THE WHITE-GRUBS INJURING THE SUGAR CANE IN
PORTO RICO.

1. LIFE-HISTORIES OF MAY-BEETLES—Continned.

By Evcene G. Suyri, Acting Entomologist, Tnsular Experiment Station.

THE SUGAR CANE WHITE-GRUB—Continued.
INTECTION BY THE MUTARROIZIUM FUNGUS.

Infection of Phyllophage wandinet n. sp.¥ in the experimental
jarg and boxes by the green muscardine fungus, Metarvhizium anis-
oplige (also known as Entomopthore anisoplice and Isaria destruc-
tor), has been noted of every stage except the pupa. The number
of specimens that developed the discase, as compared to the total num-
ber kept in confinement under close observation, may be summed up
in the following table: '

Of 853 adults kopt in confinement, 81 heeame infeeted, or 9.5 per cont.

Of 1,502 cggs kopt in confinement, 10 heeame infected, or .G6 per cent.

Of 852 grubs, 1st imstar in confinement, 3 beeame infeeted, or .36 per cent.
Of 209 grubs, 2d iusiar in confinement, 3 became infected, or 1.43 per eent,
Of 117 grubs, 3d instar in confinement, 16 became infected, or 13.67 per cent,
Of 48 pupae kept in confinement, none beeame infected.

The majority of diseased specimens were adults, which is possibly
accounted for by the fact that they, moving about freely in the jars,
are more apt to transmit the disease from one individual to another
than are larvae or eggs. :

The stage in which the highest per eent of individuals became
infected was the third instar of the grub, in which infection was
necessarily contracted from the soil, which is believed to have con-
tained large mumbers of spores,

The degree of susceptibility to infection by the disease was, among
the immature stages of the beetle, lowest in the pupal stage and -
highest in the third instar of the larval stage.

The following couclusions have been reached regarding attack of

% The habits of this species, and suggestions for contrel, were discusseﬁ in the Third
Report of the Board of Commisgioners of Agriculture of Porto Rico (pp. 42—47), under

the name "Lachnosterndg grande,” ond its life-cycle (execept pre-ovipogition) given in the
Tourth Report (p. 47) under ihe sanic name.
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May-heetles hy 3 etm'ﬂ'h.i.'a'i'um, as result of the behavior of the fungus
in its attack on Phyllophaga vandines :

(1) Judging from its behavior in Jjars eontaining nembers of adults con-
fined together, the fungus had every appearance of being transmittable.

(2} In jars containing only two adults, the fongms gave no indication of
being transmittable. Out of 25 snch Jjars in which at least one beetle contrasted
the disease, in only two (or 8 per cent of them) did both heetles of a pair hecome
infected.

{3) In the case of grubs, transmission of the fuvgns from one grub to
another was not possible, since practically all of the grubs that hecame infecied
were reared in individual Toxes, Infeetion must have taken place through the
soil, : ’ :

(4) Comparing the infection of adults and of third instar grubs, it appears
that a higher degree of infectation may be brouwght about through the medinm of
infection from the soil than throngh transmission of the disease by countact.
There is no proof that transmission by contact ever takes place. .

{0) Attempts to artificially infect grubs by the introduection of dvy spores
into rearing boxes were unsuceessful,

(6) Since all nfected specimens, when found, were at once removed from
reaving boxes and preserved, artificial inerease of the number of spores in the
soil nsed was certainly very limited. It obviously required a very small quantity
of the spores to infect a large number of grubs and beetles.

(7) Spores were at 1o time introduced into {he soil by the writer, so must
have existed maturally in the soils of the diskriet where the experiments were
made. This was proved by the finding, outside the insectary, of the folowing
insects infected with the fungus:

Aphodins ap., two adults under manure in stoek lot.
Cantlon sp., a dozen or more adults in an outdoor eage.
Strategus titanus, one adult in an ovtdoor cage.
Ligyrus tumulosus, several adults in an outdoor eage.
Phytalus insularis, several prubs in an outdoor cage,

(The last four species were in separate cages, removed some feet apart, with
2o intermixing of soil from one to another.)

(8) Shipments of Metarrhizium spores were made by Mr. Van Dine, in
1911 and 1912, to Mr. T. C. Murphy of Gudniea CUentrale, who propagated the
fungus extensively on May-beetles in the same hacienda (Santa Rita) where the
writer’s experiments’ were conducted. Later shipments of spores to the same
disbrict were also made by the pathologists of the Station, Mr. Johnson and Mr.
Stevenson, This may have aceounted for the prevalence of the disease in the
insectary.

(9) Neither in grubs nor adults was there, ordinarily, any sickness or other
vigible abnormal condition immediately preceding deatk. Often grubs in pertect
condition would sueeumb to the disease in a week’s time or less, making it appear
that death was cauged by the disease alome.

(10} In some cases infeciion was aggravated by previous attack of the
grub by mites or bacterial disease, In cage of the latter, the dead grub usually
beeame only in part infected by the fungus, as though the latter were a 3apro-
Dhyte, whereas in grubs perfeetly héalthy hefore infection the entire hody became
covered with myeelinm, and later with gpoves, following death.
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(11) Normally, the disease had the effeet of delaying melting, or pupation,
thus lengthening the instar. 'T'he exeeptions were: two grubs in first instar that
dicd respectively four and -twenty-six days after hatching from eggs; and six
grubs in third instar that died within three months after last molting (one
thirteen days and one in two weeks),

(12) In the case of several grubs that died of this disease; it was noted that
the preceding instar was above normul in length, indicating that a rather long
period of infection Dy the disease precedes the outward aml visible signs of
disease.

INFECTION OF (GRUBS BY BACITRIAL DISEASE.

LA very high fatality of grubs in the experimental boxes was
caused, or had every appearance of being caused, by a bacterial dis-
ease that ig supposed to be identical with a disease described as
HMicrococeis nigrofaciens by Zae Northrop. (See Technical Bulletin
No. 18, Michigan Agr. Sia,. cntitled, ‘A DBacterial IYigease of June
Beetle Larvae, Laclitosterna spp.”’) The symptoms of the disease
are a turning black, and final dropping off, of one or more of the
legs at the joiuts, and the appeavance on the hody or head of black,
ghining spots, or lesions, which inerease slowly in size and may cover
_eonsiderable portions of the body before death finally ensues. These
symptoms, as observed in grubs in rearing boxes at Santa Rita, are
identical with those deseribed in the bulletin by Miss Northrup.
Further reagson for believing the two diseases identical may be found
in a paragraph of that bulletin, which sfates: ‘‘One hundred per
cent of larvae received from Porto Rieo (March, 1914) were more
or less infected.”” ,

After examination of the breeding notes, a caveful compilation
was made of the data concerning the infection of sngar cane white-
grubs {P. vandines} by this discase, and as result it was found that
sixty-two grubs were noticeably infected, of which number only three
pupated and became adult in spite of the discase. The other fifty-
nine died, apparently as a result of the disease.

Only the larval stage is attacked by the disease, eggs, pupae ancd
adults heing apparently immune. Of the sixty-two larvae attaclked,
fitty-nine were in the third instar {(which represents 50 per cent of
tlie total number reared), and only three in the sccond instar. No
grubs of the first instar were at any time obscrved attacked by this
disease. This is somewhat at variance with the remark made by
Aliss Northrnp that the younger grups are the more Susceptibl'e.

It is notable that at no time were grubs colleeted in the cane fields,
or elsewhere out-of-doors, found affeeted by this disease. Yet within a
few weeks’ time after they were placed in the confinement of boxes, the
digsense would make its appearance on fifty per cent of the grubs. This
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may have been due to one or more of three causes: (1) that the soil
used in the experiments contained the disease to an extent above
normal; (2) that the confinement produced a predisposition to the
disease through mechanical injury, since it is snpposed to reguire
an abrasion of the skin in order to permit the bacteria to gain access to
the grub’s body; or (3) that excessive humidity in the boxes was
favorable to the progress of the clisease. _

The fifty-nine grubs that died in experimental boxes apparently
as a result of the bacterial disease were divided into four groups, as
follows:

(1) Grubs with sure signs of infeetion, that died while still in the larval
stage.

