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Notes on Cryptolestes Ferrugineus Steph., a
Cucujid Occurring in the Trichogramma
Minutum Parasite Laboratory of
Colorado State College*

By ELWOOD H. SHEPPARD

This work is divided into two parts: Part I is a consideration of
the biology of Cryptolestes ferrugineus Steph.; part II is a consid-
eration of the relation of the beetle to the Trichogramma minutum
parasite work.

This problem attracted the attention of the writer becanse of the
occurrence of Cryptolestes ferrugineus®  in incubators used for rear-
g the Angoumois grain moth at Colorado State College of Agri-
culture and Mechanic Arts. Trichogramina minutum parasites are
reared on eggs of this moth.

After a thorough study of literature, the writer has come to the
conclusion that no work has previously been done on the life cycle
of this insect. In fact, very little literature whatever can be found
on it. A few references have been discovered in which the insect is
simply reported as oceurring, and even fewer have been found which
shed some little light upon its habits in a very general way.

Cryptolestes ferrugincus belongs to the family Cucujidae. The
msect was deseribed by Stephens about 1845. According to Leng (4),
Ciryptolestes is a subgenus of Laemophlocus; Casey (1), however,
objects to this eclassification. He maintains that in Ciryptolestes, as
represented by ferrugineus Steph., the tarsi are similar to Lacmoph-
locus, but the anterior coxal cavities are even more broadly and com-
pletely ineclosed by the sterna, there being merely a fine suture be-
tween each sidepiece and the median lobe. Ile concludes, then, that
this character, in conjunection with the narrow, parallel form of the
body and the ahsence of eopistomal suture, shows that Cryptolestes
ix not a subgenus of Lacimophlocus but a very distinet and well-char-
acterized genns. In literature, however, this insect is most often
veferred to as Lecmophlocus ferrugineus.

Leng (4) lists ferrugincus Steph. and testaceus Payk as synon-
omous specific names for this speecies.

According to Wheeler (11), Laemophlocus ferruginews Steph.
I+ cosmopolitan. It has been reported from Britain in haystack

*Submitted in partial fulfillment of the requirements for the degree of Master
of Science, Colorado State College of Agriculture and Mechanic Arts.
**Determined by R. T. Cotton.



4 CoLORADO EXPERIMENT STATION

refuse and in granaries; it is rarely found under bark. It has been
fecund in Germany in rice, bran middlings, and meal. It is often
found in grain attacked by Calandra, in bran, flour, ete.

The writer wishes to express his appreciation of the kindly guid-
ance and helpful eriticism of Dr. George M. List, under whose di
rection this work was carried on.

PART I.—BIOLOGY OF Cryptolestes Ferrugineus
METHODS

An incubator equipped with a thermostat was used in the rear
ing of these insects. In this way the desired temperature of 83° F.
was maintained. Sinee a high relative humidity is required, the
incubator was further equipped with a large pan of water and an
electric fan set in such a position as to pass a current of air directly
over the water surface continuously.

Small glass vials with cotton stoppers, and hollow slides with
cover glasses, were used for individual rearing cages. A more satis-
factory type of cage, however, was developed later in the work. A
three-quarters inch bone ring was placed on a glass slide and sealed
with balsam. The interior was then black enameled. Over the top
of the ring was placed a circle of clear celluloid with a small hole
punched out of the center. This was also sealed on with balsam.
By means of the opening provided it was possible to transfer larvae
and food without the inconvenience of removing a cover glass. At
the same time the larvae were found to be incapable of crawling out
so long as the inner rim of the celluloid projected slightly over the
bone ring. A great many of these cages were used in the rearing of
larvae.

Still another type of cage used consisted of three-quarters inch
glass tubing cut into quarter-inch lengths and sealed onto glass
slides with balsam. Ordinary cover glasses were used with these
cages. Such cages proved fairly satisfactory in rearing the larvae,
although they were a little too large to be most efficient. The larvae
insisted upon erawling up the sides of the cages and were therefore
sometimes difficult to find.

A large supply of adult beetles was kept in petrie dishes in which
were placed small squares of cardboard or blotting paper with tiny,
knife-edge grooves cut half-way through. The eggs were carefull‘y
deposited in these by the females. By means of a tiny camel’s-hair

brush, eggs were transferred from there to the rearing cages.
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STAGES OF THE LIFE CYCLE

Tue Ecc

DescripTioON.—The egg is small, slender, eylindrical in shape,
and slightly rounded at both ends. It is about .65 mm in length and
24 mm across the widest portion. In color it is a beautiful trans-
toecent white.

