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PLATE lI. Bul. 51, Bureau of Entomology, U. S. Dept. of Agriculture. 

STAGES OF MEXICAN COTTON BOLL WEEVIL. 

2, side view of adult; fig. 3, egg; fig. 4, 
spread—all 
(original). 

Fig. 1, Cotton boll weevil, back view of adult; fig. 2, 

side view of larva; fig. 5, ventral view of pupa; fig. 6, adult, with wings 

except fig. 3 enlarged to four diameters; fig. 3 enlarged to twelve diameters 
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LETTERS OF TRANSMITTAL. 

To the Senate and House of Representatives: 
I transmit herewith, for the information of the Congress, a report 

on the Mexican cotton boll weevil. Your attention is respectfully 
invited to the accompanying letter of the Secretary of Agriculture 
recommending that at least 10,000 copies of this report be printed for 
the use of the Department of Agriculture, in addition to such num- 
ber as may be desired for the use of the Senate and House of 
Representatives. 

THEODORE ROOSEVELT. 
Tue Wuitr Housn, March 2, 1905. 

DEPARTMENT OF AGRICULTURE, 

OFFICE OF THE SECRETARY, 
Washington, D. C., March 2, 1905. 

Mr. PrestpEent: I have the honor to transmit herewith, for your 
information and that of the Congress of the United States, a bulletin 
entitled ‘* The Mexican Cotton Boll Weevil: A Revision and Amplifi- 
cation of Bulletin 45, to include the most Important Observations 
made in 1904,” prepared by Messrs. W. D. Hunter and W. E. Hinds, 
of this Department. 

This is an elaboration of a bulletin published a year ago, and of 
which an especial edition was ordered by Congress. In view of the 
popular interest felt in this subject in Texas, Louisiana, and other 
cotton-growing States, I respectfully recommend that at least 10,000 
copies of this bulletin be printed for the use of this Department, in 

addition to the number which Congress may, in its wisdom, order for 
the use of members thereof. 

The preparation of the bulletin has been hastened as much as is pos- 

sible, consistent with accurate and careful work, and, while it is reeret- 
table that it could not have been completed at an earlier date, the 
urgency of its publication is such that it is my hope that you will see 
fit to urge Congress, before adjournment, to take the necessary steps 
to secure the publication of a sufficiently large edition. 

i have the honor to remain, Mr. President, 

Very respectfully, 
JAMES Wixson, Secretary. 

The PresipEnt. 
(3) 
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U. S. DeraARTMENT OF AGRICULTURE, 
BurREAU OF ENTOMOLOGY, 

Washington, D. C., March 1, 1905. 

Str: I have the honor to transmit herewith the manuscript, pre- 
pared under my direction by Messrs. W. D. Hunter and W. E. Hinds, 
special field agents of this Bureau, of an extended bulletin on the 
Mexican cotton boll weevil, which is a revision and amplification of 
Bulletin No. 45 and includes the results of the many important studies 
made during the season of 1904. It is so amplified and altered as to 
deserve independent publication. I therefore recommend that it be 
issued as Bulletin No. 51 of this Bureau. 

Respectfully, 
L. O. Howarp, 

Entomologist and Chief of Bureau. 
Hon. James WILson, 

Secretary of Agriculture. 



CONTE Nas: 

GemeralecomsiCerabiOrs ene Mee eee Ae eer Uae ere ese the | Pee 

ISLETS Lyra ye ppp pe ere ere ee LP Feat A Ma Bh A le ts Oa We Se 

HD ES GIVE TNC S Se me ae Son 2 cs aes wom tei a EL aan Sa 

Meraittoray athe Cle Caps eine ae re Crs Seed ee Say NI LO a Sie Nd Pe Saas 

Dishriloutiiommon tliaeroollweewale spe erk iN tee Ne cee ce ee ea 

JARS] HOCUS: 5S ies aes Beatie Dic AN Sa ae ang SS er sek 

IOS NSTI OT ONY eh eth Sie SS ges hes ae Cah ae eg a mane me, 
SDUUMOD RIAL SS bis aaa AS ts Sica Serene yea pity Ate kr en pede ea Ieee a Uae 

INNS Qe, 2 ass SS GSS OG BE A I tg ee eS ge 
nitoryomicudevelopment ates sos ass ehie as. go) hs Cae ee es 

DD UGALIOMPON ES OUSLATC eee ceo Nee eee ce CON EME ae Tice Bie Raat 
Hele tre Lain aes pene eee Nile RAE SITE SS aoe ta aera So ia ae 

Matebmexotcegestlandyoutside gins se cee 2 ee ee i 

Eating of eggs deposited outside --..-.-.---- Seep phi a NG Neate eek oO 

Rercentage oinecosutnatshatehnmss a seek ee ic ae ce 

EST seas viet oa ees oN tas oP eae net eer NL Le 5 WR EAS Lancs oe 

IN ONS ties a coil ll Ee Rn he aes SK Per gia ee 

IBEOCESSRON TNO CII ye ay ce I Sis ee ae LS ee cs en Ng 

Durahionvoirlarvalistag ep 2. eet ala Caen ree yay a) ieee dts pens as ees 

Fpakeceliisiiniely@ lis) cee, s ee Sem apr a a POM Vs eee ue EL 

JED OTA KO) Os ies ARS asc Se 2d SAR a gs A a ee papa er agus Ae Meg 
ARNE) OU OBI , Ss Bee rier e eas rae ere ee aa IPS ye aya Sra Sera a ee ee a CE 

Dunawongotapulpalestace se, 45% Wye se eee ee Lis fe hee See I ER ee a 

MISia es exclaim yee yee mene ee aes a SNA) Mae es athe mt one en wee 

BeTOTRe REM One li Cate CNet eae Gabe Ae, eevee Uae ci Sal py Bs ae 

J BIROOVRERS NGS): ie Bis Sey acl ss cas tae Oa oe aya ae Se Saal as 

Chancedaike raemenreemce= a tres neta eer <2 ee ee ere ie svar 

Descriotroneoliadullitpsmys wetness sats ee 2 Mees pl AN Fath ys Pas A 

SHAS ONE NELSON ISIS ae, I Sas Fa) Ae een ey 8 re Non ean eae een 
Relaionpotes(zertomood Supwlynee =. 455 22s wee Nn eu oak 
Wierodatmoteacliulitsyare tenes sinen ee een eruts Cala OR MO ha 

Secondaryacexualchandctensieeeeren ao see ee eS Se Sn i sees 

ERO POrGOMSNOlmi Meise ecm s ny 4 eee nis EN Fa i ek 

Duravronvol litenmpompsauanese ys pee Uae wl ee Leek yok ee 

Wuratioukotsiteronebollcralomess sewer ee ar es obs 

Duration omuteron cottonpleaves alone 225-0 225.2 es. 22 ee lh ee 
Duration of life with sweetened water and with molasses.........--- 

Duration et lite without food: put with water. 1.22.2 22..2.i2..22<2 
Durawmengoiite withoutoodonnyaerooose2 =... 5225.4¢ 5382 Te 2 

(Caio Oee Tesora s Saat I A I ol ai as a 



6 
Page. 

Food shabitss..X osi20. 6 en 252 Seton ce oe ee eee Se ee eee ee 48 

Larval... 2.2 e262 22 2 Se te BE 49 

AUG 2 cd oe a ek ee ES a 49 

Male) 2c. so5:2 5 2c ae SS eae eo 51 
Female 0.2.2 sachsen soon ee a ee 52 

Males and femalesitesetber 0 toa ee ite ee coe ye 52 
Feeding of hibernated weevils on early cotton =. 2222 52 

Time hibernated weevils can exist on foliage before formation of 

SQUATES 2.2252. SoS ONES ae Oe Se ee ee 53 

Concentration ef weevils upon most advanced plants................ 54 

Are weevils able to locate a food supply at any considerable distance?.-... 56 

Danger from allowing seppacte- crow 2202. ones) ee 57 

Increase. in. leatiarca al cotton 5.0) oo A eee ee ee ee 58 

Effects of feeding upon squares and bolls. .--..----- eS. Bo Seer Sree 59 

Destructive power by feeding. 223 ne Ei Ted 20 Sed See eee 61 

Susceptibility of various cottons ...--...----.-..-. Be ee) Pe eee 61 

Has the weevil any other food plant than cotton?.....-.-.-... SAS Ne vee é4 

Fasects. often. mistaken for the. boll- weevil.2. 20a ee ee 66. @ 

Tscotton-sead mealatiractiver x5 oe ef eee 68 

Laboratory observations Sens Se ree aE A Rede 2, ee seals Ving spares 9 68 | 
Miehd testes. as a ee Ne ee ee ee eee 69 

The possibility of baiting weevils. with sweets ..._...-.-2------.--- geet SES 70 

Adtractiveness,of various sweeis... ono. a. 32 bode ee os ee 70 

Attractiveness of sweets to hibernated weevils in laboratory............- 71 @ 

Influence of sweetened water upon feeding of weevils on cotton plants... 72 % 

Field tests for hibernated weevils, using pure molasses.......---..-----. 73 

Feioning, deaths... Re 2 oa ee eee 74 

Reprodu¢tion +. 228e52 a ee eee ee 74 
Method of making field observations upon work of weevils.-..-.----.--- 74 

Fertib@etion. 5355 ee ee i eee 7 @ 

Age of beginning copulatien 2.2524 = ee eee De 

Sexual attraction and duration of copulation_..—- Sere ee ees 76 @ 

Duration. of fertility in-iselatediemales: S09 ee ee ee 76 

OMINOSITION:. oe a cee = Be a ee SEA ota i Re re ee ee 77 

Age of beginning ov ipasifion wheat Sn ee a eee ee Cig 

Examination. of squares.belore oviposition. a ee ee 77 

Selection of uninfested squares for oviposition .--.- aioe 5 eee ng ee 78 

Laboratory observations 30 2 ee ee ea 79 

; Field observations. 22-2 33 2 eee 80 

Activity of weevils in different Sete Of the: days os ee ees 81 

Place.of eos-deposition: 0 es ee ee eee & 
Position of the weevil while puncturing for hea Rieaieten en es > 

‘Rhe-act Gikovipostiien,. 2.5 oe ee ee eee 85 

Time required to deposit an egg... .-- ce Eee Oe or a eee eats 85 

Rate of oviposition—average, maximum ___._........-..--i-<--6.-- 86 

Stimulating effect of abundance of squares upon eg « deposition Ses 87 

Relation. of warts teevlposition. — 2) 24 2 a eee 88 

Effects of oviposition upon squares—flaring, falling-.-....-.---------- 89 

Period.of oviposition. = aa Se ee eee 90 
Original habit of depositing eggs mostly in bolls......-...-.-------- 90 

Does parthenogenesis occur? 24-42 e= ee eee SS 91 



IDSTAO NINE se DOSS FSSC Se SOS REE s Les SESE ee ete ea 
Percentage of weevils developed from infested squares --....--.--..----- 
Development of weevils in squares which never fall...............------ 

Durahioneoet the literowcle: {22s 2s ee kee 5 eaten Pe AS ee ass py cette 
BRO OCSOr SEMeCTAMOMNS ee alae le oa escew ite se remeicicreieimewinin Cie sesenice = =< 
Possible annual progeny of one pair of hibernated weevils....-..-------- 

Thermal influence upon activity and development -.....-.-.----------.. 
Induence:ot retarded development upon sex 22252 5-2- -S.- cee eee te 

Laboratory experiment in effect of temperature upon locomotive activity - 
Gradual development during hibernation in south Texas...-...--.-- oe 

FCASO TEMS GOT cea seers emcee crs Se eh raels Perdana s 
Vea LV OVEN cua gES COUN hes eh ese ls pips i ee pc Re ns ae eee aloe Ra yee pen) eae Pel Ao Oy 

mira cesnvorMijemnAbiOn nak ona cule ees oe eue eee 

Sihieliterisoucint, ma inibernahion ses sc. cee, koe sac ct eee 

Durttionsot hibermatvon period: 22.2.4 5.5 —. Ree ens a Seti a ee 

Apparently favorable conditions for tanemeton east iste. oe (Ss ea Neat 
Percentage of weevils hibernating successiully.....-......---------- 
Aires OMeMMerCCMCS TLOMN MAT OCTNAMOMs scene fescue c cc tee See oes ae eS 
Gradual emergence from hibernation ..............------.-- se eT 

Distance hibernated weevils will fly to food ..........-.-.-.-.------ 

Gradual attraction of hibernated weevils to squares............--.+-- 

General movement of hibernated weevils in field having considerable 

{SI SION] ei SOU OV Sega oe a a re oo EN en PRAT 

Apparent dependence of reproduction upon food obtained from squares. 

Progresso imlestation inviields 2224.22.42. -- Paehieee 2510 Gls ean meer ae 

Wicevil amir SO Wane precmuenony ja. .2 sen i Js se ee 
Effect of maximum infestation upon weevil multiplication ......_... 

Proportion of squares attacked that are not destroyed.............-- 

WELCOME O MV eeNAlS CO. LOPUCROD, certo neha th ee ten re ae 

Nome reasons tor the early destruction of stalks .-...--- 1222.22. 2.2: 

DWSISVSIOANU EC HEY OUR a ENS ry DN to sua Ae aieeeter  r N age re ae Ne aunaenoy eae 

PATA eV eo TCLS ovr phate satan mea ice 2 GLE Nek en Les Bet a 

Weevilsam seed HOuUsSes IL CINMETIES.  <iyo4 to) - SoS en esos Seek cose 

Ginvagency at border lime of mfested territory. -2..-.2-.222-.2222-- 

Dissemination through shipment of seed cotton and cotton seed ...-. 

ren tient inolese cdehorss nip rmenitge iss pe hop es Gretna tats ae S 

Duration of life of weevils buried among various grains, etc ......... 

ING YSDUPEN EB ORETOOTRS) “2 Sa Sa ies ies eae eget en in pee ae oder Bo eo a 

Wacniclsramidistlood ste epimme. SNehe EEA ins ae ates cae ea ao es oe 

TN AE a eeEI ECG OS ae Nees a NS ee a Ok Ae 2 tee RY 

EBiecvondetolation upom weevilimovement 2.2 ..2202 22-0522 22- 52: 

NG YED RAN | COMUIRONG RSE 5 Bey he os oe cies tee econ See ie ae Meo i a ep 

MEChiamicilecontino lesa awn rays Me ete roe Sr oe eS oS 

Pilosityzon plant obstructing weevil movement... 222. 502..22 lel. l 8: 

Proliferation and its effect-in bolls and squares ..-......:-.....-..-- 

Chindvicke Oubsho lee yaa ara eh ge oe ole 

Temperature endured by weevil larvee in squares exposed to sunshine. 

Temperature endured by weevil stages in winter.......--.-..--.---- 
Effect of rains upon development of weevils..........-:------------ 
Kifect of wet winter weather on hibernating weevils....-----------. 

RrceHOmOvernOwcMUpleld serene tl neha. ss Sscske etc cet cons eec- 

heat bo ¢ CO ~ 

ed i=) 

Co bo by bo 

( 

2 fe (eR) 

Co co Ww Ww ~ Co co GO Ww WH SSeS Sa a en 

jt © Co Co 



Natural. control—Continued. 

Climatic control—Continued. Page. 

Laboratory observations upon time weevils will float and endure sub- 

MCLSENCE La. <a Se ap ee ere ene ee ee 139 

Probabilities as to influence of climate upon the weevil in cotton 

TEPIONS NOt NOW: INlested. as ee es oa es oe a Oe 140 
IDISCHSES oo <5 Sed cs Sete acre See wt Se ee a 143 
Parasites. 22.0.5 32S Se Se ee ee ee ae i eo ee 144 

Breeding of parasites -2S)20. -2 a2 sees ee oe ae eee oe ee ee 144 

Pediculoides: Gentrveosus ea 2 oo os ae ee ne ene 146 

Predatory enemies. fs. 22s Ls eae nee Oe 148 
Insects—native ants, Guatemalan ant, mantids _._.........----.-.-- 148 

IPOS coco oo oe ca Bre a ng ea ee een ee eee: ee ee 150 
ATtineial control Jo. - = Renae is cas eee SS ok reals LU RNS se OS re 154 

Etfect of buryine squares and weevils--2 20 - = = ee en eee 154 

Effect upon pupation and escape of adults in dry soil.............--. 164 

Effectiof burying in wetsoll. 22.5. =- aon ae ee 154 

Burying weevils:insautumin. 2s 2s ae re ee ee 155 
Conchision.... —s22.—- oo cede sea din inc epee reed ae et ra he ee 155 

Insecticides 226-8 ie $3252 ees SS eee ae ne ee ee 156 
MiaGhitives.= 22% 25 one Se pee 2 am my hae 157 

Neachines for Meld aise a2 ba. Soe eer oe nee ae ee ee 157 

Ginning machinery 22.5. ses: «toe So ee Se a ee ee eee 158 

Futile methods frequently suggested........-----..---- ead Cem. Fa 159 

Mineral pamt and: cotton-seed mealo os "2 = sas. aoe ee 159 
SPrayiie- 2.) Seas hos hee aie Mn ee eres eee ee nee 159 
Subpinare =< — ee ae Sere peer Hn min eee ee a cae Gaus 169 
Paris oreety .o220 coc cols Se eee =e ee ee ee 159 

‘Drapping at git soo. 5 Se Sees es es ee eg ee ee 160 

Reasons for. advantage of culfuralmethod= 2225 o5-2 eee 160 
Cultural method 2c >.S oS Se ee Se ee Se ee ee aes 161 

Legislation. needed’ <= a2 5255 Sas. 3c See ee a ee ee ea eee 163 

Bibliography .ca..'s5. view oc Godin nec ctee coo case. a eee eee ee eee 164 

IMG eNes omen eo ce oars Poet soot ate ta bas Ro oe Ss Scie ee ee nae 173 



Puate I, 

108 

Jhb 

LV. 

\ WAL 

WIT: 

WADI 

OIE STIR BONS. 

PLATES. 
( Page. 

Fig. 1.—Adult boll weevil, dorsal view ................-.-- Frontispiece 
Fig. 2.—Adult boll weevil, lateral view..........---.-.-.-- Frontispiece 
IEA oe yh Orn ma nena et eet a Ee een. Chay. parca) sae cae Frontispiece 
ince 42 — Tar omoy it ATV Maha Sep ea usted as Frontispiece 

igo hupasventralvie Wine ss senses. eke yolk tos. Frontispiece 
Mes e6:—— Adult with wingsispread: ss. s42-..5 +2525. 08.28: Frontispiece 

Fig. 7.—Collection showing life history and work of boll weevil -.-- 32 

Fig. 8.—Partly stripped square showing two eggs and a feeding 

(CIN SUEY age es ong tee cares Co raps ON Sparta Pe ese re Pe teaeiee sors 32 

‘Fig. 9.—Square with egg deposited outside.............-..-...--- 32 

RigsalOe—Squere withotull-orowmelanvar 62. = 22 fo = ee ee 32 
Rio tin ups qusupormed wilhimi squares... Sess oss ee oe B2 

Fig. 12.—Weevil just transformed to adult in square .-.-.-.....---- 32 

roy ls. hwoslarcelanveonmelarcesbolliee esse. see ae eee oe 32 

iota 42 Pupalscell tirom™ubolls brokens Opens 22-25 ose ee a2 eee 36 

ger e— OIG ENICW: Ol OU Passer er esa ee tape ee se ne 36 

PionlG Venta li wae ws OlspUlpaise=* sae aac ew hs Cee ee ee Nes ued 36 
Fig. 17.—Four pupal cells from bolls compared with four cotton seeds. 36 

Fig. 18.—Weevil just escaping from a square ......-...-.-.-.------ 40 

Fig. 19.—Weevil just escaping from boll, normal method_.-.-...-.-. 40 
Fig. 20.—Square showing emergence hole of weevil.-.....--.-----. 40 

Fig. 21.—Unopened boll showing emergence hole of weevil ..-.---- 40 
Eig 22,——@ace used im breeding weevils=: s2222. 22. 5.95-- 2.222 --. 40 

hig 23°——\wieevils feeding ontlarge boll: 2 eca. 2225- os -ehee- cee eee 40 

Fig. 24.—Leaf fed upon by weevils in confinement. -..-.-.-..--.---- 48 
Fig. 25.—Square about to bloom destroyed by weevil -..----..------ 48 

Fig. 26.—Weevil full grown in square of usual size..-.....----.---- 48 

Fig. 27.—Larva full grown in square; would fall with corolla....---. 48 

Fig. 28.—Weevil full grown in square, ovary untouched..-......--- 48 

Fig. 29.—Weevil larva destroying two locks of boll ......---.------ 48 
Fig. 30.—Weevil preparing puncture for oviposition .....---------- 48 
Fig. 31.—Square injured by many feeding punctures. ........------ 48 
Fig. 32.—Bloom distorted by many feeding punctures -...-...---..- 48 
Fig. 33.—Comparison of flared with normal square ...-..-.--------- 48 

Fig. 34.—External signs of weevil injury to large boll ...-..---.---- 60 

Fig. 35.—Internal effect of weevil feeding on large boll.....-.-.----- 60 

(9) 



PLATE IX. 

10 

mies 37.—a, Feeding ‘icles elcsed = woody growth from carpel; 

b, gelatin formation following weevil injury ........-. 

Fig. 38.—Boll showing two locks destroyed by two feeding punc- 
tures OL male weevil .oss- oe a ee Snes 

Fig. 39.—Device used to test weevil choice of squares __--....-.-.- 

. Figs. 40 and 41.—Mexiean eotton boll weevil (Anthonomus gr cues) 

Fig. 42.—Bloodweed. weevil (Livus) -...-.- Sr aSR RMR SOE O DE Oe ds 
Fig. 43.—An acorn weevil (Balaninus uniformis).......--.--.---- 

Fig. 44.—Apple curculio (Anthonomus scutellaris).........-..---- 
Fig. 45.—Pepper weevil (Anthonomus xneotinctus).......-.------- 

Fig. 46.—Ironweed weevil (Desmoris scapalis) ...........------ — 

XI. Fig. 47.—Transverse Baris (Baris transversa) ....-.....---------- 

Hie. 48:-——Cenbranes mentees. 232. eh ee ce ee ee 

Fig. 49.—Coffee-bean weevil (drecerus fascieulatus): a, oe. 

6, cages: CG, pupa <5. 5 ee a ee eee Se 

Figs. 50 and 51.—Cowpea-pod weevil ( Chalecodermus xneus)-..--.-- 

XII. Figs. 52 and 53.—Sharpshooter (Homalodisea triquetra) - Re eee 
Fig. 54.—Cotton stainer (Dysdercus suturellus) ..-.........------ x 

Fig. 55.—Cotton-stalk borer (Atazia crypta) ....-------------4+-- 

Fig. 56.—Imbricated snout beetle (Epicerus imbricatus) _......--- 

Fig. 57.—A snapping beetle ( Monocrepidius vespertinus).....------ 

XIII. Fig. 58.—Device used to test attraction of molasses for weevils in field 
Figs. 59 and 60.—Weevils “‘ playing *possum”’ _.............-.-- 
Fig. 61.—Method of obtaining exact data regarding weevil work in 

field. 22.52 Vat ee ee ee ee 

XIV. Fig. 62.—Section of square showing location of egg -.--.---..---- 

Fig. 63.—Hull stripped from boll showing two-eggs-on inner surface 

Fig. 64.—Section of boll showing location of egg.......---.--.---- 

Fig. -65.—Wart formed in healing egg puncture.---..----.-- date 

XY. Fig. 66.—Two egg punctures in -a-sqiare ...--.-.----.-.---2----- 

Fig. 67.—Square flared widely from two feeding punctures ------- 

Fig. 68.—Infested squares fallen to the ground -............-..-- 

XVI. Fig. 69.—Iniested squares hanging dried upon the plant.-.-...--- 

XVII. 

XVIII. 

Fig. 70.—Refrigerator devised for breeding weevils under low tem- 

PeTahres 2-2. Soak ob Re ee eee 

Fig. 71.—Boll showing three larvee in one lock -.-.-.------------ 
Fig. 72.—Apparatus for testing effect of low temperatures on weevil 

RELDVIEDY Lasce cee es SS ot Be ee ee 

Fig. 73.—Comparison of planted with seppa cotton on April 15, 1904 

Fig. 74.—Comparison of planted with seppa cotton on May 14, 1904 
Fig. 75.—Locality found very favorable for successful hibernation 

in winter of 1902 to MOS. son an ot ee ee 

Fig. 76.—Near view of small infested bolls in late fall.......--.-- 

Fig. 77. ee standing in late fall after they should have been 

destroyed: ons ea eee 

Fig. 78.—Destroying stalks, forming windrows preparatory to 

bUENDING +... ch ae Se eee 

Page. 



