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IN'l'RODFC.:TIOK 

'l'he insects known as "White Grnhs'' are the larYae of a group 
of Beetles technically named Lamellico,·lli<i (sometimes referred to 
as Scarabaeidoe), characteri'sed 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. 'l'he Lamellicorn beetles occur in all parts 
of the world, but their numbers are more abundant and the species 
more varied in the Tropics than in temperate regions. Among 
them are included many of the worst pest of the world's food-crops 
of both tropical and temperate parts of the globe, but, principally 
owing to the fact that crop-rotation is less practised in the former, 
the damage due to Lamellicorn larvae is generall,- more severe in 
these parts than in cooler climates, as exemplified in those species 
that attack the Coconut Palm (Cocos 1111cifera, L.) and the Sugar-
cane (Saccharum officinm·11111, L.). 

The Lamellicor11in are classified into about a dozen families, two 
of which include the species whose larvae attack sugar-cane; these 
are (i) the Jlelolonthiclae Play-beetles, June-bugs, or Brown Hard-
backs), and (ii) the Dynastidac (Rhinoceros Beetles, Black Har\1-
backs, etc.). In each of these families many thousands of species have 
been described and studied from all parts of the "·oriel. and includ~ 
the sugar-cane grubs of Australia 1 :Mauritius, India, Hawaii, South 
America and the West Indian Islands. In the countries metionecL 
with the exception of 1Iauritius and Hawaii, the cane-grubs are 
the larvae of indigenous species of beetles that have adapted themselves 
to feeding upon the sugar-cane. Mauritius suffers from the attacks 
or a species that was accidentally introduced from the island of 
Harbados some years ago, without the parasite which kept it in 

* Published by permission of ?i[r. C. L. Cariwnter, Yiee-Prcsidenl and General Man• 
ager, Central Aguirrl" Sugar Company, Porto Hieo. 
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check in its native home, so that consicle1·able loss was sustained 
befol'e it was eventnaHy hrought under eontrol. The canes of llawaii 
,vere in a similar way attac·ked hy a Lamellicorn that ,vas inad-
vertently imported from .Japan. In eath of these instantes the pc8t 
y,ras stoppPCl from furthe1· nnlimited inerNtse hy the importation of 
parasites from its original habitat. 

'rJ [EOHE'rIOAL CONS.JDEH.\'l'IONS 

Prior to the planting of imgar-eane, the natiYe speties of beetle;, 
\Yhich today are pests, took their plm·e in tlw "Bnlance of Nature 1 'i 
feeding at the roots of such wild graminaceons plants as they 
could find, tlleir numherx hring: kept from increasing hy the limita-
tion (partly b,v thenl'selyes) of their food-plants and the incidence of 
their natnral enemies. Chief among the latter were sundry species 
of insect parasit<.:i.R, ·which were unable to exterminate the beetles as 
they were themselves kept in cheek b,- their "hyper"-parasites. 
'Ihi8 state of affairs is represented in Diagram A, P1g. I, and is 
ilJustrated today in tlw hiological status of certain insects in the 
eastern part of the island of Santo Domingo, paralleling pre-Co· 
Jmnbian days in Porto Rico. 

Vi.Tith the upsetting of the ''balance'' by the cutting down of 
virgin Yegetative formations and the planting of lai·gc areas under 
one crop, pl'ovidence was made for an almost unlimited supply of 
fcod for the pests, no account having hcPn taken of a ('OJ.Tesponding 
distribution of the plants favored by their parasites, with the result 
that the pests have bee'n enaliled to ine1·e.--1se to stwh an pxtent that 
today their ravages are (·mrning lo:,;ses of millions of dollars to the 
"·orld 1s sugar-industr.,·. The parrn.;itrs ,rere prevented from increas-
ing in proportion to the pests 011·ing to t\\'o po11·erful factors: (i) the 
restriction of their breeding plaee.s through the gradual disap11enran(·t~ 
of their food-plants, and (ii) the existence ol' their hyperparasites, 
which, being independent of the introduced artificial conditions} 
retained the same relatiYe proportions to the parasite that they 
held before the change took place ( Diag·ram B). It will thus be 
seen that any means by which the numbers of the parasites can be 
raised without "corresponding increase in the -nwnbers of the hyper-
parasites, will so e11able the former to gain a temporary I or ~ve11 
permanent, ascendency over the latter, that a reduction in the numbers 
of the pest in direct ratio to such increase should follow (Diagram C). 

It frequently happens that a parasite can be brought in from 
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PLATE II.-VIEWS IN SEIBA PROVINCE, 
DOMINICAN REPUBLIC 

FIG. 2.-Normal condition; unfavorable to the ene-
mies of cane pests: Miles 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 on a hill-slope 
not adaptable for growing cane. Small blocks of 
original growth left standing, while interfering 
in no way with cultivation methods, would greatly 
aid in cane-pest control as they would serve as 
sanctuaries for parasitic and predaceous enemies, 
pa1·ticularly birds. ( Photo. H. E. Box) 
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some other country (in which its benefits are limited through hyper-
parasitism), which will prove comparatively immune to hyper-
parasites in the country to which 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 
eontrolling faetors, it ean rapidly multiply until the decrease in 
the pest is the cause of its own gradual diminution in numbers. This 
was illustrated when Scolia ·nwnilae was brought in form the Philip-
pine Islands to combat Anomala orientalis in Hawaii, and the effects 
of such introductions are represented in Diagram D. 

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

INSEC1'S 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 prog·eny are repre-
sented by average figures or are con·stant for each female parent. 

If A and B are the numbers of females and males, respectively, 
produced by one female as her progeny, 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 prog·eny, F', of N wasps will be N A" at the encl of 
n generations, while the total number of males, ]1, will be represented 
hy N A 11-1 B; therefore the entire progeny, P, of N wasps at the end 
of the nth generation may be shown as follows: 

P=F'+N 
01' P=:Y(.A 11 + An-Ifl), 

vVhere only a portion of the total progeny of each female reaches 
maturity, A and B in the above equation must be replaced by (,1-
X) and ( B - Y) respeetiYely, where X and Y are the sums of the 
mortalities during the early stages of each 'sex respectively. 

'l'he total progeny of both sexes produeecl by a given number, 
N, of female8 during n generati011s (including the nth) is <"alcnlatpd 
as follows: 

P=N [(A+B) + (A2+AB) + (A"+A2B) + 
(A'+A 3B) +, ... , (A"+An-IB)] 

substituting (.d-X J and (B-Y J for A and B, respectively, where 
the mortalit 0, is taken into consideration. 

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 hy N parasites and their progeny up 
to and i11cluding the nth generation .. 

There have been under observation at Aguirre a nmnber of indi-
... .,-"i.duals of a wasp, Dielis irt'.fasciala, li1., parasitic on the sugar-cane 
grnh Lachnosterna. portorioensis, Smyth, and from data hasecl -upon 
rearing four successive generations of these parasities we can assume 
the factor A in the aboYe equations to be 4, while B may be considered 
equivalent to 8. These figures are quite reasonable, for many of 
01,r egg-laying femalrs have produced up to 15 females and 30 males 
as their progeny, and half of each of these numbers would 'sti!l be 
a conservative average. Each individual wasp requirer:E::-to consume 
one grub for its <leYelopment to the adult form. 

li1ron1 the foregoing, we can see that at the end of one year, on 
a basis of six weeks per generatioi,, the female progeny of eacl1 
incliYidual female should be 

48 = 65.536, 

while the total number of grubs killed ( or total offspring of the 
original female) during the eight generations, would be, 
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(4 + 8) + (16 + 32) + (64 + 128) + (256 + 512) + (1,024-1-
2,048) + (4,096+8,192) + (16,384+32,768) + (65,536 

+ 131,072) 
= 12 + 48 + 192 + 768 + 3,072 + 12,288 + 49,152 + 196,603 
=262,140. 

In nature, of eonrs(\ the progression js far from eYen,. as ther0 
are many outRidc factol'R which eome into play, rarn.;;ing a fluctuation 
jn the progeny of one gpneration from that preYious to it. Also, 
complieatecl mortality :factorB mnst he takrn into consideration, these 
J.1eing- gm·errn•d hy dimatic conditions 1 pr<·valenec or 11011-prevalenc,~ 
of natural enemies, and th(' fact that every female is not (!Crtain to 
find food for her progeny. :'\cvertheless the formulae given above, 
which apply morr or less equally to rither pest or. parasite, serve to 
demonstrate the rapidity with which an insect can spread if there is 
nothing to cheek it. \Vith certain injurious inscd:\ c. g .• the Apl1ids, 
the factor P ,ronlcl probahlr rnn into lnrndretls of millions at the end 
cf one year if rw·1T indh·idnal clrYelopecl and (·ach female \Yas able 
to ovipmdt at her full capa('ity. All epidemics of animal or vegetable 
(,rganisms c:nn lie explained by mt•aus of fornmh:e similar to the 
ahove examples, where a gc>ometrical progl'ession oc-cur:-;. 

}L\_Bl'J'S AND T,IFE-lllS'!'OHms 01" L.\l\iELLICOHX BEE'l'L,ES 

There is very little Yariation h1 the general mode of life among 
of various species of Lamclli<:or11ia, although of (·om·se geograpltieal, 
c-Hrnatic, and hiological faetors causp g-r<~atpr or lesser divergences. 
from the normal hahits of the Yariorn, i;;pccies, and in the periods of' 
their life-cycles. Roughl~\ tlw s1weit~s in whid1 we are inte-rested 
may be diYidcd into two groupr--: /_i) those whose larvae feed upon 
the growing root-i;;ystem;-; of livi11g plants 1 ancl (ii) thosr whose larvre· 
feed upon injured and decaying plant tisi;;ne and other vegetable· 
matter; in Porto Rico tlwst> groups coinC'ide with the two families 
l\Ielolonthidae and D;vnastidae respeetiYely. The follO\ring aecom1t 
of the life-historr applies to a typi,·al Melolonthid: 

'I'he beetles fly at night, and mating and o,iposition are carric:l 
on after dark: the eggs are laicl i;;ingl~r in the Roil, sometimes near 
the surfarc, hut often at a depth of H foot or even more, but 
inYHriahl)' in close proximity to the roots of ·such plants as the larvae 
will feed upon. Each egg is enclosed in an earthen eell constructed 
around it b;v the parent female in snch mannrr that its minimmu 
snrfac(' comes into actnal contact with the sorronnding soil, ancl 
with !rnfficicnt room to allow for a11 expansion ·which takes plare in 
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the dimenBions of the egg. 'rhe egg hatches about two weeks after 
being laid, and fro1n it there emerges the larva, or "white grub" 
as it is called, which for the first part of its existence sustains 
itself upon the humus present in the soil. During the larval period 
there are three distinct stages, or instars, each terminating in a 
complete ecdysis, or casting of the skin. 'l'he first instar occupie& 
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 
grnb at this stage is white and soft-bodied, except for the head and 
legs, which are composed of hardened chitin 1 and are dark reddish-
yellO\Y in color; the body is more or less covered with numerous 
setac, or short bristles, the arrangement of' which, especially in the 
pygidial region at the posterior end of the abdomen, is characteristic 
of the :;pec-ies. The bod)' is cnrYecl and appears to be heaviest 
behind. :-;o that the/grub can only with difficulty walk with its legs; 
it is almost helpless unless surrounded by soil. (In this respect the 
Porto Rican :\lelolonthids differ from the Dynastids, whose larvae are 
:able to erawl at quite a good pace, even upon smooth surfaces.) 
When fully fed, the larva digs deep!,' into the ground and constructs 
an oval cell around itself, "-ithin the protection ol' which it rests 
awhik\ later changing to the pupal stage, which occupies about three 
weekR: 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 il1seet undergoes another ecdysis, the adult beetle emerging from 
the nwmhranous pupal shell. Adults frequently remain within the 
cell 11rnlergro111ul fol' several weeks before eoming to the surface to 
carry on tlw propagation of the species. In the majority of cases, 
the life-c,,cle of the Melolonthids occupies nine or ten months, there 
being one generation annually, hut man,' of the Dynastids. on the other 
hand, finish their entire deYelopment within three months while some 
foreign speeies need three years for their complete metamorphosis. A 
knowledg-e of the details of the life-cycle, and especially of the seasonal 
distribution, of each species is absolutely essential before its biological 
control can he accomplished. and fortunately, in Porto Rico we have 
available the results of the studies of these subjects made by l'IIr, 
:Eugene G. Smyth, one of the entomolog·ists attached to the Rio 
Piedra:;; experiment station in the early days of its establishment. 

'l'he habits of the adult Lamellicorns show considemble variation 
in different countries, but it may l1e Btated that in general those oi 
the J\Ielolonthidae feed upon the foliage of certain trees, while those 
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of the Dynastidae prefer suce;ulent 'stalks of plants, e. g., sugar-cane 
<'r decaying plant tissues. During· the hours of daylight the adults 
are to be found underground, and a habit characteristic of the Porto 
Rican l\ielolonthids of the genus Lachnosternci is that of congregating 
in numbers in the soil at the base of wooden posts, trees, etc. Positive 
phototropism i8 shown hy nearly all species, but generally the 
Dynastids are more readily attracted to artificial light than are 
the iVIelolonthids. Dnring hours of daylight a negative phototropism 
1s exhibited. with a prmtonnced trndrney to positive geotropisrn. 

'l'HE ~FG.\H-C.\NE \\'Hl'l'E GHUBS OP POR'l'O HICO 

The Lamellieorn beetles ,rhosp larvae attaek :-mgar-canc in Porto 
Hico may be eom·enicntl,Y classifiPd as follow: 

A. 1IELOLON'fHID.\E : 
I. Lachnosfenw" por/oricensis Smvth 
2. Lachnosterna vand.ine'l, Smy'th 
:J. Lachnoslerna guan-icana, S1nyth 
4. Phyialus** apicalis, BlancJianl (-P. 

Smyth) 
B. DYN.AS'l'IDAE: 

fi. Strataeaus litanus, Fabrieim; 
G. Ligyrns I II m ulos us, Bmmcister 

DISCUSSION OF 'l'llE POH'l'O RICXN C.\.NE-GRUBS 

,insulcl'ris, 

! n tlw follo"ing, the dimensions and periods of the life-cycles 
hav<" been taken from l\Ir. Smyth 's publications. 

1. Lachnostcrna portol'icensis, Smyth 
Dimensions in millimeters: 

Aduit---------------------------------Egg _________________________________ _ 

Larvt1 1 1st instar-----------------------
Lana, ~nd instar _____________________ _ 

17-23 
3. 0 X 1. 7.5 

6-JS 
18-30 

LnrYa, :h(l instar ---------------------- :rn-+R 
Pnpa ------------------------ --------- 2:)-20 X 11-13. 5 

* Tht.' gen!'rie name Laclmosfl'1'na is adopted throughout this paper in preference to 
Phyllopltaua on the authority of ?!Ir. G. J. Arrow, an expert on the group. li-Ir. Arrow states 
(Bull. Ent. Research, XI, 1930, p. 189). 

"In recent Ameriean works on this group of heetles the generic name Phyllophaoa has 
been adopted. This name ·was introduced hy Harris in 1836. . • . . It is, however, a 
nonwn m11lum, :tecompanied by no desct'iiltion, and is therefore U}JOn the same footing as 
the numerous catalogu<' names printed h]· denl<'l'S and others, to which obviously no scicn· 
tific value c:m be attached." 

J.fcssrs. C. "~- Leng and A. ?.Iutchler, of the -"-meric:m :Museum of Natural History, 
employ the name Laclmosternn in their standard Catalogue of ·west Indian Coleoptera (Bull . 
. \mer, li-fus. Nat. Hist., XXXIII, Art. XXX, 191,1, p. ,1,10). 

** Mr. Arrow (ibid) includes Phytaltis in Lachnosterna, and gi\•es good reasons for do· 
ing; so, hµt in tho preseut paper the writer prefers to use n nomenclature conforming to 
the ~\merican catalogue nJ)Ovc referred to. (?.fessrs. Lcug and Mutchler separate the two 
!;enl'ra, nnd inclnd<' £l]licalis, Blanch. in Phytalus,) 
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'l'his species is found all over the eastern part of Porto Rico on both 
north and south coasts, and in the interior; its most ,rnsterly limit 
appears to be near Ponce 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. 

rrhe natural enemies of L. portoricensis are chiefly predators, 
among which birds, lizards, and carnivorous beetles are the most 
useful. 'l'wo parasites, hath of them flies (Diptera) of the family 
rrachinidae, attack the adult in the moister parh; of the Island; tlwse 
flies are Oryptomeigenin aurifascies, \Valton, and Butri.roicfrs joncsii .. 
·walton. Another fly, Sarcophaua robusta. Aldrich, has been bred 
from the gruhs of L. portoriccnsis/ this parasite also attacks cater-
pillars, grasshoppers, and occasionally the olianga. (Scaptcriscu.r;; 
,vicinus, Scudd.) I-Iitherto 110 wasp parasites of the larva have been 
known to oceur in Porto Rico 1 but the ·writer has heen able to demon-
snatc that the third-instar grubs arc the host of the Scoliid wasp 
Di'.elis'i trifasriata, P., and arc also liahle to attack by D. clorsata. 
Ii'. and D. py1·ura, Roh. The second-instar grubs have been found to 
serve as host for another Scoliid, Elis .rnntlwnotus, Roh., but it is 
not known for certain whether they are normal host of that parasite. 
It is not improbable that L. portoricensis is the host of Elis eph,:ppiwn. 
F., a wasp closely related to E. ;rant1wnotus. 

