
THE DIAPAUSE PORTION OF THE LARVAL PERIOD OF 
DIAPREPES ABBREVIATUS L. 

B r GEORGE X. WO LCOTT, E 11t(,1/I0 10[Ji .•t. 
Insular Experime'llt Station, Rio Piedras, Puerto Rico 

Investigations on the life -history of Diaprepes abbrevi(J)tus L., 
ini tiated more than three yeal's ago, are at present sufficiently com-
plete to justify another report of progress. In a previous paper (1), 
the first part of the larval period , that of growth, has been discussed. 
Results of the rearings of the past year, conduct ed with grubs hatching 
from egg-clusters collected in alternate months throughout the year, 
indicate that little is to be added to the data there given on this 
part of the larval period. 'rhe variation in rapidity of growth is 
apparently not, to any considerate extent, due to time of year, but to 
the individuality of grub s, and th e var iati on in vigor of grubs from 
different egg-clusters. 

To eliminate possible disturbing factors in the more recent ex-
periments, all egg-clusters were collected from a single small citrus 
nursery on the Station grounds at Rio Piedras. .At the beginning 
of the experiment s, a single large can of soil was collected, and from 
this all soil used in the rearing work was taken as needed. Only 
rain water was used for moistening the soil. The grubs were supplied 
only with corn for food. .All of the cans containing the growing 
grubs were kept in the same desk dra.wer, and, so far as possible, 
received the same treatment. The soil in the cans was maintained 
at a uniform humidity, so that ordinarily a single medicine-dropper-
full of water at two-day intervals r estor ed it to optimum humidity. 
The cans were examined three times a week ; partly ea.ten corn and 
too large seedlings removed, growth of the grubs observed and re-
corded, fresh food and water added, and each can promptly returned 
to its place in the drawer beside the others . o record was kept of 
temperatures, but they were subs tant ially the same as those r ecorded 
for the Station in the official Weather Bur eau kiosk a few hundr ed 
feet distant. 

One grub, from an egg-cluster hatch ing September 7, 1933, molted 
to eighth instar (which is consider ed the equivalent of having at -
tained full growth ) in 48 days, and two other ind ividuals from this 
same exceptionall y vigorous egg-cluster molted to eighth instar in 
53 and 58 clays, respectively. Th e best record for rapid growth 

417 



418 THE JOURNAL OF AGRICULTURE OF THE UNIVERS ITY OF P. R . 

pr eviously obta ined was 59 days . Actua lly, this means lit tle, for 
other indi vidua ls from t he same cluster , r eceiving exactly the same 
t r eatment and hav ing exactly the same opportunity to obt ain food, 
req uir ed 100 and 119 days to attain the same size. Th e average 
period required by the 26 grubs reared from th is cluster was 72 
days; that of another cluster hatching in Septe mber 78 days. That 
of grub s from three clusters hatching in Ju ly was 86 days; . that of 
grubs from thr ee clusters hatchin g in November 85 days; of one 
cluster hatching in January 98 days, of anot her cluster hatching in 
J anuary, the minimum was 100 days; of one cluster hatching in 
March, the minimum was 110 days. (Records for other months not 
yet ava ilable.) These records would appear to indicate t hat season 
of the year may have some effect, but temp eratures certain ly ha.v,1 
littl e to do with rapidity of growth . 

