have convenient recreation grounds of the most

desirable sort. (5) An opportunity would be given to begin now to

establish forests of quality to meet future needs. Most individual

owners lack the means or the desire to adopt such a policy, although

ever^^one realizes the need of such measures.

The low commercial value of most of the trees suggested for re-

moval and the cost of restocking land with new trees combine to pro-

hibit in many instances the adoption of obviously desirable improve-

ment and protective measures. A vigorous effort should be made to

stimulate the existing market for inferior hardwoods and to discover

new uses for such woods. If an active demand for low-grade hard-

woods could be created, the problem of controlling the gipsy moth
in woods would be much easier than under present conditions.

RECOMMENDATIONS.

The following recommendations are made in the belief that their

adoption would be of great value in the solution of the problem of

the control of the gipsy moth in woods. It is therefore recommended

:

(1) That steps be taken to impress on every individual woodland
owner the desirability of adopting and practicing simple but definite

improvement and protective measures. (2) That the following sug-

gestions be carefully considered by woodland owners who wish to im-

prove and protect their woods

:

(c) Cut all trees designated as of low commercial value in Class I when
they are shading or in any way interfering with the growtli and development

of trees in Classes II, III, and IV.

ib) Cut all species indicated as being of low connnercial value in Classes

III and IV when they are in any way interfering with the growth of valuable

species in the same classes.

(c) Cut as soon as possible all trees which have started to die. Dying trees

often breed very injurious borers.

(d) Cut no thrifty trees merely out of fear that they will bo attacked by

insects, excepting in cases where extreme suppressive measures make it neces-

sary. Many insect-ridden trees have recovered fully.

(e) Cut no thrifty tree that is not interfering with the growth of a more

valuable one unless it can be replaced by something better.

(/) Confine hardwood growth as far as possible to the best available soils.

(g) Encourage the growth and development of conifers, particularly white

ptne, on all sites not well adapted to hardwood growth.

(h) Keep woodland so completely stocked wilh trees that undergrowth pro-

viding gipsy-moth food will be shaded out.

(3) That the establishment of public forests be given every en-

couragement.
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The preceding pages have been devoted to the general subject of

the gipsy moth in woods. In those which follow an attempt will be
made to coordinate the results of the food-plant experiments with
known principles of forest management and with economic condi-

tions in the infested region, to see how far we may reasonably expect

to rely upon forest management to control the moth.

SUSCEPTIBILITY TO GIPSY-MOTH ATTACK AS A BASIS OF
MANAGEMENT.

TYPICAL STANDS COMPARED.

The composition of some of the statnds used in the management
experiments was shown in Part I (p. 6). By taking these same
stands and grouping the species according to their susceptibility to

attack by the gipsy moth, as determined by Mosher ^ we get the fol-

lowing results:

Composition of stands by percentage of susccptihlc trees present.

Classes of trees based on acceptability as
food for gipsy-moth caterpillars.
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These stands were carefully selected after a thorough search of the

infested region to find stands having varying proportions of different

species, and they are typical of the region.

It will be noticed that in the first four the Class I trees (favored

food of the gipsy-moth caterpillar) from 50 to 94 per cent of the

whole stand. It is obvious that in such cases any plan which pre-

scribes the removal of all Class I trees involves a radical change in

composition and can not be efficacious unless the sprouts which follow

cutting are also removed.

This classification of trees according to their susceptibility to attack

by the gipsy-moth caterpillar, though based upon careful experiments

in the laboratory and extended observations in the field, is not abso-

lute. In some cases it may have a direct bearing upon forest man-
agement in the region infested with the gipsy moth, but it is not

\et conclusive as to moth control, for there is a wide range, for exam-

ple, between the susceptibility of white oak and of beech, which

are both Class I trees. It is, therefore, subject to revision, if later

experiments or field observations should require it.

OTHER FACTORS IN MANAGEMENT FOR MOTH CONTROL.

A sound plan for moth control by forest management must be

based not only upon the susceptibility of the trees to attack by the

caterpillars and upon their silvicultural requirements as individuals

and as component parts of the stands in which they occur, but also

upon the degree of infestation. In the work of the Bureau the degree

of infestation by the gipsy moth is determined by counting the num-
ber of egg clusters, each containing from 300 to 500 eggs and laid by

a single female.

The number of egg clusters per acre at any given date, while by no

means satisfactory, is the best standard as yet available by which to

compare the degree of infestation in different stands, or in the same

stand in different years. It is, of course, a better index of the de-

foliation to be expected the next year than of that which occurred

the year the eggs were laid, and as such becomes a factor in manage-

ment for moth control. It should be remembered, however, that

when very high figures are reached relief may reasonably be expected

from outbreaks of the wilt disease,^ migration of the caterpillars,

attacks by parasites and other insect enemies, starvation, or other

natural causes.

SOME CONTROLLING FACTORS IN MANAGEMENT.

Since Mosher has concluded that " tray Avork and field observations

show that the white oak is probably the most favored food plant of

^ Glaser, R. W., and Chapman, J. W. Tho wilt disease of gipsy moth caterpillars. In

Jour. Econ. Ent., v. 5, p. 479-488, 1913. See Bibliography, p. 487-488.
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the gipsy moth," the percentage of white oaks has been selected as a

basis of comparison for the six stands now under consideration.

The percentage of white oaks present gives a natural and definite

basis of comparison which has a direct bearing upon both manage-
ment and moth control.

With the exception of tamarack, there are no conifers among Class

I trees (favored food of the caterpillar). As there is no tamarack on
any of the lots now under consideration, the retention of conifer^ is

an -important factor in moth control in these stands. In any stand

the leading species—that occurring in the greatest number—requires

careful consideration both as a food plant and as a forest tree if

success is to be expected. The presence in large numbers of young
growth of species desirable from both viewpoints is also important.

This brief statement by no means includes all factors which must

be considered, but the suggestions given below are based upon them
and upon markets as controlling factors in management. For con-

venience of reference four of the important factors are summarized

in the form of a table which follows

:

Some controlling factors in management.

stand at-
White
oak.

'onifers. Leading species.

Number
of gipsy-
moth egg
clusters
per acre
in 1913.

Dover, Mass
Exeter, N. H
Wareliam, Mass
Medfleld, Mass
Amesbury, Mass
North Berwick, Me.

Per cent.

38
30
21
10
5

Per cent.

3
4

16

Red oak
do

Scarlet oak..
Chestnut
White pine..
Beech

Per cent.

45
31
54
52
28
45

15,000
949
12

4,.374
550

1

TREES WHICH CONTROL.

From the list of 150 food plants of the gipsy moth, published in

JBulletin 250, there were selected and considered in Part I all native

or naturalized trees which might be found in woods in the infested

region. Seventy-five species are included, and the list is given on

pages 8-10.

When sufficiently numerous in a stand these would be leading spe-

cies, as that term has been defined above, and by that fact alone they

might become controlling factors in management, but many trees ^

in the list occur so infrequently or are so small that their presence or

absence in a stand would have no controlling effect upon the form

of management to be practiced.

Of the whole 75 species only 18 have silvical characteristics which,

apart from any considerations of commercial value or of moth con-

1 See Appendix, p. 51.
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trol, make it impossible to disregard them if success is to be expected

in managing a stand in which they are present.

The possession' of these charactertistics puts these 18 trees in a

separate chiss from the others, and tlie clear recognition of what the

characteristics are will greatly simplify our problem and seems to

justify the designation of these species as " controlling trees." Unless

exactly understood, this term may lead to confusion. Perhaps " po-

tentially controlling trees" would more accurately describe what is

meant.

Their mere presence in a stand does not necessarily make them con-

trolling. If one or more of these species is present in such numbers

as to be the leading species, no confusion can arise, for their mere
numbers make them a controlling factor, and their silvical character-

istics reenforce and strengthen their power of control. When less

numerous, the question whether or not a particular species is one of

the controlling factors depends upon a careful consideration of how
many trees there are of each species and of the effect likely to be

produced upon the stand by the other controlling factors in that

stand.

The chief silvical characteristics which under certain conditions

may make these species controlling factors in management are:

(1) Adaptability to certain sites; (

(2) Tolerance of shade;

(3) Power of abundant reproduction by seed;

(4) Power of abundant reproduction by sprouts or by root suckers

;

(5) Rapid growth.

Of the species possessing one or more of these silvical characteris-

tics, there are listed as controlling trees only those which are actually

found, in some stands in the white-pine region, in sufficient numbers
to become a controlling factor in those stands. What constitutes

sufficient numbers is, of course, a matter of opinion upon which in-

dividual foresters may differ. That of the present writer will appear

later in the suggestions for management of each of the stands now
under consideration.

The list given below includes 18 species falling within the limita-

tions above described. They may fairly be called controlling trees of

the white-pine region. In a table which follows the list these species

are shown again, grouped under the silvical characteristics which de-

termined their inclusion in the list. This is followed by a brief state-

ment for each species of the conditions under which the potentially

controlling trees may become actual controlling factors in manage-
ment in individual stands in the white-pine region.

In the suggestions for management which follow later all other

species are disregarded or are given only the most general consid-

eration.
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CONTROLLING TREES OF THE WHITE-PINE REGION AND THEIR CHIEF SILVICAL
CHARACTERISTICS.

CLA&S I : SPECIES THAT ARE FAVORED FOOD OF THE GIPSY-MOTH LARV.^ IN ALL THEIR
STAGES.

Aspen (Populus tremuJoides Michx.).

Aspen, Large-tooth (PopulMS grandidentata Michx.).
Beech (Fagus atropunicea [Marsh.] Sudw.).
Birch, Gray (Betula populifolia Marsh.).

Oak, Scrub (Quercus pumila [Marsh.] Sudw.).
Oak, Black (Quercus velutina Lam.).
Oak. Red (Quercus rubra Linn.).

Oak, Scarlet (Quercus coccinca Muench.).
Oak, White (Quercus alha Linn.).

CLASS II : SPECIES THAT ARE FAVORED FOOD OF THE GIPSY-MOTH LARViE AFTER THE
EARLIER LARVAL STAGES.

Chestnut (Castanea dentata [Marsh.] Borkh.).

Hemlock (Tsuga canadensis [Linn.] Carr.).

Pine, Pitch (Piniis rigida Mill.).

Pine. White (Pinus strobus Linn.).

CLASS III : SPECIES THAT ARE NOT PARTICULARLY FAVORED, BUT UPON WHICH A
SMALL PROPORTION OF THE GIPSY-MOTH LARV^ MAY DEVELOP.

Maple, Red (Acer rubrum Linn.).

Maple, Sugar (Acer saccharuin Marsh.).

CLASS IV : SPECIES THAT ARE UNFAVORED FOOD OF THE GIPSY-MOTH LARViE.

Ash, White (Fraxinus americana Linn.).

Cedar, Red (Juniperus virginiana Linn.).

Cedar, White (Chamaecyparts thyoides [Linn.] B. S. P.).

Chief silvical characteristics of eontroUing trees of the white-pine region.

Gipsy-
moth

caterpillar
food
class.

1. Adaptability to
certain sites.

2. Tolerance
of shade.

Power of abundant reproduction

—

3. By seed.
4. By sprouts or
by root suckers.

5. Rapid growth.

II.

Ill

IV.

Aspen
Aspen, Largetooth

Aspen
Aspen, Largetooth

Birch, Gray.
Oak, Scrub .

Beech.
Birch, Gray.

Chestnut
Hemlock
Pine, Pitch . .

.

Pine, White..

Maple, Red...
Maple, Sugar

.

Ash, White...
Cedar, Red...
Cedar, White.

xVspen
Aspen, Largetooth

Beech
Birch, Gray..
Oak, Scrul).
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Hemlock

Pine, White.

Maple.Sugar

Pine, Pitch.
Pine, White.

Ash, White.

Maple, Red

.

Ash, White.

Aspen.
Aspen, Large

tooth.

Birch, Gray.

Chestnut.

Pine, White.

Ash, White.
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CONDITIONS UNDER WHICH POTENTIALLY CONTROLLING TREES OF THE WHITE-
PINE REGION MAY BECOME ACTIVE CONTROLLING FACTORS IN MANAGEMENT.

THE ASPENS.*

The aspen and large-tooth aspen, if few in number in a stand,

may be disregarded. They will not control the fomi of man-

agement; that is, they may be cut or left according to the owner's

preference. If very numerous or if in pure stands they can not be

disregarded, and they become controlling factors because of their

rapid growth and power of abundant reproduction by root suckers.

Even if not numerous in the stand then under consideration, these

species may be controlling factors in management in that stand if

there are numerous seed trees near by, or if the stand contains rela-

tively large areas of bare mineral soil or has recently been burned

over. This is because of their power of abundant reproduction by

seed and their ability to germinate on such sites.

BEECH.

The power to survive under dense shade and to reproduce vigor-

ously from root suckers makes the beech a controlling factor in man-

agement of stands where it is found in sufficient numbers. It sprouts

from the stump, but these sprouts seldom amount to anything. In

the southern part of the white-pine region beech reproduction is

chiefly by root suckers. In the northern part it can be more easily

eliminated from stands if this is desired, because there it reproduces

chiefly from seed.

GRAY BIRCH.

Many stands of gray birch, covering in the aggregate large areas,

are found throughout the white-pine region. They are characteristic

of old pastures, and the rapid growth and the power of abundant

reproduction of this species, both by seeds and by sprouts, make it

an exceedingly difficult and expensive undertaking to eliminate it or

even to alter materially the composition of stands in which it is

numerous. Under such conditions it becomes a controlling factor in

management and can not be disregarded, if success is expected.

SCRUB OAK.

This species {Quercus pumUa [Marsh.] Sudw.) occupies large

areas of so-called waste land, especially in southeastern Massa-

chusetts. The sites on which it occurs are often too poor for agri-

cultural crops but excellent for tree gi-owth, which in most cases

originally occupied them. The seeding and sprouting capacity of the

* For further details see Forest Service Bulletin 93, The Aspens, Their Growth and
Management, by W. S. Weigle and E. H. Prothiugham.

i
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species and its ability to grow in soil too poor for other oaks have
enabled it to maintain itself and to increase the area occupied in spite

of cutting and fires which have reduced the proportion of the pine
originally present. These characteristics make the species, although
seldom fit even for saleable firewood, a controlling factor in manage-
ment when it is found in sufficient numbers.

BLACK, RED, SCARLET, AND WHITE OAKS.

These oaks should be confined to soils best adapted to their require-

ments. Such soils are often suitable for agricultural crops. Sites

too rough for agriculture are often excellent for hardwoods other

than oak or for white pine. To one knowing nothing about it, it

sounds very simple to cut the oaks and plant pine, but the power of

abundant reproduction by sprouts, common to these species, makes
such a conversion a difficult and expensive proceeding, and owing to

this their presence in a stand in sufficient numbers makes them con-

trolling factors in management.

CHESTNUT.

Chestnut has an intolerance of shade which prevents the seedlings

from coming up in any dense shade, even that of sprouts of the same
species. The supply of seed is usually scanty, owing to the general

practice of gathering the nuts. These facts, and its power of abund-

ant reproduction by sprouts and their very rapid growth, all unite to

make sprout growth the usual form in which the tree is found in this

region.

It does not need a rich soil, but to make good growth requires depth

and a soil whose physical structure insures good drainage. It will

succeed on soils too dry for beech or maple. There are large areas of

glacial drift throughout the white-pine region well adapted to chest-

nut. It is never found in stands 100 per cent pure, but mixed hard-

wood stands with 60 to 80 per cent of chestnut are not imcommon.

Wlien so numerous on suitable sites its sprouting capacity and rapid

growth make this species a controlling factor in management.^

HEMLOCK.

That portion of New England now infested with the gipsy moth is

not especially adapted to hemlock, which reaches its largest size in

the coves of the mountains of West Virginia, North Carolina, and

Tennessee. In the white-pine region pure hemlock stands are rare,

and the proportion of the area now bearing any hemlock is small.

It is confined, as a rule, to moist ravines and cool slopes, where it

should be permanently retained, for its adaptability to such sites

makes it there a controlling factor. For the protection of water-

1 The susceptibility of chestnut to the chestnut bark disease is another factor that must

be considered in this connection. See comment on page 40.



24 U. S. DEPARTMENT OF AGRICULTURE BULLETIN NO. 484,

sheds which should never be denuded, hemlock is especially well

suited. Where the retention of hemlock is desired, stands should

never be clear cut but should be handled on the selection system,

described later. (See p. 44.)

Its tolerance of dense shade and its ability to grow vigorousl}'^ after

a long period of suppression may make hemlock a controlling factor

when found as an understory in any stand with an overstory of other

species. If fires are excluded, and the trees composing the overstory

are not removed too suddenly, hemlock will eventually occupy the

site. If this too sudden removal is intentionally prevented by care-

ful management, the understory of hemlock will materially increase

the yield from the area occupied and will protect and enrich the soil,

but its growth is so extremely slow that, where the object of man-

agement is timber production, hemlock should never be grown as

the principal crop on level land with soil suitable for agriculture, or

on sites suitable for tree species of greater value and of more rapid

growth.
PITCH PINE.

Pitch pine is very intolerant of shade and soon dies if overtopped.

It is fire resistant; even the seedlings will survive a fire which

would kill any other New England species. It bears large crops of

seed every year and begins to form cones at an early age. It with-

stands drought well, and its seedlings require no shade. It does best

on good soil, but can not there compete with less intolerant or with

more rapidly growing species. Scattered specimens may be found on

such sites, but there it is not a controlling tree. Pure stands are

found only on sites either too poor or too exposed for other species

or so frequently fire swept that other species have been eliminated.

When found on such poor sites pitch pine is absolutely controlling,

for no other native species will grow there. ^^Hien mature, the stand

may be clear cut and the site planted to pitch pine, or seed trees may
be left about 10 per acre, or the area may be seeded artificially.'' On
the better sites pitch pine will be a controlling tree only if, and as

long as, the fire hazard remains. Wlien this is removed, more valu-

able species may return very gradually if seed trees are within reach,

or they may be introduced by planting. It is believed that the pres-

ence of scrub oak on fire-swept soils is a safe indication that the site

occupied is not of the poorest class.

Within the white-pine region pure stands of pitch pine are now
found chiefly in the following places : In Maine, south and west of the

* 1912 Conn. State Foresters Report, p. 472, Plot No. 3, 1.3 acres of " natural sand
plain " :it Windsor. Seed sown on cultivated strips, IJ feet broad and 4 feet apart.

Seed slightly covered by brushing the surface. Two pounds of seed per acre on one-half of

the area ; one pound per acre on the other half. Conclusion after 10 years :
" A stand

of this species may be successfully established in this manner. Two pounds of seed per

acre gives too dense a stand; 11 pounds would be sufficient."
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Androscoggin and along the Saco River ;
^ in New Hampshire on the

Saco watershed, especially around Silver Lake in Madison and near
Ossipee Lake ;

- in Massachusetts on Cape Cod. It is also found in

Connecticut, outside the white-pine region, on the sand plains of the

lower Connecticut Valley.^

WHITE PINE.

White pine is adaptable to many sites, dry or moist, poor or good.
Its seedlings do not often survive if they germinate either in the

open or under a heavy shade. They do best under a light shade,

such as that of gray birch or aspen, and will persist there until the

older hardwood trees die or are passed by the pine. These qualities

and its very rapid growth make white pine a controlling tree when
its seedlings occupy the ground beneath gray birch or aspen, or

when older pines are mixed with other hardwoods of less or of

equal height. LTnlike the pitch pine, abundant seed crops of white

pine are produced only at irregular intervals of four to seven years.

This irregularity and the generally unsuccessful attempts to secure

natural reproduction make white-pine seed trees on or near the

lot of much less practical importance than would be supposed from
reading existing literature on the subject, though if such seed trees

are present, and the stand is cut in a white-pine seed year, a new
stand of white pine may occasionally be secured by natural seeding.^

KED MAPLE.

Red maple is found throughout the white-pine region, often pure

in swamps or scattered there, or even on dry uplands. Reproduc-

tion is good, for this species produces abundant seed crops every

year which ripen in the spring, and when cut, the stumps sprout

vigorously. In the wettest swamps it grows more rapidly than any

other hardwood species and when found pure on such sites is a

controlling tree. Such stands should be managed to produce cord-

wood, by clear cutting, with sprout reproduction, on a rotation of

30 to 35 years,

STJGAB MAPLE.

In eastern Canada and in the northern hardwoods region of New
England sugar maple is an important species. In the white-pine

region only scattered individuals are found except in southern

Maine and southern New Hampshire. There the tree is more com-

mon in the woods, and some "sugar orchards" are found. Its seed

1 Maine Forest Commissioners 1906 Report, page 9.

2N. H. Forestry Commission Report for 1903-4, pages 61, 68.

• Hawley & Hawes, Op. cit., p. 42.

* The susceptibility of white pine to the white-pine blister rust is another factor that

must be considered in this connection. See comment on page 40.
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ripens in October. Some is produced nearly every year, but full

crops are borne only at intervals of three to five j'^ears. Next to

beech, sugar maple is probably the most tolerant of American hard-

Avoods. In youth shade is an advantage, but at maturity full light

is not detrimental. It grows slowly and is a strong, vigorous,

aggressive species able to hold its own with any trees on soil suited

to it, but it is not a " poor-land '' tree. It does not grow in swamps.

It prefers a fresh, well-drained soil, and in New England finds ideal

conditions at moderately high elevations on cool northerlv slopes.

Its adaptability to such sites and to soils containing lime, together

Avith its tolerance of dense shade, make it a controlling tree Avhen

found there in sufficient numbers, either in the main stand or in

the young growth beneath it.

WHITE ASH.

White ash resembles hemlock in the ability of its seedlings to start

in dense shade and to respond well when released, but the length of

time it can stand suppression is much less than that of hemlock.

Like other species, white ash is more intolerant on poor than on

good sites. After the pole stage it can endure only a moderate

amount of shade. It is found, except on poor, dry sites, through-

out New England, but is of greater importance in the northern

liardAvoods and sprout hardwoods regions which adjoin the white-

pine region at the north and south. "White ash occurs usually as

scattered individuals in second-growth mixed hardwood stands on

the richest soils now forested. It is not a swamp tree, but requires

deep, fertile, and well-drained soils, with abundant moisture avail-

able near the surface. Gentle north or east slopes are especially

favorable sites.

It sprouts vigorously when cut, seeds freely about every other

year, with exceptionally heavy crops at intervals of three to five

3^ears. It starts well in openings in broken hardwood stands and

also on pine needles under pure second-growth white-pine stands,

if not too dense. It also seeds in well after a fire, if the site is suffi-

ciently moist and seed-bearing trees are near. It grows more rap-

idly than the other hardwoods with which it is usually found and

occasionally forms 25 per cent or more of mixed second-growth

hardwood stands along streams or lakes on rich, moist, well-drained

soil. Under these circumstances its adaptability to the site, its rapid

growth, and its power of abundant reproduction by seed and by

sprous make it a controlling tree. Such stands may be clear cut if

they offer an open seed bed, or they may be handled on the shelter-

wood system if the stands are dense.
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KED CEDAR.

Red cedar is widely distributed in the eastern United States, but
only in the Southeast, on good soil, is it now found in the quality and
sizes which give it its greatest value. In Xew England it ranges from
Augusta, Me., and from southern New Hampshire through Massa-
chusetts and Rhode Island into Connecticut. It is charactertistic of
old fields and pastures, the stands varying from a few scattered trees

to dense pure stands, and it is also found in mixture "with gray birch
and with other trees.

Within the white-pine region thousands of acres in the aggregate
are covered by this typical growth, which can not be cut profitably

until the cedar is large enough for posts and the birch for cordwood.
On such sites, when found in sufficient numbers, and on rock covered
with not more than 6 inches of soil, where no other tree can grow, red
cedar is a controlling tree.

When cut from such rocky sites it should be replaced by seeding or

by planting 4-year-old red-cedar stock, three times transplanted in

the nursery.

On old fields and pastures thinning is not recommended, even in

dense stands, as the increased growth is so slow that thinning will

not pay.

The general object of management should be to replace the cedar

with more rapidly growing species. When material is large enough

to sell, stands should be clear cut and planted. In the meantime open

stands of cedar not ready for clear cutting should be filled by planting

white or red pine, and mixed stands handled as suggested for the

stand at Amesbury, Mass., described later. That stand is character-

istic old-field growth, with a small percentage of red cedar.

WHITE CEDAR.

This species, Chamaecyparis thyoidse (Linn. B.S.P.), must not be

confused with the other of the same common name. Thuja oecidentaJis

Linn., also found in New England and often called arborvitoe.

Arborvitse is rarely seen south of Boston, and Chama^cyparis per-

haps as rarely north of that city. Although not unknown in southern

IMaine and southern New Hampshire, it is not found in commercial

quantities in the white-pine region except in certain swamps within

20 miles of the coast in Massachusetts, Rhode Island, and Connecticut.

It is found pure and also mixed with red maple. Many swamps in

which it formerly grew have been cleared and converted into cran-

berry bogs, and others not suitable for cranberries Avill probably

eventually be drained and used for other agricultural crops.
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Until this is done no attempt should be made to eliminate white

cedar from such sites for, in spite of its very slow growth, it is there,

on account of its adaptability to the site, a controlling tree. Its cones

mature at the end of the first season and persist through the winter.

White cedar readily starts from seed and should be managed by clear

cutting in small groups or in strips not w^ide enough to offer much
danger from Avindfall.

TYPICAL STANDS.

Having now considered the factors involved in any attempt to

control the gipsy moth by forest management, let us see how they

apply in typical stands.

The stands previously mentioned will be discussed in the order

given on page 19, and readers should remember that any general

statement or suggestion referring to a class is intended to apply to

that class as represented in the stand then under consideration and

may not be applicable to the species composing the class when found

in other stands, especially if they occur there in different proportions.

STAND AT DOVER, MASSACHUSETTS.

THE aiANAGEMENT OF A TYPICAL M1XI:D OAK STAND WITH ABOUT FOUR-TENTHS

WHITE OAK.

The woodlot contained eight species on 1 acre, but since red.

white, and black oak together constituted 94 per cent of the whole,

it may be considered from the standpoint of management as a mixed

oak stand. It is on good soil, a light, brown, sandy loam, not as deep

as that of the Exeter plot, but moist and well drained. It is under-

lain by gray granite ledges which outcrop in a few places but occupy

less than 1 per cent of the area. The surface is free from loose stones,

but there is one large granite boulder. The trees averaged 4.9 inches

in diameter breast high and, excepting the white pines, were about 30

years old.

The infestation by the gipsy moth was first found near this lot in

1905, and in 1913 the egg clusters present on this area were estimated

at 15,000 per acre, and defoliation was heavy.

If the stand were not infested it could be handled as a sprout

forest^ on a rotation of 70 to 80 years, with several thinnings. The
thinnings should yield enough cordwood to pay for them, and the

final product, cut 40 or 50 years from now, would be good oak timber.

It has been the practice in eastern Massachusetts, in town, State,

and Federal work, and by some owners of heavily infested stands of

this character, to remove all dead trees and as much undergrowth as

1 simple coppice system.
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possible and make a heavy thinning. This has been done to simplify
spraying, which is effected by a high-power sprayer, resembling in

size and general appearance the watering carts used in city streets.

Spraying costs from $8 to $15 an acre, which must be spent each year
while the infestation- continues heavy and is efficacious in stopping
defoliation at the stage reached when the spraying is done. It gen-
erally reduces the number of caterpillars but cannot prevent all dam-
age by them, for its effect is dependent upon the leaves being eaten

by the caterpillars.

Management for moth control may be attempted by making one
cutting or by successive cuttings.

One cutting.—The expense of spraying may be entirely avoided in

stands of this character by clear cutting, leaving conifers if desired,

and planting red or white pine. If this is done it must be followed

by several cleanings (removing the hardwood sprouts), or the cater-

pillars in their early larval stages may feed on the hardwood foliage

and in their later stages attack the pine.

It should be remembered, however, that the gipsy moth increases in

numbers less rapidly on young hardwood sprouts than on larger trees

of the same species, whether these are of sprout or of seedling origin.

Allien the object of management is moth control, this less rapid

increase, of course, affects the number of cleanings which are needed

in young sprout hardwood stands after cutting.

After various experiments the conclusion has been reached that

cleanings in the first, third, and fifth years following a clear cutting

in hardwoods will be ample to insure protection to small planted

pines and that in many cases the interval between cleanings may
safely be increased to three years, and the first one postponed until

the second year after the original cutting.

From purely silvicultural considerations the presence of hardwood

sprouts on the ground during the first summer after clear cutting is

likely to be beneficial to small planted pines by providing some shade,

and a cleaning in the second and another in the fourth or fifth year

following clear cutting would prevent the small pines from being

Jvilled out or so suppressed that their growth would be seriously

checked.

From considerations both of silviculture and of moth protection

an owner planning to cut clear a mixed oak stand and to plant pine

should be prepared to make two and perhaps three cleanings, and

should realize that even more may be necessary.

The product of clear cutting on this lot would be about 20 cords

of good cordwood per acre, which is practically unsalable in this

locality because of the great amount of cutting now being done. If

sold, the most that can reasonably be exJDected for it is $2.50 per
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cord on the lot. The cost of cutting should not exceed $1.25 per cord.

The planting, including stock, will cost from $12 to $15 per acre.

The cost of a cleaning made the first year after cutting will be less

than one made the second year, because of the gi'eat difference in

the size of the sprouts. If made the first year it will require seven or

eight hours' labor of one man. If made the second or third year, it

may well take 10 or 11 hours. Great care must be used to avoid

damage to the small planted pines.

Removing sprouts by mowing is especially dangerous to young

growth, wild or planted, which it is desired to retain, and any form

of cutting is less effective and must be repeated more often than

breaking or pulling the sprouts from the stump. Pounding them off

with the poll (back) of an ax is especially desirable, and the first

year after trees are cut sprouts may be removed by trampling around

the stump. This method is especially successful with oak sprouts

and is not very hard on the feet if heavy shoes are worn.

The time of year when trees are cut has an important bearing on

the number and vigor of sprouts which follow, and the same is true

of removing sprouts. The best time undoubtedly varies with the

species and locality, even in an area as small as New England, but

no precise information on this subject is available. Speaking gen-

erally, it may be said that trees cut in the summer have less vigorous

sprouts than those cut in May or June. The same conditions apply

to sprouts. If these are removed in July or August those which

follow are smaller and more tender than those which follow sprouts

removed earlier in the season and are likely to be killed or damaged

by frost. The result of clear cutting, planting, and cleaning in this

stand, if fires are excluded, would be a pure stand of young pine on

good soil, which should grow rapidly, yield a high return, and be

secure against gipsy-moth attack.

The owner of this stand, like many others in the infested region,

was unwilling to make a clear cutting but very anxious to control the

gipsy moth. In such cases the plan offering the best chance of

eventually controlling the gipsy moth is to begin the gi'adual con-

version of the stand from hardwoods to pine by successive cuttings.

Successive cuttings.—The first cutting, to be made at once, should

remove all dead, dying, defective, or suppressed trees. All Class I

trees (most favored food of the caterpillar) should be cut as heavily

as is possible without exposing the ground too much. Many trees of

this class must be left, but they should be, as far as possible, thrifty

trees of seedling origin, and a particular effort should Tbe made to

reduce the number of white oaks.

The Class II trees (favored food after the earlier larval stages)

will be favored in this cutting. On this lot they v.ere white pines

large enough for seed trees and so especially desirable.
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The Class III trees (not particularly favored food) will also be
favored in the first cutting. On this lot these ,were only a few red
maple and pignut hickor3^

The Class IV trees (unfavored food) will not be cut, even if de-

fective or suppressed. On this lot they were white ash.

In a stand as dense as this (500 trees per acre) about 60 per cent

of the total number present should be removed. The result upon the

actual stand now under consideration, of following either of the two
plans of cutting proposed, appears clearly in the following table

:

Stand and cutting table, Dover, Mass. Mixed oak stand, four-tenths white oak.
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original stand, leaving the Class III and Class IV trees. The white

pines of the original stand will be large enough to cut profitably at

this time, but might better be left as standards to supply some extra-

large material in the final cutting of the planted stand.

