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INTRODUCTION

The insects known as ‘‘ White Grabs™ ave the larvae of a group
of Beetles techmnically named Lamellicornig (sometimes referred to
as Scarabaeidae), characterised by the peculiar formation of the
antennae or feelers in the adult; the apical segments of the antennae
are flattened out at right angles to their length to form thin leaf-
like plates or lamellae. The Lamellicorn heetles océur in all parts
of the world, hut their numbers are more abundant and the species
more varied in the Tropies than in temperate regions. Among
them are included many of the worst pest of the world’s food-crops
cf hoth fropical and temperate parts of the globe, but, principally
ewing fo the fact that crvop-rotation is less practised in the former,
the damage due to Lamellicorn larvae is gemerally more severe in
these parts than in cooler climates, as cxemplified in those species
that attack the Coconut Palm (Cocos nucifera, L.) and the Sugar-
cane (Saccharwm officinarum, 1..).

The Lamellicornic ave classified into about o dozen families, two
of which include the gpecies whose larvae atiack sugar-cane; these
are (1) the Melolonthidae (May-heetles, June-bugs, or Brown Hard-
backs), and (ii) the Dynaestidee {Rhinoceros Beetles, Black Hard-
backs, efc.}). In each of these families many thousands of species have
heen described and studied from all parts of the world, and include
the sugar-cane grubs of Australia, Mauritius, India, Haswaii, South
Ameriea and the West Indian Islands. Tn the eountries metioned,
with the exception of Mauritius and Hawaii, the cane-grubs are
the larvae of indigenous species of beetles that have adapted themselves
to feeding upon the sugar-cane. Mauriting suffers from the attacks
of a species that was acecidentally introduced from the island of

tarbados some years ago, without the pavasite which kept it in

* Publisked Ly permission of Mr. C. L. Carpenter, Viee-T'resident and General Man.

ager, Central Aguirre Sugar Company, Porto Rico.
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check in its native home, so that considerable loss was sustained
before it was eventually hrought under control. The canes of Hawail
were in a similar way attacked by a Lamellicorn that was inad-
vertently imported from Japan. In each of these instances the pest
was stopped from further unlimited increase by the importation of
parasites from its orviginal habitat.

TIERORETICAL CONRKRIDERATIONS

Prior to the planting of sugar-cane, the native species of heetles,
which today are pests, teok their place in the ‘‘Balance of Nature’,
feeding at the roots of such wild graminaceous plants as they
eould find, their nwmbers being kept from increasing by the limita-
tion {partly by themselves) of their food-plants and the incidence of
their natural enemies. Chief among the latier were sundry species
of insect parasites, which were unahle to exterminate the beetles as
they were themselves kept in check by their “‘hyper’’-parasites.
This state of affairs is vepresented in Diagram A, Fig. 1, and is
iJustrated today in the Dbiological status of certain inseets in the
eastern part of the island of Santo Domingo, paralleling pre-Co-
lumbian days in Porte Rico.

With the upsetting of the “‘bhalanee’” by the cutting down of
virgin vegetative formations and the planting of large areas under
one crop, providence was made for an almost unlimited supply of
feod for the pests, no account having been taken of a corresponding
distribution of the plauts favored by their parasites, with the result
that the pests have been cnabled to inerease to such an extent that
today their ravages are causing losses of millions of dollars to the
world’s sngar-industry.  The parasites were prevented from inereas-
ing in proportion to the pests owing to two powerful factors: (1) the
restriction of their breeding places through the gradual disappearance
of their food-plants, and (ii) the existence of their hyperparasites,
which, being independent of the introduced artificial conditions,
retained the same relative proportions to the parasite that they
held Defore the ehange ook place (Diagram B). It will thus be
seen that any means by which the numbers of the parasites ean he
raised without a corresponding increase in the numbers of the hyper-
parasites, will so enable the former to gain a temporary, ovr even
permanent, ascendency over the latter, that a reduction in the numbers
of the pest in direct ratio to such inerease should follow (Diagram ).

It frequently happens that a parasite can be brought in from
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PLATE I1—VIEWS IN SEIBA PROVINCE,
DOMINICAN REPUBLIC

FPIG. 2 —Normal condifion; unfavorable to the ene-
mies of cane pests: DMiles of canes unbroken by
bush or trees. (Photo. H. E. Box)

FIG. 3.—Unusual condition: favorable to the ene-
mies of cane pests: In this instance virgin forest
is {of necessity, not choice) left om .a hill-slope
not adapiable for growing cans. Small blocks of
original growth left standing, while interfering
in no way with cultivation methods, would greatly
aid in cane-pest conivel as they would serve as
sanctuaries for parasitic and predacecus enemies,
particularly birds. (Phoio. H. E. Box}
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some other country (in which its benefits arve limited through hyper-
parasitism), which will prove comparatively immune to hyper-
parasites in the country to whieh it is introduced, or even entirely
free from their  attack. Finding an unlimited amount of food-
material for its progeny, in the form of the pest, and without external
controlling factors, it can rapidly multiply until the decrease in
the pest is the cause of its own gradual diminuation in numbers. This
was illustrated when Secolie manilee was brought in form the Philip-
pine Islands to combat dnomale ¢rientalis in Hawail, and the effects
of such introductions ave represented in Diagram D.

For the successful control of insect pests by means of their natural
enemies the two following points ave to be observed: (i) if the
pest is indigenous, raise the numbers of individuals of its indigenous
parasites, and Introduce others from ahroad which will adapt them-
selves to attacking it, (ii) if the pest is an aceidental introduction,
search for parasites in its native home, and introduce these with-
out their hyperparasttes. While we may feel reasonably suve that
the econtrol of at least one of our worst cane pests—the Moth
Borer (Diatraee saccharalis, I.)—ecan Dhe obtained by means of in-
troduced parasites, it yet remains to be seen how far we can get
it similar measures are brought into play against the white grubs.
The writer believes that, with a capital expenditure of less than the
annual disbursements for five years in the Island upon the presemt,
costly and ineffective collection of the adults, results could he made
to follow after a few years’ steady work, and it must not be lost
gight of that once a suitable parasite has been found and heeomse
established, the parasite can continue breeding upon the pest withont
further efforts on our part, whereas with other systems of control
there is a continual charge to be made every year without eessation.
Large-scale operations would be more expensive, though likely to
produce better and more speedy results.

INSECTS AND THEIR PROGENY

Under the present caption may be mentioned certain formulae
which the writer finds convenient to adopt for computing the progeny
of insects in cases where it is known that such progeny are repre-
sented by average figures or are constant for each female parent.

If 4 and B are the numbers of females and males, respectively,
produced by one female as her progemy, and the former produce
similar numbers of offspring, assuming that there is no mortality
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among them, or having discounted such mortality, manifestly the
total female progeny, F, of N wasps will he N A4A» at the end of
n generations, while the total number of males, 3, will be represented
hy N An-1 B therefore the entire progeny, P, of ¥ wasps at the end
of the nth generation may bhe shown as follows:

P=F4+ M
or P=N(id» - An-1RY,

Where only a portion of the total progeny of each female reaches
maturity, 4 and B in the above equation must be veplaced by (4 —
X) and (B~ Y) vespectively, where & and Y ave the sums of the
mortalities during the early stages of each sex respectively,

The total progeny of both sexes produced by a given number,
N, of females during » generations (ineluding the wnth)} is calenlated
as follows:

P=N [(4+B) + (42 + AB) + (43 4 A°B) +
(At A38) = .. ... (A" - An-1B)]

substituting (A—X) and (B—¥) for A and B, respectively, where
the mortality is talken into econsideration.

In the case of the Scoliid wasp parasites which form the subject
of the present treatise, P, in the last equation, is equal to the total
number of white-grubs killed by N parasites and their progeny ap
to and ineluding the nth generation..

There have been under ohservation at Aguirre a number of indi-
viduals of a wasp, Diclis frifusciaia, I, parvasitic en the sugar-cane
grub Lachnosterna portoricensis, Smyth, and from data based upon
reaving four sucecessive generations of thege parasities we can assume
the factor 4 in the above equations to be 4, while B may be considered
equivalent to 8. These figures ave quite reasonable, for many of
cir egg-laying females have produced up to 15 females and 30 males
as their progeny, and half of each of these numbers would still be
a conservative average. Rach individual wasp requiresito consume
ciue grub for its development to the adult form.

From the foregoing, we can see that at the end of one year, on
a basis of six weeks per generation, the female progeny of each
individual female should be

48 = (65,530,

while the total number of grubs killed (or total offspring of the
original female) during the eight generations, would De,
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(£ 4-8) 4+ (16 + 32) + (64 + 128} - (2566 + 512) -} (1,024 -
2 048) 4~ {4,096 + 8,192) - (16,384 - 32,768) ;- (65 536
- 131,072)
=12 - 48 -} 192 - 768 4 3,072 -}- 12,288 -}- 49,152 -}- 196,608
= 262,140.

In natare, of course, the progression Is far from even,, as thers
are many outside factors which come into play, cansing a fluctuation
in the progeny of ome generation from that previous to if. Also,
complicated mortality factors must be taken into consideration, these
being governed hy climatic conditions, prevalence or non-prevalencs
cb natural enemies, and the faet that every female is not certain to
find food for her progeny. Nevertheless the formulae given ahove,
which apply more or less equally to either pest or parasite, serve to
demonstrate the rapidity with which an insect ecan spread if there is
nothing to check it. With certain injurious insects, ¢. g., the Aphids,
the factor P would probably ran info hundreds of millions at the end
¢l one year if every individual developed and cach female was able
10 oviposit at her full ecapacity. ATl epidemics of animal or vegetable
crganisms can be explained by means of formule similar to the
ahove examples, where a geometrical progression oceurs,

HABITS AND LIFE-IHSTORIES OF LAMELLICORN BEETLES

There is very little variation in the general mode of life among
of various species of Lamellicornia, although of course geograplhical,
climatic, and hiclogical factors eause greater or lesser divergences
from the normal habits of the various species, and in the periods of
their life-cyeles. Roughly, the species in which we are interested
may be divided into two groups: (i) those whose larvae feed upomn
the growing root-systems of lving plants, and (ii) those whose layvae
feed upon injured and decaying plant tissue and other vegetable
matter; in Porto Rico these groups eoincide with the two families
Melolonthidae and Dynastidae respectively. The following account
of the life-history applies to a typical Melolonthid:

The heetles fly at night, and mating and oviposition are carvied
on after dark; the eggs are laid singly in the soil, sometimes near
the surface, hut often at a depth of a foot or even more, but
invariably in close proximity to the roots of sueh plants as the larvae
will feed upon. Each egg is enclosed in an earthen cel]l constructed
around it by the parent female in such manner that its minimum
surface comes into actual contact with the sorrounding soil, and
with suffiecient room to allow for an expausion which takes place in
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the dimensions of the egg. The egg hatches about two weeks after
being laid, and from it there emerges the larva, or ““white grub’’
as it is called, whieh for the first part of its existence sustains
itself upon the humus present in the soil. During the larval period
there are three distinet stages, or instars, each terminating in a
complete ecdysis, or casting of the skin. The first instar oceupies
about five weeks, the second instar about eight weeks, while the third
and final instar requires about six months; it is during the third
instar that the grub does the greatest amount of damage. The
grub at this stage is white and soft-hodied, except for the head and
legs, which are composed of hardened chitin, and are dark reddish-
vellow in color; the body is morve or less covered with numerous
setge, or short bristles, the arrangement of which, especially in the
pyeidial region at the posterior end of the abdomen, is characteristic
of the species, The Dbody is eurved and appears to be heaviest
behind, so that thesgrub can only with diffieulty walk with its legs;
it is almost helpless unless surrounded by soil.  (In this respeet the
Porto Rican Melolonthids differ from the Dynastids, whose larvae are
able to crawl at quite a good pace, even upon smooth surfaces.)
‘When fully fed, the lavrva digs deeply into the ground and constructs
an oval cell around itself, within the protection of which it rests
awhile, later changing to the pupal stage, which oceupies about three
weeks: it is during the pupal stage that the organs of flight and the
organs of reproduction are developed. At the end of the pupal period
the insect undergoes another eedysis, the adult beetle emerging from
the membranous pupal shell.  Adults frequently remain within the
cell underground for several weeks hefore coming to the surface to
carry on the propagation of the species. In the majority of cases,
the life-cyele of the Melolonthids oecupies nine or ten months, there
being one generation annually, but many of the Dynastids, on the other
hand, finish their entive development within three months while some
foreign speeies need three yeavs for their complete metamorphosis. A
knowledge of the details of the life-cyele, and especially of the seasonal
distribution, of each species is absolutely essential before its biological
control can be accomplished, and fortunately, in Porto Rico we have
available the results of the studies of these subjects made by Mr.
Tugene . Smyth, one of the entomologists attached to the Rio
Piedras experiment station in the early days of its establishment,

The habits of the adult Lamellicorns show considerable vaviation
in different countries, but it may be stated that in general those of
the Melolonthidae feed upon the foliage of eertain irees, while those
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of the Dynastidae prefer succulent stalks of plants, e. g., sugar-cane
or decaying plant tissues. During the lours of daylight the adults
are to be found underground, and a habit characteristic of the Porto
Rican Melolonthids of the genus Lachnosterne is that of congregating
in numbers in the soil at the base of wooden posts, trees, ete. Positive
phototropismi is shown by nearly all species, but generally the
Dynastids are more readily atiraected to artificial light than arve
the Melolonthids. During hours of daylight a negative phototropism
is exhibited. with a proncunced tendeney to positive geotropism.
THE SUGAR-CANE WHITE GRUBS OF TORTO RICO
The Lamellicorn heetles whose larvae attack sugar-cane in Porto
Rico may be conveniently classified as foliow:
A. MELOLONTHIDAR :

1. Lachnosterna ® portoricensis, Smyth

2. Lachnosterna vandinel, Smyth

3. Lachnosternae guanicana, Smyth

4. Phylalus®™ apicalis, Blanchard  (=P. insularis,

Smyth) :
B, DYNASTIDATR:
5. Ntrataegus litanus, Fabricius
6. Ligyrus tumulosus, Burmeister
PISCUSSION OF THE PORTO RICAN CANE-GRUBS
In the following, the dimensions and periods of the life-cycles
have been taken from Mr. Simyth’s publications.
1. Lachnosterne portoricensis, Smyth

Dimensions in millimeters:

Adt 17-23

B e e e e 3.0 X175
Larva, Ist instaro o ________ G-18
Larva, 2nd instar 18-30
Larva, Jvd instar 3048

PUPA e e e 25-20 % 11+-13. 5

* The generic nume Lachnosterae is azdopted throughout this paper in preference to
Phyllophagae on the aunthority of Mr. G. J. Arrow, an expert on the group. Mr. Arrow states
{Bull. Tnt, Reseaveh, XI, 1020, p. 189).