IncuBaTiON PERIOD.—Eggs are deposited in small erevices. In
about 5 days these eggs hatch when a temperature of 83° F. and a
high relative humidity are maintained. Table 1 shows the incuba-
tion period of 30 eggs. It may be seen in the table that the incu-
bation period is quite consistently 5 days. Out of the 30 eggs ob-
served, three hatched in 4 days and one in 6 days. The other 26
all hatched in the usual 5-day period.

In all cases eggs transferred to steam-heated room conditions col-
lapsed and failed to hateh, probably because of the low relative
hunmidity.

TaBLe 1.—Incubation period of eggs at temperature of 83° F.

Date Incuba- Date Incuba-
Egg deposit- Date tion Egg deposit- Date tion
no. ed hatched period no. ed hatched period
1 Nov. 20 Nov. 25 5 days 16 Nov. 23 Nov. 28 5 days
2 Nov. 20 Nov. 25 5 days 17 Nov. 24 Nov. 29 5 days
3 Nov. 20 Nov. 25 5 days 18 Nov. 24 Nov. 29 5 days
4 Nov. 20 Nov. 24 4 days 19 Nov. 25 Nov. 30 5 days
5 Nov. 21 Nov. 26 5 days 20 Nov. 25 Nov. 30 5 days
[ Nov. 21 Nov. 26 5 days 21 Nov. 25 Nov. 30 5 days
7 Nov. 21 Nov. 27 6 days 22 Nov. 25 Nov. 30 3 days
8 Nov. 21 Nov. 26 5 days 23 Nov. 25 Nov. 30 5 days
9 Nov. 22 Nov. 27 5 days 24 Nov. 25 Nov. 30 5 days
] Nov. 22 Nov. 27 5 days 25 Nov. 26 Dec. 1 5 days
11 Nov, 22 Nov. 27 5 days 26 Nov. 26 Deec. 1 5 days
12 Nov. 22 Nov. 27 5 days 27 Nov. 27 Dec. 1 + days
3 Nov. 23 Nov. 28 5 days 28 Nov. 27 Dec. 2 5 days
14 Nov. 23 Nov. 28 5 days 29 Nov. 27 Dec. 2 5 davs
15 Nov. 23 Nov. 27 4 days 30 Nov. 28 Dec. 3 5 days

Tae Larva

EMERGENCE.—When about ready to hatch the egg reveals quite
clearly the segmentation of the larva within. A series of undulating
movements, caudad forward, is set up by the larva, and very soon the
eggshell is broken at the end by the pressure of the head capsule of
the larva upon it. The larva continues its activity, more and more
of the body being gradually exposed, until it is entirely free of the
shell. The writer has observed hatching in manyv cases. Four to
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seven minutes are required for the process. As a rule, immediately
upon hatching the larva walks rather rapidly away from the egg case,
apparently in search of food.

Dzscriprion.—The newly emerged larva is about .7 mm long,
erystal white entirely, the head capsule and spine-like appendages
of the last segment very soon becoming reddish-brown. It is cylindri-
cal in shape, tapering a little at each end.

The full-grown larva, however, differs considerable in shape.
The head and thoracic segments are quite narrow, but the segments
of the abdomen are much broader and slightly longer. These seg-
ments become progressively broader posteriorly until the fourth seg-
ment of the abdomen, which is the widest. They then taper away
again to the terminal segment, which is equipped with two spine-
like appendages. The full-grown larva has a slightly margined ap-
pearance. Each abdominal segment bears two or more fine hairs on
each side. The color of the larva is ereamy white except the head
capsule and terminal segment, which are reddish-brown. The full-
grown larva is about 3.6 mm in length and .6 mm across the widest
portion of the abdomen.

MovtiNng.—With a controlled temperature of 83° F. and a high
relative humidity, the larva molts four times, the last molt revealing
the pupae. Table 2 gives the length of instars of 15 larvae, with
head-capsule measurements of each instar.

TaBLE 2.—Length of instars and head-capsule measurement of
15 larvae.

Head Head Ilead Head Total
Length capsule Length capsule Length capsule Length capsule larval
of 1st width of 2nd  width of3rd width of 4th width period

Larva instar 1st instar 2nd instar Srd instar  4th in
No. in days instar in days instar in days instar indays instar days
1 6 16 11 192 8 24 8 304 33
2 7 161 9 .19 11 237 8 .30 35
3 6 156 10 18 9 22 9 29 34
4 8 163 9 19 11 .23 9 31 37
5 6 15 10 18 13 .21 8 284 37
6 4 161 13 187 11 24 7 30 35
7 4 .16 14 .19 7 .23 9 29 34
8 7 155 14 18 10 22 7 284 38
9 4 148 5 175 4 21 5 287 18
10 4 15 4 191 6 24 8 .29 26
11 5 16 3 .19 6 24 5 .30 19
12 5 161 4 186 7 .235 8 .29 24
3 s 16 8 191 10 24 13 30 39
14 11 153 7 182 12 .23 11 285 41
15 14 16 7 .19 12 .24 8 .30 41
157 8.53 .186 9 .230 8.2 204 32.33