{(2) Grubs wiih lesions, or other signs of the disease, that reached the pupal
stage and then died. '

(8) Grubs with lesions or other signs of (lisease that cdied, but were also
infected with Mcetarrhizium fungus, so that the exact canse of death was uncertain,

(4) Grubs that showed a characteristic blackening of gegments after death,
but of which no previous sympteoms had been noted,

Of these four groups, forty-five of the grubs fell in the first,
four in the second, six in the third, and four in the fourth.

Some idea of the progress of this disease, prior to death of the
grub, may be gained by the following records of ten individual
infeeted grubs:

(1) Jan. 18.—DLesion of 114 mm. on side.
Feh. 8.—Pupating; lesion is 2 mm. across.
Feb. 8.—Pupated. (Adult issued Mareh 3.)
(2) Teb. 17.—Has black lesion 114 mm. in dismeter.
May 26.—Same lesion now 2 mm. across; another lesion of 7 mm. CGrub
died as result of these.
(3) June 2.—Two right legs with bacterial lesions.
June 30.—Three legs on opposite side now infected.
Aug. 14—Grub died; discolored.
(4) Jure 2.—Right middle leg infeeted at tip.
June 30.—3ame leg half off.
July  3.—Tip of left middle leg infected.
July  7.—Tips of all legs but one infected.
July 26.—Preparing to pupate; sickly.
Ang. 5.—Died without pupating; infected with Melarrhigiuwm,
(5) May 3.—Has one leg with hacterial lesion.
June 7.—Pupated; pupa with tarsi of that leg missing,
June 25.—Pupa (ied,
(6) Feb. &5.—TIas four small black lesions.
May 26.—Three legs infected, a fourth half eaten off; a lesion of 214 mm.
May 30.—Grub dead, discolored,
(7) Feh. 18,.—A lesion 11 mm. one one side.
May 26 —Lesion is 2 mm. in diameter,
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June 30,—Two more lesions of 2 mm, on other side,
Aung, 5—Dead and black, including head.

(8) May 26.—Tip of one leg with bacterial lesion.
July 7.—1Ialf of same leg off from disease.
Aug. 21.—Grub dead and discelored.

(9) Juue 28, —Grub pupating; left middle leg eaten off.

© July 2—Pupa has a left Jeg, but small.
July 20.—Adult issned, imperfeet; died.

{10) June 27—Grub has lesion on head; two back legs infected (2d iustar).
July 5.—Has molted to third instar; two back legs smaller.
Dec, 11,—Grub dead; diseolored.

This bacterial disease can hardly be considered as possessing any
great pogsibilities as a means of artificial control of white-grubs, for
as seen by the observations cited above, its action in producing death
of the grub is slow, requiring in some cases months, under conditions
that may bhe considered ideal for its development. Whether it ever
produces fatality of grubs on a large seale in the flelds in Porto Rico,
at such times as during periods of heavy rainfall, as it is credited
with doing in some sections of the United States, is a question open
to further investigation. :

THE COMMON WHITE-GRUB.
Phyllophaga portoricensis . sp.*

This species is the eastern analogne of P. wendénes ocecurring at
the western end of the Island. Tis distribution covers approximately
the eastern two-thirds of the Island, being defined in the west by
a line running more or less north and south through the towns of
Vega Baja on the north coast and Ponce on the south. So far as at
pregent known, its eastern limit on the Island is defined by the east
coast. Speeimens that have heen recontly collected on the Island of
Vieques, adjoining 1Porto Rieo to the east, appear to Dbelong to this
species, so far as genital characters show, though being somewhat
larger and lighter in color,

In spite of its wider distribution, this speeies has not gained as a
pest the prominence of the preceding. Dawmage hy it, while most
-aceentuated in the sugar plantations, is by ne means confined to them.
Tts grub is partieularly injurious in eoifec groves and pineapple plan-
tations. As pines are usually not plowed up until some time after
the main crop is harvested, damage from white-grubs may often
go unnoticed, or be attributed to poor soil. We have received fre-

# This species has been mentioned, as a suppqsud vaviety of P. vendinei, nnder the
name of “Lachnosterre grande (northern form},” in the Fourth Report of the Board of
CJommissioners of Agriculture of Porto Rico, page 48.
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guent reports of pineapple fields tnrning yellow in spots, and when
the plaunts were uprooted the soil was found to contain many white-
grubs, which turned out to be the larvae of this species. Coffee
groves are subject to attack of this May-beectle due to the fact that
they are grown under shade of cervtain forest trees, the folinge of
which is much relished by the heetles. After feeding, the heetles
descend to the coffee ftrees hencath the larger shade frees, burrow
down into the soil in great numbers at their bases and there deposit
the eges. Naturally, the eges are fonnd, and the white-grubs that
Lateh from them do the damage, in whatever locations the beetles
descend into the ground. Omne of the principal shade trees of cotfee is
the “‘guama’’ (Ingea lawring), and its foliage is often badly damaged
by May-beetles of this species. My, Van Dine in a note of April 27,
1912, veports the finding of seventy-four May-heetles at the base
of a ‘‘gnami’’ tree in a coffee grove, and one hundred and sixteen
heetles at the hase of one coffee tree near by. It is not uncommon
to find thirty or more May-beetles of this species at the base of a
coffee tree. The beetles do not feed upon the coffee foliage, but
that faet does not, however, prevent the larvae from attacking the
coffee roots.

In sugar plantations, this speecies has heen Iknown to de local
damage, sometimes even extensive damage, particularly in the For-
tima and Agunirre districts, and at Humacao, Fajardo, and Cand-
vanas. No doubt there has been damage in other districts, net so
far reported. Outbreaks to an injurious extent seem however fo e
sporadic, and in none of the infested districts mentioned has attack
been go severe as to necessitate the continued employment of women
and boys to gather the grubs and beetles, as is done in the Guinica
distriet in the ease of the preceding species.

THE BrETrLE.

The adult very closely resembles that of the preceding species,
hut is usually somewhat greater in size {averaging 1 to 2 millimeters
more tn length}, darker in color, and with the surface sonmewhat
polished. In these characters it varies greatly. Tt is at onece dis-
tinguishable, in the male, by the sexual characters given in the table;
1. e, in the adwnate armatures of the male genitalia heing spatulate
at the tip where in . vandinei they are hifurcate.

Lilke the preceding, the adult of this species may he found in
the field during eight to nine months of the year. [t appears the
latter part of February to early March, and disappears during No-

vember. Stragglers are occasionally found in the winter months.
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LIFE RISTORY,

While the life-history of Phyllophaga poriovicensis Lias not heen
studied to the extent and with the thoroughness of the preceding
species, such studies as have been made clearly indicate that the
entire generation of the species is passed in one year, and that
there is sufficient variability in the length of life-cyele to give rise
to a considerable overlapping of broods, if indeed the species may
be said to have broods, The seasons of appearance in abundanece
scem to depend largely upon conditions of rainfall, which would
indicate that the stage of the life-cycle displaying the greatest varia-
tion in length, next to the third instar of the grub, iz the period
during which the newly issued adult is in the pupal cell in the soil,
awaiting the proper soil conditions (i. e, of moisture) to dig to the
surface and emerge for feeding and ege laying.,

A single individual of the species was reared through fromn egg
to adult, requiring for the transformation (from date of layiug of
egg to date of issuing of adnlt) two hundred and seventy-six and a
half days.

The average time required to undergo these transformations,
found by adding together the averages for the several stages of the
insect, each secured from a number of records, wag 29614 days;
the maximumn duration, by adding together the maximums of each
stage, 343 days; the minimum, 268 days. Redueed to months, these
figures show an average egg-to-adult period of approximately -10
months, a maximum of 1174 months, and a minimum somewhat
under 9 months. If larger numbers of individuals hiad been reared
through the various stages, the latitude of variation would undoubt-
edly have been increased. '

Toe Eos STAGE.