“In recent American works on this group of beetles the generie name Phyllophaga has
bean adopted. This name was introduced by Harris in 1826, . . ., It is, however, o
nemen pudui, pecompanied by no deseription, and is therefore upon the same footing as
the numerons eatadogue names printed by dealers and others, to which obviously no scien-
tific vahue ean be aftached.” . '

Messrs. €. 'W. Leng and A, Mutehler, of the Awmeriesn Museum of Naiural History,
employ the name Lacknosterne in their standard Catalogue of West Indian Coleoptera (Bull.
Amer. Mus. Nat. Hist.,, XXXITI, Art. XXX, 1914, p. 440).

% Mr Awrow (i0d) includes Phytelus in Lachnosterne, and gives good reasons for do-
ing se, but in the present paper the writer prefers o use s nomenclature conforming to
the American catalogue above referred to. (Messrs. Leng and Mutchler separate the . two
wenera, and include epicelis, Blanch. in Phyfalus.) ’
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This species is found all over the eastern part of Porto Rico on hoth
porth and south coasts, and in the interior; its most westerly limit
appears to be near Ponee on the south coast. It is the one causing
the greatest actual loss to the Island’s cane industry, and the one
against which the greatest effort has to be made at control.

The natural enemies of L. portoricensis are chiefly predators,
among whieh hirds, lizards, and carnivorous beetles are the most
useful. Two parasites, both of them flies (Diptera) of the family
Tachinidae, attack the adult in the moister paris of the Island; these
flies are Cryplomeigenia aurifuscies, Walton, and Futriveides jonesii,
Walton. Ancther fiy, Sarcophuge robuste, Aldrich, lhas heen bred
from the grubs of L. portoricensis; this parasite also attacks cater-
pillars, grasshoppers, and oceasionally the chenge (Scapteriscus
vicinus, Seudd.) Hitherto no wasp parasites of the larva have been
known to cecur in Porto Rico, but the writer has been able to demon-
strate that the third-instar grubs are the host of the Secoliid wasp
Dielis* frifusciota, ., and ave also liable to attack by D. dorsata.
F. and D. pyrurae Roh. The second-instar grubs have been found to
serve as host for another Scolild, Elis ranthonotus, Roh., but it is
not known for certain whether they are normal host of that parasite.
It is not improbable that L. porioricensis is the host of Elis ephippim,
¥., a wasp closely related to E. wanthonotus.

AMaximum Minimum Average
Life-eyele in days:
Igeg stage o _______ 15 12 13.5 -
Larva, 1st instaro_ ... £0 26 32
Lavea, 2nd instar......__ a3 43 61
Lavva, drd instar o _______ 174 164 169
Pupa stage . 23 20 21.5

Total lite-cyele, from egg

to adelt 345 263 297
2. Lachnosterna vandinel, Smyth
Dimensions in millimeters:
Adv e 17-22
Reg L 20T X 1.7
- Lavva, st instar_____________________ 6-17
Larva, 2nd fnstar..oee e 16-28
Larva, 3vd fnstar - 2745
PP 2327 X 10-12

L. vandinei is the analogue in the west of Porto Rico to L. porto-
ricensts in the east, and is responsible for eonsiderable damage to

* See footnote on page 85.
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sugar-cane on properties situated between Mayagiiez and Ponce.
Nothing has been recorded in Porto Rican literature as to its larval
parasites, hat the writer believes that these, as well as the parasites
of the adult and the predaceous enemies, are the same as thoge of
L. portoricensis.

Muximum Minimum Average
Lite-cycle in days:
Fgg stage o 16 10 14
Larva, 1st justar . ....____. 59 17 36. 5
Lavva, 2nd instaro_________ 103 206 47
Larva, 3rd instar - __ 226 78 183
Pupa stage - ___ 26 17 21. 5

Total life-eyele, from egg
to aduld oo 430 148 302

3. Lachnosterne guanicene, Smyth

Dimensions in millimeters:

Adult o 13-17
B 2,05 x 1.2
Larva, Ist instaro o ________ 4. 512
Larva, 2nd instav_ oo 12--20
Larva, 31 instar oo e 2032
Popa o~ I8 XT7.9

This species, as its speeifie name implies, is distributed around
the Guiniea section, where it was estimated by Mr. Smyth to be
one-tenth as abundant as L. vandined. Tt parasitie enemies, if auny,
are unknown, hut it is probable that it is attacked by the same
predators that assist in controlling L. portericensis and L. vandinel,
There is some suggestion, in the writer’s opinion, that this grub is
the host of a species of Tiphin which has been found in the Guénica
distriet.

Laclmosterna guanicana is almost identical in size with a Bar-
badian Melolonthid, Phytelus smithi, Arrow, and there can be little
doubt that it should lend itsell’ to conirel hy a Scoliid wasp, Tiphic
parallela, Sm., which keeps down the numbers of P. smithi in Bar-
hados.

. Maximum Mininnan Average
Life-cycle in days:
Lpg stage o 19 11 13.5
Larva, 1st Iastav o . ___ 35 13 a4
Larva, 2nd instar.______.. 39 23 31
Larva, 3rd instar . __ 28] 138 178
Pupa stage oo oo (22) (22} (22)

TFotal life-eycle, from egg
to adalt 336 207 268. 5
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4. Phytalus apicalis, Blanchard (insularis, Smyth)

Dimensions in millimeters:

Adnlb o 9.5-11.5
g e m e e e 1,45 X 0,90
Larva, Ist instay oo 3.5-8
Larva, 2nd instar. e R-14
Larva, 3vd dnstay o 1422
Pupa - 9 X 11

The adult of P. apicalis 1s commonly called the *'Little May-
Beetle’?, and is the smallest of the Porto Rican Melolonthids. Tt
will be seen that in size the mature grub of this species is similar to
the average 2nd-instar grub of either L. portoricensis-or L. vandinei,
with which it can readily be econfused. Mr Smyth records the
following ditferences in the dimensions of the head in these grubs:

Width of head in 2nd-instar L. portoricensis.___.._. 3,45 nmim,
Width of head in 2nd-ingtar L. wvardinel ___ .. ___ 3.32 mm.
Width of head in 3vd-ustar L. apiealis oo 2,63 mm.

Phytalus apicalis is distributed all over Porto Rieo, and its larvae
often ocenr in company with those of the lavger Melolonthids. WM.
Smyth states that this species is less common in the Guinica distriet
than L. vandinei, hut on the region of the south coast familiar to
the writer, extending from near Fortuma to Guayvama, it is the
commonest species, helng on an average two or three times as abundant
as L. portoricensis. Owing to its sinall size, Phytalus apicalis is
ot generally reckoned as heing of great importance as a cane pest,
bat, on the south coast its dimensions ave amply compensated for
hy its great numbers, ranking the species as one of decided economic
importanee,

In addition to the usual predators, Phylalus apiculis is attacked
in Porto Rico by the Scoliid Elis haemorrhoidalis, F.: mortality
through this agency sometimes amounts to as high as 65 per cent.
The wasp is controlled by a hyperparasite, Anthrur gorgon. T,
{ Bombyliidae).

Life-cyele in days: AMaximum Minimum Average
gy stage e 12 10.5 11.5
Larva, st insiar .. _____ 39.5 21.5 30
Lavva, 2nd instar_...___. 54 37 45. 85
Laxva, 3vd dnstar o __.._ 197 191, 5 194, 25
Pupa stage . __ (20) (20} (20)

Total life-cycle, from egg

to adult . ____ 323, 280.5 3m

<t
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5. Strataegus Htanus, Fabricius

Dimensions in millimeters:

Adulb e~ 3543

B e 3-4.5 % 3.5-5.2
Larva, Ist instar____. - - 825
Larva, 2nd instar_ e 2545
Larva, 8rd instay e - 45-T0

Pupa e 30 X 40

The adult of this species is known as the ‘‘Sugar-cane Rhinoceros
Beetle’’, on aceount of the fact that the head of the adult male is
provided with a short up-turned “‘horn”, suggesting that of the
animal after which it is named. Another species (S. guadrifoveatus,
P. de B.) oceurs in Porto Rieco, which seldom if ever is found in
canefields, confining s attack for the most part to cocvonut pahms.
8. titanus normally feeds in decayed or decaying tree trunks, but
owing to the rapid deforestation of the southern part of the Island,
8. #Hitanus has adapted itself to a diet of sugar cane, upon the subter-
rapean portions of which its larvae feed. 1t is open to doubt whether
perfectly healthy cane-stools arve attacked by Strateegus, it being
more probable that this insect follows on after the stools have been
injured by either Lachnosterne or Phytalus, or by lack of moisture.
The faet remains, however, that one maturing larva of 8. Hilanus
can completely ruin a cane-stool, necessitating its replanting, and the
species should consequently be regarded as one of the major sugar-
cane pests of Porto Rico. In several instances the writer has found
as many as five fully grown larvae of 8. fitanus in one stool of cane
in heavily attacked localities.

No insect parasites have been revorded as attacking Siratacgus
titanus in Porto Rico, but Mr. G. N. Woleott remarks that the rare
black wasp Dielis afrata, F.,* on account of its large size, canmot
have any host of sufficient size for its development other than the
specles of Strataegus, an observafion that has now been eonfirmed
experimentally hy the writer by means of living 0. alrate brought
in from Santo Domingo; it has been found that these wasps readily
parvasitize the third-instar larvae of §. #ifanus, and therefore should
be regarded as very desivable to flrmly establish in this island, which
ean he accomplished by means of introductions of the wasp in large
vumbers from the Dominiean Republic, followed on by hreeding
work this end.

Mr. SBmyth states, with reference to 8. titanus, that—

¥ See footnste on page 9%
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#*Besides Porto Rico, this beetle has been recovded as geeurring in Cuba,
Jamaieas and the Virgin Islands. Tt has also been collected in Vieques and in
Banto Domingo.”?

The writer was not able to ascertain which species of Strafaegas
(for there are several) is the normal host of Dielis atrata in Santo
Domingo, but §. #itenus was collected in the same localities where
D. atrate was found.

. Life-cycle in doys: Maximum Minimum Average
Eap stage 2 15 17
Larva, Ist imstar ________._ 72 R 40,5
Larva, 2ad instar. e 85 43 72
Larva, 3rd@ lnstar - _________ - 282 137 199
Papa stage . ______ 29 22 24

Total life-cyele, from egg
to adult e 259 241 352, 5

6. Ldgyrus tunulosus, Burmeister

This Dynastid, although not actually a serious pest of sugar-cane,
is deserving of inclusion here, owing to its inter-relations with certain
parasites of the noxious species of Lachnosicrna.

The adult, which may Le known as the “*Rough Black Hardback',
oveurs commonly, though seldom abundantly, throughont the year,
the species having a short life-eycle (see Dbelow), with three or four
generations annually., The eges arve deposited in soil rieh in or-
ganie matter, or in stable manure, upon the humus of whieh all
wtages of the larvae feed, although the more mature grubs will
vonsume the deeaving portions of old eane stools, rotten wood, etc.,
and are sometimes so abundant in the old stools left in the ‘‘hanks™
hetween the rows of growing canes that damage to ihe crop is
frequently—theugh  seldom corrveetly—attributed to them. Under
exeeptional eonditions, sueh as periods of extended drought, the
erubs arve driven to attack the underground portions of growing
eapes, owing to the absence of other moisture-bearing food, hut such
ovenirrences are so rave that no gpeeial control efforts are necessary
against L. fwmulosus in PPorto Rice. It frequently happens that
laborers are encouraged to collect the grubs of this species, heing paid
for them at the same rate as if thev were Lachunosterna; planters
should learn to distinguish between the havmful Laclnosterne and the
comparatively harmless Ligyrus, as considerable sumy of money could
therehy be saved, or hetter still, devoted to more useful methods of
inseet eontrol work.

Ligyrus tumulosus oceurs commonly in the island of Barbados,
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and the writer found some examples® of what appear to be ihis
species at Central Romana in the Dominican Republic.

In Porto Rico, as well as in Barbados, the third-instar grubs of
L. twmulosus are very heavily parasitized by the Scoliid Dielis
dorsata, F., a wasp that also occurs in Brazil and the Guianas, in
which countries it attacks speecies of Ligyrus (L. ebenus, Borm. and
L. gyas, BEr.). In Porto Rico D. dorsata is so abundant that it would
surely be able to exterminate FLigyrus were it mot itself heavily
hyperparasitized by certain flies, chief among which is the Bombyliid
Anthrar lucifer, F., in spite of which, however, the wasp sueceeds
in periodieally reducing the numbers of Iigyrius grubs in each loecality
to almost the zero point.

Life-eycle in days: Average
Egg stage o e 13
Larva, Ist instavo. . 13
Tarva, 2nd fnstaro . 15
Liarva, 3vd dnstar. oo 27
Pupa stage 14

Total life-cxvele, from egy to adulb . . ____ 82

Two other Dynastids—Dyscinetus barbatus, T. and D. trachypygus,
Burm.-—oecur in Porto Rico, hut neither of them seems to be associated
to any great extent with the sugar-cane erop of the Tsland; the
larvae of D. trachypygus, however, have heen recorded by Mr. Smyth
&s damaging eane roots. The gpecies are worthy of mention, however,
as in British Guiana others of the same genus (D. geminatus, F.
and D. didentains, Burm.) act ag hosts of Tiphia parallela, a wasp
that it is very desivable fo introduce into Porto Rico, and for the
establishment of which the grubs of the native speciés of Dyscinelus
might very well serve.

SEASONAL DISTRIBUTION 4OF PORTD RICAN MELOLONTIIIDAE

A glance at Fig. 2 will serve to show how the various stages of
Lachnosterinae are distributed throughout the year. The adunlts
Leaculos) commence to appear in numbers early in April, and con-
tinue to oceur abundantly until towards the end of August, being
most abundant in June and July. There are, however, always a few
————;Tms;——h:wc since been semt to the Imperial Bureau of Entomology, Lenden, and,

though not specifically determined, were found to be distinet from the Porte Rican L.
Luaulosus.
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“‘stragglers’’ whieh remain until sometimes as late as January. The
first-instar grubs are consequently most often met with in the cane-
fields from the middle of April until early in September, while the
second-instar larvae are seldom found hefore the first weeks of May,
continuing to he common until early in Oectober. The destructive
third-instar grubs commence to make their appearance during August,
reaching their maximuom abundance from November until February,
gradually diminishing in numbers until in June and July very few
ean be found. It will be seen that the period of the maximum
abundance of the third-instar, the stage most responsible for damage
to the crop, coincides with the most critical stage in the growth of
late primavera cane, which generally suffers more from grub attack
than does gren cultwre. Tt is not yet known why caculos select
eertain flelds for egg laying, but it is reasomable to suppose that
the chief factors coneerned are {i) the proximity of irees upon the
foliage of whieh the adults feed, and (ii) the height of the cane, for
they do not appear to ovipesit fo any great extent in fields of canes
ever three feet in height.