Average 6.6
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LArRvAL PERiop.—At a temperature of 83° F. and a high rela-
tive humidity, the larval period was found to cover 32 to 37 days
when the larvae were fed on corn meal. The nature of food used
seems to have a pronounced effect upon the time required for larval
development. Foods of animal origin, rather than vegetable origin,
tend to shorten the larval period. Individuals fed on white flour
require more time for development than those fed on corn meal.
This may be due to the difference in texture. Such variation in the
larval period may be observed in table 3.

TaBLE 3.—Relation between food of the larva and length of
the larval period.

Larva no. Food used Emergence date Pupation date Larval period
1 White flour Oct. 21 Nov. 29 39 days
2 White flour Oct. 22 Dec. 2 40 days
3 White flour Oct. 24 Dec. 4 41 days
4 White flour Oct. 25 Dec. 7 43 days
5 Corn meatl Nov. 3 Dec. 8 33 days
6 Corn meal Nov. 3 Dec. S 35 days
7 Corn meal Oct. 27 Nov. 24 32 days
S Corn meal Nov. 4 Dec. 8 34 days
9 Corn meal Nov. 7 Deec. 14 37 days
10 Corn meal Nov. ¢ Dec. 13 34 days
11 Dead larva Nov. 29 Deec. 17 18 days
12 Ang. Gr. moth eggs Nov.29 Dec. 15 19 days
13 Ang. Gr. moth eggs Nov.30 Dec. 22 22 days
14 Ang. Gr. moth eggs Nov.27 Dec. 16 19 days
15 Own eggs Nov. 25 Dec. 18 20 days

Another series of experiments was run on a much larger scale
in a further attempt to determine the effect of larval food upon the
time required for the development of the larvae. Right hundred
newly hatehed larvae were started in 40 different cages on 40 dif-
ferent food rations. The temperature in this case was kept at 80°.
This factor will account for the somewhat longer development per-
iods. The results are shown in table 4.

It may be seen at once that the mortality was generally high
throughout the cages. There were, undoubtedly, several factors caus-
ing this, but they proved to be very difficult to ascertain. In cases
where the mortality is 100 percent, obviously there is something
wrong with the food; but 50 percent is shown to be the lowest per-
centage of mortality in any of the cages, the others ranging from 50
to 100 pereent mortality. So it would undoubtedly be incorrect to
say that all the mortality is due to some deficiency in the food, since
many foods were used which are known to be eaten by the larvae in
their natural state and to be conducive to their development.



qolBlg XHE ¥ ST XA

00T 03 14 Lt
qsy % °'sed 1D 001 0% 14 74
gsy ® 's¥) ‘XH - 00T - 0% 03 3
qsy ® qoxels ‘xg 00T 0% 0z [44
yolels ‘XA ¥ '8BD D g g 00T 0z 02 %4
9BaIe ] PEY ¥ 'd M sdep ¢'ge ¥¢ '8 ‘28 oL g L (118 0%
qore3sy 'x¢g T - R 001 0z 03 8T
argsed ¥pnyy 0 T - - - 00T 0g 0% LT
Aiw J[OYM. - : - 00T 03 G 91
afjspe> ¥ ‘W D ‘X sdep ¢0g 09 ¥ 9 ot QT
6% ‘63
'8¢ ‘L2
jeoqas J0 UrRIg B[OYM sdep ‘e ‘9T 144 6T 1z 0¥ ¥i
urag sfep c8 8 LT 02 ST
[eowIBQ sdep 06 4 ST 03 G
aedns palapaod 001 o 02 0% 1t
297300 punoidn - . ) 00T 4 03 [US
sinuedd punoIn 001 02 02 [
suisiey o o 001 0g 0% 8
11 punorn T 00T ) 0G 05 L
8 ‘9% ‘G% ‘ST
s33s yiow -Juy 84BD §'F2 'GZ 'GT VG PG ‘€0 ‘€T 0g (118 01 0% 9
¥¢ 'S¢ ‘6L ‘e¢
arAIR[ A[epED sLep ¥'1¢ ‘28 ‘1€ ‘08 6T '6G ‘63 09 A 8T 08 ¢
©000)) o o 00T 02 03 ¥
[BOTI UJ0D MO[[3X sdep 9'1% 9% ‘FF ‘TP 0F ‘0F ‘8¢ oL 9 PL (4 g
[+ 20 2 A3
[B9W UI0D IIYM s£ep 0'gF ‘SF I T OF 0P 09 8 ar 02 g
Inory 9g M s£ep §'08 08 FQ ‘IS ‘0S ‘6% gL 4 513 03 T
poo3 [BAIET potaad eAlB[ gdep up poriad £)1eIaow painjew patp Pa1I838 ade)
3o yj3udl aJvioay I8aI8] JO SyjJuory 23v1uadIog RENE 1NN RETRIT YN JBAIR] 'ON

