
THE GREEN MUSCARDINE FUNGUS IN PORTO RICO. 

(11fc>la rrlii zium an isoplice [!Hetse:h.] Sorokin. ) 

' B.Y .loHx A. S•n:n :xs oi-;, Pat hologist , In sular E xver i111ent St ation . 

'l'b e gr een rnus cardin e fungu s is one of th e best-known of th e 
fun gi at ta ckin g injuriou s in sects , and as such has been studied and 
observ ed in man y pnrt s of th e world. It oer ur s ,ippar ently indig l'
n ous in some coun t ries, and has been intr o<lucctl int o var ious othel' s 
in an end eavor to m ake nse ol' it in tlw tigh t again st in sect 1wsts. lt 
is p!'obablc t hat ,ri t ll th <' eXl'cpti on oi: t.he ,rod , ,,·it h Sporo lr ic li nm 

glo bulif er wn , an encrny of t he chinc h hug- and · ot her in sect s, lllOl'e 
lrns bcl'n dorn, with this J°Lmgus th an with an.,· other oE a similal' na
trn·P. .r\ltho11gli 01·iginall y d!•se1·ilwcl fr o111 En 1·01w. most of t he stud
ies upon it and att empt s at its ar titi cia I <lisscn1inat ion ha VP lweu 
mad e in th<' tr opi c·s ot· subtl' opil' s and in l'Onnvd ion ll'ith sng-a1·-<·,1111.: 
insects . 

HL<;'l'OR Y OF 'l'H 8 F'C ~GUl-' . 

'J'he fun gus wa s first no ted and cksc rib ed b.,· )fd se:lrn ikofl' ( 23) 1 

m Russia in ] 87!.J as Entorn oplill 101·11 a11isoplir11•. ~ill <:(' tltat t iinc 
jt ha s been redescrib cd unclc1· severa l ot hei· nain <>s ot· 1w11· <·omhi11a
tion s.~ Ror et' (2!.J) ha s give n a full ae:C'o1111t of t lwsi· 00111t>ndat111·al 
de tail s. Th e combin ation adopt ed b~· him in l.!ll O has ht•t•n 11sNl by 
ot het· workers since tha t t i1J1c. and is itlso used in thi s pa pt•i·. 

Sin ce th e ori ginal di scove ry in Ru ssia . . Mrtarrld zi1rn1 has been 
fo und occurrin g natur ally in .Fran ce (6), t: ni tc d State s (25), Mexico 
( 40) . Trinid ad ( 4, ] 2), Sam oa (8) . Philippin e l slancls (2), (~1wcns- · 
lan d (38 ) . ,Java ( 2ti, 41), Hawaii ( l (j. 17 ) . and Porto ll ieo. ln ad
di t ion th e f un gns lrns bePn intl'Ocltte:ed f'ol' 1 da l unch-1' a 1·tificial con
diti ons in to :\Lrnri t i11s (ri) . :Tarn ( 1], :n ) . Pol' to Ri co (42) , Cuba, 
Hnd Aq.t<·ntirn1 (7) . Cnlt11res fr om thi s lahorn to1·y have heen sent 

t 1·\g 111'l':-. i 11 J>an·nthc :oii:,.. rc ft•r to liu _•fntur ~ i·itt.-d. p. ~ .. 
:: .ll r tar rld zium mlisopli ac ('l\h•tsch. ) ~ orok in. 

R n tnmu 7,J,tl w n i <tnisn111iru• ( Ald s dt. ) (~:I). 
,1/r l arr hfa i111u n uiR,,7,li ar :,:;oroki n (:1:)), 
I •aria dPRl ru ct o ,· ~[ct sc h. ( 2,i ). 
Oospora desl rnct o,· DehH'roix (6). 
Pen icilli u,n an isopli ae Vu illemi n ( 4 8 ) . 
Sep tocyl indriu11, ,rnapectum Ma ssee ( 22) . 
Chromostyl im anisovtia e Sorokin (I ) . 
Pc11ic illium anisop liae V uill emin ( 4 3 ). 
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to J ava and the two latter countries. Speare (34 ) reports that no 
introdu ctions were made into Hawaii from Japan or oth er sources , 
as far as the available record s show, although statements to the con
trary have been· made. 