THE CONTROL OF CANE-GRUBS IN PORTC RICO

Sinece 1911 the prohlem of the control of cane-grubs hias constantly
received the atiention of the entomologists of the Rxperiment
Stations in Porto Rico. Through the failure to obtain results with
certain wasps that were introdueed from the United States way back
in 1911 and 1913,* this line, which the writer considers the most
promising angle of attack against the pest, has beem practically
abandoned, and attention turned to the possibilities of effecting the
control of white grubs by means of fumigants applied to the soil
Mr. Woleott has experimented in detail with’ several promasing
substances, including earbon bisulphide and its emulsion, ealeinm
eyanamide, and para-dichlorobenzene (P.1D.13.), none of which gave
the desired results, or, doing so, were found too expensive to apply
upon a plantation seale. A{ Aguirre the writer has experimented
with P.D.13. and also “ Cyanogas’’ {calcimm cyanide), a sample of
the latter product leing received from the American Cyanamid
Company, 511 Fifth Avenue, New York City. The experiments were
carried out in heavily infested B.H. 10(12) gran cwlturg cane in
which an average of thirty-five grubs oecurred around each stool.

* See pages 100~101,
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14 was found that either of the substances tried was effective in
killing up to eighty-five per cent of the grubs when applied at the
rate of one ounee per stool, the chemical being lightly seattered
over the soil for a radius of nine ineches from the center of each
stool; the soil was slightly broken both before and after the chemical
was applied, and the application was followed by a moistening of
the soil with irrigation water. The results obtained suggest the
desivability of further trials on properties where fumigation is con-
gidered likely to prove a practicable proposition.

No doubt, where large numbers of grubs oceur in limited areas,
some method sueh as the above might be found cconomical, but the
expenses should be chargeable to the immediate cvop of fhe areas
s0 treated.

For the control of white-grubs where they oceur over wide areas,
other means must be found more practicable, especially to the small
farmer, and in consequence, the only attempts that are now being
made at eontrol ave the collection of grubs when fields are being
rloughed, and the eollection of aduli beetles during the epochs of
their maximum abundance and even these oparations canmot be
said to be done upon anything like a satisfactory scale, partly owing
to the independence of the laboring classes in many distriets, bui
also due to a spirit of lwisscz-faire prevailing among many clements
of the planting epmmmunity. '

On the larger properties, especially upon the south coast, the work
of collecting caculos is included in the veguiar routine operations of
the field administration, but even so the collections ave made in.
termittently and more or less at random, mno really systematie
campaign heing considered practicable under existing econditions.

Mr. B. H. Barrow points out in a rvecent publication that the
administration of one of the larger concerns operating on the souti
of Porto Rico spent approximately $15,000 upon some six million
grubs and four million aduits of Leehnosterna during the five years
1919 to 1928 inelusive. Such collections, althongh apavently large,
represent no more than a *‘drop out, of the bucket™. Though a cer-
tain amount of good must necessarily follow, it is felt that such is out
of all proportion to its cost. To obtain any real henefits through a
reduetion in the annual status of the pest, the collections should be
carried out upon a much larger scale than they arve at present, and
over large areas simultancously.

+
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To he economical, when a continuous annual (as constrasted with
a capital) expenditure upon insect-pest eontrol is made, such should
at least be equal to the henefits obtained the mext year; otherwise
there is an actual loss through the transaction. With sugar at, say,
five eents, the expenditure quoted above represents an equivalent
value to approximately 1,35G toms of cane; that is to say, the
destruction of tweo million Lachnosterna annually should have caused
a saving of 270 {ons of cane each following year to justify ifs cost,
which we veuture to doubt was actnally the ease.

For comparison it may be of interest {o rvecovrd that when the
canefields of Mauritinsg were serviousiyv threatened some years ago
through the ravages of Plytalus smithi, a Melolonthid that was
secidentaly introduced into that Island from Barbados, the Govern-
ment issied an order in 1915, which veads:

COPLAXT DISEASE PROCLAMATION (;\MENDMENT)

Yoft shall Dbe lawful for the Direelor of Agrieulture, when the numbers of
heetles are in great abunndanece, to require any proprietor, manager, or lessee of
land to furnish, for collection of inserts upon their lands, one-third of the total
number of their engaged labourers per night; and if these labouvers are not fur-
nished an equivalent nmuber of men may be empleyed by the Director of Agri-
culture and the charge made agaiust the proprictor, manager or lessee.’”

.

As a result of this somewhat siringent (though mnecessary)
measure, the following numbers of adult Phytolus were obtained-:

191516 12,511, 241
191617 oo - e T2,902 680
T T=18 70,035, 663
1938—19 71,119, 278
TOTR0 e 30, 969, 5t

Total, 198520 o oo 986, 928, 375

The writer considers that unless results like the above ean he
accomplished by hand collection, a far greater value could be obtained
from money spent upon cane-pest control were such sums devoted
to fostering and advancing the status of the native pavasites of the
Island, and in securing other species of these useful insects from
abroad.

NATTURAL ENEMIES OF CANE-GRUBE IN PORTO RICO
A, Predators. )

Although it wounld be diffienlt to artifieially increase the numbers
of the insect predators of Lamellicorn larvae, a knowledge of tliemn
and of their habits is of the greatest importance.
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The most useful and generally distributed predator upon white-
grubs in Porto Rico is nndoubtedly the Elaterid beetle, Pyrophorus
luminosus, F., known as the “cucubano’’, the elongated yellow larva
of which ean be found in nearly all fields where grubs oceur, feeding
epon them in all their stages. The writer had one of these carni-
vorous larvae kept in captivity and during one week it destroyed
twenty-five full grown Lachnosterne grubs, and it has been recorded
that in Queensland a larva of the Elaterid Agrypnus masberss,
Paseoe, killed and consumed 230 cane-grubs in 17 months,

It is a matter for regret that on many sugar estates in Porte
Rico no diserimination is made between this useful inseet and the
grubs which it destroys, although it In no way resembles a white
wsrub, for numbers ol cucubanos arve collected by the boys who searel
for grubs and ave paid for at the same rates as the latter. Unless
Iaborers (and those of higher responsability, teo) ean be tanght not
to destroy such beneficial insects at these heetle larvae, it would be
hetter not to do any collecting at all, for more harm is done than
good. Owing to their rapid movements, it seldom happens that these
Hlaterid larvae [all prey to blackbirds, which in any case would
probably reject sueh unsavory morsels.®

The larvae of the carnivorous Carabid beetle, Calosoma aliernans,
Ir, rank next in importance, but they are not so frequently seen as
those of Pyrophorus.

An Asilid fly, whose larva is also carnivorous, is reputed to attaek
white-grubs in Porte Rieo; the writer has met with it upon two
occasions in grub-infested cane-fields near Aguirre. These large
Diptera are of some importance in the United States, as coutrolling
agents of Lachnosterna, but in Porfo Rieo their value seems almost
negligible. .

Vertebrate enemies of cane-grubs include birds, of which the
most important as a controlling agent is the Porto Rican Blackbird
( Hologuiscalus lugubris, Cassin}, large numbers of which follow
plonghing machines, picking up any grubs that are exposed; by
exainining fields at ploughing time, however, one finds that numbers
of the grubs escape, and a fair percentage of those colleeted by
the birds were alrveady killed or imjured by the machines passing
over them.

Mr., Alex. Wetmore, in his excellent treatise, ‘*The Birds of Porto

* Mpr., Wetmore records no instance where Pyropherus was found in the stomack-con.

tents of Porto Rican birds, even wlen the latter had been feeding in flelds heavily infested
with cane-grubs, and where in all prebability the Elatorids oceurred in numhers.
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Rico’’, makes the following observation, worthy of attention: ‘‘That
birds need shelter as well as protection will not be questioned, and

-ewners of plantations should look carvefully to providing this if it is

mot already present. A long level stretch of cane or tobacco, with
not a tree or other obstruetion to break its continuity, while a
pleasing sight to the agriculturist, offers little encouragement to
the bird in search of shelter and food. A similar streteh of culti-
vated land, with lines of symmetrical royal palms or coconuts along
roadways and dense clumnps of graceful bamboos adorning the borders
of streams, while not losing an iota of its productiveness, will gain
an esthetiec charm and beauty and provide an attractive feeding
ground for birds which will more than repay the owner in the
great numbers of injurious insects they consume.”” The writer is
strongly advocating the planting of more royal palms in certain
haciendas of the Aguirre properties, as the erowns of these trees are
the favorite nesting sites for blackbirds, and it is believed that an
merease in the numbers of palms will in time lead to the angmenta-
fion of the numbers of these useful birds.

Lizards exert an influence upon the status of the grub pest, and
Mr. Woleott records two specles, dmeive exsul, Cope and Anolis
eristatellus, Dum. & Bib., as heing known to consume Lamellicornia
m Porto Rieo. Among the reptile class, however, the Island sadly
meeds toads, to which Mr. Wolcott draws attention in the following
words: ‘‘Although the small tree-toads or coquis are abundant in
Porto Rico, there are no large nocturnal native toads large enough
te eat May beetles. Such large toads arve found in most of the other
‘West Indies and on the mainland, and keep the number of May
Beetles and their larvae, the white-grubs, so rveduced that they ave
seldom pests of cultivated erops.” Irom time to time importations
of small numbers of toads into Porto Rico have heen made; it is
hoped that these will breed, and in any case it is desirable to sup-
plement their numbers by obtaining further supplies from Santo
Bomingo and elsewhere, in ovder that each plantation can have its
aown place for rearing them artificially for distribution, small
““toaderies’’ heing established here and there throughout the prop-
erties. The importation and establishment of toads should be under-
taken by the sugar-cane growers of Porto Rico as their fivst measuve
m any campaign against Lachunosterne by means of its natural

enemies.
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E. Paragites,

In addition to a mortality due to attack by parasitic fungi and
Lacterial diseases, the larval and adult stages of the Lamellicornia
sucetmb to a variety of insect parasites, both internal and external
in habit. Several species of these parasites are known to oceur in
Porto Rico, hut none of them, for reasons already explained, ave
sufficiently abundant to effect any marked control over the Melo-
lonthidae and Dynastidae that attack sugar-cane.

Apart from the wasp-parasites abhout to be dealt with in detail,
there are a variety of fly-parasites upon both larvae and adults of
the Melolonthidae, and some of these might well be introduced into
Porto Rico to assist the two species (Cryptomeigenia wurifuscics.
Walton and Eufricoides jonesii, Walton) already ocewrring here.
Owing to the mode of life of these flies® and the diffieulties attendant
upon their propagation by artificial means, large numbers would
have to be introduced to effect the establishment of foreign forms.

The most iImportant and generally effeetive enemies of the
Lemellicornia in all parts of the world ave the ‘‘digger-wasps’’ of
the family Seoliidae, which prey upon the beetle larvae, and it is
through their ageney that the writer helieves the control of Porto
Rican cane-grubs will ultimately be obtained.

THE DIGGER WASPS {SCOLIIDAE)

The family consists of a large number of fossorial Hymenoptera
vhieh ave exclusively parasitic upen the larvae of Lamellicorn beetles,
end when one has become familiar with their general aspect, these
wasps can readily be distinguished from all other kinds. The
characteristic feature of the Scoliidae is the presence of a constriction
at the junction of the tappavently) first and second ahdominal
segments. The females differ considerably from the males both in
dimensions and in eoloration, some species of Scoliids, e.q., Dielis
dorsata, ¥, heing sexually dimorphic. The females are stout-hodied
- wasps, the hody heing broadest at the posterior end of the thorax
and the middle of the ahdominal region; the legs are rather short,
thickset, and are covered with a heavy armature of short spines
whicl aid the wasp in its digging operations; many parts of the
body are covered with a thick velvety pubescence. The males, on
the other hand, are slender and are without the conspicuous spines
upon the limbs; they arve easily distinguished from the females by

¥ These flies oviposit upon the exposcd part of the hedy of the beefle, when ils wings
are expanded during fight after dark.
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the length of their antennae, which generally equal nearly the leugth
of the body, whereas those of the females are quite short, searcely
equallivg the length of the head. In size the Scoliids vary from
barely three quarters of an inech in wing expanse (Tiphiu, ete.) to
those with a span exceeding three inches (Dielis alrate) ; the majority,
however, have a wing spread of between an inch and an inch and a
half. There is considerable variation in color awong the different
species, sonte heing entively black, othiers hlack with yellow bars across
ihe thoracvie and abdominal segments, while not a few of them have
clearly defined portions showing bright red, due to pigmentation of
either the integument or of the pubescence, or both. The wings of
some species are pigmented to show blue or purple reflections when
viewed in certain lights, being transpavent white or yellow, or {rans-
lueent blackish (*‘smoky’’), by transmitted light; many species have
wings without these iridescent reflections.

The family includes several thousand species distributed in all
parts of the world, the number of gpecies In any locality being more
¢1 less in proportion to those of the Lamellicornia upon which they
hreed. Dr. I, X. Williams, an authority upon the group, remarks
that the diversity in the Lamellicorn fauna of any distriet serves
as an index to the Seoliidae likely to oceur there. AMany of these
wasps parasitize grubs of little or no economic importance, but, on
the other lhand, large numbers of potential pests ave kept entirely
under vontrol through their agency. Some ol the Seoliids specialize
upon one particular species of grub, while otners are not so diserimi-
nating, having a wide range of hosts. A typical example of the latter
type is Tiphic purallela, which attacks the Melolonthid Phytalus
smithi in Barbados and species of Dynastids (Dyscinetus, ete.) in
South America. These naturally adaptable species are on the whole
more likely to prove useful-to Porto Rico than the more specialized
types, although some of the latter, when deprived of their normal
hosts, will turn their aftention to other species of grubs. An example
of this kind is Dielis dorsata, which normally parasitizes the Dynastid
Laigyrus twmudosus, but which will work upon such Melolonthids as
Lachnosterne in the absence of Ligyrus.

The Scoliidae consist of several genera, of whieh Dielis, Elis, und
Tiphie are the most likely to include species which may prove bene-
fieial to Porto Rico.
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HABITS AND LIFE-HISTORY OF THE SCOLIIDAE

PDuring the early hours of sunshine, from ahout eight o’clock
until eleven o’clock in the morning, the females can be seen refresh-
ing themselves with the nectar of certain flowers®. At mid-day they
disappear underground, where they search for their prey. The
males, on the other hand, can generally be found above ground at
all howrs of the day, fiying with a series of rapid zig-zag motions
in the vicinity of places favored by their mates, settling now
and then to imbibe the nectar from wild flowers. A very curions
Liabit exhibited by the males of some genera of Scoliidae is that of
congregating together in large numbers towards the Ilate afternoon
upon the stemns and leaves of wild vegetation; sometimes the males
of the common IMelts dorseta can be seen in hundreds upon the
leaves of the iron-weed or escoville (Side ecarpinifolic, L.) that
abounds in the vieinity of eanefields, while those of Elis haemorrhoid-
alis, another common Scoliid, may sometimes be seen in large clusters
resting upon the leaves and flowering spikes of the pigweed or bledo
(Amaranthus spp.). In Santo Domingo the writer has seen the
branches of voung gunicimas (GFuazima gudzume, L) hanging low
with the weight of thirty or forty males of the large black Dielis
atrata.  Dr. Williams remarks “‘They may assume odd positions on
these weeds., whieh they grip with their jaws and legs or with the
jaws only’’.  The writer thinks that the habit may be some sort of
response to the sorial instinet derived from their ancestors.

The life-history of the Scoliidae constitutes one of the most inter-
esting phases of dnseet Life, and iis study is faseinating in the
extreme.