"0 008 10 porad wauny f0 yibusg 03 Poof waun) fo uoyDPY-—F WiV,



gs® ¥ yoaely X CqUw o qM o T 001 0 0g oF

UJ0D S[9UIdY "M - - - S, 001 0z oz pos

'$B) CXH ¥ I00() ‘M sfep ¢g o] [/ T 8T 0g 8¢
97 ‘Sh

AW UM ¥ W D M sfep ¢’z ‘et ‘z¥ ‘G¥ ‘6¢ ‘6¢ <9 L eI 03 L8

'8BD 1D P Inoy ‘M sfep g'ge 6g ‘¢ 06 4 ST 14 98

YU B[0UM P JNO[F I[OYM s&ep 909 Qe ‘Z¢ ‘00 '8P ‘8P [9) g qr 03 [

gse ¥ YW [O0GM - e e 00T o1 01 29

I a[oqA Y qaIe)S XH - . 00T 01 01 €8
78 ‘18

1B JO 1D MOI[0OH ‘0¢ ‘08 ‘65 ‘8T ‘9% Q9 eI 02 2

SBD CXH Y W D M 9F ‘¥F 'TF c8 LI 0c 1€

SBD ID W OW D M 9F ‘Ch ‘TP G8 LT 14 0g

urese) ‘xg - e 00T 74 0C 62

arese) "I 00T 0% 02 82

sy P 4oIB)§ ‘X ¥ 'SB) XH 00T . 02 03 12

pooy [eale . 00T . 02 02 93

Poo3 [eaiuvy potrad (eaxep sdep ut poriad £)1[e)I0U0 painjem poaIp poiels 338D

70 q33ud[ 393vIBAY T1eaIB] Jo SUj}3uary 23ev3Ud039g Joquun N aaqun N 3BAIB[ ON

(ponurguoy )—% A1V ],



10 COLORADO EXPERIMENT STATION

‘When newly hatched the larvae are very delicate and seem to
need every advantage in order to gain a foothold in life. By far the
highest mortality oceurs in the first few days of existence. As a
rule it was found that if a larva succeeded in passing the first molt
il had a good chance of maturing, if protected from its enemies.

From the table we see that white flour shows 75 percent mor-
tality and an average larval period of 50.8 days, while white corn
meal shows only 60 percent mortality and an average larval period
of only 42.0 days. Naturally, the question arises as to the reason for
such variations. The higher protein content of corn meal is perhaps
a contributing factor. It is also possible that the texture is of im-
portance. Generally speaking, the foods of coarser texture seem to
be more suitable to the needs of the larvae. The reason for this may
be a strictly mechanical adaptability of the mouth parts. Possibly
the larger particles retain more moisture which would likely aid in
hastening the development of the larvae. In connection with this
theory we find that the development period is shortened in the case
of foods of animal origin, where the moisture content is higher than
in the grains. The protein content is also higher in the case of foods
of animal origin. It is also possible that the softness of the animal
food which is in large pieces makes this type of food more available
mechanically.

It is interesting to note that the larvae develop much faster in a
whole grain of wheat than in the flour or meals. Perhaps this may
be explained by the fact that some protein is retained in the grain
whiech is lost in the flour. The larvae invariably hore into the softest
portion of the grain at the germ end, and there they feed, gradually
hollowing out a tiny cell just large enough for their development.

It is the opinion of the writer that some of the perspiration
moisture of the larvae is retained in this tiny cell, and this hastens
the development of the insect. The grain is soft in this portion, mak-
ing it easily available mechanically, and it has a high moisture con-
tent. The larva goes into the pupal stage within this little cell and
emerges from the grain as an adult.