Ah 

PuaTE XIX. Figs. 79 and 80.—Small bolls containing weevils when found 

shipped with seed into uninfested localities .....-.-- 
Fig. 81.—Comparison of pilosity on stems of American and 

io ngvlanecOttOMmen setae cee ee RL soe So. 

Fig. 82.—Gelatin formation in boll following feeding punctures, 

drtedvandiblackemeds asain iit ee ees 

XX. Fig. 83.—Gelatin formation in square after drying..-.--..---.- 

Fig. 84.—Larva of Bracon mellitor attacking larger larva of boll 

WC Call anmethNeeScUAne Meese ie eye a ala) chee Spey peace Io Fas 

Fig. 85.— Pediculoides ventricosus breeding upon wasp larvee..--- 

X XI. Fig. 86.—Cage work in studying effect of poisons in the field --- 
Fig. 87.—Experimental apparatus for testing effect of hydro- 

cyanic acidegas| upon weevil stages. - 2222. -.22-222-- 

Fig. 88.—Experimental apparatus for testing effect of formalde- 

hyde vapor, upon weevil stages’. 5.2...-22..252 5252 

XXII. Fig. 89.—Weevils killed in passing through cotton gin......--- 

Fig. 90.—Remains of weevils passed through main fan at gin- 

TNC TAY fern aes esc erat et op cyst Sie elle ia ot iain ete ae 

XXIil. Fig. 91.—Passing weevils through gin—a, seed, and b, mote col- 

TGs t. 

CO NI GD O1 

NEC iN O Nam Res rer Moin G8 ieays ed towne 2h. AGS 

Fig. 92.—Gin opened, showing spaces through which weevils 

escape the achlomrol the saws: 2424-05505 = ee 
Fig. 93.—Cotton field in weevil-infested territory producing a 

In allemperedl Chewy sateen ao eee Smead BO 

TEXT FIGURES. 

Map showing increase of weeyil-infested territory between the years 
SLE OT Sta rat CRRIIG 0) oreo 8 atey cia pn eeetan ies Tare eh kt 4 Ee oe Lelie ie de 

. Mexican cotton boll weevil; head, showing rostrum and antenne.... 

. Diagram showing average activity of five female weevils...........-. 

. Diagram comparing outline of general weevil movement in a field with 

outline of present weevil-infested area_.2-...-.-:..--..-----2-2--- 
. Map showing successive weevil movements into Louisiana .........-. 

eATAasiLeOmNOll weevil C@Enacon melliton) 6-6 ea. a) ae eke eo ee 
TE MEennyAOl DOllweevllCedrculordestventnicosus)te- ae (5a. 2 secs 

. A native ant enemy of the boll weevil (Solenopsis geminata) ....-..--- 

156 

156 





JE JEJE USMIG, IBb, 

The present bulletin is based upon Bulletin No. 45, of this Bureau, 
entitled ‘‘The Mexican Cotton Boll Weevil,” issued in May, 1904. 
That publication included the results of investigations of this impor- 
tant pest which had been carried on for several years. The present 
bulletin includes additional results that were obtained during the sea- 
son of 1904. In form the principal changes are in the incorporation 
of the treatment of some 50 additional topics. Asa matter of fact, 
however, some of the principal actual additions are incorporated in 

the tables which occur throughout the pages of the bulletin. Many 
additional features of the life history of the pest that may throw light 
upon the question of combating it have been investigated. In some 
respects very considerable additions to our knowledge of the insect 
have been made. This is especially the case in all matters relating to 
dissemination. This topic deals with matters that are naturally diff- 
cult to determine. The work must be done in the field, and a large 
territory must be covered. Through the cooperation with the Louisi- 
ana Crop Pest Commission, which was engaged in an attempt to pre- 
vent the further advance of the boll weevil into that State, a number 

of entomologists occupied several months’ time in the extreme eastern 
and northern regions infested by the pest. It is, of course, only upon 
the basis of such a complete knowledge of all means by which the 
weevil reaches new regions that the possibility of checking its advance 
may be considered. 

The Mexican cotton boll weevil (Anthonomus gr ee. Boh.) has the 
unique record of developing in less than twenty years from a most 
obscure species to undoubtedly one of the most important economic- 
ally in the world. It was first brought to the attention of the Bureau 
of Entomology as an enemy of cotton in Texas in 1894. Before it 
had invaded more than half a dozen counties in the extreme southern 

portion of Texas several entomologists were sent to the region in con- 
nection with this work. Enough was soon discovered to indicate the 
most feasible plans for avoiding damage by the pest. These original 
plans, based upon investigations of the life history of the insect, with 

modifications, for the most part due to climatic conditions in regions 
quite dissimilar to the lower portion of Texas, are still the basis for 
all that is known in combating the pest. However, at that time it 

(13) 
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was necessary to pay particular attention to the immediate economic 
phases of the problem, and a detailed study of the habits of the insect 
was impossible. In 1902, by the aid of a special appropriation by 
Congress, it became possible to establish a complete field laboratory 
in the portion of Texas in which the weevil had been known to exist 
at that time for about eight years, where a careful investigation could 
be conducted regarding the points in the life history of the pest that 
offered even remote chances of suggesting means of avoiding damage. 
The results of the work at this laboratory that have been of more 
immediate economic bearing have already been published in farmers’ 
bulletins of this Department. However, as will be seen from the fol- 
lowing pages, a very large mass of information concerning all the 
habits of the boll weevil has been accumulated. Not only on account’ 
of the great economic importance of the problem and the demand for 
information from numerous quarters concerning the biology of the 
pest, but also on account of the fact that the methods followed in this 
work have been to some extent original, and may be of use in con- 
nection with the investigation of other insects, it is thought advisable 
to publish a great number of the observations that have been made. 

The historical and economic features, to which reference has been 
mace elsewhere in the publications of the Bureau, are included to 
bring together in convenient form practically all that is known regard- 
ing the species. Much information obtained by the earlier investi- 
gators of the Division of Entomology, Dr. L. O. Howard, Mr. C. L. 
Marlatt, Mr. C. H. T. Townsend, and Mr. KE. A. Schwarz, has been 
used. On account of the painstaking character of the work of Mr. 
Schwarz, and his intimate knowledge of related species, his reports, 
largely unpublished, have been found especially valuable. Special 
acknowledgment is due to Mr. Schwarz also for his assistance in the 
determination of the recognizable insect fragments contained in the 
bird stomachs collected and examined. Because of his very intimate 

knowledge of this work he has written the paragraphs under the sub- 
ject ‘* Birds,” pp. 150 to 153. 

In presenting this work the authors have taken care to state fully 
the data furnishing the basis for the various conclusions. Under each | 
important heading will be found, first, a description of the methods 
and apparatus employed; second, a full and in many cases tabular 
statement of observations; third, the obvious conclusions. Care has 

constantly been exercised to avoid errors likely to result from artificial 
conditions in the laboratory. A large part of the work of the past 
two years was in ascertaining how closely laboratory results corre- 
sponded to the actual conditions in the field. The writers have on 
many occasions been surprised to discover how close the correspondence 
is, and consider that the demonstration ona large scale of the possibil- 
ity of accurately determining the details of the life history and habits 
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of an insect by laboratory investigations is by no means the least 
important of the results of the investigation. 

In general the laboratory investigations have been under the direc 
tion of the senior author, Mr. W. D. Hunter, but practically all of 
the labor of preparing detailed outlines and of executing or supervis- 
ing the execution of the laboratory work has devolved upon the junior 
author, Mr. W. E. Hinds, who has been in charge of the boll weevil 
laboratory. In addition to the assistants, Messrs. A. W. Morrill and 
G. H. Harris, whose work was incorporated in the original publication 
(Bulletin 45), the most important observations and experiments of the 

following field agents have contributed to the publication in its pres- 
ent form: Messrs. C. M. Walker, W. D. Pierce, W. A. Hooker, W. W. 
Yothers, A. C. Morgan, J. C. Crawford, and $. Goes. Besides these, 
Prof. H. A. Morgan, the secretary of the Louisiana Crop Pest Com- 
mission, has suggested many lines of investigation. Mr. James Hull, 
of Victoria, Tex., was employed for several months in making a 
thorough study of cotton-ginning machinery. 

- Specifically, all of the present bulletin, except the portion preceding 
the topic ** Life History,” p. 30, and the topics following the subject 
‘‘Wutile- Methods Frequently Suggested,” p. 159, with the further 
exception of the topic upon ‘‘ Birds,” p. 150, has been written by the 
junior author. The illustrations used are from photographs taken for 
the work by the junior author, with the exception of the text figures 
and the illustrations of ‘‘Insects mistaken for the boll weevil,” of 

which those marked ‘‘ original” are, with one exception, from draw- 
ings prepared by the Bureau of Entomology. 





THE MEXICAN COTTON BOLL WEEVIL. 

GENERAL CONSIDERATIONS. 

HISTORY. 

There is very little certainty regarding the history of the Mexicam 
cotton boll weevil before its presence in Texas came to the attention of 
the Bureau of Entomology in 1894. The species was described by 
Boheman in 1843 from specimens received from Vera Cruz, and it was 
recorded by Suffrian in 1871 as occurring at Cardenas and San Cristobal.,. 
in Cuba. Written documents in the archives at Monclova, in the State 
of Coahuila, Mexico, indicate that the cultivation of cotton was prac- 
tically abandoned in the vicinity of that town about the year 1848, or 
at least that some insect caused very great fears that it would be nec- 
essary to abandon the cultivation of cotton. A rather careful inves- 
tigation of the records makes it by no means clear that the insect was 
the boll weevil, although there is a rather firmly embedded popular 
notion in Mexico, as well as in the southern United States, that the 
damage must have been perpetrated by that species. As far as the 

accounts indicate, it might have been the bollworm (//eliothis obsoleta) 
or the cotton caterpillar (Alabama argillacea). 
From the time of the note by Suffrian regarding the occurrence of 

the weevil in Cuba in 1871 up to 1885 there has been found no pub- 
lished record concerning it. In 1885, however, C. V. Riley, then 
Entomologist of the Department of Agriculture, published in the 
report of the Commissioner a very brief note to the effect that Antho- 
nomus grandis had been reared in the Department from dwarfed cot- 
ton bolls sent by Dr. Edward Palmer from northern Mexico.* This is 

«4 The following is a copy of the original letter by Doctor Palmer: 

HAGLE Pass, Trex., September 28, 1880. 
The ComMMISSIONER OF AGRICULTURE. 

Str: Previous to leaving Monclova, Mexico, for this place I visited some fields 

planted with cotton. Seeing but few bolls of cotton, examination revealed the cause. 

An insect deposits its egg and the boll falls; thus some plants had only two or three, 

others five or six bolls, while underneath the leaves, in the shade thereof, were 

many that had fallen there in the moist shade to lay for the larva to hatch. Please 

(17) 
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the first account associating the species with damage to cotton. The 
material referred to was collected in the State of Coahuila, supposedly 
not far from the town of Monclova. The exact date at which the 
insect crossed the Rio Grande into Texas is as uncertain as the means 
whereby this was accomplished. All that can be found, which is 
mostly in the form of testimony of planters in the vicinity of Browns- 
ville, indicates that the pest first made its appearance in that locality 
about 1892. In 1894 it had spread to half a dozen counties in the 
Brownsville region, and during the last months of the year was 
brought to the attention of the Bureau of Entomology as an impor- 
tant enemy of cotton. Mr. C. H. T. Townsend was immediately sent 
to the territory affected. His report was published in March, 1895. 
It dealt with the life history and habits of the insect, which were pre- 
viously completely unknown, the probable method of its importation, 
the damage that might result from its work, and closed with recom- 
mendations for fighting it and preventing its further advance in the 
cotton-producing regions of Texas. It is much to be regretted that 
the State of Texas did not adopt at that time the suggestion made by 
the Bureau of Entomology that a belt be established along the Rio 
Grande in which the cultivation of cotton should be prohibited, and 
thus cut off the advance of the insect. 

The events of the last few years have verified the prediction of the 

Bureau of Entomology in regard to the advance made and the damage 
caused by the insect. 

In 1895 the insect was found oS the entomologists, who continued 
the investigation started the year before, as far north as San Antonio 
and as far east as Wharton. Such a serious advance toward the prin- 
cipal cotton-producing region of the State caused the Bureau to con- 
tinue its investigations during practically the whole season. The 
results of this work were incorporated ina circular by Doctor Howard, 
published early in 1896, in both Spanish and English editions. 
An unusual drought in the summer of 1896 prevented the maturity 

of the fall broods of the weevil, and consequently there was no exten- 
sion of the territory affected. It should be stated in this connection 
that the region -from San Antonio to Corpus Christi, and thence to 
Brownsville, will frequently pass through similar experiences, which 
will be quite different from anything that may be expected to occur 

find enclosed insects and many of the injured bolls, some newly punctured, others 

taken from under the plant. 
Monclova, Mexico, and the surrounding country a few years ago was famous for 

its large supply of cotton; at this time none can be grown, owing to the destructive 
insect, samples of ice are sent. The inhabitants would be glad to hear of a 
remedy, upon which matter in the future I will communicate with your Department. 

Your obedient servant, 

EDWARD PALMER. 
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in regions where the rainfall is more certain. In 1900, as well as in 
1903, in all or part of the region referred to, the numbers of the weevil 
were reduced by climatic conditions, principally a scanty rainfall, so 
that they were comparatively unimportant factors. During 1896 the 
investigations were continued, and the results published in another 
circular issued in February, 1897. This circular was published in 
Spanish and German as well as English editions, for the benefit of 
the very large foreign population in southern Texas. 

The season of 1897 was in many respects almost as unfavorable as 

that of 1896, although the pest increased its range to the region about 
Yoakum and Gonzales. Although this extension was small it was 

exceedingly important, because the richest cotton lands in the United 
States were beginning to be invaded. The problem had thus become 
so important that Mr. Townsend was stationed in Mexico, in a region 
supposed to be the original home of the insect, for several months to 
discover, if possibJe, any parasites or diseases that might be affecting 
it, with the object of introducing them to prey upon the pest in Texas. 
Unfortunately nothing was found that gave any hope of material 
assistance in the warfare against the weevil. 

The season of 1898 was very favorable for the insect. Bastrop, 
Lee, and Burleson counties became invaded, and some isolated colo- 
nies were found across the Brazos River, in Waller and Brazos coun- 

ties. Investigations by the Bureau of Entomology were continued, 
and a summary of the work, dealing especially with experiments 
conducted by Mr. C. L. Marlatt in the spring of 1896, was published 
in still another circular. At this time the legislature of the State of 
Texas made provision for the appointment of a State entomologist 
and provided a limited appropriation for an investigation of means 
of combating the boll weevil. In view of this fact the Bureau of 
Entomology discontinued, temporarily, the work that had been carried 
on by having agents in the field almost constantly for four years, and 
all correspondence was referred to the State entomologist; but, 
unfortunately, the insect continued to spread, and it soon became 
apparent that other States than Texas were threatened. This caused 
the work to be- taken up anew by the Bureau of Entomology in 
1901, in accordance with a special appropriation by Congress for an 
investigation independent of that being carried on by the State of 
Texas and with special reference to the discovery, if possible, of 
means of preventing the insect from spreading into adjoining States. 

In accordance with this provision an agent was sent to Texas in 
March and he remained in that State until December. He carried on 
cooperative work upon eight of the larger plantations in the weevil 
region. The result of his observations was to suggest the advisability 
of a considerable enlargement of the scope of the work. It had been 
found that simple cooperative work with the planters was exceedingly 
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unsatisfactory. The need of a means of testing the recommendations 
of the Bureau of Entomology upon a large scale, and thereby furnish- 

ing actual demonstrations to the planters, became apparent. Conse- 
quently, at the suggestion of the Department of Agriculture, provision 
for an enlargement of the work was made by Congress. Agreements 
were entered into with two large planters in typical situations for test- 
ing the principal features of the cultural system of controlling the 
pest upon a large scale. - In this way 125 acres at Victoria and 200 
acres at Calvert were employed. At the same time the headquarters 
and laboratory of the special investigation were established at Vic- 
toria, and such matters as parasites, the possibility of poisoning the 
pest or of destroying it by the use of machines, as well as investigat- 
ing many of the features of its biology that were still absolutely 
unknown, were given careful attention by a specially trained assistant 
whose services were procured for that purpose. The results of the 
field work for this year were published in the form of a Farmers’ 
Bulletin entitled ‘‘ Methods of Controlling the Boll Weevil; Advice 
Based on the Work of 1902;” but on account of the late date of the 

establishment of the laboratory (June), and the consequent incom- 
pleteness of many of the records, it was not thought advisable to 
publish anything concerning the laboratory investigations. During 
this season cooperation was carried on with the Mexican commission 
charged with the investigation of the boll weevil in that country, which 
was arranged on the occasion of a personal visit of Dr. L. O. Howard 
to the City of Mexico in the fall of 1901. Specimens of parasites were 
frequently exchanged, and through the courtesy of Prof. A. L. 
Herrera, chief of the Mexican commission, an agent in charge of the 
investigation in Texas visited the laboratories at the City of Mexico 
and Cuernavaca, where a study was made of the methods of propa- 
gating parasites, especially Pediculoides ventricosus Newp. A large 
number of specimens of this mite were brought back to Texas, where 
they were carried through the winter successfully and used in field 
experiments the following season. 

The favorable reception by the planters of Texas of the experi- 
mental field work conducted during this season, with the increased 
territory invaded by the pest, brought about an enlarged appropria- 
tion for the work of 1903. By enactment which became effective on 
the 4th of March, $30,000 was placed at the disposal of the Bureau of 
Entomology. Itthus became possible toincrease the number and size 
of our experimental fields as well as to devote more attention to the 
investigation of matters suggested by previous work in the laboratory. 
Seven experimental farms, aggregating 558 acres, were accordingly 
established in as many distinct cotton districts in Texas. Despite 
generally very unfavorable conditions the results of this experimental 
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work demonstrated many important points. The principal ones are 
detailed in Farmers’ Bulletin No. 189 of this Department. 
A general realization of the great damage done by the boll weevil now © 

led to the appropriation by Congress of $250,000 for use in enabling 
the Secretary to meet the emergency caused by the ravages of the 
insect in 1904. It thus became possible to again increase the number of 
experimental farms and to pay especial attention to a number of impor- 

tant matters that could not be investigated previously. As was stated 
in the preface, the present bulletin is one of the results of this work. 

The economic results of more immediate importance have been pub- 
lished in farmers’ bulletins and other publications of this Department. 
Farmers’ Bulletin 209 dealt with the possibility of controlling the boll 
weevil in cotton seed and at gins. Farmers’ Bulletin 211 dealt with 
the value of the use of Paris green in an attempt to control the pest, a 
matter which was of very great importance in infested regions during 

the season. Circular No. 56 of the Bureau of Entomology dealt with 
the most important step in controlling the pest, namely, the early 
fall destruction of the stalks. Including the seven editions of Farmers’ 
Bulletin No. 189, which incorporated some of the results of the work 
of the season of 1903, 260,000 copies of these publications were 
issued. 

DESTRUCTIVENESS. 

Various estimates of the loss occasioned to cotton planters by the 
boll weevil have been made. In the nature of the case such estimates 
must be made upon data that is difficult to obtain and in the collec- 

tion of which errors must inevitably occur. There is of course a 
general tendency to exaggerate agricultural losses, as well as to attrib- 
ute to a single, factor damage that is the result of a combination of 
many influences. Before the advent of the boll weevil into Texas 
unfavorable weather at planting time, summer droughts, and heavy 

fall rains caused very light crops to be produced. Now, however, the 
tendency is everywhere to attribute all of the shortage to the weevil. 
Nevertheless, the pest is undoubtedly the most serious menace that 
the cotton planters of the South have ever been compelled to face, if 
not, indeed, the most serious danger that ever threatened any agri- 
cultural industry. It was generally considered, until the appearance 
of the pest in Texas, that there were no apparent difficulties to prevent 
an increase in cotton production that would keep up to the enlarging 
demand of the world until at least twice the present normal crop of 
about. 10,500,000 bales should be produced. Now, however, in the 
opinion of most authorities, the weevil has made this possibility very 
doubtful, although the first fears, entertained in many localities, that 
the cultivation of cotton would have to be abandoned have generally 

been given up. An especially unfavorable feature of the problem is 
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in the fact that the weevil reached Texas at what would have been, 
from other considerations, the most critical time in the history of the 
production of the staple in the State. The natural fertility of the 
cotton lands had been so great that planters had neglected completely 
such matters as seed selection, varieties, fertilizers, and rotation, that 
must eventually receive consideration in any cotton-producing country. 
In general, the only seed used was from the crop of the preceding 
year, unselected and of absolutely unknown variety, and the use of 
fertilizers had not been practiced at all. Aithough it is by no means 
true that the fertility of the soil had been exhausted, nevertheless, on 
many of the older plantations in Texas, the continuous planting of 
cotton with a run-down condition of the seed combined to make a 
change necessary in order to continue the industry profitably. 
A careful examination of the statistics, to which cunize complete ref- 

erence is made in Farmers’ Bulletin No. 189, has indicated that the 
pest causes a reduction in production for a few years after its advent 

of about 50 per cent, but at the same time it is evident that mest 
planters within a few years are able to adopt the changes in the sys- 
tem of cultivating this staple that are made necessary by the weevil, 

so that the damage after a short time woe not compare with that at 
the beginning. Upon the foregoing basis, during the season of 1903 
the weevil cause die cotton planters a . loss of about $15,000,000, 
and this nee agrees rather well with estimates made in other 
ways by the more conservative cotton statisticians. A similar esti- 
mate made in 1902 led to the conclusion that the damage amounte 
to about $10,000,000. It consequently appears that during the years 
the pest has been in Texas the aggregate damage would reach at least 
$50,000,000. Many conditions of climate and plantation practice in 
the eastern porticn of the cotton belt indicate that the weevil problem 
will eventually be as serious east of the Mississippi as it now is in 
Texas. According to the estimates of Mr. Richard H. Edmunds, the 
editor of Manufacturers’ Record, the norma! cotten crop of the United 
States represents a value of $500,000,000; the extreme ultimate dam- 
age that the pest might accomplish over the entire belt would be in the 
neighborhood of $250,000,000 annually, provided none of the means 
of avoiding damage that are now coming into common use in Texas 
were adopted. In spite of the general serious outlook, however, it 
must be stated that fears of the damage the weevil may do are very 
often much exigg gerated, especially in newly invaded regions. It is 

not at ail necessary to wees cotton. The work of the Bureau of 
Entomology for. oo seasons has demonstrated that a crop can be 
grown profitably in spite of the boll weevil, and this experience is 

duplicated by many planters in Texas. 
During the season of 1904 the usual increase in infested territory 

occurred. About 15,000 square miles, representing approximately an 
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area devoted to the cultivation of cotton of 900,000 acres, the normal 
production from which would be in the neighborhood of 350,000 bales, 
became invaded for the first time. This brings up the total infested 
arca in the United States at present to about 32 per cent of the total 
cotton acreage. A very conservative estimate of the damage caused 
by the pest, based upon the principles mentioned in the foregoing 
paragraph, is $22,000,000 for the season of 1904, as against about 
$15,000,000 during the preceding season. Many estimates much larger 
than this one have been made. Careful examination, however, reveals 
the fact that many fallacies are connected with such excessive esti- 
mates. There is a general tendency to overestimate the damage by 
insect pests, and to attribute all of the damage in any quarter to insect 
depredations when climatic conditions have been unfavorable. 

In this connection it is of interest to note the present very large 
crop (estimated by the Bureau of Statistics of this Department on 
December 3, 1904, as 12,162,000 bales“), and to. refer to the question 
that has been raised as to the reasons for this very large production 
in view of the large territory infested by the pest. The followimg 
appear to be the principal reasons for the present large production: 

(1) The insect has not yet reached numbers in all its range sufficient 
to appreciably reduce the crop. The accompanying map (fig. 1, p. 25) 
outlines the total area in which any weevils are known to occur. In 

perhaps 10 per cent of the territory thus considered infested only 
isolated colonies occur, and the general production has not yet been 
curtailed. In some of the northern counties of Texas, for instance, 
the production could not have been reduced by the weevil, although | 
the statistics show considerable variation between the several years on’ 
account of changes in acreage and the ravages of other insects, prin-. 
cipally the bollworm. The following table shows variations in pro- 
duction in some of the counties of north Texas in which the boll weevil 
is not yet numerous enough to appreciably reduce the crop. 

TaB_E I.—Cotton production in certain counties in northern Texas, in equivalents of 500- 

pound bales. 

County. 1899. 1900. 1901. 1902. 1903. Average. 