HIS TORY OF, TH E IN TRODU CTION OF ME' .rARRI-IIZIUM INTO POR'l'O RICO. 

The following paragraph from Bull etin 10 of this Statio n gives 
the history of the in troduct ion of Metw,.rhiziitrn into Porto Rico: 

"M etarrhi. ium was introdu ced under the na me of Haw aiian b eetl e f nng11·; 
by D. L. Van Dine, J anuai·y ]2, ]911, and was id entified by the writer , whos,: 
ident ificat ion was confirmed by P1·of R. Thaxter . . * * * Thi s mate rial eon
sisted of inf ected beetle s, some of whi ch were sent t o Mr. C. T . Murphy at Gua 
ni ca Central. More fu ngus in the form of infec ted soil was rece ived by Mr. Van 
Din e, Mar ch 30, 1911. . On J une 3, a letter accompanyi ng mat erial was receiYcd 
at the Sugar P lante r 's Station'' ( now the Insular Expe riment Sta t ion ) ' ' fr om 
Mr. D. W. May of t he Mayagiiez Experiment Stat ion. This material was origi 
nally from H awai i. ' ' 

It was supposed at tha t t ime that the fungus was not indigenou s, 
but sinc e then the finding of infected insects in r egions distant from 
the point s where the in troduced mate ri al has been worke d with, makes 
it appear tha t it did exist in the Island previous to the Hawaiian 
importations. The native type ha s at no time been abundant , hav
ing been found on singl e, isolate d in sects only. 

THE FUNGUS. 

Although the fungus has been placed at different times in such 
widely di°fferent genera as Entomophthora , I saria., Oospora., and others, 
a study of actual materia l leaves no doubt as to its position near 
P enicillfom in the Moniliac eae. With one exception , no spor e form 
other than the chains of cylindrical conidi a have been report ed. 'rr_vo11 
( :38) from Queensland makes ment ion of hav ing found a Gor
dy ceps or perf ect st age associat ed with Meian-hi ziurn. Hr Hssnmes 
the two to be stages of the same, fungus , but appar entl y mad e no 
careful cult ura l studies to prove this assumption , 9r at least non e 
are given. In as much as no other 'insta nces have been record ed . ' 
in all of the many references to th e subject , of any other spor e form 
such a possibility seems rcmo.te . In Porto Rico the fun gus has beeJt 
studied in th e laboratory, insectary , and in th e field by pr act ically 
all of th e various men who have been connected since ] 911 with th e 
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divi sions of Pathology and Entomolog y, and t here lia s n'~vcr beC'n 
th e slight est evidence to support a th eory of ano ther stage in th e 
lif e history. 

Mr. John ston (14) record s two conidial form s, fonn a major and 
forma minor occurring on different hosts. Sufficientl y complete Ht 

count s of the app earan ce and behavior of th e fungu s on artifi cial 
media as well as · techni cal descripti ons will be found in sever al of 
the arti cles cited in the bibliograph y, in parti cu la 1· those by Rorc1· 
(29) , Sp ear e (35), Johnston ( 14), and th e earli er pap ers by Metsch
inkoff (23, 24) . 

HOSTS. 

'rh c numb er of species of insects at tacked is very lar ge, and in
clud es man y that ar e of considerabl e economic impor tan ce. A l ist 
of the mor e important host species. tog eth er with th e countr y from 
which the r eport was mad e, follows: 

A.doret11s co111press1is, Ja va ( 41 ) . 
Adoret11s te1mi111aculat11s, Hawaii ( 16- ] 8) . 

A doretus mnbro sus, Hawaii ( 35 ) . 
A griotis manci , New York (25) . 
Llnisoplfo a11striaca, Russia (22) . 
.l1110111ala, sp. , Hawa ii (35 ) . 
Cleoniis 1nmctiven tri s, Rus~ia (32) . 
Cyrtacant hracris 11igricor11is, J ava ( 31 ) . 