.Admittedly , these records ar e obt ained when the grub s are kept 
und er what are supposed to be opt imum conditi ons of food, cleanliness 
a.nd moisture, and possibly they give litt le indi cation of what might 
be norm al condit ions in the field, especially in the more arid r egions. 
Th e soundn ess of thi s critic ism r ests on the assumptio n that Diaprepes 
gr ubs ordinarily occur abu ndantly in arid or semi-arid regions; ac-
tually they a.re numerous mostly in irr igated fields where the soil is 
artificially maintained at a more or less even humid ity by irrigation. 
In any case, the records establish a basis from which t o estimate the 
effect of less favorab le envl.i.ronments. Th at the condit ions were 
opt imum for growth is indica ted by the fact tha t morta lity among 
the growing grubs was practica lly nil, afte r each, in the 3rd or 4th 
ins tar, had been placed in a separate can. In th e earl ier instars , all 
the grubs from one egg-cluster were kept in one can, and the mortali ty 
due ~o crowding was high . Presumably, such mortali ty does not occur 
in the field , where the grubs disperse widely, and do not come in contact 
with each other after ente ring the soil. Even in the cans, crowdi ng 
may not have been the only factor involved, for many more grubs 
survived to be transferred to separate cans out of what are designated 
as the more vigorous egg-cluster s. No indication of vigor was to be 
noted in the egg-cluster its elf , but the grubs from such clusters molt ed 
to second instar in a half or even a th ird of the time r equired by . the 
gru bs from other clusters. This appea r ance of superior vigor may 
be a delusion, and may have been ind uced entire ly by a more favor -
able environm ent. Yet every effort was made to provide equally 
favorab le environm ent for each egg-cluster: sprouted corn seedlings 
with some tender roots , in soil not quit e so moist as that maintain ed 
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for the old er grubs. It seems hardly likely that such slight differences 
in environm ent as would not be obvious to the experienced technician 
would so profoundly modify the vigor of the grubs as to be apparent 
not only in the num ber surviving and the rapidity of growth .in the 
ea1·lier instars, but sti ll obvious thruo ut the growing period . 

Th e success in rearing the grubs in the earli er growth instars . 
was not, until recently, equaled in that of the later p eriod of wait ing 
previous to pupation . Out of all the grub s reare d in 1932-33, only 
one surv ived to pupat e. No assigna ble cause for death was apparent, 
yet each successive examination disclosed one or more deaths. Some 
of the grubs gave th e appearance of being partially roasted, and to 
reduce the temperatures to what might be normal in the field , all the 
cans were placed in a cellar under t he librar y buildin g. The maxi-
mum and minimum thermo meter kept beside them indicate d lit tle 
difference in t emperatures from those obtained in the standard 
vVeather Bureau kiosk outside, and fata lit ies cont inu ed, so that by 
fall only one grub was alive. Obviously, some other type of con-
tainer must be provided to enab le the grub s to live thru th is wait ing 
per iod before pupat ion. 

One possible method of reduc ing temperatures , comparabl e to what 
occurs in the field, would be to have the container open at the top, 
inducing evaporat ion of moisture from the exposed soil. If an abun-
dance of moisture were suppli ed from below at sho1t intervals, tbe 
difference in temperature might mean the differ ence between the 
death of the grub and its successful pupation. To obtain such a con-
tain er, thick glass tubes, an inch in diameter by four inches long, 
open at both top and bottom, were used. 'I'he bottoin was closed 
by means of a plaster of Paris plug, % to 1% inch in height, pour ed 
into the tube, and such tubes, with a porous bottom, were placed 
on moist sand. Two-th ird s full of soil, they promised to offer a 
super ior environment for the grubs. To bett er understand the later 
modifications that were found necessary in the equipment of these 
tubes, a fu ller discuss ion of the act ivities of the grubs during this 
waiting period should be given. 