The product of the first cutting will be cordwood, about 8 or 9

cords per acre, worth not more than $-2.50 per cord on the lot. In

addition there will be 3 or 4 cords of poor cordwood, probably worth

about what it cost to cut or a little less. The product of the second

cutting will depend upon when the cutting is made. There will be

only cordwood unless the cutting is delayed for 40 to 50 years, or

until the stand is 70 to 80 j^ears old, in which case material of larger

dimensions can be obtained.

After the second cutting some additional planting will probably be

necessary to replace trees of the first planting which have died or

have been destroyed in the second cutting. The number required

should not exceed 300 per acre.

The cost of the first cutting will be about $1.50 per cord and of

the second about $2 per cord.

The first planting, including stock, will cost about $15 per acre,

and the second planting $4 or $5 per acre. The higher cost, as com-

pared with planting after clear cutting, is due to the need of going
over the ground twice and to the care necessary to avoid damage to

young growth when the two plantings are made.

A cleaning the first year after the first cutting will require four

or five hours' labor per acre of a careful man ; and the cost will de-

pend, of course, upon whether the owner does the work himself, has

such a man available, or must employ one especially for the work.

Later cleanings after the first cutting and the two biennial clean-

ings after the second cutting are each likely to require somewhat more
time, as greater care will be needed to avoid doing damage to planted

stock, but six to eight hours per acre should suffice.

The result will be, if fires are excluded, a moth-resistant stand of a

composition dependent upon the species selected for planting.

The cost of either plan would be heavy, and for most owners,

especially if applied to large areas, it would be prohibitive. But
where the infestation is severe either plan of management offers

improved conditions at less expense than spraying for five years at

$15 per acre.

With a good cordwood market the first plan, clear cutting, should

yield a slight margin of profit over all costs. The second plan in-

volves a considerable investment without any net returns up to the

time the conversion from a susceptible to a resistant stand is com-
pleted.

"Where the moth is present in large numbers this should be compared
with the cost of spraying and creosoting, and the net cost of convert-
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ing the stand regarded as the price the owner has paid for the satis-

faction of not denuding his land, for relief from annual expenses, the
results of which are only palliative, and for future insurance against
damage by the gipsy moth.

The possibility of control by management, without planting, is the
object of experiments now in progress.^ Pending their conclusion, it

is believed that sufficient information has been given in the foregoino-

to guide owners of stands of this character who wish to do somethino-
at once.

Of the two plans outlined, the first, clear cutting and immediate
planting of the whole area, is preferable from considerations of forest

management, of moth control, and of minimum expense. Economic
conditions preclude the expectation of its general adoption in the

near future, but it is strongly recommended to owners willing to meet
the expense.

Others must face the fact that they can not at present expect to

secure moth control by forest management.

STAND AT EXETER. NEW HAMPSHIRE.

THE MANAGEMENT OF A TYPICAL MIXED OAK STAND WITH THREE-TENTHS WHITE OAK.

The woodlot of 2.5 acres contained 15 species, but since red, white,

and black oak together constituted 87 per cent of the whole, it may be

considered from the standpoint of management as a mixed oak stand.

It is on good agricultural soil, a dark, brown, sandy loam, deep, moist,

and well drained. The trees averaged 6.1 inches in diameter breast

high and about 35 years old.

The surrounding region had been infested with the gipsy moth
since 1908, the infestation coming apparently from the northeast.

In 1913 the count on this lot disclosed 949 egg clusters per acre.

There was very severe defoliation, but it was not all due to gipsy-

moth caterpillars. They were responsible for part of it, but a very

large part was the work of brown-tail and forest tent caterpillars.

If the stand were not infested, it could be handled like that at

Dover, as a sprout forest.

If the owner wishes to attempt to control the gipsy moth by forest

management, the two methods suggested for Dover will be applicable,

with certain modifications.

One cutting.—If cut clear and planted, the products will be less,

because, though the trees averaged a little larger, there were only

three-fifths as many—300 per acre. The product will probably be

about 20 cords of good cordwood per acre, worth, as this lot is

situated, about $3 per cord on the lot.

1 See also, Results of Experiments in Controlling the Gipsy Aloth by Removing Its

Favorite Food Plants. By A. F. Burgess and D. M. Rogers, Journal of Economic Ento-
mology, Vol. VI, pp. 75 to 79 (1913).
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Successive cuttings.—If the plan is adopted of making a gradual

conversion of the stand from hardwoods to pine, the first cutting may

be made on the same general plan as at Dover, but should remove

not over 40 per cent of the total number of trees present, because

this stand is much less dense.

The result upon this stand appears in the following table:

Stand and cutting tabic, Exeter, N. H. Mixed oak stand, three-tenths white oak.

Trees which control, if in

sulHcient numbers.

Class I:

Red oak
Black oak
White oak
Gray birch
Large-tooth aspen.
Beech ;

Original stand.

Trees which
control on
this lot.

Red oak. .

.

Black oak..
White oak.

Class II:

White pine.
Pitch pine.

,

Class in:
Red maple.

Class IV:
None.

other species present.

Gray birch
Largo-tooth aspen

.

Beech
Apple

White pine.
Pitch pine.

.

Number
per acre.

Red maple. .

.

Yellow birch.
Black birch..
Hickory
Black cherry.
Elm

(')

(')

(')

(1)

Number per acre left under
two plans proposed.

I. Radical
conver-

sion—one
cutting
(now).

2. Gradual conver-
sion—successive

cuttings.

First
(now).

(') (•)

(').

Second
(in 5 to

10 years).

(')

(')

(')

28

1 I^ess tlian one tree per acre.

Planting should at once follow the first cutting. Red or white

pine, 1,000 to the acre, may also be used here, but a larger part of

the area is suitable for white ash. It is possible that on sites of this

character a mixture of 5 per cent of tulip tree or white ash with the

pine would be advantageous. White ash may also be planted pure

on deep moist soils in areas not exceeding one-half acre in extent.

The time of making the second cutting and the need of a second

planting will be determined by the same considerations as at Dover.

The, product of the first cutting will be cordwood, 7 or 8 cords per

acre, and, unless tops and limbs are burned, 3 or 4 cords of poor cord-

wood worth less than it cost to cut.

The costs of cutting and of planting should not differ much from

those at Dover, and for the same reasons which apply there the first

of the two plans proposed is preferable from considerations of forest

management, of moth control, and of minimum expense.
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STAND AT WAREHAM, MASSACHUSETTS.

THE MANAGEMENT OF A TYPICAL MIXED OAK STAND WITH ABOUT TWO-TENTHS
WHITE OAK.

The woodlot contained nine species, but since scarlet, white, and
black oak together constituted 83 per cent of the whole, it may be con-
sidered from the standpoint of management as a mixed oak stand.

It differed from the mixed oak stands at Dover and Exeter in that
it was 60 years old, scarlet oak was present and formed over 50 per
cent of the stand, white pine was more numerous, the gipsy-moth
infestation was very light, and a dense growth of young white pine

was already present on parts of the lot.

The soil is a brown, medium-textured, sandy loam with a sprink-

ling of fine gravel. The surface 2 or 3 inches is gray. The soil is

deep and naturally well drained.

On 5.4 acres, where all trees were measured, those trees over 2.5

inches in diameter averaged only 7 inches in diameter breast high.

The stand was even-aged and was cut clear about 60 years ago. Many
of the larger trees were stagheaded (dead in the tops).

Although the gipsy moth had been present at least since 1911, the

infestation in 1913 was very light, averaging only about 12 egg clus-

ters per acre, and the damage done by the caterpillars was not notice-

able. The defoliation due to forest tent and geometrid caterpillars

was much more severe.

The owner is a manufacturing corporation which uses the lot as

a source of supply for material for repairs to its plant.

This cutting of the larger hardwood trees undoubtedly accounts

for the low average diameter of the stand, and the practice of making

small openings probably explains the presence and location of the

dense growth of small white pine found on the lot.

This land is well suited to growing potatoes, berries, and other

garden truck, but if it is to be kept as a woodlot the stand should be

converted from hardwoods to pine, wholly apart from considerations

due to possible damage by the gipsy moth. This can be accomplished

by clear cutting in one operation or in two successive operations.

One cutting.—If the stand is cut clear in one operation, all hard-

woods should be removed and especial care used to prevent, as far as

possible, damage to the young pine already present, which should be

supplemented by planting red or white pine on areas not sufficiently

stocked.

Cleanings will be needed, about three in all, made every two years,

to release the young pine from the hardwood sprouts which are use-

ful at first in providing shade, but, if not removed, will in a short

time kill out much of the pine. If cut clear, the hardwoods would

yield about 20 cords per acre, but as this lot is maintained for a

special purpose, the product should be as far as possible cut in such
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sizes as the owner requires and the balance put into cordwood. Owing

to the care required to avoid damage to young growth, the cost of

cutting will be high, perhaps $40 per acre. The cost of necessary

planting (400 trees per acre) will average $6 per acre. The three

cleanings will require 8 to 10 hours' labor of one man per acre. The

result will be a pure stand of young pine on good soil, which, if fires

are excluded, should grow more rapidly and yield a greater quantity

of wood of higher value than the stand which it replaced, and which

in addition will be secure against gipsy-moth attack.

Successive cuttings.—If the plan is adopted of gradually convert-

ing the stand from hardwoods to pine, two cuttings should be made.

The first cutting, to be made at once, should remove all dead, dying,

defective, and suppressed trees. As the gipsy moth is not present in

large numbers, the heavy cutting of Class I trees (most favored food

of the caterpillar) is not as important as in stands already considered,

but since there are almost no other trees present except pines, the

cutting above described amounts in this instance to practically the

same thing as recommending the cutting of Class I trees of the species

found on this lot. The object should be to cut as heavily as is pos-

sible without exposing the ground too much and to release all pines

in danger of suppression.

The hardwoods left should be as far as possible thrifty individuals

of seedling origin. All pines likely to make good trees should also

be left. About 50 or 60 per cent of the total number of trees present

should be removed.

The areas insufficiently stocked should be planted at once with

some moth-resistant conifer. The soil is not suitable for any of the

resistant hardwoods. Red or white pine or a mixture of both may
be used, as on the lots previously considered, with entire confidence.

Owing to the young growth of white pine already present, an average

of 400 plants per acre for the whole lot will be sufficient.

Cleanings, about three in all, will be necessary every two years, as

in the case of one cutting. These will meet all silvicultural require-

ments.

The second cutting should be made just as soon as the trees planted

are established and have gained a decisive lead over the sprouts from

stumps of trees cut. This would be not less than five years after the

first cutting. If it were delayed five years longer the planted trees

would probably be secure against being overtopped by sprouts from

the second cutting. If cut after the first five years a cleaning in

the second and another in the fourth year would probably be neces-

sary.

The second cutting should remove all remaining hardwoods, leav-

ing only conifers. If at that time a market or use exists for a small

amount of low-grade white and pitch pine, those in the original
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stand might be cut to advantage, leaving an even-aged stand of pine,

but it would probably be better to leave them as standards to supply

some extra-large material in the final cutting of the planted stand.

The result of following either of the two plans of cutting in this

stand appears in the following table

:

Stand and cutting table, Wareham, Mass.
oak.

Mixed oak stand, ttco-tentJis tvhite
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replaced, and which in addition will be secure against possible dam-

age by the gipsy moth. Of the two plans suggested, the former,

removal in one cutting, is preferable, because costs of cutting and of

cleaning will be less, damage to planted stock will be eliminated, and

less time will be required to accomplish the conversion of the stand.

The possibility of control by successive cuttings is the object of

experiments now in progress on this and other lots. Pending their

conclusion, the removal in one cutting is recommended to owners

of stands of this character wdio wish to do something at once.

STAND AT MEDFIELD, MASSACHUSETTS.

THE MANAGEMENT OF A TYPICAL MIXED HARDWOOD STAND WITH ONE-TENTH
WHITE OAK.

The woodlot contained only six species on 1.3 acres, but the three

species of oak and the chestnut together constituted 90 per cent of the

whole. Since chestnut, the leading species, formed 52 per cent of the

stand and is a controlling tree of Class II (not favored food until

after the earlier larval stages) and is present in sufficient numbers,

it must be the determining factor in management.

The lot slopes gently to the north and northeast and has good

soil, a brown sandy loam, deep, moist, and well drained, and free

from stones.

The trees averaged 6.6 inches in diameter breast high, about 40

years old, and 426 per acre.

The gipsy-moth infestation was first found in 1909 in similar

growth on the adjoining lot to the east, where, in spite of creosoting

by the local moth superintendent, 40 per cent of all trees and 80 per

cent of the white oaks had died by 1913. On the lot now under

consideration the gipsy-moth infestation in 1913 was very severe,

but less than 10 per cent of the trees Avere dead.

The usual form of management recommended by foresters for a

stand of this character is the simple coppice system, using a rotation

of about 60 years, with several thinnings. This means merely that

the stand is to be cut clear at that age and allowed to reproduce by
sprouting, after which thinnings are made if possible to do so with-

out loss. To secure gipsy-moth control this should be modified by

discriminating against the oaks and eliminating the white oak,

which latter may often be done without harmful effects silviculturally

in cases like this where white oak forms only 10 per cent of the stand.

Successive cuttings.—As the stand has not been under management
and the infestation is heavy, the first cutting, a thinning, should be

made at once along the lines indicated above, favoring chestnut and

releasing and favoring white pine. Fifty per cent of tlxe total num-
ber of trees may be removed without unduly exposing the ground

and with real benefit from a general silvicultural standpoint. The
result of the thinning described appears in the following table.
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Stand and cutting tahle, Medfield, Mass. Mixed hardwood stand, one-tenth

white oak.
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The products of the first cutting Avill be chestnut posts, worth 10

to 40 cents each, and cordwood, about 10 cords per acre, worth $4

per cord on the lot. In addition there will be about 3 cords of

poor cordwood which is unsalable in the region. Unless the owner

can use it himself, it would be cheaper to burn the limbs and tops as

the cutting proceeds than to pay for cutting and piling this low-

grade cordwood and then let it rot in the woods. The products of

the second cutting will be chestnut of sizes suitable for poles, piles,

lumber, ties, and posts, a few oak ties and some good cordwood.

The cost of the first cutting will be about $40 an acre, which should

be slightly less than the amount realized from the sale of the prod-

ucts. The cost of the second cutting will, of course, depend upon

conditions at that time, about 20 years hence, but the value of the

products to be expected should yield a small profit. It is not likely

that the net profit of the first cutting will be sufficient to cover the

cost of the cleanings recommended. If these are made the cost

should be considered as a premium for insurance against damage by

the gipsy moth.

By concentrating our attention upon the gipsy-moth problem we

are in danger of forgetting the chestnut-hark disease and the white-

pine blister rust, both also imported from abroad and perhaps even

more difficult to control. The chestnut-bark disease is present on the

lot now under consideration and generally wherever chestnut is

found throughout the region infested by the gipsy moth. On the lot

now in question and others like it, where a large percentage of

chestnut is present and the control of the gipsy moth is the im-

mediate problem, it is believed to be wiser to use the chestnut as

long as it lasts rather than to attempt the expensive experiment of

a radical conversion of the whole stand to white pine, Avith the risk

of fire, blister rust, and white-pine weevil. Where chestnut does not

occur, as in the stands previously considered, these risks may be

necessary. Here they are not.

STAND AT AMESBURY, MASSACHUSETTS.

THE MANAGEMENT OF A TYPICAL STAND OF OLD-FIEI-D GKOWTII OF PINE AND MIXED

HARDWOODS WITH ONE-TWENTIETH WHITE OAK.

This lot, used as a pasture until 15 years ago, contained 19 species

of trees on 4.2 acres, but 95 per cent of the whole number consisted

of the following eight species, in the proportions indicated

:

Per cent.

Black oak 16

White oak 5

Gray hircli 21

White pine 28

Pitch pine 8

Per cent.

Red maple 10

Ked cedar 5

White ash 2

Eight species 95
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The other 11 species, some of them important as timber trees and
some from the standpoint of moth resistance, were represented on
this lot by too few trees to be important in any plan of management.
The soil is good, a brown sandy loam, deep, moist, and well

drained, and the lot is level, except for a small area where water
stands late into the spring. It is free from rock or loose stones.

When the demand for agricultural land increases sufficiently this

lot undoubtedly will again be cleared and cultivated. The trees

averaged 4.9 inches in diameter breast high, the same as the Dover
stand, but this area was poorly stocked, the stand being very dense

in some places and much too open in others, with an average of 321
trees per acre. The infestation by the gipsy moth was very severe in

1913. Several of the white pines were almost bare, with the needles

eaten back almost to the sheath. Others were from one-half to three-

fourths defoliated.

The present growth is very irregular in size, and if the stand were

not infested it is not likely that any owner would consider forest

management or would cut the lot before 20 years from now, at which
time the hardwoods could be cut clear without loss, although the

product would be only cordwood. But if management were begun

now the object would be to get rid of the less valuable hardwoods,

especially gray birch, and release the pine and more valuable hard-

woods by thinning.

Since the stand was infested and Class I trees (most favored food

of the caterpillars) formed only 45 per cent of the stand, to cut clear

now, as was recommended in the stands previously discussed, would

be an unnecessary waste of good species well started. Nor can suc-

cessive cuttings be recommended in stands of this character. If the

danger of soil exposure were serious enough to warrant the ex-

pense, the Class I trees might be removed in two successive cuttings

as previously described ; but when, as in this case, 55 per cent of the

stand consists of trees in Classes II, III, and IV, the soil exposure,

considering the small area involved, would probably not be a con-

trolling factor.

Gipsy-TThoth cutting.—Immediate protection against further dam-

age by the gipsy moth can be secured by what may be called a

" gipsy-moth cutting."

In its effect upon tree species which are favored food of gipsy-

moth caterpillars this resembles a damage cutting in that silvicul-

tural considerations are wholly disregarded as far as these species

are concerned. All Class I trees of whatever species are removed,

whether of merchantable size or not. At the same time any dead

trees are cut, and a light thinning, combined with a liberation

cutting, is made in the trees of Classes II, III, and IV. To be

effective this must be followed by planting some moth-resistant
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species suitable to the site and by cleanings until these are estab-

lished, probably for at least five years. (See p. 29.) Owing to

the great number of very small trees, between 1 inch and 2.5 inches

in diameter breast high, the cost per cord will be high and the

product poor cordwood, about 7 or 8 cords per acre.

For planting on such sites, red or white pine or a mixture of both

is recommended, Avith wdiite ash in the moister situations. Tulip

tree should also do well on sites suitable for white ash, but if used

it should be considered as an experiment. Under the conditions

obtaining on this lot, planting an average of 600 trees per acre should

be sufficient, and the cost will be $8 to $10 per acre.

The possibility of control without removing all Class I trees is

the object of experiments now being conducted on this and other lots.

Pending their conclusion, the above suggestions are made to guide

owners who wish to do something at once. Neither clear cutting nor

successive cuttings can be recommended in stands of this age and

character, and a gipsy-moth cutting can be recommended only for

owners who put gipsy-moth control above all other considerations.

The result of the three plans is compared in the table following.

Stand and cutting table, Amesburi/, Mass.

ivhite oak.

Old-field grorvth, one-twentieth
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STAND AT NORTH BERWICK. MAINE.

MANAGEMENT OF A TYPICAL STAND OF NORTHERN HARDWOODS WITH NO WHITE OAK.

This lot, 4 miles from a prosperous manufacturing town, while

within the white-pine region, had a stand characteristic of the

northern hardwoods region. It contained 14 species of trees on 3.4

acres, but 98 per cent consisted of the following nine species in the

proportions indicated

:

Per cent.

Black birch 4

Yellow birch 3

Hop hornbeam IG

Nine species 98

Per cent.

Red oak 2

Paper birch 2

Beech 45

Hemlock 4

Red maple 8

Sugar maple 14

The soil is a sandy loam, deep and well drained. The surface is

very uneven, steep in places and thickly covered with large stones

and small boulders.

The trees averaged 6.5 inches in diameter, breast high, but varied

greatly in size, the average for the different species ranging from 3

to 15.2 inches, with a few individual trees ranging up to 31 inches in

diameter. The gipsy-moth infestation in 1913 was exceedingly light,

only one egg cluster per acre, and had not increased much by 1915,

although in that year other woodlots in the neighborhood were

severely defoliated.

Under present economic conditions the general application of

forest management to such lots as this is not to be expected, but the

possibility of controlling the gipsy moth by this means is considered

here, to complete the comparison between typical stands found

within the white-pine region, and for its possible application in

special cases. The Class I trees (favored food of the caterpillars) are

red oak, paper birch, and beech. Of these beech is the least valuable

commercially, unless there happens to be a local demand for the wood,

but it is the most desirable from the standpoint of gipsy-moth control.

As a result of his observations, Mosher draws this conclusion :
" It is

evident that the beech must be associated in a mixture with one or

more favored species in order that the gipsy moth may reproduce

normally,"

Anything which adversely affects the normal reproduction of the

moth is of value as a control measure, Mosher's conclusion as to

beech would place it for purposes of control by forest management

among Class III trees, especially if other Class I trees were removed

from the stand. It should also be remembered, in this connection,

that there is a wide range in susceptibility to gipsy-moth attack, not
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onl}' between the species in Mosher's four classes, but also between

the different species in each class.

Vneven-aged stands.—In uneven-aged stands a modified form of

the selection system should be used, cutting to a diameter limit of

approximate!}' 12 to 14 inches, which limit, however, should not be

strictly applied.

Of coui'se, the same treatment can not be applied to even-aged and

to uneven-aged stands. The stand now under discussion is of the

latter form, which will be first considered.

The selection system may be briefly explained as follows: It is

the reverse of the clear-cutting systems already described as appli-

cable to stands like those at Dover, Exeter, Wareham, and Medfield.

The whole area remains continually covered with trees which, when
all ages and sizes are represented, mingled singly or in groups, are

called a selection forest.^ In the selection system of cutting and

securing reproduction the cuttings are made annually or at longer

intervals, the mature trees being selected and those not mature left.

To maintain a stand indefinitely under this system it is essential that

no more trees be cut than will equal in volume the growth of wood

put on by the whole stand in the year or other interval between cut-

tings.

In managing old, uneven-aged stands which have not previously

been under management, one of the first steps is to decide upon the

approximate rotation to use, for example, 100 years, and then to

remove as far as is possible, without making too large openings in

the crown cover, all trees too large to be grown in that length of

time.

In stands like the one under discussion it would be well to do this

and also, in the first cutting, to eliminate red oak and reduce as much
as is possible, with due regard to silvicultural considerations, paper

birch and other intolerant species of Class I trees, which form a ver}^

small percentage of the stand and can not maintain themselves in

stands with a large percentage of tolerant trees. The cuttings should

each be accompanied by a thinning, removing all dead, dying, defec-

tive, or suppressed trees, regardless of their species, but leaving any

the removal of which would expose the ground too much. The

selection cuttings and thinning combined may remove as much as

50 per cent of the original stand, leaving about 200 trees per acre.

In this stand the result upon each size class present is shown in the

table on page 46. The result upon the representation of each species

appears in the following table.

1 See table, p. 46^
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Stand and ctitting table, North Berivick, Me. Northern hardicoods stand with no
white oak.
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In spite of the large size of some of the trees, the product of the

first cutting will probably be chiefly cordwood, as the large trees in

such lots are often hollow at the center. If they prove to be sound,

and a mill is accessible, they would, of course, be put into logs for

sawing. On this lot the actual product of such a cutting as the one

just described was 20 cords of cordwood and 2,800 board feet of logs

per acre, the whole equivalent to about 25 cords of cordwood.

If the stand remaining can fairly be described as a selection forest,

that is, if all ages and sizes within the rotation and diameter limit

adopted are sufficiently represented, management may be continued

as it was begun on the selection system.

This was the case in the lot now under consideration, as is shown in

the following table.

stand at North Berwick, Me., typical of an unmanaocd or natural-selection

forest.
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It should be remembered that equal numbers in all size classes

would not be a sufficient representation to make a many-aged stand
a selection forest, in the sense that that term is used here, and that

where suppressed trees have been removed equal sizes may be roughly
accepted as an indication of equal ages, although a wide variation

actually exists in these respects. To insure the perpetuation of a

selection forest managed on the selection system there must be a much
greater representation of the smaller than of the larger trees. Theo-
retically, if a rotation of 100 years is adopted and cuttings are

planned to be made every 10 years, the trees should be divided into 10

classes, each of which should occupy one-tenth of the available ground
area and crown space.

In stands other than that now under consideration, it might well

happen that the stand remaining after the cuttings and thinning had
been made could be described better as an even-aged than as a selec-

tion forest. The representation of trees in the smaller size classes

might be much more even aged than that of the trees in the larger

size classes which were removed and which gave it originally the

characteristics of a selection forest. This is likely to be the case in

stands which have been heavily pastured for a long period of years.

In such cases the form of management should be changed from the
" selection " system described above to the "shelter-wood " system.

Even-aged stands.—In even-aged stands, whether occurring nat-

urally or produced by the management of uneven-aged stands as sug-

gested above, the shelter-wood system may be used with a rotation of

70 to 100 years. The shelter-wood system somewhat resembles the

system of successive cuttings, already described for other plots, ex-

cept that the interval between cuttings is longer, natural reproduction

instead of planting is depended upon to secure a new stand, and care

is taken to maintain as nearly as possible a crown cover of uniform

density over the whole area. This system is not likely to be practi-

cable for stands of this kind in the immediate future. The essential

principles of its application are to open the stand gi'adually in order

to prevent too sudden exposure of existing young growth and to

secure additional reproduction under the shelter of the old stand

before it is wholly removed. The possibility of using it depends

chiefly upon market conditions and logging costs. When these are

most favorable several cuttings are made, but under present Amer-
ican conditions not more than two cuttings are possible.

The first cutting is made about 20 years before the end of the rota-

tion, removing about half of the original number of trees. After

reproduction is secured and is well started, the remainder of the

original stand is removed in a final cutting.

I
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With the faster growing species, like white ash, basswood, and red

oak, a rotation of 70 years may be used, but 100 years are needed for

the slower growing hardwoods. Considering the species which

must be favored if the object is gipsy-moth control, a rotation of 100

years would be necessary.

Planting.—In the northern hardwoods region, of which this stand

is typical, the greater part of the woodland must be kept gi'owing

hardwoods for many years to come. Where intensive methods are

possible, the more poorly stocked areas may be changed from hard-

wood to coniferous stands.

The desirability of this change from the standpoint of gipsy-moth

control w411 depend in each case upon the composition of the actual

stand under consideration.

The change can be made best by planting, which it is believed has

already been sufficiently considered in the discussion of other stands.

In view of its freedom from attack by the white-pine blister rust

it is desired to emphasize the increased importance of red, or Nor-

way pine for planting in the region infested with the gipsy moth.

CONCLUSIONS.

No single rule or simple formula can be given by which to secure

in woodlands the control of the gipsy moth by forest management.

Each lot and each combination of species presents a problem in

which the controlling factors are site, soil, location, market, species

present, their value and relative proportion, the degree of infestation,

and the cost of labor.

In many cases these factors combine in such a way that manage-

ment is economically impossible.

It is believed that the suggestions contained herein have been

made so definite that a careful reading will enable any owner or other

person interested in the problem to discriminate between results

which may and those which may not reasonably be expected under

certain conditions, which have been selected because typical of those

on large areas within the infested region.

While we are waiting for definite results from the various experi-

ments now in progress, some of which have been referred to in the

preceding pages, it is well for foresters and entomologists squarely to

face the fact that the possible field of forest management as a method
of controlling the gipsy moth is strictly limited.

Even in the mixed hardwoods type, where success may in some

cases reasonably be expected, the cost will often be prohibitive.

In other forest types, and in the other forest regions within the

area now infested by the gipsy moth, general control by forest man-
agement may or may not prove to be an economic possibility.
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Throughout the infested region much may be expected from out-

breaks of the wilt disease and the gradual subsidence of the gipsy
moth to a normal place among other injurious insects.

To control the moth in many of the stands of the mixed-hardwoods
type of the white-pine region, spraying and creosoting must be used,

while birds, parasites, and insect enemies must do their part.

In severe infestations forest management may be less expensive

than spraying and creosoting and has the advantage of being con-

structive instead of merely palliative, but it can not be recommended
as a method of relief for general indiscriminate application by States,

cities, towns, and private owners of woodlands throughout the infested

region.





APPENDIX.

SPECIES WHICH ARE NOT CONTROLLING TREES IN THE WHITE-PINE REGION.

Class I.

—

Favored food of gipsy-moth

larvw in all stages.

Ash, Mountain.^'
^

Balm of Gilead.'

Basswood.^

Birch, Paper.^

Birch, River/'
*

Boxelder.*'
"

Oalc, Bur.'

Oali, Chestnut/

Oalv, Pin/

Oali, Post/

Oali, Swamp white/

Service Berry/- *

Sumac, Dwarf.'''
*

Sumac, Staghorn.^'
*

Tamaracli.'

Willow, Glaucous/'
'

Witch Hazel.''
^

Class II.

—

Favored food after earlier

stages.

Pine, Red.'

Spruce, Black.'

Spruce, Red.'

Spruce, White.'

Class III.^—Not particularly favored

food.

Birch, Black.'

Birch, Yellow.'

Beech, Blue.^'

*

Cherry, Black/

Cherry, Choke/'"

Cherry, Wild Red.'-
*

Class III.—Not particularly favored
food—Continued.

Cottonwood.'

Elm, American/
Elm, Slippery/

Gum, Black.^

Hickory, Bltternut/

Hickory, Mockernut.' \

Hickory, Pignut.^

Hickory, Shagbark/
Hop Hornbeam/' *

Maple, Silver.'

Poplar, Silver.'

Sassafras.''

"

Class IV.

—

Unfavored food.

Arborvitse.'

Ash, Black.'

Ash. Red.'

Balsam Fir/

Butternut.'

Dogwood, Flowering."' *

Hackberry.'

Holly, American.*

Laurel, Mountain.*"*

Locust, Black.'

Locust, Honey.'

Maple, Mountain."'*

Maple, Striped/'
*

Mulberry, Red/
Sheepberry."'

*

Sycamore.'

Tulip/

Walnut, Black/

I

PUBLICATIONS OF U. S. DEPARTMENT OF AGRICULTURE ON THE
GIPSY MOTH.

1. FARMERS' BULLETINS.
No.

275. The Gipsy Moth and How to Control It. L. O. Howard, 1907. 22 pages,

illus. (Superseded by No. 564.)

453. Danger of General Spread of the Gipsy and Brown-tail Moths through Im-

ported Nursery Stock. C. L. Marlatt, 1911. 22 pages, illus.

1 Occurs infrequently.
2 Of low value.
' A few stands in the region may be found where this species is sufficiently represented

to require consideration in making plans of management.
* Always small in this region.
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No.

564. The Gipsy Moth and the Brown-tail Moth, with Suggestions for Their Con-

trol. A. F, Burgess, 1914. 24 pages, illus.

2. BUREAU OF ENTOMOLOGY CIRCULARS.

nS.* Report on the Gipsy Moth and the Brown-tail Moth, July 1904. C. L. Mar-

latt. 12 pages. 2 maps.

1G4. The Gipsy Moth as a Forest Insect, with Suggestions as to Its Control.

W. F. Fiske, 1913. 20 pages.

3. BUREAU OF ENTOMOLOGY BULLETINS. NEW SERIES.

11. Gipsy Moth in America. Account of Introduction and Spread of Porthetria

dispar in Massachusetts and of Efforts Made by the State to Repress

and Externiinnto It. L. O. Howai'd, 1897. .39 pages, illus.. maps.

67.* Proceedings 19th Annual Meeting Association of Economic Entomologists,

1907. Pages 22-20. Occurrence of the Gipsy Moth in Connecticut. W. E.

Britton.

87. Report on Field Work against Gipsy Moth. D. M. Rogers and A. F. Bur-

gess, 1910. 81 pages, illus., map.