The deseription of the egg and the method of Taying given for
the sugar cane white-grub (P, vandined) will serve equally well for
this one,

The average length of the egg stage (from date of laying to date
of hatching), from reeords of the hatehing of fifty-four eggs kept in
eonfinement, was computed to be 13%4 days, with a maximum peried
of 16 days and a minimum of 12 days. The length of this stage
is practically the same as for P. vandines,

Pae WHUIE-GRUB, 0r LarvanL SyaeE,

The average duration of the larval stage of P partoricensis, ol-
‘tained by adding the average lengths of the three instars, proved

147




to be 262 days, which lacks four and a half days of being the same
as the recorded average duration of the larval stage of P. vandinet.

The lengths of larval stages of two individuals reared through
from egg to pupa were, regpectively, 242 and 252 days, both below
the average for the species.

The First Inster—This instar of the grub, computed from six
records, had an average duration of 32 days, a maximum of 40 days,

and a minimum of 26 days. Duaring this instar the grub increases
in length from abount 6-7 millimeters, when first hatched, to 18

or 19 millimeters at the end of the instar. The breadth of head
varies from 1.9 to 2.1 millimeters.

Tihe Second Inster—Tlhis, computed also from observations of
six individuals, had an average duration of 61 days, a maximnm
of 93 days, and a minimum of 43 days, which makes the seeond
instar of the grub of this species appear to be much longer than
the corresponding instar of the sugar eane white-grub. This is
due to the small number of individual reecords upon which the av-
erage is based, two of the six having required in excess of two months
{one of them over three months) to pass the ingtar, which is ab-
normally long, True averages ean be secured only from large num-
bers.of observations, which will require additional study in the case
of this species. The average length of instar from four records
not exceeding two months in length was 50 days, which is nearer a
correet average. '

In length the grub increases, during the second instar, from about
18 to 80 millimeters, and the head varies in breadth from 3.3 to
3.6 millimeters.

The Third Tustar—This ingtar of the grub, as in the case of the
preceding species, is taken as including the pre-pupal stage and is
ficured as the time elapsing between the second molt and the date
of pupdtiou The pre-pupal stage seldom exceeds a week in any of
the Porto Rican species of Phyllophaga.

The average duration of the third instar, from records Of two
reared grubs, was 169 days. The time reqmred by each of the
grubs was respectively, 164 and 174 days. To gain aceurate knowl-
edge of the average duration of thiz instar will require the rear-
ing of additional grubs in confinement,

The length of grub increases in the third instar from about 30 to
46 millimeters, and the head varies from 5.5 to 6.2 millimeters in
breadth. The average breadth of head, computed from seventeen
grubs of an average length of 39 millimeters, was 5.78 millimeters.
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Pura, AND Pri-EMERGENCE OF Apunr.

The length of duration of the pupal stage of six individuals,
was observed and recorded, the average from them heing 20.9 days.
The maximum was 23 days, the minimum 19 days. The average
measurements, from nine pupae, were as follows: length, 27.72 mm. ;
width at middle, 12.14 mm.; breadth of head, 6.8 mm. It will be
seen from these figures that the pupa, like the adult, is somewhat
larger in size than that of P. wandines,

We have not as vet secured figures to show the average length
of time spent by the adult of this species in the pupal eell, following
tts issuing from the pupa, before it digs to the surface of the ground.
In all probability the time varies from two wecks to a month or more,
depending hoth wpon the seagon of year and the moisture content
of the soil. During the winter months the beetle might he expected
to spend as much as two or three months in tho pupal cell before
digging to the surface. ‘

FEEDpING HABITS OF ADUL®.

The fceding habits of adults of this species, and their prefercnces
as to food plants, correspond exactly with those of its necar ally,
P. vandinei. The beetles feed upon the foliage” of a rather wide
range of plants, but show decided preference for certain species.
Some of these, as for instance, the banana, casuarina, or flamboyant
trees, may be almost stripped of foliage by the beetles. Other trees,
of larger size or with heavier foliage, such as the almendro, gnama,
coconut, breadfruit and trumpet. tree, may have the foliage badly
eaten, but do mot show the injury so muek as do the species firgt
named. Some other trees observed or reported to be fed upon to an
injurions extent by May-beetles are: bamboo (Bambusa vulgaeris), avo-
cado (Persea gratissima), achiote {Biza orellena), cacao (Theobroma
cacao), gnano (Ochroma lagopus), roseapple (Jambosa jambos), mango
(Mangifera indica), and mamey (Mammeq americans), though it has
not been definitely ascertained in every instance whether the speeles
doing the damage is this one.

Besides the trees named above, and these previously mentioned
of P. vandinei, the following plants are fed upon to seme extent by
this species: Ficus leevigata, Cordig corymbose, Cordia boringuena,
Albizzin lebbek and the corozo palm (Aecrecomia medie). Grasses,
aside from cane, arc not as a general rule eaten. Sugar-cane foliage,
thongh sometimes showing injury from their feeding, is not as a
ustal thing noticeably damaged, except where other -and more pala-
table foliage is not mear at hand.
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A strange thing regarding the feeding habits of this speeies,
which has been noted, is that the adulis are often found in abundanee
in the soil at the bases of trees and weeds upon which they do not
feed, such as coffee or young eitrus trees, or beneath the wild beren-
cena (Solanum torvum), while on the other hand they are seldom
found at the bases of certain trees the foliage of which they are very
fond of, such as banana and coconut trees. This is not due to a
deliberate ehoice of thie beetles ss to the lind of roots among which
to deposit their eggs, but is explained by the fact that the hectles,
hefore retiving to the soil for the day after feeding, take flight and
alight upon small trees or weeds, or upon any upright object afford-
ing them good foot purchase, down which they crawl to the soil and
enter it. Their holes are thus often found around the bases of posts
and dead weeds. Banana trees ave too sinooth to offer good foot
purchase, hence are not settled upon; and coconut pals are pro-
vided with a heavy abutment of closely interwoven roots at the base
that prevent the beetles from reaching the grouud frowm them.

Among trees and plants that are much fed upon by adults of Phyl-
lophage citri, but are shunned by this species, may be mentioned
orange, grape-fruit, Aecalypha, Grevillea, gnava, Lantana, Mieonia,
Clidemia, Trinmfetta and Urena.

PLIGHT, AND ATTRACTION TO LiGHT.

The adults of this May-bectle hegin coming forth from the soil
very soon after dusk, and before actual darkness. As observed in
a large outdoor rearving cage during the month of September, the
fight may bhe said to begin at 7:05 P. M. and to last approximately
three quarters of an hour.

The following observations were made on an evening of Septem-
ber first: The first heetles appeared ahove ground and took wing at
7:05 P. AL, and they continned to increase in nuwber nntil 7:20, then
remained heavy in flight vniil 7:35. A few heetles were still flying
when observations ceased at 7:50 P. AL

The adults are occasionally attracted to street lights, hut only
ravely are wore than three or fowr found arornd a light at one time.
Oun only one occasion has the writer ohserved an exception to this
rale.  On April 15 of the present year, aronnd a strong are light
ap the carretera af Martin Pefia, near Rio Pledras, over two hnndred
adults of this species were observed on the pavement, ag late as mid-
pight. The probable cause of their abnndance was the close proxiumity
of a nwnber of large laurel trees (Ficus natide), upon which the beetles
had perhaps been Feeding hefore the turning on of the strect lamps.
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Corunarion AND OVIPOSITION,

Copulation takes place nnmediately npon the cessution of flight,
and before feeding begins, novmally between 7:30 and 8:15 P, M.
T rearing ecages it takes place a little earlier, because the Hight
lasts a shorter length of time than under outdoor counditions. Copu-
lation lasts about thirty minutes. .