Molting to eight h instar has arbitrar ily been taken as markin g 
the transition fro m the peri od of gr owth to that of waiting befor e 
pupation, as most grubs attain their maximum weight at this time. 
At best, however, it indicated only the averag e of all grub s, not the 
condition of any indi vidual grub. One precocious grub (No. 14 I sa-
bela), as r ecord ed in the previous paper, pup ate d from the sixth in-
1:itar , and did most of its wait ing when only half grown, in the 
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fourth instar. (See life-history chart, Fig . 3) . This was during 
the month s of September thru November, so th is period can hardl y 
be eith er aestiv at ion or hibernati on. Possibly it might be called a 
"diapau se," a general term for such periods of waiting until th e 
proper stimu lus is received for a continuation of growth or trans-
formation to the next stage of development. In th e case of the grubs 
of Diap,·epes, Dr. W. Dwigh t Pi erce advises that it might more spe-
cifically be called " delayed pupation, active diapau se." Ordinaril y , 
it occurs when the grub ha s attain ed full size. During the first part 
of th e period , the grub is exceptionall y active or restless. In the 
closed container s, the earth is so thorou ghly churned up that th e 
corn seeedlings come to the top with most of their root s broken off. 
Lat er , especially if th e soil is exceptionally moist, the grub may 
form an oval chamber in which it rests quietly, or this may be ex-
t.ended for several in ches, and possibly in nature might be quite ex-
tensi ve. "l'he grub rests in the chamber, but is rou sed to immediate 
a ctivit y when dist urbed , and ther e is nothing sugg estive of dormancy 
in th.e fact that it has mad e a definite chamber in the soil. 

The beginnin g of this active diapause is evidenced by the fact 
that the gru b ceases to eat. It may nibble a bit at the corn seedlings , 
but usually such injuri es as they sustain are caused by the r estless-
ness of the grub , rath er than by its feeding. It s tentati ve nibbling 
is in no way compara ble to its vora city of a few weeks pr evious, when 
it was making most r apid gains, and often almost ent ir ely devouring 
one or two, or even three, gr ains of corn within two days. Ordinarily, 
the gru bs which have grown most rapidl y molt to nin th or te nth , 
or even eleventh instar before ceasing to eat, while those which have 
been most leisur ely in at tainin g full size oft en show signs of having 
attained full growth by the time they have molted to sevent h insta r . 
I n genera l, the grubs of an egg-clu ster r each full size at about the 
same time, or at least th is is a sufficient ly close approximation to the 
fact so that all can be t reated alike at the same tim e. When all the 
grubs gave plain indications that they were no longer eat ing, they 
wer e tran sferred to the open tubes. This was in from 100 to 125 days 
after hat ching. 

The first grub s transferred were sti ll in the stage of aimless rest-
lessness, when they were never quiet for long. Some of these grubs 
appar ent ly came to the surface of the soil, someth ing that would 
rarely occur in natur e, but was induc ed by th eir cramped quart ers 
in the t ube, and as they wer e not found late r, were presumably 
devour ed by the lizard s which in fested the insectary. Others not 
only burrowed thru the soil , but also into the plaster of Paris stoppe r, 



422 THE JOURNAL OF AGR,ICUL TUR E OF THE UNIVERSITY OF P. R. 

thru it, and escaped into the moist sand beneath. These could be-
r ecovered, and replac ed in their tube, or a fresh one, but often re-
peated their escape from its confined area . To confine them within 
th e tube, fresh tubes were prepared with a round section of wire· 
screening sunk into the stopper by pouring an additiona l small 
amount of plaster of Par is on top of the scr een. Such looked well 

Fig. 4. Equip ment used in rearing larvae of Diapr epes abbreviatus L. (Original), 

before being used, but the restless grubs churned up so much of the-
plaster of Paris above the screen that lat er practise consisted of 
placing ear th dir ectly on the screen. (In the accompanying draw-
ing, the completed tube, befor e adding the grub or earth is at the left; 
in front of which is a small pile of the circu lar screens, with one erect 
on top. Jext is a tube in use, with earth, grub and label ; behind 
is a series of tub es containing grubs from one egg-cluster, placed 
together on moist sand. In front are the tin salve boxes used for-
rearing during the growth pe riod, and to the right the bottle of rain 
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water with medicine-drop per used for mai nt ainin g constant humidity 
in the cans.) One lat er refinement was to plac e anoth er bit of screen 
on top of th e earth , somewhat retard ing evapo ratio n to be sur e, but 
at least insuring th e safet y of the grubs from the omnipresent powl-
ing lizar ds. 