91. Importation into the United States of Parasites of the Gipsy Moth and the

Brown-tail Moth. L. O. Howard and W. F. Fiske, 1911. 344 pages, illus..

maps.

101. Calosoma sycophanta : Its Life History, Behavior, and Successful Coloniza-

tion in New England. A. F. Burgess, 1911. 94 pages, illus., map.

119. The Dispersion of the Gipsy Moth. A. F. Burgess, 1913. 62 pages, illus.,

map.
4. DEPARTMENT BULLETINS.

204. Report on the Gipsy Moth Work in New England. A. F. Burgess, 1915. 32

pages, illus., maps.

250. Food Plants of the Gipsy Moth in America. F. H. Mosher, 1915. 39 pages,

illus.

251. The Calosoma Beetle {Calosoma sycophanta) in New England. A. F.

Burgess and C. W. Collins, 1915. 40 pages, illus., map.

273. Dispersion of Gipsy Moth Larvie by the Wind. C. W. Collins, 1915. 23

pages, illus., maps.

5. OTHER DEPARTMENTAL PUBLICATIONS.

Gipsy and Brown-tail Moths and their European Parasites. L. O. Howard.

Yearbook of the Department of Agriculture for 1905. Pages 123 to 138. illus.

Wilt of (Jipsy Moth Caterpillars. R. W. Glaser. Jour, of Agr. Research, 1915,

Vol. IV, No. 2, pages 101 to 128. illus.

G. BUREAU OF ENTOMOLOGY BULLETINS. TECHNICAL SERIES.

12. Part VI.* A Record of Results from Rearings and Dissections of Tachinidse.

Charles H. T. Townsend, 1908. 24 pages, illus.

19. Technical Results from the Gipsy Moth Parasite Laboratory.

Part I. The Parasites Reared or Supposed to have been Reared from the

Eggs of the Gipsy Moth. L. O. Howard, 1910. Pages 1 to 12, illus.

Part II.' Descriptions of Certain Chalcidoid Parasites. J. C. Crawford,

1910. Pages 13 to 24, illus.

1 Oovernment supply exhausted. Other publications listed arc sold by the Superin-

tendent of Documents, Government I'rinting Office, Washington, D. C.
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No.

19. Technical Results from the Gipsy Moth Parasite Laboratory—Continued.
Part III.* Investigations into the Habits of Certain Sarcophagidse. T. L.

Patterson. Introduction by W. F. Piske, 1911. Pages 25 to 32.

Part IV.' The Chalcidoid genus Perilampus, and its Relations to the Prob-
lem of Parasite Introduction. Harry S. Smith, 1912. Pages 33 to 70,

illus.

Part v.* Experimental Parasitism. A Study of the Biology of Limnerium
validum (Cresson). P. H. Timberlake, 1912. Pages 71 to 92, illus.

PUBLICATIONS OF U. S. DEPARTMENT OF AGRICULTURE ON
CONTROLLING TREES.

FOREST SERVICE BULLETINS.
No.

31. Notes on the Red Cedar. Charles Mohr, 1901. 37 pages, illus.

42. The Woodlot: Handbook for Owners of Woodlands in Southern New Eng-
land. H. S. Graves and R. T. Fisher, 1903. 89 pages, illus.

53. Chestnut in Southern Maryland. Raphael Zon, 1904. 31 pages, illus.

63. Natural Replacement of White Pine on Old Fields in New England. S. N.

Spring, 1905. 32 pages, illus., map.

93. The Aspens: Their Growth and Management. W. G. Weigle and E. H.
Frothingham, 1911. 35 pages.

95. Uses of Commercial Woods of the U. S. I. Cedars (White Cedar, pp. 12-16)

(Red Cedar, pp. 19-29). Wm. L. Hall and H. Maxwell, 1911. 62 pages.

96. Second Growth Hardwoods in Connecticut. E. H. Frothingham, 1912. 70

pages, illus.

99. Uses of Commercial Woods of the U. S. II. Pines (Pitch Pine, pp. 31-34)

(White Pine, pp. 35-54). Wm. L. Hall and H. Maxwell, 1911. 96 pages.

DEPARTMENT BULLETINS.

12. Uses of Commercial Woods of the U. S. Beech, Birches, and Maples.

H. Maxwell, 1913. 56 pages.

152. The Eastern Hemlock {Tsuga canadensis) . E. H. Frothingham, 191.5.

43 pages, illus., map.

299. The Ashes: Their Characteristics and Management. W. 1>. Sterrett, 1915.

88 pages, illus., map.

PUBLICATIONS OF U. S. DEPARTMENT OF AGRICULTURE ON
TREE PLANTING.

FOREST SERVICE BULLETINS.

29.' The Forest Nursery. Geo. B. Sudworth, 1900. 63 pages, illus.

45. The Planting of White Pine in New England. Harold B. Kempton, 1903.

40 pages, illus.

76. How to Grow and Plant Conifers in Northeastern States. C. R. Pettis,

1909. 36 pages, illus.

DEPARTMENT BULLETINS.

13. White Pine under Forest Management. B. H. Frothingham, 1914. 70 pages.

153. Forest Planting in the Eastern United States. C. R. Tillotson, 1915. 38

pages, illus.

1 Government supply exhausted. Other publications listed are sold by the Superin-

tendent of Documents, Government Printing Office, Washington, D. C.
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FOREST SERVICE CIRCULARS.
No.

58. Forest Planting Leaflet. Red Oak (Quercus rubra), 1011. 4 pages.

60.* Forest Planting Leaflet. Red Pine {Pinus rcsinosa), 1907. 4 pages.

61. Forest Planting Leaflet. How to transplant forest trees, 1911. 4 pages.

67.* Forest Planting Leaflet. White Pine (Pinus strohus), 1907. 6 pages.

69. Forest Planting Leaflet. Fence post trees, 1907, 4 pages.

71.* Forest Planting Leaflet. Chestnut (Castanca dentata), 1907. 4 pages.

73. Forest Planting Leaflet. Jied Cednr (Junipcrus virginiana),lQ07. 4 pages.

84. Forest Planting Leaflet. White Ash {Fraxinus amcricann) , 1907. 4 pages.

93. Forest Planting Leaflet. Yellow I'oplar or Tulip tree {Liriodendron tu-

lipifera), 1907. 4 pages.

95. Forest Planting Leaflet. Sugar Maple (Acer saccharum), 1907. 4 pages.

106.* Forest Planting Leaflet. White Oak (Quercus alba), 1907. 4 pages.

195. Forest Planting in the Northeastern and Lake States, 1912. 15 pages,

illus.

1 Government supply exhausted. Obtainable at libraries. Other publications listed are

sold by the Superintendent of Documents, Government Printing Office, Washington, D. C.
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INTRODUCTION.

A survey of the State of North Carolina recently has been made
in order to determine the present conditions, possibilities, and needs

of the business of beekeeping, with special reference to the best

means of supplying these needs. It seemed desirable to learn why

North Carolina beekeepers are receiving relatively small returns,

whereas there was a reason to believe that opportunities for profit-

able beekeeping were on every hand. This survey began October 1

and ended December 22, 1915.

In this survey, counties of Surrey, Henderson, Clay, Haywood,

Jackson, Buncombe, Madison, Mitchell, McDowell, Iredell, Ran-

dolph, Forsyth, Guilford, Alamance, Pamlico, Beaufort, Pender,

Washington, Martin, and Sampson were included.

The census figures for the year 1909 show 36,248 farms reporting

bees, with a total number of colonies of 189,178, thus giving the

State fourth rank for number of colonies in the United States. The

honey produced was valued at $211,607 and the wax at $18,979, a

total valuation of $230,586, which gives the State eleventh rank in

Note.—This bulletin treats particularly of beekeeping conditions in North Carolina, but

is of interest to beekeepers generally.

The author wishes to express his appreciation to the beekeepers visited for many kind-

nesses, also to the county agents, who greatly facilitated the work by arranging^ for

meetings of beekeepers. He also expresses his appreciation of the aid furnished by Prof.

Franklin Sherman, jr.. State entomologist, for data concerning beekeepers and for as-

sistance in planning routes.

57568°—Bull. 489—16
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value of hive products, llie State ranks second in value of wax
produced. The value of bees per colony is reported at $2.04. Atten-

tion is called to the fact that these figures are not complete, as many of

the bees in the State are not on farms and many on farms evidently

were not reported.

In brief, the survey fully verifies Prof. Franklin Sherman's^

statement that " there is perhaps no other industry in the State of

ecjual importance, and with equal opportunities for development,

which is so disorganized, so disconnected, and suffering so badly from
lack of careful attention and better methods as is the beekeeping busi-

ness."

No doubt bees have been in North Carolina for a long time, but

the business of beekeeping has received so little attention that, except

in a comparatively few cases, absolutely no advance has been made.

PRESENT CONDITIONS.

TYPES OF HIVES.

Most of the colonies of bees in North Carolina are housed in hol-

low logs or " gums." Some are kept in upright box hives, " plank"

or " tall gums," and only a small j)ercentage are in some type of

movable-frame hive, locally called " patent gums." The eastern and

western parts of the State have the largest percentage of bees in logs,

while through the central part the majority of the bees are in movable-

frame hives. This condition appears to be due partly to the fact that

the beekeepers are slow to adopt new methods, particularly as in some

cases movable-frame hives have been tried with poor results, owing to

lack of knowledge necessary to get good returns. Beekeeping as prac-

ticed by most of the beekeepers is not profitable, and the present re-

turns by the old methods are not sufficient to make obvious to them

the desirability of an expenditure necessary to place the bees in mov-

able-frame hives.

Some are using homemade hives with movable frames, and, where

the hives are made Avith sufficient accuracy to insure proper spacing

of the frames, they are giving satisfactorj' results. White pine of

fair grade suitable for hives can be had at small cost in the western

part and a soft cypress (white cj^press) in the eastern part of tlie

State. A considerable number of factory-made hives have been sent

into the State, made of yellow pine of poor quality and with the

frame spacing so inaccurate as to make proper manipulation impos-

sible. Best results can not be secured with such equipment.

For the most part the population of North Carolina is scattered

and transportation is poor; hence there is not the free interchange

of ideas which occurs in sections where the population is dense.

1 Sherman, Franklin, jr., 1908. Iteekecpin^ in North Carolina. Bulletin of N. C. Dept.

of Agr., vol. iJJ). uo 1.
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Knowledge of improved methods of beekeeping has not reached the
majority of those owning bees. In case reports of good profits from
bees elsewhere have been received, these have been so far above the
amounts that are being secured by the old methods that the reports
have met with little credence. In very few instances have efforts been
made to secure like results.

RACES OF BEES.

Almost all the bees in the State are German (black) hybrids, prac-
tically none being found without some trace, however slight, of

Italian blood. Numerous efforts have been made to improve the

stock by introducing pure Italian queens, but, with few exceptions,

this has produced bees which so vigorously resent disturbance that

such attempts at improvement have been discouraged. Since the

color of the bees in every case has been light yellow, it is quite likely

that there has been some Cyprian blood in the stock secured. A few

apiaries are stocked with Italians and an effort is being made to keep

them pure—a rather difficult task, however, because of the presence of

so many wild hybrid colonies.

One beekeeper had used a few colonies of Carniolan bees, but has

discontinued beekeeping and no data are obtainable regarding their

comparative value in North Carolina.

SHADE.

Shade for the hives, either natural or artificial, is considered by

almost all beekeepers in North Carolina to be necessary to avoid

melting of the combs in the summer. It would be unnecessary, how-

ever, were it not for the fact that the entrance in the log or plank
" gum " consists merely of a few V-shaped notches or a small slot,

entirely inadequate for proper ventilation of the hive in hot weather,

This conclusion is supported by cases in the central and eastern parts

of the State, where beekeepers have provided large entrances and

have raised the hive from the bottom board to allow abundant bottom

ventilation and have dispensed with shade without harmful results.

The western part of North Carolina is mountainous and cooler in

summer, making extra ventilation less important.

ARRANGEMENT OF HIVES.

In the western part of the State it is the custom to place the lo^

or plank " gum " on long benches or on a flat rock, which rests on

four stakes driven into the ground. In the eastern part, as rocks

are not obtainable, benches only are used. If space will permit,

the placing of hives in a single row close together is practiced.

Perhaps 100 " gums " will be found in one row. Aside from using
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natural shade when convenient, no attempt is made to locate the

hives near natural windbreaks or to face them to any particular

point of the compass.
SWARMING.

Uncontrolled swarming always results in a greatly reduced honey

crop. A colony of bees kept together will store more surplus honey

than will the same bees divided by swarming into two or more

colonies, as each swarm must use a large amount of honey in order

that they may construct combs for the new hive. This honey of

course is lost to the beekeeper. Further, this division of the colony

into two, or more, reduces the available force of field bees, since it is

necessary that a certain number remain constantly in each hive

properly to carry on the hive work. It is obvious then that when

the bees are kept working together in one hive less are needed for

inside hive work and more are available as gatherers.

With few exceptions, no effort is being made in North Carolina to

prevent or to control swarming, and great numbers of swarms are

annually lost to the beekeepers by flying to the woods. Further,

many after-swarms issue, and this weakens the parent colony so

that it not only can not produce surplus honey, but often it dies.

Many of the weak after-swarms also die. In many cases the bee-

keeper has at the end of the season only the first swarm to show for

his labor, no honey having been secured and both the old colony and

the after-swarms having perished. Beekeepers boast of many colo-

nies which cast three swarms, but with these results. It is obvious

that under these conditions a good honey crop is impossible.

WAXMOTH.

While, as is well known, the larvae of the waxraoth can do no

damage in a strong, healthy colony of bees properly cared for, tliis

enemy is recognized by all North Carolina beekeepers under different

names, such as " weevil," " fly," or " worm." No adequate estimate

can be made of the loss through its depredations, but it surely

amounts to a large sum. Since the climate of North Carolina is not

so rigorous as that farther north, the waxmoth has opportunities

to work for a correspondingly longer period of the year. There is

no climatic reason, however, why the ravages of this insect should

not be stopped. The loss is due chiefly to excessive swarming, or.

to be more explicit, to allowing after-swarms to issue. This is fur-

ther aggravated by the great amount of German (black) blood in

the bees, since it is generally admitted that black bees do not repel

the waxmoth as do Italians.

DISEASE.

American foulbrood.—Samples of this disease were received by the

Bureau of Entomology from Guilford County in 1911 and from
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Madison, Mitchell, and Buncombe Counties in 1912. It was found
that the sample from Buncombe County had been taken from a ship-
ment of bees from Kentucky, in which the trouble was at once
noticed and given radical treatment, and, so far as can be learned,

the disease was entirely stamped out. In Guilford County the dis-

ease has been receiving careful attention. The beekeeper from whose
yard the sample was sent has examined practically every colony of

bees in the neighborhood and has found no disease except in his

own apiary. There it has been so reduced that only two colonies

showed infection in 1915 and in these it was light. The infection in

Madison County is great and that in Mitchell County is considerable,

and disease is spreading in both counties.

Sacbrood or ''pickled hroodr—This disease was observed in one

case. Since even where some type of movable-frame hive is used

examination of the brood nest is but little practiced, no definite idea

of the extent of this disease can be formed.

Paralysis.—This condition was reported a number of times, and
alw^ays by the better beekeepers. This does not indicate that it is

absent where bees receive less care, but, it is believed, the less careful

beekeepers fail to observe closely or else do not recognize the disease.

In one yard of over 100 colonies the owner reports 50 per cent of the

colonies affected by paralysis at some time during the season. The
usual treatment is the sprinkling of sulphur on top of the frames and

at the entrance, but with doubtful benefits.

WINTERING.

Perhaps no one thing connected with successful beekeeping is re-

ceiving as little attention in North Carolina as is protection for the

bees in winter aside from that provided by the hive.

A study of weather records for Asheville from November 1, 1914,

to March 31, 1915, shows that a daily variation in temperature of

20° F. is frequent. The maximum variation was 40°, which occurred

once, and the minimum 2°, which occurred five times. The maximum

temperature during this period was 62° and the minimum 4°. Five

times during this period the temperature fell below 20°, twenty

times below 25°, and forty times below 30°, or, on an average, below

30° once in three days. The figures for Wilmington are as follows

:

Maximum temperature, 76° ; minimum temperature, 20°. Twice the

temperature was below 25° and below 30° eight times. These two

points are mentioned, as they probably represent the extremes of tem-

perature in the State.

Only two beekepers in the State, so far as Iniown, are providing

protection for the bees in winter, and in these two cases it is slight.

One beekeeper places an empty super filled with leaves over the

brood chamber, and the other is using a hive which takes a super of
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thin lumber inside an outer shell, and when the supers are removed
the shell is filled with pine needles, locally called " pine straw."

There is considerable evidence of the value of the protection

afforded by thick log "gums" in winter. This is to be expected,

since all have walls 2 or 3 inches thick. When the subject of winter

protection is mentioned, the North Carolina beekeeper states that

the mildness of the climate makes extra protection unnecessary. Its

value is apparent to the best beekeepers when it is shown that extra

packing will keep the bees quiet during the season when no nectar

can be gathered, since they all agi'ee that bees expend too much
energy needlessly during this period.

QUEEN REARING.

There are three queen-rearing apiaries in the State, with a total

output of from 1,500 to 2,000 Italian queens annually. These queen-

breeders produce light-colored bees. Queen-cells are started in the

queenless side of a colony, divided by queen-excluding zinc. Both

small twin mating-boxes and nuclei with full-size frames are used

for mating queens.

TYPES OF HONEY.

There are five distinct types of honey produced in North Carolina,

as follows: Bulk coinb-honey
^
produced in shallow frames (5| inches

deep), is cut out and packed in 5, 10, and 15-pound tin buckets, with

enough extracted honey added to fill up the spaces. Care is used to

keep the queen out of the storage combs, in order that they may not

be darkened by having bees reared in them. Combs containing

pollen are not permitted in honey of this type. Chunk hoTwy is pro-

duced in log or box " gums " and is " robbed " from the top of the

hive in irregular chunks after the " head " or top of the " gum " has

been removed. Frequently the comb has been darkened and tough-

ened by having brood reared in it, and much pollen—" beebread "

—

finds its way into this product. No regular size or shape of package

is used for this type of honey, the customer usually furnishing the

container. Comh-honey—"section or box honey"—is produced in

the commercial section, locally known as honey box or pound sec-

tion. Extrctjcted honey is stored in either deep or shallow frames

and is removed by the honey extractor and packed in 50-gallon bar-

rels. Honey in this form is secured unmixed with pollen or other

foreign substances. Strained or " squeezed " honey is stored by the

bees in the log or plank " gums," the honey being obtained by killing

the bees with sulphur fumes, cutting the combs from the hives, and

at once mashing up the combs and putting the mass in a thin cloth

sack, so that the honey can drip out. Sometimes the cappings are

i



A SURVEY OF BEEKEEPING IN NORTH CAROLINA. 7

removed from the combs, which are placed in a shinting trough,
and, after some of the honey has dripped from the combs, the residue

is pressed to remove the remainder of the honey. The resulting

product contains considerable pollen and other foreign substjinces.

It must not be thought that extracted and strained or squeezed honey
are the same ; neither are bulk comb-honey and chunk honey identical.

SIZE OF CROPS.

The number of beekeepers of all classes whose methods have been
studied is sufficient to indicate the amounts of honey in the different

forms now secured by those who are really giving the bees some chance

to do what they can. The average amount of comb-honey in sections

is given at 40 pounds per colony. The amount secured in the eastern

part of the State by extracting averages 60 pounds. The data re-

garding strained or squeezed honey were somewhat indefinite, being

given as 2^ to 6 gallons or 30 to 7'2 pounds per " gum." This includes

of course the entire amount of honey in the hive when the colony is

killed. It is possible that the custom of killing the bees and taking

the honey in the full moon in June may result in a smaller amount
being secured than if the killing were left until gathering had ceased

in the fall. The average production of bulk comb-honey per hive is

given as 50 pounds. These figures are all conservative, being based

on a series of years including good and poor seasons. Mention may be

made of the production of 10 gallons of squeezed honey, 120 pounds

of bulk comb-honey, or 150 sections by a single good colony in good

seasons, but while these amounts have been secured in good seasons,

the figures given previously are being duplicated annually.

BEESWAX.

No effort is made to secure all the wax from old combs and only

the crudest methods are used in rendering. No wax-press was seen

which was capable of sufficient pressure to get most of the wax; in

fact the only press used is made of two pieces of lumber hinged at one

end. The free ends are brought together while the sack containing

the hot material is between the sticks near the hinged end. The wax
produced in all parts of the State is small in quantity, due to ineffi-

cient methods of rendering, but it is of good quality and free from

foreign matter.

Although the State ranks second in the amount of wax produced,

this should not be considered as a favorable condition, since it results

from the practice of killing bees to get the honey. With good bee-

keeping the destruction of combs in this way will not be practiced,

but the total output of wax will probably not be decreased if better

methods of rendering are employed.
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VALUE OF HONEY AND WAX.

The prices received by the beekeeper for honey and Avax in North

Cai'olina have a wide range. In some localities and for some honeys

the prices are good, as compared with prices in other parts of the

United States ; in other places they are entirely too low. The type of

honey and care used in production are important factors in regulat-

ing the price, but in some cases no good reason for the low prices can

be given, except lack of organization and distribution. Failure to

learn the market value is probably the cause of the low prices ob-

tained for beeswax in the western part of the State and for comb
honey in the eastern part.

Bulk comb honey and chunk honey, which are the common types

in the western and central parts of the State, have been sold in

recent years by the beekeepers at 12|, 15, and 20 cents a pound, de-

pending on the quality ; 20 cents has been the common price for sour-

wood or other light-colored and mild-flavored honeys, such as bass-

wood. Section comb honey in the western and central parts has

brought the producer 15 to 20 cents a section, while in the eastern

part only 10 cents a section is secured, although the product is good

in color and finish. Extracted honey in 50-gallon barrels frequently

sold for 7| to 8 cents a pound, while strained or squeezed honey, the

production of which is principally in the east, commanded the low-

est price—around 40 cents wdiolesale and about $1 a gallon retail.

The price of beeswax also has a wide range, and, singularly

enough, it is just the reverse of honey prices ; the lowest, 20 cents a

pound, is paid the producer in the western part of the State and 28

to 32 cents in the eastern part,

MARKETING HIVE PRODUCTS,

No more encouraging features can be mentioned than the eager-

ness of the market for honey, particularly through the central and

western parts of the State, and that bulk comb honey has a ready

sale at good prices. The markets in these localities prefer honey in

this form. While producers in the eastern part received last fall

only 10 cents a section for their product, comb honey by the car-

load came into the central part of the State from the west, and

also some from Tennessee and Georgia. With proper distribution,

the eastern producer could secure at least 15 cents a section for his

product, w^hich is the price received for the honey from outside

sources.

Little honey is shipped from North Carolina. From the east some
comb honey goes to Norfolk and some extracted and strained honey is

shipped to New York, but the consumption of honey in the State

is far above the local production, and the demand is therefore not

supplied.
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The survey indicates that the demand for soiirwood honey will
continue to be much above the supply for a long time as it has the
preference locally over any other Idnd. When its qualities become
known beyond the locality of production, the demand may be greatly
increased.

PROFITS OF BEEKEEPER.

The receipts from a colony of bees range from nothing to $20 or
more per year. Such a statement only shows what such combina-
tions as a good beekeeper and a good season on the one hand, or a

poor beekeeper and a poor season on the other, will do.

Careful inquiry and investigation of the amounts of honey secured
and the prices obtained by the best producers of the different types
of honeys show that the receipts per colony from the production of
comb honey is $5 ; of extracted honey, $4.50 ; of strained honey, $2.50

;

of bulk comb honey, $7.50. It is well to bear in mind that these

returns are obtained only by those who are giving bees considerable

attention. Hundreds of those having bees are receiving almost

nothing from them, except a little honey of inferior quality for

home use.

PROPOLIS.

The propolis in the swamp district of North Carolina is gray,

does not stain the section, is not abundant, and is easily removed, all

of which favor comb-honey production. It is reported that this

propolis is gathered from sweet gum {Liquidambar styracvflud) ^ and

when chewed it resembles chewing gum.

LITERATURE.

Few of the beekeepers of North Carolina are making good use of

the available bee literature; in fact, few have a book on beekeeping

or read a bee journal.

In 1908 Sherman issued a stimulating bulletin ^ which was rather

widely distributed among the beekeepers. This, so far as known,

is the only publication dealing specifically with the problems of the

North Carolina beekeeper.

BEEKEEPERS' ASSOCIATIONS.

A few years ago there was a small society of beekeepers in the

western part of the State, but no definite data on the present status

of the association could be secured. Inquiry also reveals a desire

among the more advanced beekeepers for a State organization of bee-

keepers so that meetings can be held and their peculiar problems dis-

1 Sherman, Franklin, jr.. 1908. Beekeeping in North Carolina. Bulletin of N. C. Dept.

of Agr., vol. 29, no. 1.
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cussed. No doubt such an organization easily could be effected. The
length of North Carolina and the slowness of travel from east to west

would make it desirable to have some agreement whereby the meetings

could alternate between the eastern and western parts of the State.

ATTITUDE OF BEEKEEPERS TOWARD IMPROVED METHODS.

One of the hopeful signs, if not the most hopeful one, is the atti-

tude of the beekeepers toward improved apparatus and methods.

There is not the self-satisfied attitude which is often met elsewhere

and which is so impossible to overcome. There was shown an

eagerness to learn and to make use of the information in cases where

certain simple manipulations have been explained.

FOLKLORE.

Superstitions regarding bees w^hich formerly were common, such

as ringing bells or beating pans to cause a swarm to settle, " telling

the bees" when their owner dies so they will not also die, and a

belief that selling bees brings bad luck, were encountered, as well as

some which were not so common. Some beekeepers will not count

the hives for fear of ill luck. It is said by the superstitious that on

Washington's birthday all the hives must be slightly moved to ward

off ill luck. Bees are " robbed " b}' killing the bees at the time of

the full moon in June, as it is believed there is then little " beebread "

in the hive. These superstitions will, of course, disappear with

better beekeeping.
HONEY PLANTS.

Sherman already has listed the main honey sources, although

probably gallberry should have been given more prominence for

the eastern part of the State bordering on the swamps and streams.

From the standpoint of nectar-producing flora and consequent

manipulations the State may be divided into three parts—western,

central, and eastern—without definite boundary lines. The leading

honey plants in these three sections are sourAvood, clovers, and gall-

berry, respectively. Tulipi poplar, or " poplar," is purposely omitted,

for, although it is abundant and is a good nectar producer, honeys

from the sources mentioned above are superior and bring a higher

price than does that from tulip poplar. It is believed that the bee-

keeper will do well so to manipulate his colonies that they will con-

sume the honey from this source in breeding and thus attain greater

strength for gathering the more desirable later honeys.

All through the mountainous and upper Piedmont sections of the

State sourwood flourishes and is still abundant enough, in spite of

cutting, to be the leading surplus honey plant. Going eastward, be-

cause of the increased cloarinff of land for agricultural operations
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sourwood gradually becomes less and clovers, particularly crimson
clover, become more plentiful. Still continuing eastward, the cotton
belt is reached, which is perhaps the poorest honey-producing region
in the State. Although cotton is reported as a honey plant, there is

no definite information concerning this, and the fact that there are
less bees in this part of the State than in any other is further indi-
cation that this region is the least favorable for bees. This condi-
tion, however, wdll probably be improved by the more extensive use
of crimson clover as a cover-crop and the introduction of alsike

clover. After the cotton belt is passed, the low-lying lands bor-
dering the coast and rivers are reached, with immense areas of gall-

berry and black and tupelo gum, producing delicious honey in

abundance.

Honeydew is often reported, but data on this are very unsatisfac-

tory, some reporting it as appearing in February.

Sourwood {Oxydendrum arhoreum).—Sourwood is a rather

scraggy tree of varying height, seldom exceeding 30 feet. It blos-

soms profusely in July, and under favorable circumstances nectar is

produced in such abundance that it can not possibly all be gathered.

Nectar may be dashed out by striking a bunch of blossoms in the

palm of the hand. In addition to the quantity, sourwood has para-

mount qualities from almost every viewpoint. The honey is light

in color, dense, of delicious flavor, and slow to granulate. Coming as

it does about July 1 to 21, ample opportunity is given the beekeeper

to prepare his colonies for best work on it. Compared with some

other honey-producing plants, the season is short, but by good man-

agement there is no difficulty in securing a paying crop in the bloom-

ing period.

Linden {Tilia sp.).—The well-known basswood or linn is not

abundant in the State, but is found in sufficient abimdance in the

north coves of the mountains to be of value to near-by beekeepers. In

locations where the Federal authorities control the cutting of timber,

the danger of the entire removal of the basswood is reduced. The

honey from this source is light in color, of good body, and has a

flavor which is generally liked.

Tulip poplar or poplar {Liriodendron tulipifera)

.

—Tulip poplar

has a wider distribution than any other source of honey in Nortli

Carolina, and it is unfortunate that the honey is dark, so that it does

not command a high price. However, the honey from this source can

be utilized to increase the output of honey secured from better

sources. This tree is found in all parts of the State except in the

lowlands of the east. It blooms from May 10-30, varying somewhat

with differences in altitude.

Clovers {Trifolium spp.).—Although a number of honey-produc-

ing clovers are found in the State, crimson clover {TrifoUuni in-
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carnatum) is of most value as a source of nectar at present. This

plant is used both as a cover crop and for forage and its use is in-

creasing. There are two varieties used, one having crimson and the

other white blossoms, the crimson blooming about 14 days before the

white.

Besides crimson clover, there is being introduced a considerable

amount of alsike clover {T. hybriduni) which will increase the

honey crop. There is also white SAveet clover {MelUotus alba) in a

few places, but not yet enough to be of value.

Gallherry {Ilex spp.).—Bordering on the swamps and rivers of

the east are thousands of acres of gallberry which produces an abun-

dance of nectar, the honey being light in color and of good body and

flavor. It is reported that bees do not work on the blossoms of this

plant before 10 o'clock in the morning. The blossoming period is

given as May 10 to June 5.

Black and tupelo gum {Nyssa spp.).—Black gum is abundant from

the center to the eastern part of the State and is credited with much
good honey. Tupelo gum {Nyssa aquatica) is confined principally

to the southeast and is an important honey plant.

Besides the above-mentioned sources of nectar, there are a number
of plants and trees of value to the beekeeper because of the pollen

or nectar which they produce. A list is here given but no claim is

made for its completeness. Cotton may also become important as a

honey producer, as is reported to be the case farther south. How-
ever this may be, there are sufficient pollen and nectar producing

plants in the State, with the possible exception of the cotton belt, to

make beekeeping profitable to the person who engages in beekeeping

commercially.

PLANTS REPORTED AS VALUABLE TO BEEKEEPERS.

Elm {Vlniiis sp.) : Pollen; February; Piedmont section and eastern part of

North Carolina.

Alder {* Alnus rugosa) : Pollen; specimen fi'om Surry Co.; February; through-

out State.

Maple (Acer spp.) : Pollen and nectar; March; throughout State.

Wild plum ( * Frunus angustifolia ) : Nectar ; specimen from Surry Co., March

;

western part of North Carolina.

Willow {Salix sp.) : Pollen and nectar; April; throughout State.

Deciduous fruit : Pollen and nectar ; April ; throughout State.

Redbud {Cercis canadensis) : Nectar; April; Piedmont section and western part

of State.

Black gum (Nyssa sylvatica) : Nectar; April; Piedmont section and eastern

part of State.

Holly (Ilex opaca) : Nectar; April ; Piedmont .section and eastern part of State.

Rattan (* Berchemia scandens) : Nectar; specimen from Pamlico Co.; May;
extreme eastern part of State.

Locust (Robinia pseudacacia) : Nectar; May; western part of State and Pied-

mont section.
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Crimson clover {Trifolium incarnatnm) : Nectiir ; May; Piedmont section.

Huckleberry ( Gaylussacia sp. ) or Blueberry ( Vaccinium sp. ) : Nectar ; May

;

eastern part of State.