In the same cage in which the observations on flight were made,
the following motes were recorded on an evening of Scptember 2.
{huite a mumber of females were scen at about 8:40 P. M., resting
hoth on the sereening and on foliage with the genitalia protruded, in
receptive condition. The scarcity of inales in the cage accounted
for the fact that no copulation was seen. Beetles remain quiet in
this position for some minutes before they begin feeding.

Experiments to determine the rate of egg laying of this species
arc in progress, but have mot heen completed. The heetle’s life
above ground is helieved to last normally between two and three
months, and the cge-laying peried to eover in the ucighhorhood of
a month,

Insmor ParasiTISHM.

The insect parasites of this May-beetle ave identical with those
of P..vmiddmt’, the Tachinid parasite Cryptomeigenia aurifacies Wal-
ton being the most useful parasite of adults, and the predacious wire-
worm, Pyrophorus luminosus Illiger, the most cfficient insect enemy
of the grubs. "hese two parasites are very doubtless responsible,
m large measure, for the fact that this May-beetle has mot™ eamsed
the disastrous and widespread damage to sugar-cane properties on
the north and east coasts that P. vandinei has caused in the Guaniea
district, where neither of the two parasites oceur.

Unfortunaiely, all of onr notes relating to the Tachinid parasite
Butrizoides jonesi Walton, which were made previots fo 1916, fail
to indicate what species of Phyllophage were the hosts, sinee at that
time the diffcrent species were not distinguished. Necessarily, in
the Afiasco distriet the host was one of the two species P. vandines or
P. citri, or perhaps both, and in the San Juan distriet must have heen
dither P. ¢itri or the present species, if not both. Further ohserva.
tions will be necessary to determine the oxact host of this fly.

A Scoliid wasp known as £lis zanthonotus Rohwer, the fenale of

- which is black with a red spot on the thorox and the male black with
yellow cross hands, found very commonly in the fail in the vietnity
of Rio Piedras, may prove to be a parasite of this species or of P. g,
or hoth. Observations have not thus far revealed the host of the
wasp.
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Arrack BY THE MerarRrEIZIUM FUuNGUS

The only stages of P. portoricensis which have been recorded
attacked by the green museardine fungus ave the adult and the third
instar of the larva. TFrom the rearing jars and boxes have been taken
at different times, altogether, thirteen adults and two grubs attacked
by the fungus. The infected adults all came from twe jars, each
of which contained a good number of specimens, which would scem
to indicate that the disease had been communicated from specimen
to specimen. The grubs, on the other hand, were from individual
hoxes, and seem to have contracted the disease from the soil, which,
there is reason to believe, contained an abundance of spores of the
disease.

Of a total of twenty-four grubs reared past the first instar in con-
finement, the death of two by the disease represented an infection of
8 per eent. This may have been higher, as grubs were often pre-
served in aleohol immediately after their death, giving mo chance
for possible development of spores of the digease,

The per cent of infected adults, to the total number kept in con-
finement, was still higher than of grubs, but there is no reason to
think that such a fatality results from the disease under normal
outdoor conditions, since adults showing the disease have been very
rarvely found in the field.

THE SOUTH COAST WHITE-GRUB.
Phyllophage guewicane n. sp.*

This species derives its name from the locality in which the type
specimens were collected, namely, the Guanica Distriet of the south-
west eoast of the Island. So far as observations inform us, to date,
the species is peculiar to that district.

As a cane pest, it is of comparative inimportance begide the larger
species (P. vandinet) frequenting that district. Yet it wmst be in-
oluded among the pests of sngar cape, since the grubs oceur to a
certain extent in the cane fields among those of the commoner species.
In the nightly collections of May-beetle adults that are made by boys
employed for the purpose there is usually to be found, during the
months in which the species is active, a small proportion of adults of
P. guanicane. Actual counts made by the writer in 1914, at weekly
or semi-weekly intervals for a period of three months {from the latter

* This species wns firgt mentioned in the Third Report of the Board of (Jommissiolerg
of Apriculture of Porte Rico (pp. 42—43), under the neme of “Lachnosterne media,” and
n summary of its life-cycle (except pre-ovipogition) given in the Tourlh Report of ihe Board
(p. 47) under the same nome.
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part of March to the latter part of June), of the entirc nightly col-
lections made by the beetle pickers in cane fields, showed that less
than ome per cent of the May beetles eollected from sugar-cane foliage
belonged to this species, the remainder heing adults of the common
sugar-cane white-grub (P. vandinei).

“The following table, which is reprinted (revised) from the Third
Report of the Board of Commissioners of Agrienltnre (page 43),
gives the actual numbers of beetles of the two species collected on
the various nights:

Sanla Rita, 1974 P. guanicana P vandinel
o. 8. n, sp.

- March 30 32 2,968
April 12 2,868
" 80 3,226
I 9 3,188
N 10 2,650
' 43 2,692
May 5 1.279
' 12 1,838
Jane B 2.181
m 1] 2,584
‘e 1 1.322
“ I 1,865
240 28,281

‘The period of uetivity of adults of this species is much shorter
in duration than that of P. candinei. Appearing at about the same
time of the spring, during the latter part of Fehruary, it reaches a
maximum abundance about middle April to early May, then begins
to decrease in numbers and entirely disappears from the fields by
the middle of July. In fact, usually only a few are to be found after
the middle of June. Having a life-cycle of one year, like P. van-
dinei, it is hard to aceount for the fact that this specics confines its
appearance in the adult stage to a short season of the year,

Collections of adults recently made hy the writer at Yaueo and
Santa Rita on May 3 and 4 have shown that this species, outside
of cane fields, is equally abundant to . vendines in the Guénica dis-
triet in the spring of the vear. It was noticeable, however, that the
bectles fed largely upon trees and plants not frequented by the larger
species. They were particularly abundant on the folinge of Lantana
camard, the black sage (Cordia cylindrostechya), and the uear tree
(Bucida buceras), all of which grow in the upland, along fences or
scattered through pasture land, and none of which are extensively
fed upon by P. Vandinei. This leads to the belief that the grub of
this species is a sod-frequenting one, preferring dry upland soils,
and has not yet taken te the cane fields to any extent.
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THE BEETLE,

This species is very casily distinguished from P. wendinei by its
smaller size and somewhat darker color. The largest individuals are
smaller than the smallest of P. vandinei. In length the adunlt vavies
from 13 to 17 millimeters, in width from 7 to 814, millimeters. The .
average length is about five-eighths of an inch.

The thorax of the beetle, in hoth sexes, is polished, rich mahogany
brown; the elytra are sowewhat paler, and polished in the fewale,
but covered with a very fine plumbeous pubeseence in the male. The
species is very readily distinguished from P. vandines by an exain-
ation of the genital organs of either male or female. The charaeters
by which the two are separated ave given in the table in the preceding
part of this paper, and are quite clearly shown in the plate.

Lare-Iisrory.

Thig species has reeeived more study in the immatnre stages than
any other, next to P. vandinei, dve to its occurrence in the Guaniea
district, where the South Coast Laboratory was located and where
most of the white-grub studies and experiments were econducted,
Prior to the work done by the writer, the presence of this species
in the Guaniea distriet as distinct from P. vendinei seems to have
been overlooked, as there is nothing in the earlier notes to indieate
that twe species occurred together there, and no speeimens of the
species were in the collection of the Experiment Station.

The life-cycle agrees in a general way with those of the two pre-
ceding species in reguniring one year. The immature stages require
approximately nine months. ’

For some unaceountable reason, while a large nwmnber of the
larvae, or grubs, of this May-heetle were reared saccessfully to past
the middle of the third instar, only four individuals were suecessfully
reaved to the adult. Two others successfully reached the pupal stage,
but a great majority died in the latter part of the third instar. Most
of the fatalities oceurved within a single week of the summer, and it
ig helieved that the tin boxes, in which the grubs were being reared,
were allowed to become too hot from resting against a side of the
building exposed to the sun.