)faximum ~Iinimum Average 
Life-eye le in d:iys: 

Egg stnge ---------------- 15 
Larvn, fat inshu__________ -!O 
Larm, 2nd instar__________ 93 
Ln·ya 1 3rd instar ---------- 17.f 
Pupa stage------·--------- 23 

Total life.cycle, from egg 
to rHlult -------------- 34::3 

12 
26 
-13 

JG-I 
20 

265 

13. 5 
:32 
GI 

160 
21. 5 

---

297 

2. Lacl11.10stcrna vanclhwi, Smyth 
Dimensions in millin:eters: 

Adult ________________________________ _ 
Fgg _________________________________ _ 

Larva, ]st insta1·-----------------------
LarYa, 2nd instar _____________________ _ 

17-2~ 
2. D7 X 1. 7 

G-17 
IG-2S 

Lana, 3rd instar ---------------------- 27-45 
Pupa--------------------------------- 23-27 X 10-12 

L. vaudinci is the analogue in the west of Porto Rico to L. pol'lo-
riconsis in the east, and is responsible for considerable damage to 

* Sl.'e footnote on 1rnge 85. 



PORTO HICAX CA:-iE-GllUBS AXD THElH NATU!lAL ENEillIES 301 

~ugal'-cane on properties situated between .Ua~·agiiez and Ponce. 
Xothing has heen recorded in Porto Rican literature as to its larval 
parasites, hut the writer belieYes that these, as "·ell as the parasites 
c,f the adult and the 1wcdaceous enenues, are the same ar; those o-f 
L. portoricensis. 

).faximum Minimum .\ Yerage 
Life-c-yele in days: 

Egg stage---------------- Hi 
Lana, 1st ll1star ---------- 59 
Larva, 2nd instar__________ 103 
Lan·a, 3rd instar ---------- 226 
Pupa stage--------------- 2G 

'l'otal life-c.yele, from egg 
to adult-------------- 430 

10 
.1 i 
2G 
78 
17 

HS 

3. La cit no::;f cnw a 1rn11 ican(J., Smyth 
Dimensions in millimeters: 

Adult ---------------- ---------------- 13-17 

H 
313.5 
47 

183 
21. 5 

302 

l~gg---------------------·------------- :2. O:J X 1. 2 
Lana, 1st instar_______________________ -1-. 5-12 
Larrn, 2nd insh11·---------------------- 12-:w 
LaITa, 3rrl inst:n ---------------------- ~0-3:2 
l't1pa --------------------------------- 18 X 7. 9 

This spPC'iP8, as its s1wcific name implies, is distributed around 
llw Gn£1niea. Rr•ction, whe1·p it wa8 estimated by l\'Ir. Smyth to be 
011e-1Pnth as alnmdant as L. 1·a11rli11ti. It parasitic enemies, if auy. 
are nnk110\n1. hut it is prohahl(' that it is attclckcd h;v the same 
1irc•dator8 that asxist in c:011trnlling L. JJortoriccnsis and L. van<linei. 
ThPrP is i;omP snggt>stion, in th(' writ('r'x opinion 1 that this grub b 
tlw host of n xpec:ies of Tiphirt which has been found in the Gu£mica 
t1istri<:t. 

Lacli·nostcrna guanic-ffJ/{t is almost identical in size \vith a Bar-
badian i\Ielolonthid, Phyla/us smilhi, Arr01,-, and there can be little 
<lonht that it should lend itsp]f to control hr a Scoliid wasp, Tiphia 
parallela. Rm., ,Yhich keeps dO\rn tlw numhcr:,.; of P. sm'illii in Bar-
bados. 

Maxinrnm 
Life-eycle in clays: 

Bgg stage ___ ------------- 19 
Larrn, 1st instar ---------- 35 
Lan·a, 2nd instar__________ 39 
Lan·a, 3n1 inst:n ---------- 221 
P11pH stHge --------------- (22) 

rrota1 lif'e-cycl(', from egg 
to adult----------·---- 33G 

)riniunun .\ \"('rage 

ll 13.5 
13 2°t 
9•, -v 31 

138 178 
(22) (22) 

20- i-'68. 5 
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4. Phytalus apicaUs, Blanchard (insulai·is, Smyth) 

Dimensions in millimeters: 
Adult--------------------------------
Egg----------------------------------
Lana, 1st instm·-----------------------
Lana, 2nd instar _____________________ _ 
Lana, ::lrd iustm ----------------------
Pupa __ ------ --------- ------ --------- -

9. 5-11. 5 
l. 45 X 0. 90 

3. 5-R 
R-14 

l•t-22 
9 X 11 

The adult of P. apicalis is commonly called the "Little May· 
Beetle", and is the smallest of the Porto Rican j\fololonthids. It 
will be seen that in size the 1,nature grulJ of this species is similar to 
the average 2nd-instar grub of either L. portoriccns1'.s·Or L. ,uanclinei. 
with which it ean readily be eonfused. i\Ir Sm;vth records the 
fGUowing diff01·el!L'es in the dimensions of the head in these grnhs: 

V'i'idth of licad in 2ml-i11sbll' L. po1·torice11si.-; _______ 3. --1:5 min, 
Width of heacl in 2nd-instm L. vandinci ---------- 3. 32 mm. 
,vidth of head in 3wl-instnr L. apicali.~ ----------- ~. fi3 mm. 

l'l,ytallls apicalis is distributed all over Porto Rico, and it, larvae 
often occur in company with those of the larger 1Ielolonthids. Ivir. 
Smyth states that this species is less common in. the Gnaniea district 
than L. 1!0ndinci, hut on thr region of the south coast familiar tu 
the ,,Titer, extt"nding from nenr Fortuna to Guayama, it is the 
c01n1nonest speciei\ heing on an aYerage t,Yo or three times as abundant 
as L. porto1·icensis. Owing to its small size, Phylalus ap-icalis i~ 
not generally red::onrd as heing of great importanL·e as a cane pest, 
lmt, on thC> ~onth toast itB dimensions are mnply compensated for 
l1y its great numhrn;, n1nking the s1w<~il18 as one of dr<oideel economic.: 
importance. 

In addition to the usual 1n·,•dators, Ph ylalus apicalis is attacked 
in Porto Rico h0• the Scoliid Elis haemorrhoiclalis, F.: mortalit"-
through this agency sometimes amonnb:; to as high as 65 per cent. 
rl'he ,vasp IB controlled by a hyperparasite, Ant h ra.r gor,r1011. ·F'. 
(Bombyliiclae). 

Life-cycle in days: :\Inximum 

Egg stage ---------------- 12 
T.An'tl, 1st i11star --------~·- 39. 5 
Larva, 2nd instaJ'__________ 54 
lAnTn, 3rd instar ---------- lOi 
Pupa stage--------------- (20) 

Total life-cycle, .;from egg 
to aclnlt -------------- 322. 5 

:\Iinimum .\ \'('l'llg'.(' 

10.5 ]]. 5 
21. 5 :io 
37 4:3. 25 

191. 5 194.25 
(20) (20) 

280. :J 301 
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5. St1'ataegus titan.us, Fabricius 
Dimensions in millimeters: 

Adult ----------- ----- ---------------- 35--!5 
Egg---------------------------------- 3-4. 5 X 3. 5-5. 2 
Larva, 1st instar ______________________ _ 
Larva, 2nd instar _____________________ _ 
Larva, 3rd instar ----------------------
Pupa ---------------------------------

8-2;") 
25-45 
45-70 

30 X ,Jo 

The adult of this species is known as the '' Sugar-eane Rhinoceros 
Beetle", on account of the fact that the head of the adult male is 
provided with a short up-turned "horn' 1, suggesting that of the 
animal after which it is named. Another species (S. quadl'ifoveatus, 
P. de B.) occurs in Porto Rico, 1rhicl1 seldom if eYer is found in 
canefielcls, confining its attack for the most part to coconut palms. 
S. titan1,s normally feeds in decayed or decaying tree trunks, but 
owing to the rapid deforestation of the southem part of the Island, 
S. titanus has adapted itself to a diet of sugar cane, upon the subter-
ranean portions of which its larvae feed. lt is open to doubt whether 
perfectly healthy cane-stools arc attacked by Stralacgus, it being 
more probable that this insect fo!lm,·s on after tlw 'stools have been 
injured by either Lachnostcma or Phyla/us, or by lack of moisture. 
The fact remains, howeve1\ that one 1natnring larn1 of S. titanus 
can completely ruin a cane-stool, necessitating ib; replanting, and the 
species should consequently be regarded as one of the major ·sugar-
cane pests of Porto Rito. In several instances the writer has found 
as many as five fully grown larvae of S. titanus in one stool of eane 
in heavily attacked localities. 

No insect parasites haYe heen r{'(~orded as attacking St1·atacgus 
titanus in Porto ltico, but ~Ir. G. :N. Wolcott remarks that the rare 
black wasp Didis atrata, F.,*'-' 011 account of its large size, cannot 
haYe any host of sufficient size for its development other than the 
species of 8lrataegus, an observation that has now been confirmed 
experimentally by the w'riter by means of living D, almtn brought 
in from Santo Domingo; it has been found that these wasps readily 
parasitize the thircl-instar larvae of S. titrmus, and therefore should 
be regarded as wry desirahle to firmly establish in this island, which 
can he accomplishecl by means of introductions of the wasp in large 
numbers from the Dominican Republic, followed on by hreecling 
work this encl. 

i\Ir. Smyth states, with reference to S. ti/anus, that-
* See footnott' on png{' 01. 
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nBesides Porto Rico, this beetle has been recorclccl as occurring in Cuba, 
.Jamaic::ii and the Virgin Islands. It has also been collected in Vieques and in 
:Santo Domingo.'' 

~rhe wl'iter was not able to ascertain which species of Strataeg,us 
(for there are several) is the normal host of Dielis a/l'ala in Santo 
Domingo, but S. ti/anus ,rns collected in the same localities where 
D. atmta was found. 

Life-cycle in cl::!ys: ).[aximnm 

Egg stage ---------------- 21 
Larvn, 1st inshn· ---------- 72 
Larva, 2nd instar__________ 85 
Larva, 3rd instar ---------- 28.2 
Pnpa stage--------------- 20 

Total life-cycle, from 0gg 
to aclnlt -------------- 28!1 

}.finimum 
HS 
2< 
43 

137 
22 

24-1 

6. Ligyrus t umulosus, Burmeister 

.\Ye-rage 
17 
4-0. ;) 
72 

19~ 
2-l 

---

352.5 

'l'his Dyrn18titl~ although not uetually a ::.rrious pest of sugar-cane, 
is deserving of indusion here, mring to its inter-relatio1rs with <·el'tain 
parasites of the noxious spel'ics of Lach 11osicr11a. 

rl,he adult, whic_·h may lie known as the "Rough Bliwk Ila rd hack", 
o(:Cnrs commonly, though sddorn ahnndai1tly, throughout the year, 
the species having· a short lifr-e)'ele (sec below), with three or four 
generations annually. The eggs are deposited in soil rich in or-
ganic matter. or in stah1e nHmnrl', npoa thr lunnm; ol' which nll 
:,;tages of the larvae feNl. although the mm·e mntn1'e grubs will 
tonsurnr tlw decaying portion8 of old canp stools, rotten ·wood, etc. 1 

nnd an, som(•timeR so ahundnnt in the old stools left in the 1 'ha11ks" 
liPtwe-en the rmn; of gl'mring c_•aneR that damage to the crop is 
f'1·,•qnpntJ,--tl10ng·h seldom ,·orrcctl)'-attrihntcd to them. Uncle,, 
<-x1•cptional conditions, such as periods of rxtendcd drought, the 
grubs art' drfrpn to athwk the urnl(•rgTotllld portions of gTO\ring 
rant':--, mring to the ahi:-wn<·e of 01l1C'r moist11re-henring food, hut such 
cw<·llrl'PlH'<'s :11'(' so I'Hl'P that no siwcial contro1 d1:'orh; are neeessnr;v 
ag·ainst IJ. tunwlosus in Porto Rit·o. It frequently happC'll8 that 
1ah01·ers arc p1wom·agrd to colleet tile gruhs of this speC'ic0 s, being paid 
for them at the Rmnc rate as if they wc1·c Lach nostenw: planters 
8hould learn to di'8tinguish between the hannfnl Lach 11ostcnw and the 
comparative1~+ harm1ess Ligyrus, a8 considera Ille sums of money eould 
the1·ehr be sa\'ecl, 01· better still, devoted to morp nsef'nl methods of 
i11scct control work. 

Ligyi'us i unwlosus ot:curs commonly i11 the island of Bar ha dos, 
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and the writer found some examples• of what appear to be this 
species at Central Romana in the Dominican Republic. 

In Porto Rico, as well as in Barbados, the third-instar grnus of 
L. t,i,nulosus are wry heavily parasitized by the Scoliid Die/is 
clorsata, F., a wasp that also occurs in Brazil and the Guianas, in 
which countries it attacks specie·s of Ligyrus (L. ebcnus. Burm, and 
L. gyas, Er.). In Porto Rico D. dorsata is so abundant that it would 
surely be ahle to exterminate Ligyrus were it not itself heavil? 
hyperparasitized by certain flies, chief among which is the Bombyliicl 
Anthrax lucifcr, F. 1 in spite of which, howeYer, the ,rasp succeeds 
in periodically redneing the numherr,; of Ligyrus grubs in each locality 
to almost the zero point. 

Life-cy('}e in flays: .\ n,ra~P 
Egg stage----------------------------------------- rn 
Larva, 1st instar ___________________________________ 1::i 
T.ana, 2nd instnr_ __________ ------------------------ 15 
Larrn, 3rd instar ____________________________________ 2i 
Pnpa stage ________________________________________ 1 ·J 

'l'otal 1ife-"ye1e, from egg to arlnlL ________________ 82 

Two other D,•nastids-Dyscinclus barbatus, F. and!)_ /racl,yp1Jgus, 
Bnrrn.-occur in Porto Rico, bnt neither of them ·seems to he associated 
to any great extent with the sug·ar-cane crop of the Island; the 
larvae of D. lrach!fp!J[/US, ho\\"ever, have been recorded by l\Ir. Sm,,th 
as damaging cane roots. The-species are worthy of mention, however, 
as in Briti'sh Guiana others of tlw same genus (D. r;emina/us, F. 
and D. biclcntatus, Burm.) act as hosts of Tiphia prmdlcla, a wasp 
that it is Yer,· desirable to introduce into Porto Rico, and for the 
establishment of ,rhich the grubs of the native species of Dyscinclus 
might very ,,·ell serve. 

SEASONAL D!STRIBU'l'ION OF' POR'l'O RIC.\N i\[ELOLON'l'IIIO.\.E 

...:l glan('e at Pig. 2 will serve to show· how the Yarions stages of 
J,achnosterna ai·e distributed throughout the year. 'fhc adults 
\Caculos) rommenc·e to appear in numbers early in April, and con-
tinue to oN·nr almndantly until towaTCls the end of August, being 
most abundant in June and Jnly. '11here are, however, always a few 

* 'l'hC!se han• since been sent to jh(' Imperial Bureau of Entomology, London, and, 
though not specifkally determined, we1·e found to be distinct from the Porto Rican L. 
ltll/1/l{oSII!,'. 
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"stragglers" vd1ich remain until sometime~ as late as January. 'I'he 
first-instar grubs are consequently most often 1net 'i'i'ith in the eane-
fields from the middle of April until early in September, while the 
second-instar larvae are seldom found before the first weeks of :Ha,·, 
rontinning to he common until early in October. 'l'he destructive 
third-instar gruhs commence to make their appearance during August, 
reaching their maxinnun abundance fr01n No-vember until February, 
gradually diminishing in numbers until in June and July very few 
can be found. It will be seen that the period of the maximum 
abundance of the third-instai\ the stage most n•sponsible for damage 
10 the crop, coincides with the most critical stage in the growth of 
late primcwera cane, which generallr s11ffers more from grnb attack 
than does gran cultui·a. It is not yet known why caculos select 
certain fields for egg laying) hut it is reasonable to suppose that 
the chief factors concemcd arc (i) the proximity of trees upon the 
foliage of which the adults feed, and (ii) the heigI1t of the cane, for 
they do not appear to oviposit to an,- great extent in fields of canes 
,,ver three feet in height. 

'l'HE CONTROL OF CANE-GRUBS IN POR'l'O RICO 

Since 1911 the problem of the control of cane-gruhs has constantly 
received the attention of the entomologists of the Experiment 
Stations in Porto Rico. Through the failure to obtain results with 
certain wa·sps that were introduced from the United States way hack 
in 1911 and 1913, * this line, which the writer considers the most 
promiRing angle of attaC'k against the pest, has been practically 
abandoned, and attention turned to the possibilities of effecting the 
control of ,,-hitc grnbs b0· means of fumigants applied to the soil. 
l\lr. VVolcott has experimented in detaH with seYeral promising 
Rnbstances, including carhon bisulphide and its emulsion, calcimn 
eyanamide, and para-dichlorobenzene (P.D.B.), none of which gave 
the desired results, or, doing so, wpre found too expensive to apply 
upon a plantation scale. At Aguirre the writer has experimented 
with P .D.13. and also "Cyanogas" ( ralcinlll c~Yanide), a sample · o:f 
the latter product being· received from the American Cyanamid 
Company, 511 Fifth A venue, New York Cit,-. 'l'he experiments were 
carried out. in heavily infested B.H. 10(12) grew cultura cane in 
which an aYerage of thirty-five grubs occnrred around each stool. 

* Sec pages 100-101. 
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Ji 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 ounce per stool, the chemical lieing lightly scattered 
over the soil for a radius of nine inches from the center of each 
s1ool; the soil was slig·htly brnken both before and after the chemical 
was applied, and the application ,Yas follmYecl by a 1noistening of 
the soil ,vith irrigation water. The results obtained suggest the 
desirability of further trials on properties where fumigation is con-
sidered likely to prove a practicable propo'sition. 

No doubt, where large numbers of grubs occur in limited areas, 
some method such as the ahove might be found economical, but the 
expenses should be chm·geable to the immediate crop of the areas 
so treated. 

F1or the control of white-grubs where they occur over wide areas, 
other means must be found more practicable, especially to the small 
farmer, and in consequence, the only attempts that are nmv being 
made at control are the collection of gTnhs when fields are being 
1Jonghed, and the collection of adult beetles during' the epochs of 
their maximum abundance and eYen thCse oparations cannot bb 
said to be donC' upon anything like a satisfactory scale, partly owing 
lo the independence of the laboring· classes in many districts, bul 
also dnc to a spirit of laisscz-fairr prevailing among many clements 
of the planting counnnnity. 