From the table we see that the larval periods range from an
average of 24.8 days, when the larvae were fed on Angoumois grain
moth eggs, to an average of 55.0 days, when the larvae were fed on
white flour plus extracted casein. The other average larval periods,
when various foods were used, range between these two extremes as

shown in the table.
When considering the value of a food as a larvae developer, the

mortality rate must naturally be taken into consideration, as well as
the average length of the larval period. In order to show the rela-
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“ive values of the various foods, the percentage mortality of the larvae
in each cage has been added to the average length of the larval per-
iod. In this way the lower numbers represent foods most condueive
to larval development, whereas the foods represented by higher num-
bers are less conducive to larval development. According to this
plan, the various foods used are listed as follows:

Angonmoeis grain moth cggs 74.8
‘Whole grains of wheat ... .. 78.3
Yellow corn meal plus Cadelle larvae .. 90.5
Dead Cadelle beetle larvae .. . - 91.4
Ilollow grains of wheat (which have been infested with

Angoumois grain moth) 044
White corn meal .. 102.0
White flour plus Cadelle larvae . .. 103.3
Yellow corn meal ... 111.6
White corn meal plus whole milk . .. 1075
White flour plus whole milk ... ... 1256
White flour ... .. 1258
Bran .. 1276
White corn meal plus extracted casein 128.6
White corn meal plus crude casein .. .. 1293
Oat meal 1425
White flour plus crude cascin .. 143.5
White flour plus extracted €asSein .. 13000

According to these numbers, then, which show the relative stand-
ings of the different foods and food combinations, Angoumois grain
moth eggs are most conducive to larval development; and white flour
plus extracted starch shows the least value in this respect of any of
the foods upon which any of the larvae succeeded in developing.
All foods not listed above show a mortality of 100 percent in the
table.

Feepine Haprrs.—Larvae die within less than 24 hours after
emergence without food. They have been observed feeding on white
flour almost immediately after the egg has hatched. According to
observations, they feed readily upon white flour, bran, corn meal,
broken grains of wheat, whole grains of wheat, broken kernels of
corn, their own eggs, eggs of the Angoumois grain moth, pupae of
the Angoumois grain moth, larvae of the Angoumois grain moth
which have been injured or have died, their own larvae under the
same conditions, larvae of the Cadelle beetle under the same condi-
tions, and their own pupae. As a rule they seem to prefer the foods
of animal origin.

It is obvious, then, that the larvae are quite cannibalistie, since
they feed upon both their own eggs and their own pupae.
Tur Pura

About 2 days before pupation the larva becomes decidedly in-
active and contracted. The pupa is usually naked, a beautiful trans-
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lucent white in color except for the compound eyes, which are dark
brown. Legs, wings, and antennae are folded neatly against the body.
This is a curiously contracted, angular-appearing stage and is small
compared with the larva. The pupa is about 1.92 mm in length and
.76 mm across the widest portion.

The pupa is quite active when disturbed. It is always found
pupating face downward on the bottom of the cage; when turned
over it soon regains its original position.

At a temperature of 83° F. and a high relative humidity, about
5 days are required for the pupal period. Table 5 gives the pupal
period of 30 individuals.

On the fourth day of pupation the color changes to a light tan,
gradually becoming darker until the emergence of the beetle.

TasLe 5.—Showing pupal period at temperature of 83° F.

Pupa Pupation Emergence Pupal I’upa Pupation FEmergence Pupal

no. date date period no. date date period

1 Dec. 2 Dec. 7 5 days 16 Dec. 8 Dec. 13 5 days
2 Dee. 2 Dec. 7 5 days 17 Dec. 8 Dec. 13 5 days
3 Dec. 2 Dec. 7 5 days 18 Dec. 8 Dec. 13 5 days
4 Dec. 2 Dee. 7 5 days 19 Dec. 8 Dee. 13 5 days
5 Dec. 2 Dec. 7 5 days 20 Dec. 8 Dec. 13 5 days
6 Dec. 2 Dec. 8 6 days 21 Dec. 9 Dec. 14 § days
7 Dec. 4 Dec. 9 5 days 22 Dec. 9 Dec. 14 5 days
8 Dec. ¢4 Dee. 9 5 days 23 Dec. 11 Dec. 16 5 days
9 Dec. 4 Dec. 9 5 days 24 Dec. 11 Dec. 16 5 days
10 Dec. 4 Dec. 9 5 days 25 Dec. 12 Dec. 17 5 days
11 Dec. 6 Dec. 11 5 days 26 Dec. 13 Dec. 17 4 days
12 Dec. 6 Dee. 11 5 days 27 Dec. 13 Dec. 18 5 days
13 Dec. 6 Dee. 11 5 days 28 Deec. 15 Dec. 20 5 days
14 Dec. 6 Dec. 12 6 days 29 Dec. 16 Dec. 21 5 days
15 Dec. 8 Dec. 13 5 days 30 Dec. 16 Dec. 21 5 days

Tue ApuLt

DescriprioNn.—When the beetle first emerges, it is a medium tan
in color. In about 4 or 5 days it assumes its natural color of a dark
reddish-brown. The mature insect is a small, very much compressed
beetle 1.6 to 2.2 mm in length. The body is of a slender form, with
parallel sides. The males as a rule seem to be somewhat larger bodied
than the females, and are furnished with slightly more filiferm an-
tennae. The last three segments of the 11-jointed antennae, how-
ever, are enlarged in both males and females.