PRE RPRE Eh OUEL Cf paynirn data iia taal Wal cies s/o3m Sc ciao 15, 064 34, 488 28, 454 16, 981 30, 172 25, 031 
Beamer oS oe ee enon eaten ce 16, 826 21, 347 16, 756 17, 829 20, 807 18, 613 
BAEC. OU oe iatanta ie banister oman oa sa lore 28,.584 47, 870 39, 911 31, 284 33, 815 35, 402 
BREEN Soop pees ah Dates aciots cosa oe 49, 077 70, 963 60, 049 47, 344 62,.979 58, 082 
(2 LOLE. oo UMBC OR Gr eo ae ee en Mins aes ee oan 11, 905 18, 751 19, 561 11, 012 20, 810 16, 408 

(2) Throughout the portion of Texas where the bulk of the crop is 
produced—that is, north of about the latitude of Waco—various condi- 
tions combined to cause an unusually small number of weevils to 
hibernate successfully during the winter of 1903-4. The principal 
factor in this situation was the very early date of the first killing frost, 

@ Census Bul. 19, April 25, 1905, gives crop of 1904 as 13,584,457 bales of 500 pounds. 
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which was about thirty days prior to the average date for the past 
fifteen years. This early frost destroyed a great number of immature 
weevils in the squares and bolls which would otherwise have passed 
through the winter to damage the crop in the spring. 

(8) An important factor which has contributed to the production of 
a large crop in the same region has been a lessened degree of damage 
by the bollworm. It has been estimated by Mr. A. L. Quaintance, of 
the Bureau of Entomology, that this pest could not have caused more 
than about half as much damage during 1904 as during the preceding 
season. During the first of these years it was estimated that the dam- 
age would aggregate $5,000,000, as against about $2,500,000 damage 
for the latter year. 

(4) The high price of cotton pricr to the time of planting the crop 
of 1904 undoubtedly had the effect of increasing the acreage consid- 
erably. 

(5) The growing season was unusually favorable. The average of 
the conditions of the growing crop in Texas from May to September, 
inclusive, as published by the Bureau of Statistics, of this Department, 
was 82 in 1904, as against 72.5 in 1903. The average condition for 
1904 was, in fact, much higher than in even the season of the largest 

crop ever previously produced, namely, 1900, when the average condi- 
tion reported for the months mentioned was 77.6. 

(6) The season of 1904 was exceedingly favorable during the time 
of picking the crop, resulting in an unusually small loss of lint from 
rains. 

(7) The large amount of work done by the Department of Agri- 
culture and commercial bodies which imported many carloads of 
improved seed, and the more general adoption of approved cultural 
methods also contributed somewhat to the large crop produced. 
A general idea of the effect of the ravages of the boll weevil in reduc- 

ing the crop in Texas may be obtained from the following table: 

TaBLe I].—Comparison of cotton production and acreage in Texas and Louisiana wn 

equivalents of 500-pound bales. 

Texas. Louisiana. 

Year. : : 

Acreage. Crop. Acreage. Crop. 

gO) Ee rae Aa RSS ee eee Rr Rosy PH Sars Sc TO CGO AER GSE 6, 642,309 | 2,609,018 | 1,179,156 700, 352 
TOG ke eee ers Bornes VEINS AOR as nen SN Gi a ets SACS 7,041,000 | 38,438,386 | 1,285, 0C0 705, 767 
BL OO ee fr ES Na a hee pe eng 7,745,100 | 2,502,166 | 1, 400, 650 840, 476 
do 10 Pe Solan eri ae ee SOS OL RE ey a A Rai 8,006,546 |} 2,498,013 | 1,662, 567 882, 073 
7G 0 ae eS ee a ae nr Arai ey eL RE RS Bane eet TO ee ae oe 8,129,300 | 2,471,081 | 1,709,200 824, 965 
aS OY Mee AE eit Spee a, Seater OE a a MERE AS Re A Gooe 8, 704,000 | 3,080,433 | 1,940, 000 893, 193 

It will be seen that while the acreage in Texas and Louisiana has 
been increasing at about the same proportion the crop in Texas has 
decreased annually for the past six years (with two exceptions—1900 
and the present year), while the crop in Louisiana has increased annu- 
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ally (with one inconsiderable exception—in 1903). That the boll weevil 
is the cause that has prevented Texas from keeping pace with Louisiana 
will be admitted by all. The exceptional years, 1900 and 1904, in 
which the production in Texas did not decrease, were undoubtedly 
those in which the conditions for the cotton plant were unusually favor- 

b 4 

Bf IGULESPIE| Sf 

Fic. 1.—Map showing increase of weevil-infested territory between the years 1901 and 1904. (Original). 

able. Moreover, it is to be noted that in the first of these two years 

the pest had not reached far into the most productive counties. 

TERRITORY AFFECTED. 

At the present time the boll weevil has not been found in the 
United States outside of Texas and Louisiana. The infested territory 
in this country is shown on the accompanying map (fig. 1). In con- 
nection with this figure it should be noted carefully that there is a 
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considerable area within the outside line in which the weevil has not 
yet reached great numbers. - 

At frequent intervals during the season of 1904 accounts have 
appeared regarding the occurrence of the weevil at points far beyond 
the limits of the infested territory as indicated in fig. 1. It seems 
likely that at any time the pest may be carried far outside of the 

present infested territory through the shipment of cotton seed .or 
certain other cotton products. In view of this fact the Bureau of 
Entomology has paid especial attention to these reports. Entomolo- 
gists connected with the Bureau have investigated rumors originating 
in parts of Louisiana, Arkansas, and Indian Territory, and through 
cooperation with State and station entomologists the Bureau has also 
received specific information about reports in Georgia, South Caro- 
lina, and elsewhere. Fortunately, it has been determined that all 
these reports have been based upon misidentifications of the numerous 
species of insects which are apt to be found in cotton fields. 

In Texas the infested area extends from Brownsville, where the 
weevil originally entered the State, to Sherman. In Louisiana six of 
the westernmost parishes are known to be generally infested and 
three others have a small number of weevils within their boundaries. 
The cotton acreage involved in this territory amounts to 32 per cent 
of the cotton acreage in the United States, and produced in 1900 about 
37 per cent of the total crop of this country, or over one-fourth of the 
crop of the world for that year. 

There are some features of special interest in the situation in Cuba. 
Although the weevil has long been known to occur in the island, it 
has attracted very little attention on account of the fact that the cul- 
tivation of cotton was abandoned for a long time in favor of crops that 
have been more profitable. Now, however, with the better price of the 
staple and rather unsatisfactory returns from some other crops, cot- 
ton is being planted upon a considerable scale. Mr. E. A. Schwarz 
was sent to the island on two occasions to study the conditions there. 
Although his report refers especially to the Province of Santa Clara, 
it is probably true that conditions similar to those he describes obtain 
everywhere. He found that the entire province is naturally more or 
less infested by the boll weevil, and that weevils did not spread from 
cultivated cotton planted with seed obtained in the United States to 
the wild plants, as at first supposed, but from the latter to the former. 
The weevils were found to be more numerous on the kidney cotton 

growing wild than on the loose cotton (seminiella). The latter, when 
growing alone, was usually found to be free from weevils, but likely — 
to be infested when growing in the vicinity of kidney cotton. A large 
number of wild cotton trees growing in the vicinity of dwellings or 
growing entirely wild are always infested, and here the weevils are 
more numerous, but never as numerous as on the cultivated Egyptian 
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cotton. At one locality, where a large number of kidney cotton trees 
were growing (about 50 plants, some of them probably 20 years old), 
it was found that at least one out of every twenty squares had been 
punctured by the first week in March. From Mr. Schwarz’s report 
it does not seem that there is a very promising outlook for cotton 
raising in Cuba. The presence of wild perennial cotton, upon which 
the eal probably exists everywhere, will always be a source of 
danger. The long moist seasons and mild winters will form more 
favorable conditions for the pest than will occur anywhere in the 
United States. 

During the season of 1904 Mr. Edward Ferrer conducted, an inter- 
esting experiment in the cultivation of cotton in the Santa Clara 
Province, Cuba, at the suggestion of the Bureau of Hntomology. The 

plan of the experiment was to eradicate all of the wild cotton plants 
growing in the vicinity of the place where a field of cotton was to be 
planted. By such eradication some time prior to planting it was sup- 

posed that the weevils would be greatly reduced in numbers. Very 
recently Mr. Ferrer has reported that the resuits have been exceedingly 
gratifying. He succeeded in obtaining a very profitable crop of cot- 
ton by the means suggested at a place where several previous attempts 
had resulted in failure. 

DISTRIBUTION OF THE BOLL WEEVIL. 

The following list of localities represents the range in distribution 
of this insect so far as it is positively known at the present time: 

United States.—Louisiana: six western parishes of Louisiana wholly 
or partially infested; Texas: all of the principal cotton-growing coun- 
ties in the southern, central, and eastern portions of the State, a few 
border counties along the Red River in the northeastern part of the 
State not yet infested. (See fig. 1, p. 25.) 
Mexico.—Tamaulipas: Matamoras, Jiminez; Vera Cruz: Vera Cruz,' 

San Andres Tuxtla; San Luis Potosi: San Bartolo; Coahuila: San Isi- 
dro, Allende, Monclova; Michoacan: Zamora; Morelos: Cuernavaca. 

Cuba. Oe Ean Pinar del Rio: San Cristobal, Rangel; 
Santa Clara: Cayamas; ietaneae Kastern portion, Condens 

Guatemala.—Alta Vera Paz (Cook); Peten: Spr José (Champion). 
It has been impossible to verify the rumors which state that the 

boll weevil has been found in Brazil and also in some localities in 
| Africa where cotton is grown. It is said that the injury in these 
' localities is identical with that of the boll weevil in the United States. 

In the Philippines there has been found a species of weevil which is 
distinct from the Mexican cotton boll weevil, but attacks the cotton 
in a very similar manner. 

@Recently Dr. A. L. Herrera has sent specimens collected at Mazatlan in the State 
of Sinaloa by M. T. Madrigal. 
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PROSPECTS. 

The investigations of the life history of the weevil that are referred 
to in detail in the following pages have indicated that the most impor- 
tant elements in limiting the spread of an insect—namely, winter tem- 
peratures and parasites—in this case offer no assurance that the pest 
will soon be checked. For the past ten years, except where local 
unfavorable conditions have interfered, it has advanced annually a 
distance of about 50 miles. The insect is undoubtedly changing its 
habits and adapting itself to climatic conditions in new regions that it 
is invading. It is undoubtedly true that it has acquired an ability to 
withstand more severe frosts than occurred in the vicinity of San 
Antonio in 1895. Except in a few particular regions, however, it 
does not seem that the continued spread will be as rapid as it has been. 
The country between Gonzales County and the Red River is practically 
a continuous cotton field, and the prevailing winds have undoubtedly 

-favored the northward spread of the insect. Similar conditions will 
now favor a rapid extension into the Red River Valley in Louisiana, 
and likewise there seems no doubt that the spread will be rapid in the 
Yazoo Valley in Mississippi; but in most other situations throughout 
the belt the cotton fields are smaller and more isolated than is the case 

in Texas; consequently it is to be supposed that the spread of the pest 
will be retarded somewhat. 

Basing estimates on a careful study of the distance the boll weevil 
has traveled each year, as well as upon some attention that has been 
paid to the means whereby it reaches new territory, referred to more 
in detail hereafter (p. 123), it seems safe to predict that in from fifteen 
to eighteen years the pest will be found throughout the cotton belt. 
During the time it has been in Texas there has been no tendency 
toward dying out, and in south Texas the pest is practically as trou- 
blesome, except in so far as it is affected by changes in managing the 
crop, as it was in 1895. In Mexico, where it has existed for a much 
longer period, it is apparently as plentiful as ever. Careful attention 
that has been paid to the study of parasites and diseases, as well as 
temperatures unfavorable to the insect, has failed to reveal any pros- 
pect that it will ever be much less troublesome than now. There 
will, nevertheless, be seasons from time to time in which the damage 
will be much less than normal. Climatic conditions will undoubtedly 
cause temporary diminution of the numbers of the pest in certain 
localities. In Texas these conditions have given rise almost every 

year to the supposition on the part of the planters that the insects 
have died out. This was especially the case in the region between 
San Antonio and Beeville in 1900, and in the vicinity of Corpus | 
Christi in 1903. Both these years followed a series of seasons in 
which there was much less than the normal rainfall; consequently not 
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only had a great many of the weevils been killed, but the numbers 
had been diminished by reason of the very limited extent to which it 
was possible to raise cotton. Both 1900 and 1903, however, were 

exceedingly favorable for cotton. Early planting was possible, and 
there was an abundance of rain throughout the season. The crop 
was so far advanced by the time the weevils became numerous that a 
very fair yield was made, although in neither of the cases was any 
top crop whatever produced. Whenever a series of years of scanty 
rainfall is followed by one of normal precipitation the weevil will 
temporarily be comparatively unimportant. The most disastrous 
seasons will be those in which the rainfall is excessive and planting 
unavoidably thrown late. 

One of the most interesting features of the situation which devel- 

oped during the season of 1904, which will be dealt with more fully 
in the succeeding pages, was the fact that the infested region extended 

eastward much more rapidly than northward. Careful examination of 
the portions of Indian Territory and Arkansas which the weevil is apt ~ 
to reach first has failed to reveal any infestation; in fact, on the north 
the limitation of the infested territory remains practically the same 
as at the end of the season of 1903. ‘This applies, however, only to 
the total infested area in which even isolated colonies have been found 
_to exist. There has been, nevertheless, a gradual northward advance 
of the region of gross infestation. Its advance has extended from 

the latitude of the northern portion of Ellis County to about the 
latitude of the southern portion of Collin County. This situation 
raises the question of whether the pest has not reached a northern 
limit beyond which its spread would be prevented or at least checked 
by climatic conditions. It has been found that there is at least 

one full generation less during the season at Terrell, Tex., than at 
| Victoria, Tex., 275 miles farther south. This naturally means a 
greatly lessened degree of damage. The time when the maximum 
number of weevils per acre is produced is made considerably 
later with a consequent manifest advantage to the crop. The 

| lessened number of generations is due to three principal factors. 
(1) Later emergence from hibernating quarters; (2) greater time 
required for the development of the several stages; and (8) the 
earlier date of the first killing frost. It was pointed out in a 
previous bulletin (i. e., No. 45) that the considerations just men- 

_tioned would probably cause the weevil problem to be much less 
serious in extreme northern Texas and similar localities than 
has been the case in regions that have hitherto been infested. Never- 

_ theless, it is to be expected that there will be some adaptation on the 
part of the weevil to the climatic conditions in newly-invaded regions, 
and this element introduces considerable risk in any prediction regard- 

Ing future damage. From the present outlook, however, it may be 
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stated that, in all probability, the greatest damage by the pest will 
always be in the régions south of the latitude of Dallas, Tex. A 
careful consideration of the matter, based upon what is icnitboras regard- 
ing the life history and habits of ae boll weevil, leads to the supposi- 
tion that in the alluvial lands of the southern part of the belt, into 
which the pest 1s now encroaching, the damage will be greater than in 
any areas which have suffered up to the present time. In Texas, as — 

is well known, a reasonably effective method of mitigating the damage 
of the pest has been developed, known as the cultural system. It is 
to be feared that there will be many obstacles in the-way of the adap- 
tation of this system to other regions. Of course, the planters in 
other States will have-the advantage of learning from the experience 
of planters In Texas; nevertheless, there will undoubtedly be many 
difficulties. The greater rainfall from the Sabine River eastward 

will contribute to the very rapid multiplication of the weevils. In 
Louisiana the rainfall during the growing months of May, June, July, 

and August has been 4.47 inches each. In Texas, for the same 
months, = average monthly precipitation has been only 3.26 inches. 
« In this connection it becomes of some interest to speculate as to the 
possibility that. the weevil may eventually be carried outside of the 
United States and gain a foothold in other cotton-producing countries. 
The fact that the insect is rather rapidly adapting itself to conditions 
in the United States that are quite diverse from those of its native home 
leads to the supposition that it would experience but little difficulty in 

adapting itself.to climatic conditions wherever cotton may be grown. 
This probability of the BS a = the weevil outside of the United 
States is increased by the fact that cotton seed for planting purposes 
is frequently shipped from the United States to various parts of the 
globe, and that within the last few years various conditions have 

caused especial interest to be displayed in this matter. There is noth- 
ing whatever to prevent weevils that may happen to be sacked with 
cotton seed from being carried long distances on shipboard. In the 
semidormant condition in which they hibernate, they have often been 
known to go longer without food than is ordinarily required for a 
freight shipment from Galveston to Cape Town. Although there are 
no truly cosmopolitan cotton insects, it seems likely that the boll wee- 
vil may eventually be more widely distributed than any other. 

LIFE HISTORY. 

SUMMARY. 

The egg is deposited by the female weevil in a cavity formed by eat 
ing into a square or boll. The egg hatches in a few days and the 
footless grub begins to feed, making a larger place for itself as it 
grows. During the course of its growth the larva sheds its skin at 

— ee 
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least three times, the third molt being at the formation of the pupa, 
which after a few days sheds its skin, whereupon the transformation 
becomes compieted. These inane stages require on the average 
between two and three weeks. A further period of feeding equal to 
about one-third of the preceding developmental period is required to 
perfect sexual maturity so that reproduction may begin. 

Variation in size depends directly upon abundance and condition of 
the food supply. Weevils of average size are about 8 mm. in length, 
one-third as broad as long, and weigh about one-fourth of a grain. 
Color varies as widely as does size. It is usually of a gray or yellow- 
brown, and is most markedly yellow in the largest weevils. Sexes 
are produced in practically equal numbers, the males predominating 

slightly. No other food has been found which will attract weevils 
from squares and no plant. but cotton upon which they can sustain 

themselves for any considerable length of time. (See Pl. L, fig. 7.) 

THE EGG. 

The egg of the boll weevil is an unfamiliar object-eyen to many who 
are thoroughly familiar with the succeeding stages of the insect. If 
laid upon the exterior of either square or boll it would be fairly con- 
spicuous on account of its pearly white color. Measurentents show 
that it is, on the average, about 0.8 mm. long by 0.5 mm. wide. Its 
form is regularly elliptical (Pl. I, fig. 3), but both form and size vary 
*somewhat. Some eges are considerably longer and more slender than 
the average, while others are ovoid in shape. The shape may be 

‘influenced by varying conditions of pressure in deposition and the 
shape of the cavity in which it is placed. The soft and delicate mem- 
brane forming the outer covering of the egg shows no noticeable 
markings, but is quite tough and allows a considerable change in form. 
Were the eggs deposited externally they would doubtless prove 
attractive to some egy parasite as well as to many predatory insect 

enemies. Furthermore, the density of the membranes would be 
insufficient to protect the egg from rapid drying or the effects of 
sudden changes in temperature. All these dangers the female weevil 
avoids by placing the eggs deeply within the tissue of the squares or 
bolls upon which she feeds. Asa rule, the cavities which receive eggs 
are especially prepared therefor and not primarily for obtaining food. 
Buried among the immature anthers of a square or on the inner side 
of one carpel of a boll, as they usually are, weevil eggs become very 
inconspicuous objects (Pl. III, fig. 8) and are found only after careful 
search. 

| EMBRYONIC DEVELOPMENT. 

Owing to the transparency of the egg membranes, something of the 
| development of the embryo can be seen through them. Special study 
is now being made of the embryology of the weevil. ‘The fully devel- 
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oped embryo completely fills the interior of the egg, its large head 
being in one end and its body curved ventrally upon itself till nearly 
double. Considerable motion is manifested if the egg be touched at 
this period. 

DURATION OF EGG STAGE. 

Concealed as the eggs are beneath several layers of vegetable tissue, 
it is impossible to examine them to ascertain the exact length of the 
egg stage without in some degree interfering with the naturalness of 
the accompanying conditions. The beginning of the stage was easily 
obtained by confining female weevils with uninfested squares. Care- 
ful dissections were then made of the squares at a little later than 
what was found to be the average embryonic period at that season. 
In this way it is believed the range of error was reduced to a fraction 
of a day in most cases, and a large number of observations were made 
to still further reduce the error. 

As shown by Table III, 631 observations have been recorded upon 
this point, the majority of the observations being made in the fall of 
1902. Considering the temperatures prevailing at the four periods 
studied, it appears that the range in development during the average 
season at Victoria, Tex., has been included, and it seems probable 

that from these temperatures as a basis the length of the egg stage 
ean be approximately determined for any season and for any locality 
within the present area of infestation. 

Tasrie I1].—Duration of egg stage at certain periods. 

Mean | Average Average 
Number | temper- effective} duration Period of examination. or obser ature for temper- of ege 

*} period. ature. ature. @ stage. 

1902. OR. ES oh pws 
September4 to: October 3-52.02 ok aoe < Se eee eee eee 385 81.0 38.0 | 2.5 to 3.0 
October 7stosNoyem ber! 3: Ses as Seca eee ere 107 73.0 | 30.0 | 4.0 to 4.5 
November? /to.D ecember this se— see e es eee eee eee 36 62.0 | 19.0 11.0 

H 
1903. | 

WEA VO? (GOs LLG 0 sectarian 25 12.5 | 82.5 | 3.5 to 4.0 

1904, | 
EXP ELiMN SMS CC DORMS ase oe aes ha eS ee eee 78 70.0 27.0 ok 

PO tails. Seve netsis cis ence see Soe eae eee eee eee 631 | aise sede teks 63.6 to 4.2 

aIn considering theinfluence of temperature upon the weevils it has been found that with the weevil, 
as has been found to be the case with many animals, 48° F. isabout the lowest temperature at which 
activity isshown. Temperatures below that point would, therefore, have no influence upon activity, 
while all above that point would. For this reason, it is better to speak of the ‘‘effective temper- 
ature,’’ meaning by that the number of degrees above 48° F. Experiments made upon the influence 
of temperature upon the activity of weevils indicate that this isan approximately correct figure for 
this insect. 

b Weighted average. 

The extreme range observed in Table III in the duration of this_ 
stage is from 2 to 15 days, while the average period for the whole 
number of observations is but 3.6 days. It is possible that the embryo 
can undergo an even greater retardation without losing its vitality. 
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Bul. 51, Bureau of Entomology, U. S. Dept. of Agriculture. PLATE III. 

DEVELOPMENTAL STAGES IN SQUARES AND BOLLS. 

Fig. 8, Square showing location of two eggs and the cavity formed by a feeding puncture, natural 
size; fig. 9, square showing puncture formed for oviposition with egg deposited outside; figs. 10, 
11, 12, series of views showing transformation from larva to adult which takes place in the 
square on the ground; fig. 13, boll nearly full grown containing two large larvee—figs. 9 to 13 
reduced to two-thirds natural diameter (original). 
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Among 84 eggs kept for from 9 to 15 days at a temperature of from 
49 to 45° F. none hatched when later removed to a higher temperature. 

It may be noted here that drying of the square will also retard 
embryonic development, but this condition does not occur in the field. 

TaBLE 1V.—Range in duration of egg stage. 

Number Duration of)| Number |Duration of 
of eggs. egg stage. of eggs. egg stage. 

Days. Days. 
2 2 4 5 to 6 

132 2to3 3 8to 9 
192 3 5 10 to 11 

2to4 15 10 to 12 
42 3 to 4 4 10 to 13 
96 { 4 3 13 to 14 

38tod |} 2 13 to 15 
40 4to5 

9) 
mS \ 4 to 6 

The duration of the egg stage in bolls does not appear to differ 
greatly from that in squares. 

HATCHING. 

While still within the ege the larva can be seen to work its mandi- 
bles vigorously, and although a larva has never been seen in the act 
of making the rupture which allows it to escape from the egg, it is 

believed that the rupture is first started by the mandibles. The 
larvee do not seem to eat the membranes from which they have escaped, 
but owing to the extreme delicacy of the skin it is almost impossible: 
to find any trace of it after the larva has left it and begun feeding on 
the square, the membranes having been found in only a few cases. 

HATCHING OF EGGS LAID OUTSIDE.” 

It occasionally happens that a female is unable to force an egg into 
the puncture prepared to receive it and the egg is left on the out- 
side of the square or boll (PI. IL, fig. 9). Eggs so placed usually 
shrivel and dry up within a short time. To test the possibility of a. 
larva making its way into a square from the outside, a number were 
protected from drying. Of the 19 eggs tested, 6 hatched in from 2 to: 
3 days. In no case, however, was the young larva able to make its 
way into the square and it soon perished. ‘The hatching of eggs laid 

outside is of no importance, since the larve must perish without 
doing any damage. 

tATING OF EGGS DEPOSITED OUTSIDE. 

The number of eggs left outside increases as the female becomes 
weakened, and is especially noticeable shortly before her death. Re- 
peated observations have shown that unfertilized females normally 

16780—No. 51—05——3 
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deposit their eges on the outside, and only occasionally is an infertile 
egg deposited normally, though the attempt is regularly made to do 
so. The number of such eggs which may be found is greatly dimin- 
ished by the following peculiar habit, which was observed many times. 
Occasionally it appeared that the puncture which the female had made 
for the reception of an ege was too narrow to receive it, and after a 
prolonged attempt to force it down, the female would withdraw her 
ovipositor, Jeaving the egg at the surface. She would then turn 
immediately and devour the egg. After that, seeming conscious of 

her failure and aware of the cause of it, she would proceed to find and 

enlarge somewhat the cavity previously made. When this was com- 
pleted she would attempt to place another egg therein. The second 
attempt was usually successful, but in one or two cases a female was 

seen to fail several times, and in more than -half of these cases she ate 
the eggs, as has been described. 