Of the four individuals reared through J"rom egg to adult, the
shortest reguired between 226 and 240 dnys and the longest between
321 and 331 days, which digplays a range of duration of from eight
-to eleven months,

The average duration of the egg-to-adult period, obtained as a
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sum of the averages of the egg, pupa and separate instars of the
grub, amonnted to 26814 days, with a waximum of 336 days and a
minimum of 207 days. Reduced to months, this gives an average
duration of 9 nine months, a maximum of approximately 11 months,
and a minimum of 7 months.

It is notable with regard to the life-cycle of this species that no
eggs were laid by adults in confinement later than the middle of
May, and that all but nine of the total number of eggs were laid in
March and April.  This shows that individuals requiring the shorter
Iength of time to pass the immature stages would reach the adult
stage uring the winter months, and would therefore pass the remain-
ing time in the soil as adults until the regular time of emergence
(in the Iatter part of Febroary and March). Thoge requiring the
maximum of eleven months (which wounld be very few), even though
coming from oges laid in May, wonld still reach the adult stage the
following April, in sufficient time to mate and lay eggs by May again.
This may account for the species having but one brood, appearing
wholly between Febrnary and June,

THE Eag StagE.

The egg of this species does not noticeably differ from that of
P. vandinei except in Deing smaller. When first lnid it is slender,
oblong-oval, ahout 2 mm. in length by 1.2 mm. in breadtly, and opague
pearly white in color. = At the end of ten days it is greatly swollen
and less opaque in color; it hecomes nearly spherical, heing then
about 2.4 mm. in length by 2.2 mm. in diameter. Just before hateh-
ing, the hrown mandibles and the segmentation of the young grub
become plainly visible through the shell of the egg. :

The duration of the egg stage, from an average of 505 eges whoge
hatehing was obzerved in condinement, amounted to 1314 days. The
maximum duration was 19 days; the minimum, 11 days.

Tre WHre-GrUB, 0r LARVAL Sraeo.

As in other May-heetles, the larval period of this species includes
four distinet stages: the first, scéond and third instars, and the pre-
pupal stage. Between the first and second instars, and again between
the second and third instars, there is a molt of the larval skin, follow-
ing which the head and legs of the grub inerease very pereeptibly in
size, At the end of the pre-pupal stage there is also a molt, to form
the pupa. There is no molt between the Iast instar of the grub and
the pre-pupal stage, and the change from one corndition to the other
is quite gradual. This change in condition does not tuke place until
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a week to ten days immediately preceding the pubation of the grub,
T our figures, therefore, the pre-pupal stage is considered as included
in the third instar of the grub.

The average duration of larval period from the sum of the average
lengths of the three separate instars, was 233 days; the maximum,
295 dayse; the minimum, 174 days. Reduced to months, this gives
an average duration of 73] months, a maximum of 934 months, and
a minimum of 534 months.

The average length of the larval stage, obtained from the six indi-
vidual grubs that suecessfully reached the pupal stage, was 245 days,
which was twelve days in excess of the average for the species, This
was due, it is believed, to the fact that the soil in the cage in which
_ thege five grubs were reared was allowed to become very dry at times,
for periods of weeks, which retarded the growth of the grubs to a
marked degree.

The First Inster—The average duration of this was 24 days,
the maximum 35 days, and the minimum 13 days, eomputed from a
total of sixty records of reared grubs. ‘

In measurement, the first-instar grub varies in length from about
5 millimeters, when first hatched from the egg, to a maximum length
of 12 or 13 millimeters.

The average diameter of the head, from measurements of thirty-
two grubs whose average length wag 11.3 millimeters, was found to
be 1.33 millimeters.

The Second Instar— The average duration of the second instar was
found to be 31 days, or just a month; the maximum 39 days; the
minimum, 23 days. These figures are from the records of thirty-
eight individual grubs reared through this instar.

The length of the grub in the second instar increases from 12
or 13 millimeters just following the molt, to a maximum of 20 or
21 millimeters. The average width of head, from measurements of
thirty-three . grubs whose average length was 15.7 millimeters, was
found to he 2.38 millimeters.

The Third Instar —The average length of the last instar, taken
from six grubs that reached the pupal stage, was found to be 178
days; the maximum, 221 days; the minimum, 138 days. Or, re-
duced to months, the average was 6 monthg, the maximum 74 months,
and the minimum about 44 months.

In length, the third instar grub inereases from about 20 to about
31 or 32 millimeters. The average width of head, from measurements
of five grubs whose average length was 25 millimeters, was found
to be 4.09 millimeters.
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From the above measurements of grubs, it will be seen that larvae
of this May-beetle may be at once distinguished from those of Phyl-
lophaga vandinei, in whatever instar, by simply measuring the diame-
ter of the head with a sliding callipers. Furthermore, by means of
the head measurements and a consideration of the locality, the grubs
of any of the five speeies of May-beetle occurring on the Island may
be easily distinguished, one from the other, without the need of Iabor-
ionsly studying minor characters, which at best are variable.

PUPA AND PRE-EMERGENCE OF ADULT,

The length of the pupal stage of Phyllophage guanicenae was
determined as 22 days, recorded from a single pupa. The meas-
urements of this pupa were as follows: length 18 millimeters; width
at middle, 7.9 millimeters.

The pupa may be very readily distinguished from that of P. van-
dinet by its smaller size, and its somewhat darker color.

As has been stated before, the length of time spent by the adult
of this species in the pupal chamber before emergence is supposed
te very often exeeed a month, and may perhaps, in cases where the
adult issues during November, approach or even exceed three months.
No experiments were conducted to determine this fact. In eonfine-
ment, however, three adults issued during Tate November and early
December; and it is well known that in the field beetles of this
species never cmerge from the soil during these months,

Foor PrLanTs 0P ADULT.

This species, as was mentioned in the beginning, frequents the dry
upland pastures and brush land, and is not often encountered in cane
fields. It is matural, then, that its food plants should differ con-
siderably from those most palatable to the sugar-cane May-heetle (P.
vgndinei). Among the few trees upon which hoth species are known
to feed may be mentioned the flamboyant, casnarina, saleilla {(Sehran-
kia porioricensis), guacima, and tamarind.

Among those trees and bushes which are fed upon peculiarly by
this species, and are rarely or never eater by the sugar-cane May-
beetle, are the guava (Psidium guoyava), the uear tree (Bucida buee-
ras), the black sage (Cordie cylindrostachya), Lantane comera and
Hamelia sp.  All of these are favorite food plants of the beetle.

FLiGET AND ATTRACTION TO LIGHT.

The flight of this speeies was observed in a rvearing cage at Santa
Rita on April 28, 1915, The first beetles took flight from the soil
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at 7:06 17, M., the flight was at its height at 715, and ceased at about
7:26. The duration of flight was thus twenty minutes. Perhaps it
would be somewhat lengthened under outdoor conditions, with ne
sereening to confine the radius of flight.

No tests were made to determine the vsual distance of flight, but
it is probably limited largely by the proximity of agreeable food
plants, as is the case with the larger speecies.

This species has the habit, ecommon to all of the May-hectles, of
flying to lighted lamps and electric lights in the early evening. At
Santa Rita, where the experiments were condueted, it was less com-
monly taken at lght than the larger species, even during its season
ol greatest abundance, from Mareh to June.

COPULATION.

Records of the time and duration of copulation were made on the
same night as the flight observations. The time of joining and separ-
ating of three pairs was as follows: (1) started 7:17, ended §:05,
lasted 48 minutes; (2) started 7:22, ended 8:14, lasted 52 minutes;
(3) started before 7:24, ended 8:12, lasted over 48 minutes.

From these 1t appears that copulation usually takes place, at this
time of year, hetween the hours of 7:15 and §:15, and has an average
duration of about three-quarters of an hour.

OVIPOSITION.