Holotrichia helleri, Ja va ( 11 ) . 
Laclmos t erna sp., Ill inoi s, reporte d by Wolcott . 
Levilliot<i albohirt o, Queensland (38) . 
L e11coph-il11S rorida , Java (3 1) . 
Oryctes 1·lti11oceros, Samoa (8) . 
Ph yt a l11s .,mit hi Mami tius, ( 1) (t'i) . 
l?J1audocncmis obsc11rn, Haw aii (29) . 
T omaspis postica, Mexico ( 40) . 
1'omasv is varia, Trini dad (9, 28) . 

Tt will he not ed that thi s series include s th C' froghopp er of 'l'l' i

n idad , ns well as a numb er of other seriou s cane pests ; t he rhiu occr·os 
beetle, a pest of th e coconut ; th e cockchafer of Europ e,- and other 
,re ll-known depr cdator s. 'l.' he silk-,, ·orm has also been r eport ed as 
a host h:v Delacl'oix in Pr ance (6) . 

A considera hie l'ange of hosts has also been fonn<.l in P orto Rieo 
hnt for the most par t only insects in con finemrnt in the bl'eeding 
cages . These have been collected by the several en tomologists of 

. . 
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th e Sta tion , hut mor e pa1·ticular ly by N[r. E . G. Smyth (32) wbo• 
enl'l'icd on work with th e white grubs over a number of years ·. 

The in sects found di sease d by Jl1 etarrhi zi um in Porto Ri co are as; 
follows: 

Ap hodills sp . 
Cm1t11011 sp. 
Dyscinetus ba.rbat11s. • 
Lygyrns t1111111losus . 
illetamasi11s lic111ipterus. 
Phyllophaga citr -i. 
Ph yllov lwga g1tanice11sis. 
'Phyllovhaga portoricensis. 
Phyllophaga va11di11ei. 
Phy talus insu lar-is. 
Strategus titanu.s . 
Ti71hia i11ornata. (Rece ived from Illi nois.) 

The fungus has been found in additiori r-u a numb er of und ctPr-
min ecl Scarabaeids , an earwig , a roa ch , an d some otl}er unnamed· 

· hosts. Th e localiti es of t he many eoll ect ions mad e hase been Rfo. 
Pi edras (Experiment Sta tion ), Sant a Rita (Gminica ), and Afias co, 
locali t ies into wh ich the fu ngus was introduced . Spe cimens hav e· 
also been ta ken at li'ajarclo ( Phyllophagn sp. ), Ha cienda Sant'a 
rsabel of Aguin e· ( PhyTlophaga sp .), Hnd Sierra · de Nagua bo; 
(ea rw ig), loca lit ies into which th e fungus was not introdu ced, H J)'-

parent ly te ndin g to prove that t he fungus is indigenous to the Is land .. 
Fu rt her in forma ti on on the stages of t he various hosts atta ckecT,. 

pr eva lence , progre ss of t he di sease on th e ind ividual insr cts, and : 

!'dat ed po int s will he found in the r epo t't by Smyth (32) . 

EXl'E RJM EN' l' S IN .-IRTI F JCI.\J, DI SSEM lN .\ TI OK . 

Metschn ikoff (2;3) cond ucted the first experiment wit h Jlfetarr -
hiziurn, using it to fight the cockchafer of whea t. H e obta ined his· 
spore materia l fro m in fect ed in sects. Krassilstchik ( 19, 20 ) use<l 
th e fungus in a similar fash ion in this wor k on the sugar beet curcu lio· 
and reported from fifty to eighty per cent of t he in sects in foctrtl .. 
Th ese earl ier experiments wer e ne cessa1·ily on a limited sca le ber ause · 
of the difficulty of obta ini ng spore material in quantity. 

Duri ng recent years exte n sive t ests ha ve been carried out iir 
Java, Hawaii , Trinidad, Porto Rico, and oth er regio ns. 