PERCENTAGE OF EGGS THAT HATCH. 

Definite records were not kept upon this point, but in the many 
hundreds of eggs followed during these observations very few failed 
to hatch, though some were much slower in embryonic development 
than were others laid at the same time and by the same female. It is 
the writer’s general impression that less than 1 per cent of the eggs | 
are infertile or fail to hatch. 

THE LARVA. 

DESCRIPTION. 

The young larva, upon hatching from the egg, is a delicate, white, 
legless grub of about 1 mm. (5 inch) in length. Except for the 

brown head and dark brown mandibles, the young larva 1s at first as 
inconspicuous as the egg from which it came. As it feeds and grows — 

it continues to enlarge a place for itself in the square or boll until | 
the food supply has become exhausted or the vegetable tissues are so 
ehanged as to be unsuitable for food. By this time, as a rule, the 
interior of the square has been almost entirely consumed and the larval | 

castings are spread thickly over the walls of the cavity (PI. LU, fig. 10). 
This layer becomes firmly compacted by the frequent turning of the | 
larva as it nears the end of this stage. -In the cell thus formed occur 
the marked changes from the legless grub to the fully formed and | 
perfect beetle (Pl. I, figs. 4, 5, and 6). 
Throughout this stage the body of the larva preserves a ventrally- | 

curved, crescentic form (PI. I, fig. 4). The color is white, modified 
somewhat by the dark color of the body contents, which show through 
the thinner, almost transparent, portions of the body wall. The dor- 

sum is strongly wrinkled or corrugated, while the venter is quite 
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smooth. The ridges on the dorsum appear to be formed largely of fat 
tissue. After becoming full-grown the larva ceases to feed, the 
alimentary canal becomes emptied, and both the color and form of the 

Jarva are slightly changed. The dark color disappears from the inte- 
rior and is replaced by a creamy tint from the transforming tissues 
within. The ventral area becomes flattened, and the general curve of 
the body is less marked. Swellings may be seen on the sides of the 
thoracic region, and when these are very noticeable, pupation will 

soon take place. 
GROWTH. 

It is impossible to follow the growth of an individual larva without 
interfering so greatly with its normal conditions of life as to make the 
observations unreliable. It seemed more accurate to measure larvee of 
approximately known ages. In these measurements the natural curve 
of the body was not interfered with, but the measurement taken across 
the tips of the body as curved. Ja this way it was found that in squares 
during the hot weather the length of the body increases quite regu- 
larly by about 1 mm. a day. Asit becomes cooler the daily growth 
is less. In bolls which grow to maturity the rate of growth is less 
and the length of the growing period is much greater. Full-grown 
larvee vary in length from 5 to 10 mm. across the tips of the curve. 
Larvee of normal size in squares average from 6 to 7mm. The largest 
larvee are developed in bolls which grow’to maturity (Pl. III, fig. 18). 

MOLTS. 

To accommodate the rapid growth of the larva two or three molts, 
occur. The period of change from one instar or stage to the next is 
so short that the chances of opening a square at just the righftime to 
observe the process are very small indeed. However, it has been ascer- 
tained beyond question that two molts occur before the larva reaches 
half its growth. The first occurs at about the second day and the 
second at about the fourth day. Whether a third molt occurs 
before pupation.can not be positively stated; but having occasionally 
found larvee which had certainly just molted, but which were much 
larger than the usual size at the second molt, the writer is led to sus- 
pect that three larval molts may sometimes, though possibly they do 
not always, occur. In bolls where the length of the larval stage is 
often three or four times us great as that usually passed in squares it 
seems almost certain that more than two larval molts occur regularly. 

Counting only the first two molts which have been often found, a third 
_ occurs at the time the larva pupates. 

PROCESS OF MOLTING. 

So little is known in regard to the molting of Curculionide that the 
process as observed is here recorded. In the cases observed, starting 
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at the neck, the skin split along the back, and was then pushed down- 
ward and backward along the venter of the larva. The cast head 
shield remained attached to the rest of the skin. 

Immediately after casting the skin the head, as well as the rest of 
the body of the larva, was of a pearly-white color. The tips of the 
mandibles first became brown, and within a short time a yellowish 
brown color marked the entire integument of the head. 

DURATION OF LARVAL STAGE. 

Most of the observations upon the larval stage were made between 
September 1 and December 15, 1902. The temperature prevailing 
during the first half of September was as high as is ordinarily experi- 
enced at Victoria during midsummer, and therefore the extremes of 
the average season may be considered as having been covered. 

The time of egg deposition was easily determined by exposing unin- 

fested squares in breeding cages containing active females. The time 
of hatching of the larva could only be found by opening the square, 
and it was so ascertained. ‘The newly hatched larva was then placed 
in a small cavity made by lifting the covering on the side of a freshly 
picked square and removing one or twoof the immature anthers. The 
coverings were then replaced as carefully as possible. Another dis- 
turbance was necessary to determine exactly the date of pupation. 
Observations made in this way were checked by others using larve 
which were allowed to go from egg deposition to pupation under nat- 
ural conditions and without disturbance until the end of the larval 
stage was approximately reached. Since the sum of the times found 
for the various stages agrees approximately with the known duration 
of the immature period in cases where no disturbance of normal con- 
ditions occurred, we may conclude that the periods found for the larval 
stage were approximately correct. 

Altogether 266 observations were recorded upon the duration of 
this stage. The majority of the observations may be included in three 
groups, and when thus grouped they may be best considered in rela- 
tion to the effective temperature. Table V presents a brief summary 
of these groups: 

TABLE V.—General results as to duration of larval stage in squares. 

Mean | Average 
average | effective | 
tempera- tempera- | 

| 
Number Average 

Period of examination. of obser- | range of 
| ture. | ture. | vations. | stage. 

1902. Ue ORE | Days. 
September: Gio OCtOberOsss eerste ee eee eee eee 18.7 | 35. 7 195 6 to 9 
September267to, Octo berries ses. = eee oeine eee eee eee 73.6 | 30.6 15 7 to 12 
NOVeEMber 11 toeDecembersl2esse ae asso eee eee 62.5 | 19.5 Us 20 to 20 

1904. | 
Ieée-box experiments sac 5 a seee Sz ect asice Semcicems ce seeine aoe 69.0 11 to 14 to (or) (an) ® 
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Fig. 14, Pupal cell broken open, exposing pupa within, enlarged to three diameters; figs. 15, 16, 
side and ventral views of pupa, enlarged to four diameters (original). 

ig. 17, Four pupal cells from bolls (on left) compared with four cotton seeds (on right )— 
natural size (original). 
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During the heat of summer the larval stage requires approximately 
one week. This time appears to hold so long as the mean average 
temperature remains above 75° F. As the temperature falls below 
that point there is a gradual increase in the duration of this stage. 
The average total effective temperature required during hot weather 
by the larval stage is not far from 280° F. As development becomes 
retarded by colder weather the average total effective temperature 
required to complete it is much greater. 

These facts may be expressed in general by stating that during the 
hottest summer weather the duration cf this stage is somewhat less 
than one week. Development becomes slower as the temperature 
falls, but does not cease altogether so long as cotton can live. Even 
moderate frosts do not destroy larve in the squares and bolls, and 

these may finish development during warmer weather after the frost 
has taken place. Hard frosts appear to kill both larve and pupe in 
squares and bolls. 

The duration of the larval stage in bolls is as a rule much greater. 
If the boll falls when small the increase is slight, but if an infested 
boll grows on to maturity the larval stage more than any other. is 
much extended. Special observations upon the larval stage in bolls 
have not been made, but reckoning from the known duration of the 
whole developmental period in maturing bolls we may conclude that 
the larval stage may frequently extend over six or seven weeks. 

PUPAL CELLS IN BOLLS. 

As the boll approaches maturity, the full-grown larva ceases to feed 
upon the drying and hardening tissues of seed and fiber. Its excre- 
ment, more or less mixed with lint, becomes firmly compacted, and in 
the drying which occurs the mass forms a cell of considerable firm- 
ness, within which pupation and the subsequent transformation to the 
adult take place (PI. LV, fig. 14). These pupal cells frequently include 
a portion of the hull of a seed, but the writer has never found a large 
larva or a pupa entirely inclosed within a single cotton seed. The 
cells described are shorter and thicker than seeds, but in general 
appearance there is considerable resemblance between them (PI. LV, 

fic. 17). Doubtless these cells have misled some into the statement 
that they have found weevils in cotton seeds. 

PUPATION. 

The formation of the adult appendages has gone a good way before 
the last larval skin is cast. The wing pads appear to be nearly half 
their ultimate size. The formation of the legs is also distinctly 
marked, and the old head shield appears to be pushed down upon the 
ventral side of the thorax by the gradual elongation of the developing 
proboscis. Finally the tension becomes so great that the tightly © 
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stretched skin is ruptured over the vertex of the head, and it is then 
gradually cast off, revealing the delicate white pupa. The cast skin 

frequently remains for some time attached to the tip of the abdomen. 

THE PUPA. 

When this stage is first entered the insect is a very delicate object 
both in appearance and in reality. Its color is either pearly or cream 

white. The sheaths for the adult appendages are fully formed at the 
beginning of the stage and no subsequent changes are apparent except 
in color (PI. LV, figs. 15 and 16). The eyes first become black, then 
the proboscis, elytra, and femora become brownish and darker than 
the other parts. 

The final molt requires about thirty minutes. The skin splits open 
over the front of the head and slips down along the proboscis and 
back over the prothorax. ‘The skin clings to the antenne and the tip 
of the proboscis till after the dorsum has been uncovered and the legs 
kicked free. Then by violently pulling upon the skin with the fore 
legs first the tip of the snout and then the antenne are freed, and 
finally the shrunken and crumpled old skin is kicked off the tip of 
the abdomen by the hind legs. | 

DURATION OF PUPAL STAGE, 

The duration of this stage is more easily determined than that of any 
other. It seemed to make little difference in the time whether the 
pupee were allowed to remain in the squares or were removed there- 
from. Considerable variation in the duration of this stage exists 
among individuals of the same generation and even between offspring 
of the same female and from eggs laid on the same day. The period) 
of investigation ranged from July to December, so that ie extremes of, 
the season are pefuded: Altogether 530 ATS tions were made 
upon this point. Nearly all of these are included in Table VI, which 
shows a summary of the results. 

TasLte VI.—Tabular arrangement of observations upon the duration of pupal stage in 
=a squares. 

| Ra nge in | Av erage | Total ef- 
Number | Average | PR 

Period of examination. of obser- | duration duration | hee e _tective . 
vations. |. Of PUupal: | or stage. | empera-| tempera- 

| stage. | ture. ture. 

1902 

TU YOWOws es arse erick Gea eee eee ee ene | 161 QtOeo 35 39. 65 138.8 
Sepremibers(a. £0: Octaber 3s iae sa ee | 81 3to 7 aed 36. 05 187.5 
Septenmvers24 sto; October 25a sae oe eee 167 4to 8 6.0 4 ipa 186.1 
INO Wember2sto lS se 2225 cn. ee Se ee a en eae 2 | 5 to 6 5.6 26.2 146.7 
Wecemibere2lor20 ees nae ere eee ee eee eee 4 | 10 to 16 14.5 | 18.55 269.0 

1904. 

1ip.g (Sp maanCesaHap IEIKXe| OO): eae can ueoseco aoa ocoas ease Silo arene 7.5. | 26.0 195.0 

EO ERT fe 2 eee ee Pe ot nee Se 530 Fto 16 |o2 sae | aS Rae ere 
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It should be noted in connection with Table VI that the observations 
in November, 1902, were made during a period of rather warm weather 
and that the temperature records for that time are incomplete. It is 
likely that the average effective temperature given for that period 
might be different were the records complete. 

The average duration of this period during hot weather is from 
three to four days, and as the cool fall weather approaches the period 
increases to a maximum of about fifteen days. 
A comparison of Tables III, IV, and V shows that the decrease in 

temperature affects each stage in very nearly the same proportion. 
In each case the maximum recorded duration of any stage is about four 
times its minimum, and the great retardation in each case occurs 
somewhere between 60° and 70° I’. of mean average temperature, or 
17° to 27° F. of effective temperature. Even greater retardation 
occurs during the winter season without killing the weevil after the 
larva has become half grown. we 

The duration of the pupal stage in large bolls has not been deter- 
mined. It appears to be longer than in squares, but it certainly can 
not occupy the same proportional part of the entire developmental 

period that it does in squares. 

THE ADULT. 

BEFORE EMERGENCH. 

Immediately after its transformation from the pupa the adult 1s very 
hight in color and comparatively soft and helpless. The proboscis is 
darkest in color, being of a yellowish brown; the pronotum, tibie, 

and tips of the elytra come next in depth of coloring. The elytra are 
pale yellowish, as are also the femora. The mouth parts, claws, and 
the teeth upon the inner side of the fore femora are nearly black. 
The body is soft, and the young adult is unable to travel (PI. III, 
fig. 12), consequently this period is passed where pupation occurs. 
Usually two or more days are required to attain the normal coloring 
and the necessary degree of hardness to enable the adult to make its 
escape from the square or cell. 

EMERGENCE. 

The normal method of escape from squares and small bolls is by 
cutting with its mandibles a hole just the size of the weevil’s body 
(Pl. V, fig. 20). In large bolls the escape of the weevil is greatly 

facilitated by the natural opening of the boll (Pl. V, fig. 19). Often 
the pupal cell is broken open by the spreading of the carpels, and 
when this is the case the pupa, if it has not already transformed, 
becomes exposed to the attack of enemies or, what is probably a more 
Serious menace, the danger of drying so as to seriously interfere with 
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a successful transformation. If the cell remains unbroken the weevil 
always escapes by the path of least resistance, cutting its way through 
as in the case of a square (PI. Me hie 21); The material removed does 
not appear to be eaten, but is ane cast aside and left within the cell 
as a mass of fine débris. 

CHANGES AFTER EMERGENCE. 

At the time of emergence the weevils are comparatively soft, and 
they do not attain their final degree of hardness for some time after 
they have begun to feed. If they never feed they never harden. 
The color of the chitin is of an orange tinge at the time the weevils 
leave the squares or bolls, but after exposure for some time it turns 

to a dark chocolate brown. The development of the hair-like scales 
is probably entirely checked by the drying of the chitin, but the 
darkening of the ground color makes the scales more apparent, and 
thus gives the impression of further development after emergence has 
taken place. 

DESCRIPTION OF ADULT.@ 

The poner outlines of the body of the weevil are shown in Plate I, 
figures 1, 2, and 6. The color varies from a reddish-brown, in 

weevils which have just become adult and left the squares, to a dark 
gray-brown, in weevils which have been exposed to the air for some 
time. Weevils which have developed in bolls are usually more yel- 

«The following technical description of this species is taken from the Revision of 

Genera and Species of Anthonomini Inhabiting North America, by Dietz, in Trans- 

actions of American Entomological Society, Vol. X VIII, p. 205. 

Anthonomus grandis Boh.—Stout, subovate, rufo-piceous and clothed with coarse, 

pale-yellowish pubescence. Beak long, slender, shining, and sparsely pubescent at 

the base; striate from base to the middle, striz rather coarsely punctured; apical 
hali finely and remotely punctured. Antenne slender, second joint of funicle longer 

than the third; joints 3-7 equal in length, but becoming gradually wider. Head 

conical, pubescent, coarsely but remotely punctured, front foveate. Eyes moder- 
ately convex, posterior margin not free. Prothorax one-half wider than long; base 
feebly bisinuate, posterior angles rectangular; sides almost straight from base to mid- 

dle, strongly rounded in front; apex constricted and transversely impressed behind 

the anterior margin; surface moderately conyex, densely and subcontluently pune- 

tured; punctures irregular in size, coarser about the sides; pubescence more dense 

along the median line and on the sides. Elytra oblong, scarcely wider at the base 

than the prothorax; sides subparallel for two-thirds their length, thence gradually 

narrowed to and separately rounded at the apex, leaving the pygidium moderately 

exposed; strie deep, punctures large and approximate; interstices convex, rugulose, 

pubeseence somewhat condensed in spots. Legs rather stout, femora clavate, ante- 
rior strongly bidentate, inner tooth long and strong, outer one acutely triangular 

and connected with the former at the base; middle and posterior thighs unidentate. 

Tibizee moderately stout, anterior bisinuate internally, posterior straight; tarsi moder- 
ate, claws broad, blackish, and rather widely separate; tooth almost as long as claw. 

Long. 5-5.5 mm.; 0.20-0.22 inch. 



Bul. 51, Bureau of Entomology, U. S. Dept. of Agriculture. 

(Ng Meevil 
ener g z NG. 

WEEVILS ESCAPING FROM SQUARE AND BOLL. 

Fig. 18, Weevil in act of emerging from square; fig. 19, weevil in act of emerging from boll, 
tagged record attached; fig. 20, square showing emergence hole of weevil; fig. 21, unopened 
boll showing emergence hole of weevil; fig. 22, convenient cage used in breeding weevils 
in the laboratory; fig. 23, weevils feeding extensively on medium-sized boll—all except fig. 
22 reduced to two-thirds natural diameter; fig. 22 reduced to one-third diameter (original). 
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lowish in color than those from squares. The length, including the 
snout extended, ranges from one-eighth to three-eighths of an inch, 
with the breadth of the body equal to about one-third of its length. 
The snout is about one-half as long as the remainder of the body. Its 
diameter is equal to about one-eighth of its length. It is but slightly 
curved (see Pl. I, fig. 2) and is of a shiny dark-brown color. The 
antenne, or ‘‘feelers,” are attached to the snout slightly nearer to its 
tip than to the base. The head is small and conical in shape and partly 
covered by the following segment. This segment, the prothorax, is 
about two-thirds as long as it is wide. The scales upon it are most 
numerous along the middle of the back and upon the sides. The sides 
through the middle half of the body are approximately parallel. The 
back is coarsely punctate, and the entire body is more or less thickly 
covered with hair-like yellow scales. These scales may become rubbed 
off, leaving the dark-brown color of the body more apparent. The 
legs are rather stout, the femur being club shaped, and bearing on the 
inner side at the thickest part a stout tooth. The fore pair alone have 

two of these teeth. (See Pl. X, figs. 40 and 41.) 
The size, shape of the body, color, and two teeth upon the forelegs 

are sufficient characters by which to separate, as a general rule, this 
species from the others commonly mistaken for it. (See p. 64, Pls. 
X, XI, and X11, figs. 40 to 57.) 

SIZE OF WEEVILS. 

Size of boll weevils is an especially variable quantity, and, as usual, 
varies almost directly in proportion to the abundance of the larval 
food supply and the length of the period of larval development. The 
extremes are so great that the smallest and largest weevils would be 
thought by one not thoroughly familiar with them to be of entirely 
different species. So far as dimensions may convey an idea of the 
size, we may say that the weevils range from 3 to 8 mm. (4 to % inch) 

in length, including the proboscis extended, and from 1 to 3 mm. (5 

to 4 inch) in breadth at the middle of the body. (See PL. I, fig. 1.) 

RELATION OF SIZE TO FOOD SUPPLY. 

The smallest weevils are developed from squares which were very 

small, and which, for some reason, either of plant condition or of 
additional weevil injury, fell very soon after the egg was deposited. 
The supply of food was not only small, but also, owing to the imma- 

 turity of the pollen sacs, its quality was poor. Normally squares con- 
_ tinue to grow for a week or more after eggs are deposited in them, and 

| such squares produce the weevils of average size and color. 
The largest weevils are produced in bolls which grow to maturity. 

_ In them the food supply is most abundant, and the period of larval 
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development is several times as long as it is in squares. Possibly 
these differences in size may be better shown by a summary of 
observations which were made upon the weight of adults. 

WEIGHT OF ADULTS. 

The weevils used in these experiments were bred to insure their 

coming from the proper source. After emergence they were fed for 
some time to bring them up to their normal weight. 

TaBLteE VII.—Summary of weight of weevils. 

| | Average 
Source of weevils. , Number. | weight 

| Grain. 
Bredairom: pi¢ked'small squares 5-5 23 oss 5625 2 oe ees Se eee eee oe eee eee 25 | 0.105 
Bred. fromuaverare fallen squares! <2< «assess coc sacle eee eee cease cecmemeas 68 . 231 
Bred from: lars eypOUS) cc. ake ceteee jacw one mena te He Se eis CRE ee ee Eee | 69 | . 268 

Ota. a8 See ince ners SS a As See, Gh se Sea eae Rie oe ci ee 162 36. 825 
Average weight, per Weevil; all"sOUnCeSE (fess. nace eat aes ae eee eee | ast Seats pean 

It should be noted that these figures do not nearly represent the 

weight of the extremes in size, but they do indicate the difference in 
the average weevil of each class. 

COLOR. 

Color is very often a variable character in insects, and the boll 
weevil presents considerable range in this respect. Whatever influ- 
ences the size of the larva affects directly the size of the adult, and it 
is noticeable that weevils of the same size are also, as a rule, closely 

alike in color. In general, the smaller the size of the weevil the 
darker brown is its color; the largest weevils are light yellowish 
brown. Between these two extremes are the majority of average- 
sized weevils, which are either of a gray-brown or dark yellow-brown 
color. Weevils developing in large bolls, having an abundant food 
upply and a developmental period averaging more than twice that 

of weevils in squares, are larger in size and more yellowish in color 
than are those from squares. : 

The principal reason for the variation in color lies in the degree of 
development of the minute hair-like scales, which are much more 
prominently developed in the large than in the small specimens, 
although the color of old specimens is often changed by the rubbing 
off of the scales. The scales are yellow in color, while the ground 
color of the chitin bearing them is a dark brown or reddish brown. 
When the scales are but slightly developed, as seems to be the case 
with small weevils produced from underfed larve, the dark-brown 
ground color is predominant, while in the case of large weevils pro- 
duced from larye having abundant food and a long period of devel- 
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opment the scales are largely produced and give the strong yellow 
tone to the color which is characteristic of them. 

The development of the scales appears to take place mostly after 
the adult weevil has become quite dark in color but before it becomes 
fully hardened. They seem, therefore, to be a sort of nonessential 
aftergrowth which depends upon the surplus food supply remaining 
after the development of the essential parts of the weevil structure. 

SIZE AND COLOR NOT INDICATIVE OF SEX. 

Eminent coleopterists have studied the boll weevil most carefully 
with the purpose of discovering some external character by which the 
sexes could be distinguished, but all have failed to find any reliable 
points of distinction. The writer therefore does not hesitate to own 
that he also has failed to find any reliable character for the distinction 

_of the sexes. Many persons have the idea that the small dark weevils 
are males and the larger and lighter-colored brownish-yellow weevils 
are females. This idea is a mistaken one. In general it is probably 
_ true that the males are slightly smaller than the females, but judging 
from determinations of the sex of many hundreds of weevils, it may 

be stated positively that size and color are characters which are 
_related to food supply and length of the period of development and 
are not indications of sex. .The sexes seem to be about equally rep- 

_ resented among the smallest as well as the largest weevils. 

SECONDARY SEXUAL CHARACTERS. 

Characters commonly used to separate the sexes in the family Cur- 
culionide are not always distinctive in this species. As a rule the 
antennee are inserted nearer the tip of the snout in the male than in 

) thefemale. This character is variable among boll weevils; and though 
/alarge number of accurate measurements might show that a slight 
| difference generally exists, it is too inconspicuous a character to be of 
general use. With most species the top of the rostrum of the male is 
| rougher than is that of the female. However it may be with other 
species, there is but little if any difference in this respect between the 
/ young adults of the boll weevil. As the individuals become older 
the greater a¢tivity of the females serves to wear the roughness from 

| the top of the rostrum, and thus gradually, as a result of different 
| habits, this character becomes more distinctive. In less than half of 

| the. boll weevils, however, is this character sufficiently noticeable to 
separate the sexes. The terminal segment of the abdomen shows no 
external difference in either sex, although in many weevils important 
| characters are there found. 

PROPORTIONS OF THE SEXES. 

| No reliable secondary sexual characters having as. yet been discov-| 
ered, the certain determination of sex therefore rests solely upon the 
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primary characters, thus requiring a certain amount of dissection in 
each case. Such determinations have been made upon large numbers 
of weevils taken in the field and upon many bred in the laboratory at 
various seasons of the year. The results are briefly summarized in 
Table VIII: 

TaBLeE VIII.—Proportions of the sexes. 

| Number | Number 
of of 

males. | females. 