To determine the length of life of the adult, the length of egg-
laying period and the average number of eggs laid by a female, six-
teen pairs of adults of this species were eonfined separately in jars
and fed regularly until their death. They were fed upon strips of
banana leat. Twelve pairs were confined on March 19, the other
four pairs on April 6. The female of ome pair died within three
days, so that the records of only fifteen pairs are used in the calcula-
tions. The last female died on May 18.

From the fifteen females, the average length of life of the female
adult wns found fo be 36 days. The longest life was 55 days, or
somewhat under two months.

The average length of egg-laying period (the time inclnded De-
tween the dates of laying of the first and last eggs) was 19.47 days;
the maximum, 41 days; the minimum, 2 days.

The average number laid by a female was 15.6 eggs. The maxi-
mum number laid by one female was 40 eggs, which were laid in a
period of 36 days, a rate of somewhat over 1 cgg per day.
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The average number of eges laid per day, for the beetles’ whole
life, was .51; the average number per day for the egg-laying period
only wus 1.19 eggs.

The maxinnumn rate of cgg laying was 13 eggs laid in one day by
one female. No other eges were laid by the same female within 10
days hefore or after the date of laying the 13 eggs.

Comparing this speeies with P. vandinei, it will be geen that the
average number of eggs per female, and the maximum length of egp-
laying period, is-about the same for the two. :

The average length of life of o female, and the maximumn number
of eges loid in 24 hours, is considerably less for this species than for
vandines.

On the other hand, the average number of cggs laid per day,
and the average duration of the egg-laying peviod, is noticeably
greater Tor this species than for wvandinei. The average female of
gianicane laid eggs at a rate of one every two days; the average
temale of vanrdined Taid at the rate of one every three days,

InsEer anD FUNeUs KENEMIRR,

No iusect parasites or predaeions cnemies are vel kuown to prey
upon this May-heetle or its larva.

The stages of this insect that hécame infeeted‘hy the green mmns-
cardine fungus in experimental boxes were as follows : Eight eggs,
one grub of first instar, ene grub of second imstar, and atine ( or proha-
bly more) adults. The hightest per cent of infection was among the
adults; the next highest among the cggs.  No grubs of the last instar
were recorded as infected by the fuugns. '

THE CITRUS WIIITE-GRUE,

Phyllophaga citri n. gp.®

This species receives its name from the fact that, although it feeds
upon a large variety of plants, it is distinctly an inbabitant of the
eitrus orchavds, and its larva is a pest that often gives mueh tranhle
to young citrus trees. The damage the grubs do to ofder trees is
usually not known, and goes unheeded hecause of the greater ability
of older trees to stand the reduction in feeding roots cansed hy the
grubs. Young trees quickly show the ‘damage of the voot triming
done by the grubs. Tnquiries that have been made of cifrus growers

* This species has been ‘mentioned, ns a supposed varviety of P. guanicaie, under the
name of ‘'Lachkioesterne media (um-r-herr_l form),” in the Fourth Report of the Board - of
Commissioners of Agvieulture of Porto Rieo, page 48. -
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over wmneh of the north and west sides of the Island as to the presence
of this May-beetle in their orchards, and the damage done by it,
have in many instances brought reply that the damage ia considerablé,
and that little can be done to prevent it, except picking the heetles or
erubs by hand or spraying with arsenate of lead. These are said to
give only temporary relief.

While grubs of the two larger species, vandinei and portoricensts,
may also be found to some extent at the roots of citrus trees, their
oceurrence is usually accidental. Adults of these species feed rarely
if ever upon citrus folinge, and consequently do not often seek the
goil at the buses of citrus trees to lay their eggs.

The eitrus white grub is also a pest of sngar-cane, of pasture grass,
and of a variety of other crops. The grubs are sometimes found as
abundantly as those of the larger species in cane fields that are being
plowed. Tt is therefore gnite as important a general erop pest, in
some localities, as either the common or sngar-cane white-grub.

DisTRIBUTION.

This seems to be the most widely distribuied species of Phyllophaga
occurring on the Island. Speeimens have been collected at Maya-
gilez on the west coast, along the entire length of the north coast
from Aguadilla to Fajardoe, at Lares, Utuado, Aibonito, Cayey, and
other towns inland, and on the south coast from Aguirre eastward.
Specimens have also heen eollected on the Island of Vieques, to the
east of Porto Rico.

The type of this species is from Rio Piedrag, in the San Juan dis-
triet, which is midway (or a little east of midway) of the Island on
the north coast. Specimens from other localities do not seem to vary
much from the type, though it is possible that future study will
reveal the presence of sub-species.

On Vieques Island, where sugar came is the prineipal crop, this
species is less abundant than porforicensis, and therefore less impor-
tant as a pest.

Tor BRETLE.

Superficially, this May-beetle very closely resembles P. guanicana.
The avernge size is a little larger, about onc millimeter more in length.
As in that species, the elytra of the male are covered with a very
fine, plumbeous pubescence, that makes it duller in eolor than the
female. The latter differs from the female of P. gnanicana in having
the elytra, instead of uniformly polished over the surface, polished
only on the dise back of the middle, while the sides and fore-part
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of the elytra are plumbeous as in the male. This character may
vary somewhat in individuals of any one loeality, but is fdll]Y con-
stant for the speeies, from whatever loecality.

The sure character by which to distinguish this species from P.
guanicene is in the male genitalia, which has been figured in the
Dreceding section of this paper. .Thab part of the medium lobe of
the male genitalia which has been called the spatha is depressed,
chitinized and polished above, and unsyminetrical, being curved or
hooked upward on the left side, Whele it terminates in a serrated
edge.

The spatha of the male genitalia of P. guanicana, on the other
hand, is thicker vertically than horizontally, is hilaterally symmetri-
cal, and is fleshy except for two rows of minute, brown, prostrate
spinules (directed fo:_rwﬁrd) that form a V on the dorsal surface,
and two similar rows, or edges, of spinules on the ventral surface.

Lire-HisTory.

Insufficient work has thus far been done on the life history of this
§pecies to warrant saying more than that it is very similar to that
of P. guawicane. Tt probably differs in no essential detail.

While the adults of this species appear in the earliest spring (in
the last days of February) their occurrence seems to extend over a
greater portion of the swumer than does that of the other specms
for specimens may he found even as late as Qctober.

THE EGG.

In size and appearanee, the egg does not differ from that of 7.
guanicana, whieh has been described. The average length of the egg
stage, from a large mumber of observations, was ascertained to le
12.88 days, or practically 13 days, whieh is about the same as the
egg stage of the other small Phyllophaga.

THE WIITE-GRUB, OR LARVAL STAGE.

The ascertained length of the first two instars of the grub was
the same as for P. guanicene, and it wmay be cxpeeted that the last
instar will also prove the same,

fMrst Instar —IF'rom three grubs carried through this instar, the
average duration was 24 days, or exactly the same ag the duration
of that instar in P. guenicane. The only recorded measurement of a
first instar grub was: length, 13 millimeters; breath of head, 1.45
millimeters.
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Second Instar-—This wag observed of hut one grub, whicl reguired
from 30 to 32 days hetween the first and second molts. The weasure-
ments of a single gimb in this instar were: length, 22 millimeters ;
breadth of head, 2.60 millimeters.

Third Inslar—The duration of this instar has not yet hecn ob-
tained. Jt is doubtless the same as that of P. guenicuna. The av-
erage dimensions of four grubs in this instar were: length, 28 milli-
meters; breadth of head, 4.4 millimeters.

TrE Poura.

The duration of pupal stage, from a single observation, was 23
days. The measurements of this pupa were: length, 20 millineters;

breadth at middle, 9.2 milimeters.

Foop-Prants or ApuLr.