A more complete deseription is given as follows: Beetles de-
pressed, elongate; antennae 11-jointed, elongate, last three segments
slightly enlarged, nearly as long as elytra; scutellum distinet; elytra
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rounded at tip and covering the abdomen, emarginate, striate, pune-
tate, slightly longer than head and thorax together; front coxal cavi-
ties widely separated ; anterior coxal cavities broadly and completely
inclosed by the sterna, merely a fine suture between each sidepiece
and the median lobe; front coxae rounded, not prominent; hind
coxae nearly contiguous, transverse; abdomen with five free ventral
segments, equal in length; legs rather short; femur large; tibia slen-
der, terminated by two spurs; tarsi four-jointed; eyes rather small,
set back on head near front margin of thorax; labrum large, trans-
verse, rounded in front; head and thorax finely punctured, the
latter narrowed behind, sides curved sinuate near hind angles which
are sharp and prominent. Length 1.6 to 2.2 mm.

PreOVIPOSITION PERIOD.—A preoviposition period of 10 days was
observed in one case and a period of 15 days in another.

CorvratioNn.—Usually beetles are not found copulating in light,
open places. One pair was observed in copulation for about 10 min-
utes, the female eating peacefully during this time. Suddenly an-
other male started biting the copulating pair near the point of con-
tact, and after a few seconds they separated. Several other beetles
appeared, and there followed a general milling about.

OviposiTioN.—Eggs are deposited singly in small crevices. Ovi-
position has often been observed by the writer. A typieal case fol-
lews: The female beetle wandered about over the strip of blotting
paper, inserting the ovipositor here and there as though in search
of a suitable place for the egg. Finally a tiny knife-edge slit in the
paper was decided upon, and the ovipositor was extended far into
the crevice, the weight of the body being thrown back on the last
pair of legs, and the front part of the body being raised from the sur-
face of the paper. Excessive movements of the head and antennae
followed. This position was maintained for 3 minutes. Somewhat
convulsive movements of the ovipositor accompanied the laying of
the egg. Suddenly, then, the beetle resumed its normal position on
the surface of the paper and nervously seurried this way and that,
soon retiring under the paper. Upon examination an egg was found
in the crevice,

It was found that the food of the adult has a direct bearing
upon the number of eggs deposited. In order to determine exact
variations of this nature, 60 pairs of beetles were put in each of five
cages, each cage containing a different kind of food, as shown in
table 6. Daily observations were made over a period of 36 days.
The results are shown in table 6.
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TaBLE 6.—Relation of food of adults to oviposition.

Cage A—Sixty pairs fed on dead Cadelle beetle larvae exclusively.
Cage B—Sixty pairs fed on white corn meal exclusively.

Cage (—Sixty pairs fed on white flour exclusively.

Cage D—S8ixty pairs fed on Augoumeis grain moth eggs exclusively.
Cage E—Sixty pairs fed on extracted starch exclusively.

Number of eggs deposited

Date Cage A Cage B Cage € Cage D Cage B
3/23 9 5 0 9 0
24 13 7 0 15 0
25 17 23 0 12 0
26 iz 19 1 18 0
27 13 20 1 12 0
28 15 18 2 15 1]
29 9 7 0 12 0
3 13 10 4 18 0
3 135 11 0 21 0
4/ 1 7 6 Q 15 1]
2 9 7 0 12 1]
3 8 5 0 15 0
4 6 S 1 18 0
5 10 b [} 15 0
6 7 3 0 21 [
T 10 3 1 12 0
8 9 2 9 15 0
9 8 2 1] 18 0
10 10 1 U 15 0
11 12 1 0 21 1}
12 9 2 0 9 0
13 13 6 1 20 0
14 T 2 0 6 0
135 10 4 0 15 0
16 11 3 [} 9 0
17 5 2 [} 12 ¢
18 8 1 0 3 0
19 3 4 0 32 0
20 3 1 0 3 0
21 4 3 0 9 0
22 7 2 0 9 0
23 5 2 0 9 0
24 4 1 0 5 [
25 3 4 0 7 0
26G 5 2 0 5 0
27 4 2 0 4 0

Total no. of

eggs deposited 315 203 7 446 0

As the table shows, the beetles fed on corn meal show a higher
oviposition record for the first few days than any of the others.
After the sixth day, however, both cages A and D (beetles fed on
dead Cadella beetle larvae and Angoumois grain moth eggs, respec-
tively) show a higher record than eage B, which fell off rather rap-
idly. The beetles fed on Angoumois grain moth eggs proved to.be
the most consistent egg layers, depositing a total of 446 eggs during
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the 36-day period. Beetles fed on dead Cadella beetle larvae rated
second, depositing a total of 315 eggs. Beetles fed on white flour
deposited only seven eggs during the 36 days, and those fed on ex-
iracted starch deposited none. Mortality was high in the case of
white flour and 100 percent in the case of extracted starch.