Seasonyoie1902. bothsbrediand trom: field eaccesa scaecen cot nee cee eee eee 240 260 
eibernatedsweevils; 1902-3 6 ae aes con ene een a eee ee ae eee eee eee 269 174 
Hirstiseneration, W903 2. Scatetses cece semaeice at cee eee ae eee e Serta aaa 43 8 32 
Bred WeEEVilG AL GOS cae oe Scere terns See selec te ae me era ee ne Oe eee ene ee eae 45 33 
icldsweevilss:midsummenrwd903 ssf. oa sense Sac eas eee eee ee 52 59 
Weevils taken in hibernation, January to March, 1904. ..-....:2.. 2.4... .-.-.-.- 201 159 
Weevils collected before hibernation, 1903, and after emergence from hiberna- 
ATO deg AT)! Ge en a a ane ere St RIE oe es eel = ae oe SRN aOR ooo Cacao de toee 599 338 

| se Sec Cane 
ORAL oe Sa ee ee ee Ans eel a eS ee oe | 1,449 | 1, 055 

| 

From these 2,504 determinations it appears that males are some- 
what more numerous than females, the percentage being nearly 58 of 
males to 42 of females. It is noticeable, however, that the only 
season at which a preponderance of males occurs is during late fall. 
If we exclude the figures for hibernated weevils for a moment, we find 
that the totals for the balance of the season are remarkably close for 
the two sexes, being 380 males and 384 females. It seems safe to say, 
therefore, that the sexes are practically equal in numbers except that 
more males than females seem to be found among hibernating weevils. 
It has been shown by breeding experiments conducted at low tempera- 

tures that the retardation of development, such as is due to approach- 
ing cold weather, favors the development of males. Not only was 
there a larger number of males than of females taken in December, 
1902, but there were also more males than females taken in the field in 
the spring of 1903 among the hibernated weevils which lived through 
the winter. According to the determinations made, 64 per cent of the 
259 weevils dying during the winter were males and 56 per cent of the 
weevils living through the winter were also males. Considering only 
weevils taken during or near hibernation time, it seems that during 
that period over 61 per cent are males and 39 per cent are females. 

Since it appears that females require fertilization in the spring before 
they begin to deposit eggs, the preponderance of males at that time 
acts as a provision to insure the propagation of the species. 

DURATION OF LIFE UPON SQUARES. 

The observations made along this line may be divided into eight 
groups, each dealing with some special food condition or class of 
weevils. For the confinement of weevils in the laboratory the most 
satisfactory apparatus tried, both for convenience in handling and for 
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the maintenance of favorable conditions for the weevil, was made up 

as follows: A 4 or 5-inch shallow earthen saucer, such as is used with 

flowerpots, was filled with soil, which was kept fairly moist. Over 
this was placed a fresh cotton leaf, which conserved the moisture from 
the soil, but never became wet, and kept both weevils and squares 
clean, besides facilitating the handling necessary to frequent renew- 
als of the food supply and the consequent transference of the weevils. 
The rest of the cage was formed by an ordinary lantern globe covered 
at the top by cheese cloth held firmly in place by a rubber band. With 
this apparatus weevils could be readily observed without disturbing 
them, and food supplied was kept in good condition and could be 
easily renewed, while there were no cracks to hide in-or to allow 
weevils to escape (PI. V, fig. 22). The moisture of the soil and fresh 
leaf covers were renewed as needed. Clean squares were supplied 
each day, and the actual number of egg and feeding punctures recorded 
upon numbered slips kept with each cage. The sex of each weevil 

was also determined and noted upon its death, thus giving an accurate 
record of the number and sex of weevils responsible for the punctures 
recorded.. Most of the weevils used were bred, so that the exact 
period of their lives is known. Duration of life refers only to adult 
life from the time of emergence from the square or boll to the death 
of the weevil. Many weevils brought in from the field were under 
observation in the laboratory for periods sufficiently long to justify 
the inclusion of the results obtained from them with those of weevils 
which were bred. Obviously the time these were under observation 
does not represent their true length of life; therefore the inclusion of 
both results renders the averages obtained the more conservative. 

TaBLe 1X.—Duration of life of weevils upon squares. 

Males. Females. 

7 ay | Average |» 4, | Average Number. days. Number. days. 

Weevils placed in hibernation Dec. 15, 1902; living Apr. 15, 
LIU 28 doe cena oe cn acate AEE AOE Cee a OBE a AO mE tee Melee irri n eerie 23 180 14 171 

Hibernated weevils taken spring, 1903; estimated adult Dec. 
BED NDE see rate pa eye neta eee rayeied Sie eva ve oieveretie eateie lee cee leie iis GE eicieine ee 66 223 53 220 

'Hibernated weevils, from time of feeding in 1903 ............ { ae Be ne a 

Barras cocranioum bred tke. ssse8 easeaeee citi ei oe se oe | 30 58 25 56 
BPPEGECENMET ALON DNC Cesar toe ey secer nies see ners crete a eiacore wie. | 18 43 10 54 
Buheocneration. bredivn. cs. ease ee eee cae ote 9 76 9 54 

Totals and weighted averages, including hibernation period. 146 | 151 | 111 ~ 148 
Totals and weighted averages, not including hibernation 
period.... aodcoocoSdecoscou suc osoood ag cdancbsobcoousooadude 147 | Til 112 64 

Entire duration of life, hibernated weevils only.............. 89 212 67 210 

Whether we include the time of hibernation or not, it appears from 
the averages of 156 hibernated weevils that those which winter suc- 
cessfully are longer lived than any following generation, as their active 
life in spring averaged fully 80 days for males and 70 for females. 
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Probably the greater activity of the first generation may account for 
their somewhat shorter life. The average aetive life period for all 
generations is probably not far from 71 days for males and 64 days 
for females. 

DURATION OF LIFE ON BOLLS ALONE. 

As weevils appear to feed freely on bolls in the field after the period 
of maximum infestation has been reached (PI. V, fig. 23), these tests 
were made to determine whether they might be able to live normally 
with no other food. 

A number of weevils were placed upon bolls as soon as they became 
adult. Others which had first been fed upon squares were given bolls 
after they had become hard and had shown themselves to be in a nor- 
mally healthy condition. Of the total 37 weevils thus tested, 16 were 
males and 21 were females. The males showed an average duration of 
life of 19.7 days, while the females survived for only 15.2 days. This 
is amuch shorter period than the normal period of life upon squares 
for either sex. There are also indications that the production of eggs 
does not continue normally when bolls alone are accessible for food. 

DURATION OF LIFE ON COTTON LEAVES ALONE. “i 

To determine whether they could liye upon the foliage of cotton J 
alone 69 newly transformed weevils were at the 1st of October, 1902, | 
placed upon fresh leaves, which were renewed at frequent intervals. 
During the first three weeks 52 of these weevils (21 male and 31 female) — 
died, leaving 17 alive and well; 11 of these were then returned te 
squares and 6 continued upon the leaves. Of these 6, 3 Hved to be | 
81 days old and were then intentionally killed for dissection. The | 
average duration of life of those kept entirely upon leay yeS Was Over 

30 days. | 
In another test 310 weevils were placed upon loves alone during | 

October, 1904. Seventy-four per cent of these died in less than 10 @ 
days, while 7.4 per cent lived for an average of over 38.3 days, when 
they were placed in hibernation. Ina check experiment on 42 wee- J 
vils, 43 per cent died in less than 5 days, and 24 per cent lived for an | 
average of 36 days. As in the preceding experiment, a large propor- 
tion died within a few days. Among those surviving the first eritical | 
period, 31 per cent of those on foliage lived to an average age of 38.3 | 
days, and 42 per cent of those on squares lived to an average age of | 
35.9 days. Itappears, therefore, that leaves alone are very efficient i in 
sustaining life late in the fall, as cal as early in the spring (see p. 54). 
These results show clearly the ability of many of the weevils to live 
upon foliage aloné in the fields in which fall grazing is practiced until 
it becomes sufliciently cold for them to go into winter quarters (see | 
PI. VI, fig. 24). 
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DURATION OF LIFE WITH SWEETENED WATER AND WITH MOLASSES. 

So much has been said about the attraction of molasses for the 
weevils that tests were made with a cheap grade of molasses diluted 
with from 20 to 25 parts of water to see whether this solution really 
served them as food. The weevils used were just adult and had taken 

no other food. They fed quite readily upon the solution, remaining 
quietly with their snouts in the water for from a few minutes to an 
hour and a half ata time. The solution did not seem to draw them 

from any distance, but as soon as a weevil came to it, it would stop to 
drink. Feeding or drinking took place daily or oftener until the 
death of the weevils. The average duration of life for the 12 weevils 
used was a little less than 6 days. 

As weevils without food but with water lived an average of 5% days, 
the conclusion is that a solution of molasses 1 to water 25 parts does 
not serve the weevil as food, since it does not noticeably prolong life. 

Six weevils just emerged kept upon undiluted molasses showed a 
: greater period of life, these dying at an average age of 11% days. 

DURATION OF LIFE WITHOUT FOOD, BUT WITH WATER. 

These observations were made during August as a check upon those 
without water. The 8 weevils used were just adult and had never 
fed. Hach weevil drank for one or two minutes at least once each 
day so long as it lived. All died at nearly the same time, having 

lived for an average of about 54 days. As those without water lived 
an average of 5 days, it appears that access to water in the absence 
of food does not materially prolong the life of the starving weevils. 

DURATION OF LIFE WITHOUT FOOD OR WATER. 

Three series of observations were made along this line. In the first 
series the weevils used were taken immediately after emergence and 
never allowed to feed. Fifty weevils were tested in this way during 
duly and August and showed an average period of life of 5 days from 
the date of emergence. A few lived as long as 8 or 9 days. These 
/mever acquired as dark a color nor as great a degree of hardness as 
is normal. 
_ Inthe second series the 15 weevils used were 7 wecks old and full 

fed at the time of beginning the test. These showed an average dura- 
tion of life of slightly over 6 days, the range being from 5 to 9 days. 
These weevils were tested during the latter half of November, and the 
lateness of the season, together with the full-fed condition of the 

weevils, seemed to promise a considerably longer period than 6 days. 
In the third series the 18 weevils used were 1 month old and full-fed 

at the beginning of the test in the middle of November. The condi- 
tions in this series were as in the series preceding, with the exception 
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that an abundance of two species of grass taken from cotton fields was 
ee These weevils showed an average duration of life of nearly 
y days, ranging from 3 to 10 days. The weevils made no effort to 
a upon the grass, so the slightly longer life period must be due to 
other causes. 

CANNIBALISM. 

It is hardly proper to speak of cannibalism as a food habit of the 
boll weevil, but the facts observed may well be recorded here. Under 
the impulse of extreme hunger weevils have several times showed a 
slight cannibalistic tendency. 

Seven beetles were confined in a pill box without food. On the 
third day 6 only were alive. Of the seventh only the hardest chitin- 
ized parts (head, proboscis, pronotum, legs, and elytra) remained, the 
softer parts having been eaten by the survivors. 

In another box containing 12 adults the leaf supplied for food was 
insufficient, and on the fourth day 8 were dead, 4 were partly eaten, 
and others had lost one or more legs each. 

In another case a few young adults and a number of squares con- 

taining pup were placed in a box together with a few fresh squares 
to serve as food for the adults. When the box was opened after a 
number of days, one ‘‘reddish-brown” adult was found having its 
elytra eaten through and most of its abdomen devoured. In spite of 
this mutilation The victim was still alive and kicking slowly. The 

squares were still fresh and fit for food, so that this is really the 
clearest case of cannibalism observed. 

Frequently more than one larva hatches in a square, and when this 
is the case a struggle between them is almost certain to take place 
before they become full grown. Many cases have been observed in 
which squares contained one living and one or more smaller dead 
larvee, while in a few cases the actual death struggle was observed. 

FOOD HABITS. 

Among the habits of any insect of economic importance, the first 
for careful study are those relating to its food, and the second, those 
connected with its propagation. The study of the life history of the — 
boll weevil has revealed no especially vulnerable point, but rather the 
important fact that in all its stages it is better protected against the | 
attacks of enemies and the ordinarily effective remedies recommended 
by the economic entomologist than any other insect which has ever 
threatened the production of any of the great staple crops of this 
country. Naturally, then, we must needs turn to a study of the habits 
of the pest to point the way to means by which either it may be itself 
destroyed or its great destructiveness prevented. 



Bul. 51, Bureau of Entomology, U. S. Dept. ofAgriculture. PLATE VI. 

VARIOUS RESULTS OF LARVAL WORK. 

Fig. 24, Leaf fed on extensively by weevils in confinement; fig. 25, full-grown larva in square 
ready to bloom; fig. 26, full-grown larva in square of usual size; fig. 27, larva full grown, 
ovary in square entirely destroyed: fig. 28, larva full grown, ovary untouched—all reduced 
to two-thirds natural diameter (original). 





Bul. 51, Bureau of Entomology, U. S. Dept. of Agriculture. PLATE VII. 

VARIOUS EFFECTS OF WEEVIL ATTACK. 

Fig. 29, Boll showing two locks destroyed by one larva; fig. 30, weevil in act of forming an egg 
puncture; fig. 31, square riddled by feeding punctures: fig 32, bloom distorted by many feeding 
punctures made when about to open, fig 33. comparison of flared square with normal square— 
all reduced to two-thirds natural diameter (original). 
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LARVAL. 

/ It is plainly the intention of the mother weevil to deposit her egg so 
that the larva upon hatching will find itself surrounded by an abun- 
dance of favorable food. In the great majority of cases this food con- 

sists principally of immature pollen. This is the first food of the 
larva, which develops in a square, and it must be both delicate and 
nutritious. Often a larva will eat its way entirely around the inside 
of a square in its pursuit of this food. In most cases the larva is about. 
half grown before it feeds to any extent upon the other portions of 
the square. It may then take the pistil and the central portion of the 
ovary, scooping out a smoothly rounded cavity for the accommoda- 
tion of its rapidly increasing bulk (PI. I, fig. 4; Pl. ILI, fig. 10; Pl. 

VI, fig. 25). So rapidly does -the larva feed and grow that in rather 
less than a week it has devoured two or three times the bulk of its 
own body when fully grown. It sometimes happens that the square 
is large when the egg is deposited therein, and the bloom begins to 
open before the injury done by the larva becomes sufficient to arrest. 
its development. In many cases of this kind the larva works its way 
up into the corolla and falls with it when it is shed, leaving the young 
boll quite untouched (PI. VI, fig. 27). Occasionally the flower opens. 
and fertilization is accomplished before any injury is done the pistil,. 
and in rare cases a perfect boll results from a truly infested square. 

Sometimes the larva, when small, works its way down into the ovary 
before the bloom falis, and in such cases the small boll falls as would. 

a square. 
In large bolls the larve feed principally upon the seed and, to some 

extent, upon the immature fiber. A larva will usually destroy but. 
one lock in a boll, though two are sometimes injured (PI. VI, fig. 29). 

| When the infestation is severe a number of weevils, occasionally as: 

many as six or even more, may be developed i a single boli, which is 
completely destroyed by the feeding of the larve. 

ADULT. 

Before escaping from the ee the adult empties its alimentary 
eanal of the white material remaining therein after the transforma- 
tion. The material removed in making an exit from the cell is not 
used as food, but is cast aside. Weevils are ready to begin feeding 
very scon rn they escape from the squares or bolls in which the 
previous stages have been passed. For several days thereafter both 

sexes feed almost continuously, and seem to have no other ies in 
life. They will take squares, bolls, or leaves, but they much cree 

the squares, and when sguares are present in the field it is probable 
that leaves are seldom touched. As has been shown, however, weevils: 

16780—No. 51—05 4. 



50 

can live for a long time upon leaves alone when squares and bolls are 
wanting. Bolls are only slightly attacked so long as there is an 
abundance of clean squares. _ 

The method of feeding is alike in both sexes. The mouth parts 
are very flexibly attached at the tip of the snout (fig. 2) and are 
capable of a wide range of movement. The head fits smoothly into 
the prothorax like the ball into a socket joint and is capable of a con- 
siderable angle of rotation. The proboscis itself is used as a lever in 
prying, and helps to enlarge the puncture through the floral envelopes 
especially. Feeding is accomplished by a combination of movements. 

The sharply toothed mandibles serve to cut and tear, while the rota- 
tion of the head gives the cutting parts an auger-like action. The 
forelegs especially take a very firm hold upon the square and help 
to bring a strong pressure to bear upon the proboscis during certain 
portions of the excavating process. The outer layer of the square, 

the calyx of the flower, is naturally the toughest portion that the 
weevil has to penetrate, and only enough is 
here removed to admit the snout. After that 
is pierced the puncture proceeds quite rapidly, 
combinations of chiseling, boring, and prying 
movements being used. While the material 
removed from the cavity is used for food, the 
bulk of the feeding is upon the tender, closely 
compacted, and highly nutritious anthers or 
pollen sacs of the square. When these are 
reached the cavity is enlarged, and as much is 

Fig. 2.—Mexican cotton boll eaten as the weevil can reach. The form of 
weevil: Bead crowns ** the entire puncture becomes finally like that 
middle and mandibles of a miniature flask. 

ere enlarged Only after weevils have fed considerably do 
i sexual differences in feeding habits begin to 

appear; from this time on the females puncture mainly the base and 

the males the tip of the square. 
Feeding punctures are much larger and deeper than are those made 

especially for the reception of the eggs (Pl. II], fig. 8); more material 
is removed from the inside of the square or boll and the opening to 
the cavity is never intentionally closed. Feeding punctures are most 
frequently made through the thinner portion of the corolla not covered 

by the calyx. The exposed tissue around the cavity quickly dries 
and turns brown from the starting of decay. Asa number of these 
large cavities are often formed in one square (Pl. Vil, fig. 31), the 
injury becomes so great as to cause the square to flare immediately, 
often before the weevil has ceased to feed upon it. Squares so 
severely injured fall in a very short time. The injury caused by a 
single feeding puncture is often overcome by the square which con- 
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tinues its normal course of development. When feeding punctures 
are made in squares which are nearly ready to bloom, the injury com- 
monly produces a distorted bloom (PI. VI, fig. 82) and in very severe 
cases the boll will drop soon after setting. 

After the females begin to oviposit their feeding habits become 
quite different from those of the males. Up to this time both sexes 
move but little, making a number of punctures in a single square; 
but from this point we must consider the feeding habits of the sexes 
separately. 

MALE. 

Studies of the feeding habits of males have been made both in the 
laboratory and out of doors.~ In the laboratory 65 males were under 
observation during a total period of 2,492 weevii-days.* During this 
period 2,185 squares were supplied them and they made 5,617 feeding 
punctures in 1,582 of thesesquares. A little calculation shows that they 
averaged to make 34 feeding punctures in each square, at the rate of 24 
punctures a weevil each day. These observations were in most cases 
made during the latter part of each weevil’s life. During the first few 
days they have often been found to make from 6 to 9 punctures a day. 
A general average of 3 feeding punctures a day in the laboratory 
would seem to be near the actual figures during the warm weather. 

As each male while under observation attacked only about 2 squares 
every 3 days, the destructiveness of males seems comparatively slight. 
As will be seen in the following paragraph, the injury done by males 
in the’ field is not greater than that indicated by the laboratory obser- 
vations. 

Five males were followed upon plants under a field cage for a total 
period of 145 weevil-days. During this period they attacked 68 

squares, making therein a total of 177 feeding punctures. This 
means an average of 2.6 punctures per square and an average of 1.2 
punctures per male per day, making the number of squares attacked 
by each male less than 1 every 2 days. These outdoor observations 

indicate that the laboratory results, small though they appear, are 

yet higher than the actual field numbers. Whether in or out of 
doors, the activity of feeding decreases as the male grows older. 

Males choose to puncture more often than do females through the 
tip portion of the square not covered by the calyx. The yellow or 
orange-colored excrement is abundant, and owing to the somewhat 
sedentary habits of the males it accumulates often in quite large 
masses, so that it is often possible to tell whether a square in the field 
has been attacked by a male rather than a female weevil. 

“The term ‘‘weevil-day”’ is used for convenience to designate the product of the 

two factors: number of weevils multiplied by the number of days. 
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FEMALE. . 

After they begin to oviposit females seem generally to feed less 
upon one square or in one puncture than they do previous to that 
time. They obtain quite a considerable portion of their food from 
the excavations which they make for the deposition of their eggs, and 
as they show a strong inclination to oviposit only in clean or pre- 
viously uninfested squares, their wandering in search of such squares 
keeps their punctures scattered so long as plenty of clean squares ean 
be found. When clean squares become searce, the normal inclination 

can not be followed out, and the number of punctures made in one 
square will be greatly increased. Most of the special feeding punc- 
tures of females appear to be made either in the early morning or 
near sundown, the middle and warmest portion of the day being 
given mainly to egg deposition. The total amount of feeding done is 
really very large, as is shown by a few figures. 

MALES AND FEMALES TOGETHER. 

During the season of 1903 a large number of weevils were kept in 
the laboratory for special study, but as several weevils were confined 
in each cage, the work of the sexes can not be positively separated. 
A comparison of the results can best be made by means of a tabular 
arrangement of the figures. 

Taste X.—Number of punctures per weevil per day. 

Total. Average. 

A Fie ely | Number | Feeding Hgg 
See eucacl on ot age |) Of fe= AWeeoane| Feeding Kgg pune- pune- |Period of 

Ses aan eemevles: Beas. Wale pune- | tures per) tures per | observa- 
| ys. tures. tures. weeyil- | female- tion. 

day. day. 

Hibernated weevils | Days. 
TM A OOKAvOLVe see ee 5d 04 | 4,938 | 17,406 5, 702 3.504 2.3+ 45,.3+ 

Hibernated females | 
idl ITC CNRS Geo coko) Sonosueeee 4 $3 | 284 489° 3.0+ 5. 3-- 23.3— 

WVeevils of first gener- | 
ation in laboratory - 31 27 | 3,258 | 16,487 38, 565 5.0+ 2.4— 56, 2— 

Females, first gener- 
aon mimmuteld eagers|secs esse se 5 | 70 | 263 435 3. 8— 6.2+ 4.0 

Males only, labora- | 
tory, summer of 1903. Cae ete ee 2, 492 | Oli als et eee DES al eae te ees 338.3+ 

otal ower ne 151 90°! 10,851.) .40; 057) 10: 191] Saas eet eee cee seen aes 

FEEDING OF HIBERNATED WEEVILS ON EARLY COTTON. 

During the period in which hibernated weevils were coming from 
their’winter quarters and seeking their first food, frequent examina- 
tions were made in fields where the cotton was most advanced to learn 
the first-food habits of such weevils. From statements made by pre- 
vious investigators the writer is led to believe that the season of 1903 
at Victoria was abnormal in respect te the small number of hiber- 
nated weevils which were to be found upon the young cotton in the 
field. The most careful search failed to discover more than a very 
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few weevils, whereas at the same season in some years hibernated 
weevils have been picked in large numbers from the young cotton 
growing in the infested territory. At Victoria in 1904 hibernated 
weevils were many times as numerous as In 1903. 
Whether there be few or many hibernated weevils, however, makes 

no difference in their feeding habits. The stage of the cotton at the 

date of emergence determines largely the nature of the food habits at 
that time. Owing to the extremely wet winter and the very late 
spring of 1903, little cotton could be planted until the latter part of 
March or the first part of April. [ In 1904 much cotton planted in 
March in the southern part of the State did not break ground until 
the latter part of April owing to the dryness of the soil from lack of 
spring rains. In such eases as these, therefore, cotton must be small 

at the time of the emergence of many of the weevils from hibernation, 
and some time must elapse before the formation of the first squares 
furnishes the early weevils with the normal food supply: During this 
interval the weevils get their food from the tender, rapidly growing 
terminal portions of the young plants, as several observers have noted. 
The central bud, young leaves, or the tender stems are attacked, and 
upon these the weevils easily subsist until the squares are developed. 

In 1896 Mr. Marlatt noted: ‘‘ The eating in the field on volunteer cot- 
ton is practically confined to the young expanding leaves at the bud 
and to the tender petioles or stems of this portion of the plant.” 

—_ 

TIME HIBERNATED WEEVILS CAN EXIST ON FOLIAGE BEFORE FORMATION 

OF SQUARES. 

The suggestion has been frequently made that by delaying the 
planting of cotton until late in the spring the weevils emerging from 
hibernation might all starve to death before the cotton would be in 
condition to furnish them with a food supply. In regard to this 
suggestion, several factors must be considered. 