The female Scoliid would appear to possess extremely powerful
olfactory and auditory senses for the location of her prey, as this
ig carried on out of sight, sometimes at a depth of two feet or more
below the surface of the ground. When a grub has been found,
the wasp gets busy around it, and, after a short time spent in
feeling over it with her very active antennae, proceeds to . sting it
in one of the large nerve-ganglia that eontrol the locomotor museles,
50 that the grub is rendered completely immobile, yet still alive; in
this way the mother-wasp insures a supply of fresh food for her
offspring, and would seemr to have arrived at a higher stage in

* Phis refers to the strictly anthophilous types. Some Scoliids, chiefly the species of

Tiphia, do not frequent flowers, but are attracted te ihe sweet secvetions (honey-dew) of
scale-insects (Coceldae) and plant-lice (Aphidae) on the feaves of trees or other vegetation,
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evolution in this respect than the social wasps (Vespidue) that have
to bring in freshly-killed prey to the young larvae in the nest, whick
food, unless immediately eonsumed, would rapidly decompose.

In the glass jars (Fig. 13, A) employed for rearing Scoliidae
artificially the female wasp can be seen to drag the helpless grub
down to the bottom of the jar, where a space is cleared around if,
the wasp packing the soil above the grub’s body to form a roof, the
whole forming an oval cell with the paralysed grub resting upon
its back in the bottom of the hollow, thereby giving ample room for
the wasp’s movements during the proeess of oviposition. It is not
known whether under aetual fleld conditions the wasp makes the
cell at the point in the ground where she first located and stung
the grub, or whether the latter is dragged to a lower level through
the smrrounding medium. When the wasp is satisfied with the
preparation of the home for her future offspring, she wanders around
the gyub, feeling over it with her legs and antennae, adjusting a
limh here and there, or removing a fragment of dirt from its body,
and after a few minutes spent in this manner, she adjust her body
to the length of that of the grub, grasping the up-turned under-
surface of the thorax with her front two pairs of legs, and its head
with her jaws, and, bending her flexible abdomen down upon the
venter of the grub, moves it about searching for the exact spot
{which appears to be free from setae) for the deposition of the egg,
whielt latter operation occupies about a minute. (The weiter has
several times watehed the whole process through the glass walls of
the rearing jars). The egg is eylindrical, slightly eurved, and has
rounded ends; the ratio of its length to its greatest breath is ap-
proximately as 4:1. The egg is laid with its longitudinal axis at
right angles to that of the grub (Fig. 5, A & B), being glued into
position by a fluid secreted by the wasp during the act of laying it.
The foregoing applies to wasps of the genus Dielis, and some species
of Elis. The habits of Elis xanthonotus ave similar, exeept that
the egg is laid towards the posterior end of the grub’s abdomen,
and flat across the surface of the grub’s body, instead of at right
angles to if. The species of Tiphic do not completely paralyze the
host, which reeovers from the effect of the sting after the deposition
of the egg, and during its ecrawling movements the latter is sometimes
rubbed off; Tiphic lays its eggs upon the back of the grub, across
the thorax, just behind the head.

The entire operation from the time the grub iz first located until
the egg has been laid oceupies about two hours. It is not known,
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and of course impossible to ascertain, how many grubs are parasitized
Ly a female in the eowrse of a day in a state of nmature, but under
avtificial conditions the writer has been able to obtain three eggs
from one wasp within the twenty-four-hour period with one of the
smaller Dielis; two per day however, is a good average for breeding
purposes. When the wasp has completed the deposition of the eggs
she takes a final look around and departs in search of another grub.

The eggs do not require any great length of time hefore they

EARLY STAGES OF SCOLIIDAE

FIG. 5—Eggs and Larvae of Dielis trifasciete, F. upon grubs of Lachnosterna
poréoriecnsis. Sm. (nasural size). (Photo. Rodriguez Serra, Ponee)
A, Bewlges (lateral aspeet} -
C—Tarva, 3 days old (Iateral aspect)
1—TLivsa, days old (lateral aspect)
B-—Lavva, days old {dorsal aspeet)

4
3

hateh; those of Elis haemorrhoidalis and . xanthenotus hateh
within 32 houwrs of being laid, while those of Dielis afrate take T2
hours for their development; the eges of D. dorsate, D. trifasciate,
ete., require an intermediate period of about 48 hours. The empty
ego-shell is pushed aside by the newly-hatehed wasp-lavva, after which
the latter huries its mouth-parts into the body of the host and
the consumption of the internal parts of the grub’s body commences.
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With unfailing instinet the young wasp avoids injuring those parts
of the host’s anatomy to wlhiell damage would prove latanl. Tt is
prolable that an ecdysis oceurs before the lavva is half-grown, but
sueh has not been observed by the writer. With the iwerease in
the size of the wasp larva there is a corresponding diminution in
the size of the host, and when the former is fully fed, nothing
remains of the latter but an empty shrivelled skin with the head
and legs attached. Wasp larvae in an early stage of development,
on heing vemoved fron a grub, will cominence to feed upon another
provided the latter’s integuwment has heen plereed. A curiouns halkt
of these larvae when nearing maturity is that ol ejecting a milky
Auid from the posterior extremity when disturbed; this fluid can
be squirted to a disianee of several inches,

Seoliid larvae arve glistening white and they appear to be slimy;

BARLY STAGES OF SCOLIIDAE

FIG. 6.

Cocoons of Scoliidae (natural size)
’ {(Photo. H. L. Dozier}

A-=Dieliz type: adult emerges by mesns of hinged Hd at one end,

Bm—fllll': ;:5): adult emerges by means of a raggoed :Ilole bitten in
at first they are pear-shaped or almost globular (Fig. 5, C), but
later they become elongated and decidedly mageot-like (Fig. 5, D and
F.;  The fully-grown larva of the smaller Scoliids (Elis and Tiphia)
is about half an inch in length, the larva of the medium-sized species of
Dielis about an inch, and that of D. atrate one and a half inches long
when mature. The time spent in the larval stage, feeding upon the
paralyzed host, has been ascertained to be from three to four days
in the case of Elis, seven days in the ease of the smaller Dielis, and
fourteen days in the case of D. atrate. The egg and larval stages
zre of longer duration in cool weather than in warm, and frequent
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changes of temperature seem fatal to the Scoliidae in all their early
stages.

The wasp-larva, upon completing its development, constructs a
neatly made cocoon around itself, the cocoon being formed in itwo
livers, the inner one smooth and shiny on the inside, the outer layer
coarser and rough in texture. Pupation oceurs within the cocoon,
and from four to six weeks are spent in this stage, after which the
mature sexually-perfect adult wasp emerges; the time spent in the
cocoon depends upon the temperature prevailing. Wasps of the
penus Dielis emerge by Dhiting a mneat lid out of one end of the
cocoon, the lid being hinged so that it can be pushed aside by the
etnerging wasp (Fig. 6, A); Elis and Tiphic merely gnaw a ragged
hole in one side of the eocoon, through whick aperture the wasp .
erawls ont (Fig. G, B).

NATURAL ENEMIES OF THLE SCOLIIDAE

Although the Scoliidae suffer to some extent through being preved
upon by vertebrate animals (birds and lzards), and certain carni-
varous insects chiefly predacious bugs of the family Reduviidae. as
well as spiders, it is the iunsect hyperparvasites that ave so largely
reponsible for keeping down their numbers; indeed, were it not
for these hyperparasites, it iz doubtful whether any of the Lamel-
Tieornia could ever bheeowmne pests, so great arve the multiplicative
powers of the Seoliidae.

Apropos, the following extract from a paper by Dr. J. I, 1lling-
worth, upon the natural enemies of eane-grubs in Queensland, may
Le of interest:

€41t would be interesting to know what pereentage of the Scolilds ure de-
stroyed Dy these parasitic enemies, but unfortunately this is a phase of the proh-
lem on whieh we have no data. Yet, when we consider the eomparative almn-
danece of the wasps that are knows to prey upon grubs in our cane aveas,
we are forced fo conclade that a very large msjority of them must sucenmb to
antural causes.  Otherwise, with thelr prelific reproduction they would Te able
te hold our cane-beetles in check with no assistance.”’

There ave three main types of hyperparasites upon fossorial
ITymenoptera, speeies of each of which ave responsible for ehiecking
the inerease of the Seoliidae: (i), the Bombyliid flies; (i) the
Tachinid flies; and (iii), the Rhipiphorid beetles.™

* Ty the. United States it is vecorded that s Scoliid of the genus Elis is hyperpara-
sitized by members of a fourtk groap—tihe Mutillid wasps.
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THE BOMBYLIID FLIES

A specimen of Amthrax lucifer, F., a typical Bombyllid, is il-
lustrated in Fig. 7, A, and the figure serves to show the general
aspect of ome of these flies. The family includes many hundreds
of species distributed over most parts of the world, several of
which are hyperparasites upon fossorial hymenoptera. The Bom-
hyliid adults are among the most rapid of all insect fliers, and are
commonly to be seen darting or hovering over the surface of the
soil, especially in sandy locations, as well as haunting the vieinity
of the nectar-bearing flowers that are so attractive to the wasps
whose early stage they parasitize.

HYPERPARASITES OF SCOLIIDAE

FIG. 7.—Bombyliidae B
A—Adult of Anthrax lucifer, ¥., a typical Porto Rican species (natural size)
(Photo. H. L. Dozier)

B—Pupa of one of these flies. (Del. H. B, Box from Davis)

So far as the writer is aware, nothing is known of the mode of
life of these flies during their early stages, but the empty pupa
cases are very often to be found protruding from punctured Scoliid
cocoons. Large numbers of individuals of the commoner species of
Scoliids in all stages have been examined by the writer, and, although
many cocoons were found with the empty Bombyliid pupa-case (Fig.
7, B) projecting, no instances were noticed of the fly larvae at work
upon the immature stages of the Scoliids. How and where the flies
lay their eggs (if they are not actually viviparous) is unknown to the
writer, but the subject is one worthy of special research. During
February, when the writer had about a hundred cocoons of Elis
haemorrhoidalis under observation at Aguirre, several instanees were
noted where Bombyliids emerged ten days after the cocoons had
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been collected in the fields; the inference is that the immature stages
of the Bombyliidee are spent upon or in the Seoliid after it has
spun up, and that their life-eyeles occupy ten days at least. At
present no further data is available to throw light upon this rather
obscure subject.

The Bombyliidae are represented in Porto Rico by numerous
species, varying from a little less than a half an ineh (the smaller
Anthrazr) to over one and a half inches (the larger (Hyperalonia) in
the spread of the wings. Not all of them are parasitic upon Scolidae,
however, some of them being enemies of the Pompilidae or Spider-
wasps (Pepsis) and the Sphegidae or Grasshopper-wasps (Ammaobia,
Spher), ete. In two cases only is the association of a Porto Rican
Bombylid with its correct host actually known: (i) Anthras gorgon,
F., parasitic on Elis haemorrhoidalis; and (ii) Anthrar lucifer F.,
pavasitic on Dielis dorsata; it is believed that the second instance is
a new record for the Island.* '

THE TACHINID FLIES

In British Guiana the writer has bred a small species of Tachinid
from cocoons of a Secoliid, probably Tiphic parallelu, Sm., and it
is not improbable that in other countries flies of the same family
attack similar species of digger-wasps,

Mr. Smyth gives an instance of parasitism of the adult of Dielis
dorsate in Porto Rico, and states that when found at Santa Rita
it contained ‘‘a single Dipterous puparium, ahout 5 mm. long, from
which issued, on June 18, 1913, ten small Chaleidids, which have not
been determined’. It seems probable that the Dipteron referred te
was one of the Tachinidae, but Mr. Smyth gives no information upon
this point.

The writer trusts he will be forgiven the irrelevancy of reminding
his readers how strongly the above instance of tertiary parasitism,
or hyperparasitism of the hyperparasite, recalls to one’s mind the
old tag

““Big fleas have little fleas
Upon their backs to bhite ’em;

And little fleag have lesser fleas,
And so ad infinitum.’’

THE RHIPIPHORID BEETLES
A group of insects more or less specialized to a habit of parasitiz-

¥ Awmthrax lucifer is a primary pavasite on certain Lepidopterous larvae in the U. 8. A.

In this role the fly is beneficial to man. As a parasite of Scoliids it is noxious. . E. B.

B
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ing the fossorial Hymenoptera, including the Scoliidae, is the family
Rhipiphoridae, the members of which are rather small beetles of
curious aspect (Fig. 8). The writer found these insects quite com-
moenly in British Guiana upon plants frequented by Scoliids, but has
so far not met with them in Porto Rico, although Woleott lists five
monly in Brithis Guiana upon plants frequented by Scoliids, but has
here,

It is not known definitely how these beetles succeed in parasitiz-

HYPERPARASITES OF SCOLIIDAE
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FIG. 8.—Rhipiphoridae

Adult of typical speeies (3 times natural size) (irom Davis)

ing their host, for they do not appear to go underground in search
of them, spending most of their time upon flowers and such vegetation
where the wasps abound. Dr. J. J. Davis suggests that the eggs are
probably laid on or near flowers frequented by the wasps, or possibly
on the body of the wasp itself, and that the egg or the newly-hatched.
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Rhipiphorid larva becomes attached to the hairy body of the wasp
and is in due course transported to the site of the latter’s operations
upon a white grub, when it becomes detached. This is very probably
the true explanation of what happens, for it is known that a similar
ingenious method is adopted by a related family of parasitic beetles
—the Cantharidae—whose first-instar larvae (called triungulins) are
very active, and cling to the hairy bodies of certain bees, being
carried by the bees to their nests, upon arrival at which they become
detached, cast their skins, and losing practically all power of loco-
motion, settle down to a parasitic existence upon the hee larvae.

It will readily be understood how important is the quarantining
of any Scoliids or other fossorial wasps that are introduced as larvae
or cocoons from abroad, in order to prevent the escape of such
insects as those mentioned above, for not only is there the danger to
the species being introduced, but the foreign hyperparasites might,
and very probably would, adapt themselves to attacking the in-
digenous Scoliids as well as other kinds of beneficial wasps, with
disastrous results. The method adopted by most workers is to put
each individual Seoliid in a separate tube, within which the emergence
of the wasp or its parasites takes place, when the former can be
transferred to breeding-cages, the latter being destroyed before they
can breed,

PARASITIC FUNGI

In addition to the predators and parasites discussed above, there
are certain' fungi which cause a heavy mortality among Secoliids,
especially during the pupal stage of the wasps. These fungi,
principally species of Isaria, arve the cause of great trouble when
the wasps are being rveared artificially, and at present no sure means
are available for preventing such losses; keeping the cocoons in an
atmosphere fairly dry, however, is caleulated to reduce the mortality
to a minimum, although the atmosphere in which they are kept
should not be absolutely dry, a certain amount of moisture being
necessary for their development. Infection by fungi has greatly
handicapped the rearving of Scoliids at Aguirre, but the writer hopes
that with proper facilities these difficulties will be overcome. At
certain seasons a fairly high percentage of Scoliids sucecumb to fungat
attack under actual field conditions, which subject has been treated
more or less at length by writers in other countries; mo data are at
present available, however, upon the prevalence if any, of fungi
upon Porto Rico Scoliidae under aectual field conditions.
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ECOLOGY OF THE SCOLIIDAE; IMPORTANCE OF NECTAR-BEARING PLANTS

More than one observation has heen made in this paper relative
to the importance of having suitable food-plants available for the
successful propagation of Secoliid wasps in a state of Nature, and,
although at present the writer does not feel competent to ofter
nore than a few cursory remarks upon it, the subject is one worthy
of a great deal of close attention and study. The observations that
follow are based for the most part upon the writer’s experience upon
the South of Porto Rico, and hence should not he taken as necessarily
applying to the Island as a whole.