FeeEpiNg HaBiTs.—The adult beetles feed readily on white flour,
bran, eorn meal, broken grains of wheat, broken kernels of corn, their
own eggs, eggs of the Angoumois grain moth, larvae of the Angou-
mois grain moth which have been injured or have died, their own
larvae under the same conditions, and their own pupae, according to
observations. The beetles have not been observed feeding on dried
fruits. Five out of twelve adults were kept alive for 11 months on
white flour alone. At times they seem to prefer the animal food,

ut at other times they leave it for the grain or meal. They are very
often associated with other insects. Their craving for animal food is
undoubtedly one reason for such associations.

OTtHER HaBITS.—At temperatures around 75° F. and below the
beetles are extremely gregarious and inactive, huddling together in
small masses in the corners of the cages.

When warmed by an intense light the beetles sometimes use
their wings in attempted flight. In no case, however, have they sue-
ceeded in clearing the rim of a petrie dish which is one-half inch
m height.

According to observations, these beetles are decidedly photo-
negative and thigmo-positive.

LENGTH OF LIFE CYCLE

All beetles in table 7 were reared under carefully controlled con-
ditions of temperature and relative humidity. The temperature was
kept constant at 83° F. and the relative humidity at approximately
65 percent.

It has already been shown that the length of the larval period
is to a noticeable degree dependent upon the nature of the food con-
sumed by the larva. When larvae were fed on eggs of the Angoumois
grain moth, the life eycle was found to require a period of only 29 to
32 days. Approximately the same was found to be true when dead
larvae of the Cadelle beetle and C. ferrugineus eggs were used for
larval food. When larvae were fed on corn meal. however, the per-
lod required for the completion of the life cyecle was increased to 42
to 47 days. Forty-nine to fifty-three days were found to be re-
guired when white flour was used for food. Table 7 gives data on
the life cyeles of 15 beetles.
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TABLE T7.—Length of life cycle at 83° F.

Egg Larval Pupal Entire life

No. Larval food stage stage stage cycle
1 ‘White flour 5 days 39 days 5 days 49 days
2 White flour 5 days 40 days 5 days 51 days
3 ‘White flour 5 days 41 days 5 days 51 days
4 White flour 5 days 43 days 5 days 53 days
5 Corn meal 5 days 33 days 5 days 43 days
6 Corn meal 5 days 35 days 5 days 45 days
7 Corn meal 5 days 32 days 5 days 42 days
8 Corn meal 5 days 34 days 5 days 44 days
9 Corn meal 5 days 37 days 5 days 47 days
10 Corn meal 5 days 34 days 5 days 44 days
i1 Dead Cadelle larvae 5 days 18 days 5 days 28 days
i2 Angoumois gr.

moth eggs 5 days 19 days 5 days 29 days
13 Angoumois gr.

moth eggs 5 days 22 days 5 days 32 days
14 Angoumois gr.

moth eggs 5 days 19 days 5 days 29 days
15 Own eggs 5 days 20 days 5 days 30 days

ImprorTANCE OoF HigH REvLaTIvVE HUMIDITY

It has been found by the writer that a high relative humidity is
essential for oviposition. The same seems to be necessary to the hateh-
ing of the egg and to proper larval development. At the beginning
of this work the writer made many attempts at rearing the beetles
under steam-heated room conditions and in incubators which main-
tained a constant temperature, but no success was met until the rela-
tive humidity was increased.

Van Emden (10) has made observations in this connection. To
quote from this writer, ‘‘The bodies of pests of stored products have
a higher moisture content than that of their food, and to conserve
it they spin shelters to reduce the loss of perspiration moisture. The
species that are not so adapted require more moisture for develop-
ment and often occur as secondary pests. Laemophloeus ferrugineus
Steph. is an example of this.”’

NaTUraL ENEMIES

Natural enemies observed are the Gamasid mite (Seiulus pomi
Parst.), a tiny black hymenoptera (Cephalonomio waterstoni
Gahan), and the Cadelle beetle.

Seiulus pomi has often been observed feeding upon both the egg
and the pupa of C. ferrugineus.

Cephalonomia waterstoni seems to delight in grabbing a larva
of C. ferrugineus between its mandibles, seurrying about with it for
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a while, and then feeding upon it. ILarvae seem to become somewhat
paralyzed almost immediately after falling into the cluteh of the
mandibles of this hymenoptera. These tiny predators are capable of
carrying full-grown larvae of C. ferrugineus.