(1) The average period of emergence from hibernation in localities 
where observations have been made may extend from some time in 
March, frequently as early as the middle of the month, to the very 
last of May, or possibly the first of June. It is impracticable to delay 
the planting of the crop until the first of June. In the northern por- 
tion of the State this late planting would not allow a sufficiently long 
season for the development of the crop before early frosts occur in 
the autumn. In the southern portion of the State the occurrence of a 
considerable amount of seppa”% or stubble cotton would furnish the 

a “‘Seppa’’ is the term used by Mexican residents of south Texas to differentiate 

the cotton plants springing from the roots of the previous year from those strictly | 
‘‘volunteer,’’ springing from accidentally scattered seeds. ‘‘Stubble’’ and ‘‘stump- 

age’”’ are other terms similarly applied to second-year growth of cotton, and have the 
same meaning as ‘‘seppa.’’ 
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weevils with a sufficient food supply and defeat the very purpose of 
delaying planting. | 

(2) The period from the time the cotton breaks ground until the 
formation of squares begins varies considerably, but in general may 
be considered as averaging about six weeks. | 

(3) A large number of observations have shown that many weevils 
will, under ordinary conditions, emerge from hibernation after the 
cotton has broken ground, but before the formation of squares begins. 
These weevils experience little difficulty in living upon the cotton 
foliage through a period of at most six weeks. The observations made 
relate especially to Victoria, but will naturally apply to points farther 
south. During mild winters the weevils become active through inter- 
vals of warm weather, and may be found moving about on the cotton 
plants as though seeking food, and these weevils would undoubtedly 
feed at such times if food were available. Under these same condi- 
tions, however, a large majority of the hibernating weevils will not 
emerge until from five to eight weeks after the growing season of cot- 
ton begins. During severe winters and in the northern portion of the 
State, the immature stages appear to be killed in the squares and bolls 
during the winter, so that only those which hibernate as adults sur- 

vive. Those adults which are most exposed probably perish also, and 
naturally those which are best protected against the cold will also be most 
protected from the heat during the spring, and, therefore, emerge late. 
Late planting, therefore, delays the crop and really gives the hibernated 
weevils an advantage. 

To make the laboratory tests as severe as possible, weevils were 
taken from hibernation very early in the spring, the dates ranging 
between January 23 and April 5, 1904, averaging March 23. Alto- 
gether 110 weevils were used. ‘The food supply consisted entirely of 
the terminal portions of cotton stems, which were replaced by fresh 
tips at frequent intervals. Under these conditions one-half of the 
weevils under observation died in a little over six weeks, the average 
length of life being really forty-five days. A number of individuals 
continued active for more than three months. These tests showed 
that even under most unfavorable conditions fully one-third of the 
hibernated weevils might be expected to live for a period of time 
longer than that usually occurring between the planting of cotton and 
the first formation of squares. 

CONCENTRATION OF WEEVILS UPON MOST ADVANCED PLANTS. 

The earliest plants in the field ultimately attract most of the weevils, 
and where seppa plants occur they may serve as traps to draw the first 

-attacks. Thus, in the spring of 1895, Mr. E. A. Schwarz found the 
first emerged hibernated weevils working upon seppa plants which 
had sprung from 2-year-old roots. These plants, having their root 
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systems well established, start earlier and grow more vigorously than 
do those from seed, and are therefore doubly tempting to the hungry 

weevils that emerge early in the spring. In the spring of 1903 in one 
field of comparatively early cotton, 2 or 3 acres in extent, the writer 
found, between April 24 and May 11, 23 weevils working on the buds 
and tender leaves of seppa plants before a single weevil was found on 
the young planted cotton having from four to eight leaves. At 
Victoria early in June, 1902, Mr. A. N. Caudell found, in examining 

100 seppa plants, growing in a planted field, that fully one-half of the 
squares upon these plants were then infested. The planted cotton 
was just beginning to form squares, and was slightly injured at that 
time. 

It appears, therefore, that seppa plants, where such exist, receive 

a large part of the first attack of the hibernated weevils. Several 
reasons may be given in explanation of this condition. These plants, 
often appearing above the ground before the planted cotton, naturally 
draw the earliest weevils, and as the movement of the weevils is very 
slight at this time of the year, these weevils may very certainly be 
found upon those plants where they find favorable food. In the 
natural process of selection, the largest and most advanced plants 
would naturally be expected to draw the attack of a large proportion 
of the weevils which might emerge, even after the planted cotton had 
broken ground. Itis by no means certain, however, that all hibernated 
weevils may be found upon these early plants. The comparatively 

small number of seppa plants makes it an easy matter to examine 
them with much more care than can be given to the large number of 
small plants. A number of observations have shown that weevils fre- 
quently occur upon the planted cotton even when numbers of vigor- 
ous seppa plants may be found within a comparatively short distance. 

(It has been conclusively shown that the first squares do not exert 
any such strong power of attraction to the weevils as has been hereto- 
fore supposed. Weevils which have fed upon the tender tips of plants 
seem perfectly satisfied with their food supply, and it is quite evident 
that their first meal upon squares is more the result of accident than 

| intention. After having begun to feed upon squares, however, it 
appears that their taste becomes so fixed that they normally seek for 
squares. It has been found that females do not develop eges until 

squares have been fed upon for a period of several days. They have, 
therefore, no especial impulse to seek squares for the purpose of ovi- 
position, which has hitherto been considered their prime motive in 
their early spring movement. | The concentration of the weevils upon 
plants having squares takes place very gradually. Opportunities for 
observations at Victoria during the spring of 1904 were exceptionally 
favorable, and it was found that many weevils still remain upon plants 
not having squares for fully six weeks after numerous plants growing 
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in the immediate vicinity had begun to form squares. These observa- 
tions were very conclusive, and were sufficient to prove the ineffective- 
ness of trap rows, even under the most favorable conditions. 

ARE WEEVILS ABLE TO LOCATE A FOOD SUPPLY AT ANY 

CONSIDERABLE DISTANCE? 

One would naturally think that insects so highly specialized as to 
have only one food plant would be provided with some remarkable 
ability for detecting the location of that plant and for enabling them 
to reach it from a considerable distance. Experiments were under- 
taken by Dr. A. W. Morrill to determine whether the boll weevil had 
any strongly marked sense of the direction of its food supply. 
Various methods of testing were employed. In experiments 1 to3 a 
piece of glass about 20 by 24 inches was allowed to rest upon eight 
glass tubes pla se at the angles and middle of each side and directed 
toward the center of the siiss. The space between the tubes was care- 
fully filled ay cotton. In certain tubes a supply of cotton squares 
was provided. In ue other green vegetation was placed. The 
weevils were liberated under the middle of the glass and allowed to 
move freely in any direction, the object being to see if any consider- 
able proportion of them would choose the tubes containing squares. 
In experiments 4, 5, and 6 a cylinder 2 inches in diameter and 18 inches 
in length was constructed from wire screening. This allowed free 
circulation of the air and free movement of the weevils in either direc- 
tion. A supply of squares was placed outside of one end of the cylinder 
and various eee vegetation at the opposite end. Observations were 
made to determine the proportions of weevils found nearest the food 
supply or ree from it. The various conditions of light and heat 
were so changed as to determine their influence and equalize the effect 
upon the movement of the weevils. In the course of these experiments 
over 250 observations were made upon 100 weevils. A summary of 
the results shows that 83 weevils were found as near the cotton as they 

could get, while 90 weevils were as far from it as they could be. One 
hundred and sixty-one weevils were nearer to the cotton than to the. 
other vegetation, while 193 weevils were nearer to other vegetation 
than to cotton. In no case did the maximum possible distance from 
the cotton squares exceed 20 inches, and the minimum varied from 1 
inch to immediate access to the squares. All weevils were hungry and 
many starved during the period of observation. At no time was there 
a general movement in the direction of the food supply. Considering 
these results it can not be said that these weevils showed a definite 
sense of the direction of their food supply, or any attraction to it from 
a distance, even so short as 1 foot. The reactions to light and heat 
were bot th positively marked and much more evident than the reaction 

to food supply. 
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It must not be inferred that we believe weevils have no sense by 
which to locate their food supply, but it is apparent, both from these 
observations and from observations made in the field, that the move- 
ment of the weevils is indefinite, and the probability is that their find- 
ine cotton is more the result of accident than of evident intention. 
Since it has been found that weevils may live for a number of days 
after emerging from hibernation without food, they have considerable 
opportunity to move about and stand a considerable chance of finding 
food if it exists in the immediate locality. 

DANGER FROM ALLOWING SEPPA TO GROW. 

Tn this connection attention should be called to the serious danger 
of allowing seppa to grow. It might appear that in localities where 
there is sufficient seppa to give a fair stand, there would be the decided 
advantage from the earliness of this growth in attempting to make a 

crop from these plants. Such, however, is not the case, as has been 
conclusively shown by the experience in south Texas during 1904. 
Winter conditions favorable to the survival of the cotton roots favor 
also the successful hibernation of many weevils, and large numbers 
of these- attacking the crop in the spring are certainly fatal to 
the production of even a fair crop. -The conditions and practices 
which result in seppa growth are those most favorable to the weevil. 
Southern Texas, where seppa is most common, is the very portion of 
the State which can profit most easily and most certainly by adopting 
the fail destruction of the stalks, and the subsequent plowing, which 

will not only prevent seppa growth, but will also insure the destruc- 
tion of a vast majority of the weevils. By allowing seppa to grow in 
a field of planted cotton, the weevils are supplied with the most advan- 
tageous conditions for getting a start over the planted crop. It will 
frequently happen that the seppa plants are from four to six weeks in 
advance of the planted cotton. Under such conditions, as was dem- 
onstrated at Victoria in 1904, a complete first generation of weevils 
may develop on the seppa, thus multiplying greatly the number of 
weevils which are ready to attack the main crop by the time squares 
begin to form thereon. The development of this largeiy increased 
number of weevils might easily have been prevented by simply 
destroying all seppa plants, and the seppa growth can be more easily 
and more surely prevented by destroying stalks in the fall and giving 
the ground a thorough plowing at that time than by any measures 
that may be adopted in the following spring. If it should be argued 
that seppa furnished ideal trap rows, we would say that extensive 
observations have shown that they constitute a source of decided dan- 
ger rather than of benefit, even if preserved for the purpose of trap- 

ping hibernated weevils. The proportion of weevils escaping destruc- 
tion upon such trap plants would insure the survival of a larger 
number of weevils per acre than could possibly have survived under 
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a faithful observance of the practice recommended by the Bureau of 
Entomology. The menace from this source is certainly sufficient to 
justify the adoption of strong measures tending to largely reduce, if 
not to prevent altogether, the growth of seppa cotton. The recom- 
mendation made by Prof. EK. D. Sanderson, while State entomologist 
of Texas, that laws be passed making it a punishable offense to allow 
the unchecked growth of seppa cotton, seems to the writers fully justi- 
jable and commendable. | 

INCREASE IN LEAF AREA OF COTTON. 

The advisability of making observations upon this point was sug- 

gested by the attempts made to poison hibernated weevils by spraying 
early cotton with an arsenical insecticide. As the weevils fed so 
exclusively in the most recently unfolded growing portions at the tips 
of the stems, it was evident that-the rapidity of increase in the leat 
area would at least indicate the frequency with which spraying would 
have to be repeated in order to keep in a poisoned condition the very 
limited portion upon which the weevils fed. 

Although the observations were made after midsummer, the plants 
used were of the right size to indicate the points desired. Two series, 
each including five average plants, were selected. 

The plants used in Series I] had 8 leaves at the time of the first 
observation. Those used in Series II were older and averaged about 
30 leaves each. The leaves borne upon the main stem were classed 
as primary and those from side branches as secondary leaves. Upon 
the date of each of the 5 observations made, the number of leaves in 

each class was ascertained, an average leaf in each class was quite 
accurately measured, and the total product of numbers and area thus 
found was considered as the approximate leaf area of the plant. The 
error has been reduced as much as possible by taking an average of 
the 5 plants in each series as representing a typical plant, and it is 
with these results that comparisons have been made. 

TABLE XI.—EHstimated increase in leaf area of cotton, averages of five plants. 

as Primary leaves. | Secondary leaves. 

= So eee Average 2 Percent- | Average x Percent- Date of examination. Soha Beare age of | number | ee age of 

per Tae daily in- per oat daily in- 
plant. P ; crease. plant. Is crease. - 

1902. 
Series I: Sq, in. Sq. in. 

ACU PUIS CBO sae Saya ae ets eee tapers 8.0 GE Oi pzeeeexess (0 eel Kea ese acia  aky | (Beh AG ae 
Septem bere 7-2 se ea os eee ees 8.6 136.8 8.0 8.0 ATs Dig (eect area 
Septemlberi2ae- Masao. acme eee 9,8 231.6 5.4 16.6 187.4 30.0 
OCtODEr GC Sac ase ea ee ee Sr ee EO 309. 6 3.0 22.6 347.8 7.8 
Octoherd 72 wissen a Bh 376. 6 2.0 31.0 522.4 4.6 

Series II: 
AIP UST SOE oe a ees eee 7.8 ATR E SS Se ete 21.6 26088 Waele eee 
Heptemiberdks cos sass ee a eet 8.4 | 229512 2.0 24.8 341.4 2.0 
September 2o'. ee ye ena eee 9.8 241.6 . 04 42.4 514.0 3.6 
OCtOberiG ease eae eee 9.6 214.8 | a—1.0 52.6 619. 2 1.8 
O ClO DEL ae Ses Oe eetce ee aieeeoee 10.0 | DAO teh Wecace CSc 67.4 808, 8 Meds 

— 

a Decrease of 1 per cent due to falling of old primary leaves, 
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Several facts are evident from an examination of this table. After 
the plant has acquired about eight primary leaves the formation of 
branches and of secondary leaves began, thereby multiplying the 
number of growing points. From this time on the greater part of the 
increase in leaf area took place in the secondary leaves. By far 

the most rapid period of leaf growth occurred at about the time when 
squares first began to form. In Series I the average total leaf area 
practically doubled every ten days through the seven weeks under 
observation. In Series II the plants were older to start with, and it 
required about forty days to double the leaf area. 

Everyone now concedes that it is useless to attempt the spraying 
of full-grown cotton such as is represented in Series Il. The extreme 
rapidity of increase in the foliage area shown in the first part of 
Series I shows that spraying must be repeated every week or ten days 

if even one-half of the entire leaf area is to be kept poisoned. When, 
in connection with the large per cent of daily increase, we consider 
_how much of that percentage is being unfolded at the very tip of the 
stem; that upon that limited tip area alone will the weevil feed before 
the formation of squares; that after the formation of squares it 
| appears to be almost impossible to poison the weevil’s food supply; 
_and also that the irregular emergence of the weevils from hibernation 
may extend through several weeks; it at once becomes evident that 

| potsoning early cotton for hibernated weevils is almost as impracticable 
as the poisoning of older cotton is now acknowledged to be. 

EFFECTS OF FEEDING UPON SQUARES AND BOLLS. 

From numerous large, open, feeding punctures a square becomes so 
_severely injured that it flares very quickly, often within 24 hours 
(Pl. VIL, fig. 33).° Males usually make the largest punctures, which | 
they always leave open while they remain for a day or more working 
upon the same square. It has been often found that squares thus in- | 
jured by a male will flare before the weevil leaves it. The time of 

flaring depends upon the degree of injury relative to the size of the 
“square. Thus, small squares receiving only a single large feeding 
| puncture in the evening are found widely flared in the morning. On 

the other hand, large squares which are within a few days of the time 
of their blooming may receive a number of punctures without show- 

‘Ing any noticeable flaring. Frequently a square which has flared 
widely will be found later to have closed again and to have formed a 
distorted bloom (PI. VII, fig. 32), and occasionally such squares de- 
velop into normal bolls. In squares of medium size a single feeding 
puncture does not usually destroy the square. The destruction of a 
square by feeding results either from drying, decay, or a softened, 

pulpy condition of the interior, which is the consequence of the weevil 
injury. 
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Bolls are quite largely fed upon after infestation has reached its 
height. Small and tender bolls are often thoroughly riddled by the 
numerous punctures (PI. LX, fig. 36). Small bolls so severely injured 

fall within a short time. Larger bolls may receive more punctures 
without being so severely injured. A comparison cf the external and 
internal effects in such cases is shown in Plate VIU, figures 34 and 35. 
Abnormal woody growth takes the place of the normal development 
of the fiber, and a softening and decay of the seeds often accompanies 
this change. One or more locks may be: destroyed while the remain- 

der of the boll develops in perfect condition (Pl. IX, fig. 38). 
After the bolls become about half grown the effects of feeding are 

less likely to cause the boll to fail. The puncture becomes closed by 
a free exudation of the sap and a subsequent woody growth, which 
forms frequently an excrescence the size of half a pea upon the inner 
side of the carpel (Pl. LX, fig. 37, a). An execrescence of this. char- 
acter usually results from an egg puncture, and often from feeding 
punctures also. 

TaBLeE XII.—Destruction of squares by feeding alone. 

Fagot = Ube be: © oS o is Wien Bysg pas a, 
Oe © .* a = = LS RES = 
EAU) rae herrea Ba |) SS = Lote = ae 
= ak AS | Be = Oa O fae 532 
ea = 2 Eel aA AB aea|ed 258 

es £$.| ’S |ws- | Se | Sh6| se bees 
ets a eS AS HKD 25 = 2 = : [= eee 

Date. 9au | SB | ms? (385) Sa (eao see eee 
soos | =o SiS: Oge | =o |aes == 20 
S005 ss ae Ons Sas OS aa sa ae 
SUS 22 a2] RS ee he a Oke aoa 
Dad Ze es wz O = Ron | SUA | Bae 
rs (S = 5 a ¢ S 1 Oaks Soe >¢ Ss 

Sos-| oe a2 |s3h3 | © Os Seon) sae 
e2ea)] Sa e= ora 5 |} oe2n | pak | see 
= = i = ee ee |< |<: 

UUM CsA SORT ye ae aoe. Aenea ee 334 59 210 122 Lo, |= OSs 2.0*| 5.6 
August 21 to.September 10 .....-.---| B08 | 54 206 100 Hae Bs) pea tr HSS} 5.2 
October.25 to November 25....-..--- | 125 41 137 110 32.8 80.0 | 2.8) J4.2 

NO See 5 ed Shee Seer ee ee 51 | 26 79 70 5030) | 882651 3.1 21652 
JuMe nM Oro Mitthy ol ee tes eee eee 417 | 3 125 59 CAE Vee Aha? 19 4 6.0 
August 6 to September 25 ........... “68 68 177 177 |- 100.0 | 41002021 2.6 | 3.6 

1, 353 279 934 638 20. 6 68.3 2:0. 7.0 

aSauares attacked by male weevils only. 

} 1 
i i From the preceding table a few genera! conclusions may be drawn. 

The general impression that most of the seceins ds done in squares 

specially devoted to that purpose is abundantly sustained by reference to 
columns 5 and 6, from which it is seen that one > fitth of all the squares 
attacked by the weevils receive over two-thirds of their feeding punc- 
tures. Where, as a general thing, only one ee is placed in a square, it _ 

appears that on an average more tha un two feeding punctures are made 

inasquare. A on of the average time tea m the date of attack 
to the f falling of the square shows that squares which are fed upon only, 
fall, as a rule, somewhat more quickly than - squares which contain 

larve only and have never been fed upon. While not shown in the 
preceding table flaring as a result of feeding injury takes place more 
quickly than when the result of injury by a larva worene within the 
square. 5 
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EXTERNAL AND INTERNAL EFFECTS OF FEEDING ON BOLLS. 

Fig. 34, External appearance of feeding punctures upon large boll: fig. 35, internal injured 
condition of same boll—natural size (original ).° 





Bul. 51, Bureau of Entomology, U. S. Dept. of Agriculture. PLATE IX. 

Bol L% inch 
y 

(has |S big fp 
Vo Fell. 

tiff 
a Bloom. 

Wo Boll, 2 f P 

Wo B oll open 
wo Locks had, 

EFFECTS OF WEEVIL FEEDING UPON BOLLS. 

Fig. 36, Small boll showing 13 feeding punctures; fig. 37, section of medium-sized injured boll: 
a, Feeding puncture closed by woody growth. b, gelatinized area resulting from feeding punc- 
tures, fig. 38, boll having two locks destroyed by two feeding punctures made by a male weevil: 
fig. 39, device used to test relative attractiveness of American and Egyptian squares—figs. 36, 
38, reduced to three-fourths natural diameter: fig. 39, one-fourth natural diameter (Original). 
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DESTRUCTIVE POWER BY FEEDING. 

A glance at the figures in Tables X and XII (pp. 52 and 60) is suf- 
ficient to show the great destructive power of the Mexican cotton boll 
weevil. It may be seen that both in the field and in the laboratory 
the weevils of the first generation are more active in making punctures 
than are the hibernated weevils. These generations overlap too far 
to attribute this difference to the influence of a higher temperature 
alone, though this factor will account for a large part of it. A com- 
parison of the figures for males alone with those for females alone or 
with those for males and females together shows that it is very con- 
servative to say that males make less than half as many punctures as 
do females. By the habit of distributing their punctures among a 
greater number ofsquares the destructiveness of the females becomes 
at least five times as great as that of the males. 

This great capacity for destruction has been one of the most evident 

points in the history of the spread of the weevil, and deeply impressed 
the entomologists who first studied the insect in Texas. In 1895 Mr. 
EK. A. Schwarz, in writing of the work of the weevil at Beeville, said: 

Each individual specimen possesses an enormous destructive power and is able to 

destroy hundreds of squares, most of them by simply sticking its beak into them for 

feeding purposes. 

SUSCEPTIBILITY OF VARIOUS COTTONS. 

Anexcellent opportunity for observations upon this point was obtained 
upon the laboratory grounds at Victoria by growing within a small area 
plants of several varieties of American Upland, Sea Island, Egyptian 
(Mit Afifi), Peruvian, and Cuban cotton (Algodon sylvestre). The 

Peruvian cotton made a remarkably large growth during the first sea- 
son of growth in 1903 and again from the overwintered roots in 1904, 
but put out no squares, so that it does not really enter into this com- 
parison. The Mit Afifi seed was obtained through the courtesy of the 

| Bureau of Plant Industry of this Department from a field grown the 
preceding season at San Antonio, Tex., in which circumstances led 
some observers to the opinion that the variety was, to a certain extent, 
immune. The observations at the laboratory were made by carefully 

_ examining the plants, looking into each square, and removing every 
weevil and infested square found. If there were any distasteful or 

| resistant cotton among these, it would surely be found in this way; 
)and if any variety were especially attractive to the weevils it would 
be equally apparent. Infested squares being removed, the accident 
of association or proximity would not determine the location of the 
weevils found, but all might be considered as having come to the cot- 
ton with equal opportunities to make their choice of food, and accord- 

'ingly their location has been considered as indicating such choice. 

The period of cbservation extends from June to November, except 
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with the Cuban cotton, which was planted late and began to square 
during the latter part of August. For the purpose of this comparison, 
both the several! varieties and the various plots of the American cotton 
will be considered together, as no evidence of preference was found 
among them. | 

In making a comparison of the results three elements must be con- 
sidered for each variety of cotton: First, the number of plants of each 
variety; second, the number of days during which each kind was 
under observation; third, the total number of weevils found on each 
class of cotton. The elements of numbers of plants and time under 
observation may be expressed by the preduct of those two factors 
forming a term which we may call ‘‘ plant-days.” The total number 
of weevils found upon any class of cotton divided by the number of 
‘‘plant-days” will give the average number of weevils attracted by 
each plant for each day, and these numbers furnish a means of direct 
comparison and show at a glance the average relative attractiveness 
of each class of cotton. The following table presents these results in 
comparable form: 

Taste XII1.—Relative attractiveness of various cottons. 

| | Total. Average. 

| Num- | | Relative 
Class of cotton. ber of | pyant-| Wee- In- Weevils intesee attract- 

| plants. 5G ae vils_ | fested ; per plant a wees iveness, 
YS: | found. |squares| per day. | P vil 

1903. | : 
PAST CRTC aay eee rye Wee eae Are eee eee 62 | 4,920 287 | 3,507 | 0.058+ 12.2+ 1.0 

CAD es ee nies aires se | 5 120 11 136 . 092— 12.4— 1.6+ 
Sea Eslo id ee ee Sie aes eee | 8 | 552 64 | 1,089 .116— 17.0+ 2.0 
dL OFSe\ 9 OTe eeapeenee elee eeen eae eens Meare erie 8 | 808 | 207-)5 22013 . 256+ 9.74 4.44 

Total of 3 non-American cottons. 21 | 1,480 | 282 | 3,238 .191-— 11. 5— | 3.3— 

1904. 
J MAI Se CON Oe ers cere Sten sabre each ae ea aoot 60 | 3,780 SAGs eh seseee SOON Says eee se 1.0 
PSCop IS) Gia eae rae eee eee ee ace 5 | 315 98) (fl ee ere Shh | see eee 4.0 
SV PElaMe sac scien 2 wae a ete eee ee ee 40 252 LOD eis ne eer CO all elesiaee ear rec 4.44 

An examination of these figures shows that American Upland cotton | 
is less subject to the attacks of the weevil than any of the others, and 
that Egyptian (Mit Afifi) is by far the most susceptible. The differ- 
ence in degree is most plainly shown in the column of ‘relative 
attractiveness.” It would certainly seem difficult to formulate a 
stronger argument for the cultivation of American cottons alone within | 
the weevil-infested district than is presented by these figures. The ff 
weevils gathered so thickly upon the Egyptian cotton that the plants | 
could not produce sufficient squares to keep ahead of the injury, and 
therefore the average number of infested squares for each weevil is 
only three-fourths as great with that variety as with less infested — 
kinds, but the average injury to each square was greater than with 

any other. 
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Reports made by agents of this Bureau who have investigated the 
habits of the weevil in Cuba and Mexico show that the native varieties 
of cotton, including the tree and kidney cottons of Cuba and the tree 
cottons of Mexico, are just as susceptible to serious weevil injury as 
are the cultiv viel cottons. In some restricted localities in Central 
America the dwarf character of the cotton grown and the very open 
method of cultivation result in the production of some staple, though 
the variety of cotton grown is by no means immune to weevil attack. 