Previously unu sed portions of earth wer e placed with the grub 
in the t ube, and as this earth had been air- dry for six or eight months 
pr eviously, troubl e was avoid ed from mit es, worms and other soil 
inhabitants that had oft en become num erous in the closed contai ners 
and may possibly have been contri buting factors in causing the 
death of the grubs. The grubs were not supp li ed with food in the 
open containers. It was anticipated that the small bore of the tube 
would give the grubs so li ttle room that they c<Juld be kept under . 
constant observation . Actually, the grubs were remarkably successful 
in keeping hidden most of the time , an d for thoro in specti on, most 
of the earth had to be dug out of the tube until the grub was exposed. 
Naturally, th is could not be done oft en , and in practi se, the tubes 
were casuall y examined only once or twice a week to add additional 
water to the sand beneath them. Rain water was added until the 
sand was saturated, and sometimes if the tubes seemed dry just above 
the plug, wat er was also added from above. Actually , the soil at 
the bottom of the tube s was found to be always very moist , when 
remov ed, even tho the top might be a ha rd, ·dry cru st . 

The first indication of the success of the use of this open-top 
typ e of container in permitting the gru bs to pass this period of 
waiting previous to pupat ion was given on March 1, 1934. On this 
elate, a clear area at the side of a tube containing a grub which had 
hat ched from the egg on September 11, 1933, was noted, which, on 
being mor e closely examin ed was found to be a win dow thru which 
a freshly form ed pupa could be plainly seen. 'l'he window was higher 
than it was wide, indicating that th e pupal chamber was vertical, 
rather than horizontal , as had been all the chambers prev iously made 
by grubs in earl ier stages of their exist ence . Th e pupa was entire ly 
milky, waxy whit e, and very active when the tube was picked up . 
Such activity is pr esumab ly normal , for in this case it had caused 
the window by scr aping away the mud separating the chamber from 
the glass, and app ar ently serves to further enlarge the chamber afte r 
pupa t ion and to compact its sides. The pupa r ested on it s anus, 
vigorously wigglin g from side to side, and gradua lly r evolving on 
this as an axis. Within a few days its eyes had dark ened, somewhat 
obscuring the individu al facets which were at first very distinct , 
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its claws were black and the underwings also being somewhat darker 
than the remainder of the pupa . When observed on March 19th, 
it had transformed to a soft adult. 

With in a few days, similar windows were observed in other tubes, 
and later, all t ubes were opened, to find that in most cases the grubs 
had formed vertical pupal chambers in the ir base, but equidi stant 
from the sides so that no exter nal indication of the chamber was 
visible. 
, Of the twenty grubs which had hatched from eggs laid in July, 
one had died sometim e early in Apri l, after having molt ed to the 
ninth instar after 109 days, and to the tenth instar after 248 days, 
on March 26th. Another died in May, from un determined cause. 
Six had disappeared, presumably having been eaten by lizards, hardly 

· a norm al end for soil-inhabiting grubs , and presumab ly practically 
never occurring in nature. .All the others, 12 in number, pupate d 
some time during Mlarch, and had transformed to adu lt after the 
middle of the month or early in .April. 

Of the 36 larvae which had hatched from eggs laid in Sep-
tember, 12 pupated in l\lJ:arch or early in .April , and transfo rm ed 
to adult short ly afterward s. ( In all observed cases, the pupal 
period was not more than a day or two longer or shorter than 15 
day s, and this may be consid ered normal, as. is 7 day s for the eggs 
to hatch after deposition: surpr isingly definite and fixed by com-
parison with the elast icity of the larval period.) Of these, two had 
reached eighth in star in 48 and 53 days re spectively, and two had 
requir ed 100 and 119 days to attain full size. That is: the two grubs 
which grew most rapidly and the two ( out of the same egg-cluster) 
which grew most slowly, all pupated, and shortly afterward s became 
adult, at practically the same time. Of the others fr om these clus-
ters, 8 died or disappeared during th e spring, 2 pupa ted in May, 5 
in June, 3 in July , 2 in August , while 4 are still active larvae at 
the end of August . 