Tupelo gum {*Nyssa aquatica) : Nectar; Specimen from Pender County; May;
extreme eastern part of State.

Wild blackberry {Rubus spp.) : Nectar; May; west .ind Piodmoat.
Tulip poplar, locally called poplar {Liriodendron tuHpifera) : Nectar; May
10-30; throughout, except in extreme eastern part of State.

Pasture killer, "rubber weed" (*Scnecio aureus): Nectar; specimen from
Clay Co. ; May ; western part of State.

Highland gallberry i*Ilex glabra) : Nectar; specimen from Pamlico Co.; May
15-June 20; eastern part of State.

Swamp gallberry (*IIex coriacea) : Nectar; specimen from Pamlico Co.;
May 15-June 20; eastern part of State.

Persimmon (Diof^pyros virginiana) : Nectar; June; throughout State.

White clover {Trifolium repens) : Nectar; June-July; western part of State.

Sweet bay {*Persea pubescens) : Nectar; specimen from Pamlico Co.; June;
eastern part of State.

Linden, basswood, or linn (TUia sp.) : Nectar; July; north coves of moun-
tains.

Sourwood (* Oxydendrum arboreum) : Nectar; specimen from Surry Co.; July

1-21 ; Piedmont region and western part of State.

Rattleweed, black cohosh {*Cimicifuga racemosa) : Nectar; specimen from
Buncombe Co. ; July-August ; western part of State.

Hercules club {*AraUa splnosa) : Nectar; specimen from Washington Co.;

June-August ; eastern part of State.

Sumac {Rhus spp.) : Nectar; *RMis glabra from Surry Co., Rhus copaUina also

common ; July ; throughout State.

Smartweed {Polygonum and Persicaria spp.) : Nectar; specimen of *Pcrsicaria

pennsylvanica from Henderson Co.; August-September; Piedmont region

and western part of State.

Coralberry, Indian currant, buckbush {*Sywphoricarpos orbiculatus) : Nectar;

specimen from Alamance Co. ; July.

White snakeroot {*Eupatoriunt urtiraefolium) : Nectar; August; specimen

from Buncombe Co.

Goldenrod {Solidago spp.): Nectar; *Solid.ago altissima from Henderson Co.;

September ; throughout State.

Asters, ironweed {Aster spp.) : Nectar; *Aster ericoides from Surry Co.; Sep-

tember 20 to frost; throughout State.

Spanish needle {Bidens spp.) : Nectar; *Bidens vulgata from Henderson Co.;

September ; Piedmont region and western part of State.

Stickweed, feather-edge {*Ridan alternifolius) : Nectar; specimen from Bun-

combe Co. ; August and September ; throughout State.

POSSIBILITIES UNDER NORTH CAROLINA CONDITIONS.

The possibilities for commercial honey protluction arc already

great and there is opportunity for them to become greater. In-

crease in the area of land under cultivation will perhaps decrease

the amount of honey secured from some sources but, to offset this,

are the activities of the county agents and farmers who plan greatly

* Specimens of these plants were kindly determined by Mr. P. L. Ricker, Bureau of

Plant Industry.
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to increase the planting of clovers, both as cover crops and for

forage, and this naturally would result in an increase in the quan-

tity and also in sonic places the quality of the honey crop. The
total sum of increased revenue to the State which would accrue

from the use of better methods, apparatus, and stock is so great that

quite naturally the average beekeeper does not credit it. Fortunately

the returns of a few of the better beekeepers are known, so as to

permit a fair estimate of the possibilities, and some cases will be

cited.

In the northwestern part of the State a man and his son operating

about 500 colonies in three apiaries secure an average income per

colony of $5.GO from bulk comb-honey. In Iredell County, from 47

colonies in 1913, a beekeeper received $663 for his crop of bulk comb-

lioney. Near the center of the State a beekeeper started the season

of 1915 with 80 colonies, increased to 125, and secured 5,000 pounds

of bulk comb-honey, for which he received more than $600. In the

southeastern part of the State in 1914 a producer owning 150 colonies

secured 21 fifty-gallon barrels of extracted honey, selling for nearly

$900. In Alamance County 23 colonies in 1915 produced section comb-

honey yielding nearly $9 per colony, and the care given was practi-

cally nothing, except to hive swarms and to put on and remove

supers.

Many cases like the foregoing may be cited, but these indicate the

possibilities, except that it must be borne in mind—and this is said

with no thought of disparagement—that these beekeepers, without

exception, are making some error in their work. They fail to use full

sheets of foundation, fail to control swarming, use inferior stock, or

neglect to give extra winter protection to the hive, all of which reduce

the production per colony, so that the figures given above do not

indicate the maximum which it is possible to obtain.

It is also possible for those in the western part of the State to

secure at least the usual market price of 28 cents instead of 20 cents

a pound for their beeswax, and those in the eastern part who are now
leceiving but 10 cents for their section comb-hone}^ to receive at least

15 cents, the usual market price for this grade of honey.

To show the possibilities more fully, the errors of a few of the

best beekeepers will be pointed out in detail. The best bulk comb-

honey producer visited does not have his colonies as strong as would

seem possible under the existing conditions of the nectar supply, and

the resultant yield is lessened. He does not give any extra winter

protection and this decreases the crop. The most successful

comb-honey producer visited does not use full sheets of founda-

tion in the brood-chamber, consequently enormous numbers of

drones are uselessly reared and fed to the detriment of the work-

ing force of the colony, and the surplus honey crop is reduced. He
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is using only one shallow hive-body for brood-rearing, hence swarm-
ing is excessive, and it is impossible to rear in such a hive a colony of
bees which will get the greatest amount of surplus honey. The crop
of the extracted honey producer is reduced not less than 10 per cent

because of drone comb in the brood chamber, from a failure to use

full sheets of foundation or to sort combs. In neither case is winter
protection given. It is impossible to estimate the loss sustained by
the producer of chunk honey, since no effort is made to control

swarming and the bees use up an enormous amount of energy in this

profitless way. However, the bees in the log " gums," because of the

thickness of the walls of the hive and the abundant stores, have better

winter protection than bees in any other type of hive used in North
Carolina.

The inadequate census figures for the year 1909 give the total

colonies of bees on farms in North Carolina as 189,178. This, how-
ever, is far below the total number in the State. Estimating the

average production of 10 pounds a colony at the conservative figure

of 12^ cents a pound, the present annual income fi'om honey is

$236,472. Increasing this to the conservative estimate of 50 pounds
a colony, the average production of the better beekeepers, gives an

annual estimated increased production of 7,567,120 pounds, or an

increase in revenue of $945,890. It is difficult to estimate the

increased revenue which would accrue from proper rendering of wax
and from stopping the loss occurring through the depredations of the

wuxmoth.

Again, using the census figures for 1909, the annual output of wax
is given as two-fifths of a pound per colony. With the adoption of

wax-rendering methods now used by the better beekeepers, the output

of wax per colony would be doubled, making the increased revenue

from this source $18,979. However, with other beekeeping methods,

the production of wax may decrease, as it has elsewhere. This

amount added to the estimated increase from honey makes $964,869.

It is obvious, therefore, that with proper encouragement and direc-

tion the beekeeping industry of the State could in a few years be

increased $1,000,000 annually.

The estimate given above is based on the number of bees now in

the State according to the census figures. It is possible also to add

to these numbers by more thorough stocking of the field, as tons of

nectar are going to waste annually. Near the center of Alamance

County, for instance, in the neighborhood of INIebane, there are about

100 colonies, and Mr. E. C. Turner, county agent for the southern

half of the county, who is himself a beekeeper, reports that practi-

cally no bees are kept until the extreme southern end of the county,

9.0 miles away, is reached.
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NEEDS OF THE BEEKEEPING INDUSTRY IN NORTH CAROLINA.

The greatest need of North Carolina beekeepers is an insight into

late and improved methods of beekeeping. The majority of bee-

keepers in the State have not had the opportunity, either by personal

contact with efficient beekeepers or from literature, to learn profit-

able methods of managing bees. Education in managing bees is

needed to secure the greatest amount of honey and wax in the best

condition for the market, thus giving the greatest returns to the

producer.

SUMMARY.

A careful study of the situation and interviews, not only with all

types of beekeepers but with those who are striving to introduc;jf.^

methods for greater production and better distribution in other

branches of agriculture, indicate that the plan which gives most
promise for meeting these needs is through personal contact of an

enthusiastic, expert beekeeper.

Personal contact is necessary, since few beekeepers in the State

have learned the elementary principles of beekeeping and have a

foundation on which to build successfully. Therefore it is neces-

sary, at the beginning, to meet beekeepers personally, to learn their

difficulties, to discover their errors, and to suggest the proper man-
agement. There is not the confidence in beekeeping as a source of

revenue which is necessary for good results; hence enthusiasm must
be aroused, and this is not done sufficiently through the printed page.

The manner, then, of supplying this need is through an expert bee-

keeper who will work largely on the lines followed by the farm
demonstrators, not hesitating, however, to adopt other methods
which may present themselves to further the work.

North Carolina has a large number of bees. The pollen and
nectar-producing flora of the State is abundant and the honey, when
properly produced, is of high grade. There is a good market in

the State for honey. Many more bees profitably could be kept in

the State. Beekeeping is a business which, when well managed,
gives quick and excellent returns. The beekeepers of North Caro-

lina are now in the proper attitude to accept and make the best

use of information which will enable them to secure good profits

from the bees. In view of these facts it is highly desirable that ex-

tension work in beekeeping be inaugurated as quickly and carried

on as vigorously as circumstances will permit.

WASHINGTON : GOVERNMENT PRINTING OFFICE : 1916
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INTRODUCTION.

The melon fly {Bactrocera cucurhitae Coq.) (fig. 1) is a pest intro-

duced into the Hawaiian Islands from the Orient, about 1895. As
shown by the reports of the quarantine officers of the Federal Horti-

cpltural Board, it is being continually intercepted at the port of San

Francisco in cargoes arriving from Honolulu, and there is danger that

it will be introduced into continental United States. Together with the

Mediterranean fruit fly {CeraUtis eapitata Wied.), also recently in-

troduced, it has had a most ruinous effect upon horticultural pursuits

of Hawaii. The equable climate and abundant food supply have

given this pest an excellent opportunity to increase unmolested and, at

the time the writers undertook the iuA-estigation herein reported, the

melon fly had made impossible a free cultivation of the most valuable,

economically, of the Cucurbitaceae and other truck crops. No natu-

ral agencies have thus far been discovered which serve as a practical

check upon its ravages, and artificial methods of control, especially

control by poisoned-bait sprays, have been found inadequate, owing

65732'—Ball. 401—17 1
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to the lack of concerted and intelligent action among the oriental

market gardeners. The purpose of this bulletin is, therefore, to call

attention to the unprecedented ravages of this pest in the Hnwaiian
Islands and the danger of introducing it into the mainland United

States, and to record new facts concerning its biology, rather than

to offer a satisfactorv method of control.

ORIGIN.

The true Dacinae, the subfamily of the Trypetidae, to which the

melon fly belongs, are almost without exception tropical or subtrop-

ical in distribution. Most of the well-defined genera have been found

by Bezzi to show a restricted area of habitation and to be almost

exclusively confined to the Old World. Indeed, the few species Avhich

Fig. 1.—The melon fly (Bactrocera cucurbitae) : AduU female. Greatly enlarged.

(Original.)

are recorded from widely separated countries have reached their

present distribution not by natural spread but by the assistance of

man. The melon fly is a good example of a pest knoAvn to have been

artificially introduced to new countries. Bezzi. who has given the most

complete and recent review of fruit flies, stated in 1913 that the orig-

inal home of the melon fly is India. Other entomologists who have

traveled in the Orient for the purpose of making fruit-fly studies,

particularly Compere, Froggatt, and Muir, agree with Bezzi as to

its Indian origin. Perkins stated that its true home is either Japan
or China, but this statement was made in 1902, before the discovery

of the melon fly in India and before the studies of Bezzi were

undertaken.
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DISTRIBUTION.

The melon fly has been recorded from India, Ceylon, Java, Timor,
Australia, the Philippines, Singapore, southern China, Japan, and
the Hawaiian Islands. The references known to the writers of its

presence in these countries are as follows:

India.—Compere first recorded the melon fly from India, where
he collected specimens in and about Poona on September 28, 1903,
and at Bangalore in 1016. Froggatt (26)^ in 1909 states that,'in the
company of F. M. Howlett, he noted the pest in the gardens at Alla-
habad during May, 1909. Bezzi (36) in 1913, while studying the
fruit-fly material in the Indian Museum, found pinned material col-

lected at the following places in India: Many specimens from Cal-

cutta, taken in April. May, June, and September; others from Dur-
jhana, Nepal, the Terai, Ranchi, Jhansi, northwestern India, 850

feet (Brunetti)
; Katihar, Purneah District, northern Bengal, in

October; Allahabad, United Provinces, in August; Nepalganj. Nepal
Frontier, January 22, 1911; Siripur; Saran, northern Bengal, Sep-

tember 26, 1910; Adra, Manbhum District, October 12, 1909; and in

Bombay, in gourds, October 12, 1903. Maxwell-Lefroy (18) in 1907

states that this is a sporadic and occasionally a serious pest and gives

as its distribution Nasik, Pusa, Surat, Umballa, and " probably

throughout India."

Ceylon.—The melon fly appears to be generally distributed

throughout Ceylon. Green (34). in 1912, and Rutherford (40). in

1914, list it among insects of economic importance. Bezzi (36), in

1913, records specimens in the collection of the Indian Museum
caught January 10 at Peradeniya. Froggatt (26) found the pest at

Jaffna in 1908. Compere (33), in 1905, records specimens taken at

Colombo.

Java.—T\vQ melon fly was reported by Dammerman (41) in 1914

from Java, where it is frequently a serious pest.

Timor.—Compere is our authority for the presence of the melon

fly on this island.

Australia.—UaW (50), in 1915, has given the only record of the

presence of the melon fly in Australia. He records it from the North-

ern Territory as a pest of melons, pumpkins, and marrows.

PJdlippine Islands.—E^sig (35), in 1913, gives C. F. Baker as

authority for the presence of the melon fly in the Philippines. Mr.

F. Muir has recently informed the writers of its presence in these

islands, and specimens have been received from Mr. McKay, of the

Philippine Department of Agriculture. The melon fly was first

noted about Manila by Compere.

Smithei^ China.—Comipeve (33) states that about Macao and

Canton, m 1909, he found the melon fly a serious pest but not doing

1 The figures in parentheses refer to Biblography, p. 57.
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as much damage as in the Hawaiian IvSlands. He has also found it at

Hongkong.
Singapore.—The melon fly was reported from Singapore by Com-

pere.

Japan.—In 1905 Craw (13) stated that the melon fly was intro-

duced to Hawaii from Japan. Compere reared adults from material

collected in melons and cucumbers at Nagasaki according to data on

file at the office of the chief quarantine officer of the port of San
Francisco. Muir (38), in 1914. records the melon fly as injurious to

cucurbits on the Island of Formosa.

Hawaiian Islands.—The first critical study of the melon fly was

made from material collected by Compere (2) in 1898 at Honolulu.

At the present time the pest is known to occur on all the important

islands of the group.

SOURCE OF HAWAIIAN INFESTATION.

The melon fly was without doubt introduced into the Hawaiian

Islands from Japan. The interceptions of this pest from Honolulu

during the past few years at the port of San Francisco make it easy

to understand its introduction at Honolulu from Japan, where the

pest is known to occur in vegetables grown about Nagasaki, a port in

direct communication with Honolulu and from which man}' Japanese

immigrants arrived in the islands during past years. Alexander

Craw, entomologist of the Hawaiian Board of Agriculture and For-

estry, wrote (13) in 1905 that the melon fly had been unfortunately

introduced at Honolulu a few years previously from Japan.

That the melon fly was actually introduced is well known to all the

older inhabitants of the islands interested in agricultural pursuits.

Excellent watermelons and cantaloupes were abundant and cheap in

the Honolulu markets, and pumpkins in large quantities were used as

food for stock by certain ranchmen. At the present time these fruits

are imported from California or grown in restricted areas in the

islands with great difficulty. The perfect condition of the calabashes

made from gourds by the native Hawaiians is additional proof that

the melon fly is an introduced pest. Utensils made of gourds at the

present time bear deformities and surface defects peculiar to melon-

fly attack.

EARLY HISTORY IN HAWAII.

The first authentic account of the presence and ravages of the

melon fly in the Hawaiian Islands was given by Mr. Byron O.

Clarke, commissioner of the Hawaiian Bureau of Agriculture dur-

ing 1898. In October. 1897, soon after his arrival in Honolulu, Mr.

Clarke attempted to grow cucurbits in the Kalihi district, but found ^

» Correspondence, Bureau of Entomology, U. S. Dept. Agr., dated Jan. 16, 1910.

I
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that a fly deposited eggs in the young shoots and that the developing
hirva^ killed the vines before they were a foot long. During Decern^
ber of the same year Mr. Clarke attempted the cultivation of summer
squash, muskmelons, and tomatoes at a point about a mile north
of the railroad station at Pearl City. That the pest which caused
the destruction of these crops was what has since been called the
melon fly was proved by the adults reared by Mr. Clarke during
February, 1898. Mr. Clarke states that in 1897 the old gardens
about Pearl City were thoroughly infested with the melon fly.

Correspondence (1) in the files of the present Hawaiian Board
of Agriculture and Forestry prove that the melon fly was well es-

tablished and doing damage on the island of Hawaii, about 192
miles by sea from Honolulu, as early as August, 1898, and that it

was known to Prof. Koebele, at that time entomologist of the Ha-
waiian Bureau of Agriculture. Mr. George Compere, who visited

Honolulu during November, 1898, found the melon fly doing great

damage to the truck crops grown by the Orientals in the Moiliili

and Waikiki districts of Honolulu and collected the first material

that found its Avay into collections for scientific study.

To Messrs. Compere and Clarke we are indebted for all exist-

ing information regarding the melon fly in the Hawaiian Islands

prior to 1900. As Clarke has shown that serious injury was being

done cucurbits as early as 1897 at Honolulu ^nd at Laupahoehoe on

the island of Hawaii in 1898, it is apparent that the introduction of

the pest into the islands occurred at least several years earlier and

that the pest was probably established on the other two important

islands, Maui and Kauai, both of which are nearer Honolulu than

Hawaii. The rapidity with which the Mediterranean fruit fly

{Ceratitis capitata Wied.) has been known to spread since its in-

troduction at Honolulu in very recent years leaves little doubt that

the melon fly existed in the islands a comparatively short time

before its ravages attracted the attention of agricultural officials.

Perkins wrote (8) in 190-2 that the melon fly was introduced "five

or six years ago." It is safe to assume that the melon fly was present

about Honolulu as early as 1895.

LITERATURE.

The melon fly was first described as a species new to science by

Mr. D. W. Coquillett (2) in 1899 from specimens reared by Com-

pere in Honolulu and forwarded to Dr. L. O. Howard, entomologist

of the U. S. Department of Agriculture. Mr. Coquillett's article

entitled "A new trypetid from Hawaii," published in Entomological

News, contained the first information regarding the melon fly ap-

pearing in scientific literature. The first printed account (1) of its
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ravages, however, appeared in '' The HaAvaiian,"' a newspaper pub-

lished in Honohihi during 1898, and this is given in full in the

bibliography. An article entitled "A dipterous enemy of cucurbits

in the Hawaiian Islands,'' prepared by Dr. Howard (3) and pub-

lished in 1900, is of importance, as it contains the first printed state-

ments of melon-fly ravages to be found in scientific literature. Dr.

Howard gives the substance of a letter written him under date of

February 14, 1899, by Mr. Compere in Honolulu.

The bibliography (p. 57) contains all references to the melon
fly known to the writers. Most of it is unimportant and is con-

spicuously meager, as shown by the attached summaries or verbatim

quotations. Prof. M. Bezzi, in the Bolletino del Laboratorio di

Zoologia, 1909 (24), and in the Memoirs of the Indian Museum, 1913

(36), has treated the s_ystematic relationship of the melon fly. Banks

(30), in 1912, gave the first technical and trustworthy description of

the well-grown larva. All these references, with the exception of

Coquilletfs article already mentioned, deal with the economic status

of the pest. For the most part they merely list the fly from certain

localities and contain brief references to its capacity for damage to

crops, or to the desirability of establishing or making more vigilant

quarantine regulations. Thus Maxwell-Lefroy (18), Howlett (20),

and Fletcher (43) give information regarding the pest in India;

Green (34) and Rutherford (40) in Ceylon; Dammerman (41) in

Java; Essig (35) in the Philippines; Muir (38) in Formosa; Hill

(50) in Northern Australia, and Compere (33) and Froggatt (26)

throughout the Orient in general.

The remaining references are from Hawaiian and California

sources and are the result of the presence of the melon fly in Hawaii.

From the quarantine standpoint the references of Craw (7) and

Maskew (42) tlirow light on the present-day possibilities of spread.

From a biological standpoint the references of Van Dine (19),

Severin, Severin and Hartung (45), and Back and Pemberton (46)

are the most important.

The article by Van Dine (19) contains a concise general account

of the known facts concerning the melon fly published up to 1908,

in addition to a complete bibliography and the first illustrations of
'

adult, larva, eggs, and puparium. He states that the fly requires

three weeks to pass through the egg, larval, and pupal stages.

Severin (45), in September, 1914, published results and observations

on the melon fly which may properly l)e called the first careful work

done on the biology, extent of injury, and methods of control. This

is the most important biologic paper published up to that time and

contains so many new data that it should be possessed by investiga-

tors of the melon fly. The article by the ^^riters (46) appearing
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ill December, 1914, gives the results of careful life-history studies
and contains data on the various stages, accompanied for the first

time by temperature records. The data contained in this last paper
have been incorporated in the present bulletin.

While Van Dine has given us the first illustrations of the melon
fly. others have been published. Hewlett (20), in 1909, published a

plate in Maxwell-Lefroy's "Indian Insect Life" containing an
especially good figure of the adult female, besides figures of the egg.
larva, puparia, and the anterior and posterior spiracles of the
puparium. This plate was slightly enlarged and republished as a

colored plate by Fletcher (43) in 1914, in "Some South Indian In-

sects.'' Perkins (29), in 1911, published a drawing by W. R. Potter

of the adult female which was later used by Severin (45). Compere
(38), Dammerman (41), and Bezzi (36) have published photographs
of wings of the melon fly. Severin (45) included in his paper the

first and only illustrations ever published of the damage to host plants

caused by the melon-fly larvse. These photographs were greatly re-

duced and much of their detail was lost. The only drawings showing
larval details were published by Banks (30) in 1912, and included

enlargements of the anterior spiracles, the stigmal plate, and a lateral

view of the head.

ECONOMIC IMPORTANCE.

The melon fly is the most important pest of varieties of cucurbita-

ceous crops grow-n in the Hawaiian Islands. Its persistent attack

has caused many to abandon the growing of its more susceptible

host fruits, while others can be gi-own for the most part only

under cover and at increased cost. The Mediterranean fruit fly

{Geratitw capitata) and the melon fly have ruined the free cul-

tivation of fruits and vegetables in the Hawaiian Islands. Of the

two pests, many consider the melon fly of the greater economic im-

portance, as it attacks with greatest persistency those crops, such as

squashes, pumpkins, and the vegetable marrows, which could other-

wise be depended upon to furnish an abundant food supply for the

poorer classes, and by its presence has ruined any trade with the

coast in such vegetables as eggplant, peppers, etc. In 1902 Mr.

.Tared G. Smith, at that time director of the Hawaiian Agi'icultural

Experiment Station, wrote (9) that the melon fly was doing great

damage to cucurbits by stinging and depositing eggs in the young

fruit. F. W. Terry (15), in 1906, in a preliminary account of insects

,of economic importance in Hawaii, wrote, " Since its arrival it has

practically stopped the raising of melons, cucumbers, squashes, and

tomatoes in many localities, unless these plants are carefully screened

from the attack of the fly." Van Dine (11), in 1903, states that
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" watermelons and muskmelons are a luxury ; a good melon brings

50 cents to $1 at the fruit stands in Honolulu. These products could

be raised in certain sections in quantities large enough to bring them

Avithin the reach of every table were it not for the attack of the

melon fly." F. G. Krauss, formerly agriculturist of the College of

Hawaii, stated (14) in 1905 that were it not for the ravages of cut-

worms, plant-lice, and the melon fly melons would be an excellent

crop for Hawaii, but that the advantage of the favorable climate of

Hawaii was ofl'set by the prevalence of these pests. Blackman ('i'2),

in 1909, places the annual loss to market gardeners as the result of

melon-fly attack at three-fourths of a million dollars. Severin (45)

writes that " when one stops to consider that the Hawaiian Islands are

smaller than the State of Rhode Island, that the principal agricul-

tural products are sugar, pineapples, coffee, and rice, one realizes

what a tremendous amount of injury this fruit fly causes to the

limited vegetable crops grown in the islands." The truth of all the

foregoing statements regarding the" great damage caused by this pest

and its right to flrst rank among the pests of the market gardener

has been corroborated by the writers. It is not possible to over-

exaggerate its importance as a serious pest under Hawaiian littoral

conditions.

INJURY.

Injury due to raelon-fly attack is in the nature of deformities re-

sulting (1) from punctures made in the epidermis of the host fruit

or plant when no eggs are deposited; (2) when the eggs deposited

or resulting larva? fail either to develop or to penetrate the tissues

deeply; and (3) from the destruction of plant tissue by the un-

hindered development of the larvae. While the fruits of the host

plant are always attacked with greatest severity, no portion of the

plant is immune, particularly when succulent gi'owths are produced

by iiot, moist weather conditions.

injury to the root.—It has been stated (45) that in many locali-

ties the seeds of some cucurbits barely genninate before the seedlings

are attacked by the melon-fly larva?, which devour the tissues of the

stem, causiing decay, and penetrate the roots and completely destroy

the plant. This type of injury (PI. I) is by no means the most

common, but has been obser\ed by the writers on many occasions.

The writers have never known the roots of seedlings of any host

other than the watermelon to be thus attacked, and then only when
the plants were very succulent. Entire fields of watermelons have

been destroyed by such attacks during tiie warmer parts of the year

in a badly affected area. At other seasons and in localities more

isolated from habitations, or where no host fruits have been grown
for some time, seedlings are not usually affected below the ground.

I
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WORK OF Larva of the Melon Fly (Batrocera cucurbitae).

Watermelon seedling destroyed by larva, of the melon Ay feed^g in t^^^^^^^

petioles. Note that the leaf to the left is nearly severed from the crown, ^vn^ei^
enlarged,

the drooping leaf has been completely tunneled by the larvifi. Id figure i u bnow-n, euiarb««,

the work of larvae in the root. (Original.)
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OviPOSiTiON BY Melon Fly on Watermelon Vine.

Tip of a watermelon vine showing an adult melon IIy ovipositing; in the ovary of a (lower still in

bud, an imalTected male bloom, and the withered and drooping growing tip of the vme. A
female melon (Iv has deposited eggs in the vino at the base of the leaf petiole, and the young

larva; hatchinghave nearly severed the vine at this point. (Original.)
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Plate III.

Damage to Watermelon Vine by Larv/e of Melon Fly.

Succulent watermelon \'ine showing the blackened and decaying condition beyond the point of attack.
The eggs from which the larvaj hatched were laid at the base of the fruit stalk shown in lower portion
of figure. Note that small as the young watermelon is it has already become infested . as indicated by
the blackened area. For condition existing witliin tliis vine, see l"*late IV'. (Original.)
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Work of Larv/e of Melon Fly in Watermelon Vine.

Succulent watermelon vine sectioned to expose well-prowTi larv;i; of the melon fly which have eaten

out the interior, causing the vine to wither and die bacli to the point of original inlestation.

(Original.)
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Plate V.

Cantaloupe Vine Attacked by Melon Fly and Damage by Larv/e.

Cantaloupe vines and fruits are very susceptible to attack. The vine showTi has been attacked in
eight places, as indicated; the larvae developing in tne stalk, petioles, or young Iruit. (Original.)
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Squash Vines Aborted by Work of Larv.^: of Melon Fly.

Squash vines alTocted l)y Iho larv:e of the melon fly. Somotinips. esppcially during wet weather,
the female fly deposits esjjs in the older stems. The yoiinc: larva^ luitchinK do not seem to be
able to kill the vine outrij^ht as they do the more succulent and rapidly growing vines, but as

they mature they cause abnormal .swellings to develoji about them. As the vines throw out
rootlets little injury is caused to squashes by this method of attack. (Original.)
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Plate VII

Melon-Fly Eggs Deposited in Blooms of Pumpkin.

Two buds ofthe male bloom ofpumpkin sectioned to expose melon-fly eirfis deposit od throuj;h

the corolla. Note that larvte from eggs already hatched are causing the destruction of the
vital organs. (Original.)



Bui. 491 , U. S. Dept. of Agriculture. Plate VIII.

Result of Infestation of Pumpkin Blooms by Larv/e of Melon Fly.

Buds of the male flowers of pumpkin affected by the larvne of the melon fly. Figures 1, 2, and 3 repre-

sent the various stages in the destruction of the male bloom after the larvsE hatching from the eggs

shovyn in Plate VII have begim to develop. In figure 1 the larvaj have destroyed the pollen and are

devouring the receptacle. In figure 2 the inflorescence is hanging and the larv;v are still within, while

figure 3 represents the final stage of destruction. During the warmer months of the year practically

all mule flowers are atloctod, although many succeed in blooming, (t)riginal.)
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Plate IX.

Work of Larv/e of Melon Fly in Blooms of Pumpkin.

In figures 1 and 2issho'mi the -u-ork of thelnrvKof themelon fly in bringin;; about ilie dcstriKtion
of the ovaries of pumpkin bloom even before the corolla has entirely withered. Note that in
figure 1 the corolla has not yet unfolded nor has the stigma been exposed. In figure 2 is sho^^•n
the more complete destruction of the ovary of a flower, the corolla of which has but recently
withered. (Original.)



Plate X.

Damage to Squash by Larv>e of the Melon Fly.

Cross sections of unfertilized ovaries of three squash fruits showing a type of infestation, progressing

from figure 1 to figure 3. that brings about the complete destruction of the crop of many acres of

squashes and pumpkins where no care is taken to guard against oviposition. Note that the slight

infestation of figure 1 has extended up into the pistil of figure 2, while in figure 3 the larvae have

worked so rapidly that the ovary is breaking before the corolla can unfold. (Original.)
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Injury to tlie foliage and stertu.—'YXx^ very disastrous effects of
attack on the foliage is shown in Plate I, figure 1, where the petiole
of a watermelon seedling has been tunneled by larvae. Such complete
destruction is not usual in older plants after the tissues have hard-
ened. Larvae developing in the pipelike petioles of large pumpkin
leaves do almost no harm. The manner in which developing runners
of Avatermelon seedlings may be killed back to the crown is illus-

trated by Plate XXI, figure 3. As the plants become older the
crown becomes so toughened that it Avithstands attack, the growing
tips of the vines, especially those of Avatermelon and cantaloupe, are

seriously attacked, and the larvie developing in the shoot cause its

death beyond the point of infestation, as shown in Plate II, and
thus bring about a progressive pruning. At the time infestation

illustrated in Plate II occurred the growing shoot was so small that

the puncture made by the female for her eggs practically cut the

shoot and would have produced withering beyond had no further

destruction been caused by the larvae developing later. In Plates

III and IV may be seen the type of injury to still older watermelon

shoots. Note that the young fruit has begun to wither and that the

stalk has already turned black and has become flabby to the touch,

thus indicating that the interior has been destroyed. This destruc-

tion of the interior is-shown by the shoot on Plate IV, which has been

sectioned to expose the well-grown larvae within. Such pruning back

of foliage and shoots appears to occur more often among older canta-

loupe vines than among watermelon vines of similar age. In Plate V
is given, by way of illustration, a portion of a cantaloupe vine cut in

the environs of Honolulu, showing attack in eight places. The held

from which this vine was taken bore only small, stunted vines, in

spite of the fact that the soil was rich.