The fact that several of the indigenous Scoliids of Porto Rieo

ECOLOGY OF SCOLIIDAE

FIG. 9. — Near Santa Isabel, P. R. Callejéx with
thick growth of Wallstroemia mawima, a favorite
hsunt of Dieclis dorsata, F. (Photo. ./ E. Box)

are common to both the north and the south of the Island suggests
that they are fairly adaptable climatologically, and from records in
literature, supplemented by observations made by the writer, it
appears that they are in a large measure adaptable to the vegetation
of the two regions. ’

The vegetation of the north of Porto Rico differs considerably from
that of the arid regions on the south coast, but both districts possess
a variety of plants whose flowers prove attractive to many IIymeno-
ptera, especially the Scoliidae. Where irrigation is practiced (and
there are few parts where it is desirable to establish the wasps where
irrigation is not practiced) the wild plants approximate more closely
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to those of the naturally moist regions, but, nevertheless, there is
ample room for extending the distribution of such plants as are
cesirable in order to obtain the maximum benefits from the wasps.®

It often happens that plants which come into flower at certain
seasons are, upon the commencement of their fruiting season, not
always succeeded by the appearance of other suitable flowers, so that
the wasps, in order to obtain the nectar so necessary to them, are
forced to temporarily quit these localities and migrate to places
where suitable flowers are to be found. It is helieved that with
proper study this state of affairs can be adjusted, and a succession
of nectar-bearing flowers made to appear throughout the year, by

ECOLOGY OF SCOLIIDAE

1TIG. 10.—Near Salinas, P. R. Similar spot to Fig. 9,
where both Dielis dorsata, F. and D. trifasciata, F.
occur, (Photo. H. E. Box)

planting, or at least encouraging, certain types of insect-fertilized
plants; the subjeet, however, require a much greater amount of
study than the writer has so far been able to devote to it.

On the south of Porto Rico there are two plants of special interest
in this connection. The first of these is Commicarpus scandens, Linn.
(Stand.), known locally as “‘ pega-pega’’, which is a stick-seeded vine
of somewhat dense growth belonging to the order Nyctaginaceae, and
occurs in more or less abundance upon the fences bordering planta-
tion roads (Fig. 11). The flowers are quite small, about an eighth
of an inch in diameter, pale yellow in color, and are borne upon

* The writer is attempting to propagate artifieially . a somewhat rave species of Paullinia,
the flowers of which are very attractive to anthopilons Hymenoptera.
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inflorescences measuring about one ineh in diameter; towards dusk
tiieir aroma is perceptible. On sunny mornings large numbers of
insects are to be seen in the vieinity of these vines, imhibing nectar
from the flowers; the majovity of the insects will be found to be
bees and wasps, and among the latter the Pompilidae and Scoliidae
easily predominate, the former being represented by Pepsis and
Psammochares, both of which prey upon spiders, while the Scoliids
are represented by Elis and Dielis.

Commicarpus scandens comes into full bloom from January until
April and again from late July until November, and during hoth

ECOLOGY OF SCOLIIDAE

FIG. 11.—Near Cecamo, P. R. Roadside fence cov-
ered with tangled growth of Commicarpus sacan-
dens in full bloom, a favorite haunt of Elis hae-
morrhoidalis, . (Photo. H. E. Box)

flowering seasons large numbers of fossorial Hymenoptera can always
be observed. Where these wasps go to during the non-flowering
season of this plant has not yet been ascertained, but it is believed
that the flowering of the plant has an influence upon the abundance
of the wasps in any given loecality.

The other plant whose presence in abundance is intimately con-
nected with that of fossorial wasps is Hallstroemia maxima (yerba
de cerdo), a member of the Zygophyllaceae, with pale yellow flowers
reminiseent of the buttercups Ranunculus of temperate climes,
and whose general growth and habitat are suggestive of the common
verdolaga (Portulacca oleracea, Linn.), with which it may easily
he confused by the uninitiated. On the south of Porto Rico the yerba

=
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de cerdo oecurs in many situations where conditions do not, favor the
growth of the verdolaga, which prefers the poyal lands to the sandy
spots where the first-named plant abounds. Many of the callejones
separating canefields at Aguirre are literally carpeted with a thick

ECOLOGY OF SCOLIIDAE

FIG. 12, — Guaimati, near ILa Romana, Dominican
Republic. Broad ‘‘carriles’’ with undergrowth of
grass; principal nectar-bearing flowers are.these
of Paullinia pinnala, growing over young gudcima
trees, favorite haunt of many species of Scoliidae,
especially Dielis atrate, F. (Photo, H. E. Box)

R

growth of this weed (Figs. 9 & 10), and during its flowering season
(which appears to he continuous, with an optimum in July and
August) thousands of Hymenoptera arve attracted by its delicate
perfume; among the wasps the Secoliid Dielis dorsata is the most
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frequent and on sunny mornings thousands of the females of this
species may be seen in most places where this plant occurs.

Other plants which have been found attractive to Scoliidae in
Porto Rico are the white-lowered mint Hyptis atrorubens (Labia-
teae), the common bhlue verbena, Stachytarpheta jaomaicensis (Ver-
benaceae), and Mitracarpus portoricensis, recorded by Mr. Woleott,
to which the writer can add the yellow ironweed or escoba, Sida
carpintfolio (Malvaceae), a purple-flowered mint, Leonurus sibiricus
(Labiateae), and Leucaena glauca and an un-named spiny-stalked
Mimosa (Leguminosae). The large moca trees (Andira inermis, Urb.),
when in bloom, are attractive to bees of various genera, but do not
seem to be especially so to the wasps, although Dielis dorsata has
been noted more than once at their blossoms.

Certain Seoliids, ¢. g., some speeies of Tiphio, are not anthophi-
lous; their females refresh themselves with the honey-dew secreted
by aphids and scales, and hence a difficult problem is presented, for
to provide a larger amount of seale or aphid-infested vegetation,
though beneficial from the view of tending to encourage 7'iphia, is in
all other directions detrimental to the Island’s interests. As an
zlternative, the writer believes that both the indigenous species of
Tiphia and any that may be introduced in the future, can be assisted
in their propagation by importing into the Island certain species
of Cordia (Boraginaceae), possessing hair-like glands upon the leaves,
which secrete a sweet honey-dew very attractive to Secoliids and
other wasps. Several species of Cordie occur in Porto Rieo, but the
writer has not observed any of them to possess the faculty of attract-
ing fossorial Hymenoptera during their non-flowering season, such as
cecurs with Cordie aubletis in British Guiana and C. interrupie in
Barbados.

The seasonal distribution of the Scoliidae, and the factors govern-
ing their relative abundance, are subjects of paramount importance,
yet which cannot be discussed owing to the short time that the
writer has been able to devote to them. Undoubtedly climatic con-
ditions cause fluctuations in the curve of their abundance, and in the
time occupied in their early stages underground, as well as in their
geographical and topographical distribution. These and other impor-
tant considerations must be left over to some future publication.

METHODS OF REARING SCOLIIDAE

Provided reasonable care is taken there should be few difficulties
attached to the suceesstul rearing of Scoliids either in small numbers
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or in bulk upon a commercial scale; the chief thing to be observed
is the correct regulation of the temperature and humidity of the
receptacles used; these should be kept as far as possible at a tem-
perature of a few degrees above or below 80° F. and the soil in
them kept slightly moist, but not wet. Frequent changes of the
soil are mecessary, unless sterilized earth is used. To carry out the
work upon anything like a large scale, however, insectaries, equipped
with ineubating departments, would become necessary. No expense
should be spared to make the building where rearing work is being
carried on as free as possible from ants, silver-fish, and especially
mites. We hope the day will come when the sugar-cane properties
of Porto Rico (or at least the larger ones) will be provided with
field insectaries for breeding parasites, similar to those in use in
the Californian eitrus-growing regions, where millions of ladybird-
beetles (Coceinellidae) are raised annually to combat the seale-inseets
that would otherwise ruin thousands of dollars” worth of fruit-trees.
Four operations are concerned in the raising of Secoliid wasps:
(i) oviposition; (ii) rearing the larvae to maturity: (iii) care of
the cocoons; and (iv) mating. Most of the apparatus is such that
can be procured at almost any hardware store, hut for certain stages
of the work the writer uses speecial boxes and cages. It must be
remembered that we have only recently commenced the work of
breeding Scoliids at Aguirre, and that probably as time goes on
modifications will be made in the process deseribed helow :

I. OVIPOSITION

For the smaller species of Dielis, and Elis, glass fruit jars (Atlas
pattern), 514 inches high by 334 inches top diameter, are used, while
for the large Dielis atrata jars of similar diameter, but 914 inches
high, are to be recommended. The glass lids and rubber bands are
removed from the tops of the jars, which can be covered with
removable standard-size lamp-chimmeys 314 inches in diameter at
the base; these chimneys conveniently rest upon the rims of the
Jars, and their tops are covered with muslin or other cloth kept tight
by means of rubber bands. The jars are loosely filled with sifted
(and sterilized, if possible) soil, to within an ineh of the top, and into
the surface of the soil is stuck a sprig of some flowering plant upon
the leaves of which some diluted honey has heen sprinkled. The
appearance of this apparatus as at present used at Aguirre is shown
in Figs. 13 & 14.

The chimney is removed and a suitable living white-grub placed
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in the soil a few inches-below the surface, after which a female wasp
is let loose within the chimmney, which is rapidly placed over the jar,
and the whole ticketed for veference and left for a length of time
suffieient for parasitism and oviposition to take place. Generally
the wasp drags the grub to the bottom of the jar, where she makes
a cell around it, in contact with the side, so that often the grub can
Le viewed through the glass. When an egg has been deposited,
indicated by the wasp coming up into the open air, the soil is gently
tilted out of the jar, the wasp having heen captured in a small tube,
and the paralized grub with the wasp’s egg attached removed with
foreeps, or by means of a long-handled spoon, after which another
grub is placed in the soil, the wasp returned, and the chimney re-
placed, for the process to be repeated. Under properly organized
conditions two changes per day may be considered desirable. It
often happens that grubs are stung without being oviposited upon
by the wasps, when they have to he replaced by fresh living grubs,
though in one or two instances the writer has been able to get the
wasps to oviposit upon a paralized grub which has been put back into
the jar. When such a grub is left on the surface of the soil, the
wasps will endeavor to drag it down to the hottom of the jar, often
beecoming exhausted by so doing; such conditions, being unnatural,
are not to be encouraged.

II. REARING THE LARVAE TO MATURITY

For rearing the wasp-larvae the writer has designed a type of
box, 15 inches square at the base and 4 inches deep, with hinged lid
of the same dimensions, fitting tight by means of flanges. The
cenfre of the lid is cut out for a space 11 inches square to allow
of the insertion of copper mosquito wire, thereby providing for
aeration. At one side of the lid is.a round hole, 2 inches in diameter,
which ean be closed when necessary, but which, when open, allows
the insertion into it of a hottle whose mouth is of a size which
enables it to be pushed into the hole more or less tightly (Figs. 13, B
& 15). Moulding sand is put into the box to a depth of three inches,
and rows of depressions made in the sand while it is still damp,
these depressions being of a size suitable for the accommodation of
the paralyzed grubs.

When a paralyzed grub with egg attached is located in one of
the oviposition jars, it is removed and placed upon its back in one
of the depressions in the moulding sand, an indentification number
placed immediately above it, and is left until the egg hatches.
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Consumption of the grub by the wasp-larva takes place within the
shiallow depression, and when the wasp-larva is mature, the depres-
sion serves as the base of a cell for the formation of the coeoon;
without this small device (which the writer gleaned from Dr. Iling-
worth’s paper on similar work done in Queensland) the larvae are
unable to form coecoons and perish.*

II1. CARE OF THE COCOONs

In large-scale work the cocoons would bhe left in situ as they ave
formed, but at present they are being removed to another similar
type of box. The sand should be quite dry, and the necessary
moisture obtained by covering the lid with a double layer of damp
cloth, over which a piece of card-hoard is laid; in such an atmosphere
created within the box, the cocoons do very well.  As the pupal stage
lests at least one month, it is necessary to constantly wateh out for
the apperance of moulds or other fungi; when fungi are found the
cocoons should immediately be transferred to another box containing
tresh sand,

Wasps as they emerge from the cocoons will readily fly into the
olass bottle inserted in the side of the lid of the box, being attracted
thereto hy the light shining through the aperture, the rest of the bhox
being davk.®*

IV. MATING

The wasps are transferred from the glass bottles to small wooden
cages, 12 inches high upon a 9 by 9 inches base, containing a bunch
cf nectar-bearing flowers. Mating takes place within these cages,
the females being removed twenty-four hours after being put with the

* Qince the above was written, the writer has found it safer and very much more con-
venient to place each paralyzed grub with its attached egg inside a glass tube, two and a
half inches long by half an inch in internal diameter, the ends of which are plugged with ab-
sorbent cotton. Growth and pupation of the Scoliid larva takes place within the tube with-
out any risk of contamination from neighboring grubs which may be infected with Metar-
rhiziwm or other fungi, as well as those plagues of the insectary, the Acarina or Mites.
The cocoons when properly hardened on the outside ave easily removed from the tubes and
transferred to storage boxes.—H. E. B.

#% A very heavy mortality occurred among the eggs, larvae, and cocoons of a species
of Seoliid being reared at Aguirre during 1925, and this was found to be due in large
measure to unsuitable temperature. Incubators were improvised by means of enclosing
electric-light bulbs in boxes of suitable dimensions, the interior of which maintained a
temperature varying little from 80 degrees I'. The smaller boxes containing developing larvae
and cocoons were stored in these “‘incubators’” and very much better results were obtained
than when they were left exposed to the fluctuations of room temperature, whieh frequently
dropped helow 70° F. at night. It cannot be said, however, that we have yet found a
veally satisfactory method of raising Scoliids during the cooler months of the year, and
much research will have to be done before this is likely to be obtained.—H. E. B.
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males, of which there should be three or four for every female
present,.
RECORDING DATA

As a basis for all future work it is necessary to keep accurate

TWO VIEWS OF THE TEMPORARY PARASITE
LABORATORY, CENTRAL AGUIRRE

FIG. 14—Oviposition. Jars. (Photo. . E. Box)

Right: for the medium-sixed D. trifasciata.
Left: for the large Dielis atrata.
Note Mating Cages behind large jars.