Sowme of the commoner trees and plants of the north side of the
Islaud upon which this species feeds in common with the larger species
{(vandines or porforicensis) are: famboyant, easuaring, almendro,
bucar (Erythrive glavea), quenepa (Melicocea bijuga), joho (Spon-
dias lutea), sonnadera (Albizzia lebbek), muiieco (Cordie Dovin-
quena), and Cordie corynbose. The list is not a cowplete one. hut
would include a large nwmber of comon forest and frmit trees, on
which sufficient observations have not yet heen made to know what
species attack them.

A few trees and plants on which this species feeds abundantly to
the exclusion of the two larger species are: grapefruit, orange, guava,
sillc oak (Gravillea robusta), Acadyphe wilkesione, garden rose, -
conie racemosa, Clidemia irta, Lantane comara, Trivmphetta spp.,
and Urene lobete. Further observations will lengthen the list.

Hinmrs or ApuLars.

The attraction of the hectles to hight, and the hours of Ainht and
of eopulation in the evening, are practically the same as for the aduit
of the Guanica white-grub. Flight has heen observed up to 7:50 P. M.,
and copulation up to 8:15 12, M.

Studies are being made to ascertain the average length of the
heetle’s life, the duration of the period of vviposition, and the num-
ber of eggs laid by a female, hut are not yet complete.

InsEcr a¥Dp Funeus ENEMIES.
Suhsequent to the segregation of the different species of Phyllo
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phage, no accurate observations have been macde as to the parasites
peculiar to each species; and the earlier notes of the Station de
net in any instance indicate what specics were the hosts of the para-
sites reared. It is possible, however, that hoth species of Tachinid
y, Cryptomeigenia aurifacies Walton and Eutrizoides jonesii Walton
prey wpon the adults of this species as well as upon those of the two
larger species of Phyllophaga.

The predacious wireworm, Pyrophorous luminosus Tlliger, is ag
fruly an enemy of this white grub as of the two larger apecies.

The only stages of the species that have heen found infeeted by
the fungus are the cgg, five of which were found covered with spores
in June, in experimental jars, and the adult.

THE LITTLE BROWN MAY-BEETLE,

Plytalus insularis n. sp.*

This May beetle is so much smaller than the four preceding
species as to be at once distinguishable from them, even to the lay-
man. The type specimens of the speecies are from  Santa Rita, in
the Guanien district, collected by the writer. The species has also
been collected at Afiaseo, Garrochales (near Arvecibo), San Juan, Rio
Piedras and Ta Plata, so that its djstribution is probably general
over the western two-thirds of the Island. Whether it oceurs at the
eastern parf of the Island is not known. More specimens by far
have come from the Guénicn distriet than from all other loecalities
combined,

As both larvae and adults have been collected in the cane fields
at Santa Rita, this species is considered among the cane pests. 1t
is not, however, of much importance as a pest cither to cane or to
other crops, because of its scarcity. The mature grub being no larger
than the sugar-cane white-grub is at the end of the first instar, it
would require ten or more of them to equal in weight one mature
grub of the larger species, and the damage committed by each st
be correspondingly smuall.

Usnally, among the grubs gathered in the plowed cane fields at
Santa Rita by the grub pickers employed by Gudnica Centrale, were
to be found fewer than a dozen grubs of this May-heetle to each
thousand of the sugar-cane white-grub. Often there were none; only
certain fields contained grubs of this species. On the oceasion when

* This species was flvst mentioned n Lhe Third Reporl of the Board of Comamissioners
of Agriculture of Porte Ttico (page 42), under the name of ‘“‘Lackwosterne pequeiia,” and
a summary of its lifeeycle (except (he pre-oviposition) given in the I'ourih Report of ihe
Board {pnge 47) under the same nnme.
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the largest recorded number of these grubs was taken from a plowed
cane field (tablén 21, hacienda Sapta Maria, Feb. 25, 1915}, actual
count of a pailfull of grubs gave the following vesults: Phytalus
insiularis (all 3d instar), 38; Phyllophage vandinei (2d and 3d in-
star), 970.

THr DBEETLE.

The adult is dark, burnished hrown with somewhat lighter mar-
wing, more noticeahle on the thorax, The length varies from 914 to
1114 millimeters, the hreadth ahout half of that.

‘While not belonging to the genus Phyllophagae, this nsect can very
rightly be considered a May-hectle, hecause of its very cloge relation-
ship to that genus in every particular. In fact, some of the charac-
teristics upon which the genus is founded are so nnstable as to cause
some specialists to question whether the genus name should he re-
tnined. In the writer’s opinion the genus is a valid one, because of
the marked characters of genitalia, distinguishing it from Phyllophaga.

Lire-Hisrory.

The life-eycle of this species, like the four preceding, covers Just
one year. In confinement, no grubs were guccessfully reared to ma-
turity in the smaller boxes, but in a large outdoor cage a large number.
came throngh from egg to adult. The eggs from which these came
were laid between Angust 25 and September 25, and the first adults
of the new generation were observed in the cage on August 20 of
the following year, clearly proving the life-cycle to be onme year.

Unfortunately, the soil in this cage was not dug up and examined
at the right time of year to find pupae, and prescrve specimens of
thein. The pupa of this beetle is still nnknown. On January 19,
a part of the soil in the cage was examined, and 60 grubs were found,
of which 57 were in the third instar and 3 at the end of the seeond
instar. On April 30 all the soil was examined, and 134 grubs found,
all of which were in the third instar, £ of them dead and covered
with Metarrhiziton spores. No pupae were present at that date.

In the tin boxes, two grubs reached the pre-pupal stage, but Doth
failed to pupate. ¥rom them, however, the length of the third instar
was ascertained. ‘

If we may estimate the pupal stage of this species as requiring
90 days, adding to this the averages for the other stages and instars,
the average duration of egg-to-adult period is found to he 301 days
(the same as [or the sugar-cane white-grul)) ; the maximuwn, 316 days;
the minimum, 283 days. '
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THE EGG STAGE.

The average length of egg stage, caleulated from the hatehing
of 146 eges in confinement, was 1114 days, the maximum 12 days,
the minimam 1014 days.

The dimensions of the egg are: when first laid—length, 1.5 min. ;
breadth, 1 mm.; when mueh swollen and shortly hefore hateching—
length, 1.9 mm, ; breadth, 1.7 mm, :

The eggs of this May-beetle are laid singly in the soil, in tiny pits,
of about threc times the diameter of the egg, and do not differ in any
noticeable detail, except size, from the eggs of Phyllophagea.

THE WHITE GRUB, OR LARVAL STAGE.

The larval stage requires, from our figures, an average duration
of 26814 days (or ahout 9 monthg). The maximum duration, ob-
tained hy adding together the maximum lengths of the three instars,
was 284 days; the minimum, 26214 days.

No larvae younger than the third instar are found in the fields
after the latter part of January; no larvae of the first instar are
found after November. .

First Instar—The average duration of this instar, from 30 grubs,
was found to be 30 days; the maximum, 394 days, the minimum,
21% days. The measurements of the grub in this instar were not
obtained, but can be easily estimated from the size of the egg.

Second Instar—The average length, from records of 10 grubs,
was 4014 days; the maximum, 54 days; the minimum, 37 days.
The dimensions of the only second-instar grub measured were: length,
10 millimeters; width of head, 1.5 millimeters.

Tlird Inster—The length of the last instar, averaged from but
two grubs, was 194 days. One of these required 18614 days and
the other 197 days to reach the pupal stage. '

Of twenty grobs in this instar that were measured, varying from
16 to 22 millimeters in length, the average width of head was 2.63
millimeters.

PUPA AND PRE-EMERGENCE OF ADULT,

The length of the pupal stage has not been determined, but doult-
less requires in the close neighborhood of 20 days.

Pre-emergence in the Guiniea district af least, where the adults
first appear in the fields in August, probably requires a shorter time
than in those species which issue during the cool winter months, and
wait until spring to emerge from the soil,
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SEASONAL DISTRIBUTION.

The season of appearanee of the adults seems to vary considerably
in different localities. All adults that have -been collected at Santa
Rita were found between early August and the middle of Oetober.
A specimen was collected at ARasce in Sepfember.