On the larger properties, especially upon the south coast, the ·work 
or <·ollecting caculos is inr·huled in the regular routine operations of 
the field administration, but even so the collections arc made in-
t<~rrnittentl;v and more or less at random, no really systematie 
campaig11 l>ei11g co1rnidered pra<·ticable under existing conditions. 

J\It·. B. H. BntTO\Y points ont in a l'l'('l'Ht pnhlication that the 
administration of one of thr htrger co1wc1·11s opC'rating on the south 
of Porto Rico sp,,ut approxirnatel,· ,i;l5,000 upon some six million 
grnhs and fonr million adult:-; of Lachnostcrna during the five year's 
191D to Jf.12>3 inclusive. Sneh t'OlleC'timrn, although aparently large, 
represent no more than a "drop ont. of the hnckct". '!'hough a cer.-
tain amount of good must neeessarily follow. it is felt that such is out 
of all proportion to ih; cost. 'ro ohtai11 any real hencfit8 thrnugh a 
reduction i11 the mumal slahl's of the pest, the collections should be 
earried out. npon a much large1' scale than they arc at present, and 
over large areas sin1ultaneons1y. 
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To he economical, ,,·hen a continuous annual ( as constrastecl with 
a capital) expenditure upon inseet-p.est control is 11rnde, such should 
rit least be equal to the henefits obtained the next year; otherwise 
there is an actual loss through the transaction. ,Yith sugar at, say, 
five cents the cxpenclitnre quoted ahoYe represents an equivalent , 
Yalue to approximatt>ly 1,3i50 tons of cane; that is to say, the 
de strnction of two million Lachnosterna. annually should have caused 
a saving of 270 tons of <'ll11l' each follO\ring year to justify its cost. 
,;hich ,n• ventrn·p to doubt ,ras actually the case. 

li1or L·omparison it ma;v hP of interest to ret·ord that when the 
canefielcls of 11Ianritins were seriorn~ly threatened some years ago 
through the ravages ol:' l}hytalus smi:thi, a liielolonthid that was 
:H·cidentaly i11trod1wed in1o that Island from Barbados, the Govern-
ment issued an order in 1 !Jl5, ,-rhich recu1s: 

'' PLAX'l' lll8EASE PROCL.\)INl'ION ( A)1END)1I'.X'1') 

'' It shall lip lawful for tlH' Direrior of Agri<:ulture 1 when thC' 11mnlH•t:s of 
hC'etles anc> in .1-{l'eat alrnnd:mee, to require nny proprietor, uwnager, or lesscC' of 
land to fmnish, for eollet'tlou of inseds upon their lands, one-third of the total 
number of their C'ngaged labourt•1·s per night; and if these labourers are not fur-
nished an NJufral<mt numlJcl' of m,~n mn)· Le employed by the Din•dor of Agri-
culture and the diarg(' madC' against the propridor, mmiager or lC'ssec.'' 

As a result of this Home,-rhat stringent (though necessary) 
measure, the follo,dug· nnmhers of adult Phyla/us ,rere obtained: 

1913-16 _____________________________________ _ 

]916-17 --------------------------------------
] D17-1S --------------------------------------
191R-19 -------------------------- ------------
1D10-~0 ------------------------------------ __ 

-12, 511, 2-!1 
72, 20:!, G8fl 
70,033, G6:) 
71, 110, 278 
:30, DGD, 5U-1 

Total, HH5-20 -------------------------- 280,928,375 

rrhe ·writer co1rnidrrs that nnlrss results like the above can he 
accomplh,lw<l hy hand colleetion, a far grratl>r Yalne could be obtained 
f; om monpy spent upon cnne-prst control were Ruth sums devoted 
to fostering and advant'ing the status of the native parasites of the 
Island, and in 8('t·nring othrr species of these useful insec·ts from 
al1road. 

N.\'l'URAT~ E:!.'\E:i\ITES 01<' C.\NE-GHCBS IN POR'I'O RICO 

A. Predators. 
Although it would he difficult to artificially inc1·P>1se the numhcrs 

of the ilrneet predators of Lamellicorn lm·v,P, a knmdedge of them 
and of their hahitR is of the grcatcist. importance. 
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The most 1rneful and generally distributed predator upon white-
grnbs in Porto Rico is undoubtedly the Elatcrid beetle, Pyrophor,is 
luniinosus, F., known as the "cucul>a.no", the elongated yellow larva 
or which can he found in nearly all fields where grubs occur, feeding 
upon the1n in all their stages. The "Titer had one of these carni-
vorous larvae kept in captivity and during one week it de:stroyed 
twenty-five full grown Lcwhnostel'l,a. grnhs, and it has been recorded 
that in Queensland a larva of the Elaterid Agrypnus maste,·si, 
Pascoe, killed and consumed 2:JO cane-grubs in 17 months. 

It is a matter for regret that on 1na11y sugar estates in Porto 
Rico no discrimination is made between this useful insect and the 
grubs ,rhich it destroys, although it in no way reseinhles a ·white 
grub, for numbe,·s or cutubanos are collected br the boys who search 
for g·rubs and arc paid for at the same rates as the latter. Unless 
laborers (and those of higher responsability, too) can be taught not 
to destroy such beneficial insects at these beetle larvae, it would be 
better not to do any collecting at all, for more harm is clone than 
good. O,,-i11g to their rapid movements, it seldom happens that these 
Elaterid larvae fall pre)' to blackbirds, which in any case 11·ould 
probably reject such unsavory morsels.* 

'.l'he larvae of the camivorous Carabid beetle, Calosoina alte,.nans, 
F., rank next in importance, but they are not so frequently seen as 
those of Py,-oplwrus. 

An Asilid fly, 11·hose larva is also carnivorous, is reputed to attack 
white-grubs in Porto Rico; the writer has met with it upon two 
oceasions in grub-infested cane~fields near Aguirre. 'rhese large 
Diptera are of some importance in the United States, as controlling 
agents of Lachnosterna, hut in Porto Rico 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 
(llo/oquiscalus lugubris, Cassin), large mnnbers of which follow 
p!onghing machines, picking up any grubs that are exposed; by 
examining fields at ploug·hing timcl howcvc1\ one finds that number's 
of the gn1bs escape, and a fair percentage of those collected by 
the birds ,wre already killed or injured by the machines passing 
over them. 

lYir. Alex. Wetmore, in his excellent treatise, "'I'he Birds of Porto 
* .Mr. \Yetmore records no instance where Pyrophorue was found in tlte stomach·ron. 

tents of Porto Ricnn birds, enm when the latter hnd l)een feeding in fields heavily infested 
with cane-grubs, and w]wre in all probabilit~· the Elnterids occurrec1 in numbers. 
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Rico", makes the following observation, worthy of attention: '"I'hat 
birds need shelter as well as protection will not be questioned, and 
owners of plantations should look carefully to providing this if it is 
not already present. A long level stretch of cane or tobacco, with 
not a tree or other obstruction 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 stretch of culti-
vated land, with lines of symmetrical royal palms or coconuts along 
roadways and dense clumps of graceful bamboos adorning the borders 
-0f streams, while not losing an iota of its productiveness, will gain 
an esthetic 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 crowns of these trees are 
the favorite nesting sites for blackbirds, and it is believed that an 
increase in the numbers of palms will in time lead to the augmenta-
tion of the numbers of these useful birds. 

Lizards exert an influence upon the status of the grub pest, and 
Mr. ·w olcott records hro species, Limeiva e.csul, Cope and .1-lnolis 
cristatellus, Dum. & Bib., as being known to eonsurne Lmnellieornia 
in Porto Rico. Among the reptile class, however, the lsiand sadly 
needs toads, to which .i\Ir. ·w olcott drmrs attention in the following 
words: '' Although the small tree-toads or coquis are abundant in 
Porto Rico, there are no large nocturnal natiYe toads large enough 
to eat l\Iay beetles. Such large toads are 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 reduced that they are 
,;,eldom pests of cultivated crops." From time to time importations 
ttf small ntnnbers of toads into Porto Rico have been made; it is 
]1oped that these will breed, and in any case it is desirable to sup-
plement their numbers by obtaining further supplies from Santo 
Domingo and elsewhere, in order that each plantation can have it$ 
own place for rearing them artificially for distribution, small 
"toaderies" being established here and there throughout the prop. 
erties. 'l'he importation and establishment of toads should be under-
taken by the sugar-cane growers of Porto Rico as their first measure 
i!l any campaign against Lacluwstcrna by means of its natural 

.enemies. 
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B. Parasites. 
In addition to a mortality due to attack hy parasitic fungi and 

bacterial diseases 1 the larval and adult stages of the Lamellicornia 
succumb to a variety of insect parasitei,.;, both internal and external 
in habit. Several sprcics of these parasites are known to occur in 
Porto Hico. hut none of them, fol' reasons already explained, are 
sufficientl)r abundant to effel't any marked eontrol over the l\frlo-
lonthidae and DynastidaC that attack sugar-canP. 

Apart from the wasp-parasites about to he dealt with in detail, 
there are a variety of fly-para'sites upon both larvae and adults of 
the Melolonthidae, and some of these might well he introdnc-ed into 
Porto Rico to assist the two species ( Oryplomcigcnia allrifascic.s . 
. \Valton and /Eutrz'..roicles jonesii_. \\Talton) already occurring he-re. 
(h·ing to the mode of life of these flies" and the difficnlties attendant 
1;pou their propagation hy artificial means, large numbers would 
J,nw to he introduced to effect the establishment of foreign forms. 

'l111c most important and generally effective ene111ies of the 
I -.imellfrornia in all parts of the ,,·orld are the ''digger-wasps'' of 
the fan1ily Scoliidae, whit'l1 prey upon the beetle lan·ae, and it is 
fhrough their agency that the writer helievrs the control of Porto 
Rican cane-grubs will ultimately he obtained. 

·rnE DIGGER "\\'ASPS (SCOLIID.\E) 

'l'he family consists of a large numher of fossorial Ilymenoptera 
,··hich are exc·lusiYely para8itie upon the larvat~ of Lamellicorn beetles, 
c nd wlwn one has become familiar with their general aspect, these 
wasps ean readily be distinguished from all other kinds. 'rhe 
characteristic feature of the Scoliidae is the presence of a constriction 
at the junction of the <apparently) first and second abdominal 
segments. The fpmales cliff Pr considerably from the males both in 
dime1u;iq_ns and in coloration, some spec~ies of St'oliids, e.g.~ Dielis 
cloJ'sat a, I-I'., heing sexually dimorphic. 'rhe female:,; are i.;tout-boc1icd 
wasps, the J,ody being broadest at the posterior end of the thorax 
a:nd the middle of the ahdominal region; the legs are rather short, 
1hickset, and are eoYerecl with a heav)~ armature of short spines 
which aid the wasp in its digging operations; many parts of the 
body arc covered with a thick velvety pubescence. The males) on 
the other hand, are slender and are without the Conspicuous spine~ 
upon the limhs; they are easily distinguished from the females b_,. 

* 'fhesl' lli(':;< O\'iposit upon !lie exposed pnrt of the liody of the beetle, wlwn its wings 
nre l'XJHutded during flight after dark. 
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the length of their antennae, which generally equal nearly the length 
of the body, whereas those of the females are quite short, searcely 
equalling the length of the head. In size the Scoliitls rnry from 
barely three c1uarters of an inch in wing expanse (1'iphia, etc.) to 
those with a span exceeding three inches (Diclis a/1'((/ci); the majority, 
l1mYcver, lurve a wing spread of betwreu an ineh and an inch and a 
half. Tht>l'l' is eo11siderable Yal'iation in color among the different 
species, some heing entirely black, others black with yellow bars acros-~ 
the thoraeic and abdominal segments, while not a. Imr of them have 
dearly defined portions i-;howing bright red, dne to pigmentation of 
either the integument or of the pubescenct>, or both. rl'he wings of 
sune sperie!-; are pigmented to show blue or pnrple reflections whe11 
Yie,-rPd in C('l'tain lights, hcing transparent \\·bite or yellow, or trans-
lucent blackish (·'smoky''), hy transmitted light; many species ha,e 
wings without these iridescent reflections. 

'l'he farnilr inl'ludes se\'eral thousand species distributed in all 
parts of the world, the 11umber of Hpeeies in any lorality being more 
or less iu proportion to those of the Lamellieol'J1ia upon which tiiey 
breed. Dr. 1,,. X. \Villiams, an authority upon the group, remark.; 
that the cliw,1·sity in the Lamellicom faurni of any district serves 
as an index to the Scoliidae likely to occ:m· there. i\lany of these 
wasps parasitize grubs of little _or no economfo importance, but, on 
the other hand, large numbers of potential pe::-;ts are kept entirely 
under t·ontrol through their age1wy. Some of the Scoliids specialize 
upon OllC' partit!ular spe<:ies of grub, while others tn·e not so dis1.:rimi-
nating, lrnYing a wide range of hosts. A typieal example of the latter 
type is Tiphia parallela, \\'hich attacks the i\lelolonthid Phytalus 
smitlci in Barbados and ·species of Dynastids (Dyscinetus, etc.) iu 
South America. rrhesc 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 tum their attention to other ·species of grubs. An example 
of this kind is Die/is clorsata, ,d1ich normally parasitizcs the Dynastid 
Ligyl'((s twnulosus, but which will work upon such J\lelolonthids as 
Lachnosternn iu the absence of Ligyrus. 

rrhe Scoliidae <:onsist of several genera, of which Dielis, Eris, and 
'l'iphia are the most likely to include species which may prove bene-
J'cial to Porto Rico. 
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HABI'rS A...1.'m LIFE-HIS'l'ORY 01<' '!'HE SCOLIID.\E 

During the parly hours of sunshine) from about eight o'clock 
until eleYen o'clock in the moming, 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 
rnales, on the other hand, can gcnemlly be found above ground at 
all hours of the clay, fl;ving with a series of rapid zig-zag motions 
in the vicinity of place's favored by their mates, settling now 
and then to imbibe the nectar from wild flowers. A ver;v curious 
habit pxhihited by the males of some genera of Scoliiclae is that of 
congregating together in large numbers towards the late afternoon 
upon thC' stems and leaves of "·ild -vegetation; sometimes the males 
of the common Diclis clorsata can be seen in lnmclrecls upon the 
kaws of the iron-weNl or cscoi•i/la (Sida cal'pinifolia, L.) that 
abounds in the vicinit 0· of canefields, while those of Elis hae;,w,.,.hoid-
alis, another common Scoliic1, may NOmetimes be seen in large clusters 
resting upon the leaves and fimrering spikes of the pigweed or bledo 
(Amaru,nthus spp.). In Santo Domingo the writer has seen the 
brmwhes of young gu£1dmas ( CJ ua.zuma gwtzuma, L.) hanging lo\\· 
with the weight of thil't,· or forty males of the large black Dielis 
atrata. Dr. \Villiams remark:,; "They may assume odd positions on 
the::,;r \\·et)ds. whic·h thP)" grip with their jaws and legs or with the 
jaws onlr". The writer thinks that the habit may he some sort of 
respmrne to the ·sorial iustin(·t derin·cl from their anrestors. 

The life-history of the Seoliiclae c•onstitntes one of the most inter-
esting phas<:"s of ,Insert Li-ft>, and its study is fascinating in the 
extre111e. 

The female Scoliirl wonlcl appea1· to possess cxtl'emely powerful 
olfactor,· and auditor,- senses for the location of her prey, as this 
is carried on out of sight, sometimes at a depth of hrn feet or more 
below the surface of the gTouncl. When a grub has been found, 
the ,rasp gets husy around it, and, after a short time spent in 
feeling over it ,vith her very active antennae, proceeds to sting it 
in one of the large nerve-ganglia that control the locomotor muscles, 
so that the gmb is rendered completely immobile, yet still alive; in 
this ,rn,· the mother-wasp insures a supply of fresh food for her 
offspring, and would seem to have arrived at a higher stage in 

* 1'hii:; refers to the strictl)' nntho11hilous lyp{'S. Some Scoliids, chiefly the species of 
Tiphia, do not frequc'llt flowers, but are nttrncfrd to the sweet secretions (honey·dcw) of 
scnle-im,ects (Coccidne) and plant-liee (.\phidae) on th{' lein-e,; of trees or other vegetation. 
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evolution in this respect than the social wasps ( Yespiclae) that have 
to bring in freshly-killed prey to the young larvae in the nest, which 
food, unless innnecliately consumed, would rapidly decompose. 

In the glass jars (Fig. 13, A) employed for rearing Scoliiclae 
artificially the female wasp can be seen to drag the helpless grub 
clown to the bottom of the jar, where a space is cleared around it, 
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 vrnsp 1s movements during the process of oviposition. It is not 
known whether under actual field conditions the wasp makes the 
cell at the point in the ground where she first located and stung 
the grub, or ,vhether the latter is dragged to a lower level through 
the surrounding· medium. iYhcn the wasp is satisfied with the 
preparation of the home for her future offspring, she wanders around 
the grub, feeling· over it with her legs and antennae, adjustjng a 
lin1h here and thel'e1 or removing a fragment of dirt from its body, 
and after a few minutes spent in thi's manner, she adjust her bod)T 
to the length of that of the grub, grasping the up-turned under-
surface of the thornx with her front two pairs of legs, and its head 
with her ,jaws, and, bending her flexible abdomen down npon the 
venter of the grub, moves it about SParching for the exact spot 
( which appears to be free from setae) for the deposition of the egg, 
vd1ich latter operation occupies about a minute. ('l'he writer has 
seYeral times watched the whole process through the glass walls of 
the rearing jars). The egg is eylindrical 1 slightly curvcdi and has 
rounded ends; the ratio of its length to its greatest breath is ap-
proximately as 4 :1. 'l'he egg is laid with its longitudinal axis at 
rig·ht angles to that of the grub ( Fig. i5, A & B), being g-Iuec1 into 
position by a fluid secreted hy the wasp during the act of laying it. 
The foregoing applies to ,vasps of the genus Diclis, and some species 
of Elis. The habits of Elis xanthonot us al'e similar, except 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 it. '!'he species of Tiphic,. do not completely paralyze the 
host. which recovers from the effect of the sting after the deposition 
of the egg, and during its crawling 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 is first located until 
the egg has been laid occupies about two hours. It is not known, 
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Dnd of courRe impo8sihle to a::WC'rtai111 how many gruhs are parasitize<l 
l,y a female in tlw course of a day in a state of nature, but undPr 
artifieial conditions the ·writer has heen able to obtain three eggs 
from one wasp within the twenty-four-hour period with one of the 
mnaller Dielis; hYo per day however, is a good average for ln·(•eding 
purposes. When the ,rnsp has completed the deposition of the eggs 
she takes a final look around and departs in search of another µ:,·uh. 