Oviposition in the stems of host plants does not always produce

the complete destruction illustrated, since very often the growth of

plant tissues may be so rapid that the larvae appear to be killed.

Again, they are able to develop locally, reach their full development,

and leave the plant without having affected vital injury. Under these

conditions, however, the plant may develop an abnormal growth

about the feeding larvae. These abnormal developments of the

vine have never been observed in any host plant but the pumpkin

and squash, and then reach their fullest development only during wet

weather. (See PL VI.) During dry weather, when the vines are

tougher, little successful infestation of scjuash or punii)l<in vines

occurs.

Injury to the bloom.—It is difficult during the greater portion of

the year in littoral Hawaii, especially on the island of Oahii. to tind
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an unaffected pistillate flower of an}' cueurbitaceous host plant grow-
ing naturally in the field. Xo staminute blooms of watermelons, can-

taloupes, cucumbers, and certain Chinese marrows have been found,

affected, but those of the pumpkin and squash varieties are badly,

attacked. An examination of 207 well-developed buds of the male

flowers in a field at Waialua during March, 1915, proved each bud
to contain the eggs or larvae of the melon fly, Plate VII represents,

the early stage of infestation of the male bloom of pumpkins. As the,

larvae hatch they feed upon the receptacle and the anthers until the

interior is a mass of decay. In the illustrations of Plate VIII are

.shown three stages in the destruction of the male blooin. In figure 1

the larva? ha^•e destroyed the anthers and are burrowing about the

receptacle ; in figure 2 the continued work of the larvae and the weight

of the bud have caused the latter to break over, while figure 3 repre-

sents a very frequent condition after the bud has dropped to the

ground, leaving behind a few larvae within the upright flower stalk

and carrying others within itself to the ground. When the male

bloom is attacked late in its development the corolla unfolds nor-

mally, exposing to view unhatched eggs or very 3'oung larvae on its

inner surface or among the pollen grains. When buds are attacked

before they are three-fourths developed they usually are destroyed

before they can bloom. Eggs are never deposited in the flower while

it is in bloom.

While injury to the corolla of the female bloom does occur in

pumpkins to a limited extent, the attraction of the unfertilized

ovaries is so much greater that this portion of the bloom receives the

greater amount of oviposition, and infestations that prevent bloom-

ing occur within the ovaries rather than in the corolla and about the

style and stigma. The greatest injury to pumpkin, squashes, water-

melon, cantaloupes and Momordica spp. occurs at this stage, or di-

rectly before and after the flower unfolds, and is, to the uninformed,

so obscure that the apparent sterility of fields of rankly growing

vines is often the cause of discussion. The cross-sections of the bloom

of pumpkins in Plate IX illustrate the disastrous result of this

attack. In figure 1 the ovary has already been ruined bj^ young larvae

before the corolla has opened to expose the stigma for fertilization.

In figure 2 is shown a more advanced stage of infestation, but one

occurring before the corolla has entirely Avithered or lost its color.

The three figures on Plate X illustrate the progressive infestation

of the pistillate bloom of squash. In these examples the larva' have

not only attacked the ovaries, but, as in figure 2, have worked their

way up into the corolla. Often, in blooms of this type, the work of

the larvae, aided by decays started by them and the weight of the

upper portion of the bloom, causes the ovaries to break off, as illus-
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tiated in figure 3. Such destruction is almost complete in uncared-
for fields of all cucurbits except the cucumber, which rarely is at-
tacked until after the fruits are well set.

Injury to the fruits after fertilization.—AM degrees of injury will
be found among the fruits of host plants. The younger the fruits
as a rule, the more susceptible they are to complete destruction by
the larvse and subsequent decays. If infestation is serious directly
after the bloom has withered, particularly among watermelons in a

dry location, a mummification of the fruits may result. (PI. XI,
fig. 1.) The completeness with which the young watermelons may
be destroyed before mummification is shown by Plate XT, figure -i.

Still older watermelon fruits may become badly infested, as illus-

trated by the longitudinal section in Plate XII and the cross-section

in Plate XIII. In the latter the interior bearing the seeds had been
reduced to a watery mass and the larvae were found burrowing
through the rind. In fruits such as those illustrated in Plates XII
and XIII secondary decays soon bring about a complete destruction

of the host.

The injury caused by the developing larvge may not be so great as

completely to destroy the host fruit. In such cases, especially among
pumpkins and squashes, which are apt to develop a corky protective

growth over the surface exposed by infestation, various and curious

deformities are produced as illustrated by the young fruits shown
in Plate XIV. In each of these fruits one or more colonies of melon-

fly larvoe have reached maturity and emerged. The figures in Plates

XV and XVI illustrate several types of injury to very young
pumpkins. While these fruits will persist on the vines for several

weeks during dry weather, they ultimately succumb to the secondary

attacks of scavenger insects and decays.

As the fruits become larger, before they are attacked, they may show

almost no indication of infestation to the casual observer, although

there never is any doubt in the mind of a trained observer. An
examination of such fruits may reveal the interior to be badly affected

and eaten out, although the exterior remains firm. This is probably

true more in the case of cucumbers and several varieties of Chinese

marrows {MoTiiordica spp.), and less so of string beans, as illustrated

in Plate XVII. Injury to tomatoes, when the larvae become about

half grown, is usually accompanied by decay confined for some time

to the section of the fruit affected.

Deformities resulting from punctures of the epidermis when iu)

eggs are deposited, or from infestations hy larva' or eggs in only the

outer portion of the nwc?.—Deformities of all sorts are produced in

cucumbers and pumpkins which have been attacked late in their

development. Deformities among watermelons have been noted by
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the writers chiefly in small fruits as illustrated in Plate XVIII,
fig:ures 1 and 2. Deformities amonof cuoiimhers and squashes are

illustrated in Plates XIX and XX. These injuries are most often

the result of the irritating presence of batches of eggs or small

colonies of larvae present in the extreme outer portion of the fruit.

Such deformities are serious injuries, as they prevent the full nor-

mal expansion of the fruit during growth, as will be appreciated

when a comparison is made between figures 2 and 3, Plate XX, illus-

trating a badly deformed and a nearly perfect squash. Among
watermelons and gourds deformities usually follow mortality among
eggs and very young larvae, discussed elsewhere (page 46), but

among pumpkins and squashes they may develop about open wounds

made by larvae, as illustrated in Plate XX, figure 1. Early infesta-

tion of bean pods is evidenced frequently by a constriction in the pod

at the point of ovi position.

FOOD PLANTS.

The food plants of the melon fly may be divided into those pre-

ferred and those occasionallv infested and mav be listed as follows

:

PBEFERRED, CULTIVATED.

1.

2.

3.

4.



Bui. 491 , U. S. Dept. of Agriculture.
Plate XI.

Damage to Watermelon by Larv/e of Melon Fly.

In figure 1 is shown the mummiflcation of voimi; watermelons before the bloom has unfolded, caused

by larVc-E which have already developed and left the fruit to pupate in the soil. The complete

destruction of the young fruit before mummification begins is shown in figure 2. (Origmai.)



Bui. 491, U. S. Dept. of Agriculture. Plate XII.

Damage to Watermelon by Larvae of the Melon Fly.

Longitudinal section of a youns; watiTinelon showing' destruction of interior by larvoe of the melon
lly. About natural size. (Original.)



Bui. 491, U. S. Dept. of Agriculture. Plate XIII.

Damage to Watermelon by Larv/e of Melon Fly.

Cross section of watermelon showing complete destruction of interior by the larvae of the melon
fly. Note that the larval tunnels extend through the rind in all directions and that the edible
portion has been completely broken down. (Original.)
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Deformed Pumpkin Fruits Caused by Larv/e of the Melon Fly.

Various dcforinitios of very voimf; pumpkins caiispd by infestation started before or just after

fertilization of the ovarv. "Tlie.so fruits persist for a "time, due to cullouses developing about
points of attack, but they never reach a much larger size and are ultimately destroyed by fungi

and secondary insect attack. (Original.)
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Plate XV.

fT''

^^^^

Work of Larv/e of Melon Fly in Young Pumpkins.
Cross section of young pumpkin. Each affected area represents the location of a colony of larvse of

the melon fly. (Original.)



Bui. 491, U. S. Dept. of Agriculture. Plate XVI.

Work of Larv/e of Melon Fly in Young Pumpkin.

Cross section of two vouiil' pumpkin fruits. In these the larvLV of the melon fly have reached full

t^wth, a.yhave leh by the only opening to the exterior, which is also, iu both instances shox™, the

point of original infestation. (Original.;
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Plate XVII.

Work of Larv/e of Melon Fly in Green Bean Pods.

""refpoL'fhfCS^^S'nn^Thl^ "^UTA iT^H^i^
P°^''°"

'J'^'f.
P°^ ^^« been removed

drying out after weU-JrovvSWvJ have\°fUheSf"(0rigtoa1.)
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Deformed Watermelons Resulting from Late Infestation by Larv/e of Melon Fly.

Often during the cooler month.s watermelons become infested so lute in their development Ihat the

larv.e can not penetrate the pulp and often die within the egg chamber. The development of

the fruit about these alleuted areas is arrested and various deformities result, as shown in figures

1 and 2. (OrigLual.)



Bui. 491, U. S. Dept. of Agriculture. Plate XIX.

Damage to Cucumbers by Larv/e of Melon Fly,

Cucumbers affected by melon-fly attack seldom become infested until after the bloom has withered.
Nearly all fruits offered for sale in Honolulu markets show various deformities or imperfections
caused by oviposition. Frequently fruits maintaining a firm exterior appearance are badly infested
within, as \vere those of figures 1 and 2. (Original.)



Bui. 491, U. S. Dept. of Agriculture.
Plate XX.

Damage to Squashes by Larv/e of Melon Fly.

As pumpkins and sqnashe.s bec^orae ^vell Rro^^-n they are not s.ibjoct to as
f-y^,^*

'^/.tif:nufin'oU?P^^^^^^^
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attack when very young, although one rarely sees fruit offered for

sale in Honolulu that does not show some evidence of attack even

when very carefully selected. Cantaloupes and cucumbers ma}'^ bo

successfully oviposited in by the female fly up to the time they are

ready for market. While cantaloupe growing has been practically

abandoned in Hawaii since the advent of the melon fly, cucumbers

are grown without protection of any sort. Although practically all

fruits reaching a size fit for salad use show evidences of attack at

one or more spots, the percentage of fruits rendered unmarketable

is not large enough to force the oriental growers to cover the young
fruits, although it would appear disastrously large to American
market gardeners, who place a high value on their time. During
midwinter 150 out of 153 cucumbers ready for the market at Moiliili

were found variously infested.

All cucurbits grow with such rapidity in Hawaii that the oriental

is willing to permit the pest to destroy fully 50 per cent of the fruits

rather than go to the expense of covering each fruit as soon as or

before it sets. All other cucurbits except cucumbers must be cov-

ered before or just after blooming to prevent wholesale injury.

Aside from the fact that the seedlings and vines of all cucurbits

except cantaloupe and watermelon are but slightly attacked, there

is little difference in the susceptibility to attack of the young fruits

under Hawaiian conditions. Inasmuch as the fly has been permitted

to increase unchecked since its introduction, it has become so abund-

ant that slight differences in inherent resistance to attack are not

evident among host fruits growing in the field. The infestation is

excessive in all unprotected fruits. If by chance pumpkins, squashes,

and watermelons esca-pe infestation until they are from 4 to 6 inches

in diameter they may reach maturity, although before they reach

maturity pumpkins and squashes may support numerous colonies of

larvae in open-surface wounds (PI. XX, fig. 1), and become badly

deformed. Out of 254 nearly full-grown pumpkins grooving at

Kahuku, 250 were found variously deformed by H. F. Willard on

March 21. 1915. As many as 650 adults have been reared from a

pumpkin no more than 4 inches long; the staminate bloom while

still a bud may support as many as 37 well-grown larvae.

TOMATOES.

Tomatoes are very susceptible to attack. All tomatoes offered for

sale in Honolulu are apt to be infested, as shown by the reports of the

market fruit-fly inspector covering several months. Fifteen ripe and

partly ripe fruits examined by H. F. Willard at Hauula on March 21,

1915, were found to contain eggs or larvae. Such severe infestation
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is SO general during the warmer months that data are siiperflnons.

The tomato under climatic conditions less favorable for the increase

of the melon fly would probably be found to be leas susceptible to

att;ack than cueurbitaceous crops. The fruits of the currant ttwnato

(iSof/uiumr pimpin^nifoiium). the grape tomato iS. If/cof^enriryim).

the popolo {S. rto<filfontm). and the spiny yellow-fruited Solanum

common in Hawaii are all found growing about fields of cucurbi-

taceous crops, but the writers have never yet found them infested.

During January and February the writers have seen fields of toma-

tries producing a large perc-entage of sound fruits. Only the fruits

of the tomato are subject to attack.

STRING BEAXS.

The ordinary varieties of string beans grown on the mainland are

not as a rule infested by the melcm fly. Three hundred and seventy-

five p>ods sufficiently rip)e to have turned color, of the variety ccwn-

monly known as the yellow wax bean, were examined at Haleiwa

in March and were found free from attack, although growing close

to a field of badly affected pumpkins. Examinatitms of string

beans in other localities, particularly about Honolulu, indicate that

only seldom are any of the varieties affected except the more fleshy.

long-podded Chinese variety. This variety may be very badly

attacked when grown near other favored host fruits or on land

recently cleared of such crops. (See PL XATI.) As many as 36

well-grown larvae have been found within a single pod.

Although the Chinese variety is the only one at times generally

and badly affected, beans of all varieties except, the lima bean should

be included in quarantine lists. The lima bean has never been

found infested. Only the pods of beans are usually affected. The
larvae prefer to feed upon the fleshy portions of the pod. but some-

times attack the seeds. In badly infested pods, attacked before the

seeds are well grown, the larvae may eat out the seeds, leaving the

outer portion untouched. This is also true of cowpeas.

COWPKAS.

Altho*igh cowpeas are not grown to any extent m Hawaii, they

are subject to melon-fly attack. Only the pods are affected. The

writers have removed as many as 37 larvae from a single pod. When
infestation occurs early the young seeds may be devoured, but

attack is more often centered uix>n the pod itself. There is a dis-

tinct varietal difference in the susceptibility of cowpeas. Upon this

notes were made, but unfortunatelv have been lost-
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EGGPLANT.

Froggatt (26) in 1000 reports that he and F. H. Hewlett reared

the melon fly from maggot-infested melons, cucumbers, bitter gourds,

and eggplant. Maxwell-Lefroy (IS) in 1007 and Fletcher (43) in

1014 do not mention the eggplant among the host plants of the melon

fly. Fullaway (44) in 1013 lists the eggplant among garden crops

affected by the melon fly, and Severin (45) in 1914 gives data on the

length of the egg and larval stages in eggplant and lists this plant

as a host, although he does not state that he found it normally in-

fested in the field. Experimental work Avas undertaken to determine

to what extent, if any, infestation occurs in the field and under forced

conditions in the laboratory. Sound well-grown fruits were placed

in jars containing females which had been ovipositing regularly in

tomatoes. Xo eggs were laid in these fruits. One fruit containing

a soft, slightly decayed spot on one side was similarly placed with

ovipositing females for one day. Eggs were deposited in the de-

cayed area only and later flies emerged. A muskmelon allowed to

hang in a jar containing females for an hour would have produced

several hundred or more flies.

One hundred and fifteen fruits of all ages taken April 26 to 30,

1014, from a field at Moiliili showed no evidence of infestation when
on May 2 to 5 they were examined by removing the skin for the

detection of egg punctures and larval chambers. Ten fruits picked

at Mokuleia on April 18. 1014, from the midst of badly infested

private gardens, showed no infestation when held individually over

sand in glass jars. One thousand fruits of all sizes and conditions of

ripeness and soundness were examined by the junior writer during

November. 1015, by carefully removing the skin of each fruit and
examining with a lens all decayed spots. No melon-fly larvae were

found, although in one fruit directly beneath the skin were found

several well-grown larvje of the JVIediterranean fruit fly. The
senior writer has personally examined superficially during a three-

year period many thousand eggplants in the fields of Moiliili,

Waikiki, and Waialua districts, Oahu, without once detecting indi-

cations of attack. All fruits individually examined by the removal

of skin were taken from the midst of badly infested areas where
pumpkins and tomatoes could not be grown successfully because of

the severity of attack.

WATER LEMONS (PASSIFLORA).

The fruit of the water lemon (Passiflora lam'ifolia) is found on
the Hawaiian markets in season and is not as a rule infested by the

melon flv. The writer has never seen infested fruits on the market
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or on vines growinjs: wild in tlie mountains. In one instance the

partially mature fruits on a vine growing on a private residence in

Manoa Valle}' were badly attacked. While the deposition of eggs in

the partially-grown fruits had produced noticeable deformities in

shape and cracks in the rind, a few adults were reared from but one

fruit. Fully mature fruit exposed on the market is free from at-

tack, as demonstrated by hanging fruits in jars of melon flies. The

flies could not puncture the tough hardened rind. Other species of

Passiflora occurring about Honolulu (quadrrmr/ularis^ edulis, alata,

and foetida) have never been observed infested.

ORANGE, MANGO, FIG, PAPAYA, PEACH, AND APPLE.

These fruits have never been known to serve regularly as hosts of

the melon fly. O. H. Swezy reared adults from figs growing at

Kaimuki. E. M. Ehrhorn (29) reared a single female from a sweet

orange from the same place. F, W. Terry reared adults from ripe

mangoes in August, 1907. Van Dine (19) reports the papaya as

a host fruit in 1907. The writers reared a single fly from peaches in

1911. These records of infestation must be considered as excep-

tional. Of the many thousand peaches and numerous figs, oranges,

mangoes, papayas, and other fruits which normally serve as host for

the Mediterranean fruit fly that the writers have used to obtain

fruit-fly material, none, except the single peach referred to above,

have yielded melon flies.

It seems probable that the melon fly will oviposit rarel}^ in these

fruits. Larvge hatching from eggs deposited bj^ females in confine- ||

ment in apples succeeded in the fruits of softer texture in reaching

maturity. Others hatching in apples of firmer texture failed to

penetrate the pulp, but crawled out through the puncture opening

and died close by it on the surface of the fruit.

CABBAGE AND KOHLRABI.

Fullawav stated (17) in 1915 that the melon fly had often been

reported infesting the heart of cabbage, but that the infestation was

not at all common and is considered to be due to abnormal conditions

in the plants and of a secondary nature. In 1913 the same writer

records cabbage as a host plant. No other writers have reported

melon-fly infestations of cabbage. The writers have examined cab-

bages without discovering melon-fly larvse. They have frequently

found larvic closely resembling those of the melon fly and from them

have reared Acritochaeta pulvinata Grims. The larvae of this fly

are found very generally in decaying vegetable matter about gar-

dens in Hawaii. The writers have on several occasions removed

them from beneath the sound leaves of cabbage heads, whence they
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^^^^,aM*V,A^i*i-Ui4,^

Types of Damage by Larv/e of Melon Fly.

Fig. 1.—Gall-like development formed about the esss or very younf; larvaj within a pumpkin.
Fig. 2.—Cross section of the wild host Sycos sp., showing destruction caused by larvsB. Fig.

3.—Seedling watermelon showing runner lolled back by burrowing larvoe. (Original.)



Bui. 491 , U. S. Dept. of Agriculture. Plate XXII.

Wild Host Plants of the Mediterranean Fruit Fly (Ceratitis capitata) and

OF THE Melon Fly (Bactrocera cucurbitae^

The cactus (Opimtia) and Chinese cucumber (Momordica) Rrow wild in pa.'fUire lands on the Island

of Hawaii, the one fumishinK food for the Mediterranean fruit fly and the other for the melon

fly. In these two hosts these ilies are capable of subsisting in areas unfit for cultivation.

(Original.)



Bui. 491, U. S. Dept. of Agriculture.
Plate XXIII.

Reproductive System of the Female Melon Fly.



Bui. 491. U. S. Dept. of Agriculture. Plate XXIV.

i*:'js»^.l^vv?r«;i?^"R#'V •-. •>..•>'»:

Protecting Cucurbits from Attack by Melon Flies.

Figures 1 and 2 illustrate one of the methods employed by Oriental market gardeners to protect
developing c-uciirliits from melon-fly altaek. Eaih fruit (in this t-a.se of Momordica .sp.) is placed,
immediately after it has been fertilized, within a long envelope made of newspaper. (Original.)
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had evidently retreated when the outer decaj^ed leaves were dis-

turbed.

Kohlrabi has been reported infested by Severin ^ (45). The writ-

ers have never found larvae attacking this plant, and because of the

frequency with which the larvae of Acritochaeta pulvinata are found

in decaying portions, as in cabbage, the writers believe that cabbage

and kohlrabi have been erroneously recorded as host plants.

PEPPERS.

Fullaway (44) in 1913 is responsible for the only record of pep-

pers as a host fruit for the melon fly, although he does not state the

nature of the infestation. Larvae of Acritochaeta jnilvinata and of

the Mediterranean fruit fly are found in bell peppers. The careful

examination of 1,000 bell peppers grown at Waikiki close b}^ badly

infested tomatoes and cucumbers during November, 1915, showed

infestation only by the Mediterranean fruit fly. A like number of

fruits gathered from the same locality during August, 1914, and
placed over sand in jars produced no evidence of infestation by the

melon fly.

WILD FOOD PLANTS.

The two species of cucurbits, Sycos sp. and Chinese cucumber

{MoTnordica sp.), are the only host fruits that can be considered wild

in Hawaii. The Momordica beyond question has recently escaped

cultivation. The fruits of both are readily susceptible to melon-fly

attack. Fortunately 8yros sp. (PL XXI, fig. 2) is not abundant

and the Momordica (PI. XXII) is limited in its distribution al-

though spreading fast.

The writers have found fruits of the Sycos infested on the wind-

ward side of Oahu and in the Kona district of Hawaii. The
Momordica has escaped cultivation in manj' places in Hawaii and

wherever present is found infested. On the island of Hawaii, in

the Kona district, from sea level to about 1,500 feet, its vines have

formed dense growths over the stone walls and bushes and have even

killed out large patches of grass. Its fruits are more susceptible to

attack than those of Sycos, but both host fruits, especially in Kona,

furnish with their fruits ripening at all seasons a continuing supply

of food upon which the melon-fly larvae can feed, whether or not

cultivated host fruits are gTOAvn in their neighborhood. From
Momordica vines covering a patch of pasture land 6 feet square,

331 fruits were gathered during November. 1914. of which only 12

had not been infested.

1 Severin states in correspondence that he certainly reared the melon fly from kohh-abi

and eggplant under field conditions.

657.32°—Bull. 491—17 2
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These fruits, which were of all sizes up to 1| inches in diameter,

averaged between three and four punctures per fruit, with a maxi-

mum of 15 punctures on the more exposed fruits. From 7 feet of

stone wall 442 fruits were gathered, and of these 193 were so badly

affected that they had dried up without developing seeds, and only

11 were not affected. From 250 fruits placed over sand 1,586 larvae,

or an average of 6.5 larvae per fruit, were reared.

LIFE HISTORY AND HABITS.

METHOD OF STUDY.

As adults die in greatest numbers within 48 to 72 hours after

emergence if food is not given them, those required for future obser-

vation must be transferred to a place where they may be fed and

cared for daily. In this work the writers have found glass jars

9 by 12| inches covered with cheesecloth very convenient. Such

jars will hold.from 100 to 200 flies in good condition. Fruit juices

of almost any sort are eagerly eaten. Water slightly sweetened with

pineapple (Ananas ananas) sirup was used with good results but

was replaced later by a mixture of water and finely divided parts of

papaya ( Carica papaya) . "\Mien fed on such diluted food adults

thrive best on two feedings a day, one in the morning and one late in

the afternoon. The food may be applied in finely divided drops to

the sides of the jar by flirting the mixture forcibly against the

cheesecloth covering by means of a snapping movement of the thumb

and forefinger. The adults feed greedily and soon become distended.

In this condition many fall and rest upon the bottom of the jar;

hence, the less food falling on this portion of the jar the fewer will

be the deaths resulting from entanglement in it. Feeding by flirting

mixtures through the cloth covering causes the sides of the jars to

become soiled quickly and necessitates the changing of adults to

clean jars every two or three days.

Eggs may be easily secured by suspending host fruits within the

jars containing sexually mature adults. Breaks made in the epider-

mis of the host fruit with any sharp object often insure the deposi-

tion of eggs in the portion of the fruit desired. By timing the expo-

sure of fruits with adults, eggs of definite age can be secured; and if

these are immediately dissected from the fruits, arranged on a green

leaf, and placed over a plug of wet cotton in a vial inverted in water

the embryonic development and hatching may be observed under nor-

mal conditions of heat and moisture. In obtaining detailed data on

larval development single larvae upon hatching may be placed in

small squares of ripe papaya pulp and transferred twice daily to

fresh squares. Pupie of known age can be obtained easily by placing

infested host fruits over sand and sifting the sand at stated frequent
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intervals for the larvae and puparia. The labor of sifting is made
easier if the fruits are placed on a wire mesh which holds them away
from the sand.

THE ADULT.

DESCRIPTION.

The adult of the melon fly is largpr than related species of Bactrocera, being

under normal conditions from 6 to 8 mm. in length. According to Bezzi (36)

it may be distinguished from all other Indian species by the fact that it has

the posterior cross-vein widely bordered with brown. The original description

by Coquillett (2). which is good, is given in full in the bibliography (p. 58).

together with the supplementary notes made by Bezzi (36). and to those descrip-

tions the investigator should refer for details. In general the arrangements of

the black spots upon the yellowish head, the light yellow markings upon the

reddish-yellow thorax, and the brown spots upon the otherwise hyaline wings

make the identification of the melon fly an easy matter. As a further aid to

identification figure 1 and Plate II have been added.

EMERGENCE.

Adults emerge during the early morning hours in warm weather,

but during cooler weather more scatteringly throughout the day.

In common with all Cyclorrhapha, the adult makes use of the

ptilinum in breaking the walls of the puparium and in forcing its

way to the surface of the soil, or in extricating itself from other con-

fining walls. Just after emergence, before the normal colors of the

body haA'e dcA^eloped and while the chitin is still flexible, the adults

are able to push their way through incredibly small openings, being

able so to flatten their bodies that they can make use of small cracks

in soil from Avhich they could not otherwise escape, and can extricate

themselves from containing fruit boxes and many other containers

not absolutely tight. Cracks of the thickness of ordinary blotting

paper do not always prevent their escape just after emergence.

LONGEVITY OF ADULT MELON FLIES.

With food.—The data included in Table I are the first that have

been made to determine the age to which adult melon flies can live

if kept well supplied with food. One female lived from February

17, 1914, to April 4, 1915, or 13 months and 15 days, a total of 431

days. One female emerging at the same time, but not included in

Table I, lived until April 3, 1915. In general, the adult melon fly

appears to be very hardy and far more resistant to moisture in rear-

ing jars than is the adult of the Mediterranean fruit fly. This may
be due principally to the larger and more robust build of the melon fly.

The data in Table I, covering the 9^ months after the flies had reached

the age of 4 months, show that the death rate is low among the older

flies. Two other lots of adults of 43 (15 males and 28 females) and

44 (15 males and 29 females) individuals of the same age and simi-
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larly cared for, and upon which like data were secured, died at prac-

tically the same rate as the flies recorded in Table I.

Of any lot of adults kept in confinement for experimental purposes

fully 30 per cent may be expected to die within the first 2 to 4 weeks

of life, even when given the best of care and kept in jars not over-

crowded. Two adults emerging on August 28, 1913, died on October

29 and November 2, respectively. Of 15 flies issuing August 26, 1913,

one lived until November 27, but the others were dead by October 20.

Other data might be included, but they would bring out no facts to

disprove that the length of adult life is variable under like condi-

tions. The chief interest centers about the fact that certain adults

may live long periods and thus keep the pest alive during seasons

when host fruits are not in condition for oviposition.

Table I.

—

Longevity of adult melon flies emerging on Feb. 11, 1914-^
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more than 120 hours without food but with water. Flies that had
been regularly fed for over 6 months did not live longer when de-

prived of food than those kept without food from emergence. The
rate of mortalit}^ among six lots of adults was as follows:

(1) Twenty-five adults, emerging on January 3 and fed daily on papaya and
water until 9 a. m., January 17, were placed in a clean jar immediately after

feeding. Thereafter they were given only water three times daily. One died

between 4 p. m., January 17, and 9 a. m., January 18 ; 1 between 2 and 3 p. m.,

January 19, 2 between 4 p. m., January 19, and 9 a. m., January 20 ; 13 between

4 p. ni., January 20, and 8 a. m., January 21 ; 1 between 11 a. m. and 12 m.,

January 21 ; and 3 between 4 p. m., January 21, and 9 a. m., January 22.

(2) Fifteen adults, which emerged June 22, 1915, and fed until December 13,

1915, were placed at 9 a. m. of the latter date, immediately after being fed, in a

clean glass jar. All were dead by 8 a. m., December 17. Three died between

1 and 4 p. m., December 14 ; 6 between 4 p. m., December 14, and 4 p. m., Decem-

ber 15 ; 3 between 4 p. m., December 15, and 8 a. m., December 16 ; 3 between

4 p. m., December 16, and 8 a. m., December 17.

(3) Thirteen adults, emerging about 8 a. m., December 26, 1915, were placed in

a glass jar. These tiies had no opportunity to feed after emerging. Two died

between 4 p. m., December 27, aiid 8 a. m., December 28; 8 between 4 p. m.,

December 28, and 8 a. m., December 29 ; and 3 between 1 and 3 p. m., Decem-
ber 29.

(4J Sixty-six adults, emerging about 9 a. m., December 30, 1915, were placed,

without having been fed, in a clean jar. Ten died between 9 p. m., December 31,

and 8 a. m., January L, 1916 ; 28 between 9 a. m., January 1, and 8 a. m., January

2 ; 3 between 3 and 6 p. m., January 2 ; 5 between 9 p. m., January 2, and 6 a. m.,

January 3 ; and 1 between 1 and 3 p. m., January 3.

(5) One hundred and forty-nine adults, emerging about 9 a. m., December 31,.

1915, were placed, without having been fed, in a clean jar. Ten died between 3

and 6 p. m., January 1, 1916; 19 between 9 p. m., January 1, and 8 a. m., January

2 ; 56 between 3 and 6 p. m., January 2 ; 47 between 9 p. m., January 2, and 6

a. m., January 3; 11 between 1 and 3 p. m., January 3; 5 between 4 p. m.,

January 3, and 8 a. m., January 4 ; and 1 between 8 a. m. and 12 m., January 4.

(6) Sixty-eight adults, emerging about 9 a. m., December 28, 1915, were

placed, without having been fed, in a clean glass jar. Two died between 4 p. m.,

December 29, and S a. m., December 30 ; 8 between 1 and 4 p. m., December 30

;

57 between 4 p. m., December 30, and 8 a. m., December 31; and 11 between

1 and 3 p. m.. December 31.

FOOD OF ADULTS.

The food of the adult melon fly consists of plant juices, honeydew,

nectar, or even the juices of dead insects. In confinement the flies may
be seen occasionally feeding upon specimens which have died,

although this does not appear to be a universal habit. Severin (45)

has observed one adult feeding upon a dead and partly decomposed

caterpillar. The observations of the writers would indicate that

adults obtain the larger portion of their food from honeydew, and

especially from the juices exuding from the injured portions of their

hosts. Adults are found in large numbers on foliage covered with

the exudations of honeydew, no matter whether it is formed by the
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cane leafhopper {Perkinsiella saccharidda Kirkaldy) on sugar cane,

by the green scale {Coccus viridis Green) on colt'ee leaves and fruit,

by the corn leafhopper {Peregrinus maidis Ashm.) on corn tassels

and leaves, by the bean aphis {Aphis gossypii Glover) on different

varieties of beans, or by the banana aphis on banana foliage and

flowers. Wherever honeydew is present the melon fly is among the

many insects attracted.