Th e most important of -the efforts in thi s ·connection has been 
Ror er's (27-29) \\"Ol'k m Trinid ad dir ected against the froghopp t•i-

• 
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( Tomaspis varia) . Entomolo gists and oth er s (1 , :\ 4, 9, 10, J:3, 39) 

conn ecte d with t he agri cultural work of th at 1slan d ha ve a lso. as
sist ed in th e tests. In th e pr elimin ary experim ent s adult. fr oghop 
p ers in . \\'ir e cag es \\'el'e inocula ted by spray in g, and a high pe rcent - · 
ag e of mol'ta lity 1·esul t.l:'d. Resn lt s we1·e a lso obtain ed in inf ectin g 
th e ny mph s. A field exp critn cllt , using a rnixtu1·r 0f flour .tll(l 
spores, in ,,·hi<:h over one hnnd1·ed can e pl ant s were dusted, r esult ed 
vc1·y fa v01·a bly in t he death hy th e fun gus of a laq! <' nnm ber of the 
i11sects. 

Work was th en commen ced on th e produ ction of spor e mate L·iaI 
in great qu ant it ies so as t o perm it of the dusting or sprn ying wi th 
spor es of ent ire fields. Fol' thi s purpose larg e cabin ets capabl e or 
h1·ing sterili zed by st eam ,,·er r devised . Th e mannp 1· of eonstrn ct ion 
ol' th ese cahin ets and th e conr s1i of pr ocedu re in proclncing th e sp ol'P 
111ateri11l ha ve been full y described by Ror er . Th e results obtai nl'd 
\\'er e sufficient to cRuse th r.5e spo'i·c-prodn cing plant s to be Prect rd 
on a nnmh e1· of th e suga1· l'States. Th ese arc: opera te d at such t inll'S 
as conditions seem favo rnbl e for 1·api d increase of th e fr oghop pe rs. 

Th e exp crim e11ts in .Java bavn been carri ed 0 11 in several sections 
of t h~ l slan d by difl'el'ent ,rorkc rs hut hav<' nil lwen <·on fincd to test s 
on a small s1·a l'c, mostly i11 breeding <·ages app a t'en t ly . Groenewege 
(] 1) infect l'd soil \\'ith 'the spo1·c•s and th r n addrd la1Tm of va r ions 
in sects, vari ed p roport ion s of \\'hi c·h we1·r kill ed hy th e fu ngus. H e 
con clud es th at since most of them \\'er e killed near the close of the 
L?rval perio d. and aftPr t he full cla nrnge to t he host \\'Olllcl have been 
<·an sed , t hat t he met hod is not pffieacious. H e fur thermore !-itat (•<l 
t hat the cost \\'O il ld be prohihit iv1' for fir ld operation s. 

Rut gers ( :-ll ) <·ani Pd out 1•xpcr i111ent s at pr acti ca lly the same 
t ime, using cnlt111·cs obt ained f'l'om II a,rn ii. l•'or in fpct ion hr· em
ploye d sp o1·c•s mixPd with a double quan t ity of flour. The in sect. 
nsed were l,<'11cophil11.~ roricla and locusts ((Jyrlacan/11acris nigri
cornis ) . In one exp er iment a mol'tali ty of' eight y per cent was oh
ta ined, hut StH:ceedin g tests gave 011ly slight n•stilts. Jt was found 
t hat infecti on , c•,·en \\'hen t he in sects \Vere L'll<'iosed in n small spa ce 
,md ,,·ere in int imat e cont act wit h qu 1111tities of spores, ,ra s dependent 
upon ext el'lla l conditio ns, part icula rly the moistur e content of the 
air. For t his reason an d sinc e .ll elarrhizium is fonn tl ui1der nat ural 
condit ions atta cking a ,,·ide rn nge ot insects be conclud ed tha t i t 
is a da ngerous para sit e on ly und er favorable conditio ns, and tha t 
att empt s to spr ead th e fun gus a rtificially would be u seless. 
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· Speare ( 35) in Hawai i carried out an extensive ser ies of labor 
ator y inoculations with th e fungus, working with Rlwbclo cnemi s 
obscura as th e host. The mortality va r ied conside 'rab ly in the dif 

. forent trials, not exceeding sixty p er cent, however , in any case. 
"\To field tests arc reported. 