'l.111e eggs do not require any great length of time lwfo1·<..· tlwy 

EARLY STAGES OF SCOLIIDAE 

FIG. 5.-Eggs and Larvae of D·iclis trifasciata, F. upon grubs of Lachnos1erna 
110ri·oricc11sfs. Sm. (natural size). (Photo. Roc1riguez Serra, Pom•e) 

,\, B-Eggs (lat(•rnl a5llP<"t) 
C-Lan·a, :3 clays old (laternl :rn1wd) 
lJ-1,arYH, .1 days old (lnh'rnl asJ)('C't) 
1•:-Lal'YH, 5 dayi; old {dor:,.al aspC'el) 

hutch; those of Elis lwcmon·lwidalis and E. xanth•onofus hatch 
within 32 homs of being laid, while tho'se of Dielis afl'ata take 72 
hours for their development; the eggs of D. clol'sata, D. trifasciata, 
etc., require an intermediate period of ahont 48 hours. 'l'hP Pmpty 
egg-'shell i8 pushed aside h;v the newly-hatched wasp-larva, nftrr wliic·h 
the latter lmries its mouth-parts into the body of the )10:st and 
the consumption of the internal parts of the grub '·s hod? <·ommPlt<·P::-i. 
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\\' it h unfailing instinc·t the young wasp aYoids injuring those parts 
of the host's anatomy to whidt damage ,rouhl prove fatal. l t i8 
probable that an eedysh; O(·e1n·s before the larva is hnlf-grown, hut 
snc:h has not bel'n ohsern'd by tlw writer. \Vith tlw i11creasP in 
tlw ::;izC' of the ww,;p larva there is a c:ol'rc:-;ponding diminution in 
the size ol' the host, and when the former is fully fed, llOthing 
renrnius of the latter but an empty shrivelled skin with the head 
and leg:-; attadlE'd. \V asp larvae in an early 'stag<' of development. 
on heing removed from a gruh, will comment·e to feed upon another 
provided the lattrr 's integument has hecn piel'(·cd. A curious habit 
of these larvae when nearing maturit;v is that of ejr<:ting a milkr 
fluid from the po:.-;t(~rior extremity when distm·hed; this fluid ean 
he sqnirtrd to a dixtance of i-;eYcral inches. 

Scolii(l larYae arc glistcni11g white arnl they appear to be slimy; 

EARLY STAGES OF SCOLIIDAE 

FIG. 6.-Cocoons of Scoliidae (natural size) 
• (Photo. H. L. Dozier) 

.\-Dirlis trpe: ndult enwrges hy menus of hingl•d lid ut onv ('nd. 
B-Eli11 type: adult e11wrges by means of a ragged !wk bitten in 

one side. 

at first the:,, are pear-shaped or almost glolmlar (Pig. 5, C), !mt 
lat"r tht•y hecome elongated and c1eeidedly maggot-like (Pig. 5, D and 
!<'., The fully-grown larva of the smaller Seoliids (Elis and 1'iphia) 
is about half an inch in length, the larva of the medium-sized 'species o: 
DfrUs about an inch, and that of D. atrata one and a half inches long 
,rhen mature. 'I'he time s1wnt in the larval stage, feeding upon the 
paralyzed host, has been ascertained to he from three to four days 
in the ease of Elis, seven days in the case of the smaller Diclis_, and 
fourteen days in the case of D. alrata. rrhe egg and larval stages 
f.re of longer duration in cool weather than in warm, and frequent 
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change·s of temperatnre seem fatal to the Seoliidae in all their earlr 
stages. 

rrhe wasp-larva, upon completing its developn1ent, constructs a 
neatly made cocoon around itself, the eoeoon being formed in two 
lnyers 1 the inner onP mnooth and shiny on the inside, the outer layer 
coarser and rough in texture. Pupation_ O(•cnrs ,vithin the cocoon1 

and from :four to six weeks arc spent in thi·s stage, after ,rhich the 
mature sexually-perfect adult ,rasp emcrgeH; the time spent in the 
cocoon depends upon the temperature prevailing. \\T ar.;pR of the 
g.'e1nrn Dfr1is emerge by hiting a neat li<l out of onp end of the 
<·oco011, the lid being hinged so that it tan he 1nrnhed asid<:> l\Y the 
('1l1C'rg:ing wasp (Fig. 6, A): Elis and 'l'iphia merely gwnr a ragged 
hole in onP side of the eocoon, through "·hieh aperture tlw wa·sp . 
erawls out (l<'ig. 6, B). 

K.\'l'FR,\L ENE:MIE8 OP 'l'IIE ~COLIID.\E 

Although tlw ScoUidae suffer to :-:.ome pxtent through being· pri:~·t 1 d 
upon b;v vertchrate animals (birds and lizar(h;), n11d ecrtain 1·m·11i-
vorous inseets chiefly predacious hugs of the family Red11Yii1lae. a~ 
,rell HB spiders, it is the inset"t hypcrparasites that are so lnrgd~-
rt·pmrnihlP for keeping down their numbers; indeed) ·wel'(' it not 
for the·se hyperparnsites, it is doubtful whether any of tlw Lamel-
lieornia (•ould ever hccome pl•sts, so great are the multiplicative 
powers of the Scoliidae. 

Apropos, the following extract from a paper by Dr. J. F. llliug-
worth, upon the natural enemies of eane-grnbs in (~neeni-;land. muy 
be of interest: 

'' It "·onld lJe interesting to know what pen•t,ntagc of the Sl•oliitl~ an· de-
stroyed h;,,;· these parnsitic enC'mies, hut unfortunatC'ly tllis is a phase of the proh· 
lcm 011 which 1ve htn-e 110 1lata. Yet, when \\.C' (·onsider tho r·omparntiYl' nlnm-
tlance of the wasp~ that are known to prey upon grubs in our cane :trenr-, 
'\YC arr forced to ('OlH:lnde that a wry large majority of thC'm mui,;t surtmnh to 
natural cm1sC's. Otherwii;e, with their prolific rC'pl'Odnctioi1 they would be nl,le 
to hold our raue-lleetles in cheek with no nss:istauc:e. · · 

rrhere are three main typeR of hyperpara·sites upon 
Ilymenoptera, species of each of which are responsible for 
the increase of the Seoliidae: (i), the Bombyliid flies: 
Tachinid flies; and (iii), the Rhipiphoric1 beetles.* 

fossorial 
checking 
(ii) the 

* In the United States it is 1·ecorclecl that a Scoliid of the genus Elia is hyperpara-
sitized hy nwmhers of a fourth group-the ?lhitillid ,nisps. 
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'rHE BOMBYLIID FLIES 

A specimen of Anthrax liicifer, F., a typ ical Bomby llicl, is il-
lu strated in Fig . 7, A, and the figure serves to show the general 
aspect of one of these flies. 1'he fam ily includes many hundreds 
of species distributed over 11:10st parts of the world, several of 
whic h are hyper parasites upon fossoria l hymenopte ra. The Bom -
byliid adults are among the most rapid of all insect fliers, and are 
commonly to be seen dart ing or hovering over the surface of the 
soil, especia lly in sandy locations, as well as haunting the vicinity 
of the nectar-bearing :flowers that are so attractive to the ,rnsps 
whose earl y stage they parasit ize. 

HY PERP ARAS I TES OF SCOLIIDAE 

... 

. \ 

FIG . 7.- Bomby li idae B 
A-Adult of Anthrax lucife,·, F ., a typical Porto Ri can speci es (natural s ize ) 

( Phot o. H . L. Dozi er) 
B-Pupa of one of these fli es. (Del. H. E. 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, bnt the empty pupa 
cases are very often to be found protrud ing from punctured Scoliid 
cocoons. Large numbe rs 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 Bombyl iid pupa-case (Fig. 
7, B) projecti ng, no instances were noticed of the :fly la rvae at work 
upon the immat ur e ·stages of the Scoliids. How and where the flies 
lay th eir eggs (if they are not actually viviparo us) is unknown to the 
,,-riter, but the subject is one worthy of ~pecia l resea rch . During 
Pe br uary, when the wr it er had about a hun dred cocoons of Elis 
haemorrhoiclalis under observation at Agu irre, several in stances were 
noted where Bomby li ids emerge d ten days after the cocoons had 
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been collected in the fields; the inferen ce is that the imma ture stages 
of the Bornbyli idre are spent upon or in the Scoliid after it has 
spnn up, and tha t thei r life -cycles occupy t en day s at least . At 
present no fur ther dat a is availab le to throw ligh t npon thi s rather 
obscure subject. 

Th e Bombyliidae are repre sented in Porto Ri co by numerou s 
species, varying from a litt le less t han a half an inch (t he smaller 
Anthra x ) to over one and a half inches (t he larger (Hy pel'a7onia) in 
the spread of the wings. Not all of them are pa rasitic upon Scoli.dae, 
however , some of them being enemies of the Pompilidae or Sp ieler-
wasps (P epsi s) and the Sphegidae or Gra sshoppe r-wasp's (Ammobia , 
Sp hex) , etc. In two cases only is th e association of a Porto Ri can 
Bombyl id with its corre ct host actua lly known: (i ) Anthl'Ctx gm'gon, 
F ., paras it ic on Elis haenwr1'7ioiclalis; and (ii ) Anth1'Ctx luci.f er F ., 
para sit ic on Di elis dorsataJ it is believed that the ·second illstan ce 1s 

I a ne1-, record for the Is land.''' 

T HE TACH INID FLIB S 

J n Briti sh Guiana the wri t er ha s bred a small species of Ta chinid 
from cocoons of a Scoliid, probably Tiph ia parallela, Sm., and it 
is not impr obabl e that in oth er count ries flies of the same fam ily 
attack simila r species of digger-wa sps . 

)fr. Smyth gives an instan ce of parasit ism of th e adult of Di elis 
dorsata in Po rto Rico , and sta tes that when found at Santa Rita 
it containe d '' a single Dipte r ous pupari um, ahout 5 mm. long, fro m 
which issued , on J une 18, 1913, ten small Chalci dids, which have not 
been determined" . I t seems probabl e t hat the Dipt eron referred to 
was one of the Tachinid ae, but Mr . Smyt h gives no info rmat ion upon 
th is point . 

'I'he wri ter trus ts he will be forgiven the ir relevancy of reminding 
his r eaders how st rongly the above insta nce of tertiary paras itism, 
or hype rp arasit ism of th e byper parn site, reca lls to one' s mind th e 
old tag 

'' Big fleas ha,·e litt le fleas 
Upon the ir backs t o bite 'em; 

Ancl l i tt.lo fleas ha rn le ~ser flea s, 
And so acl infin itmn. ' ' 

'.r BE RH IP IP HO RID BEE TLES 

A grou p of insects mo're or less specialized t o a ha bit of paras itiz-
* Anthrax lttcife,· is a p r imary parasite on certain Lepi dopterous 1:nrn e in th e U. S. A. 

In thi s rol e the fly is beneficial to ma n. As a para site of Scoliicls it is noxious. H . E. B. 

-



PORTO RICAN CANE -GRUBS A?\D 'rHErn N A'rURAL ENEMIES 321 

ing the fosso1·ial Hymenopt era , inclu ding th e Scoliiclae, is the fami ly 
Rhip iphoricla e, the member s of which are rath er small beetle's of 
curiou s aspect (Fig. 8) . 'l'he wr iter found th ese insects quit e com-
mon ly in Br itish Guiana upon plan ts frequented by Scolii ds, but ha s 
so far .not met with them in Por t o Ri co, alt hough Wolcott li sts five 
monly in Br ithis Gui ana upon plant s frequented by Scoliid s, but has 
here . 

It is not known definite ly how these beetles succeed in parasitiz-
HYPERP ARASITES OF SCOLIIDAE 

FIG . 8.-Rhipiphoridae 
Adult of typical spe cies (3 tim es naturnl size) (irom Davis) 

ing thei r host , for th ey do not appear to · go und ergrou nd in search 
of them, spending most of their t ime upon flowers and such vegetat ion 
wher e t he wasps abound. Dr. J. J. Dav~s suggests that the eggs arc 
probably laid on or near flowers frequented by the wasps, or possibly 
on the body of the wasp it self , and that the egg or th e newly-hatche d. 
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Rhipiphorid lar va becomes attached to the hairy body of the wasp 
and is in due course transpo r ted to t he site of the latt er 's operations 
upon a white grub , when it becomes detached . Thi s is very probably 
the t ru e exp lana t ion of: what happens, for it is known that a similar 
ing enious method is adopted by a re lated family of parasitic beetle's 
-t he Can tharid ae-w h ose first-instar larvae ( called frinngnlins) are 
vc•ry active, an d cling to the hairy bodies of certain bees, being 
carri ed by the bees to t heir nests, upon arriva l at which th ey become 
detached , cast their skins, and losing pr actica lly all power of loco-
motion , sett le down to a parasit ic existence upon the bee larvae. 

It wi ll readi ly be understoo d how important is the quarantining 
of any Scoliids or other fossor ial wasp's that are introduced as lar Yae 
or cocoons from abroad, in order to pr event the escape of such 
in sects as those mention ed above, for not only is the re the danger to 
the species being int rodu ced, but the fore ign hyp erp arasites might , 
and Yery probab ly "·ould, adapt themselves to attack ing the in-
cli.genous Scolii ds as well as other kinds of beneficia l wasps, with 
disast rous results . 'l'he method adopted by most workers is to put 
each individual Scoliid in a separate tube, within which the emergence 
of the wasp or its parasites takes pla ce, when the former can be 
tran sfe rr ed to breeding-cages, the latt er being destroyed before they 
can bre ed. 

PARAS ITIC FUNGI 

In add ition to the predators and parasites discussed above, there 
are certain fungi which cause a heavy morta lity among Scoliids, 
especially duri ng the pn pal stage of the wasps . These fungi, 
pr incipally species of l s<wia, are the cause of great t roubl e when 
the wasps m:e being reared ar tificially, a11d at present no sure means 
are available for preventing -such losses; keeping the cocoons in an 
atmosphe re fa irly dry , however, is calculated to reduc e the mortality 
to a minimum, althoug h the atmosphere in which they are kept 
~hould not be absolute ly dry, a cert ain a.moun t of moistur e being 
11ecessary for their development . Infe ction by fungi has great ly 
handicapped the r earing of Scoliids at Aguirre, but the wri ter hopes 
that with p rop er faci liti es. these difficulties will be overcome. At 
C'cJrtain sea;ons a fairly high percentage of Scoliids succumb to fun gal 
attack und er actual field condi tions, which subj ect has been treated 
more or less at length by writers in other countr ies; no data are at 
pr esent availabl e, however , upon the preva lence, if any, of fungi 
upon Porto Rico Scoliidae und er actua l field condit ions. 
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ECOLOGY OF '£HE SCOLITD.\E; Il\!TPOR'l'.·\.NCE OF NEC'l'AR-BEA.RING PLANTS 

More than one obser vation has heen made in this paper relativ e 
to the importanc e of having snita ble food-plant s availabl e £or th e 
successful propagat ion of Scoliicl wasp s in a state of Nature, and , 
although at present the writer does not feel competent to offer 
n10re than a fo,v curso ry r emark s npon it, the subj ect is one worthy 
of a gr eat deal of close att ent ion and study . 'l'be obser vations that 
follow are based foe the most part upon the "\"\Titer's experie nce upon 
the South of Porto Rico, and hen ce should not be taken as necessar ily 
npp lying to the I sland as a whole. 

The fact that several of the indigenou s Scoliid s of Porto Ri co 

ECOLOGY OF SCOLIIDAE 

FIG . 9. - Near Santa I sabel, P . R. Callej 6n with 
thick growth of ](allstroemia maxima, a favorite 
haunt of Dieli-s dorwta, F . (Photo . II. E . Box) 

are common to both the north and the south of the I sland sugg ests 
that they are fai rly adaptable climatologically, and from record s in 
lit erat ur e, suppl eme:n.ted by observ ations made by the writer, it 
appears that they are in a larg e measur e adaptable to the vegetation 
c.f the two r egions. 

The vegetation of the nor th of Porto Rico differs considerably from 
t hat of th e arid region s on the south coast , bnt both districts posses-s 
a variety of pla nts whose flowers prove attra ctive to many Hym eno-
ptera , especially the Scoliida e. Where irrigation is practiced ( ancl 
there are few parts wh ere it is desirabl e, to establi sh the wasps wher e 
irrigation is not practic ed ) the wild pla nts approximate more closely 

........_ __ . 
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t o those of th e naturally moist r egion s, but, nev ertheles s, th ere jg 
Rmpl e room for ext ending th e dist r ibution of such plant s as ar e 
c1esirable in ord er to obtain the maximum benefits from th e wasp s.'$ 

It oft en happ ens tha t plant s which come into flower at certain 
seasons are , upon the commencement of th eir fruiting season, not 
alway s succeeded by th e appearanc e of other suitab le flowers, so t hat 
th e wasps, in order to obtain the nectar so necessary to th em, are 
for ced t o temporaril y qui t th ese locali t ies and migrate to place s 
where ·suitable flowers ar e to be fom1cl. It is believed that with 
proper study thi s st ate of aiffairs can be adjl'lst ed , and a succession 
of nectar-b ear ing flower s made to appear throu ghout th e year , by 

ECOLOGY OF SCOLIIDAE 

i 'IG. 10.-Near S alinas, P . R. Similar spot to Fig . 9, 
where both Dielis dorsata, F. and D. ti•ifas ciata , F . 
occur . (Photo. H. E. Box ) 

planting, or at least encouragi ng, certain typ es of in sect-ferti lized 
plants; th e subject, however, require a much gr eate r amount of 
'st udy than the writer ha s so far been able to devote to it. 