The adults are particularly fond of the juices exuding from the

ruptures made by the female in the epidermis of the host while form-

ing the cavity in which to deposit eggs. Cucurbits in general exude

considerable juice when injured, and this is eagerly eaten by both

sexes of adults. Fruits broken in the field, crushed vines, and even

the decayed areas in infested fruits are attractive to adults. Although

adults have seldom been observed to visit the flowers of cucurbits in

search of food, they have been observed, apparently feeding, among
the flowers of Acacia faniesiana Willd., the banana {Musa spp.), and

sunflower {Heliobnthus sp.). On numerous occasions they have been

seen drinking small droplets of moisture during the early morning

or after light showers.

In the laboratory, in confining jars, the adults have been kept alive

by feeding with several fruit juices, but they thrived best upon

papaya pulp passed through cheesecloth and then diluted with about

twice its bulk of water.

Of special interest is the attraction of the flowers of the orchid,

PhalaeTwpsls schille7'iana Reichb. f. Mr. W. M. Gifl'ard, of Hono-

lulu, first observed adults feeding upon the nectar of this orchid

during April, 1913. Dr. H. L. Lyon and Mr. Albert ^Vaterhouse,

also of Honolulu, have observed many adults about their greenhouses,

into which they had been lured by the orchid flowers. One florist

feared that the adult melon fly might injure the blooms, but experi-

ments and observation proved that they were only after the nectar.

PBOPORTION OF SEXES.

The sexes are quite evenly divided. The examination of 1,049 indi-

viduals emerging from 8 lots of fruit showed 524 to be males and

525 to be females. The proportion of sexes of each of the eight lots

is as follows:

Males 25 20 73 70 83 44 102 107

Females 24 37 65 60 70 45 123 101

So far as the writers have been able to detect, neither sex of the

melon-fly adults gives ofl' an odor.

Inasmuch as adults of the Mediterranean fruit fly show at all times

during the day, particularly during the warmer months, indications
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of sexual activities within three or four days after emergence, and
begin ovipositing soon thereafter, the writers were at loss to explain

the apparent indifference to each other of the sexes of the melon
fly. It was thought for a time that failure to secure evidence of

sexual activity might be due to improper confinement or feeding, and
a number of lots of adults were discarded before it was discovered

that melon flies mate only at dusk and only after they have become
somewhat older than adults of Ceratitis capitata.

Recent feeding experiments with the melon fly have shown that

certain foods may play an exceedingly important part in the stimula-

tion of bodily forces, sexual activity, and egg maturation. These

experiments have shown that the use of fresh cucumbers, cut open

and kept constantly in the jars containing the adults, would so

accelerate the development of the reproductive system that copula-

tion commenced as early as ten days after emergence from the pupal

stage. Thus, in four lots of flies emerging on October 24, 27, 28,

and 29, 1916, comprising a total of 1,230 adults, mating commenced
with a few individuals in each lot, successively, at sunset, the tenth

day after emergence, the mean average temperature being 76.4° F.

and the mean relative humidity 69.1 per cent. This is a most striking

condition when comparison is made with the ages at time of first

mating of adults that are confined in jars of similar size, but fed on

papaya and water or sugar and water. Many hundreds of adults

kept in confinement during the years 1913, 1914, and 1915 in Hono-

lulu and fed on papaya and water were never seen to mate before

20 days after emergence. Thus, out of about 200 individuals emerg-

ing on May 24, 1914, which were fed on papaya and water one pair

was noted in coition for the first time on June 13, or 20 days after

emergence. Among a second lot of adults, emerging on May 23 and

similarly fed, no adults mated until Juoie 16, when two pairs were

seen mating. The majority of females in these lots did not mate

until they were fully 25 days old. The daily mean temperature for

the period from May 23 to June 16 averaged 75.5° F., while the mean

relative humidity averaged 69.3 per cent. Individuals of another

lot of flies emerging January 3, 1916, and fed on papaya and water

showed no indications of mating until early in February. The lower

average mean temperature of 71° F., and the higher mean relative

humidity of 78.5 per cent of January, were responsible for the greater

period required for the beginning of sexual activity.

Evidences of sexual activity begin during the warmer months only

at about sunset. From sunset until darkness the sexes are in a state

of intense activity. Both sexes dart rapidly about the containing

jar and in their efforts to copulate produce much confusion. Pairs

remain in coitu, in some instances, until daybreak. Females mate

frequently and with different males.
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OVIPOSITION.

Age when oviposition heglns,—The age at which oviposition begins

has never been determined broadly until the present investigation.

Information on this point is of importance, as the adult appears to be

the most vulnerable point in the life cycle of this pest from the stand-

point of artificial control. Severin, who first undertook to solve this

])r()blem, states (45) that "a large number of adults upon emerging

were kept in breeding jars and fed on diluted molasses, fruit and vege-

table juices, and water. After having been kept in captivity for 8

days 3 females were dissected, but no fully developed eggs were found

in the ovaries. A daily dissection of 3 fruit flies was continued from

now on, and at the end of 14 days 23 ripe eggs were counted in the

two ovaries of one fly, but others did not show mature eggs in the

ovaries at the end of 16 days. At the end of 17 days 31 eggs were

dissected from the ovaries of another specimen. In all probability

the effect of confining the insects in breeding jars plays an import-

ant part in the rate of development of the eggs." These dissections,

Severin concludes, indicate that egg-laying begins 14 to 17 days

after the adults emerge.

As noted under the subject of " Mating," varying types of food

supplied adults in captivity may have widely varying effects upon
the development of the eggs. Thus, four lots of adults emerging on

October 24, 27, 28, and 29, 1916, comprising a total of 1,230 flies,

which had constant access to the juice of fresh cucumbers cut open,

began ovipositing in 12, 11, 11, and 11 days, respectively, each lot

depositing from 17 to 29 eggs the first day. The mean average tem-

perature during this experiment was 76.4° F. and the mean relative

humidity 69.1 per cent. When fed upon papaya and water a most

surprising difference results in the rapidity of egg development.

The experiment was repeated many times during the years 1913, 1914,

and 1915 and many hundreds of adults were used. Thus with a

mean temperature averaging 75.5° F. and the mean relative humidity

69.3 per cent females did not begin ovipositing until about one month
after eclosion. While fruit was placed in jars with about 1,000

adidts which emerged from May 23 to 25, no attempts at oviposition

were noted until June 23, when 12 punctures containing no eggs were

made in a mango by females that emerged on May 24. The first

eggs, 12 in number, were laid on June 25, or 32 days after eclosion.

No eggs were obtained from females that emerged on May 25 until

June 28, or 34 days after eclosion. This is remarkable when com-

parison is made with females that were fed on cucumbers and which

began ovipositing when only 11 to 12 days old.

Adults emerging on January 3, 1916, during the coldest portion

of the year at Honolulu, and fed on papaya and water when the
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mean temperature for January was 71° F. during 1916 and the mean
relative humidity 78.5 per cent, did not oviposit until February 17,

although they were given abundant opportunity. In this instance no

eggs were deposited until the females were 44 days old.

In the case of the adults emerging January 3, 1916, and fed on

papaya and water, dissections were made of the ovaries of females

at frequent intervals from the time of emergence until egg laying

began. The appearance of the ovariail tubes dissected from females

1, 23, 33, and 38 days after emergence is shown in Plate XXIII. At
no time were the ovarian tubes found to contain a well-graduated

series of eggs, as is found in many insects, or as found by Dr. Illings-

worth in the ovarian tubes of the apple maggot {Rhagoletis pomo-
nella Walsh) and the cherry fruit fly {Rhagoletis fausta O. S.)

From the observations made upon the development of the eggs of

melon flies fed upon the juice of cucumbers it seems reasonable to

conclude that under natural conditions egg deposition commences

almost as soon as the eggs have reached maturity in the egg tubes.

Whether confinement does retard egg development has been diffi-

cult to determine, but development of eggs within the ovarian tubes of

the Mediterranean fruit fly progresses so rapidly in confinement under

like conditions that the writers conclude that confinement of the

female melon fly in large jars, with plenty of food, does not retard

development.

Portion of plant selected.—The female fly deposits eggs at ran-

dom in various portions of the host plants, the portion selected de-

pending largely upon the stage of growth and variety of host. In

young seedlings, particularly succulent watermelon seedlings, eggs

are deposited within the crown of the plant or in the petiole of the

leaf. As the cucurbits develop runners the eggs may be deposited in

these, usually near the growing tip or less frequently farther back in

the tougher, older portions. The older vines are seldom made use of

for oviposition, and of the cucurbits, the vines of the pumpkin,

squash, momordicas, and cucumbers are least attractive. No oviposi-

tion has been noted in tomato or bean stalks. The female prefers

to oviposit within the unfertilized, still undeveloped ovaries of all

cucurbits, with the exception of the young cucumbers, which are not

attacked until the fruits are from 2 to 4 inches long. Ovipositing

into the male bloom of squash and pumpkin is so universal that it

would appear that this portion of the plant is as attractive to the

female as the unfertilized ovaries. Oviposition has never been ob-

served to occur in the male bloom of watermelon, cantaloupe, Mo-
mordica spp., or the bloom of tomatoes, cucumbers, and beans. Even

after pumpkins and squashes become so well developed that the

melon-fly larvae can not penetrate and cause their destruction, the
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female deposits batch after batch of eggs in the breaks in the epi-

dermis and superficial wounds made by larvae developing from previ-

ously deposited eggs.

Process of oviposition.—The process of oviposition may be readily

seen at all seasons of the year in Hawaii. When the female has

found a suitable place for oviposition the abdomen is bent at nearly

right angles to the long axis of the body by drawing its tip toward

the legs. Having secured a proper purchase, the ovipositor is forced

into the host to depths varying to \ inch. The depth of the inci-

sion made by the ovipositor varies with the succulenc}'^ of the host,

hence the small chamber for the reception of the eggs may lie directly

beneath the epidermis or fully the length of the eggs beneath it.

The data included in Table II indicate that the female does not de-

posit more than 37 eggs at one time, although many punctures con-

tain but one egg. The number of eggs found in any one puncture,

especially where the number is large, is not indicative of the number

of eggs deposited during one period of oviposition, as many females

may oviposit through the same break in the epidermis, or the same

female may return more than once to deposit fresh batches of eggs.

This is particularly true in the case of host fruits which may offer

obstacles to egg laying.

RcUe of o vipositimi.—No data have ever been published on the daily

rate of oviposition, except by the writers in their preliminary paper

(46). The data included in Tables II, III, and IV record the rate

of oviposition not only of individual females which, from the time

they began ovipositing until they died, were kept well supplied with

host fruits, but also of others which had been deprived of host fruits

until the}^ were over 9 months of age.

In Table II is recorded the rate of oviposition of 7 females which

were given every opportunity to oviposit in preferred host fruits,

tomatoes, throughout life. No fly deposited more than 37 eggs a

day. Fly No. 1 deposited 14, 19, 13, 29, 16, 1"9, 16, 12, 17, 7, 9, 16, 7,

12. 37, 25, 24, 21, 28, 6, and 18 eggs, respectively, per day during the

first three months (summer months) after depositing her first eggs.

During the same period fly No. 3 deposited but 13, 9, 15, 10, 4, 19, 3,

18, 4, and 3 eggs, while fly No. 4 deposited 3, 10, 25, 6, 11, 11, 6, 11. 1,

3, 16, 10, 9, and 24 eggs. Fly No. 1 deposited in the winter months

during the seventh, eighth, and ninth months of life 10, 2, 18, 14, 15,

20, 13, 9, and 3 eggs. Fly No. 4 deposited during the ninth and last

month of life (winter month) but 3, 2, 3, 4, 1, 1, and 1 eggs.

The oviposition records of Table III were made by females given

no opportunity to oviposit in host fruits until over 3 months old.

Fly No. 1 deposited 21, 14, 4, 1, 10. 18, 3, 3, 16, 2, 8, 13, 13, 8, 10, 10, 12,

9, and 16 eggs, respectively, per day during the first 3 months (sum-
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mer months) after having been given access to host fruits. Under
like conditions fly No. 2 deposited 2, 17, 13, 12, 4, 7, 16, 14, 28, 8,

12, 17, 12, and 29 eggs, respectively, per day during the first 4 months.
Fly No. 1 of Table IV, which was not given access to host fruits

until she was nearly 8 months old, deposited, as indicated, 21, 7, 13, 3,

18, 13, 10, and 2 eggs on different days during the ninth month
(October-November) of her life. Fly No. 2 of Table IV, which
was not given access to host fruits until she was nearly 9| months
old, deposited 6, 2, 7, 6, 3, 6, 1, 3, 12, 3, 3, 8, and 4 eggs on different

days during the eleventh, twelfth, and thirteenth months of life,

which also were the la§t 3 of life and colder than the average for

December, January, and February at Honolulu.

The melon-fly female differs from the female of the Mediterranean
fruit fly in that she deposits a larger number of eggs per day at

greater intervals instead of a smaller number almost daily. Fly No.

4, Table II, very closely approached the habit of Ceraiitis capitata

by depositing a small number of eggs daily with great regularity

from November 2 to the middle of the month. It will be noted that

the flies whose records appear in Table IV averaged 10 and 6 eggs,

respectively, for each day on which they oviposited, which compared
quite favorably with the averages of 9.5, 13.6, and 13.5 of Table III

and 14.9, 9.4, 6.3, 5.3, 10.3, 7.6, and 13.1 of Table II, especially when one

considers the small number of flies under observation and the varia-

tion in egg-laying capacit}^ shown by the larger number and very

much younger flies of Table II, and the colder months of the j^ear

during which the eggs were deposited. Fly No. 1 of Table II, which,

deposited a total of 687 eggs, averaged but slightly over 3 eggs per

day during the 227 days between the time when she deposited her

first and last eggs.

Table II.- -Daily rate of oviposition of the melon flies that emerged on May 25
and were placed separately with fruit on June 25, 1914.
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Table II.

—

Daily rate of oviposition of the melon flies that cnurf/cd on Maii 25
and were placed separately with fruit on June 25, WU^—Continued.
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Table II.

—

Daily rate of oviposition of the melon flies that emerged on May 25
and were placed separately toith fruit on June 25, 1914—Continued.



30 BULLETIN 491, U. S. DEPARTMENT OF AGRICULTURE.

ited. Females \\ill deposit eggs on the sides of the containing recep-

tacles if they are not given fruit in which to oviposit. They do not

seem, however, to deposit as freely as when placed with fruits. A
small number of flies, still alive of those emerging from pupae in

February 17, 1914, were observed to lay, as usual, a few eggs on the

sides of the containing jars. A record of the eggs deposited was

made every few days, beginning with December 17, 1914, and ending

April 4, when the last female died. The record of these eggs appears

in Table I under the subjet,'t of longevity of adults. The dates on

which the observations were made were arbitrarily chosen to conform

with other laboratory w^ork and are not necessarily those on which

the eggs were nctually laid. When one considers that these females

had no fruit offered them throughout their life, the number of eggs

laid is very interesting; thus 11 eggs were deposited between March
22 and 25. or from 398 to 400 days after the flies emerged.

Ability to resume normal oviposition after period of scarcity of

host fruits.—The data in Tables III and IV are valuable, inasmuch

as they demonstrate that the female melon fly which has been de-

prived of all opportunity to oviposit in fruit can begin ovipositing at

the normal rate when host fruits become available. Thus the three

flies w^hose records are included in Table III had been kept in glass

jars from the date of their emergence from pupae on February 17

until May 22, or about 13 weeks, while the two whose records appear

in Table IV were not given an opportunity to oviposit in fruits until

October 8 and November 26, respectively, or from about 31 weeks to

about 37 weeks after emergence.

Table 111.

—

Daily rate of oviposition of melon flies that emerged on February
11 and were placed separately with fruit on May 22, 1914-
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Table IV.

—

Daily rate of oviposition of tiro mcJon flies that emerged on Feb-
ruary 17, 191Jf, and were placed separately with fruit on October 8 and
November 26, respectively.

Fly No. 1, placed with fruit Oct. 8, 1914.
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at any distance from the host plants. In the laboratory, however,

the adults often gather in small colonies upon the ceiling.

THE EGG.

DESCRIPTION.

Thp egg (fig. 2) is pure white, about 2 mm. long, elongate elliptical, nearly

flat on the ventral surface, more convex on the dorsal. Eggs are often some-

what curved.

DURATION.

The duration of the egg stage of the melon fly is very short. Dur-

ing the warm summer weather of August, 1914, when during the

developmental periods the average mean tempera-

ture of Honolulu averaged 79.5° F. and the aver-

age range in temi")erature was only 8.3°, 267 eggs

hatched in from 26 to 35 hours after deposition.

Of these eggs, which were deposited during a

period of 1 hour, as shown b}^ the data in Table

V, 149, or slightly over 56.6 per cent, hatched

within from 26 to 28 hours after deposition.

When the average mean temperature for the incu-

bation period averaged 75.6° F. and the daily

range in temperature about 10.4°, 84 eggs de-

posited between 3.15 and 3.30 p. m. on May 19

hatched between 10 p. m., May 20, and 2 a. m.,

May 21, or within from 31 to 38 hours after dep-

osition. At a mean temperature of about 75° F.

96 eggs hatched within from 33 to 38 hours after

deposition. At the still cooler average mean
temperature of 73.6° F. 88 eggs hatched between

from 40 to 50 hours after deposition.

While the data included in Table V give infor-

mation regarding the duration of the egg stage in

Honolulu or littoral Hawaii in general from April

to November, other data show that during January

to March embryonic development may require at

least 3 to 1 days when the mean temperatures drop to about 69° F.

At higher altitudes this period may be appreciably prolonged, due to

still lower temperatures, although it is unlikely that at any place

where the melon fly is found in Hawaii the duration of the egg stage

is more than 6 days. Host fruits containing eggs deposited under

normal Honolulu conditions between 10 a. m. and 3 p. m.. December 1,

were placed, 30 minutes after deposition, in a large refrigerator and

held at a temperature varying between 56° F. and 02° F. E.xamina-

FiG. 2.—The melon

fly : a. Eggs de-

posited in cavity

in young pumpkin
flower ; b, single

egg, enlarged.
(Original.)
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tions made daily by H, F. Willard show that after 4 days 38 out of

174 eggs had hatched at this temperature, while of the 138 still un-

hatched 103 and 10, respectively, hatched after removal to normal
temperature on the fifth and sixth days. After 6 days, 44 out of

64 eggs were found hatched in another lot of fruits examined, and
of the 20 eggs removed to normal temperatures but 1 hatched on
the seventh day after deposition. Examinations of fruit made after

the sixth day prove all eggs either to have hatched or died.

In cold-storage experiments tlie egg stage was prolonged to at

least 12 days. Thirty-four eggs out of 107 in situ in pumpkins gath-

ered in the field May 11, 1914, and held in storage at 49^ to 52° F.

until May 21, or for 10 days, hatched on May 22, or at least 11 days
after deposition. During summer temperatures the duration of the

egg stage may be likewise prolonged to as much as 10 days by sub-

jecting the host fruits containing the eggs to temperatures ranging
from ^5 to 40° F. Table VIII contains data on the effect of cold

storage temperatures upon egg mortality.

Table V.

—

Duration of the eyg stage of the melon fly at Honolulu.

Number
of eggs
under

observa-
tion.

Eggs deposited.

Day. Period.

Aug. 20 10.30toll.30a. m.
...do I do.
...do 1 do.
...do
...do
...do
...do
...do
...do
...do
...do
...do
...do
May 19

14

May 13
..do
May 11

..do

Eggs hatched.

Day.

do
do
do
do
do
do
do
do
do
do

3.15 to 3.30 p., m.
4 to 6 p. m
10 a. m. to 1 p. m

do
11.30 a. m. to 2 p. m

|

May 13
do .do

Aug. 21

..do

..do

..do

..do

..do

..do

..do

..do

..do

..do

..do

..do
Mav 20
May 16
May 14

do

Period.

1 to 2 p. m
2 to 2.1.5 p. m
2.30 to 2.45 p. m..
2.45 to 3 p. m
3 to 3. 15 p. m
3.15 to 3.30 p. m..
3.30 to 3.45 p. m..
3.45 to 4 p. m
4 to 4.30 p. m
4.30 to 6 p. m
6 to 8 p. m
8 to 9 p. m
9 to 10 p. m
10 p. m. to 2 a. m
3 to 5.30 a. ra
About 9 p. m
10 p. m. to 3 a. ni

3 to 6 a. m
6 to 9.30 a. m

Average
mean

tempera-
ture for

period.

HATCHING.

Several hours before hatching the durk-brown head-hooks of the

larva can be seen Avorking backward and forAvard in a probable at-

tempt on the part of the larva to break its way through the egg mem-
branes. The head lies just back of the pointed anterior end of the

egg and the larva ultimately breaks through the inner membranes and
shell at this end and crawls out through the opening thus made. As
the larva pushes its way out, the rupture of the eggshell extends far-

65732°—Bull. 491—17 3
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ther and farther back for a distance of from one-half to three-quar-

ters of the lenjjtli of the <}gg. Tlie pointed tip of the Qgg remains

uninjured. Tlie eggshell completely collapses as soon as the larva has

entirely withdraNvn.

Fig. 3.-—The melon fly : Newly hatched larva, showing absence of anterior spiracles

and main tracheal system. Enlarged. (Original.)

Fig. 4.—The melon fly ; Mandibles or mouth hooks of larva, a, First instar ; b, second

instar ; c, third instar. Enlarged. (Original.)

THE LARVA.

DESCRIPTION.

The larva in all instars is pure glistening white, except as appear-

ances are altered by the color of the various host fruits within the

alimentary canal. The larva passes through three instars, which
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are easily distinguished from each other by differences in structure

as well as in size. T'nless otherwise noted the Newport or hidden
segment is not counted in numbering the

segments.

First la real instar (lig. 3).—Length about 2

mm. IMouth hooks small, about 0.45 mm. long

and shaped as illustrated in figure 4, a. Anterior

spiracles found in succeeding instars are ladl-

ing. Posterior spiracles minute, being about
0.046 mm. across at the widest point. Stigmal

plates approximate, each with two instead of

three slits, as shown in figure 5. The fine bristles

arranged in three groups about the stigmal plates

are somewhat longer than the width of the

tracheal trunks at their termination.

Hccond larval instar.

Fig. 5.—The melon fly : Pos-
terior spiracles of first-ln-

ptar larva. Enlarged.
(Original.)

••••-.....-^

Fig. 6.—The melon fly :

a. Anterior spiracle of

third-instar larva ; h, an-

terior spiracle of second-

instar larva. Enlarged.
(Original.)

Lengtii about 5.1 mm.
The secoud-instar larva is sufTiciently large to be
readily distinguished by its size from the first-

iiistar larva but not from undersized third-instar

larvae. It differs principally from the third-instar

larva by tlie shape of the anterior .spiracles (fig.

6, 6), which are terminated in about IS to 20

lobes arranged in two groups as the result of a
depression in the center of the distal margin of

the spiracle. Spiracles about 0.10 mm. wide at

the widest point. The posterior spiracles (fig. 7)

less heavily chitinized than in the third instar

;

stigmal plates approximate, each with three slits

which are proportionately sliorter than those of

the third instar. The bristles about the margins

of the stigmal plates arranged in four sets in-

stead of tliree as in the first instar and rela-

tively shorter and finer. Mouth hooks (fig. 4, b)

about 0.47 mm. long.

Third larval instar (fig. 8).—Length about 10

umi. Head slightly bilobed, at least with two

prominent thick fieshy protuberances. Eacli pro-

tuberance bears two pairs of microscopic papillae,

both on the distal portion, but one, the more dor-

sal, more antennalike in its formation, though

without a terminal style or bristle ; the more
ventral pair but little elevated from the surround-

ing portions of the body, yet made quite evident

by .several concentric rings. ;MandiblPS ov mouth
hooks very distinct, black, about 0.S4 mm. long,

as illustrated in figure 4, c. Mandibles protrude

from two openings, one on each side and just an-

terior to the mouth opening. Between and just

anterior to the mandibular openings is a slight

protuberance. Tjabrum dis-fiTict. more oi- less circu-

lar, though appearing variously in diiTerent alco-

holic specimens ; lobes about orifice about 20 in number. Anterior spiracles on

lateral margins of second segment fan shaped, with distal margin straight or

Fig. 7.—The melon fly : Poste-

rior spiracles of second-inslar

larva. Enlarged. (Orig-

inal.)
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l.ut slightly rounded, bearing 18 or 20 lobes, as illustrated in figure G, a. Pos-

terior Rtiginal plates very evident, not appreciably elevated or depressed, ap-

proximate, each with three well-chitinized slits pointing toward those of the

()l>l)osite plate as illustrated in figure 9. Slits proportionately longer and

narrower than in either of the other instars. The fine bristles about nuirgin

of stignial plate arranged in four sets, relatively finer and shorter than in

the second instar. Anal opening on venter of last segment, with a rounded

protuberance on either lateral side, the entire area including these protu-

berances elevated to form a distinct tubercle armed about its base by a

concentric area of minute spinules. Body of larva glabrous, except for areas

of microscopic spinules -irranged as follows: Hand on Newport's segment cov-

ering the anterior two-thirds of the dorsum but widening ventraily to cover

the venter; narrower bands extending about the anterior margin both dorsally

iiiul ventraily of the second, third, and fourth segments; fusiform bands

composed of broken rows upon the venter only of segments 5 to 12. There

are no lateral spinulose areas on segments 5 to 12.

Fig. 8.—Tho melon fly : Third-iustar larva, a, Lateral view of entire liody
;

h, dorsal

view of anterior end ; c, d, lateral and ventral views of same. Enlarged.

(Original.)

Dl'KATION OF L.\KV.\I. IXSTAUS.

The larva of the melon fly passes througli three instars before be-

coming full grown. The number of hours passed in each instar has

been obtained for the first 12 larvae recorded in Table VI. These

larvffi were transferred daily to fresh pieces of ripe papaya pulp,

and were therefore given the best combination of food and tempera-

ture for rapid development known lo the writers. The majority of

these 12 larva) passed about 1 day in each of the first two instars and

about 2^ days in the third instar. An examination of the number

of hours for each instar recorded in Table VI shows that variation

may occur at times when no apparent cause can be assigned and that

a larger number of hours passed in one instar may be followed by

fewer hours than usual in the succeeding instar. As shown by the

data in Table VI, larval development may be completed in as few
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as 4 days, or as many as 17 days, even during the hottest Hawaiian
summer weather, when the average daily mean temperatures for the

developmental period range between 78.2° and 79.3° F.

Both temperature and the nature of the host fruit affect larval

development. Thus while 1 larva reached maturity and pupated in

4 days in fresh ripe papaya at 78.2° F., 2 larvae required 10 and 13

days, respectively, to reach maturity in a ripe Bartlett pear at about
79° F. The larva? developing in cantaloupes Nos. 1 and 2, recorded

in Table VI, hatched from eggs deposited during a period of 11 hours

while the fruits were confined in a jar with adult melon flies, yet the

larval period in one fruit ranged from 7 to 17 days.

Larval life may be extended through the medium of natural

barriers to the exit of full-grown larvae, within favored host fruits,

which prevent ready access to the soil, since in small partially dried

Fig. 9.—The 'melon fly : Posterior spiracles of third-instar larva.

(Original.)

Enlarged.

pumpkins, the interior of which is honeycombed by larval channels,

the epidermis has become too toughened to permit free larval exit

except at one or two places, and larval life thus may be appreciably

prolonged. In very moist fruits, such as the ripe tomato, no such

barrier to emergence is offered. While larvoe feed best in partial

decay resulting from their own feeding, decays due to the work of

bacteria or fungi, especially when they become acid, are detrimental

to larval growth. These varying factors, which influence either the

development of the larva or the time when it succeeds in forming its

puparium, make data unaccompanied by notes on temperature and

the condition of the host fruit of less value.

Cantaloupes Nos. 1 and 2, the Bartlett pear, and the cucumber, re-

corded as hosts in Table VI, were sufficiently ri[)e I'or table i)urposes

when exposed for oviposition. Larv* placed in sound green but well-
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grown tomatoes matured in from 4 to 7 days; 5, 14, 9, and 2 develop-

ing in 4, 5, G, and 7 days respectively, at an average mean tempera-

ture of 78.5° to 79.1° F. Under the same temperature conditions

4 and 5 larvae required 4 and 5 days, respectively, for development

in a ripe tomato.

Lower temperatures than any experienced in Hawaii prolong

larval life, although to what extent it has been impossible to deter-

mine under out-of-door conditions, because host fruits of this pest

decay too rapidly. Eleven out of 23 larva? that were fully grown

when gathered in the field in pumpkins, on May 11, 1913, and placed

In a refrigerator kept at 49° to 52° F., were alive when examined on

June 3, or 23 days afterward, thus increasing the larval stage to at

least 28 to 30 days. At this same temperature, which is sufficiently

low to check development, 20 out of 62 first-instar larva? were alive

after 17 days in the refrigerator. These 20 larvpe whose development

had been prolonged from about 12 hours to 17 days by the lower tem-

perature to which they had been subjected, after removal to normal

temperature of the laboratory continued their development at the

same rate and emerged as adults precisely as normal individuals

whose development had not been artificially arrested.

Table VI.

—

Duration of the larval fitapr of the melon flu at Honolulu.

Number
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The larvae immediately upon hatching within the egg cavity or

puncture begin to feed upon the surrounding tissn^ies of the host.

In one instance only were the}^ observed to desert the host through

the punctured epidermis. In this instance the eggs from which they

hatched had been deposited under forced laboratory conditions in

a firm-textured apple, which is not ordinarily a host fruit. The larvae

on hatching deserted this fruit only to die on the exterior a short

distance from the point of emergence.

Ordinarily the young larvae begin immediately to burrow into the

pulp of the host, and in the case of many fruits they burrow at once

to the center, where they feed until well grown. When the fruits

are of a watery texture, or of a very firm texture, the larvae prefer

or are forced to feed near the epidermis. In decayed spots in toma-

toes or cucumbers and like fruits, w^hich have become filled with rain

water, the larvae come to the surface for varying intervals and re-

main in rather dense formation, each larva perpendicular to the

moisture level, with its posterior spiracles protruding. In this po-

sition the mass of larvae remains very quiet unless disturbed. All

larvae are forced to come to the surface for air unless their tunnels

are formed within a host sufficiently free from excess moisture to

permit air to penetrate freely the larval channels. When hatching

from eggs deposited in open wounds in well-developed pumpkins or

squashes, the larvae find it impossible to penetrate to the interior,

but are able to make full development in the outer portion. (PI.

XX.)
When the larvae have emerged from one host fruit they do not enter

another except when numerous infested fruits are present in a single

container, and when all are more or less decayed. The writers have

not observed larvae, having emerged from their host, burrow into

sound fruits close by. Larvae, however, have been observed to burrow

into the decayed areas in other fruit touching the original host fruit,

and, being found there, have been recorded as attacking that fruit,

whereas their presence is accidental.

The larva of the melon fly, in common with that of the Mediterra-

nean fruit fly, has a peculiar habit of jumping after it has left the

liost. Larvae in the first two instars are unable to spring if taken

from the host. The mature larva arches its body so that it is able

with its mouth hooks to obtain a leverage on the posterior end of

the body. This done, with a sudden muscular relaxation it is able

to spring from a few to as many as 8 or 9 inches into the air or side-

ways. The larva? continue to jump after leaving the host until they

find a suitable place for pupation. They are not able to jump con-



40 BULLETTX 491, V. S. DEPARTMENT OF ACPJCULTURE.

stantly in any given direction, hence the,v seldom get far from the

point of emergence. Larva3 ha^e been observed to travel 15 feet on

concrete floors, but in the field, under usual conditions, they enter

the soil to pupate directly beneath the host fruit and do not exercise

to any extent this power of locomotion. When the soil is very hard
the larva) pupate beneath any object, or even upon a bare surface, as

the floor of a room. On hard moist soils larvae usually pupate upon
or just beneath the surface. In the more porous soils pupation oc-

curs at various depths, but rarely deeper than from 1 to 1^ inches.

It is seldom that larA^ae are unable to find their way out of their

host, but when they can not they sometimes pupate Avithin the host.