The practical application of these observations may be emphasized 

still further by the statement that in spite of the frequent and careful 
removal of weevils from these cottons during the entire season none 

of the non-American varieties made a single boll of good cotton, so 
great was the actual weevil injury to them, while American cotton with 

the'same treatment developed a large number of bolls. 
The results are still further sustained by observations upon larger 

areas of American and Hgyptian cotton under field conditions in three 
localities in Texas, no weevils being removed from either kind. At 
Victoria, Tex., on August 26, 1908, an examination showed that 96 
per cent of Egyptian squares were infested, while an average of 13 
fields of American showed 75.5 per cent. At Calvert, Tex., on Sep- 
tember 4, Egyptian showed 100 per cent infested, while the American 
varieties growing alongside showed 91 percent. Similar results were 
found at San Antonio. Though growing in close proximity, the Eg¢yp- 
tian produced no staple whatever, while the American gave better 
than an average yield in spite of the depredations of the weevil. 

At Victoria, in the experimental tract during 1904, three varieties of 
Egyptian cotton (Mit Afifi, Janovitch, and Ashmouni) were tested side 
by side with American varieties. The Egyptian varieties uniformly 
failed to make a pound of cotton, while the American varieties aver- 
aged 400 pounds per acre. 

In accordance with these observations, it appears that in developing 
a variety of cotton which shall be less a cesoaile to weevil attack, by 

far the most promising field for work lies among the American varie- 
ties, and of these the very early maturing kinds are most promising. 

The question of choice of different varieties for food was tested in 
the laboratory by Dr. A. W. Morrill, by placing squares of two kinds of 
cotton, American and Egyptian, in alternate rows in a breeding cage 
EPI. 1X, fig. 39), so lettered and numbered that each square col be 

exactly located. Weevils were then placed so that they could take 
their choice of these squares, and observations from 8 a. m. to 6 p. m. 
were made upon the location and activity of the weevils. Though this 
experiment was repeated four times no positive evidence was obtained 
to show that weevils had any choice as to which kind of squares they 
fed upon. Table XIV presents a summary of these results. 
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TaBL—E XIV.—Breeding-cage observations upon weevil choice of American and Egyptian 
squares. 

x American squares. Egyptian squares.~ 
nn 
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In experiments 1 and 2 the American squares were attacked more 
extensively than were the Egyptian, while in experiments 38 and 5 
greater injury was done to the Egyptian. In experiment 4 the smaller 
number of egg and feeding punctures made in the Egyptian squares is 
counterbalanced by the larger number of squares attacked. Although 
the totals from these five tests show slightly less injury to the Egyp- 
tian than to the American squares, it could hardly be expected that 

two arbitrarily chosen series, even if of the same variety, would show 
any closer egreement in the points of comparison made in this table 
than is therein shown by the American and Egyptian squares. 

About July 25, 1904, a rather sensaticnal report was published in a 
number of prominent newspapers, claiming that a variety of tree cot- | 
ton had been found which was not only unaffected by frosts, but also_ 
immune to the attacks of the boll weevil. An agent of the boll weevil | 

investigating force, Dr. A. W. Morrill, was detailed to study the cot- 

ton which had given rise to the report. Careful investigations were 
made in seven different localities. No variety of cctton is positively 

known to be unaffected by frosts. It was found that but a few stalls 
of cotton were growing in any of the localities visited. The fruit was 
scattered, in many places there being no boils and the fiber of very 
poor quality. An examination of the squares showed that they were 
badly infested by the weevils in several of the localities visited, and | 
he isolated location in other cases might easily explain their escape | 

from attack. | 

HAS THE WHEVIL ANY CTHER FOOD PLANT THAN COTTON? 

The question of the possibility of boll weevils feeding upon some 
other plant than cotton is one of great importance. If is a well- 
known fact that insects which have few food plants usually confine 
their attacks to closely related plants belonging to the same botan- 
ical family, or even genus. Accordingly, most of the plants which 
have been tested especially are those most closely related to cotton. 
Four species of Hibiseus (Z7. esculentus, H. vesicarius, H. manthot, — 
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INSECTS OFTEN MISTAKEN FOR THE BOLL WEEVIL. 

Figs. 40, 41, Mexican cotton boll weevil (Anthonomus grandis), much enlarged; fig. 42, Lixus sp., 

enlarged three and one-half times (original); fig. 43, acorn weevil (Balaninus victoriensis) = 
a, Female, dorsal view; b, same, lateral view; c, head, snout, and antenna of male—all enlarged 
four times (from Chittenden); fig. 44, apple curculio (Anthonomus scutellaris) , enlarged (from. 
Insect Life); fig. 45, pepper weevil (Anthonomus xneotinctus), much enlarged (original); fig. 

46, Desmoris scapalis, enlargeca (from Chittenden). 
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INSECTS OFTEN MISTAKEN FOR THE BOLL WEEVIL. 

Fig. 47, Transverse Baris (Baris transversa), much enlarged (original); fig. 48, Centrinus penicellus, 
enlarged (original); fig. 49, coffee-bean weevil (Aracerus fasciculatus): a, larva; b, beetle; ¢, 
pupa, enlarged (from Chittenden); figs. 50,51, Chalcodermus xneus, enlarged (from Chittenden). 
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INSECTS OFTEN MISTAKEN FOR THE BOLL WEEVIL. 
Figs. 52, 53, Sharpshooter (Homalodisca triquetra), enlarged (from Insect Life): fig. 54, cotton stainer (Dysdercus suturellws’, enlarged (from Insect Life); fig. 55, cotton stalk borer (Ataxia crypta), enlarged (from Howard); fig. 56, imbricated snout-beetle (Epicxrrus imbricatus) enlarged (from Chittenden); fig. 57, snapping beetle (Monoc (from Chittenden). 

y 

repidius vespertinus), enlarged 

PLATE XII. 
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METHODS OF WEEVIL STUDY. 

Fig. 58, Device used in testing attractiveness of molasses to hibernated weevils early in 
spring, reduced to one-fourth natural diameter; fig. 59, weevil ‘‘ playing ’possum,”’ 
enlarged two diameters; fig. 60, weevil ‘ playing ’possum,”’ natural size; fig. 61, field 
cage used to confine weevils on uninfested plants; tagged plant after removal of cage 
at right (original). 



“e 



65 

IT, moscheutos) were grown and an effort made to see whether weevils: 
would feed upon either the leaves, buds, or seed pods. In no case, 
however, did they live on any of these for any considerable time,, 
though they fed slightly upon some of the parts. Hibernated weevils: 
starved in an average time of about 4 days with leaves of either okra 
or Sunset Hibiscus. The buds and seed pods were not formed at that. 
time, so could not be tested. Weevils of the first generation, which: 
had fed upon no cotton, were placed upon Sunset Hibiscus, and these: 
starved in an average of 3 or 4 days. First generation weevils, which 
had fed for a few days on squares, were placed upon leaves, buds, and 
seed pods of /7biscus vesicarius. Though they fed a little, all starved 
inanaverage of aboutddays. A lot of first-generation weevils, fed first 

for several days with squares, were given leaves, buds, and seed pods of 
_ okra. More feeding was done by this lot than by any other, all parts 
_ being slightly attacked. These weevils lived for an average of 7 days. 
_ Numerous other plants, including sunflower (//edianthus annuus), 
_ bindweed ( Convolvulus repens), the slender pigweed and the spiny pig- 
weed (Amaranthus hybridus and A. spinosus), and western ragweed 
(Ambrosia psilostachya), and various other species of weeds and 

_ grasses which occur more or less frequently around cotton fields were: 

_ tested, but in no case was feeding noticed except in the case of weevils: 
supplied with pieces of the stem of sorghum, the stems of which were 

_ cut into short lengths and some of the pieces split lengthwise. Upor 
the exposed, juicy pith weevils fed considerably, but they did not: 
puncture through the hard stem to obtain the juice. The sweet sap: 
found in the pith sustained weevils for some time in the laboratory, 

| but where obliged to puncture the stem, as they would be in the field, 
they would never attack sorghum, except possibly freshly cut stubble. 

Among the many plants tried, therefore, none has been found to show 
any capacity for sustaining the lives of weevils in the field in the 
absence of cotton. 

During the summer of 1904 a number of other plants not closely 
related to cotton were tried, but upon none of them would the weevils. 

_ even attempt to feed. 
The question of the original food plant of the weevil has received 

considerable attention from this Bureau, the investigations made in 
Cuba being particularly thorough and conclusive. In that island some: 

| varieties of cotton grow wild and are perennial. After most careful 

| search Mr. EK. A. Schwarz wrote in the spring of 1903: ‘* There is not. 
the slightest doubt, in my opinion, that the original and only food 
plants of the weevil are the varieties of Gossypium and here in Cuba 

_the variety known as kidney cotton.” The investigators of the 
_ Bureau of Entomology have given special attention to the possibility 
of the boll weevil breeding on other plants than cotton. Throughout. 
_ the investigations of Prof. C. H. T. Townsend in southern Texas and 

16780—No. 51—05 3) 
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in Mexico and the careful studies made by Mr. Schwarz in Texas and 
in Cuba and the observations made by the writers in Texas every 
plant closely related to cotton has been most carefully watched, and 
the uniform failure to find the weevil upon any other plant makes it 
practically certain that cotton is its only food. 

INSECTS OFTEN MISTAKEN FOR THE BOLL WEEVIL. 

Many species of insects have been mistaken for the Mexican cotton 
boll weevil. Among them the two most commonly reported in Texas 
have been an acorn weevil (PI. X, fig. 48) and a species commonly 

found upon bloodweed or ragweed. The chief reason for the promi- 
nence of these two species is not that they resemble the boll weevil 
more closely than do others, but rather that their habits bring them 
into closer proximity with cotton fields and their abundance has led to 
their more frequent discovery. The acorn weevil has in a number of 

cases been taken in lantern traps set in cotton fields, and the mistake 
in the proper identification of the species has given currency to the 
report that the boll weevils are attracted to lights, which, however, is 
never the case. There is no authentic record of a single boll weevil 
having been caught at any light. Only very rarely and under excep- 
tiona! conditions will the acorn weevil feed at all upon cotton bolls. 
Though the bloodweed weevil (PL. X, fig. 42) has been taken from 

cotton plants, no evidence has been submitted showing that it was 
actually feeding thereon, and it is more likely that such specimens had 
merely strayed to the cotton from bloodweed growing near. 

Another species of weevil, Desmoris scapalis (Pl. X, fig. 46), is much 

less common and therefore less frequently mistaken, but resembles the 
boll weevil in general appearance far more closely than does either of 
the-species previously mentioned. This insect has been found attack- 
ing white prickly poppy (Avgemone alba) and tumbleweed (Amaranthus 
grecizans) in the spring, and probably breeds on Prionopsis ciliata 
Nutt. and the broad-leaved gum plant (Grindelia squarrosa). 

In general the food habits of any species are among its distinctive, 
specific characters, and as the structural differences are easily over- 
looked and difficult of appreciation by anyone unacquainted with the 
careful study of insects, a rather full though by no means complete 
list is here given of the species which have been reported to the Bureau 
of Entomology as having been confused with the boll weevil. A num- 
ber of the most common species will be found figured among the illustra- 
tions in Plates X, XI,and XII. The scientific names of the insects are 
given because they are definite and refer positively to a single species, 
whereas the common names are used so loosely that the same name may 
be applied to a number of species having possibly similar habits. In 
many cases no common name has yet been given to the species. Hight 
of the species mentioned attack living cotton and five species are found 
feeding only on decaying bolls. The occurrence of the remainder upon 
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cotton is merely incidental. The boll weevil is included in this list, and 
figures of the adult are given in the plates to facilitate comparison. 

Insects often mistaken for the boll weevil (Anthonomus grandis). 

Scientific name. Common name. Usual food plant. aeser 

Anthonomus grandis Boh ...-..--- Mexican eotton boll wee- | Cotton squares and bolls... X&, 40, 41 

Anthonomus albopilosus Dietz....|.. marr BS Ee eA a ere Ee Sig dedi ea ay cee Sane el Res orttate als eons 

Anthonomus signatus Say ..--.--- Strawberry weevil..------ Various flower buds....2----|--22--- sec 

Anthonomus eneotinctus Champ .| Pepper weevil...---..---- Peppernpodde se ceesseeasccer X, 45 

Anthonomus scuteliaris Lec ....--- Apple weeyil........-.--- iNSO) OEY Sees ae oom a saci meee XK, 44 

Desmoris scapalis Lec...-...----- Jronweed weevil.....-.-- Broad-leaved gum plant.... X, 46 

Desmoris constrictus Say ...------ Sunflower weevil........- SS ULTTIO WC Ne sis ee rere ieee cee Re eens eg 

‘COMORRUG DATS ROD INBO5= tadansaod|lyshaca dss Gugdassannegésonass |pacuueacdsunseddios coo oped sonollacasauasaode 

(COMOPPOGIAMD GRGODS SEs oko5555|55 5055 3a4 5645 s5nSneosOGaeSess |S aad bs coe soer Eco see no soo peS sso bacnodsomane 

Conotrachelus nenuphar Hbst...-| Plum eureulio.........--- Plums aad PCACHeS cc. + cecil ee ee see ee 

CORUITACIE USI CUCODR als Mad. . |i asain soata cesses ca. -e CWameless ee Ger reise ete eel eee ae 

CONTE TIVUSHD CUVUCELLLLS SANDS sats ei ern paca See ee eee es cence BeetieimilOwers.. oe. XI, 48 

ROE OALAIS PUCUIN US TANS sos sserclae oot ie nice inne eyelncinisinie isis sel[ > oer SO) ges ae oi aa eh mea Te Ee 

Chalcodermus «eneus Boh......--- Cowpea-pod weeyil....-.- Cowpea pods _.--.. 2... -- | XA, 50,51 

Dorytomus mucidus Lec...--..--- AC wallow weevdlic nec <e. WWE Wie oo aia are sversilal cn ea 

Tizus scrobicolis Boh.........--- Bloodweed weevil....--.. Ragweed (Ambrosia spp.) --|......-.-.-- 

Balaninus nasicus Say .---------- GING BW CXCy eae 2 1 US i So ye A ea a are OO ee 

Balaninus victoriensis Chitt......|.-.-- CU) SS a3 A Beat Na diineosic agoras.)) err es. X, 43 

IROL PE ROIS BOsose aed ds sons se ateen5| ses (SHO) OS Sipe a aterm A aa ay A A PASC OTIS ii ees EN os i ss hala as 

Acalles turbidus Lec..........---- Prickly-pear weevil ...... PTAC RAV AD CTs Der gi iA GORY ON cel GA tala alba te 

PICOIES NODES LCC Mine aceee neal so TO ee SE EN ee “CEC giao pear i  U SaRe IS 

IBOTrgS SINIGIM DAN neem asco ee wee Striped Baris ...:.1.2..-.. SHWE OO VSI GHE Tes KEY l ane mals hay ymin ria A) 

Baris transversa@ Say ..-..-.------ Nnansyerse Banisie ce 5... Roots of cockleburs ........ KG Ay, 

Ty chwas Sondtdius WeCe- - 2 2252----- False indigo weevil -....- Bueleweediewcise ee ee Ye NU ome 

Trichobaris mucorea Lec ........- Tobaceo-stalk weeyil..... AO CEV XO UN Seas a soos ok Ne hs 

Trichobaris texana Lec....-...--- Nettle-stalk weevil....... Spanish thistle 2255502 Sei 

LUNISSEDN ORS TEC OUGOMSISERT GaAs ss osb a6 bocce 2 06nos NoSciae pS salloeae snob occa bs aces sano souseoll4us ke ay so S45 

TOOLS POLES TADSb = e222 ese Pales weevils Comiferceistemis ye srs lus Shee lee eee aa ape 

Pissodes strobi Peck.......------- White-pine weevil........;----- Le te GNESI Nae a 

le-Pachylobiis pictvorus Germ |... eae am wm ne ene a|-- 2 GOS ig Pee an Py ee aie Asc aos area 

Rhynchites mexicanus Gyll ..----- Mexican rose beetie...-_- TTR OS ON ies sh i CNS Ws cane get 

Arexcerus fasciculatus DeG ....-.- Coffee-bean weevil .....-. Coffee beans and old cotton XI, Ag 

bolls. 

Epicerus imbricatus Say ...-.---- Imbricated snout beetle..| Omniyorous.............--. XII, 56 

Anthribus cornutus Say ...--.---- Horned stem borer....--- COLVOMESt INS eee eee ey eal lpn) bees 

OTHER BEETLES. 

Monocrepidius vespertinus Fab...) 2... ene eee eee eee eee ee Larva in grass roots ......-. XL, 57 

OHDEMS HOPIOCIOND BEN 0) 5 See can boc c\|bsoncs ossa son EusouceEasooas ILEPAVEL Wo fAHOOECOL Ee oyna 

NOU OOPUPDUCH Ss Wiig os oad 550 SSeS Cotton-stalk borer........ Cottou-staliks 7 se ee anes XII, 55 

Olibrus apicalis Mels....-.. SSE ROS Se oe SS Wecayame Ol Srey ces. Soma Uae eres 

(CREA AT RUS NOM DReT ES AUCe) 7 AS sl) aoe on snno pan oeseenesuenosse Develops in decaying bolls.|............ 

Carpopnilus dimidiaws Bah. oo...) nk acc cbc dole eee od. eee LUG) ese) Eee Spat iar acaeses Me ite ye ies 

LDU PEROY CAUCE NOUL S Sanne saac alles 45g sos SOEs aS ae ane LORS tos aise ans abies cy EE ie ale 

Cathartus gemellatus Duy......-.- Gram pete sass ye COMO ye eae ery era a ag eee ena 

Tribolium ferrugineum Fab .....- Plour beetle .--. 6.21222... PAC TCK RISC Cll aeasigmiere ee cee Ga Nee te 

BUGS AND OTHER INSECTS, 

Homalodisca triquetra Fab....... Sharper sees abe (Ce@nonn sumbkecy. ee XII, 52,53 

| Oncometopia undata Fab........- Waved sharpshooter .....|...-- COT ay eae co Mien Beri cer 

Dysdercus suturellus H-Seh ...... Cotrom staimer. 22... 022.2 Cottom bollsises so. . fesse sae XII, 54 

Cicanthus niveus DeG........---- Snowy tree-cricket....... Siemiot coronmiplamtiey eee sem eee eae 

Calocoris rapidus Say ........-.--- Rapid plant-bug.......... IRC MIISE OpECCKOMMMONOL Soe ooaohoosasl\ooaddcoosodc 
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A special publication dealing with insects most frequently reported 
to this Bureau as being mistaken for the boll weevil is now being 
prepared and will be available for general distribution. 

IS COTTON-SEED MEAL ATTRACTIVE? 

LABORATORY OBSERVATIONS. 

On account of the popular impression that cotton-seed meal will 
attract weevils it has been necessary to conduct a rather full series of 
experiments. To ascertain the possibility of using this substance as 
an attractant for the weevil in field work, three series of laboratory 
tests were first made. The weevils used were obtained from the same 
source in all tests. ‘The first series was designed to test the ability of 
the weevils to live upon cotton-seed meal alone as a food. The second 
series was intended to show whether the weevils would prefer the 
meal to cotton leaves as an indication of the possibility of attracting 
hibernated weevils before the formation of squares in the spring. 
The third series was planned to show whether the weevils would pre- 
fer the meal as a food when squares could be easily found. The 
cotton-seed meal used was obtained fresh from the oil mill and the 
experiments started during the latter part ef November. 

Weevils fed rather sparingly upon the meal in Series I. It did not 
seem to agree with them asa food and they showed no special inclina- 
tion to feed upon it. Twenty-three of the 24 weevils confined upon 
meal alone died in from 2 to 13 days, showing an average duration of 
life of slightly over 6 days. These weevils either starved to death 
rather than eat the cotton-seed meal, or else they were not able to eat 

it. The dry and empty bodies of all dead weevils showed that death 
was caused by starvation and not by disease. Being entirely covered 
with the fine meal did not seem to have any bad effect upon them. 
As weevils without food or water showed an average duration of life 

of slightly over 6 days, agreeing exactly with the period in this test, it 
appears that cotton-seed meal is not only not a food desired by the 
weevils, but also that it is not capable of prolonging their lives to any. — 
appreciable extent. , 

In Series II 21 weevils were confined with fresh cotton leaves and 
cotton-seed meal as food. During the 297 ‘‘ weevil-days” that this . 
experiment was continued but one weevil died. The average period 
of the test for each weevil was 14 days. The weevils fed almost 
wholly upon leaves. Occasionally one would feed a little on the 
meal, but they certainly preferred the leaves, and the results show 
that leaves alone were responsible for the longer life of these weevils. 
The 20 survivors were placed in hibernation December 20, 1902, but 
all died before April 15, 1903. 
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In Series III freshly picked squares were placed with the meal to 
see which would attract the weevils. Fresh meal, as well as squares, 
was supplied at frequent intervals. During the 158 ‘ weevil-days ” 
that this test continued not one of the 10 weevils died. The average 
period of the test was almost 16 days, and after it the weevils were 
placed in hibernation, but all died before April 15,1903. In only one 
instance was a weevil observed feeding upon the meal. From this 
test it was evident that cotton-seed meal has not the power to attract 

weevils from squares, even when the latter have been picked for sey- 
eral days. 

In spite of the complete failure indicated by these results, a series 
of field tests was made during the late fall of 1902. 

FIELD TESTS. 

In order to settle this question finally, two series of field tests were 
made, one during the fall, when weevils were abundant but full-fed 

and cotton still standing, and the other during the early spring, with 
the view of attracting weevils as they came from hibernation before 
cotton began to square. 

Fall of 1902.—Cotton-seed meal fresh from the mill was placed in 
10 cheese-cloth bags, which were shaken so that the fine dust from the 
meal covered the outside of each bag. The bags were numbered and 
then tied to cotton plants in infested fields at about the middle of the 
plants. The bags were so distributed as to test fields in which the 

following conditions prevailed: One field entirely black from frost, 
one nearly black, one about half green, and one still entirely green. 
The number of weevils on the plant to which the bag was attached 

_ was noted each day to ascertain in a general way the number of wee- 
vils which would be very near the meal and able to reach it in the 

_ ordinary course of travel over the plant without having to fly to it. 
_ Weevils on adjacent plants would naturally come within the sphere 
_ of influence if such existed, but they were disregarded. After the 

failure of the meal to attract weevils in the field became apparent, 
_ weevils were caught and placed upon the bags to see if they would 

stay there. 
Altogether 65 observations were made, covering a period from Novem- 

ber 24 to December 16. The weather was generally cool, averaging 
about 61° F., mean temperature, and cotton had ceased to grow. 
Counting each weevil found at each observation, only 5 were found 
upon the 10 bags of meal. Of these 5, 3 were hidden in the folds of 
the cloth for shelter and were not feeding. One weevil was counted 

_ twice and was the only one found that appeared to be feeding upon the 
meal. During this period a total of 163 weevils was found upon the 
_ top parts of the plants to which the bags were attached. This is con- 
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siderably below the real number present, because in many instances 
this examination was not made, and doubtless weevils were overlooked 
even when examination was made. 

At various times 27 weevils were placed directly upon the bags of 
meal and given every opportunity to show whether they would stay 
thereon if they accidentally found the meal. Only one of this number 
stayed upon the bag for 24 hours, and this one remained in the shelter 
of the cloth. 

The unattractiveness of cotton-seed meal for the weevils seems 
absolutely proven so far as fall conditions are concerned. 

Spring of 1903.—These tests were intended to show whether hiber- 
nated weevils would be attracted to the meal before squares were to 
be found in the field. Two series of experiments were planned, using 
four bags of meal in each. For the location of the first series a field 

was chosen which was known to have been badly infested with weevils 
up to December 18, 1902. This field was not replanted with cotton in 
19038, nor was there another field in the vicinity, so that weevils com- 
ing from hibernation would find no possible food except the meal. A 
number of live hibernated weevils was taken from this field, so that 
there can be no doubt of the presence of many of them. The bags of 
meal were placed near apparently favorable hibernating places. 