On th e south of Porto Ri co there are two, plants of special inte r est 
in this com1ection . 'l'he first of ·these is Commi carpu s scandens, Linn. 
(Stand .), known locally as " pega-pegci " , which is a ·stick-seeded vine 
of somewhat dense growth belonging to the order Nyctag inaceae , and 
occur s in more or less abundan ce upon th e fences bordering planta -
tion roads (Fig. 11) . The flowers ar e quite small , about an eighth 
of an inch in diameter, pale yellow in color , and are borne upon 

* Th e wri te r is ntte mpt ing to [ll'OJ)agnto artifi ciully . a s omewh at rnr e species of Pa ulli nia , 
t he flower s of whi ch nrc Hry ati 1·ncti "c t o aut hopilou s H ymeuopt era . 
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inflor escences measu r ing about one in ch in diameter; towards dusk 
their aroma is perceptib le. On s~mnY' morn ings larg e numbers of 
insects are to be seen in the vicin ity of these vines, imbibing nectar 
from t he flowers; the majority of the in sects will be found to be 
bees and wasp s, and among the latter the Pom pilidae and Scoliidae 
easily predomi nate, t he form er being repr esent ed by P eps is and 
Psamirnochares, both of which pr ey upon sp iders, while the Scoliid s 
are r epr esente d b.v Eli s and Dielis . 

Cornrnica1·p11s scanclens comes into fu ll bloom from Ja nuary unt il 
Apri l and again from late J uly un ti l November , and during both 

ECOLOGY OF SCOLIID AE 

FIG . 11.-Ne ar Coamo, P. R. Roadside fen ce cov-
ered with t angled growth of Commicarpu.s sacwn· 
c7ens in full bloom , a fa vori te hau n t of Eli-s hae-

morrhoidalis, F . (P hot o. H. E. Box ) 

flowering seasons large numbe rs of fossor.ia l H ymenopt era can always 
be ob'served. Where t hese wasp s go to dur ing the non-flowering 
season of this plant has not yet been asce1tai ned, but it is believed 
that the floweri ng of the plant has an influence upo n the abu ndance 
of the wasps in any given localit y. 

The other plant whose presen ce in abundan ce is int imately con-
nect ed with that of fo ssorial wasps is K allstroemia maxima (yer ba 
de cerdo) , a member of th e Zygophyllaceae, with pale yellow flowers 
reminiscent of the butterc up s R anim culns of temperat e climes, 
and whose gen er al growt h aud habitat are suggest ive of t he common. 
v erdolaga (Portnlacca oleracea, Linn .) , with which it may easily 
be confused by th e un in it iated . On the south ot' Porto Rico t he y erba 
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de cerdo occur s in many situati ons where conditi ons do not fav or th e 
growt h of the v erclolagn, ·which pr efers th e poyal lands to the sandy 
spots where the first- nam ed pl ant abounds. Many of th e callejon e$ 
separating canefields at Ag uirr e are lite rally carp eted with a thick 

ECOLOGY OF SCOLII DAE 

FIG. 12. - Guaimati, near L a Roman a, Dominican 
Republic. Broad '' car·riles'' with undergrowth of 
grass; principal nectar-bearing flowers are these 
of Paullinia pvnnata, growing over young guacinw 
trees, favorite haunt of many species of Scoliidae, 
especi ally Dielis atrata, F. (Photo, H. E. Box ) 

growth of this weed (F igs. 9 & 10) , and during it s flowering season 
(which appea r: to be cont inuou s, wit h an optimum in Jul y and 
Augu st ) tho usands of Hym enopter a are attracted by its delicate 
perfume; amon g the wasps the Scoliicl Dielis clorsata is the most 
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frequent and on sunn y morning s thousands of th e females of this 
.species may be seen in most p laces where this plant occurs . 

Other plant s which have been foun d attract ive to Scoliidae in 
Porto Rico ar e th e white-flowered mint Hyptis atrMilbens (Labia -
teae ), th e common blue verbena, Stac hytarp heta jamaicensis (Ver-
benaceae) , and M itracarpus port oricensis, recorded by Mr. Wolcott , 
to whi ch the writ er can add the yellow ironwe ed or escoba, Sida 
.carpinifolia (Malva ceae) , a purple-flowered mint , L eonilrils sibiricils 
(Labiateae), and L eucaena glauca and an un -nam ed spiny-·stalked 
Mimosa ( Leguminosae) . . The large moca trees ( A ndira inermis, U rb. ) , 
when in bloom, are attractive t o 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 th eir blossoms. 

Cer tai n Scoliids, e. g., some species of Tiph ia, are not anthophi-
Ious; their females r efresh thems elves with the honey-dew ·secreted 
by aphi ds and scales, and hence a difficult problem is pre sent ed, for 
to prov ide a larger amount of scale or aphid-infested vegetat ion, 
though beneficial from the view of tending to encour age 'l'iphia, is in 
all other dir ection s detrimental to the Island's int er ests. As an 
alte rnative , the writ er believes that both the indigenous species of 
7'iphia and any that may be introduced in the fut ure, can be assist ed 
in t heir propagation by importing into the Island certain species 
of Cordia (Boraginaceae), possessing hair-like gland 's upon the leaves, 
which secrete a sweet honey-dew very attra ctive to Scoliids and 
other wasps. Several species of Cordia. occur in Porto Rico, but the 
writer has not observed any of them to possess the faculty of attract-
ing fossor ial Hymenoptera during their non-flower ing season, such as 
()CCUrs with Cordia ailbletii in Br itish Guian a and C. interrupta in 
Barbados . 

The seasonal distr ibution of the Scoliidae, anq. th e factors govern-
ing their relative abundance, are subjects of paramoun t importanc e, 
yet which cannot be discussed owing to the short t ime that the 
writer has been able to devote to them . Undoubtedly climatic con-
ditions cause flu,ctuations in the curve of thei r abundan ce, and in th e 
time occupied in their early stages underground, as well as in th eir 
geogr aphical and topograph ical distribution. These and other impor-
tant considera t ions must be left over t o some futur e publi cation. 

METHO DS OF REARING SOOLIIDAE 

Provided reasonable care is tak en there should be few difficulties 
.attac hed to the successful rearing of Scoliicls either in small numbers 
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or in bulk upon a commercia l scale; th e ch.ief th ing to be observed 
is the correct regulation of the tempe r atu r e and humidity of the. 
r eceptac les used; these shou ld be kept as far as possible at a tem-
perat ure of a f ew degrees above or below 80° F., and th e soil in 
them kept slightly moist, bu t not ,vet . Frequent changes of the 
soil are necessary, un less ste ril ized earth is used. '110 ·carry out the 
work upon anything like a large scale, however, in sectaries, equipped 
with incubating departm ents, would become nec essar y . No expense 
should be spared to make the bui lding where r earing work is being 
carried on a-s free as possib le from ants, silver-fish, and especi ally 
mit es. We hope th e day will come when the sngar -cane properties 
of Porto Rico ( or at least the larger on es) will be pro vided with 
field insectaries for breed ing parasites, similar to those in u se iri 
the Californ ian citrus-growing r egions, where millions of ladybied-
beetles ( Coccinelli dae) are raised annually to combat the sea le-in sects 
tha t ,rnuld otherwise ruin t hou sands of doll ars' worth of fruit-trees. 

Four operations arc concerned in the rai::;ing of Scoliid wasp::;: 
(i) oviposition; ( ii) rearing the larva e to maturity; (i ii ) care of 
the cocoons; and ( iv) mating. Most of the apparatus is such that 
can be pro cur ed at almost any hardware store, but for certain stages 
of the ,rnrk the writ er uses specia l boxes and cages . It must be 
remembered that we hav e only recently commenced the work of 
br eeding Scoli ids at Ag u irre, and that pr obably as tim e goes on 
modificat ions will be mad e in the process described below: 

I. OVrPOSI'l'ION 

Fo r the ·smaller spec ies of Dielis, and Elis, glass fru it jars (Atlas 
pattern), 51/2 inch es high by 3% in ches top diameter, are us ed, while 
for the large Di elis atratct jars of similar diameter, but 91/2 inches 
l1igh , are to be recommended. Th e glass lid s and rubb er bands a1'e 
removed from the tops of the jar s, which can be covered with 
r emovable standard-size lamp-chi 111meys 31/2 in ches in diamet er at 
the base; these chimneys conveniently rest upon the r ims of the 
jars, and their tops are covered wit h mu slin or other cloth kept tight 
by means of ru bber bands. '!.'he jars are loosely filled with sifte d 
(an d ste rili zed, if possible ) soil, to withi n a11 in ch of the top , a nd into 
the surface of th e soil is stuck a spr ig of some flower ing plant upon 
the leaves of which some dilut ed honey has been spr inkl ed. The 
appeara n ce of this apparatus as at pr esent used at Aguirre is shown 
in Figs. 13 & 14. 

The chimn ey is removed and a su itabl e li ving white-gr u b placed 
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jn the soil.a few inches· below the surface, after which a female wasp 
is let loose wit hin the chimney, which is 1~apidly pla ced over the jar, 
and the ,vhole ticketed for reference and left for a lengt h of time 
sufficient for parasit ism and ovipositio n 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 
1e viewed through th e glass. Wh en an egg has been deposited, 
indicated by the wasp coming up into the open air, the soil .is gently 
tilted ont of the jar , the wasp having heen captured ·in a small tube, 
and the paralized grub with the wasp's egg atta ched r emoved with 
forceps, or by means of a long-hand led spoon, after which another 
gru b is placed in the soil, the wasp returned, and the chimney re-
placed, for the process to be repeated . Under properly organized 
condition s t"-o change s per clay may be considered desirab le. It 
often happ ens that grubs are stung without being oviposited upon 
by the wasps, when th ey have to he replaced by fresh li ving grubs, 
though in one 01· two instanc es the writer has been able to get the 
wasps to oviposit upon a para lizecl grnh which has been put back into 
the jar. Wh en such a grub is left on the surface of the soil, the 
wasps will endeavor to drag it down to the bottom of the ja r , often 
becoming exhausted by so doing; such condition s, being unnatural, 
are not to be encouraged. 

II . REARI NG 'l'HE LARVAE 'l'O ::.\L\'l'URITY 

For r earin g the wasp-larvae the writer has designed a type of 
Lox, 15 inches square at the base and 4 inches deep, wit h hing ed lid 
of the same dimen sions, fitting tight by mean s of flange s. 'l'he 
centre of the lid is cut out for a space 11 inch es square to all ow 
of th e insertion of coppe.r mosquito wire, thereby providing for 
aeration. At one side of the lid is. a round hole, 2 inches in diamet er, 
,,·hich can be closed when ne cessary , bt'Jt wh ich, when open, allows 
the insertion into it of a bot tl e whose mouth is of. a size which 
ena bles it to be pushed into the hole more or le. s tight ly (Fi gs. 13, B 
& 15) . Moulding sand is put into the box to a depth of three inches, 
and ro,, s of depressions mad e in the sand while it is st ill damp, 
the se depressions being of a size suit abl e for the accommodation of 
the para lyzed grubs. 

Wh en a para lyzed grub with egg attached is located in one or 
t he oviposition jar s, it is removed and plac ed upon it s back in one 
of the depressions in the moulding sand, an ind enti:fication number 
p laced immediate ly above it, and is left until the egg hatches. 
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Corn;u1Hption of t he grub hy t he wasp -la rva takes pl ace within th e 
sl1allow depr ession , and ,, hen the wasp-lar va is ma t nre , t he depre s .. 
sion sen es as the base of a cell for the form ation of th e cocoon ; 
wit hout thi s small device ( which the writ er glean ed fr om Dr . Ill ing-
wort h 's pape r on simila r work done in Queensland ) th e lar vae ar e 
unable to form cocoons and peri sh. * 

I I l. C. \l iG OF T fl 1': COCOON :-: 

ln larg e-scale work t he coeoo11s would be left in sitn as t hey ar e 
form ed, hnt at pre:,;en t t hey an -' being removed to another simila t· 
typ e of box. 'l'h e sand .·hould he qui te dry , an d the neces ·ar) 
woistnre obta ined by covering th e lid wit h a double layer of damp 
clot h, over which a piece of car d-boar d is laid; in such a11i at mospher e 
created ,r ith in the box, th e cocoons do very ,, ell. As t he pup al stage 
las ts at lea st one month , it is necessary to constantly watch out for 
t he apper an ce of moulds or other f ungi; when fungi are found the 
co<:oons should immediat ely be t r ansfer red to anot her box conta ining 
fr esh sand. 

"\Vasps as they emerge from th e cocoons will readi ly fly into th e 
giass bott le inserted in the side of t he lid of th e box, being at tra cted 
thereto b.,· the light shining th rough th e apel't ure, t he rest of t he box 
being dar k ** 

I V. 1\1.\'l'I K G 

The ,ra sps ar e t r ansferr ed .from th e glass bot tles to small wooden 
cages. 12 inches high upon a 9 by 9 inch es base, contain ing a bunch 
cf necta r -bear ing flowers. :Mating takes place within these cages, 
t he females being r emoved twent y -four hours af ter being put with th e 

* Si nce the abo'\"'e wns ,vri lte n , the w.riter hns i oun d it s nfer and ve ry much more con· 
,·en ient to p la ce eac h para lyzed gr ub with it s att ac hed egg inside a glass tu be, t wo and a 
ha l! inc hes long by half an in ch in int ern a l diam et er , the en ds of whi ch nre pl ugge d with nb· 
sorbcnt cotto n . Growt h and pu pat ion of th e Scoliid Ian-a takes pl ace within the tub e with-
out an y ri sk of contaminati on fr om neig hborin g gru bs which may be in fecte d w ith Metar -
1·hizium, or other fungi, as well ns those plag ues o f the insc <:tary, tho .\ carinn or i\f itcs . 
T he cocoon s when p ro per ly han lcned on th e out side ar c eas ily remo ,·cd fro m t he tubes and 
transfe n ccl to stora ge boxes .- H . E. B. 

** .\ very heavy mortali ty occu rred among the cg.gs, lnrvae, n11d cocoons of a. spec ies 
oi Scoliid be ing r enred at Ag uirr e durin g 19 25 , and this· wa s fo u nd to be clu e in larg e 
measure to u nsuitab le temp er a ture. I ncu ba tors wer e impro ,•ise d by mean s of enc losing 
elect ric- lig ht bulb s i n boxes of su it ab le di mens ions, th e inter ior of whi ch main t ai ned a 
temp eratu re varyin g litt le fr om 80 degrees l!'. 'r hc smaller boxe s contni ni ng developin g l arvae 
nncl coco ons were sto r ecl in t hese " in cubat or s" an d ver y much bet ter r esu lts were obta ined 
iha n w hen they we1·c le ft exposed t o the fluctu ati ons of 1·oom t crnpernt u re, whi ch fr equ entl y 
ch·opped below 70 ° F. at ni ght. I t canno t be sa id , however, that we hav e yet fou nd a 
r ea lly sati s fa ctor y m ethod of ra is ing Scoliid s duri ng th e cooler month s of the year , a nd 
m uch researc h will ha ve to be done bef ore th is is lik ely to be oht nin ed. - H. E . B . 
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males, of which th ere shou ld be thr ee or fou r for every female 
prese nt . 

R ECORDIN G D.\ 'L'A 

As a ba sis for all fnt ur e \\"Ol"k it is necessary to keep accur at e 

TWO VIEWS OF THE TEMPORARY P ARA SITE 
L AB ORATORY, CENTR AL AGUIR RE 

FIG. 14.-0viposition . Jars. (P hoto. II. E. Box ) 
Ri gh t : for the medium -sixecl D. l rifa sc ia tct. 
Lef t : for the l arge Dielis atrata. 
~o tc l\la ti ng Cngcs bch111cl lnrge jar s. 

FI G. 15.-Box es fo r Rear ing th e L arvae and 
Storin g th e Cocoons. (P hot o. H . E . Box ) 

r ecord s of all oviposition s, hat ching s, pupati ons, and emergences. 
The syst em adopt ed is t o give the fema le wasps of each species 

r.n ident ification number consecutiv ely as t hey are obtai ned eith er 
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l,y being collected in the fields or by havi 11g emerged in capt ivity, 
the form er bearing the pr efix " 0" ( original series ) , while the latter 
of the first generatio n have t he prefix ''I'' those of the second gener-
ation " 11 " , and so on. The eggs as they laid are also numbered 
consecutiv ely , the egg number .· being pr~fixed by th e serial and in-
dividual number s of the parent; by this mean s the an cestry of any 
particu lar individua l can be traced, and, on the other hand, it is 
possible to trace the entire progeny of any femal e. 

'l'JIE SPECIES tOF POR'l'O RIC .\N SOOLIID.IB * 
:.\Ir. Wolcott , in his " Jn sectm Portoric ensis" , lists the following 

species of Scoliida e recorded as occurring in Porto Rico: 
1. Eli s haenwrrhoidali s, Fabri ci11s (= R. sexcin cta, F. ) 
2. Elis evhippiurn, Fabricius 
3. Eli s nit ida, Smith ( as My zin e) 
4. Tiphia argentipes, Cresson 
5. :l.'iphia sp., probably the same as No. 4 
6. Dielis atrata, Fabrici 1is (a's Campsomeris and ScoUa) 
7. Di elis pyrura, Rohwer (as Carnpsomeris) 
8. Dielis pyriwa, Rohwer (as Campsom eris ) 
9. Scolia plimiipes, Drury 

10. Dielis rnaciclata, Drury (as Campsomeris ) (=C. drtlryii ) 
·11. Di elis tri cincta, Fabri cius (as Carnpsome1·is) 
12. Di el is trif asciata, Fabric iu s ( as Carnpsonieris) 

DESCRIPTIO N AND DISCUSSION OF '.l'TJE P OR'l'O RICAN SOOLIIDAE 

The following accoun t of the Scoliid ·wasps of Porto Rico is far 
from compl ete, but it is considered advi sable to plac e on permanent 
record the observat ions that have been mad e by th e writer to date, 
as well as to summarize in a convenient form what was previously 
known of t hese insects; th e r ecord s ar e based when ever pos·sible 
upon the wr it er's own observation s, but where these ar e not avail able 
fr ee u se has been made of Mr. Wolcott 's inval uable check-list and 
other publications . Some of th e rar er species hav e not been met 
with by the writ er in Porto Rico, but wel'e found on the Romana 
prop erti es in the Domini can Republic; observations based upon this 
Domin ican material of the Pol'to Ri can species ar e included in thi s 
discu ·ssion for conveni ence. 