A number of gpecimens from La Plata, in the center of the Island,
were colilected in the wmiddle of June.

At Garrochales, near Arecibo, the writer collected 35 speciniens,
o one Lantana plant by the road, on April 26.

Single individuals collected by electric light at San Juan and
Rio Piedras bear the following dates: Jume 6, July 4, August 25,
October 15, Novembher 8 and December 1, thus ecovering a range of
seven months.

Foop PLANTS oF ADULTS.

At Santa Rita, all specimens collected by the writer were found
feeding upon ‘‘bledo,”’ or pig weed (Amaranthus spp.), or upon
““malojille,’? or Para grass (Panicum barbinode), the majority upon
the former. A single specimen was feeding npon ‘‘saleilla’” (Schran-
ki portoricensis). In experimental eages adults were seen feeding
upon corn folinge. No specimens were seen feeding upon cane,
thongh they ocemrred plentifully in the cane fields, and doubtless the
grubs attacked cane roots. .

The series of bectles collected at G‘rauodnlcs were all feeding upon
Landana involuereta, though there was a great variety of other vege-
tables near at hand.

PLIGET AND ATCRACTION T0 IAGHT.

light of the speeies was observed at Santa Rita in a large rearing
cage on the night of September 1, 1914, The first individuals left
the ground and took wing at exactly 6:55 P. M. The numbers n
flight increased most rapidly from 6:55 to 7:00, and continned heavy
until nearly 7:10, then gradnally dropped off. By 7:20 flight was
quite light, hut continned to some extent watil 7:30, when a very few
were still Hying. The last beetle ceased flying about 7:35.  Most of
the heetles flew against the west side of the cage,

All the specimens of this beetle colleeted at Rio Piedras or Han
Juan have been taken at light, and o very few were taken ai Santa
Rita at o large gasoline lamp,
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COPULATION AND OVIPOSITION.

- On September 1 these observations were made :

Pairs began mating at 6:57 P. M. At 7:05 over a dozew pairs
were mating, At 7:07 pairs were beginning to scparate. At 7:15
the majority had separated. At 7:25 the last pair separated.

And on the following evening, similar obscrvations: Tirst pair
united at 6:57; largest number copulating, 7:05; last pair separ-
ated, 7:28. Total time consumed, 31 minutes.

Exact records of six copulating pairs on the same night were
as follows: :

{1} United, 6:58; separated, 7:06; time spent, 8 minutes.

(2) United, 6:59; separated, 7:08; time spent, ¢ minutes.

(3) United, 7:01; separated, 7:10; time spent, 9 minukes.

(4) United, 7:02; separated, 7:12; time spent, 10 minutes,

(6) United, 7:01; separated, 7:11; time apent, 10 minutes.

(6) United, 7:08; separated, 7:23; time spent, 15 minutes.

Average length of time spent in copulation, 10 minutes,

Those pairs on or near the ground eopulated without taking fight.
In no case was a beetle seen to take flight after copulation. As with
the species of Phyllophaga, they immediately begin to feed after copu-
lation; and if resting on a leaf; the female usually feeds during
copulation, the male never.  Ahout 50 per cent of the beetles copu-
lated without first taking flight.

The females, in the receptive mood, rest with the abdomen slightly
raised, and with the genitalia protruded in a conspicuous florescence,
which is pale yellow in eolor and fully three times as great in diam-
eter at the tip as at base. Tn this position they vest for tem minmtes
or longer until a male appears. ‘

‘No females of this species were confined singly io secure eggs.
Females were; however, confined in numbers ot different times in jars
with food to secure eggs. The average rate of egg laying compnted
from the eggs thus seeured was one ege in three days by each female.
At which rate, a female living two months would lay only twenty
eges, This figure may not be accurate since, in confining numbers
of beetles together, some eggs are necessarily destroyed by the beetles
in boring into the soil.

InseEcT AND FUNGUS PARASITES,

No insect parasites have yet been discovered preying upon either
larva or adult of this May-beetle, )
The only stages of this May-beetle that.became infected Ly the
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green fungus were the adults, and grubs of the last instar. No record
wag kept of the number of adults, but it exceeded a dozen. Of the
grubs reared, a rather astonishingly large number became infected,
in the jars and boxes, by this diseaze. Out of 142 third-instar grubs
kept in confinement under obgervation, there is record of 13 becoming
infected by this fungus, which is 9 per cent of the total number, a
higher per cent than wag noted of the grub of any other May-beetle
except Phyllophega vendinet.

Summary of Life-cycies and Measurements of May-Beetles and White-Grubs.,

THE SUGAR-CANE WHITE-GRUB, Phylloghaga vandinet N, 8P.

Maximum | Minimom | Average | Number Long Wide Head
Epg Stuge. .. ... .. 16 10 14 1,089 2,97 P
Grub, 18t Instar. . .| 59 17 36be 184 G-17 1.94
" 2d oL 103 26 41 7l 16-28 3.42
" ad oo, 226 78 183 25 27-4b6 5.31
Pnpal Stage. . 26 17 2114 29 2597 P
Total.......... 430 148 802 1,301 |..... P R reear
THE COMMON WHITE-GRUB, Phyllophagae porioricensis N. SP.
Moximum | Minimnom | Average | Number Long Wide Tiend
Egg Stage,,....... 15 2 13Lg 54 3.0
Grub, ist Instar, ,. 10 26 32 G G-18
h 24 oL 93 43 61 ] 18-30
< 3d . 174 164 169 2 30-48
Pupel Stage....... 23 20 115 5 26-29
Total.......... B2 260 207 B

THE SOUTH COAST WHIIE-GRUB, Phyllophage guanicana N. sr.

Moximum | Minimum | Average Number Long Wide Head
Epgg Stage......... 19 11 13Lg B05 205
Grab, 1zt Ingtar, | | 35 13 24 G0 4612
" 2d I 39 23 31 ELY 1220
" 3d . 221 134 178 6 20-32
Tupal Stage, ,,.,.. (22) (22) 22 1 18
Total.......... 336 207 26815 [i3 [0 A A

THE CITRUS WHITE-GRUB, Phyllophage citri N. sP.

Maximum | Minimnm | Average Number Long Wide Hend
Hge Strge,.......|.. PR . 13 200 2,12 1.2h .-
Grub, st lostar, .| .o o e 24 3 618 [.......... 145
.« LN PUSRDRN IR 31 1 1822 |,......... 2.6
" 8d L (R P, (178) b 2234 ... 1.4
Pupal 8tage,, ... [.....ocoii]eaaienn 23 1 20 9.2 | ...
Total. ... oeei o vees . e | 205 L
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THE LITTLE BROWMN MAY-BEETLE, Phyialus insuleris . sp.

Mexlmum [ Minimum Average | Number Long Wide Head
Egg Stage......... 12 1044 1114 146
Grub. 1st Ingter, .. 3914 2134 50 30
i ! oL 54 37 1614 10
vooad 197 19114 19424 2
Vupal Stags. .. ... (20) (20) (20) 0 )
Total.,........ 32214 2804 30 188 [ N

i * The columns of figures in the above table (which were all obtained by actual observa-
tion or nctual meagsurement), numbered from left to right, may be explained as follows:
. {1) Maximum durabion in deys of the immature stages, the totals being the maximum
egg-bo-adult period for each species, in days.
2) Minimum duration in days of immature stages, efo.
3) Average duration in daye of immature stages, ete.
) (4) Numbers of eggs, grubs, or pupae, averaged fo obtain the figuves of the first three
colwmng,
(5) Average length in millimeters of ench of the immabure stages, taken from a number
of measurements made with sliding cglipers.
(6) Avornge breadth in millimeters of egg and pupa of the various species, from
measurements with pliding calipers. '
(7)) Avernge hreadth in millimeters of the head of grub in eacH instar of the five
speeies, from mensurements with sliding oalipers.
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