Tryon (38) has also conducted tests upon the parasitism of 
Meta1'1·hizimn, using t he spores mix ed with 11 fuie soil rich in organic 
matter. F inal r esults and conclusions arc' not given beyond the 
stat ement tl rnt the fungus appears to hav e possibiliti es. 

In Samoa (8) excell ent resu lts were report ed in controll ing on an 
exte nsive scale the rhino ceros. beet le, an enemy of. th e coconut. In
fected beetl es were placed in traJ? piles of rotten coconut husks and 
other debris, scattered a bout t hrnugh the coconut groves. 'l'h<> 
beetles gathered m thes e pile s for egg laying, and it wns cla imetl 
that pra ct ically all the larvm were ultimat ely atta cked and kill ed 
by the fungus. 

Porto Rico. 

Work ,vith t his fungus was begun imm ecli:-itely npon the receipt 
of materia l from Haw aii . Inf ecte d beetles and soil conta ining 
spores were sent to ;Lvir. C. 'l' . .Murp hy in charge @f experimenta l 
work at Central Guanica. In Ju ne, 1911, he reported as follows: 
'' The Hawaiian beetle fungus seems to be working well and the 
beet les kept und er control in the cages seem to tak e it up -1·apid l_y 
.At pr esent Sl'ver al thousand are under control nncl in a few clays 
time, I shall start letting them loose in th ~ fields "' s·) * I am 
al,so propagating the spores a rt ificially so as to mor e thorou g hly infect 
the ·beetles . " About a year later (Apr i l, 1912 ) he 1·eports that 

C 

"' Tnoeulat ing beetles wit h t he Hawaiian fung us sta ,·t ecl eai;lier in t he 
month. 'J'he fungus took readily and app ears to he inc1·casing in 
virnlence ; a bout a fortnig ht after inoculat ing th e cage, eighty
seven beetles were found ki ll ed by the disease. During the next 
month libe rat ions of dead and sickly beet les will he made about 
-every ten clays in a field ·where the work can be wat ched ." 

l\!Ir. Murphy stated that in, l\fay he found evidence of beetl e~ 
lrnving been kill ed by the disease , and in Ju ly a final mention ol' 
:\[etarrh izimn occurs in his reports to th e effect that " Beetl es in
fected with the Hawaiian fungus have been liberated during the 
month in· cane fields , and at the roots of trees 11 round the nursery 
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heetl l's kill ed hy t he fu ngus have been buri ed so as to in fec t th e 
soi l. " It is not app arent , t h at an y pr act ical r esult s came fro m thi s 
wo rk. 

At th e Bx peri ment Sta t ion at Rio P iedra s iu conn ect ion with • 
cul tur al stu dies of t he fun gus l\fr. J ohnst on , t hen pat hologi st, carri ed 
on in 1912 a se1·ies of inoculat ion test s in screened cages . Beet les 
m1<l larvre ( Plt'.l}llopliaga va 11cli11ei for t he most part ) were obta in ed 
from the Yicin ity of Aii.asco, and San ta Rita , Gufwica . 'L'hese were 
-stored in t hr ee ra ges un t il t ra nsf.en ed" to th e inoculatin g cag es. It 
may he note d tha t ten lw0tles we1·e foun d in fecte d in t hese suppl y 
<>ages· as t he trnn sfe r was being mad e, pointing again to th e natural 
,oe<:nl'l'ence of the f un gus. 

[n additi on to t he Metarrhizi 111n t r ia ls, ot her ent omogenou s 
fu ngi secur ed fr om Fran ce wer e used in a simil ar fas hion. 1'hese 
were Sterigmuloryst i;; f errnginrus, Sporotric hmn globulifer u·ni, l saria. 
,densa, and Boli'yt is B assiana._. No positi ve r~sult ~ were obt ain ed 
with these, hut on the other hand the beet les in each of th e boxes 
in which t hese fung i were emp loyed showed infec tion wit h llietan'
liizi·um, as will he not ed her eafte r. 