* Th e wri ter is ind ebte d to Mr. G. E . Bryant , wh o, whil e temporaril y acting as Di-
l'ect or of the Im perial Bur eau of E nt omology, L ond on, En gland, very kindly suppli ed in -
form at ion r elatin g to synonymy a mong the generic nam es of the Scoliidn e, lending to th e 
a dopt ion of fhe nomenclatur e employee] throu ghout thi s paper. It may be wo1·th mentio n · 
ing that th e sp ecies r efe rr ed to as the ge nu s Die/fa hav e hi thert o been includ ed among Oamp· 
aome1·is, whi ch, it is p ointed out, is syn onym ous with Scoli a, the lntf er nam e takin g pr e· 
dominan ce. 'l'h<> species of \'l est Indian ·'·Cftnt psome,·fa" nrc pr operly r efc rrab le to D ie lfa. 
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'I'he descriptions are not to be int er pret ed as being t echn ical 
ctiagnoses of the species, but merely as general aids to their iden-
t ification. 

DESCRIPTION : 

l. E lis haemorrhoidalis, Fabr icius 
("Fig. ll'i) 

Fema l e- Length 10-12 mm., wing expan se 18- 20 mm. Black 
with several bright yellow mark s upon the head and thorax; 
abdomen wit h a serie s of five yellow bands, int errupted dor-
sally so that there app ears to be a black stri pe along the back; 
posterior end of the abdomen red; legs red; wings tra nspar ent. 

Male-Length 11- 14 mm., wing expanse 20- 24 mm. H ead and 
thorax wit h mark ings somewhat similar to th ose of the female; 
abd omen very slender, black with six narro w yellow transverse 
bands which are not interrupted dor sally; post erior encl of 

PORTO RICAN SCOLIID AE 

A B 
FI G. 16.-E/ is ltemoffli uitlalis, F. (natura l size) 

( Pho to . H . L. Doz ier ) 
.\- 1-'ernal~ B - Mal e 

the abdomen bla ck; legs red; wings tr anspar ent. 
HOSTS Phytalu s apicalis , Blan c:h. (th ir d-inst ar larva e) . 
HYPERP.I.RAsrn;;: Anthrax g01·gon, F. (Bombyli ic1ae). 
DISTRIBUTION: Fairly common all over Porto Rico , but incli ned to 

be locally abundant; not known from elsewhere. 
FooD PL.I.NT rOF' J?EMA LE : Cornmicar pus scandens (" pega-pega ' ·) . 

On the sout h coast th is species occurs abundan t ly in certai n 
res tric ted localities, in one of which para sit ism was found to amount 
to 65 per cent of all Ph ytalits grnbs during Feb r uar y an d Mar ch . 
'['he males could be seen in hu ndreds flyin g over the surfa ce of the 
ground or r esting in cluste r s upon the leaves and fl.owel'ing spikes 
of bleclo (Aniaranthits sp.) in th e vicini ty, while lar ge numbers of 
the fema les occurr ed duri ng the morn ings on their food-plant , Com-



PLATE III 

FIG . 17.- Elis ephippium, F. (nat ura l size) 
Female nt left, mnle nt r ight 

(Del. ad. nat. H. E. Box) 
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mi ca1·pus scanclens. Advantage was tak en of th e abundance of the 
f emale s of thi f.i wasp to collect and t r ausport them to another hacienda 
some thirteen miles east"· arcl, "·her e Phytalus grubs were known to 
be common in cert ain fields, but where hi therto no signs oC the 
p1·esence of t he paras ite has hcen noticed. Durin g P ebruary and 
~larch 1,200 females wer e collected and released in the new locality , 
with th e r esult that on the 3rd of Apr il they had accounted for 7 
per cent of th e Phy talus grubs , while thr ee weeks later parasitism 
had amounted t o 26 per cent. During late lVIa.y and earl y in June 
the para siti es were mor e a bnnclant · in their n ew quarters than in 
th e localit y fr om which they had been taken. A t th e time of writing 
(August ) , owing to t he absen ce of Phyt cilus grnh s in numb er.-, E. 
haemon·lt oiclalis is comparat iYcl~· scarce in both regio ns, nev erth eless 
::.afficien t ha s been act ompli shed to demonstrate the possible results 
obtainabl e by transpo 1·ti11g para sites from place s wher e th ey abound 
to parts " ·h <'rc they are scarce or absent. It is planned to make 
further clistrihutions of E. haem ord 1oiclalis wl1en n ext it can be found 
in sufficient nnrn her s to enabl e collections to he mad e. Th e mal es, it 
may be of- int er <'st to record, ar e very fond of fly ing aronnd, and 
rest ing upon , the white flowers of the Composit e weed Pa1·thenimn 
hyste roplwru s, L., a plant whi ch does not app ea r to he attractiY e to 
th e fomal es. 

Th e compl ete lif e-cycle " ·as worked out in one instance only , and 
consequentl~ , should not he r egard ed as typical , as it may not re pr esent 
the average : 

Egg. 
No . 

1/1 

TA BL E 1 
LIFE -CYCLE OF EL I S HAEMORRROI.DALIS, F. 

Egg. ! Egg. \ Egg. I Llmfl. LRrvn. Acl n lt 
HM cb e<l I-SLoge Spun up Stnge Emerged 

""' I_ '"' -J """ '"' ,.,., I""" I ,., 
16.ii i I 17.iii 

--------
1 5 2 1 iii ,1.5 30.h · 1 Ill 

2. El is ephippiwrn , Fahricius 
(Colored P lat e IIJ, Fi~ur e 1.7) 

Cocoo n 
Stage 

- -
Days 

41 

r otnl. egg 
to nd ult . 

Onys 

47 

D ESCRIP' fIO N : 
F emale- Length 15-25 mm. , ,ring expans e 20- 30 mm. Entire 

body black except for th e centr e of th e dorsal part of the 
thorax, midway betw een t he bas es of th e wings, where there 
is a r ectangular sp ot bright red in colour ; legs bla ck, wings 
t ransparent, sligh tly smoky toward s apex. 

1\fale-Length 18-22 mm., wing expanse 28-3-:1: mm . Very sim-
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ilat· to th e male of E. haf1H01Thoida fis, bnt larg et·. II ead an<l 
thorax with a numb er of transver se yellow band s, and a pa ir 
of short l011gitudinal bars, on penultim ate segment s : legs dark 
yellow; wings transpa r ent yellowi h. 

HosT: Unkno\\'n in Porto Rico. 
H YP ERPARA SITE S : lfnknown. 
DI STRIBUTION : Porto Rico, St Thomas, Antigua . Stated by Wolcott 

to be rath er common during th e fall on the north of Porto 
Rico, around the Rio Piedras district. 

F oo o-PL.\N'J' -OP F E MALE: Smyt h state s that th e females otc·nr Oll the 
flowers of Hypti s afroruben s. 

'rhis is one of the Scoliids whose clist 1·ibution in Porto Rico, so 
far as is at pr esent known , is confined to · the north of the I sland, 
an d is one which th e writer considers should be br ed and t ried 
out upon the south coast . Altl1ough a fairly larg e number of 
females have been obtain ed from time to time by the entom ologists 
ol the Experiment Stations, nothing appear s to be known of the 
host of thi s para site in Porto Ri co. 

Owing to the fact tha t Elis xanthonot11s, Roh., a species so closely 
resemblin g ephippiitrn, F. as to appear identical except t o an expert, 
attac ks and can be r eared upon the second-instar larva of La chnosterna 
portori censis , th ere is every reason to believe thi s beetl e to be th e 
host of ephippi urn in Por to Rico. 

In Santo Domin go th e writ er collected two female Elis of the 
same general f acies, i. e., black with a reel mesonotum • on flowers 
of Paullinia pi nnata. Both of those insect s arrived aliv e at Aguirre, 
and one of th em oviposited six t imes upon L. porto1·ice-nsis grubs; 
the mortali ty was heavy and only one specimen , a male, ,ms rai sed 
fr om this mat erial. Beli eving the femal e t o be the same as the Porto 
Ri can ephippimn, the writ er was astonisl1ed to filld th e male quite 
different from specimens of ephippimn collected at Rio Pi eclras. The 
other female from Santo Domingo did not o_viposit, thou gh it stung 
portoricens is ~nib s in the rearing -jars. 

The th re€' individual s, a .female and its male pro geny, and another 
female (which c1iff€'red visihly from the first, part icnlar lr in the shape 
of the colored thoracic area and in the pr esence of a yellow har 
p9sterior to it), were forwarded to Dr. L. 0 . Bo\\'ard , ,rho kindl y 
gave them into the han ds of l\fr . S. A. Rohwer of th e Unite d States 

* In Mr. Rohw er 's ori g ina l descr iptio n he states t hat o·llnlh onol11.~ is "Readi ly di st in-
gui shab le by its b lack colo1· and )·ellow mesosc ut'um ". 'J'he mesosc utum in lhc exa mp le col-
lectccl in San to Domin go is bri ght r ed, a colo,· lo which lhe )·cllow pa r ls of Hrm enoptcra 
frequen tl y change when th e specimens are le ft in cya nid e-bot tles for any length of tim e, so 
it is poss ible l\rr . Rohw<•r was mis led into believing the re el color o( the meso~cutum in pre -
se n ·ccl specimens was yellow in life. 
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Katio nal Museum. Mr. Rohw er, in his report, separ ates the specie5 
as follows : 

The fema le ·with br ed mal e is stated to agree with th e t ype of 
X(l!nthonotns, Roh ., which was describ ed in 1915 from one fema le 
collected at Rio Piedra s, Porto Rico, by Mr. 'I'. H. Jones in 1912. 
This nam e was lat er (1920) sunk by l\fr. Rohw er as synonymic with 
ephippiiim, F . l\rr. Rhower sta tes in hi s report that " 'I'he synonymy 
may be corr ect but inasmuch as the r e are tw o species which agree 
with Fabricius' original descr iption it seems advisable to use th e 
name xanthonot11s for th is form until the type of ephippiitni can be 
stud ied . '' If by any chance this species is found to be identical with' 
the t rue ephippium, a new name will have to be found for the Por to 
Ri can insect whose male is ·so very dist inct, and which is at pres ent 
known as ephippimn. 

The solita r y fema le from Santo Domingo "diffe rs from xantho-
noi us in the sculptu re of t he head and pronot um , etc . It may be 
vpkippiurn, but th e ty pe must be examin ed befor e it can be deter -
min ed.' ' The wr ite r finds it to differ from femal es labelled "Elis 
ephippiwrn, F. '' in the collection of th e In sula r E xperim ent Station 
of Port o Rico. 

It seems, th er efore, that Elis xanthonotiis occur s in both Porto 
Rico and Santo Domingo , and t hat in each of these countri es .ther e 
exists one other similar spe cies, neither of which do we believe 
to be common to both islan ds . 

TAilLE II 
LIF E-CYCLE OF ELIS XANTHONOTUS, Roh. 

ECT•• 1:;gg- EJ?~ Egg Larva I Lar va Adult Cocoon Total, egg b~ 

Ko. l.1aid I r,uc hecl Stage Spun np Stage Emc rgccl $1age to adult 
-- D~I Day s _ Dato Dute Das s Dute Sex Day s .Oars 
- - --- - - --- -- -- .- -

I/J 2-2. Yii I 24.vii I 2 :JO. yjj I 6 5.i x I m ~. 45 

~OTE : '!'his indiv idu al was the progeny of a female collected at Guaimati, 
Dominican Republi c, and was reared at Agu in e, Porto Ri co, on a 2nd -ins tar grub 
of Laclmosterna vortoi·icensis. 

3. Elis nitida, Smith 

' u nknown to the write r. 
A specie's r ecord ed by Dr . Agustin Stah l in bis "Fa un a de 

Pu erto Rico" in 1882, which has not been record ed since that date. 
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'rh is species is also r eport ed from Sant o Doming o, Cuba, and 
J·amaica. Mr. Wolcott informs the writ er of r ecent captur es of this 
species in th e vicini ty of Port -au-Pr ince, Hait i. 

4. '1.'iphia argentipes, Cr esson 

Unkno wn to the writer . 
Recorded by H. Dewitz (1881), Dr . Stah l (1882), Dr . J. Gundlach 

(J894 ), and Dr. W. H . .Ashmead (1900) 
Mr . .Alex Wetmore records finding Tiphi a sp . ( according t o Mr. 

Wolcott, pro bably the species und er di scussion) among t he stomach 
cont ents of a kingbird , or "pitirre' ' ( Tyranus dorninicensis domi-
nicensis, Gmel. ) . 

T. argentipes is also reported from Cuba and St. Vincent. 

5. Tiphia sp . 

'rhr ee males of a Tiphia, which , according to Mr. S . .A. Rohwer 
may represent a new spe cies, wer e found in the Guani ca dist ri ct by 
l\fr. E. H. Barrow in 1921, feeding upon the secretion s of a scale, 
Pulvinaria psiclii, lVIask. on Raiiwolfia nitida . Anot her male was 
subsequently found on cotton at Yauco. At one time it was suspected 
( on very good evidence, too ) that th ese Tiphia might be the pr og·eny 
of some in sects of the same genu s brought into Porto Rico during 
1913, r eleases of which were ma de in the Guanica district. 

In Santo Domingo the writ er collected two specimens of Tiphia, 
one, a fema le, on aphid-infested corn in the grounds of the E xperim ent 
St at ion at Sant iago, while a male was taken under precise ly similar 
cir cumsta nces at La Vega; both of these localitie s are in the in terior 
of' the I sland . 

The two specimens were examined by lVIr. Rohw er , who states 
the fema le to be T . piinctata, Robt., a species known from contin enta l 
Nor th .America rangi ng fro m south ern Canad a to 'l'exas and Loui-
siana. It ha s not previously been r ecord ed from the W est In dies, 
so far as the wr ite r know·s. 

'rh e mal e from La Vega is state d by :Ur. Rolnver to be " th e same 
as has been pr eviously collected by Barrow.'' 

Although the r e is some -evidence that both the male aud female 
Tiphia from Santo Domingo are T. piinctata (in which ca·se the 
Guanica individua ls would also be of this species), there is actually 
no proof that th is is the case, as it was not possible to specificall y 
determine the mal e sent by the wr it er to Mr. Rohwer . Defini te 
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information can onlr be obtained by having males brecl from known 
fema les avai lable for determination. 

Jf Mr . Barrow's specimens are (as the writ er believes them to 
Le) of the widely distributed T. p11nclata, it is not improbable that. 
they are descenda n ts of individuals released iu the Guanica region 
by l\Ii·. Vfolcott in 1913-H, for p11 nclata " ·as included among thi; 
introdu ct ions to Porto Rico from the State of Illinois. On the 
other hand, seeing that pnnctata occurs in Santo Domingo, where 
it was certainly not introdu ced, there i's no reason why the Guanica 
Tiphia may not have been native to Porto Rico. 

6. Dielis atrata, Fabricius 
(Fig . 18) 

DESCRIPTION ; 
F emale- Length 35-50 mm., wing expanse 50-75 mm. H ead, 

body, and legs, entir ely black; \\·ings dark orang c-yello\\' at 
the base and for more than t"·o-thircls of their length; apex ot 
the wings smoky by transmitted light, bright steely blue h~· 
reflec:ted light. 

Male-Length 28-35 n1m., wing expa nse 40-45 mm. Color the 
same as that of th e female, except that the orange color of 
the wings is not so pronouncecl, and t he apices of the wings 
not quite so dark. 

HosT: Not definitely proven in Porto Rico, but undoubtedly the 
larvae of 8tataegus titanus and& . q11adrifoL"eat11s. 'l'hc former 
·species was readily parasitize d in the' third irn,tar hy D. alralCL 
brought in from Santo Domingo. 

HYPERPARASITES: Un known. 
DISTRIBU'.l'JON: Porto Ric:o, Santo Domingo, Cuha, ,Jamai C'.a. StatcJ 

by Dr. Gundlach (] 894) to be very common in Porto Rico, bnt, 
nevertheless, during the last two decades and a quarter only 
two captures have been made*: a male in a c:anefiekl at 
Aguirre (1913, G. N. Wolcott, ) and a female at Lare s (1923, 
F. Sein). 'l'he writer found D . atratci commonly in some dis-
trict s of the Romana properties, but it was not seen elsewhere 
in Santo Domingo. "i'.1r. Wolcott informs the writer that it 
occurs to some extent in Haiti. 

Foon-PLANTS OF Tni-: l!'EMALE: fo Santo Domingo the wasps of 
both sexes are attracted to the flowers of Paiillinia pinnata. 