FIG, 15.—Boxes for Rearing the Larvae and
Storing the Cocoons. (Photo. H. E. Box)

records of all ovipositions, hatchings, pupations, and emergences.
The system adopted is to give the female wasps of each species
an identification number consecutively as they are obtained either
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by being collected in the fields or hy having emerged in captivity,
“the former bearing the prefix “O’’ (original series), while the latter
of the first generation have the prefix ““I’’ those of the second gener-
ation ““ITI’", and so on. The eggs as they laid are also numbered
consecutively, the egg numbers being prefixed by the serial and in-
dividual numbers of the parent; by this means the ancestry of any
particular individual can be traced, and, on the other hand, it is
possible to trace the entire progeny of any female.

THE SPECIES OF PORTO RICAN SCOLIIDAE *

Mr. Wolcott, in his ‘“‘Insectee Portoricensis’, lists the following
species of Scoliidae recorded as occurring in Porto Rico:

. Elis haemorrhoidalis, Fabricius (=E. sexcincta, F.)
. Elis ephippium, Fabricius '

. Elis nitida, Smith (as Myzine)

. Tiphia argentipes, Cresson

. Tiphia sp., probably the same as No. 4

. Dielis atrata, Fabricius (as Campsomeris and Scolia)
. Dielis pyrura, Rohwer (as Campsomeris)

. Dielis pyrura, Rohwer (as Campsomeris)

. Scolia plumipes, Drury

10. Dielis maculata, Drury (as Campsomeris) (=C. druryi)
11. Dielis tricincta, Fabricius (as Campsomeris)

12. Dielis trifasciata, Fabricius (as Campsomeris)

LW O Wb =

DESCRIPTION AND DISCUSSION OF THE PORTO RICAN SCOLIIDAE

The following account of the Secoliid wasps of Porto Rico is far
from complete, but it is considered advisable to place on permanent
record the ohservations that have been made by the writer to date,
as well as to summarize in a convenient form what was previously
known of these insects; the records are based whenever possible
upon the writer’s own observations, but where these are not available
free use has heen made of Mr. Woleott’s invaluable check-list and
other publications. Some of the raver species have not been met
with by the writer in Porto Rico, but were found on the Romana
properties in the Dominican Republic; observations based upon this
Dominican material of the Porto Rican species are included in this
discussion for convenience.

* The writer is indebted to Mr. G. E. Bryant, who, while temporarily acting as Di-
rector of the Imperial Bureau of Entomology, London, England, very kindly supplied in-
formation relating to synonymy among the generic names of the Scoliidae, leading to the
adoption of the nomenclature employed throughout this paper. It may be worth mention-
ing that the species referred to as the genus Dielis have hitherto been included among Qamp-

gomerts, which, it is pointed out, is synonymouns with Secolia, the latter name taking pre-
dominance, The species of West Indian “*‘Campsomeris’” are properly veferrable to Dielis.
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The descriptions are mnot to be interpreted as being technical
diagnoses of the species, but merely as general aids to their iden-
tification,

1. Elis haemorrhoidalis, Fabricius
(Wig. 16)
DescripTION ! ‘

Female—Length 10-12 mm., wing expanse 18-20 mm. Black
with several bright vellow marks upon the head and thorax;
abdomen with a series of five yellow bands, interrupted dor-
sally so that there appears to be a black stripe along the hack:
posterior end of the abdomen red; legs red; wings transparent.

Male—Length 11-14 mm., wing expanse 20-24 mm. Head and
thorax with markings somewhat similar to those of the female;
abdomen very slender, black with six narrow vellow transverse
bands which are mnot interrupted dorsally; posterior end of

PORTO RICAN SCOLIIDAE

A B
FIG. 16.—KElis hemorrhoidalis, F, (natural size)
(Photo. H. 1. Douzier)
A—TFemale B—Male

the abdomen black; legs red; wings transparent.
Hosrs Phytalus apicalis, Blanch. (third-instar larvae).
Hyrerrarasirre . Anthrar gorgon, F. (Bombyliidae).
DistrisuTioN : Fairly common all over Porto Rico, but inclined to
be locally abundant; not known from elsewhere.
Foop Prant or Femauz: Commicarpus scandens (“pega-pega’ ).

On the south coast this species oceurs abundantly in certain
restricted localities, in one of which parasitism was found to amount
to 65 per cent of all Phylalus grubs during Kebruary and March.
The males could be seen in hundreds flying over the surface of the
ground or resting in clusters upon the leaves and flowering spikes
of bledo (Amaranthus sp.) in the vieinity, while large numbers of
the females oceurred during the mornings on their food-plant, Comne-
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FIG. 17.—FElis ephippium, F. (natural size)

Female at left, male at right
(Del. ad. nat. H, E. Box)
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micarpus scandens. Advantage was taken of the abundance of the
females of this wasp to collect and transport them to another hacienda
some thirteen miles eastward, where Phytalus grubs were known to
be common in certain fields, but where hitherto no signs of the
presence of the parasite has been noticed. During IFebruary and
March 1,200 females were collected and released in the new locality,
with the result that on the 3rd of April they had accounted for 7
per cent of the Phytalus grubs, while three weeks later parasitism
had amounted to 26 per cent. During late May and early in June
the parasities were more abundant in their new quarters than in
the locality from which they had been taken. At the time of writing
(August), owing to the absence of Phytdalus grubs in numbers, F.
haemorihoidalis is comparatively scarce in both regions, nevertheless
sufficient has been accomplished to demonstrate the possible results
obtainable by transporting parasites from places where they abound
to parts where they are scarce or absent. It is planned to make
farther distributions of E. haemorrhoidalis when next it ecan be found
in sufficient numbers to enable collections to he made. The males, it
may be of interest to record, are very fond of flying around, and
resting upon, the white flowers of the Composite weed Parthenium
hysterophorus, 1., a plant which does not appear to he attractive to
the females,

The complete life-cyele was worked out in one instance only, and
consequently should not be regarded as typieal, as it may not represent
the average:

TABLE T

LIFE-CYCLE OF FLIS HAEMORRHOIDALIS, F

Egg. | Egg. I \ Egg. Larva Larva Adunlt | Cocoon |Total, egg
No. | Laid ]latche(l ’ ‘stﬂgh Spun up Stage Emerged Stage to adult,
Date Date J Days Date Days JIJate Sex ‘ Days Days
11 lﬁ,iii L7.:id1 J 21 iii 1.6 80.iv J m ‘ 41 47

2. Elis ephippium, Fabricius
(Colored Plate III, Figure 17)
DESCRIPTION :

Female—Length 15-25 mm., wing expanse 20-30 mm. Entire
body black except for the centre of the dorsal part of the
thorax, midway between the bases of the wings, where there
is a rectangular spot bright red in colour; legs black, wings
transparent, slightly smoky towards apex.

Male—Length 18-22 mm., wing expanse 28-34 mm. Very sim-
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ilar to the male of E. haemorrhoidalis, but larger. Head and
thorax with a number of transverse yellow bands, and a pair
of short longitudinal bars, on penultimate segments: legs dark
vellow; wings transparent yellowish.

Hosr: Unknown in Porto Rico.

HypPErPARASITES : Unknown.

DistriBuTioN : Porto Rico, St Thomas, Antigna. Stated by Wolcott
to bhe rather common during the fall on the north of Porto
Rico, around the Rio Piedras district.

Foop-rLanT oF FEMALE: Smyth states that the females oceur on the
flowers of Hyptis atrorubens.

This is one of the Scoliids whose distribution in Porto Rico, so
far as is at present known, is confined to-the north of the Island,
and is one which the writer considers should be bred and tried
out upon the south coast. Although a fairly large number of
females have been obtained from time to time by the entomologists
¢l the Experiment Stations nothing appears to be known of the
host of this parasite in Porto Rico.

Owing to the fact that Elis zanthonotus, Roh., a species so closely
resembling ephippium, F. as to appear identical except to an expert,
attacks and can be rearved upon the second-instar larva of Lachnosterna
portoricensis, there is every reason to believe this beetle to be the
host of ephippium in Porto Rico.

In Santo Domingo the writer collected two female FKilis of the
same general facies, 1. ¢., black with a red mesonotum * on flowers
of Paullinia pinnata. Both of those insects arrived alive at Aguirre,
and one of them oviposited six times upon L. portoricensis grubs;
the mortality was heavy and only one specimen, a male, was raised
from this material. Believing the female to be the same as the Porto
Rican ephippium, the writer was astonished to find the male quite
different from specimens of ephippium collected at Rio Piedras. The
other female from Santo Domingo did not oviposit, though it stung
portoricensis grubs in the rearing-jars.

The three individuals, a female and its male progeny, and another
female (which differed visibly from the fivst, particularly in the shape
of the colored thoracic area and in the presence of a yellow har
posterior to it), were forwarded to Dr. L. O. Howard, who kindly
gave them into the hands of Mr. S. A. Rohwer of the United States

* In Mr. Rohwer's original description he states that wenthonotus is “Readily distin-
guishable by its black color and yellow mesoseutum”. The mesoscutum in the example col-
leeted in Santo Domingo is bright red, a color to which the yellow parts of Hymenoptera
frequently change when the specimens are left in cyanide-bottles for any length of time, so

it is possible Mr. Rohwer was misled into believing the ved color of the mesoscutum in pre-
served specimens was vellow in life.



PORTO RICAN CANE-GRUBS AND THEIR NATURAL ENEMIES 337

National Museum. Mr. Rohwer, in his report, separates the species
as follows:

The female with bred male is stated to agree with the type of
zanthonotus, Roh., which was deseribed in 1915 from one female
collected at Rio Piedras, Porto Rico, by Mr. T. H. Jones in 1912,
This name was later (1920) sunk by Mr. Rohwer as synonymic with
ephippium, 1. Mr. Rhower states in his report that “‘The synonymy
may be correct but inasmuch as there are two species which agree
with Fabricius’ original description it seems advisable to use the
name zanthonotus for this form until the type of ephippium can be
studied.”” If by any chance this species is found to be identical with
the true ephippium, a new name will have to be found for the Porto
Rican insect whose male is so very distinet, and which is at present

- known as ephippium.

The solitary female from Santo Domingo ‘‘differs from zantho-
notis in the sculpture of the head and pronotum, etc. It may be
cphippium, but the type must be examined before it can be deter-
mined.”” The writer finds it to differ from females labelled ‘‘Elis
ephippium, 7.7 in the collection of the Insular Experiment Station
of Porto Rico.

It seems, therefore, that Elis zanthonotus occurs in both Porto
Rico and Santo Domingo, and that in each of these countries there
exists one other similar species, neither of which do we believe
to be ecomumon to both islands.

TasLe 1L
LIFE-CYCLE OF ELIS XANTHONOTUS, Roh.

Egg Ege | Ege Egg _Larva Larva Adult Cocoon | Total, egg
No. Laid ‘ Hatched Stage Spun up | Stage Emerged Stage to adult
‘ B |
Date | Date Days Date I Days Date | Sex Days Days
= AR T e e H— s
171 22, vii I 24, vii i 2 30.vii | G Bix ‘ m 37 45

Nore: This individual was the progeny of a female collected at Guaimati,
Dominican Republie, and was reared at Aguirre, Porto Rico, on a 2nd-instar grub
of Lachnosterna portoricensis,

3. Elis nitida, Smith

* Unknown to the writer,
A species recorded by Dr. Agustin Stahl in his ““Fauna de
Puerto Rico’” in 1882, which has not been recorded since that date.
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This species is also reported from Santo Domingo, Cuba, and
Jamaica. Mr. Wolcott informs the writer of recent captures of this
species in the vicinity of Port-au-Prinee, Haiti.

4. Tiphia argentipes, Cresson

Unknown to the writer.

Recorded by H. Dewitz (1881), Dr. Stahl (1882), Dr. J. Gundlach
(1894), and Dr. W, H. Ashmead (1900)

Mr. Alex Wetmore records finding Tiphia sp. (according to Mr.
Wolcott, probably the species under discussion) among the stomach
contents of a kingbird, or. “pitirre’” (Tyranus dominicensis domi-
nicensis, Gmel.). '

T'. argentipes is also reported from Cuba and St. Vincent.

5. Tiphia sp.

Three males of a Tiphia, which, according to Mr. S. A. Rohwer
may represent a new species, were found in the Gudnica district by
Mr. E. H. Barrow in 1921, feeding upon the secretions of a scale,
Pulvinaria psidii, Mask. on Rauwolfie mitida. Another male was
subsequently found on cotton at Yauco. At one time it was suspected
(on very good evidence, too) that these Tiphia might be the progeny
of some insects of the same genus brought into Porto Rico during
1913, releases of which were made in the Guénica distriet.

In Santo Domingo the writer collected two specimens of Tiphia,
one, a female, on aphid-infested corn in the grounds of the Experiment
Station at Santiago, while a male was taken under precisely similar
circumstances at Lia Vega; both of these localities are in the interior
of the Island. '

The two specimens were examined by Mr. Rohwer, who states
the female to be 7. punctata, Robt., a species known from continental
North America ranging from southern Canada to Texas and Loui-
siana. It has not previously heen recorded from the West Indies,
so far as the writer knows.

The male from La Vega is stated by Mr. Rohwer to be ‘‘the same
as has been previously collected by Barrow.”’

Although there is some evidence that both the male and female
Tiphia from Santo Domingo are 7. punctate (in which case the
Guanica individuals would also be of this species), there is actually
no proof that this is the case, as it was not possible to specifically
determine the male sent by the writer to Mr. Rohwer. Definite
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information can only be obtained by having males bred from known
females available for determination.

If Mr. Barrow’s speciimens are (as the writer believes them to
be) of the widely distributed 7. punctata, it is not improbable that
they are descendants of individuals released in the Guéinica region
by Mr. Woleott in 1913-14, for punctata was included among the
introductions to Porto Rico from the State of Illinois. On the
other hand, seeing that punctafe occurs in Santo Domingo, where
it was certainly not introduced, there is no reason why the Guanica
Tiphic may not have been native to Porto Rieco.

6. Dielis atrate, Fabricius
(Fig. 18)

DESCRIPTION :

Female—ILength 35-50 mm., wing expanse 50-75 mm. Head,
body, and legs, entirely black; wings dark orange-yellow at
the base and for more than two-thirds of their length; apex ot
the wings smoky by transmitted light, bright steely blue hy
reflected light.

Male—Length 28-35 mm., wing expanse 40-45 mm. Color the
same as that of the female, except that the orange color of
the wings is not so pronounced, and the apices of the wings
not quite so dark.

Hogr: Not definitely proven in Porto Rico, but undoubtedly the
larvae of Stataegus titanus and 8. quadrifoveatus. The former
species was readily parasitized in the third instar by D. afrata
brought in from Santo Domingo.

HyPERPARASITES :  [Unknown.

DistrisuTioN : Porto Rico, Santo Domingo, Cuba, Jamaica. Stated
by Dr. Gundlach (1894) to he very common in Porto Rico, but,
nevertheless, during the last two decades and a quarter only
two captures have been made®: a male in a canefield at
Aguirre (1913, G. N. Woleott,) and a female at Lares (1923,
. Sein). The writer found D. afrala commonly in some dis-
tricts of the Romana properties, but it was not seen elsewhere
in Santo Domingo. Mr. Wolcott informs the writer that it
oceurs to some extent in Haiti.