Cephalonomia waterstoni has also been observed feeding upon
eggs of C. ferrugineus. An interesting note here is that in no case
has Cephalonomis been observed feeding upon eggs or larvae of the
Angoumois grain moth.

PART II.—RELATION OF BEETLE TO Trichogramma
Minutum PARASITE WORK

As has already been mentioned, Cryptolestes ferrugineus infests
the incubators used for rearing the Angoumois grain moth at Colo-
rado State College. Since eggs of the grain moth are used in rearing
the Trichogramme minutum parasite of the eodling moth, it is obvi-
ous that the feeding habits of the beetle prove detrimental to the
progress of the parasite work. For, as has already been stated, both
larvae and adults feed readily upon eggs of the moth.

It should be recalled here that, as has already been shown, the
larvae of Cryptolestes ferruginens develop faster when fed on eggs
of the Angoumois grain moth than when fed on any other food ex-
perimented with, unless it be larvae of the Cadelle beetle. Another
interesting fact that has already been brought out is that adult
females of Cryptolestes show a higher oviposition record when fed on
Angoumois grain moth eggs than when given any other ration. It
15 clear, then, that the existence of the grain moth is conducive to
inereased numbers of the beetle in the ineubators.

Table 8 gives the daily record of moth eggs eaten by an isolated
pair of O. ferruginews. From these figures it i1s obvious that. with
a large number of beetles present, a great many eggs would be con-
sumed in a short time.

From emergence until the time of pupation one larva fed on
Angoumois grain moth eggs exclusively consumed, or partially eon-
sumed, 35 eggs; while another larva under the same conditions con-
sumed, or partially consumed, 50 eggs.

Both larvae and adults of the beetle have been found to feed
upon pupae of the grain moth. Because of this it is thought that
a great many of the moths never pass the pupal stage.
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TaBLE 8. —Angoumois grain moth eggs consumed daily for a period
of 60 days by an isolated pair.

Eggs Bggs Eggs Egegs Eggs
con- con- con- con- con-
Date sumed Date sumed Date sumed Date sumed Date sulned
10/15 13 27 30 8 22 20 33 12/2 20
16 15 28 16 9 20 21 23 3 19
17 35 20 10 10 17 22 20 kS 1¢
18 10 30 17 11 34 23 13 5 29
19 18 3 28 12 20 24 10 6 31
20 30 11/1 15 13 16 25 27 7 34
21 12 2 13 14 15 26 20 8 25
22 15 3 36 15 10 27 15 9 24
23 19 4 15 16 14 28 14 10 20
24 23 5 10 17 23 29 19 11 16
25 20 6 30 18 18 30 27 12 10
26 16 T 3 19 30 12/1 24 13 15

Although both larvae and adults feed readily upon dead or crip-
pled larvae of the grain moth, they have never been observed attack-
ing normal, live larvae.

Temperature and relative humidity conditions in the grain moth
incubators are ideal for the development of the beetle. The necessity
of preserving the moths renders control measures difficult.

The beetles develop within grains of wheat which have already
been punctured by the larvae of the grain moth, in whole grains
which have not been punctured, or in the loose refuse in the boftom
of the incubators. The broken grains of wheat are one of the chief
sources of food for both larvae and adults.

A considerable majority of beetles taken from the ineubators
were found, upon examination of the genetalia, to be females. Of
100 beetles examined, only 25 percent were males.
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SUMMARY

Eggs of Cryptolestes ferrugineus hatch in from 4 to 6 days at
a temperature of 83° C. and a high relative humidity. The larval
period requires 20 to 45 days or more, depending to a great extent
upon the larval food. The larva molts four times, the last molt re-
vealing the pupa. The food of the larva has been found to have a
pronounced effect upon the length of the larval period. Larvae
without food die within less than 24 hours after emergence. They
fred upon a wide variety of grains and animal foods. The larvae
are cannibalistic in that they feed upon both their own eggs and
their own pupa. The pupal period requires 4 to 6 days at a temper-
ature of 83° C,

A preoviposition period of 10 days was observed in one case
and a period of 15 days in another.

The feeding habits of the adults are much the same as those
of the larvae. The number of eggs deposited by the females is to
great extent dependent upon the type of food available.

The length of the complete life eyele was found to vary from

!

28 to 53 days at a temperature of 83° C.

It has been found that a high relative humidity is essential to
oviposition, hatching of the egg, larval development, and pupation.

Natural enemies observed are the Gamasid mite (Seiulus pomni
Parst.), a hymenoptera (Cephalonomis waterstoni Gahan), and the
(*fadelle beetle.

Conditions in the Angoumois grain moth ineubators are ideal
for the development of the beetle. Kggs of the Angowmois grain
moth as food produced the fastest larval development of the beetle
and the highest oviposition record.
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