Dielis at rat a ( also referred to as Scol ia or CCl'lnpsomeris atrata ) is 
one of the larg est of the West Tnclian Hym enoptera, some of the 
female·s having a wing-spread of. over three inches. Owing to its 

* Since the nbove w .1~ \\Titten, th e wrHn · ha5 tnken two m~1lcs uncl t ,,·o fcmnlcs of D. 
atrata on flowers of Oom, h;rco·pus Rcandcns in Qne o( the .\guirrc hacienll{!s nQrth of Santa 
Isabel. The females r ~acl"h ~dposikd upon mature grubs of Sltctlur911s titan1,., c<>llected 
from cane-stoo ls in the , n., ]o("alitr. 
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extreme rarity in Porto Ri co during recent years, very lit tl e is known 
of the habit s of this species . While in the Dominican Republic in 
July the wr iter found D. at1·ata quite common in certain localities 
n~ar Central Romana in the provin ce of Seiba, and tw elve fema les 
were collected for shipm ent to Porto Rico. Only thr ee arrived 
at Aguirre aliv e, and these wer e immediately transferrecl to jars 
of soil contai ning prope1· food and pr ey, it being considered that 
the third-instar grubs of the sugar-can e rhinocer os beetle (Strataegus 
titanits ) would SQrve for the purpo se. 'fhe wasp s commen ced to 
oviposit at 011ce, and eggs ,rnre secn eed from the thr ee ind ividuals, 
as follows: 

Female No . O-L ___ 23 eggs, between l ~ Yii aud 10-viii (wasp died 10-v iii ) 
Female No. 0-2 ____ 12 eggs, betwe en 21-vii aucl 3-viii (wasp diecl 5- viii) 
Female No. 0-3 ___ _ 23 eggs, between 21-v ii ancl 16-v iii ( wasp died 18-viii) 

Mortal ity during the egg and larva stages was very high , due to 
unfavorable conditions, bu t th irteen cocoons have been obtained , 
and, provid ed the sexes ar e about even , we expect to be able to 
continue the r earing work upon th e emergence of the ad ult s late in 
September .,:,, Nevertheless, it is propo sed to make further importa-
tions of Di elis· atratct from Santo Domingo at some time in the near 
future, as the species may be reckoned as being very desirable · to 
firmly re-establish upon cane lands in Porto Rico, where, · as has 
already been mentio ned, considerabl e damage is done by rhinoceros 
beet les and their grubs. 

Typical haun ts of the adults of th is wasp in Santo Domingo are 
shown in Fig. 12, consisting of broad ccirriles (equivalent to our 
wllejones) with a thick undergrowth of gra ss and weeds interspersed 
with small gauicimc;, trees, over ·which can be found climbing the 
vine Paiillini a pinnata, whose flowers are so atti;activ e to the adults 
':Phe male's cluster together upon th e leaves and branches of t}rn 
guacimas. 

'r ABLE rn 

PARTIAL LIFE -CYCLE OF DIELIS .A.T.RLI.T.t1., F . 
(Average of twelve spec imens) 

Egg Stage Larva Stage 

Da ys Days 

3.5 9.5 

* No adults eme~·ged, as all the pupae became infecte d with Is aria fungus.-H. E. B . 
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DESCRIPTION : 

7. Di el is clorsctfo, Fabriciu s 
(Fig . 19 ) 

Fema le-Lengt h 20- 25 mm. , wing expanse 28-35 mm. H ead 
and body black; abdomen with brick-red bars on the second and 
thi1 d f cgme11ts, each bar of character istic pattern (Fig. 19, A ) 
legs bla ck; win gs alm ost opaqnc smoe:ky by t rau smittecl light, 
bri ght ste ely-blu e by r eflee:tel1 light. 

iVIale- Lengt h 18-22 mm. , wing expan se 25-3 2 mm. Differs 
entirel y from th e female, the specie s being sexna lly dimorphic. 
Body black , covere d with a fin e greyish p ubescense, which ap-
pears a1most silvery in ne 1dy-eme r ged iu divi dmik Th ere are 
two curved bars, pa le ye llow in color, upon the clype us or 
face , bet ween the eyes, en ctosing a black area; a narrow yel-
low ring in front of the thorax, ju st behind the head, and a 
p air of thi ck~sh yellow bars at the bas e of the thor ax, the 

PORTO RICAN SCOLIIDAE 

.. 

- I 

FIG . 19.- Di e/i.s clorscit<i F. (1% times natural size) (]?h oto, II. L . Dozier ) 
.1-l •'emale B-Mal e 

anterior one being th e l arg er. Th e abdom en is bla ck, with 
pa le yellow ring s upon th e first four segments , the ring s of 
characte rist ic patt ern ; legs most ly black, but ,,·ith pal e ye 1. · 
low st ripe s on the in sid e of each segment; wings transparent 
wit h black ne uration . 

Hos·r: Ligyrns t11rn11losus (third-illstar lar vae ) ; occa·sionall y the 
th ird-in star la r vae of L achno:;terna pol'ioriccnsis, and prnba -
bly L. vandinei. 

H YPERP.\R.\SITES: Anthra. c l11cifer, F. (Bombyllidae ) , a.11d an m l-
determined Dipteron (recorded by Mr . Smyth ). 

DIS'l'RIBUTION: South America (Brazil, Guiana, etc. ), Barbados , and 
Porto Rico; was not seen in Santo Domingo. In Porto Rico 
D. clorsata ha s a wide distrib ution, but wou ld seem to be more 
abundant on the south coast . 

FOOD-PLANTS OF FEMALE: Almost any nectar-bearing flowers, but 
especia ll~· J{_ allstroemia ma.rinia, Com micarpus :scanclens, Sida 



FIG. 20.-D iel i s py rur a, Roh. (11/4 times nat . size) 
F~mnle nt left , mnle nt ri ght 
( Del. od . nnt . H . E. Box) 
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carpinifolia, and L eonur1is sibfri c1is. Occasionally femal es are 
attracte d to the flowers of th e rnoca (Andir a in enni s) , as well 
as those of Leitc aena glaitca. 

Dielis dorsata is one of the commoJJest wasps , and certainly the 
commonest Scoliid , in Porto Rico, ocurr ing almost ubiquitously 
wherever its host abound. Wh en stable manure cont ainin g grubs 
of L ig yrn s is app lied to canefielcls, D. clorsata can shortly afterwards 
be seen in hundr eds in th e vicinit y of such fields, reta inin g its 
abundan ce unt il t he last of the gm bs has pupat ed or been p aras itized. 
An instance of the effectiveness of this parasit e was observed by the 
writ el' on the south coast , where, in a callej6n between two field s of 
y0ung cane, Ligyru s gru bs could be collected in thousands during 
Fe bl'llary, whil e six weeks late l' it was difficult to find even one 
S!Jecimen, even in th e pupa l stage, theil' plac e having been take n by 
the enormous numbers of D ielis dorsa ta lat er present in the locality . 

Occasionally cases of parasitism of La chnosterna by this Scoliid 
are observed in th e canefields, and under ar t ificial conditi ons D. 
do1·satct \\·ill r eadily attack L . portori cen cis " ·hen depri vcd of its 
normal host. It is recorded by Mr . Wm. Nowell that in Barbados 
this ,,·asp acts in a similar way, now and agaiu attack ing the l\felo-
lonthid Phytalits sniithi as well as regular ly para sitizing the Dynastid 
Ligyl'lts. In British Guiana Di elis clorsata is less common than in 
either Porto Rico or Barbado 's, but neverth eless it effects an influence 
upon the abundance of probab ly both Ligyrus ebenns and L . gyas in 
that country. 

I t is not improbabl e, in view of t he evidence available, that D. 
d01·satct is an accidenta l in tro duction to Porto Rico, and in any case 
should serve to exemplify what can be accomplished with a Scoliid 
parasite up on whit e brug control. I t is suggeste d th at D. clorsata 
might well be t ried out in the United States, wher e it is beli eved that 
it does not occur, as it might pr ove an efficient parasite for Ligyr iis 
1·1tgi ceps, Lee., a beetle that is sometimes responsibl e for damage to 
gt'O\\'ing canes in Loui siana. 

T .ABLE IV 
LIFE -CYCLE OF DIELIS DOR SATA., F . 

E!!l! Egg Eg-i: Egg Larva l ,arYn. Adult Cocoon Tota l, egg 
~o. Laid Hatcllcd Sta ge> Spun up St nge Eme rged Stag(' to ad ul t 

Uatc Dato DU)'S Da te D!l)'S Dato 8ex Days u ars 
-- --
'2/'2 25.v u 27. vi i 2 1. viii 5.f> J.ix Ill 31 38.5 
'2/3 :16. vii 28.vii 2 2.v iii 5.5 2. i x Ill 31 38.5 
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8. Dielis pyNra, Rohw er 
(Color Plate V, Fi g. 20) 

DESCRIPTION : 
Female,-L ength 22-28 mm., wing expanse 32-40 mm. A very 

beautiful wasp with the head, thorax, and the end of t he ab-
domen covered with red pubesc ence; abdomen with brilliant 
lemon-yellow wavy bands on t he first thr ee segments, th ese 
bands separated from each othe r by black patch es; legs red, 
with red spines and pubes cence ; wings hyaline with red neu-
ration; there is a smoky pat ch in the region of the ap ex of 
t he forew ing, between which and the base, on the costa l r egio11, 
is a broad orange -colored streak, whi ch blend s into t he pale 
yello·w of the res t of the wing; the apex of the win g· refl cet's 
a violet color. 

lVIale~ Length 18-22 mm. , ·wing expanse 28-35m m. Colored vrry 
simi lar to the female, but there are yellow band s upon the 
front of the face, 'situated obliquely betwe en the eyes, enclosing 
a black spa ce; the thoracic mark s are similar to tho se of 
D. dorsata, but of a deeper yellow. 

HosT: Unknown in Porto Rico. A fema le brought in from Santo 
Domingo has been found to parasitize the third-instar grubs 
of L achnosterna port01·icensis. 

H YPERPARASI'l'ES: Unknown in Porto Ri co, but prob ably the same as 
those of D. dorsata. 

DIST.RIBUTION: Porto Ri co, Santo Domingo and Haiti . In Porto 
Rico the specie s is decided ly rare; individua l specimens have 
been take n at Mayag iiez (ty pe mat eria l of the spec ies), Co-
merio, and Mona I sland. In Santo Domingo the writer foun d 
a few spe cimens at Guqima t i. Mr. Wolcott stat es that it oc-
cur s spar sely near Port-a u-Pri nce, H ait i . 

FooD-PL.,N'l'S OP J;"'EMALE: Wol cott sta t es tha t the female occur s on 
the :flower s of Stcwhytarpheta ( Valer·icmoides) jamaicensis. 
In Santo Domingo th ey were found on Paiillinia pinnata . 

'l'h e species now under discussion has not 'been met wit h by the 
wri ter in Porto Rico, but the opport unity was take n of bring ing 
back two females from Santo Domingo. One of th ese died shortly 
after it s arriva l at Ag1.1irre, but the r emainin g specimen liv ed for ty 
days in cap tivity, dur ing which time twelve eggs were deposited 
upon th ird -insta r larva e of L cwhnoste1·na p01·to1·icensis; to date only 

' two cocoons have been secur ed, mor t alit y among the eggs and lar vae 
having been high. 

Dielis pynira should . be obtained in quantiti es fr om Santo Do-
mingo and artifici ally reared until its number s are sufficiently la rge 
to enab le field r eleases to be made in Porto Rican cane-fields. 



FOR'rO RICAN CANE -GRUBS AND THEIR NATU RAL ENEMIES 345 

TABLE V 
LIFE -CYCLE OF DIELI S PYRURA, Roh. 

li:gi.: l·:i.:ir 1,·~~ F u" L:.u·,·a. La na A<lull Cocoon ToLnl, c>gg 
•:--'=' Emer ged Swgo to adult Spun 111> Kwge :-lo. 1.<tid IJat c bed Slal(l' 

---- --- -
Date natc Dan, Dat e Days Date Sex Dll)'S l >n)~ 

1/ l 2 1.vii :l8. Yi i :1.;, .). \'i ii 8 • 
l /4 II . 1·i 11 ,.-).\"ii I :!~.vi ii ' ·:i<j.'ix r ;. .... . :is· .... '" ' i i," "' 

* Fa il ed to fi nis h pupation. 

9. 8col ia p l111nipes, Drury 

Unknown to the writer. 
Record ed by H. Dewitz (1881) and Dr. Gundlach (1894); stated 

by the latt er entomologist to be rare . 

10. D ielis ·riiac1ilala, Drury 

Unknown to the ·\Yriter. 
Record ed by Dr. Ashmead (1900) . 

11. Diel·is t?-icinta, b'abri ciu. 

Unknown to the writer. 
Recorded by Dr. Stahl (1882) , Dr. Gundla ch (1894 ), and Dr. 

Ashm ead (1900) . rrhis speci.es is also reported from Santo Domin go, 
Cuba, Jamai ca and Trinidad. 

12. Dielis trifasciala, Fahl'i.c:ius 
( Fig. 21) 

DESCRIP 'l'lON : 
Female-Length 22- 25 mm. , wing expan se 30-38 mm . Head 

and body black , "·ith brill iant lemon-yellow hand s on first 
thr ee abdominal segments , the ·e hands separated from eacl1 
other by black bands bordered with a red line anteriorly where 
the black and yellow meet; legs black; wings yelJowish by 
transmitted light , with a smoky patch at apex of fore-wings, 
reflecting purplish; neuration reddish . 

Male-Length 18-25 mm ., wing expanse 25-32 mm. Body bla ~k, 
covered with dark grayish pubescence. Ther e is a strong simi-
larity between the male of th is species and that or: D. dm·sata, 
but the clypeus is entire yellow, and the abdominal rings are 
different in shap e; the last ring is interrupted dorsa lly . The 
yellow markings are darker in tint than those of the male 
D. dorsata, and the wing neuration is reddish rather than 
bla ck. 

HOST: Hi therto unknown in Porto R ;co. The writer ha s found that 
this wasp normally attacks La chnoste1·na portori censis, and t 
all probability L . vandinei is also parasitized by it. 
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-HYPERP.\H.\sl'l'ES: Unkn ow11 in Porto Ric·o but pro babh the s1-1me 
a·. those of D. clorsata . ' • 

DI STRIB U'l'liON : Porto Rico, Santo Domingo , H ait i, Cuba and Jam aica. 
St ate d to be not un common on the nor th of Porto Ri co, but 
until recently has not been met with on the south coast; wher e 
it has .now been foun d in one r estri cted localit y near Salin as. 
A few indi vidual s were seen at Guaima t i in Sa nto Doming o. 
)fr. Wolcott say'. it is ''c ommon ' ' in Haiti. 

TuonPL .\ N' L' OP FEMALE S : In Porto Rico, l(aflstro emia maxima and 
Sida ca1·pinifolia. In San to Doming o, Paullinia pinnata. 

On the 6th of Ju ne, ,rhile ,,·atcbin g t housand s of th e femal es of 
th e corn moo Diel is clorsa let flying arou nd patch es of ye1·ba de cerdo 
(II.. 11w .ri111a) in a calf ejon in one of the Agu irr e haciendas th~ 
V-Tite l' collected a fe\\" iml iYid11als which la ter wer e identified as 

-PORTO RICAN SCOLIIDAE 

A B 
FIG. 21.-Di c/i.s t rif ascia ta, F. (1% times natural size) (Photo, H. L. Dozier) 

.\- F enrnl,• B -'.\( :1lc 

th e species no" · und er disc:ussion. Sea1·ch was c:onti nu ed and visit s 
made subsequentl y a11d to dat e eight een of th ese wasps ha ve been 
secur ed l"rom t he one locality. Althou gh similar pla ces elsewhere 
have been carefull y wae:hed. D. trifa sciala has not been met with 
out side an area of less th an five acres. lt may be worth mentioning 
that , alth ough fo ur was the maximum numb er of femal es of D. tri-
fa sciafo collect ed on an.v one occasion, severa l tl 1ousand of the com-
mon D. cto1·safo could ha ve been netted had they been required. 

The female wasps were collected aliv e and brought t o the labor -
ator y, where they wer e put in to jar s " ·ith an assor tment of white 
grubs o P differ ent stages of. Lrwhnost erna and vigryl'us, as well as 
some small Strntcwgus. 'l'h e two latt er type s of g rubs were absolu tely 
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ign ored, nor has the \\Tit er since been able to get D. trifasciata to 
para sitiz e either Ligynts or Sfratacgus. 'fhe female·s, however , 
1eaclily st ung t he matur e thil'd-in st ar grubs of La chnoste rna p01·to-
1 icensis, :md laid eggs upon them, th ereby constitutin g t he first 
kno\\·n insta nce of pa rasiti sm of a Porto Rican La chnoslerna by a 
native Scoliid wasp. 

At first the best result s were not obtai ned, the " -asps dying aftet· 
lwving lai d a few eggs, bnt , ,vith. t he imp roved techniqu e already 
detailed, t he wasps were kept alive for a considera ble length of tim e, 
depositi ng eggs upon cane-gru bs daily . From the original material 
four generati ons ha ve been reared upon cane-grub s, but owing to 
a seri es of accident s, t he work of rear ing this species has not pro gressed 
a \\-ell as we would have de ir ed. 'fo the end of 1925, that is, within 
a period of six month s, 304 ind ivid Lrnls (213 ma.le:-;, 91. females) hav e 
been raised fr om the origina l fourt een specimens, the latest examples 
being tbe third filial generation. The maxi mum nu mber of eggs 
obtained fr om one female was fifty-five (t his indi vidual lived 63 
clays in captivity ), the average numbe r being 17 eggs .for every femal e 
"a sp . Some females produced all male progeny, and it was thought 
that this was due to th ese having developed parth enogenic:ally; to 
confirm th is, two females, kept a,rn~- from male·, laid eggs ,d1ich 
almost invari able prod uced males, though in t ,rn instances female 
proge ny were obta ined from unferti lized parents; the femal e pr ogeny 
were quite health y and oviposited norma lly \\'hether they had been 
fertili zed by males or not. H avillg had such a large numb er of 
t hese Scoliid s on hand for a fa irly long per iod, th e write r can r ecord 
data based upo n observations on the effect of temperature on tl.Jeir 
deYelopment : 

'l' A.BLE VI 

LIFE -CYCLE OF DIELIS TR I FASC IAT A., F .. 

l' crioc\ ·rem pera.t11 rc 

Daily ~lax. AJin . Mcau 

Jun e- J uly .... , ........ 80.60 89 70 
Augusl-Septernbcr .... 81.28 89 72 
l\OYernber ... . . . . . ..... 78.80 86 67 

Days 

2.5 
2.5 
3.0 

Lt\rva 
Stago 

Dnys 

6.5 
6.5 
7.0 

P upn 
!:itagc 

Da) 'S 

35 
33 
42 

Total. Clt~ 
to ac\ull 

Days 

44 
42 
52 

The morta lity in all stag es increa. ed as t he n ights gr ew cooler , so 
that in order to save the race from dying in capti vity arti ficial heat-
ing to be r esort ed to ( see foot-note on page 83). In addition la1·ge 
1mmber s of eggs and lar vae died thr ough attacks of fungi ancl 
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bacteria . A release of twelve fema les, all proven to be in egg-laying 
condition , was made in one hacienda in December, in a situation 
favorable for their establishmen t. The number is small, but it may 
be that they will continue to breed, as cane-grubs were plentifu l in 
the field s arormd the part where the r eleases were made. 