Foop-pLANTS oF THE FEMALE: In Santo Domingo the wasps of
hoth sexes are attracted to the flowers of Paullinia pinnaia.

Dielis atrate (also referred to as Scolia or Campsomeris atrata) is
one of the largest of the West Indian Hymenoptera, some of the
females having a wing-spread of over three inches. Owing to its

* Bince the above was written, the writer has taken two males and fwo females of D.
atreta on flowers of Commicarpus scandens in one of the Aguirrve haciendas north of Santa

Isabel., The females readls oviposited upon mature grubs of Straiaegus titanus collected
from cane-stools in the suni Iocality.
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extreme rarity in Porto Rico during recent years, very little is known
of the habits of this species. While in the Dominican Republic in
July the writer found D. afrata quite common in certain localities
near Central Romana in the province of Seiba, and twelve females
were collected for shipment to Porto Rico. Only three arrived
at Aguirre alive, and these were immediately transferred to jars
of soil containing proper food and prey, it being considered that
the third-instar grubs of the sugar-cane rhinoceros beetle (Strataegus
titanus) would serve for the purpose. The wasps commenced to
oviposit at once, and eggs were secured from the three individuals,
as follows:

Female No. 0-1____23 eggs, between 197vii and 10-viii (wasp died 10-viii)
Female No. 0-2____12 eggs, between 21-vii and 3—viii (wasp died ~5-viii)
Female No. 0-3____23 eggs, between 21-vii and 16-viii (wasp died 18-viii)

Mortality during the egg and larva stages was very high, due to
unfavorable conditions, but thirteen cocoons have been obtained,
and, provided the sexes are about even, we expect to he able to
continue the rearing work upon the emergence of the adults late in
September.* Nevertheless, it is proposed to make further importa-
tions of Dielis atrata from Santo Domingo at some time in the near
future, as the species may be reckoned as heing very desirable to
firmly re-establish upon cane lands in Porto Rico, where, as has
already heen mentioned, considerable damage is done by rhinoceros
beetles and their grubs.

Typieal haunts of the adults of this wasp in Santo Domingo are
shown in Fig. 12, consisting of broad carriles (equivalent to our
callejones) with a thick undergrowth of grass and weeds interspersed
with small gudcima trees, over which can be found climbing the
vine Poullinia pinnate, whose flowers are so attractive to the adults
The males cluster together upon the leaves and branches of the
gudcimas.

Tapne IIL

PARTIAL LIFE-CYCLE OF DIELIS ATRJTA, A
(Average of twelve specimens)

Egg Stage Larva Stage
Days Days
3.5 9.5

* No adults emerged, as all the pupae became infected with Isarie fungus.—H., E. B.
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7. Diclis dorsata, Fabricins
(Fig. 19)

DESCRIPTION :
Female—Length 20-25 mm., wing expanse 28-35 mm. Head

and body black; abdomen with brick-red bars on the second and
third cegments, each bar of characteristic pattern (Fig. 19, A)
legs black; wings almost opague smocky by transmitted light
bright steely-blue by reflected light.

)

Male—Length 18-22 mm,, wing expanse 25-32 mm. Differs

entirely from the female, the species being sexually dimorphie.
Body black, covered with a fine greyish pubescense, which ap-
pears almost silvery in newly-emerged individuals. There are
fwo curved bars, pale yellow in color, upon the clypeus or
face, between the eyes, enclosing a black area; a narrow yel-
low ring in front of the thorax, just behind the head, and a
pair of thickish yellow bars at the base of the thorax, the

PORTO RICAN SCOLIIDAE

A B

FIG. 19.—Dielis dorsale ¥. (1Y times natural size) (Photo, H. 1. Dozier)

Hosr !

A—VFemale  B—DMale

anterior one bheing the larger. The abdomen is black, with
pale yellow rings upon the first four segments, the rings of
characteristic pattern; legs mostly black, but with pale yel-
low stripes on the inside of each segment; wings transparent
with black neuration.

Ligyrus fumulosus (third-instar larvae); occasionally the
third-instar larvae of Lachnosterna portoricensis, and proba-
bly L. vandiner.

HvyprerPARASITES : Anthrar lucifer, 7. (Bombyllidae), and an uu-

determined Dipteron (recorded by Mr. Smyth).

DigrrisurioN : South America (Brazil, Guiana, ete.), Barbados, and

Porto Rico; was not seen in Santo Demingo. In Porto Rico
D. dorsata has a wide distribution, but would seem to be more
abundant on the south coast.

Foop-pranTs oF FEMALE: Almost any nectar-bearing flowers, but

especially Kallstroemia marima, Commicarpus scandens, Sida



FIG. 20.—Dielis pyrura, Roh, (1% times nat. size)

Female at left, male at right
(Del. ad. nat. H. E. Box)
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carpimifolia, and Leonurus sibiricus. Oeccasionally females are
attracted to the flowers of the moca (Andire inermis), as well
as those of Leucaena glauca.

Dielis dorsata is one of the commonest wasps, and certainly the
commonest Scoliid, in Porto Rieco, ocurring almost ubiquitously
wherever its host abound. When stable manure containing grubs
of Ligyrus is applied to canefields, D. dorsata can shortly afterwards
be seen in hundreds in the vieinity of such fields, retaining its
abundance until the last of the grubs has pupated or been parasitized.
An instance of the effectiveness of this parasite was observed by the
writer on the south coast, where, in a callejon between two fields of
young cane, Ligyrus grubs could be collected in thousands during
February, while six wecks later it was diffieult to find even one
svecimen, even in the pupal stage, their place having been taken by
the enormous numbers of Dielis dorsata later present in the locality.

Occasionally cases of parvasitism of Lachnosterna by this Scoliid
are observed in the canefields, and under artificial conditions D.
dorsata will readily attack L. portoricemcis when deprived of its
normal host. It is recorded by Mr. Wm. Nowell that in Barbados
this wasp acts in a similar way, now and again attacking the DMelo-
lonthid Phytalus smithi as well as regularly parasitizing the Dynastid
Ligyrus. In British Guiana Dielis dorsate is less common than in
either Porto Rico or Barbados, but nevertheless it effeets an influence
upon the abundance of probably both Ligyrus ebenus and L. gyas in
that country.

It is mot improbable, in view of the evidence available, that D.
dorsata is an accidental introduction to Porto Rico, and in any case
should serve to exemplify what can be accomplished with a Secoliid
parasite upon white brug control. It is suggested that D. dorsata
might well be tried out in the United States, where it is believed that
it does not occur, as it might prove an efficient parasite for Ligyrus
rugiceps, Lec., a beetle that is sometimes responsible for damage to
growing canes in Louisiana.

TasLe IV
LIFE-CYCLE OF DIELIS DORSATA, F.
Erg Eggr Egg Egg Larva Larva Adult Cocoon |Total, egyg
No. Laid | Hatched Stage Spun up Stage Emerged Stage to adult
Date Date Days Date Days Date | Sex Days Days
212 25.vii 27.vii 2 1.vifi 5.5 Lix | m 31 38.5
H3 | 26.vii 28.vil 2 2.viii 5.5 2ix | m 31 38.5
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8. Dielis pyrura, Rohwer
) (Color Plate V, Fig. 20)

DESCRIPTION : :

Female—Length 22-28 mm., wing expanse 32-40 mm. A very
beautiful wasp with the head, thorax, and the end of the ab-
domen covered with red pubescence; abdomen with brilliant
lemon-yellow wavy bands on the first three segments, these
bands separated from each other by black patches; legs red,
with red spines and pubescence; wings hyaline with red neu-
ration; there is a smoky patch in the region of the apex of
the forewing, between which and the bhase, on the costal region,
1s a broad orange-colored streak, which blends into the pale
vellow of the rest of the wing; the apex of the wing reflects
a violet color.

Male—Length 18-22 mm., wing expanse 28-35mm. Colored very
similar to the female, but there are yellow bands upon the
front of the face, situated obliquely between the eyes, enclosing
a black space; the thoracic marks are similar to those of
D. dorsata, but of a deeper yellow.

Hosr: Unknown in Porto Rico. A female brought in from Santo
Domingo has heen found to parasitize the third-instar grubs
of Lachnosterne portoricensis.

HyperrArasiTES : Unknown in Porto Rico, but probably the same as
those of D. dorsata.

DistriBuTion: Porto Rico, Santo Domingo and Haiti. In Porto
Rico the species is decidedly rare; individual specimens have
been taken at Mayagliez (type material of the species), Co-
merio, and Mona Island. Tn Santo Domingo the writer found
a few specimens at Guaimati. Mr. Wolcott states that it oc-
curs sparsely near Port-au-Prince, Haiti.

Foop-rranTs or Femare: Wolcott states that the female oceurs on
the flowers of Stachylarpheta (Valerianoides) jamaicensis.
In Santo Domingo they were found on Paullinie pinnata.

The species now under discussion has not been met with by the
writer in Porto Rico, but the opportunity was taken of bringing
back two females from Santo Domingo. Omne of these died shortly
after its arrival at Aguirre, but the remaining specimen lived forty
days in captivity, during which time twelve eggs were deposited
upon third-instar larvae of Lachnosterna portoricensis; to date only

“two cocoons have been secured, mortality among the eggs and larvae

having heen high.

Diclis pyrura should be obtained in quantities from Santo Do-
mingo and artificially reared until its numbers are sufficiently large
to enable field releases to be made in Porto Rican canefields.
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TaBLE V
LIFE-CYCLE OF DIELIS PYRURA, Roh.

Egg g DIx41s Egg Larva Larva Adult Cocoon | Total, ege
No. Laid | Hatched Stage Spun np Stage Emerged Stage to adult

Date Date Days Date Days Date | Sex Days Days
171 24.vii 28.vii 3.9 a.viil I i | ——— ¥ s e
174 11.vili 15.vii 4 23, viii T 2.ix| F& 38 19

* Failed to finish pupation.
9. Scolie plumipes, Drury

Unknown to the writer.
Recorded by H. Dewitz (1881) and Dr. Gundlach (1894); stated
by the latter entomologist to be rare.

10. Dielis ‘maculata, Drury

Unknown to the writer.
Recorded by Dr. Ashmead (1900).

11. Dielis tricinta, Fabricius

Unknown to the writer.

Recorded hy Dr. Stahl (1882), Dr. Gundlach (1894), and Dr.
Ashmead (1900). This species is also reported from Santo Domingo,
Cuba, Jamaica and Trinidad,

12. Dielis trifasciata, Fabricius
(Fig. 21)
DESCRIPTION :

Female—Length 22-25 mm., wing expanse 30-38 mm. Head
and body black, with brilliant lemon-yellow bands on first
three abdominal segments, these bands separated from each
other by black bands bordered with a red line anteriorly where
the black and yellow meet; legs black; wings yellowish by
transmitted light, with a smoky patech at apex of fore-wings,
reflecting purplish; neuration reddish.

Male—Length 18-25 mm., wing expanse 25-32 mm. Body black,
covered with dark grayish pubescence. There is a strong simi-
larity between the male of this species and that of D. dorsata,
but the clypeus is entire yellow, and the abdominal rings are
different in shape; the last ring is interrupted dorsally. The
vellow markings are darker in tint than those of the male
D. dorsata, and the wing neuration is reddish rather than
black.

Hosr: Hitherto unknown in Porto Rico. The writer has found that
this wasp normally attacks Lachnosterna portoricensis, and i
all probahility L. vandinei is also parasitized by it.



346 THE JOURNAL OF THE DEPARTMENT OF AGRICULTURE

-Hyperrarasires: Unknown in Porto Rico, but probably the same
as those of . dorsata.

Distrisurion : Porto Rico, Santo Domingo, Haiti, Cuba and Jamaica.
Stated to be not uncommon on the north of Porto Rico, bhut
until recently has not been met with on the south coast; where
it has now been found in one restricted locality near Salinas.
A few individuals were seen at (Guaimati in Santo Dominge.
Mr. Wolceott says it is “‘common’ in Haiti.

Foovrrant or FEMALEs: In Porto Rico, Kallstroemia marima and
Sida carpinifolia. In Santo Domingo, Paullinia pinnata.

On the 6th of June, while watching thousands of the females of
the common Dielis dorsata flying around patches of yerba de cerdo
(K. marima) in a callejon in one of the Aguirre haciendas the
writer collected a few individuals which later were identified as

PORTO RICAN SCOLIIDAE

-‘\ B

FIG. 21.—Dielis trifasciata, F. (1%, times natural size) (Photo, H. L. Dozier)
A—VFemale B—Male

the species now under discussion. Search was continued and visits
made subsequently and to date eighteen of these wasps have heenr
gecured from the one locality. Although similar places elsewhere
have been earvefully wached, D. frifasciata has not been met with
outside an area of less than five acres. It may be worth mentioning
that, although four was the maximum number of females of D. {ri-
fasciata collected on any one occasion, several thousand of the com-
mon D). dorsata could have been netted had they been required.

The female wasps were collected alive and brought to the labor-
atory, where they were put into jars with an assortment of white
grubs of different stages of Lachnosterna and Ligyrus, as well as
some small Strataegus. The two latter types of grubs were absolutely
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ignored, nor has the writer since been able to get D. {rifasciata to
parasitize either Ligyrus or Strataegus. The females, however,
readily stung the mature third-instar grubs of Lachnosterna porto-
ricensts, and laid eggs upon them, thereby constituting the first
known instance of parasitism of a Porto Rican Lachnosterna by a
native Scoliid wasp.

At first the best results were not obtained, the wasps dying after
hoving laid a few eggs, but, with the improved technique already
detailed, the wasps were kept alive for a considerable length of time,
depositing eggs upon cane-grubs daily. KFrom the original material
four generations have been reared upon cane-grubs, but owing to
a series of accidents, the work of rearing this species has not progressed
as well as we would have desired. To the end of 1925, that is, within
a period of six months, 304 individuals (213 males, 91 females) have
been raised from the original fourteen specimens, the latest examples
being the third filial generation. The maximum number of eggs
obtained from one female was fifty-five (this individual lived 63
days in captivity), the average number heing 17 eggs for every female
wasp.  Some females produced all male progeny, and it was thought
that this was due to these having developed parthenogenically; to
confirm this, two females, kept away from males, laid eggs which
almost invariable produced males, though in two instances female
progeny were obtained from unfertilized parents; the female progeny
were (uite healthy and oviposited normally whether they had been
fertilized by males or not. Having had such a large number of
these Scoliids on hand for a fairly long period, the writer can record
data based upon observations on the effect of temperature on their
development :

TapLE VI
LIFE-CYCLE OF DIELIS TRIFASCIAT A, F.
seri Te : 3 l Gre Stag Larva Pupa | Total, egg
Period ! Temperature Egg Stage Stage Stape o adoht
| |
Daily Max. | Min. | Days Days Days Days
Mean |
pome e s = e | = =
June-July......ocoennes | 80.60 89 70 2.5 6.5 35 44
Aungust-September. , .. 81.28 89 72 2.5 6.5 33 42
November. ... .ievsves \ 78.80 86 67 ‘ 3.0 7.0 i 42 52

The mortality in all stages increased as the nights grew cooler, so
that in order to save the race from dying in captivity artificial heat-
ing to be resorted to (see foot-note on page 83). In addition large
numbers of eggs and larvae died through attacks of fungi and



348 THE JOURNAL OF THE DEPARTMENT OF AGRICULTURE

hacteria. A release of twelve females, all proven to bhe in egg-laying
condition, was made in one hacienda in December, in a situation
favorable for their establishment. The number is small, but it may
be that they will continue to breed, as cane-grubs were plentiful in
the fields around the part where the releases were made.