T he Mcta.r1·fli.ziu1n mat eri al use d was a tran sfe r fr om an isola
t ion mad e from inf ected in sects r eceived fr om H awaii . In each case 
the fungus mat er ia l was scrap ed off t he surfa ce of th e medium (ya m . 

cylind ers ) and pl ace d with di st illed wat er in an atomi zer. Th e snr 
fa ce of each box was thorou ghly sp rayed wit h t he spor e suspens ion , 
.and th e cultur e medium itse lf placed on th e sur face of th e soil. Th e 
beet les wer e t hen add ed fr om th e suppl y boxe~ and obser vat ions tak en 
fr om t ime t o time . All beetles found dead were. held for fu ll deve l
opment of any fu ngu s that mig ht be present , so as to permit of exac: 
,determination s. 

As th e r esult s obtain ed were much t he sam e for all , detai ls of 
t he examina t ion of but one box arc given, as per th e follo wing t able : 

In fect ion of M ay-Be etl es by Metarrh-iz ·imn (Box No. 1) . 

Date 

nead on su rfttc<·. 
Iufecte<l . ...... . . 
De1td in soil .. . . . 
In fected .. . .... . . 

Mny 2~ 

g 
5 

----- --, ------
June] G 1 ___ 10 _ _ 1_5 _ __ 2_1 _ _ _ 2_6_ J u l y! 8 

18 
8 

i; 

8 

6 

16 
6 

a 
1 

6 
2 

2 
1 

'l'o1al dead, 100; infcdt-cl Uy M,•fnrr!tizium , 38 . 
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No. 

l 
2 
3 
4 
5 
6 
i 
8 
9 

.JOURNA L OF AGRICU L'l' URE OF P . R 

A Summ ary of result s from all the boxes follows : 

Infection of May-Beetles by :iltetar r hi z-ii im. . 

I 
J11o c11lal cd wllh No . of l.we L1es de ad : 

i 
l'\o. inf ect .ed wit h 

Jf eta. ,·rhi z i11,m 
----- -

I_ M;:. t>e.nt fn fectio n 

M etn r r hi zl\1111 .. . .. . . . 

~t.,rigma tocy sti s ::::: 
Spo ro tr l c h um . . .. . .. . 
Ch ec k ... .. . ... .. ... • 
Su pply .. . . . .... .. . . . . 
l sar la ..... ....... ... . 
n otr y ti s ... . . • . . . . . .. . 
Suppl y . . . . . . . .. , ... . 

100 
I I~ 
!lK 

102 
H7 ,;~.~ 
~2 

10,1 
Jl!l2 

:{8 
~2 
:~I\ 
18 
29 
!13 
31 
2!1 

100 

I 
$8 
JO 
35 
17 
29 
!4 
:13 
27 
[6 

It can very clearly be seen from these. result s tTrnt tfie fun gus· 
was, fir st . of all , not especially virul ent toward th e May-beetl es and 
that above all it occurr ed ind epend ent of inocula tons. 

In ord er th at thor ough field t ri als migh t be carri ed out , there· 
was constru cted, at th e Sta tion an app ar atu s (sec Fi g. l ) consist ing 
of two cabin ets and a five-horse-power upri ght boiler , followin g th e· 
plan s of Rorer (27, 30) . 'fh e medium used was r ice, spr ead out in 
thin lay ers on · th e shelves and cooked i u s-il.u . No parti cular diffi
culti es other th an mechani cal ones " ·er r en eon nterecl, and th e first 
·hatch of spore mater ial was taken off by Mr. John ston in August , 
1913. A low-gr ade flour was used to dilute' t he spore mass and to· 
make r emoval fro m the r ice media more easy. 

Th e r esu1ting mat er ial consisting of about fifty poun ds of t h,.i· 
flour -spore mixt ur e an.cl a simila t' amoun t of the r ice residu e wa:,;: 

taken to Yau co on th e south coast , and app lied to one of th e field::; 
of th e Guan ica Centr al. About an acre of young pla nt cane wa1s. 
dust ed, using two types of hand dnst cr s, th e F nt·et ::ind the Cyclont>. 
The form er ,m s t he more convc'11ient and servi ceable. 'l'he 6 cc resi
due mate ri al was app lied by han d around stools of cane adjoinin g 

the dust ed ar ea. 
In Octoher a consider able nu mber of atlnlt s were collected fro 1rr 

th e du sted a rea by l\Jr. Smyth and confined to Santa Rita. Only 
one of t he entir e numb er sb owed at any ti me signs of Metarrhiziitm. 