All the evidence points to D. frifasciata holding the status 
exemplified in Diagram B of Plate I, but the writer believes there 
should be little difficulty in produ cing the effect illu strated in Diagram 
C, if every facility is provid ed to aid this end. 

One great difficulty which may be encountered in br eeding Di elis 
.t1·if asciatci and the other Scoliids is that of obtaining a supp ly oi' 
the right sort of grub's during the season of the minimum abun-
dance of the latter in the fields; thi s season is June alld ,Tuly in 
t he case of third-instar La chnosterna (see Plate III ) . Although 
with dili gent search a fa ir number of suitab le grubs can be obtained , 
it is not wise to r ely on t hi s method where large numbers of grubs 
are daily u sed in propagating the wasps. It seems that if during 
the encl of April and during May, several thou sand of grubs are 
collected, the'se can be stored at low temperat ures (about 45° F. 
being ·suggested ) either in a proper cooling plant or a good foe-chest, 
und er which condition s the growth of the g-rubs is suspended until 
they are resto r ed to normal temperatu r es a few days before being 
required for use. 

INTR ,ODUCING PA.RASI'l'E S FROM ABROAD 

This is not a new idea in Porto Rico, and a most excellent summary 
of all tlrnt has been done in the dire ction of attempt ing the control 
of the suga r-cane pests of Po r to Rico by means of introduced parasites 
,,,as writte n by 1\fr. Wolcott and published in th is Journal in January , 
la22. Neverth eless, it is felt that the present paper would be in-
complete without a brief resu.nie of what was accomplished along 
tilese lines. 

Altho1:1gh great success followed the importation of the Au st ra-
lian lad y-bird beet le ( G1·yptolaemus monfroit zieri, 1\Iuls.) from North 
America, to combat scale-insects and mealy-bugs - ( Coccidae) in Porto 
Ri co, 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 State s, due , in 
the writer' s opilli on, to an inju dicious selection of the country whence 
the parasites were obta ined. 

During the period 1911 to J 9] 3 i\Ir. C. E. Hood, and later, ~,fr. 
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Wolcott, was engaged by the E xper iment Station at Rio Pieclras to 
ar range for the collection of large num bers of Tip hici inol'ncita, Say, 
1'. pu11ctafa, Robt ., and other species of th e same genus that eX(\J"t 
a marked cont rol over L achnosterna in Illin ois and other Stat es. 
The mat erial was collected in the form of cocoons and shipped to 
Porto Rico, some in cold storage, other at norma l temperatures by 
fir . t-cla.5s mail. At first very few adult s were secured , but later , 
when impro vement s had been mad e in the methods of handling the 
in.-ects during transit and after arrival in Porto Rico, good per-
centag es of emergence were obtain ed. The wasps were tri ed out 
upon var ious white-grubs and, although in one or two instan ces th ey 
stung the grubs and oviposited upon them, no cases wer e re corde d 
where one of the import ed species of wasp had been reared to 
maturity uppn a Porto Rican grub. In addition to attempting to 
rear t he wasps artificially upon cane-grubs in capt ivity, several 
hundreds of adult T1"phia were released in some grub-infested field s 
cn the south coast . It cannot be said definit ely that th ese wasps 
have ent ir ely £ailed to become estab lished in Porto Rico, but it is 
c·crta in that t hey have not incr ea. eel to such an extent as to make 
their presence felt to day. 

Whil e i t is quit e possible success might foll ow introdu ctions of 
white -grub parasites from North America, th e writer considers it 
far more probable that such would be obtain ed with parasites from 
neighbourin g West Indian island s and from th e mainland of South 
Ameri ca, where the necessary condit ions app roa ch closer to those of 
porto Ri co, and it ·seems likely tl1at para sit es from these count r ies 
stand a bette r chance of becoming acclimatized in Porto Rico than · 
species native to temperate region.-, though this doe·s not necessarily 
app ly to all pa rasi tes. 

'fhro ug·h th e enterpr ise and interest of the Cent ra l Aguirre Sugar 
Company the wri ter has already been able to demonstrate that there 

· occur in Santo Domingo several Scoliid s (Dielis atrata, D. pyriiru 
and Eli s xanthonotus ) whi ch are so rar e in Porto Rico that th eir 
re-establishment and distr ibution in this I sland is desirable. In 
addit ion to th ese, other parasites were found in Santo Domingo 
<luring th e writ er's short v isit in Jul y, in numbe rs insu.fficient to 
iuake shipments. It is very p1·obable that a more extend ed surveJ 
of other parts of Santo Domingo as well as of t hose localiti es already 
visited by th e writer in that country, would reveal the existence of 
o1 her forms of parasites likely to prov e beneficial to Porto Rico, as 
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"·ell as a greate l' abu ndan ce of those alr eady fou nd ther e in sma ll 
nu mbers . 

A glan ce at Appendix II at the end of this pa per will ser ve t o 
show wh at a field r emains in t his lin e of work ; t he wri te r considers 
that Cu.ba, J arnaica, Tri ni dad and Bri tish Guian a ar e especia lly 
worthy of att en tion in r espect of t he spec ies of Scoliids known to 
occur th ere, and th ere can he litt le doub t that an ent omologist 
sear ching .f:or th ese in sects would find for ms not yet descr ibed an d 
cat alogued . I n additio n to the count r ies mention ed above, ther e 
are others of th e W est In dian islai1d·s whi ch shoul d br t aken into 
consid er ati on, as well as Columb ia an d Venezue ]n on the mai nla n d 
of South Ame rica . 

]Yfention has alr eady been made of 'l'iphici pcwcillela, Sm., whid1 
aids in keeping down the nu mbers of the Melolonth id Phytaliis sinithi 
Ar r ow, in Barba dos. 'r his ScoLiid has a vari ety of hosts, although in 
Barba dos no Lamelli corn oth er th an P. smWii is know n to he att acked 
by it. I n A nti gua it attac ks L achnosterna antignae, Arr o"·, a species 
almost identical in size bot h in t he adn lt an d larva l state with P. 
smit lii of Bar bados, and L. gna.nicrmci and L. citri of Po rto Rico . 
I n Brit ish Guiana Tiphia parnllelci is not known to at tack 1Vlelolon-
thid s, but the wr it er ha:s fou n d cases of p aras itism of Dyn asti ds of 
the genu s Dyscineti is by it in tha t count ry. 

In re fer en ce t o an atte mpt that was made to int roduce '11
• pcirnl-

lela into P orto H,ico, lVIr. W olcott sta tes : 

" One hundred cocoons were sen t (fro m Barbados) in Apr il, 1913, arnvmg 
a month later, but only ten adults emerged . No special arra ngements had been 
made for atte mpting to have t hese breed on the gru b s of Phytal11.s insu -laris. 

· Smyt h (ap ·icalis, Blanch .), t he most nearly related ('?) Po r to Rican species of 
grub, and the fe males did not oviposit 011 the larger Lachnosterna grubs .*'' 

In sp ite of th e negative results r ecor ded by Mr . Wolcott, the 
wri t er thinks that Tiphia para.llcla shou ld be given another t r ial 
·upon Po rto Ri can white -grub s, esp ecially th ose of. Lachnosterna . 

* I consi der both Lachnostenia gi,anicana ancl L . cit,·i to be closer re lat ives of the 
Barbadian L . (P hytalus) smi lhi than I,. (P.) a71icalis 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 larva l stage of these beetles that is selecte d by the Scoliid 
parasi t e as food for its progeny, I fail to see th at it matte rs very muc h that the presence 
or absence of a certain detail in the st,·uct ure of the ad u lt form ( in this in stance a cleft 
cla.,v in the male sex) exists, for suc lt must he unknown to the wnsp, which is fruniliar only 
with the subte rra nean lar va, and which cann ot have any idea of wh at the ulti mate develop· 
ment of the lar va wou ld be if it left it u nslung. There arc, to my kn owledge, no charac· 
ters p rese nt in the lar vae of the so-called Phytalus which separate th at genus from Lachno-
sterna.- H . E. B . 

(See second footnote on page 51. ) 
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giianicana and L . citri, and suggest s that the intro du ction be mad e 
from Br itish Guiana rather tha n from Brabaclos , as tliey can reach 
this Isla nd in le; s tha n ten day s by mont hly sailing s of the Dutch 
Royal Mail boats from Georgetown, Demerara , whi ch connect with 
the "Red D" line at La Gnayra , Venezuela. Advantage could then 
he take n of bringing ·in several other desirab le paras ites which occur 
in Brit ish Guiana but not in Barbados, viz., certain Braconida e "·hi.ch 
prey upon moth borers (Diatm eci saccharalis, F. ) . 

It may be of intere st to r ecord that in the summer of 1924 a 
consignment of adult fema les of Scolia rnanilae, Ashm. were brought 
into Porto Rico from Hawaii , by Mr. Norman Kay , of the Central 
Aguirre Sugar Company. Th ey bad been introduc ed into Hawaii 
some year s pr eviou sly from tb e Phi lippin e I slands to combat Anoniala 
orientalis, a sngar-ca11e white grub. 'l'he writer is not awar e that 
any detai led exper iment s were carried out with the ·wasps with grubs 
in captivit y, but about a hundred of them wer e re leased in a grub-
infested region on one of the Aguirr e hacienclas, wher e it is possibl e 
they may breed. 

In addition to th e Scolii dae th ere ar e other typ es of para sites 
whi ch would be met with during the sear ch for th e wasps, and among 
th ese are flies which attack both the larvae and adu lt<; of the Lam el-
licornia . Mr. Wolcott has informed the wr iter of th e existen ce in 
Haiti of a rrachinid fly, Ptiloclexia hm·pasa, "\"i\Talk, which para siti zes 
the larvae of La chnosterna hogardi, Blanchard , a beetl e very closely 
relat ed to L. por toricensis and L. vandin ei. 

An accoru1t of Ptilod exia harpasa fa given hy D1·. J .. J. Davi s 
in hi s " Contributions to a K110\\·ledge of th e Natural En emie's 
(,f Plvyll oplwga " (Illinoi s Stat e Natnra l Hi story Surv ey, Bulle t in , 
Vol. X I II, Art. V, pp. 82- 84, 1919) . Dr. Davis remark s that "Thi5 
fly, first recorded as a white-grub para site under the name tibfrilis, 
has a wid e distributi on, occurring, accordi ng to pnbli shed record s, in 
Nova Scotia and Ontario, Can.; and in New Hampshire , New Jer sey, 
Minn esota, Texas and New Mexico.'' 'l'his para sit e, tl1en, ha s a ra nge 
e:xt ending· from South ern Canada to Hait i in the Greater Antill es. 
] t seems quite logical to suppo se that an insect which exists und er 
snch a wide ra nge of climatic condit ions, and which work s upon 
many different species of Lachnos tern a, inclucli11g both temp erate 
and tropical species, ,rnuld be easily adaptable to Porto Rican 
condit ions. 'l'he writer believes that Pt. ha1·pasa is the most likely 
of all for eign Diptera to become establi shed in thi s J sland. and hop es 
to attempt it s introduction from Hait i at some tim e in the fut ure. 
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CONCLUSION 

'l'he writer makes no claim that the present paper is a complete 
treatise upon the subjects dealt with. Many aspects deserving of 
deeper considerati on 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 lin e of control here suggested and advocated 
as being adopted against one of most serious pests of Porto Rico's 
major crop. 

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 Scoliid wasps, and that this paper may prove of 
S'Jme 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 or 
native and the introduction of foreign parasites should not discourage 
further attempts from being made, but should serve to stimulate 
interest until the right parasites have been found, as th ey inevitably 
will be if the work is started and continu ed in an intelligent and 
determined manner. It 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-organiz ed campaign, under good administration and with no 
lack of funds , should produc e results within a few years sufficient 
to defray all expenses and leave a substantial balance in the pockets 

· 0£ the plant ers . 
'I'he enti re cost of establishing properly equipped labor ator ies on 

the north and south of Porto Rico, together with a good library 
and all otl ier necessities at whichever ·was made headquarters , a!:l 
well as all travelling expenses in connection wit h the search for 
raras ites abrnacl and at home, could he horne by a tax of 25 cents 
for ' every acre under cane cultivation the first year, and considera bly 
less during subsequent years. 

The sugar industry o.f Porto Rico loses not less than three millio7~ 
ciollars every year through the 1·a,vag,es of stalk-bm·ers, and to this 
must be added the loss clue to white-grubs and "·eevil r oot-borer, so 
that five million dolla1·s would not be a too high estimate of the 
l slan,d's ann1iai loss through suga1·-came pests . Many prominent 
sugar companies have been known to install outfits and processes 
iu the mill at considerable cost, to increa se the sugar output by about 
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0.1 per cent or even less; and frequently theE:e are done as a specu-
lation. Su r ely, the n , some similar investment might be made in 
the fielcl (fo r, after all, the raw product - sugar cane- is the basis 
of the entire ind ustry ) whi ch would pro bably yield a bigger per-
centage of ga in at les·s cost in the long run. 
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APPENDIX I 
(NOTE.- Tn the following, an aste ri sk ('') signifies tha t the Scoliid is not 

actually ~mown to paras it ize the grubs under field condit ions, but has been found 
to do so e:,.-perimentally.) 

A . P ort o Ri can Can e-gr ub s and their Scoli id P arasi t es, Wh ere K nown . 
Lachnoster11a, portoricensis, Sm. 

Paras ites : 
Di elis trifasciata, F . 
DieUs dorsata, F. 

* Dielis p');rnra, Roh. 
·• El is xanthonotus, Roh. 

Lachno ··ternci vandinei, Srn. 
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Para site s : 
Unknown, proba ·bly the same as abo,-e. 

Lachnosterna g11a1ticcma, Sm. 
Parasites: 

Unknown. 
Phytol11s apicalis , Bla nc h. 

Para site : 
Elis 7wem.orr7wic7alis, F. 

Stra.taeg11s tita-rvus, F . 
Para site: 

* Dielis atrcrta, F. 
Ligyrus tu11111losi1s, Burm. 

Pa1·asite: 
Di ez.is clorsata, F. 

B. Por t o Ri can Scolii d W asps and t heir H osts, Wh ere Kno.wn . 
Elis haemorrhoidalis, F. 

Host : 
P71ytal'l.ls apicalis, Blach. 

7-;lis xamthonot1is, .Roh. 
Host : 

* Lachnosterna porloric ensis, S111. 

Dielis atrnta, F . 
Ho st : 

* Strataegi1s titanus, F. 
D ielis d01·scita, F. 

Hosts: 
L igyrit.s tivnmlosu.~, Bmm. 
Lachnosi erna portoricensis, Sm. 

Diel is znJr-iira, Roh. 
Host: 

" Lach nosterna 71orlorice11sis, Sm. 
Dielis trifasciata, F. 

Host : 
Lachnosterna 71ortorice11sis, Sm. 

APPENDIX II 

LIST OF 'rHE "OOLIIDAE OF ' l'HE WEST IKDIES AND BRITI SH GUIANA 

The writer is greatly ind ebted to th e Imperial Bureau of Entomology, Lon-
don, E ngland, for supplying the nam es of the majority of t he spec ies listed 
below, these being represented by specimens in the collect ions of the Br itish 
Museum (Natural History ), whence the names were obtained. The list: is as 
complete as the wr iter is able to make it. 

Elis lwemorivwidalis, F. -P or to Rico. 
E. ep hippilum, F. - Porto Ri co, Sa-nto Domingo , Antig-na, St. Thom as. 



356 THE JOURNAL OF THE DEPARTMENT OF AGRICULTURE 

E . ni"tida, Srn.- Port o Hico, i anto Domingo. Haiti, Cuba, Ja m- ea. 
E. bocZkini, 'furn .-De merara. 
E . flavopicta, Sm.-B r .iti sh Guiana. 
E. xant honoti1s1 Hoh. ( syn. czihippiu m. F .) -Porto Hico, Sa nto Domin go. 
E. szi. ince rt. (11ndetermined)-Sa nto Domingo . 
PI erom b11s ici/liamsi, Tm·n .- Dcmerara . 
Tiphia camero11i, D. T. , var.-Gren ada . 
T. Nitida, Sm.- J ama ica, St. Yincent. 
J' . argentipcs , Cress.-Port o Rico, Cuba, St . Vincent. 
'l'. varallela, Sm.-Barbaclos, Antigua , Briti sh Guiana. 
1'. vmwtata, Robt. -S anto Domingo. 
Scalia (Discolia) {}1lUata, Bm m.- Trinid acl. 
S. vlmnipes, Dru .-Porto Rieo. 
Diel·is atrat a, F.-Porto Rico, San to Domingo, Cuba, Ja maica. 
D. veregrina, Lcp .- Dominica , Tobago. 
D. pyrura, Rob.-Porto Rico, Santo Domingo, Hait i. 
D. costalis-, Lep.-British Guiana. 
D. trifasci(lta, F.-Porto Rico, Santo Domingo, Ha it i, Cuba, J amaica. 
D. maculata, Dru.-Porto Rico. 
D. tricincta, F .- P orto Rico, San to Domingo, Cuba , Jamai ca. 
D. tricincta, F. , rnr.-'L'riniclad. 
D. dorsata, F.- P orto Rico, Barbados, Briti sh Guiana. 