The grub with the shortest lar val period was the one firs t noted, 
which, hatching on September 11th, molted to the eleventh instar afte r 
115 days, and was first noted as pupa after 170 clays, on March 1st. 
It had tra nsform ed to an adult by March 19th , after 188 days . To be 
sur e, this adult was not hard enough ·to emerge from the ground, but 
it indicat es a possible rapidity of development from egg to adult 
of only a little more than half a yea r. If the progeny from this 
individual could develop even a little more rapidly, t his would seem 
to indicate the possibility of two generat ions in a year. .Actually, all 
data point to no such possibilit y, for it did not come to the surface 
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of the soil until April 28th, and prov ed to be a male. Females do 
not begin oviposition until several days after emerging from th e 
ground, seven days ar e requir ed for hatching , and all gr ubs hatch-
ing from eggs laid in the spring grow slowly and have a longer 
diapa use period than those hatching in the summer or early fall. 

As an indic ati on of wha.t may be expected of grubs hatching later 
in the year, the case of the singl e gru b which survived fr om the 
pr evious year 's r earing may be cited . Hat ching December 24, 1932, 
it grew more slowly than others from this exceptionall y vigorous 
egg-clust er from Florida, Pu erto Rico, molting to the eighth instar 
aft er 91 days, and after in creasingly greater interv als to the thir-
teenth instar after 303 days, and was one of the first grubs to he 
placed in an open tube, in November 1933. I ts development can not 
be detai led thereafter , for it not only avoid ed the side of th e tube, 
but when the earth was later removed, it was found that the gru b 
had bun-owed into the center of tbe plaster of Pari s stoppe r so that 
it was completely hidd en from sight . Apparentl y, however, it had 
found a suitable environment, for when the stop per was broken up 
on March 23, 1934, a fully formed an d quit e hard male adult was 
found. Returned to the pupal chamber, it r emained alive there 
quietly resting until Apr il 28th. As au aeria l adult it. lived until 
July 5th. This individual had requir ed somewhat less than 452 days 
from egg to adult , which pr esumabl y is the normal complement to 
other indi vidual s which compl eted their tr ansformat ion in much less 
than a year. It s tota l life was 557 days, or slight ly over 1% year. 
None of the fully grown grubs which hatched from eggs laid in No-
vember, 1933, show any indic ation of pupation in th e spr ing or sum-
mer of J 934, altho all have attained their complete larva l growth. 
Int erpo lating with the data of the t hree other grubs that hav e been 
rear ed to pup a (r epor ted in the previous paper), it appears that 
the normal life-cycle of Diap1·epes abb1·eviat1is is completed in a 
year. Adu lt s are most abund an t in the late sprin g and early sum-
mer , and from the eggs laid by the females at this time, grubs develop 
during the £all which have their rest ing peri od durin g the wint er, 
pupate in Mar ch of the following spri ng, and emerge as adu lts ready 
to complet e th e cycle ju st a year later. 1Thi s is the normal cycle. 

Practically all of the gr ubs hatching during Jul y and August are 
able to complete their development by next spring , most of those 
hatch ing in September are able to do so. Pos sibly a few or those 
hat ching in October ar e able to complete their life-cycle within half 
a year, but th ese ar e the except ions, and all those hatching dur ing 
lat er month s have th e extrem ely long life-cycle that is complete d in 
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the second spring following. Some grub s may pupate at times other 
than in the spring , but the evidence to date consists of: 

1 pupa in late January (shortly before Jan. 27th ) . 
1 pupa in February . 

22 pupae in lVIarch. 
2 pupae in Apr il. 
2 pupae in May. 
5 pupae in June. 
3 pupae in July. 
2 pupae in August. 
1 pupa in September. 