Larvae have been known to pupate in bean pods where they are

imprisoned by the drying out of the pod. Pupation is apt to occur

in any of the more firmly textured host fruits.

PREPUPAL PERIOD.

The writers have chosen to look upon the pupal stage as beginning

with the formation of the puparium and to refer to the duration of

the pupal stage as that period between the formation of the

puparium and the emergence of the adult. During the Avarmer sea-

sons the contraction of the larvas to form the puparium begins very

soon after the larva emerges from the host fruit, and is completed

Avithin an hour. Larva3 forced to leave fruit prematurely may
remain active for as long as tAVo days under certain conditions, but

invariably die Avithout forming a puparium if the puparium is not

formed for so long a time after emergence. Fifteen puparia formed
between 11 a. m. and 1 p. m., February 3, were dissected one da}'

later, but there Avas no indication of a true pupa Avithin ; no organi-

zation of internal structures could be seen except a pulsating heart.

On February 5, however, or tAvo days after the formation of the

puparium, the examination of 15 puparia shoAved the true pupa,

which was well formed and free Avithin the puparium case. The
average mean temperature during this 2-day period Avas 72° F.,

with a daily average of from (56° to 78° F. The relative mean
humidity ranged betAveen 75 and 78 per cent.

THE PUPA.

DESCRIPTION.

Puparium (fig:. 10).—Length about 5 to mm. Elliptical, varyin?: in color

from (lark testaceous to dull white, accoruins to host. Beinp composed of

tlie larval skin, it is natural that the markinjis of the larva should be found
on the puparium. The puparium appears to consist of 12 sef^ments, although
when treated wifli jiolash the first is found fo lie (•(unp.ist'd dl" the first and
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second larval segments. When viewed from above the anterior spiracles are

situated upon the outer anterior angles, and the posterior spiracles upon the

central region of the posterior margin (fig. 10, a). When viewed from below
(fig. 10, b) the anal opening of the larva appears as a rounded black spot

on the twelfth segment, and the mouth opening as a depression in the central

portion of the first segment. The broken spinulose bands upon the ventral

surface of the larva appear upon segments 6 to 11 of the venter of the pupa-
rium as two narrow bands not encroaching upon the lateral sides. Between
the i)osteric)r si)iracles and the anal opening is a distinct transverse blackish

line (fig. 10, c).

DURATION OF PUPAL STAGE.

During the warme'fet summer weather at Honohilu, when the

daily mean temperatures average between 78.7° and 79.4° F. and

Fig. 10.—The melon fly : Puparium. a. Dorsal view ; i, ventral view ; c, view showing
the posterior spiracles, oval depression, and dark line marking on posterior portion.

Enlarged. (Original.)

the relative mean humidity between 64 and 70.2 per cent, hj far

the largest number of pupae require 9 days for develojmient. Of
89() pupa^, as shown by the data in Table VII, 07, 743, 85, and

1 yielded adults 8, 9, 10, and 11 days, respectively, after the forma-

tion of the puparium. During the cooler months of February,

when the average mean temperature was 71.0° F. and the average

mean relative humidity was 74.3 per cent, 83 and 420 pupae re-

quired 12 and 13 days, respectively, to produce adults. From 1,037

pupa3 not recorded in Table VII, 6, 125, 881. and 25 adults emerged

within 7, 8, 9, and 10 days, respectively, after the foi-mation of
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the puparia, when the average mean temperature ranged from 78.7°

to 79.4° F.

During the winter months in the Kona district of Hawaii, where

the lowest mean temperatures at Keahikekua were about 68° F.,

with a daily temperature ranging between 58° and 78° F., the dura-

tion of the pupal stage is considerably lengthened. Thus 7, 6, and

1 pupa^ yielded adults 20, 21, and 22 days, respectively, after the

formation of the puparium. From 175 puparia formed between the

1st and 3d of February, 2, 7, 151, 12, and 3 adults emerged on Feb-

ruary 20, 21, 22, 23, and 24, respectively. At Kaawaloa, a hot

sheltered spot at sea level, but within 2 miles o^ the station at Keala-

kekua, where the temperature ranged from 63° to 89° F., 126 pupa3

formed on February 23 produced 5, 107, and 2 adults on March 5,

€, and 7, respectively, or in from 10 to 12 days after the formation

of the puparium.

It was found by carrying pupa) to higher altitudes than those at

which the host fruits of the melon fly occur in Hawaii that the dura-

tion of the pupal stage might be considerably lengthened. Thus 143

puparia just formed at Kealakekua on January 26, 1915, were taken

the same day to Puulehua at about 5,000 feet elevation, where the

average mean temperature from January 14 to March 19 was about

51.6° F. and where the daily range in temperature showed a varia-

tion from a minimum of 31° F. to a maximum of 72° F. From
these pupae, removed to Kealakekua on March 25, 3 adults emerged

on March 26. Therefore at this temperature the duration of the

pupal stage may be at least 59 days.

One hundred and twenty-four pupa? formed between February 19

and 21, 1915, and 76 pupae formed on February 22 and 23 at

Kealakekua were taken on February 24 to the summit of Hualalai.

8,275 feet elevation, wdiere the average mean temperature during

February and March was about 46.3° F. and the daily range from

a minimum of 27° F. to a maximum of 73° F. These i)upjie were

removed to Kealakekua on March 26 and on March 31, 6 and 1 adult

flies, respectively, emerged. For these 7 pupae the duration of the

pupal stage extended from 36 to 40 days.

It is the opinion of the writers that had it been possible to con-

tinue experimental work at Puulehua and on Hualalai, the duration

of the pupal stage might have been still further extended, but not

by very many days.
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Table VII.—Duration of the pupal stage of the uielan fly at Honolulu.

Date of pupation. Date of emergence.

Number



44 BULLETIN M, U. S. DF.PATtTMEXT OF AnBTCULTURE.

SEASONAL HISTORY.

In littoral Hawaii there may be from 8 to 10 geiiei-atioiis of the

melon fly a year when one considers the length of a generation as

extending from the time the eggs are laid until the female of the

next generation begins to deposit eggs. As the females are capable

of living many months and of depositing eggs at frequent intervals

throughout life, the generations so overlap each other that adults

present in the field at any one time may belong to generations started

in any month of the year. It is possible for females ovi})ositing on

January 1 to be still alive and ovipositing the following January

along with the progeny of the tenth generation of her descendents.

In the Hawaiian Islands, where the climatic conditions permit

breeding throughout the year, adults of the melon fly are abundant

at all seasons in the littoral regions, where, for the most part, host

plants are grown. There is no evidence of seasonal broods or genera-

tions of adults. That the cooler weather of the winter months does

lengthen the duration of the immature stages has already been pi-oved

by data. This slowing down of development naturally residts in the

emergence of fewer adults, and in forcing these to feed for a greater

])eriod of time before becoming sufficiently developed to oviposit.

Unfortunately the length of adult life and the capacity of the females

for continued egg laying makes it difficult for market gardeners to

benefit to any m.arked extent from the effects of cool weatlier upon

development if they allow their fruits to remain unprotected. The

few^er adults, coupled with the shorter hours during the day when

they are sufficiently active to oviposit, does result in greater success

in saving fruits by the use of various protective coverings than would

follow the use of the same measures in the summer. At an elevation

of 1,500 to 2,000 feet in the Kona district of Hawaii, where the winter

mean averages about 68° F., and where the melon fly can breed in

large numbers in wild hosts, fully 50 per cent of the pumpkins and

squashes are able to mature even if left uncovered. Adults were

present at an elevation of 4,000 to 4,500 feet in the island of Hawaii

and ovipositing in young squashes. These squashes were examined

and found to contain eggs and larvae. As the vines bearing these

fruits were later killed by frosts, it seems possible to conclude, at

least for this locality, that the melon fly is able to survive in climates

too cold to permit its host plants to grow continuously throughout the

year.

METHOD OF SPREAD.

The melon fly is probably more often carried from one locality or

country to another in the larval stage than in any other form.

Maskew (42) has recorded finding living larvie in host fruits arriv-

ing at San Francisco on ships from Honolulu, and his records prove

that the melon fly in the larval stage is able to bridge tlie or 7 days
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required by the slower vessels to cover the 2,000 miles between the

Hawaiian Islands and California, since he intercepted it at least once

a year during 1912, 1913, 1914, and 1915. Data regarding the dura-

tion of the immature stages show that host fruits taken on board

ships as ship's stores are capable of carrying the melon fly, either as

larvpe or later as pupa? in the fruit containers, for voyages much
longer than that required to cross the Pacific Ocean; or, in other

w^ords, are capable of being the means of spreading the pest in vessels

plying between almost all countries where climatic conditions are

favorable for the establishment of the fly. There is no doubt that the

melon fly was carried to the Hawaiian Islands in host fruits taken on

ships at Japan or China, and later spread from Honolulu to all the

islands of the Hawaiian group in a like manner through the medium
of inter-island boats.

While the spread, from one country to another at a considerable

distance, probabl}^ starts with the fly in the larval stage, the spread

from tow^n to town, or over short distances, as between islands of an

archipelago, may occur in the adult or pupal stage. The writers have

seen female flies alight on an automobile top and be carried 16 miles,

from the country into the city of Honolulu. On another occasion an

adult w^as seen flying about an inter-island boat en route from Hono-

lulu to Hilo, on the island of Hawaii. This fly was not observed

after the boat weighed anchor at the port of Lahaina on the island

of Maui, or 72 miles from Honolulu. These two instances will ex-

plain the spread of the pest, in the adult stage, about the islands of

Hawaii, even if it could not be transported in the larval stage.

When larvse form their puparia on bare surfaces, and particularly

on a cloth surface, the puparia adhere sufficiently w^ell to make it

possible for them to be transported considerable distances under

favorable circumstances. While the writers know of no instance

where the melon fly has been thus spread, distribution in this fashion

is quite feasible and to be expected.

CONTROL MEASURES.
NATURAL CONTROL.

There are no agencies at present working in the Hawaiian Islands

that bring about, even periodically, a A-ery large natural reduction

in the abundance of melon flies. The mortality among eggs and

birvae is not sufficient to attract attention, except under conditions

considered below, and then is not effective enough to be of practical

value as a control measure. Were bacteria and fungous diseases at

work, the results of such activities would have been evident to the

writers during the past several years. The death rate among adult

melon flies must be high, or the natural increase of the pest would

produce far greater swarms of them than are now present in fields.

While Severin (45) has recorded roaring 3 specimens of the hornfly
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parasite {Spalnnghi hirta Haliday) from 500 jiuparia of the melon

fly, both he and the writers appreciate that this parasite is of no

value at present as a control agent, and, for all practical purposes,

can not be considered a factor in repression. Although the writers

have reared adult flies from many thousands of larvae, they have never

reared a parasite during a period of 3 years. This is true, notwith-

standing the fact that melon-fly pupae have been used experimentall}'^

(39) in the laborator}^ for rearing the Mediterranean fruit-fly

parasites, Opius hv/milis Silv. and Diachasma tryoni Cam. Five

thousand pupae of the melon fly, secured from Chinese cucumbers

{Momordica sp.) growing wild near coffee fields in the Kona district,

Hawaii, during 1914 and 1915, produced no JDarasites, although the

pupae of the Mediterranean fruit fly secured from the coffee cherries

showed a parasitism ranging from 85 to 98 per cent.

The great need for methods of natural control has been appre-

ciated, and the Hawaiian Board of Agriculture and P'orostr}'^ em-

]>loyed Mr. D. T. Fullaway to search for and introduce parasites

of the melon fly to Hawaii from the Indo-Malayan region.

Mr. Fullaway has returned to Honolulu after travel in India and

the Philippines, but the results of his investigation have not yet

been made ready for publication. It may be stated, however, that

he has introduced an opiine parasite, which gives promise at the

present time (June, 1916) of becoming successfully established in

the Hawaiian Islands.

The mortality among the eggs and larvas noted occurs chiefly in

rapidly-growing cucurbits, particularly during the cooler seasons,

when climatic conditions arrest fly development, but not to the same

degree as that of the host, and to a less degree in much older fruits

during the warmer seasons. Death among eggs and the young larvae

follows the development of a gall-like hardening about the egg

cavity, and on occasion about the newly made burrow of the first-

.stage larva. This gall-like formation develops rapidly, particularly

in such hosts as the gourd and watermelcm. While both of these

hosts are very susceptible to repeated attacks, individual fruits often

succeed astonishingly well in throwing off fatal attack by such

formations as that illustrated in Plate XXI, figure 1. The writers

have seen large gourds used for household purposes by the poorer

population which on the outer side of the rind showed the open breaks

made by many colonies of eggs and j^oung larva*, while the inside

showed all ruptures of the epidermis to be sealed by a hard gall,

variously formed by the proliferation of plant tissue. The follow-

ing data resulting from the examination of a young watermelon 3

inches in diameter on April 19, 2 days after it was gathered from

the held, will serve as a fair example to ilhustrate this mortality

and are representative of other data on file.
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Puncture 1: T\\elve uiihatcliecl and fresh-looking eggs in a newly made
cavity. No gall-like formation evident.

Puncture 2 : Nine dead first-stage larvje and 7 dead third-stage larvfc ; all in

tough hard gall about one-half inch in diameter.

Punctures 3 and 4 (merged) : Eighteen living and one dead first-stage larva;

in a callous dark-brown spot beneath the puncture. Living larvge moderately

active but apparently dying and unable to get out of gall-like formation sur-

rounding them.

Punctures 5 and 6 (merged) : Eight living and 6 dead first-stage larvae in

conditions similar to those in punctures 3 and 4.

Puncture 7 : Four dead first-stage larvae dark brown in color.

Puncture 8 : Sixteen dead first-stage larvae dark brown in color.

Puncture 9 : Seventeen dead first-stage larvae dark brown in color.

The data just given would indicate, if considered alone, that the

mortality resulting from the gall-like formations might be of prac-

tical value; however, under Hawaiian conditions they are of neg-

ligilile value. In the field from which the watermelon examined was
taken, all the very young fruits were badly stung. The 3-inch speci-

men examined was one of the comparatively few which had resisted

nttack, and it would have been rendered worthless by the deformities

developing about the punctures, even if it did not break down under

continued attack by the fly or through decay.

Larvae die if forced to feed on the decay resulting from bacterial

or fungous diseases of the host. While on occasion 90 per cent of all

larvae within a decaying fruit may be found dead, the duration of

egg and larval life is so short that mortality resulting from decay is

relatively small and unimportant. Mortality among larvae within

bean pods is occasionally due, apparently, to excessive dryness devel-

oping with the maturing of the pod. Excessive sun heat kills a few

larvae in fruits well exposed, and the common and abundant intro-

duced harA'^ester ant Pheidole Tnegacephala Fab. is responsible for

the destruction of some larvae and adults. In climates colder than

the Hawaiian littoral climate mortality due to coldness will be

found to play a particularly active part in reducing the abundance

of the melon fly. This, however, is not a factor in Hawaii.

ARTIFICIAL CONTROL.

No satisfactory, artificial control measures have been successfully

applied in controlling the melon fly under Hawaiian conditions. The
only mean^ now employed in Hawaii to safeguard fruits is that of

protecting the young fruits with some type of covering until thej'^

are large enough to withstand attack. Trapping the adults and kill-

ing them by spraying have thus far given poor results, while killing

the immature stages by submergence in water, burial in soil, or by

cold-storage temperatures are methods to be applied in lessening the

abundance of the pest only after infestation lias taken phu-e within

the host fruit. If all growers of host plants would systematically
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cooperate (1) in the destruction of the eggs and hu\ ir hy sul)nicrgence

in water and ('2) in the destruction of the adults by spraying, the

value of spraying with a poisoned bait, and of covering the young

fruits, would be enhanced to a point where either might be sufficiently

effective to be recommended as satisfactory; but so long as the culti-

vation of host plants is largely in the hands of uneducated orientals

who are not amenable to instruction, no relief can be expected.

Spraying.—Since adult melon flies do not begin ovipositing until

'from 10 to 14 days after emergence, depending upon the tempera-

ture, but feed continuously throughout this period, it is evident that

any spray that Avill kill them before they begin ovipositing is

valuable. Severin (45) and Marsh (27) have shown that poisoned-

bait sprays are capable of killing adult flies in large numbers,

as has already been demonstrated by Mally and Bezzi in the case

of the Mediterranean fruit fly. But good results promised by

the work of JVIally and Bezzi were found by Severin, Marsh, and

the writers in Hawaii to be offset by adverse conditions, such as

frequent showers and lack of concerted action by those growing host

fruits. Marsh, who sprayed beds of cucumbers with a solution made
of 1 quart of molasses, one-fourth ounce of Paris green, and 1^ gal-

lons of water, daily from September 9 to October 14, obtained nega-

tive results. This was true also when arsenate of lead was used

instead of Paris green. Severin found that sprays containing a solu-

ble poison, such as potassium arsenate or sodium arsenite, killed off

enormous numbers of adults quickly but "burned the foliage, and

can not be advocated." He was unable by spraying to protect young

watermelon plants, because he could not control the outside sources

for adults and because of the frequent showers.

The writers have obtained negative results in their work with the

poisoned spray:

Lead ars(Mi;it(> (paste) 5 <ninoes.

Brown sugar 2* iioiinds.

Water 5 gallons.

About 2 acres of Chinese melons and cucumbers in a field fairly

well isolated, which from the Hawaiian standpoint means that no

host fruits were grooving within 500 yards, Avere sprayed on May 21,

26, and 28, June 1, 4. 8, 14, and 23, 1915, during typical summer
weather. At the beginning of the experiments the young fruits

were badly stung. Every fruit under 2 inches long wns infested

unless it h^d been properly covered, and adult flies were very numer-

ous. The spray was applied at the rate of about 30 gallons to the

acre by means of a knapsack sprayer. The abundance of li\ing adults

was so noticeably lessened after the third application that even the

(^hinese gardeners noted the fact, and for the first time during the

experiment showed a willingness to cooperate. The interval be-
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tween June 14 and 23 was sufficient to permit an accumulation of

adults equal to that at the beginning of the experiment. Six hours

after an application no dead flies could be found, though many were

sluggish and flew with difficulty. • Twenty-four hours after an appli-

cation many flies could be found dead among the vines. While the

adults were lessened numerically, the young fruits were as badly

punctured at the end of the experiment as at the beginning. Dr.

Illingsworth, of the College of Hawaii, has had only negative results

in his experiments to save cucurbit crops by spraying, although he

has been able to kill large numbers of adults.

While the writers have had negative results with poisoned-bait

sprays, they feel that their failure has been due to peculiar conditions

surrounding the fields sprayed. Under commercial conditions, where

cantaloupes, pumpkins, and watermelons are grown in large quanti-

ties in fairly dry climates, it is reasonable to believe that sufficiently

good results will follow the use of poisoned sprays to make their ap-

plication practicable as a method of control. In Hawaii the grow-

ing of these crops is in the hands of Orientals, w4io do not appreciate

the necessity for clean cultural methods as an adjunct to spraying.

Their gardens, scattered here and there, form excellent breeding

places and centers of distribution. These conditions, coupled with

the very long life of the adult and its roving disposition, make it im-

possible to protect small fields of host plants in Hawaii at the present

time by spraying, particularly during the warm season of the year.

Cold storage.—The only data on the effftipt of cold-storage tem-

peratures upon the immature stages of the melon fly are those in-

cluded in Tables VIII and IX. Fewer experiments have been car-

ried on by the writers to determine the eifect of cold-storage tem-

peratures upon the melon fly than upon the Mediterranean fruit

fly, since it has been foiuid that the stages of the former are not more
resistant. Consequently host fruits refrigerated for periods suffi-

ciently long to kill the Mediterranean fruit-fly eggs, larvae, and

pupte are free from danger as carriers of the melon fly; i. e., if re-

frigerated at from 40° to 45° F. for 7 weeks; from 33° to 40° F. for 3

weeks; or from 32° to 33° F. for 2 weeks when the humidity ranges

between 80 and 91. A comparison of the data in Tables YIII and

IX with those already published on cold-storage effects upon the

immature stages of the Mediterranean fruit fl}^ indicates that the

eggs and larvse of the melon fly and Mediterranean fruit fly are

about equally resistant to cold-storage temperature, but that the

pupa' of the melon fly are much more susceptible. While no pupae

of the melon fly survived refrigeration at from 32° to 33° F. or from
34° to 36° F. for 5 days, or from 36° to 45° F. (averaging 38° F.) for

9 days, pupa) of the Mediterranean fruit fly were not found to be

65732°—Bull. 491 -17 i
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entirely killed until refrigerated for 10 days at 32° F., 18 days at

33° to 36° F., or 21 days at 38° to -40° F. No larva) of the melon

fly survived more than 11 days of refrigeration at 35° to 36° F., or

36° to 40° F. ; no larvae of the Mediterranean fruit fly survived more

than 12 days at 34° to 36° F., 11 days at 36° to 40° F., or 20 days

at 38° to 40° F. No eggs of the melon fl}'^ survived cold storage at

35° to 36° F. and 36° to 40° F. for more than 10 days, while no

eggs of the Mediterranean fruit fly were found alive after refrigera-

tion at 36° F. and 36° to 40° F. for 12 days.

It is anticipated that these data will be of special value from a

quarantine standpoint. The favorable host fruits of the melon fly

are fruits which do not adapt themselves to long periods of refrig-

eration and are subject to serious attack only when the}'^ are very

young and succulent, except such fruits as the caiitaloui)e, cucumljer,

and tomato. The melon-fly host fruits are classed among the quickly

perishable fruits, unless exception be made of certain varieties of

well-matured squashes and pumpkins. In experimental work the

writers have had difficulty in keeping host fruits in flt condition until

the larvae infesting them had been killed by refrigeration. This

Avas particularly true at the temperature of 49° F.

Table VIII.—Effect of cold-.'itorai/c trmprratvrc.s v.pon Cfitis and Inrrw of the
melon fly.

Number
of daj's

in cold
storage.
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Table IX.

—

Effect of cold-storage temperatures upon the pupw of the melon fly}

Temper-
ature of
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quickly than the older pupae when submerged. Only 2 of 70 pupa3

1 and 2 days old, respectively, survived submergence for 2 days.

Two out of 156 and 1 out of IGH pupai submerged 8 and 4 days,

respectively, survived. Other pupae 1 and 2 days old submerged 5, 6,

and 7 days died.

It is safe to conclude that the hirvae of the melon fly will be killed

when the host containing them is submerged in water for 5 days and

the pupae after submergence for G days.

Table X.

—

Effect of ttubmergencc in ordinary soft iralrr upon hirrw of the
melon fly tvithin cucumbers.

[Daily mean teraperatm-es for period 69.5° to 71° i'\, averaging 70. .5' F.]
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unless great care is taken thoroughly to tamp soil filled in over such
infested material adults can emerge from pupa? and finally burrow
their way to the surface from a depth of from 2 to 3 feet of dry sand

;

34, 8, and 5 adults, respectively, from lots of 500 pupa; buried 2 feet

deep succeeded in reaching the surface through dry sand, wet sand,

and soil. Fifty-four 3-day-old pupae were placed in the center of 10

square inches of heavy black soil, such as is found in the market-

garden section of "Waikiki. On drying out this soil hardened so that

no adults were able to emerge. One hundred larvae which had
emerged ready for pupation were placed on the surface of the same
heavy black soil just mentioned, which had been thoroughly wet, as

though well irrigated. All the larvae pupated on or close to the sur-

face and 70 yielded adults. The soil was so tenacious on drying that

the remaining 30 per cent which were just beneath the surface were

unable to emerge.

Burial of the host for the destruction of the immature stages of

the melon fly is not a method of control to be recommended. The
labor necessary properly to bury infested material is so great that

few lots will be buried to a sufficient depth, and cracks formed in

the soil by rapid decay and settling furnish avenues for the escape

of adults from fully 95 per cent of all material, even when buried in

the most tenacious soils.

Traps.—Howlett states^ that he was able in India to attract the

males of the two closely related fruit flies, Dacus zonatus Saund. and
D. diversus Coq., by exposing citronella oil. He was not able to attract

specimens of either sex of the melon fly. Although he was success-

ful in attracting these two species with citronella oil, he failed to

get any reaction with such individual derivatives of this oil as

were obtainable (citrol, citronella, geraniol, citronellaldehyde, cit-

ronellol). Later he believed that he had found the actual substances

which are responsible for attracting these two fruit flies in iso-eugenol

and methyl-eugenol. By exposing the closely related eugenol he

succeeded in attracting the male of an apparently new species.

Samples of eugenol sent by Howlett to Severin and given the writers

by the latter gentleman failed to attract melon flies when exposed in

infested districts.

The mango fruit fly {Dacus ferrugineus Coq.) was found by Frog-

gatt (26) to be attracted by citronella oil, but Illingworth states

-

that the railroad worm {Rhagoletis pomonella Walsh) avoids cit-

ronella oil. It is now well known that the males only of the Medi-

terranean fruit fly are attracted in any numbers to ordinary kero-

sene. In Honolulu the writers have seldom caught adults of the

1 Howlett, F. M. The effect of oil of citronella on two species of Dacus. Trans. Ent.

Soc. Lend., 1912, Pt. II, p. 412-418, pi. 39, 40. 1912.

- Illingworth, James F. A study of the biology of the apple maggot, etc. Cornell

Univ. Agr. Exp. Sta. Bui. 324, p. 160. 1912.
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melon fly in this oil, although they have had traps hung throughout

tlie infested district for many months. Severin was not able to

catch a siifticient number of melon flies in various oils to feel that

they were in any way actually attracted. He used the following

oils: Citronella, turpentine, coconut, whale, fish, kerosene about

120"^ Baume, gasoline about 86° Buume, and benzine about 63^

Baume. Turpentine, gasoline, and benzine caught no flies. The
other oils, exposed over a 5-day period, caught fi'om 2 to 5 individ-

uals, representing both sexes.

Ordinary flytraps baited with diluted molasses and hung about

infested fields were found by Severin to be worthless.

Protection of fruit l>y covering.—The attacji upon cucurbits of

all varieties is so universal in Hawaii that the female bloom in all

species except the cucumbers should be covered before the corolla

unfolds or immediately after. During the warmer portion of the

year the bloom of cucurbits should be protected at least 3 or 4 days

before the flower unfolds in order to insure protection.' At present

many fruits are so covered, but rather indifferently and ineffectually,

as proved by an examination of fruits beneath the coverings. Thus

during April only 9 out of 43 fruits of the Chinese melon {Moirwr-

dica sp.) that had been covered were sound, while at Waipahu on

the same date 119 out of 692 young protected watermelons were

actually free from infestation. Certain Japanese growers ward oft'

attack by burying the young fruit in the soil or surrounding it by

straw and trash until it is sufficiently old to need no further protec-

tion. However, the usual practice among both Japanese and Chinese

growers is to place over the developing bud or the recently opened

flower a piece of cheesecloth or other fabric. This averages in size

about 6 to 7 inches square and is placed lightly over the fruit witliout

any attempt to attach it to the plant, although in certain cases it

may be weighted on the edge with eai-th. The most successful of

tiie protective coverings are those shown in Plate XXIV. In tliis

case the Momordica vines are grown in l^uslies where the young fiiiits

can be easily found and inclosed in the long case made fi'cmi news-

papers. These cases are left open at the lower end, but aie never

entered by the adult flies.

The j)i'otection of fruits by covering with soil, paper, or cloth is

a great labor-consuming operation that at present actually protects

less than 25 jjer cent of all fruits covered, except certain Chinese

marrows. This method is, however, at present the only one which

can be applied with any degree of success, and could be made far

more successful were it a])plied nioi-e intelligently. In a slightly

cooler climate a very much highei- percentage of fruits could be

saved.
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SUMMARY.

The melon fly {Bactrocera cucurhitae Coq.) is found well dis-

tributed over India, which is considered its native home. It is at

present found in India, Ceylon, Java, Timor, Northern Australia,

Singapore, the Philippine Islands, southern China, Japan, and the

Hawaiian Islands. It was introduced into the Hawaiian Islands
from Japan about 1895, and by 1897, when it Avas first observed, it

was already a serious pest. Up to the present time it has been
allowed to increase unrestricted, and because of the equable climate

and abundant food supply has become a serious pest of cucurbitaceous

crops, cowpeas, string beans, and tomatoes. It is impossible to over-

state the destructiveness of the melon fly to cucurbitaceous fruits

under Hawaiian littoral conditions, where these can be brought to

maturity only with the exercise of the greatest care on the part of

market gardeners.

It has been estimated that the melon fly causes a loss of about three-

quarters of a million dollars in a territorj^ smaller than the State of

Rhode Island. It is a pest of prime importance that is being inter-

cepted each year by officers of the Federal Horticultural Board in

ships arriving at the California coast from Honolulu and Hilo, and
there is, therefore, great danger of the melon fly being introduced to

the continental United States.

During the warmest seasons in Hawaii, when the mean tempera-

tures average about 79.5° F., the egg^ larval, and pupal stages may
be passed in as few as 12 or as many as 28| days, according to the

individual and host conditions. At mean temperatures lower than

79.5° F. the duration of the immature stages may be greatly in-

creased. Thus at 51.0° F. the pupal stage alone may require 59 days

and the egg 11 days, while at 5G° to 62° F. the first and third larval

stages may require 27 and 23 days, respectively. Under varying

conditions of host, temperature, and humidity the immature stages

may be lengthened from a minimum of 12 days to 3^ to -t months.

Adults may live as many as 431 days, although the duration of adult

life is variable and may be but a few days. Adults deprived of food

and water never live more than 102 hours or more than 120 hours

without food but with Avater. This is also true of adults which have

been feeding for some time when placed under starvation conditions.

The complete life cycle may, therefore, occupy from -1:43 to 459 days

in the case of most hardy individuals passing the egg, larval, and

pupal stages during the warmest seasons, but longer when these stages

are passed during colder seasons.

Adults feed principally upon the juices of host plants, nectar of

flowers, and honeydew secreted by a large number of insects. A^Hiile

the melon flies are rapid fliers and are found often far from their

host plants, they appear to arrive at these points as the result of
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roving rather than by long-sustained flights. During the warmest

seasons they are active in feeding and ovipositing chiefly during the

early morning and late afternoon hours. In captivity they mate

about sunset and when fed upon papaya and Avater, copulate only

when about 20 or more days old, with the mean temperature av-

eraging 75.5° F. and the relative humidity 09.^ per cent. No eggs

were obtained from females under these conditions until 32 days

after emergence. During the winter, also, when fed upon papa^'a

and water, when the mean temperature was 71° F. and the relative

humidity 78.5 per cent, no eggs were deposited until 44 days after

emergence. However, wlien fed on cucumber, in captivity, mating

will commence when the adults are only 10 days old and egg-laying

begins the following day or only 11 days after emergence, when

the mean temperatures average 76.4° F. and the relative humidity

is 09. 1 per cent. Having once begun ovipositing, adults continue

to deposit batches of from 1 to 37 eggs every few days through-

out life. One female deposited eggs when 398 to 400 days old. An-

other, emerging on May 25, 1914, deposited 687 eggs between July

15, 1914, and February 27, 1915. It is estimated that particularly

hardy individuals may deposit as many as 1,000 eggs. The average

number of eggs deposited is much less and extremely variable.

Adults deposit their eggs Avithin the tissues of the host fruit in

cavities made with the aid of a sharp ovipositor. Eggs may be

deposited in all portions of the plant and fruit, including the crown,

leaf petioles, stalks, and blossoms. If deprived of host plants adults

will oviposit, although less frequently, upon other objects, at least

in confinement. They were able to keep alive by feeding on the

food supplied them in the laboratory during a period of what hap-

pened in experimental work to be from 13 to 31 to 37 weeks when
no host plants were available for oviposition, and began ovipositing

at a normal rate as soon as host plants were available.

Larvae upon hatching usually burrow to the center of the host

plant or fruit, although the place where they feed is determined

largely by the moisture content of the host. In young seedlings they

may burrow into the taproot and kill the plant. In succulent plants

they burrow through the leaf petioles and stalks and bring about

a progressive pruning back of vines by causing the death of affected

parts. The staminate and pistillate bloom and the fruits are vari-

ously affected, as described and illustrated elsewhere. After passing

through three instars the larvae leave the host to pupate in the soil,

usually beneath the host, at a depth ranging downward to 2 inches.