The follow ing year anoth er 1ot of spor e mate eia l was pr epar e([ 
by the wri t er and again app lied to th e field pr eviously dust ed at 
Yauco and in t he same manner. 1t has never been appat· ent tha t 
any infe ct ion result ed among the beetl es in thi s field . A thi rd ·1ot 



THE GREE N MUSCARDI NE FUNGUS. 

of material was some months later applied at Rio Piedras not 011 l.,· 
to cane, but al'Ound th e bases of a number of coconut tr ees. ,rhi('l 1 
had been severely attacked by Phyllophaga sp. Infected in sects 
have never been recovered. 

CONCLUSION S. 

As a result of th e fie'ld observation s and th e vari ed cxpcrim ent c.; 
,•arried out by th e members of th e Statio n staff and others who h11n· 

heen connect ed with th e project , th e conclusion \ce ms ju stified tha t 
t he g1·een muscardin e will not serve as a practi cal means of control
ling th e whit e grub s or May-beetles in Porto Rico. 

It is tru e that in confinement variou s stag es of PhyUophaga spp . 
n.re subj ect to atta ck , as are also oth er rane pests, hnt even in th es(• 
instan ces th e disease has not been virul ently parasiti c. No positiw 
resnlt s hav e been obtain ed in th e field tests and it appear s that th (• 
fungu s is indigenou s., but so depend ent upon humidit y and oth1•1· 
natural conditions t hat it is a negligib1c factor in controlling insu(·t 
pests and will remain so. 

This conclusion is born e out by th e report s of workers in J,1\'a. 
hoth Rutg ers (31) and Groenewege ( 11) statin g that whil e co11f'id
crabl e numb er s of insects were atta cked in confinement , 1·cs1ilts 111 

th e field wer e so absolutely depend ent upon th e weat her that nn 
artifi cial att empts .it dissemina t ion of th e disease wonld avail. 'l'hL' 
favorable r esults obtain ed in Samoa in the contro l of th e coconn1 
beetle may be easily account ed for by t he fa ct that conditi ons ap
proximated confinement , the pil es of debri s retainin g moist lll'c. s" 
that fo r all p ract ical pu r poses they were no di fferent t han so man y 
in ~ect cages. None of the Porto Rican inserts lend th emselrr s to 
t his method of trapping. 

In Trinida d most fav orable result s have been repo1t ed , it is t l'lt<' 
hut in this case th e in sect pest involved has an entir ely ditfn en!· 
mode of lif e f rom the )fa y-beet les. which it is t hought will account 
for the difference in th e efnciency of th e fung us in 1 he two reg ion.~. 
lt is also qui te possible that the weat her condition s pr evailin ()' nt 
times of seve1·e fr oghopp e,· inf ection may fav or the fnn gus. "' 

I t does ·not seem ad visabl e t o carr y out any furth er work with · 
th e gecen muscardin e in Porto Riro, at least in connect ion ,rith the 
whit e-grub s or :May-beetl es. 
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PLATE I. 

THE GREEN MUSOARDINE FUNGUS IN PORTO RICO. 

FIG. l. 

FIG. 2. FIG. 3. 
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.EXPLANATION OF PLA'l'E J. 

P ig. 1.-Cabinets used in the production of ilf etarr hizium spore 111:ilor·i:ot; 

:111d boiler, the sourc e of the stea m sup ply . 

Fio. 2.-Pupa of L·ig11riis t111m1losus infe ctea with Metarr!1i2iu111, sbmviH~ 

also molted 1arva l sk in . 

FIG. 3.-Pnpa of Strateg11s ti.ta1111s infected with M etarrhfrfam, i,howing 

characteristic conidial masses. 

Figs. 2 and 3 from photographs by Smy th. 