Transformation to adu lt, in the case of insects with subterranean 
immature stages , does not necessarily mean immed iate emergence of 
the adu lt and its prompt functioning to start a new life-cycle. A 
gr eat div ersity of habit s is to be expected of Diapr epes, and presum -
ably some of the adult s do not emerge from the ground when most 
of the others do, but appearing first much later, survive to lay eggs 
in the fall and winter. Of fourt een adults on which observations 
are avai lable, one emerged from th e ground only twenty days after 
transformation from the pupal stage; most of them remained in the 
ground for a month or a month and a half; one for over three 
month s. Adults are most abundant in the late spring; and cause 
the maximum of damag e then by feeding on the tender leaves of 
citru s and avocado seedlings. Even in captivity, some adults after 
emergence from the soil live for two and thr ee months, and doubtless 
some of them live even longer in nature. Th ese possibilities of varia -
tion in adu lt behavior may explain the presence of egg-clusters in 
every month of the year, but regardles s of how one may account for 
their presence, the writer has exper ienced no difficulty in obta ining 
an abundance of eggs during every month of the year, at Rio Pie-
dras . They are ever so mu ch more abundant, however , during the 
late spr ing, and this should fit in with the normal life-cycle of a 
year. 

Apparently the most important factor in causing the variat ion 
found in the hab its of Diaprepes is th e presence of the egg-parasite, 
Tetrastiohus haitiensis Gahan. This parasite is so abundant in the 
late spr ing and early summer that 95 per cent of parasit ism of Dia-
prepes egg-cluters has repeated ly been observed at this t ime, when 
the host eggs are most numerous . As the season adva nces, the per -
centage of paras itism drops rap idly , and during the winter and spring 
is so low that only ra rely are parasitized clusters found. Thus the 
paras ite is of great valu e in reduc ing the numbers of grubs at the 
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time when they would normally be most abundant, but has litt le 
effect on them at other seasons of the year when they are relat ively 
scarce. This naturally results in the survival of the progeny of ex-
ceptional adults, late to emerge from the ground or except ionally 
long-lived and slow in oviposition, which escape parasitizm in the 
egg-stage. It would appear that the presence of the parasite is 
largely resonsible for distur bing the nor mal life-cycle of Diaprepes, 
for many of the adults appearing each spring are from egg-clusters 
laid out-of-season, which hav e thus escaped destruct ion by Tetras -
tichus. 

This would also explain the more pronounced seasonal abundance 
of Diaprep es where all the land is planted to cane, for under these 
conditions, the eggs are laid between cane leaves, the tough t issues 
of which effectually prevent their being parasitized by Tetrn stichus. 
This has two practical applications. (1) Th e period of hand-colle c-
tion :in cane regions may well be concentrated in the months of 
abundance. (2) To protect young citrus nurseries from grub at-
tack, however, collections must be continued thruout the year, 
for th e few beetles present in the fall, win ter and early spring will 
lay as many eggs which will develop into grub s as do the great num-
ber of beetles appearing in the late spring. 'l'he flush of beetles in 
the spring causes the greatest damag e to the leaves of the seedlings, 
but to protect their roots from damag e by grubs, hand-collection of 
adults at ALL seasons of the year is indicated as being essential. 

SU::1-Il\lIARY 

By using an open-top, porous bottomed type of individual con-
tainer for grubs of Diaprepes abbreviait1is L. during their r esting or 
" activ e diapau se" period previous to pupation, numerous individua ls 
have been successfully reared to adult. 

In most cases observed, pupation occurs in the spring , regardless 
of when the grub hatched. 

F ew of the many egg-clusters laid in the late spring produce 
grubs, because of heavy parasitization by Tetrastic hus haitiensis 
Gahan, but during the remaind er of the year this parasite is scarce. 

Diaprepes egg-clusters have been found in every month of the 
year; the grubs from some of these pupating in the next spring and 
completing their development in litt le more than six month s, others 
have an except ionally long "act ive diapause" te rminated by pupa-
tion in the second spr ing, resulting in a life-cycle of several months 
more than one yea~·. 
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