Larva; are aided in leaving the fruit and seeking suitable places for

pupation by their ability to jump, in stages, from 6 to 8 inches. If

they are not able to enter the soil they will pupate upon any hard

surface, such as a floor, corners of fruit cases, burlap coverings, etc.
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Since there are as many as 8 to 10 generations of the melon fly a

year, it is evident that it can multiply very rapidly. No agencies

have been found to be working at the present time in Hawaii that

bring about, even periodically, a great natural reduction in the

abundance of melon flies. In colder climates cold weather will

prove a marked and valuable control factor. No parasites are

known in Hawaii. Predacious enemies and several forms of mor-

tality recorded are of no practical value under Hawaiian conditions.

Search for parasites is now in progress and it is hoped that future

introductions of melon-fly parasites may prove beneficial.

No satisfactory artificial measures have been successfully applied

in combating the melon fly under Hawaiian conditions. Poisoned-

bait sprays promise to yield effective results under other cultural

conditions. At present cucurbits can only be grown by the use of

coverings of various sorts for the protection of the very young fruit.

Trapping of adults and killing adults by sprays have yielded nega-

tive results, while killing the immature stages by submergence in

water, by burial in soil, or by cold-storage temperature are methods
to be applied in lessening the abundance of the pest after infestation

has occurred. Artificial methods of control are not likely to prove

satisfactory in Hawaii so long as the growing of the chief host

plants remains in the hands of uneducated oriental laborers who
do not practice clean cultural methods or cooperate in applying

remedial measures.

BIBLIOGRAPHY.
(1) Clark, B. O.

1898. In The Hawaiian, vol. 1, No. 27. p. G.

The Hawaiian was a newspaper published only during 1898. Mr. L. H. Mesick,

Hawaiian Gazette Co., Honolulu, its editor, possesses the single known complete
file. One section of the paper was known as the official bulletin of the Bureau of

Agriculture (now the Board of Agriculture and Forestry). The reference consists

of correspondence containing the first Information published regarding the presence

of the melon fly in the Hawaiian Islands, or elsewhere, and is as follows :

Ladpahoehoe, Aiiaust 8, 1S9S.

Prof. KOEBELE, Honolulu.

Dear Sir : We have a new pest that has lately come here in the shape of a fly like

a yellow jacket, only not so large. It punctures pumpkins, squashes, bean, tomatoes,
watermelons, and all other plants of this nature. It lays eggs inside, which form
maggots like the samples I send you. You can judge of their work where the things
are growing. Can you suggest any remedy? I send you some samples of their work
by the S. S. Kinau.

Yours, truly,
L. C. Swain.

HONOLOLU, August It, 1898.

L. C. Swain, Esq., Laupahoehoe, Haicaii.

De.\r Sir : Yours of the 8th instant at hand and contents noted. Prof. Koebele is

now in the States, but as I have personal experience with the fly you mention and con-
sulted with Prof. Koebele in regard to it, I can state he told me of no remedy except
covering the vines, and of course this is not at all practicable except for a few vines
in a garden. I tried a spray of whale-oil soap, thinking the odor might keep the fly

away, but it did not. I shall try a I'aris-green solution. 1 pound to :.'()0 gallons of
water, keeping it stirred frequently, and apply with a spray pump. This will kill the
eggs and young larvse of the codling moth on apple and other fruits, and possibly
may do so in this case. The great difficulty in this climate is that frequent showers
wash off the poison, and it has to be repeated frequently. The Paris green can also
be applied as a powder, mixed with flour or air-slakod lime, in the proportion of 1

part of Paris green to 100 of flour or lime. I wo\ild advise collecting all infested
squashes and feeding to pi^'s or other animals or bnrv tliem so dicii the fly can not
get out when it hatches. Tf all who grow the crops which it breeds in would do so, I

tbink it could be at least checked ; the great difficulty would be to know if there Is any
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wild fruit, etc., upon which it deposits its eggs for development. I have not observed
it attacking anything hut the cucuiuher, melon, and squash family.
The following life history, which I have learned by experimenting in a " hatchery,"

may interest you if you liave not alreadv det(>rmined the same for yourself. The tly

\\liich you describe is more like a small-sized botfly than a wasp, and will bo seen
hovering about the vines of nuiskmelons, squashes, etc., and when disturbed darts away
very quickly, so rapid, in fact, one can scarcely follow it with the eye. It stings not
only the fruit with its ovipositor, but also tlio young and tender growth of the vines,
depositing a number of eggs, which soon hatch into small white maggots that feed on
the tissues of the plant or fruit, causing it to decay, .\ftcr the maggot has attained
its growth, it descends into the soil, where it develops into a small chrysalis of a light
yellowish-brown color, and in about 10 or 12 days comi'S out a perfect insect, ready
to repeat its mission of destruction. I do not know how many generations it wiil
produce In a year, but in the warmer and drier districts I believe it will breed the
.\ear through, except possibly a while during the winter months, and then its develop-
ment is only retarded by the cooler weather, which prevents the chrysalis maturing so
rapidly.

If you will take a squash or other specimen with the eggs or young maggots in the
same, placing it in a box containing 2 or o inches of loose, dry soil, keeping it covered
with a piece of glass, you can soon learn for yourself its life history, and perhaps
make observations that may lead to means of successfully combating the pest.

Yours, respectfully,
Byron O. Claris,

^ecretunj and Conimis.ftoner of Agriculture.

(2) COQUILETT, D. W.
1899. A new trypetid from Hinvaii. In Eiit. News, v. 10, No. 5, p.

129-130.

This article, which is technical and contains the original description of Daciis

cucurbitw, is as follows

:

Dacus cucurhito' n. sp. Head light yellow, the occiput, except the sides and upper
margin, reddish yellow, an ocellar black dot, front marked with a brown spot in front of
its center and with three pairs of orbital brown dots, a black spot on each side of the
face near the middle, and a brown spot on the middle of each cheek ; autennie, palpi,
and proboscis yellow, the latter mottled with brown. Thorax reddish yellow, the humeri,
a median vitta on the posterioi* half of the mesouotum, another on each side above the
insertion of the win,j;s, uniting with an irregular band which extends upon the pletira

to the upper part of the sternapleura, also a large spot on each side of the metanotum,
encroaching upon the hypopleura, light yellow ; scutellum, except its extreme base, light
yellow, bearing two bristles. Abdomen light yellow on first two segments, reddish
yellow on the others, the extreme base, a fascia at the bases of the second and third
segments, usually a lateral spot on the fourth and fifth, also a dorsal vitta on the last
three segments, blackish or brownisli ; first segment of the ovipositor of the female
slightly longer than the fifth segment of the abdomen. Wings hyaline, the apex of the
subcostal cell from a short distance in front of the apex of the auxiliary vein, the
marginal and submarginal cells, tlie median third of the first basal cell, and a large
spot in upper outer corner of the first posterior cell, brown ; anal cell brown, this color
encroaching on the third posterior cell and bordering the sixth vein almost to its apex;
posterior cross vein bordered with brown, this color extending to tb.e hind margin of the
wing; upper end of the small cross vein also bordered with brown. Ilalteres light
yellow. Legs light yellow, the broad apices of the femora and the last four joints of
the tarsi reddish yellow, hind tibiie reddish yellow or dark brown. Length G to 8 mm.

Ilonoluhi. ilawaii. Two males and two females bred by Mr. George Compere from
larviB living in green cucumbers. Type No. 4207, U. S. Nat. Museum

(3) How.^RD, L. 0.
1900. A dipterous enemy of cucurbits in the Hawaiian Islands, In V. S.

Dept. Agr. Div. Eut. Bui. 22, n. s., p. 93-94.

In this short account Dr. Howard gives data on the prevalence of the melon riy

about Iloudlulu, secured l)y <;eorge Compere, at the time of his visit to the Hawaiian

Islands in November, 189S. Reference as follows :

March IH, 1S09, we received from Mr. (ieorge ('omijere. Honolulu, Hawaiian Islands,
specimens of what is locally known as the melon <>r encumber lly. Our correspondent,
writing under date of February 14. IS!)!), states that this is a very serious i)est with
vegetable growers, as it destroys more than 7") pt>r cent of the watermelons, cantaloupes,
and cucumbers grown in those islands. He writes, in substance, that the parent flie.r?

are to be found at all seasons of the year, and that they puncture the cucumber, which
is the only plant on which our correspondent has observed the species, on the upper
side, and generally near the stem end, this operation taking place when the cncuml/er
is about half or two-thirds grown. In the punctmes thus made they deposit their eggs,

which soon hatch into minute footless white maggots. Their iiresence in the cucumber
is manifested by a small yellow spot where the puncture was made. Twenty-seven
minute maggots were counted in one of thes( punctures. In one cucumber that had been
punctured three times in dilTerent places, IK! of these maggots were counted. These
maggots eat out the entire inner substance of the fruit with the exception of the seeds,

leaving onlv the outer skin, which turns vellow and decays, when a slight touch or a

lew drops of rain will cause it to collapse. By that time the maggots have all attained
their growth, and if any of them become exposed to the sunlight they immediately draw
themselves together and. after the manner of the cheese maggot and other species that
might be mentioned, spring in all directions. Jumping as high .-is ."> feet. If the skin of
the cucumber be left intact they will emerge from the decayed pulp on the underside
and burrow at once into the earth for pupation. Fourteen days after placing maggots
in a breeding jar, with soil kept constantly moist, Mr. Compere succeeded in obtaining
the adult flies.

In the conclusion of this letter our correspondent adds, as a warning, that water-
melons, cantaloupes, and cucumbers should never be allowed to be shipped from the
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Hawaiian Islands Into the United States. It is quite probable that this Insect could
be introduced into several of our Southern States or recently acquired ins\ilar possessions
and it is one of those species for which quarantine inspectors should bo on the lookout
No class of vegetables, if we except cabbages and botanically related plants ar<' so badly
infested with insects as are the cucurbits, and the introduction of unotbor new pest is
most undesirable.
The insects were referred to Mr. Coquillett, of this office, who after careful examina-

tion pronounced the species an undescribed Trypetid. He has accordingly given it the
name of Dacun cucurbitw, and has published a description of it in the Entomological
News for May, 1899, under the title " A New Trypetid from Hawaii."

(4) KoEBELE, Albert.

1900. Report of Prof. A. Koebele, entomologist. In Rpt. Corar. Agr. and
Forestry, Hawaii, p. 36-49.

Among injurious pests treated he calls attention to the fact that Dacus cucur-
bitw is the only species of fruit fly so far known in Hawaii, that it is almost im-
possible to raise cucurbitaceous fruits withoul proper protection to the plants, and
suggests cooperation in clean cultural methods as the only feasible manner of
combating the pest.

(5) Howard, L. O.

1901. Diptera collected in Hawaii by H. W. Hensliaw. In Proc. Ent. Soc.

Washington, v. 4, no. 4, p. 490.

Among the Diptera Dacus cucurhitw Coq. is listed with the statement :
" Five

specimens. Described from Hawaii."

(6) Grimshaw, p. H.

1901. Fauna Hawaiiensis. (v. 3, pt. 1, 77 p., 3 pi. Cambridge.)
Reference consists merely of copy of (2) and statement of Howard (5).

(7) Craw, Alexander.

1902. Horticultural quarantine reports. In Bien. Rept. Bd. Hort. Cal.,

V. 8, 1901-2. p. 187-204.

Reference consists of a paragraph of seven lines, giving the first official record

of the interception by quarantine oflkers of melon-fly infested material from Hono-
lulu at San Francisco. Reference as follows (p. 198) :

We occasionally find a melon in the possession of passengers or crews from Hono-
lulu, which we destroy. No melons, cucumbers, or summer squashes have been
received as freight from Honolulu since we destroyed the shipment that arrived
on February 28, 1899. on the S. S. Australia, infested with melon maggots (Daciin
cuciirbitw) . In Honolulu this pest destroys 75 per cent of their crop. It is not
found in North America.

(8) Perkins, R. C. L.

1902. Insects. In Rept. Governor of Territory of Hawaii for 1902.

Ann. Rpts. U. S. Dept. Int., pt. 2, p. 360.

An 8-line reference, recounting difficulty of growing cucumbers, except under cover,

as a result of melon-fly attack. " Its true home is no doubt either Japan or China.

At Hongkong a species is found almost identical in size, color, and form, and which
only differs in having an additional pair of bristles on the scutellum. Parasites of

the melon fly could no doubt be procured from that country."

(9) Smith, J. G.

1902. In Ann. Rpt. Hawaii. Agr. Exp. Sta., U. S. Dept. Agr. Off. Exp.

Stas. Rpt., 1902, p. 324.

Four-line reference as follows : " A fly is doing great damage to the cucurbits

by stinging and depositing its eggs in the young fruit. The larvie, on hatching,

burrow into the tissue, causing decay. As a result a good watermelon brings from

50 cents to $1 on the fruit stands of Honolulu.

(10) Smith, .1. G.

1903. In Ann. Rpt. Hawaii. Agr. Exp. Sta.. 1903. U. S. Dept. Agr. Off.

Exp. Stas. Rpt, 1903, p, 417.

A 2-line reference to an investigation of melon-fly ravages at Wahlawa, Oabu.

(11) Van Dine, D. L.

1904. Insecticides for use in Hawaii. In Hawaii. Agr. Expt. Sta. Bui. 3,

21 p., 7 fig.

A 5-line reference as follows, p. 7 :

Watermelons and muskmelons are a luxury, a good melon bringing .'iO cents to $1

at the fruit stands in Honolulu. These products could be raised in certain sections,

in qqantlties great enough to bring them within the reach of every table, were It not

for the attack of the melon fly (Uacua cucurbita).



GO BULLETIN 491, TJ. S. DEPARTMENT OF AHmCULTTTRE.

(12) Van Dine, D. L.

1904. Entomological work. In Ann. llpt. Hawnii. Agr. Kxpt. Sta.. p.

872-;i71).

Keferoucc as follows (p. 37G) : "The melon fly {Daciis invurbitw] is a true fly of

the family Trypetida?. The larva iufcsts the fruit of all plants of the family Cucur-

bitacea; ; destructive also to beans and tomatoes."

(13) Craw, Alexander.

1905. Iteport of superintendent of entomology. In 1st Rpt. Bd. Agr. and

Forestry Hawaii, p. 136-14G.

Reference is as follows (p. 138) :
" The melon fly (Dacus cucurbita) was unfortu-

nately introduced here a few years ago from .Tapau. That pest has practically stopped

the production of uuiskmelons here. It also attacks other melons, besides cucumbers,

squash, tomatoes, and even string beans."

(14) KEAtrss, F. G.

1905. The vegetable garden. In Hawaii. Forester and Agr., v. 2, no. 11,

p. 353-361.

The author states in a discussion of melons that "-were it not for the ravages of

the cut-worms, plant lice, and the melon fly these crops would be delightful to grow
in Hawaii, but our advantages from the absence of frost are about t)fl'set by the

prevalence of insect pests."

(15) Terry, F. W.
1906. A preliminary account of insects of economic importance in tlie

Hawaiian Islands. In Haw. For. and Agr., v. 3, no. 2, p. 35-45.

Discusses Dacus cucurbita" in 24 lines of print (p. 44). " Since its arrival it has

practically stopped the raising of melons, cucumbers, squashes and tomatoes in many
localities, unless these plants are carefully screened from the attacks of tlie fly."

Popular notes on life history and description of very general nature.

(16) Van Dine, D. L.

1906. The melon fly (Dacus cucurhitw Coquillett). In Haw. For. and

Agr., V. 3, no. 4, p. 127-129.

A 3-page popular account of a most general nature. States that during last

season the crop of melons exceeded any previous crop since the advent of the fly,

probably due to the perseverance of Japanese growers in protecting their melons from

the fly at or immediately after the setting of the fruit.

(17) Craw, Alexander.

1907. Reports of horticultural qutirantine inspection work. In Hawaii.

For. and Agr., v. 4, no. 5, p. 113-116.

From dead specimens of the "melon fly" (Dacus cuvurbitw) received by this divi-

sion from the government entomologists of India, we learn of the existence of several
parasites that prevent its seldom or ever becoming a pest there. An effort should
be made to introduce these parasites here by way of Hongkong. This would be a
diflScult experiment, owing to the great distance, but the uudoul)te(i benelit to the
melon industry of this Territory, in case these parasites were successfully introduced
and established, would justify the expenditure of considerable money in the attempt
to control this pest.

(18) Maxwell-Lefroy.

1907. The more importtmt insects injurious to Indian agriciiUiire. In
Mem. Agr. Dept. India, Ent. Ser., v. 1, p. 113-252, SO tig.

Page 228 states that this is a sporadic and occasionally serious pest which hiber-

nates during cold months and is found in hot weather and rains. Gives distribution

as " Nasik, Pusa, Ilathwa, Surat, Umballa. Probably throughout India."

(19) Van Dine, D. L.

1908. Report of the entomologist. In Ann. Rpt. Hawaii. Agr. Expt. Sta.,

1907, p. 25-51, 3 fig., 2 pi.

The melon fly, p. 30-.'!5 : .V good concise article of SJ pages, containing copies of

(1), (2) and (17), the lirst illustrations of adult, eggs, larva and puparium ever
published, a complete bibliography to date, besides gem-ral statements regarding
ravages and control.
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(20) HOWLETT, F. M.

1909. Diptera. In Maxwell-Lefroy's Indian Insect Life, p. 545-664, pL
5S-71. fifr. 34S-423.

No text regarding Dacus cucuibitw but figures adult female, eggs in gourd, larva
and pupa, togetlier with anterior and posterior spiracles of pupa, p. 6:53, flg. 4 8

(21) KiRKALDY. G. W.
1909. Entomological notes. In Haw. Planter's Record, v. 1, no. 2, p. 32.
Short note stating that some parasites of the melon fly left with the Hawaiian

Board of Agriculture and Forestry by Geo. Compere were being investigated by the
Entomological Division of the Hawaiian Sugar Planters" Association. (See (2."?) for
further information.)

(22) Bl.ACKMAN, L. G.

1909. Our melon pest. In Hawaii. Forester and Agr,, v. 6, no. 8, p. 2SL
Calls attention to an estimated loss of three-quarter million dollars annually to

Hawaii as a result of melon-fly attack and to the need of a search for and the
introduction of parasites of the melon fly.

(23) KOTINSKY, J.

1909. Report of the superintendent of entomology for July, 1909. In

Hawaii. Forester and Agr., v. 6, no. 9, p. 358-361.
Gives result of investigation referred to in (21). Records the rearings from

pupiB of Geratitis capitata sent by Geo. Compere from West Australia. Consignment
on arrival at Honolulu, June 24, 1909, was turned over to the Entomological Divi-
sion of the Hawaiian Sugar rianters" Association. Summarizes investigations made
by O. H. Swezey, of the Hawaiian Sugar Planters' Association (see p. 364-3651, by
saying that a few adults of Ceratitis capitata emerging first were allowed to die in

the rearing vials before removal ; that although 115 specimens of Chalcis (probably
Tetrastichoides sp.) emerged and were placed with melon-fly maggots no mating or
oviposition was noted and no maggots became parasitized. Seven specimens of a
braconid (Apodesmia sp. ) were reared, but no mating or attempts at oviposition
were noted, and no parasitism followed the confinement of these parasites with
cucumbers infested with maggots of Dacus cucurbitw.

(24) Bezzi, M.

1909. Le specie dei generi Ceratitis, Anasti-epha e Dacus. In Bol. Lab.

Zool. Portici, v. 3, p. 273-313.

Dacus cucnrbxtw, p. 294 and 300. Purely systematic reference.

(25) Van Dine, D. L.

1909. Report of the entomologist. In Ann. Rpt. Hawaii. Agr. Expt. Sta.,

1908, p. 17-41.

Page 32, a 5-line reference as follows :
" It is believed that at the present prio-

of melons it would pay to grow muskmelons at least under cover, fertilizing the

flowers by colony of bees."

(26) Froggatt, W. W.
1909. Report on Parasitic and Injurious Insects. Dept. Agr. N. S. Wales.

1907-1908, p. 53, 54, 56, 84-85, pi. 11, figs. 6, 7.

Records Dacus cucurbitw from gardens about Allahabad, India, and Jaffna.

Ceylon. States that Dacus cucurbitw was not attracted to citronella oil, although

other species of Dacus were ; that INIulr found India the native home of D. cucur-

bitw, and that his own later investigations showed that it was widely distributed

over India and Ceylon ; found Dacus cucurbitw wherever melon gardens were exam-

ined in Central and Northwestern India ; reared it from melons, cucumbers, bitter

gourd, and eggplant.

(27) Marsh. H. O.

1910. Report of the assistant entomologist. In Rpt. Bd. Comrs. Agr. and

Forestry, Hawaii, p. 152-159.

Foi'ty-three lines of print calling attention to utter disregard by oriental gardeners

of clean cultural methods and resultant increase of Dacus cucurbitw about Honolulu.

Discusses results of spraying with poison baits and use of trap crop. In the latter

cantaloupes were used with cucumbers with negative results, since both crops were

entirely destroyed. Spraying experiments in which a solution of molasses 1 quart.

Paris green J ounce, and water IJ gallons was used, gave negative results, altbung"'

applied daily from September 9 to October 14. A solution with arsenate of lead

also gave negative results.
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(28) Ehrhokn, E. M.

1910. Report of the superintendent of entomology, hi Hawaii. Fore.ster

and Agr., v. 7, no. 11, p. 336-338.

Record of rearing one adult melon fly from sweet orange from Kainiuki, Oahu.

(29) Pkrkins, R. C. L.

1911. The Mediterranean Fruit Fly. In The Hawaii. Planters' Record.

V. 4, no. 3, p. 140-144, 3 fig.

Article is entirely on Ceratitis capitatn, i)ut contains by way of illustration for

comparison a good figure of the adult female Dacus cuciirbitm.

(30) Banks, Nathan.
1912. The Structure of Certain Dipterous Larvae, with Particular Ref-

erence to those in Human Food. U. S. Dept. Agr. Bur. Ent.

Tech. Ser. 22, 44 p., 8 pi.

Reference as follows, p. 32, pi. 5, flg. 101, 102, 104 :

Darns rucurhitw Coq. Head liilobed from above, each lobe bearing a distinct
antenna ; mandibles two, distant ; anterior spiracles long, with about 20 lobes.

Ventral segments 6 to 12 with swollen spinulose areas. The last segment shows
below a transversely elliptical spinulose area, rather depressed, and containing
two approximate, fiat, rounded tubercles ; tip of body rounded, with a low, broad
swelling at each lower corner; the stigmal plates are approximate, each witli three
short slits, pointing toward those of th,e opposite plate.
From melons in Hawaii.

Gives figures of side view of head, anterior spiracle, and stigmal plate of larva.

(31) ^YEINLAND, H. A.

1912. Tlie fruit fly menace and preventive measure.s. In Mo. Bui. State

Com. Hort. Cal., v. 1, no. 5, p. 156-159.

While dealing chiefly with Cerafifis capitatn, Weinland has the following to say

about Dacus cncurbitw: " The melon fly has been a pest on the Hawaiian Islands

for as many as 25 years and has become established on all the islands of the

group. It is particularly destructive to melons and certain vegetables. On March

28, 1910, Quarantine Order No. 4 was issued barring from the State watermelons,

muskmelons, encumbers, and tomatoes from these islands or from any other place

in which the fly is known to exist."

(32) Cook, A. J.

1912. The work of the State commissioner of horticulture. In ISIo. Bui.

State Com. Hort. Cal., v. 1, no. 8, p. 372-377 ; no. 9, p. 533-539.

Two references identical and as follows': " I am happy to inform you that we

have enlisted the interest and action of other Pacific Coast States and of British

Columbia, and so feel that we are in less danger of an invasion of the ^lediter-

ranean fruit fly and of the melon fly {Dacus ciicurbitw) via other than our own
ports through the interest and action of horticulturists of other States."

(33) Compere, Geo.

1912. A few facts concerning the fruit flies of tlie world. In INIo. Bui.

State Com. Hort. Cal., v. 1, no. 10, p. 709-733, fig. 204-219.

Pages 709-710, discovery of Dacus cucurMtw in Honolulu in November, 1898;

p. 72.", record of collections about Poona. India : p. R4.5. record of collections at

Colombo, ("eylon ; p. 909, record of rearing material collected at IJangalorc, India ;

states that he found the melon fly a rather serious pest at Macao and Canton, but

" not to the extent it is in the Hawaiian Islands." Figure 212 reproduces photo (2)

wing of melon fly from India and ('d) from Hawaii.

(34) Green, E. E.

1912. Report of the government entomologist. In Rpt. Dept. Agr. Ceylon,

pt. 4, 1911-1912, p. 2-5.

Lists the pumpkin fly (Dacus ciicurhitw Coq.) as destructive to fruits of vege-

table marrows.

(35) EssiG, E. O.

1913. Some interesting fruit flies, fu Mo. Bui. State Com. Hort. Cal.,

V. 2, no. 11, p. 726.

Gives C. F. Baker as authority for information that Dacus cucurbitw Coq. is

abundant in the Philippine Islands.
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(36) Bezzi, M.

1913. Indian trypaneids (fruit flies) in the collection of the Indian
Museum. //; Mem. Indian Mus., v. 3, no. 3, p. 53-175, pi. 8-10,

3 fig.

Bactrocera cucurbitw Coquillett, p. 96-97, pi. 8, fig. 7 (wing) :

" A proportionally large species which can be easily recognized from all other
known Indian species by the posterior cross-vein of the wings being widely bordered
with brown. Vertical, thoracic, and scutellar bristles black. Third "abdominal
segment of the male with a row of black bristles; anal stripes dilated at tip but
less abruptly than in the preceding species \ iiiamjifera]." States that this species
has been found widely distributed over India and ("eylon. and that this region is its
original home. " In the collection are many specimens from Calcutta, caught in
April, May, June, and September; others from Durjbana, Nepal Terai Ranchi •

Kumdlik, Nepal Teral. in March ; Bhogaon, Purneah district, N. Bengal, in October
'

Allahabad, United Provinces, in August ; Nepalganj Nepal Frontier, 22-xi-ll
'

Siripur ; Saran. N. Bengal, 2()-ix-10 ; Adra, Manbhum district, 12-X-09 ; Bombay'
in gourds, 12-X-03 ; Peradeniya, Ceylon, 10-i."

States, on page 366, that while he reared four species of Dacus from Fijian fruits
he did not find Cucurbitaceaae. •

(38) MuiR, F.

1914. Observations in Formosa. In Hawaiian Planters' Record, v. 10,

no. 4, p. 274-281.

In 3-line reference, p. 281, states " Dacua cucurbits and Dacus diversa (c) are
both common and do harm—the former to cucumbers, melons, etc. ; the latter to
citrus fruits. No parasites are known to attack them."

(39) Bridwell, J. C.
1914. Report for the period from October 1 to December 31 [19131. In

Hawaii. Bd. Agr. and Forestry Bui. 3, p. 154-160.
States that development of melon fly is not retarded by winter weather and that

melon-fly pupa? may be used experimentally in rearing par.Tsites for C. capitata.

(40) Rutherford, A.

1914. Report of the entomologist. In Rpt. Dept. Agr. Ceylon, July 1, 1912,

to December 31, 1913, p. 9-12.

Lists D. cucurhitcB among various insects of economic importance.

(41) Dammerman, K. W.
1914. Het Vraagstuk der Fruit-vllegen voor Java. Dept. van Landbouw,

Nijverheid En Handel. Meddelingen van de Afdeeling voor

Plantenziekten, no. 8, p. 7-8, pi. 2, fig. 1. (wing).
States that in Java has bred Dacus cucurhitw from Momordica and Citrullus, and

lists as feeding in melons, watermelons, and cucumbers. Article of value chiefly

as reference to presence of pest in Java.

(42) Maskew, F.

1914. Report of investigations of the fruit-fly situation in the Territory

of Hawaii. In Mo. Bui. State Com. Hort. Cal., v. 3, no. 6, p.

227-238.

Report deals chiefly with Ceratitis capitata, but contains the following :
" The

melon fly (Dacus cucurhitw) is a source of great financial loss to the producers, and
all of its hosts should be included in the list of material covered by the United
States quarantine order."

(43) Fletcher, T. B.

1914. Some South Indian Insects. 565 p., 50 pi., 440 fig. Madras.
Page 354 states that the melon fly is a serious pest to cucurbits through southern

India, where it passes through the egg, larval, and pupal stages in about 1.5 days.

Recommends prompt gathering and deep burial of all infested fruits and protection
of fruits by coverings of netting. Colored plate 2t; gives good enlarged dorsal
view of adult fly and figures of larvae and pupae. Illustrations same as appearing
in (20), only enlarged and colored.

(44) Fullaway, D. T.

1914. Report of • the entomologist. In Ann. Rpt. Hawaii. Agr. Exp. Sta.,

1913, p. 18-21.

Lists of insects affecting various garden crops with approved notes. Lists Dacus
cucurhitw as affecting cablsage, eggplant, tomatoes, peppers, and cucumbers.
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(45) Severin, H. H. p., Severin, H. C, and Hartung, W. J.

1914. The ravages, life history, weights of stages, natural enemies, and

methods of control of tlie melon fly (Dacns cuciirbitfr Coq.). In

Ann. Ent. Soc. Amer., v. 7, no. 3, p. 177-207, pi. 27-31, 4 fig.

Most comprehensive paper dealing with Dacus cucurbitw thus far published. Of

special interest from standpoints of new and for most part original data and ilhis-

trations of pest's capacity for damage, and for data on length of egg, larval, and

pupal stages, weights of various stages, and control l)y submergence iu water, burial

in sand and soil, traps, and poisoned sprays.

(46) Back, p]. A., and Pemberton, C. E.

1914. Life History of the Melon Fly. In .Jour. A^a-. lies., v. 3, no. 3, p.

269-274.

I'reliminary to present bulletin, giving data on length of egg, larval, and pupal

stages, and upon longevity, sexual maturity, and rate of oviposition of adults during

the warmer periods of Hawaiian weather. First report of careful biological work

in which the important influence of temperature is talien into consideration.

(47) FULLAWAY, D. T.

1915. Report of the entomologist. In Rpt. Hawaii. Agr. Exp. Sta., 1914,

p. 43-50.

Reference as follows (p. 49) :
" The melon fly {Dacus cucurhitw) has often been

reported infesting the heart of cal)bage, but the infestation is not at all common and

is considered to be due to abnormal conditions in the plant and of a secondary

nature."

(48) Severin, H. H. P.

1915. Experiments in destroying fruit infested with fruit fly majiKots.

In Ent. News, v. 26, no. 2, p. 78-83.

Deals with both C. capitata and D. cucurhitw. Contains 13 pages of compilation

from other authors, 2J pages taljen verbatim from (34), and 1 page of conclusions

and bibliography. Tables and figure appear in (34).

(49) Maskew, F.

1915. Report of tlie quarantine division for the years 1912, 1913, 191 4,

and 191.5, appearing in Mo. Bui. St. Com. Hort., Vols. II, III,

and IV.
Records the interception at San Francisco of contraband material from Honolulu,

containing living larvJC of Dacus cucurbitw during .Tuly, 1912, .Tune and September,

1913, and .Tune, 1914. No melon flies were intercepted during 191.5 unless covered

by the " tomatoes infested by trypetid larvae " recorded for November.

(50) Hill, G. F.

1915. Insect Pests of IMants. Nortliern Territory of Australia. L)ei)t.

External Affairs, aielbourne. Bui. no. 13, 16 p.

Dacus cucurhitw Coq. is listed as pest of melons, pumpkins, and marrows, among
some of the principal insect pests of trees and crops at present grown in the

Northern Territory.

(.51) Bryan, W. A.

191.5. Natural History of Hawaii. 596 p., 117 pi., Honolulu.

Six-line paragraph dealing in a general way with the melon fly as one of a

number of important pests introdtued into Hawaii, p. 387.
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