All the evidence points to D. irifasciata holding the status
exemplified in Diagram B of Plate I, but the writer believes there
should be little difficulty in producing the effeet illustrated in Diagram
C, if every facility is provided to aid this end.

One great difficulty which may be encountered in breeding Dielis
irifasciata and the other Scoliids is that of obtaining a supply of
the right sort of grubs during the season of the minimum abun-
dance of the latter in the fields; this season is June and July in
the case of third-instar Lachnosterna (see Plate 111). Although
with diligent search a fair number of suitahle grubs can be obtained,
it is not wise to rely on this method where large numbers of grubs
are daily wused in propagating the wasps. It seems that if during
the end of April and during May, several thousand of grubs are
collected, these can he stored at low temperatures (about 45° I7.
being suggested) either in a proper cooling plant or a good ice-chest,
under which conditions the growth of the grubs is suspended until
they are restored to normal temperatures a few days before being
required for use.

INTRODUCING PARASITES FROM ABROAD

This is not a new idea in Porto Rico, and a most exeellent summary
of all that has been done in the direction of attempting the control
of the sugar-cane pests of Porto Rico by means of introduced parasites
wag written by Mr. Woleott and published in this Journal in January,
1922, Nevertheless, it is felt that the present paper would be in-
complete without a brief resumé of what was accomplished along
these lines.

Although great success lollowed the importation of the Austra-
lian lady-bird beetle (Cryptolaemus montrouzieri, Muls.) from North
America, to combat scale-insects and mealy-bugs (Cocceidae) in Porto
Rico, the beetles having become firmly established and widely dis-
tributed in the Island, the same cannot be said of the introductions
that were made of Scoliid wasps from the United States, due, in
the writer’s opinion, to an injudicious selection of the country whence
the parasites were obtained.

During the period 1911 to 1913 Mr. €. E. Iood, and later, ilr.
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Wolcott, was engaged by the Experiment Station at Rio Piedras to
arrange for the collection of large numbers of Tiphia inornata, Say,
7. punctata, Robt., and other species of the same genus that exert
a marked control over Lachnosterna in Illinois and other States.
The material was collected in the form of cocoons and shipped to
Porto Rico, some in cold storage, other at normal temperatures by
first-clags mail. At first very few adults were secured, but later,
when improvements had been made in the methods of handling the
insects during transit and after arrival in Porto Rieo, good per-
centages of emergence were obtained. The wasps were tried out
upon various white-grubs and, although in one or two instances they
stung the grubs and oviposited upon them, no cases were recorded
where one of the imported species of wasp had been reared to
maturity upon a Porto Rican grub. In addition to attempting to
rear the wasps artificially upon cane-grubs in captivity, several
hundreds of adult Tiphia were released in some grub-infested fields
on the south coast. It eannot be said definitely that these wasps
have entirely failed to become established in Porto Rico, but it is
certain that they have not increased to such an extent as to make
their presence felt today.

While it is quite possible success might follow introductions of
white-grub parasites from North America, the writer considers it
far more probable that such would be obtained with parasites from
neighbouring West Indian islands and from the mainland of South
Amnierica, where the necessary conditions approach closer to those of
porto Rico, and it seems likely that parasites from these countries
stand a better chance of becoming acclimatized in Porto Rico than’
species native to temperate regions, though this does not necessarily
apply to all parasites.

Through the enterprise and interest of the Central Aguirre Sugar
Company the writer has already been able to demonstrate that there

“ocenr in Santo Domingo several Seoliids (Dielis atrata, D. pyrura
and Klis xanthonotus) which are so rare in Porto Rico that their
re-establishment and distribution in this Island is desirable, In
addition to these, other parasites were found in Santo Domingo
during the writer’s short visit in July, in numbers insufficient to
wake shipments. It is very probable that a more extended survey
of other parts of Santo Domingo as well as of those localities already
visited by the writer in that eountry, would reveal the existence of
other forms of parasites likely to prove beneficial to Porto Rico, as
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well as a greater abundance of those already found there in small
numbers,

A glance at Appendix II at the end of this paper will serve to
show what a field remains in this line of work:; the writer considers
that Cuba, Jamaiea, Trinidad and British Guiana are especially
worthy -of attention in respect of the species of Seoliids known to
oceur there, and there can be little doubt that an entomologist
searching for these insects would find forms not yet deseribed and
catalogued. In addition to the countries mentioned above, thers
are others of the West Indian islands which should be taken into
consideration, as well as Columbia and Venezuela on the mainland
of South Ameriea.

Mention has already been made of Tiphia parallela, Sm., which
aids in keeping down the numbers of the Melolonthid Phytalus smithi
Arrow, in Barbados. This Scoliid has a variety of hosts, although in
Barbados no Lamellicorn other than P. smithi is known to be attacked
by it. In Antigua it attacks Lachnosterna antiguae, Arrow, a species
almost identical in size both in the adult and larval state with P.
smithi of Barbados, and L. guanicane and L. citri of Torto Rico.
In British Guiana Tiphio parallela is not known to attack Melolon-
thids, but the writer has found cases of parasitism of Dynastids of
the genus Dyscinetus by it in that country.

In reference to an attempt that was made to introduce 7. paral-
lela into Porto Rico, Mr. Wolcott states:

““One hundred cocoons were sent (from Barbados) in April, 1913, arriving
a month later, but only ten adults emerged. No special arrangements had heen
made for attempting to have these breed on the grubs of Phytalus insularis,
Smyth (apicalis, Blanch.), the most nearly related (?) Porto Rican species of
grub, and the females did mnot oviposit on the larger Lachnosterna grubs.*’’

In spite of the negative rvesults recorded by Mr. Woleott, the
vriter thinks that Tiphie parallelae should be given another trial
upon Porto Riecan white-grubs, especially those of Lachnosterna

# T consider both Lachnosterna guenicana and L. eilri to be closer relatives of the
Barbadian L. (Phytalus) smithi than I. (P.) apicalis in spite of the fact that the adults
of the two latter species have certain minor features in common that some writers rank as
generic differences. As it is the larval stage of these heetles 'that is selected by the Scoliid
parasite as food for its progeny, I fail to see that it matters very mmuch that the presence
or absence of a certain detail in the structure of the adult form (in this instance a eleft
claw in the male sex) exists, for such must be unknown to the wasp, which is familiar only
with the subterranean larva, and which cannot have any idea of what the ultimate develop-
ment of the larva would be if it left it unstung. There are, to my knowledge, no charac-
ters present in the larvae of the so-called Phytalus which separate that genus from Lachno-
sterna.—H. K. B,

(See second footnote on page 51.)
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guanicana and L. citri, and suggests that the introduction be made
from British Guiana rather than from Brabados, as they ean reach
thig Island in less than ten days by monthly sailings of the Dutch
Royal Mail boats from Georgetown, Demerara, which connect with
the ““Red D’ line at La Guayra, Venezuela. Advantage could then
he taken of bringing in several other desirable parasites which oceur
in British Guiana but not in Barbados, viz., certain Braconidae which
prey upon moth horers (Diatraea saccharalis, ¥.).

It may be of interest to vecord that in the summer of 1924 a
consignment of adult females of Scolia manilue, Ashm. were brought
into Porto Rico from Hawaii, by Mr. Norman Kay, of the Central
Aguirre Sugar Company. They had been introduced into IHawaii
some years previously from the Philippine Islands to combat Anomala
orientalis, a sugar-cane white grub. The writer is not aware that
any detailed experiments were carried out with the wasps with grubs
in captivity, but about a hundred of them were released in a grub-
infested region on one of the Aguirrve haciendas, where it is possible
they may hreed.

In addition to the Scoliidae there are other types of parasites
which would be met with during the search for the wasps, and among
these are flies which attack both the larvae and adults of the Lamel-
licornia. Mr. Wolcott has informed the writer of the existence in
Haiti of a Tachinid fly, Ptiloderia harpase, Walk, which parasitizes
the larvae of Lachnosterna hogardi, Blanchard, a heetle very closely
related to L. portoricensis and L. vandinei,

An aceount of Philodexia harpasa is given hy Dv. J. J. Davis
in his ““Contributions to a Knowledge of the Natural Enemies
of Phyllophage’ (Illinois State Natural History Survey, Bulletin,
Vol XII1, Art. V, pp. 82-84, 1919). Dr. Davis remarks that ‘‘This
fly, first recorded as a white-grub parasite under the name tibialis,
has a wide distribution, oceurring, according to published records, in
Nova Scotia and Ontario, Can.; and in New Hampshire, New Jersey,
Minnesota, Texas and New Mexico.””  This parasite, then, has a range
cxtending from Southern Canada to Haiti in the Greater Antilles.
1t seems quite logical to suppose that an inseet which exists under
stich a wide range of climatic conditions, and which works upon
many different species of Laechnosterna, including both temperate
and tropical species, would he easily adaptable to Porto Rican
conditions. The writer believes that Pf. harpase is the most likely
of all foreign Diptera to become established in this Island. and hopes
to attempt its introduction from Haiti at some time in the future.
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CONCLUSION

The writer makes no claim that the present paper is a complete
treatise upon the subjects dealt with. Many aspects deserving of
deeper consideration have, of necessity, been but briefly touched upon,
and much yet remains to be elucidated before we can tell what are
the possibilities of the line of control here suggested and advocated
as being adopted against one of most serious pests of Porto Rico’s
major erop.

It is hoped, nevertheless, that the present effort may serve to
summarise in a general way and in a convenient form what is
known of the Porto Rican Cane-grubs and their natural enemies,
particularly the Secoliid wasps, and that this paper may prove of
some use to future workers in this most interesting and promising
line of inquiry and to those engaged in similar problems elsewhere.

The failure to obtain immediate results with the breeding of
native and the introduction of foreign parasites should not discourages
further attempts from being made, but should serve to stimulate
interest until the right parasites have been found, as they inevitably
will be if the work is started and continued in an intelligent and
determined manner. 1t is most improbable that the cane-grubs of
Porto Rico can be controlled by any one species of parasites, the
ideal being to have parasites for each stage of their existence. A
well-organized campaign, under good administration and with no
lack of funds, should produee results within a few years sufficient
to defray all expenses and leave a substantial balance in the pockets
-ef the planters.

The entire cost of eétablishing properly equipped laboratories on
the north and south of Porto Rieo, together with a good library
and all other necessities at whichever was made headquarters, as
well as all travelling expenses in connection with the search for
parasites abroad and at home, could be borne by a tax of 25 cents
for every acre under cane cultivation the first year, and considerably
less during subsequent years.

The sugar industry of Porto Rico loses not less than three million
dollars every year through the ravages of stalk-borers, and to this
must be added the loss due to white-grubs and weevil root-borer, so
that five million dollars would not be a too high estimate of the
Island’s amnual loss through sugar-cane pests. Many prominent
sugar companies have been known to install outfits and processes
in the mill at considerable cost, to increase the sugar output by about
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0.1 per cent or even less; and frequently these are done as a specu-
lation. Surely, then, some similar investment might he made in
the field (for, after all, the raw product—sugar cane—is the basis
of the entire industry) which would probably vield a bigger per-
centage of gain at less cost in the long run.
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ArpENDIX [

(Nore.—In the following, an asterisk (*) signifies that the Seoliid is not
actually known to parasitize the grubs under field conditions, but has heen found
to do so experimentally.)

A. Porto Rican Cane-grubs and their Scoliid Parasites, Where Known,
Lachnosterna portoricensis, Sm.
Parasites:
Dielis trifasciata, T,
Dielis dorsata, T.
* Dielis pyrura, Roh,
* Hlis xanthonotus, Roh.

Lachnosterna vandinei, Sm.
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Parasites:
Unknown, probably the same as ahove.
Lachnosterna guanicana, Sm,
Parasites:
Unknown.
Phytalus apicalis, Blaneh.
Parasite:
Ilis haemorrhoidalis, .
Stratacgus titanus, T
Parasite:
* Dielis atrata, B.
Ligyrus tumulosus, Burm,
Parasite:
Dielis dorsata, F.

B. Porto Rican Scoliid Wasps and their Hosts, Where Enown.
Elis haemorrhoidalis, T,
Host :
Phytalus apicalis, Blach,
Llis zanthonotus, Roh.
Host :
* Lachnosterna porloricensis, Sm.
Dielis atrata, T,
Host :
* Strataegus titanus, F.
Dielis dorsata, T,
Hosts:
Ligyrus tumulosus, Burm.
Lachnosterna portoricensis, Sm.
Dielis pyrura, Roh.
Host :
* Laehnosterna portoricensis, Sm.
Dielis irifasciata, T.
Host:
Lachunosterna portoricensis, Sm,

ArrEnpix 11
LIST OF THE SCOLIIDAE OF THE WEST INDIES AND BRITISH GUIANA

The writer is greatly indebted to the Imperial Bureau of Entomology, Lon-
don, England, for supplying the names of the majority of the species listed
below, these being represented by specimens in the collections of the British
Museum (Natural History), whence the names were obtained. The list is as
complete as the writer is able to make it.

Elis haemorrhoidalis, F.—Porto Rieo.
E. ephippium, F.—Porto Rico, Santo Domingo, Antigua, St. Thomas.
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I, nitida, Sm.—Porto Rico, anto Domingo, Haiti, Cuba, Jamaica.
L. bodkini, Turn.—Demerara.

E. flavopicta, Sm.—DBritish Guiana,

E. zanthonotus, Roh.(? syn. ephippium, F.)—Porte Rico, Santo Domingo.
. sp. ineert. (undetermined)—Santo Domiugo.

Pterombus williemst, Turn.—Demerara,

Tiphia eameroni, D, T., var.—Grenada.

T. Nitida, Sm.—Jamaiea, St. Vincent.

T. argentipes, Cress.—Porto Rico, Cuba, St. Vincent.

T. parallela, Sm.—Barbados, Antigua, British Guiana.

T. punctata, Robt.—Santo Domingo.

Scolia (Discolia) guttate, Burm.—Trinidad.

8. plumipes, Druo.—Porto Rico.

Dielis alrata, ¥.—Porto Rieo, Santo Domingo, Cuba, Jamaica.

. peregrina, Lep.—Dominiea, Tobago.

. pyrura, Roh.—Porto Rico, Santo Domingo, Haiti.

. costalis; Lep.—British Guiana.

. trifasciata, .—Porto Rico, Santo Domingo, Haiti, Cuba, Jamaica.
. maculata, Dru.—Porto Rico.

. tricineta, F.—Porto Rico, Santo Domingo, Cuba, Jamaiea.

. tricincta, T, var.—Trinidad.

. dorsata, ¥.—Porto Rico, Barhados, British Guiana.
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