Fifty-five observations were made under these conditions, but not a 
weevil came to the bags of meal. 

For the second series a field was selected in which occasional seppa 
cotton plants were found. The plants had been allowed to stand 
through the winter in this field, and hibernated weevils were quite 
abundant. The bags of meal were here attached to stakes driven 
beside seppa plants. More than 59 observations were made after 
weevils were known to be out of their winter quarters. Nine weevils 
were found upon the seppa cotton plants beside which the bags of 
meal were placed, but not a weevil was found at the meal. 

Only one conclusion can be drawn from these experiments. Under 
no conditions will cotton-seed meal serve as a food for the weevils, 

and it shows no power whatever of attracting them either from cotton 
or in the absence of cotton. 

THE POSSIBILITY OF BAITING WEEVILS WITH SWEETS. 

ATTRACTIVENESS CF VARIOCUS SWEETS. 

On account of the considerable publicity given the theory that it 
might be possible to destroy the weevil by attracting it to sweetened 
poisons, a number of experiments were performed along this line. 

In the course of this work Mr. G. H. Harris employed in the labora- 
tory tests a large variety of sweets. White granulated sugar, two or 
three grades of brown sugar, two or three grades of molasses, and the 
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best strained honey were among the sweets tried. The conditions were 
such as to lead the weevils to eat the sweets if they would ever do so. 
The only alternative offered them for food was a supply of rather old 
cotton leaves such as weevils never touch in the field. In spite of the 
unfavorable conditions for getting at the real choice of the weevils, 
they showed little inclination to feed upon the sweets except in the 
ease of honey, which seemed to attract them quite strongly. Many 
weevils fed upon the unattractive leaf tissue or upon the broken end 
of the petiole rather than upon the sweets. 

The result of Mr. Harris’s experiments with undiluted molasses 

applied to plants in the field as summed up in his own words was that 
‘‘nothing indicated that the weevils were attracted by the odor of 
sweets.” Honey was then tried, and this did attract a few weevils. 
Mr. Harris’s general conclusion, based upon the results of his experi- 
ments, was that ‘‘ while a high grade of sweets seemed to have more 
attraction than a cheaper grade, neither can be depended upon to ; 
attract the weevils for poisoning.” 

ATTRACTIVENESS OF SWEETS TO HIBERNATED 

LABORATORY. 

WEEVILS IN 

The sweets used in these tests were of three kinds: High-grade 
molasses, common molasses, and light-brown sugar. The weevils were 
brought in from the field and left for one week without food or drink 
previous to the beginning of the tests on April 2,1908. Three weevils 
were used with each kind of sweet, the latter being in their strongest 
ferm and the sugar in a saturated solution. The inclosing apparatus 
was formed by placing two bottles mouth to mouth with sufficient 
space for air but not enough for the escape of the weevils between 

them. In the bottom of one bottle was placed the sweet and the 
second leaves of cotton in the bottom of the other. The weevils were 
then inclosed, and the cages thus formed were placed in a horizontal 
position in the dark to eliminate every possible influence of direction 
of light, relative elevation of food, etc. The food supplies were 

renewed occasionally, and the location of the weevils relative to the 
food in each cage was noted frequently. The weevils were counted at 
each observation. The results of these observations are briefly sum- 
marized in the following table: 

TaBLE X V.—Altraction of various sweets versus cotton, second leaves. 

Number } Number 
Number sea 3 

Character of sweet. of obser- eee BA once 

vations. cotton. | sweets. 

ME StEMIOLASSC GT CAO Pile ee eume en enn ney er cinch Moe A LE GN 20 25 1 
TEVES PREECE IREESE rep Vee 90) = Ue TC as Ce a Gi at ea ae a 13 29 | 5 
AU OMATNO FG | ASSeSte ro Cree eee ee arene Mets TERRE Obes Oe 18 42 4 
BROW MeSUeOrASIN UDCA Ce tAn ae np elas te py turnin Serene A ays A Na Dil 48 8 

TRONS op Sone Cah Se eet eS ae ete gE ee 72 144 18 
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These figures become exceedingly striking in consideration of the 
fact that the cotton leaves were often purposely left until they became 
moldy and decayed or dried and wholly unfit for food. It was at such 
times that most of the weevils sought the sweet in preference. Should 
we leave out of the account the weevils found at the molasses or sirup 
when the cotton was unfit for food, the number attracted there would 

be reduced fully one-half. In either case the fact remains that none of 
the sweets can be said to have attracted weevils from the cotton leaves. 

INFLUENCE OF SWEETENED WATER UPON FEEDING OF WEEVILS 

ON COTTON PLANTS. 

It is easy to demonstrate that weevils will in confinement feed upon 
sweet solutions. To prove that they will show the same attraction to 
such solutions in the field is a far more difficult matter. 

For the purpose of these experiments, cheap molasses was used, 
mixing 1 part of molasses with 25 parts of water, as is generally 
recommended in spraying formule. Three pairs of young plants 
which had not begun to square were then selected from those growing 
upon the laboratory grounds. The plants in each pair were of equal 
size, and both in healthy condition and standing closely enough together 
to be both covered by one cage. One plant of each pair was then 
dipped in the sweetened water, while the other was left in its natural 
condition. In each of the cages 10 weevils were then placed upon 
the ground and midway between the bases of the plants. The object 
of the test was to see which plant, the treated or untreated, would 
attract the larger number of weevils. During the first three days 

observations were made several times each day. Weevils found upon 
either plant were counted at each cbservation. 
A summary of the observations made on the first day before the 

liquid had dried showed 15 weevils upon the sweetened plants and 16 
on those not sweetened. These results were so remarkably even that 
no attraction or repulsion could be ascribed to the quid before it dried. 

During the ten days covered by the observations, however, 63 wee- 

vils were found upon the unsweetened plants and only 45 upon those_ 
sweetened. The weevils fed largely upon the petioles and somewhat 
upon the blades of the leaves and the main stems of the plants. No 
indication was observed of special feeding upon the ‘‘ gloss” left by 
the drying of the sweetened water. In each cage the normal untreated 
plant was destroyed before the treated one. During the first half of: 
the observations 52 weevils were found feeding upon the unsweetened 
plants and only 32 upon the sweetened. Only after every leaf on the 
untreated plants hung black and dead, while the sweetened plants 
were in much better condition, did more weevils attack the sweetened 

plants. : 
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Not only did these tests show that molasses in solution has no attrac- 
tion for the weevils, but also that the sticky coating left after the 
liquid has dried acts more as a positive repellant to them. 

FIELD TESTS FOR HIBERNATED WEEVILS, USING PURE 

MOLASSES. 

As a final experiment to settle the possible usefulness of molasses 
in the weevil fight, a large series of tests was undertaken in the field 
to see if the pure, undiluted molasses would not prove attractive to 
weevils as they came from hibernation. To insure a continuous sup- 
ply of fresh molasses a test tube was nearly filled and then rather 

tightly plugged with a small stopper wound with cotton. The tube 
was then fastened in an inverted position to the top of a stake about 
2 feet long, and as the molasses gradually oozed through the cotton 
it ran slowly down the stake, forming a streak of continuously fresh 
molasses a foot or more in length. The supply would thus last for 
several days and was then easily replenished. Thisapparatus, as shown 
in Plate XIII, figure 58, was then placed beside a vigorous seppa cotton 
plant in the field at the season when the weevils were beginning te leave 
their winter quarters and seek food to break their long fast. Both 
high and low grades of molasses were employed in these tests, three 
tubes of each being used. Altogether 84 observations were made 
between Apri 24 and May 15, 1903, during which period most of the 
weevils emerged from ner ration: 

The results again proved disappointing, for only a single weevil was 
ever found at the molasses. This individual sipped occasionally at the 
sweet, wandering up and down the tube in the intervals. It did not 

appear to be satisfied and did not remain long at or near the molasses, 
but flew away and was not found.there again. 

The failure of the molasses to attract was not due to the scarcity of 

weevils in the field. During the period of observation 23 weevils were 
found working upon seppa cotton very near the molasses tubes, and 
certainly within reach of its attractive influence, provided it had any. 
More weevils were also found in the same field, but at somewhat greater 
distances from the tubes. 

During the warm days toward the close of the experiment many 
butterflies, mostly Vanessa atalanta and some Anosia plexippus, came 
to the tubes. A few specimens representing several species of beetles 
and many ants were also found. 

None of the experiments made, either in the laboratory or in the 
_ field at Victoria, Tex., has shown that weevils are attracted in even the 
slightest sleuree. to nae grade of molasses, either in its undiluted or 
| Ailuted form. No sugar solution has heen found to possess any more 
attraction than does molasses. Honey appears to be an especially 
_ attractive sweet, but is too expensive for use in this manner. 



Considering the facts that these experiments have been much more 
numerous and that they have covered a much broader range of con- 
ditions than any previously performed, we must conclude that it yet 
remains to be shown that sweets of any kind have any value in the 
problem of controlling the boll weevil. 

FEIGNING DEATH. 

This interesting habit of the weevil is its first resort as a means of 
escape from its larger enemies. It has been the basis of many machines 
designed to jar them from the plants and to collect them in convenient 
receptacles. If jarred from the plant, the weevil falls to the ground, 

with its legs drawn up closely against the body and the antenne 
retracted against the snout; which is brought inward toward the legs. 
The position is characteristic and can be more easily shown than 
described. (See Pl. XIII, figs. 59 and 60.) In this position it often 
remains motionless for some time. If further disturbed, so that it finds 

that its ruse has failed to conceal it, it will start up quickly, run a little 

way, and again fall over, feigning death. The color of the weevil 
so closely resembles that of the ground that it is quite difficult to find 
a fallen individual so long as it remains quiet. The habit is of great 
value in protection. If left undisturbed until it believes danger to 
be past, it recovers its footing and returns to the plant. Frequently a 
disturbed weevil has been observed to fall, but before reaching the 
ground it would spread its wing covers and wings and sail off obliquely 
to some distance. In other cases, after falling they would suddenly 

catch some portion of the plant touched and hide so quickly that it 
was very difficult to follow them. 

EPRODUCTION. 

Under this general heading we present some of the most interesting 
observations which have been made upon the habits of the boll weevil. 
The relation of the sexes, the evident selection of clean squares for 
ego deposition, the great destructive power of the weevil, the rapidity 
of development;and the influence of varying temperatures upon its 
activity and development may also be classed as among the most 
important as well as most interesting observations. 

METHOD OF MAKING FIELD OBSERVATIONS UPON WORK OF 

WHEVIL. 

For the purpose of field study large cages (3 by 3 by 4 feet) were 
made, the covering being of fine wire screening (Pl. XIII, fig. 61). 
Uninfested plants having plenty of squares were found by a careful 
examination of each square, and inclosed by the cages. The number 
of weevils placed in each cage was varied aecording to the number of 
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squares within, ranging from 2 to 5 at various times. In making the 
daily observations the cage was entered and every square examined. 
Each square found attacked in any way was marked with a numbered 

tage containing full data as to the lot of weevils and the number pres-_ 
ent, date, and nature of injury. After all weevils had been found 
the cages were removed to new uninfested plants for another day’s 
work. Close watch was kept upon all tagged squares upon succeed- 
ing days, and every important change taking place in each square 
was added to the record on the tag. The additional special points 
noted in each case, so far as was possible, were: The formation of 
a distinct wart; time of flaring, yellowing, and falling; the emer- 
gence of adult; presence of a parasite; death of larva, pupa, etc. A 
very complete history of each square was thus obtained. During 
the season of 1908 three special periods were selected for study of this 
kind. The first was taken during the early part of June, when hiber- 
nated weevils only were active, the second was taken in August for 
the work in midsummer, and the third in the latter part of October 
for the study of the development of late weevils. Altogether in these 
three series over a thousand squares were tagged and recorded. The 
work of males was compared with that of females in this way, as were 
also the developmental periods in squares and bolls. Nearly 1,500 

| more of these records were obtained in the work of 1904. Although 
| requiring a great deal of, time and close attention, the numerous defi- 

nite observations obtained abundantly justified the work required. 

FERTILIZATION. 

AGE OF BEGINNING COPULATION. 

After the adult weevils have left the squares a certain period of 

| feeding is necessary before they arrive at full sexual maturity. This 
| period varies in length according to the effective temperature prevail- 
| ing, and appears to bear about the same ratio to the developmental 
| period as does the pupal stage. 
| Among the many weevils kept from emergence till death for the 
| purpose of ascertaining the length of life without food, copulation: 
| was never observed. With weevils fed upon leaves alone the period 
| preceding copulation is about twice the normal length, in the cases 
| observed, of those haying squares to feed upon. | 
| During the hot weather this period appears to be on the average 
| only about three or four days in length, while as the weather becomes 
| colder it increases gradually until weevils may become adult, feed for 
| a time, and go into hibernation without having mated. 
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SEXUAL ATTRACTION AND DURATION OF COPULATION. 

The distance through which the attraction of the female insect will 
influence the male varies extremely. To ascertain how far the attrac- 
tion might be exerted in the case of the boll weevil, 2 females were 
confined with food in a small bottle covered with cheese cloth, and the 
bottle was then placed in a horizontal position inside a field cage and 
near its top. Within this cage were 3 males which had been confined 
there alone for 4 weeks. The bottle containing the females was so 

placed.as to be within a few inches of the top of a cotton plant upon 
which the males were working and touching the leaves of the plant, 
in order to afford the males access to the bottle without having to fly 
to it. 

Close watch was kept, but during 11 days not a male was seen to 
go near the bottle. At the end of that time the females were taken 
into the laboratory, as was also one of the males from the cage. All 
were removed from squares and, being placed upon the table, were 
brought gradually nearer together. The male paid no attention what- 
ever to the nearer female until brought within an inch of her. He 
then went directly to her. The sense of smell appeared to guide his 
movements. The fact that this male mated readily with both of the 
females used in the cage shows that the only reason for failure to 
attract in the cage lay in too great distance separating the sexes. | 

These observations are entirely borne out by those made in the field. 
The fact appears to be that the sexes are attracted only when they 
meet, as they are likely to do, either on the stems or upon the squares 

of a plant. The comparative inactivity of the male may have some 
relation to this matter. The general conclusion is that instead of 

seeking widely for the females, the males are content to wait for them 
to come their way. The greater comparative activity of females is 
shown In the study of their food habits. 

In a considerable number of cases that were timed the average dura- — 
tion of the sexual act was very nearly thirty minutes. .. 

DURATION OF FERTILITY IN ISOLATED FEMALES. 

A number of females which were known to have mated were isolated 
to determine this point. Although neither limit was exactly deter- | 

mined, the results proved very striking. Several of these females 
laid over 225 eggs each and nearly all of them proved fertile. Select- — 
ing three cases in which the facts are positively known, it appears that 
fertility lasted for an average of something over 66 days and that 
during this period these females deposited an average of nearly 200 
egos. The maximum limits may possibly be considerably higher than 
these. A single union seems to insure the fertility of as many eggs as 
the average female will lay, and its potency certaily lasts for a period 
fully equal to the average duration of life. 
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OVIPOSITION. 

AGE OF BEGINNING OVIPOSITION. 

Normal oviposition seems never to take place until after fertilization 
has been accomplished, but it usually begins soon after that. Obser- 

vations upon the age at which the first eggs are deposited can be made 
more easily and more positively than those upon the age at which fer- 
tilization takes place. In a general way, therefore, the observations 
here given may be considered as also throwing light upon the time of 
beginning copulation. 

In the breeding of weevils from eggs deposited by hibernated females 
a number of observations accumulated upon this point, and another 
series was made in the fall of 1902. The results of both series are 
given in Table XVI. 

TaBLE X VI.—Age of beginning oviposition. 

WEEVILS OF FIRST GENERATION, 1903. 

—_ 

Number y . 
Date adult. Date of first egg. of fe- Bese Weevus 

males. : ys. 

1903. 1903. Days. 
PULTE PSEC ORO Es severe rere eters erat eae eeepc yee Cet aan JUMEMMHtOMSeeee eee 3 9.0 20 
RU LTSTT wal (Spores see ee ey Ge ec as alte mean meee June 19....- fis A sige ae 1 9.0 9.0 
MUTUAL tie aia err heed 7 AYR eae Nec ee eos 5 eT Sibu oKeya lyases ees es ae A 5.0 35. 0 
JUNG TOS reais se NCS oe ae SSeS eran tae been ek CO es agen ators 1 4.0 4.0 

113) Ose ee he sre ea RISE ROS ME TUM HO Nasser ae 2 WoW) 14.0 
JUNIOR aco BS GaS eMac bse RDON Se SEO META nAbacoaes JOURS Ses aa as 6 ae 4 5.0 20.0 
AON Ta OLS Bos a Bian erates Tsar eNO tak i ben ie Ol ERASE cea ele 5 5.0 25.0 
BULLI GLA rere ee epetepets eran gee neat eee ani atns a Se Tetoweiell aeveua (CO) SBA aR Aa Sea aa 4 4.0 16.0 

ARCO NU Sc I ps 5 Ve a etl el Le ca pag RC ees ee AMA eS DT DM ten ae ese 150.0 
PARVETIA RE CII ya RUE Tel CVU Gn ent et rsnyerreys oie ocr are rever as | eres wi ieee ove oyna han nd ee cetalll cay Eaaras vec ede aenea ay ig eas 5.54 

WEEVILS BRED IN FALL OF 1902. 

1902. 1902. 
Heplemiben4 Owasso. aes ae oe oe ot eee es September 17......... 3 12.5 BY/5 0) 
HEP LEM Ss seas eee alae le See oe oe ae alee tle September 16......... 5 7.0 35. 0 
OKO) OST eB ee Se eA AE Sa nL Arye ana OctoberlGhy es 4 14.0 56. 0 
INOWeMIberiO iO sO) sa 2: ies aoe eer hg scrsie meters November 16 to 17.... a WoW 49.0 
INO Wem Sree Ie Os hs Va Bae ey Ne: Sy taa November 19.......-.. ® 8.0 24.0 

ANGRY ES os as sth satay Mis 1 eatin CCN OR ene yA gen SO Fel eg i hm Una A MW DOR Bieta ax a 201.5 
PAN ET AP CURLIN Cu enh UTR CHUM Ge npey apepevey recede 7 ys sy aero re | seas sles rm peop aien  teatecge |e aah, SUMULLS we ya 9.0+ 

The average time of 5.5 days, as shown by the first generation, is 
probably about a day and a half longer than the minimum average 
period during the hottest weather, while the 9-day average found from 
September 4 to November 11 is considerably short of the maximum 
average just before hibernation. 

In general the observations made in 1904 upon this point agree 
closely with the foregoing, so they need not be added. 

EXAMINATION OF SQUARES BEFORE OVIPOSITION. 

In the course of a great many observations upon oviposition it was 
found that females almost invariably examine a square quite carefully 
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before they will begin a puncture for egg deposition. This examina- 
tion is conducted entirely by means of senses located in the antenne 

and not at all by sight. In fact, the sense of sight appears to be of 
comparatively small use to this weevil. 

In regard to the actual time spent in the work of examination before 
beginning a puncture 60 observations were recorded. These show 
that the average time is over two minutes. 

This examination of squares is made by females only when they 
intend to oviposit. Males have never been observed acting in this 
way, nor do females generally do so when their only object is to feed. 

SELECTION OF UNINFESTED SQUARES FOR OVIPOSITION. 

So unerring is the sense by which examination is made that ina 
few cases it was able to discover an infested condition no external sign _ 
of which was visible to the writer’s eye. A female which was under 
close observation examined in the usual manner the square given her, 
but though evidently searching for a place to oviposit and anxious to 
do so, she plainly objected to placing an egg in that particular square. 
The writer again examined the square carefully, but found no sign of 

infestation and replaced it in the observation cage. Again the female 
made her usual careful examination and still she plainly refused to 
oviposit. Upon removing the covering from the square it was found 
to contain an egg, but the puncture made in depositing it had healed 
so smoothly that it had thrice escaped observation. The same female 
was then given two squares, one of which was known to be infested, 
the latter being placed nearer her. She examined it carefully, then 
left it, and went at once to the clean square, in which, after the usual 
examination, she deposited an egg. 

The acuteness and accuracy of the preliminary examination is also 
well shown by the fact that when provided with more squares than 
they have eggs to deposit they rarely place more than one egg in a 
square. It was frequently found, however, that when a female depos- 
ited just as many eggs as there were squares present she would place 
two eggs in one and then make only feeding punctures in the remain- 
ing square. 

The observations were made upon a large number of females; so 
there can be no doubt that the habit of selection is general. The 
conditions provided in these experiments were intended to resemble 
those existing ina slightly infested field early in the season, where each 
female could easily find an abundance of clean squares in which to 
deposit her eggs. Therefore only those cases were recorded in which 
the number of squares present equaled or exceeded the number of 
egos deposited. Where a totaily infested condition is reached no 
choice between infested and uninfested squares could be exercised, 
and then unless the female happened to be in a condition to refrain 
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from oviposition she would be forced to deposit more than one egg 
in a square. 

Not only do females show a strong inclination to place only one egg 
in each square, but they also object to making both egg and feeding 
punctures in the same square. That these conclusions are well 
erounded may best be shown by giving a summary of two long series 
of observations, the first made in the laboratory in the fall of 1902 
and the other made in the field partly in the fall of 1902 and partly in 
the spring of 1903. 

LABORATORY OBSERVATIONS. 

Nine females were used in this series of experiments. The time 
followed varied with each individual, but ranged from October 23 to 
December 18, 1902. During this period a total of 868 uninfested 
‘squares was supplied to these 9 females. Of these squares 238 were 
not touched, while 630 were punctured, either for oviposition or for 
feeding or for both. The general results are here summarized in 
tabular form. 

TaBLe X VII. —Selection of squares and relation of feeding to oviposition. 

Squares 
No. Squares | Sduares Se Squares | with | Squares 
of fe- Period of observation. oe liea,| With 1 pees fed on both. 2) eum 
male. - PP ‘|}egg each. ei only. | eggs and | touched, 

i : feeding. 

1902. 
1 | October 23 to November 15...... 135 he 2 25 1 35 
2 | October 23 to November 27 ....-- 171 102 2 29 7 31 
3 | October 25 to November 7....... 96 74 4 8 if 9 
4 | October 23 to October 28......... 32 13 0 6 4 9 
5 | October 23 to Octcber 28......... 38 30 il 2 2 3 
6 | November 10 to December 5..... 91 34 0 5 if 51 
7 | November 10 to November 25.... 75 41 3 7 1 23 
8 | November 10 to December 18.... 107 48 1 12 1 45 
9 | November 11 to December 12.... 123 63 6 16 6 32 

ClO taal sees eee ete | 868 | 477 19 110 24 238 

A little calculation from these results shows that 82.5+- per cent of 
all squares attacked received eggs and that 91.7+ per cent of all 
squares oviposited in received only one egg each. ‘The squares which 
were fed upon formed only 17.5— per cent of the total number 
attacked, and those receiving both egg and feeding punctures consti- 
tuted only 3.8 per cent. The squares receiving two eggs each also 
formed 3.8 per cent of all the squares which received eggs only. 

The tendency to confine egg and feeding punctures to separate 
squares is strongly emphasized by the fact that in 17 instances, in 
which a total of 116 squares was provided, 91 received eges only, while 
the remaining 25 were fed upon only; another total of 78 squares 

received 88 eggs in 72 of them, while the remaining 6 were fed upon 
only. As these two lots include nearly one-third of all the squares 
punctured, the tendency may be clearly seen. 
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FIELD OBSERVATIONS. 

For one series of observations 500 infested squares were picked 
promiscuously in the field between May 28 and June 9, 1903. 
A previous field examination was made about the middle of Septem- 

ber, 1902, and this furnishes some very interesting comparisons as to 
the weevil’s work upon the squares, especially at the beginning of the 
infestation and after it had reached its height. To facilitate an easy 
comparison, the results are arranged in Table XVIII. 

TaBLe X VIII.—General results of observations upon selection of squares. 

Fae la ; | , q tz} | Squares with 
iv, Squares with Sousa both egg Squares fed 
Ss) 1 egg each. 1 ; and feeding on only. 3 egg each. Sei s punctures. 
oS 
nm n= es tote) tH DM Gy is tH 

x \oae one os oS 
= a Sc ap & Bo 20S co S 
= 3 |g = : a= : as : S 
B | 8 Bes] 8 |aee| 8) ae 1 eens 
= |S. 9 0) 4.2) 0 49S [eS eo es 3 | 8 fase 8 |2st| 8] 8s] Be) os 
iS) Ss 1D aHO Ss oer =) oy gs oe 

= Z| AZ | Oy Zz aS Z Hes 

Squares infested in laboratory 
Oci423-LO-Deee2 102 nee ae ee ROsOn asad, rots 19 3.8 24 3.8 | 110 17.5 

Squares picked in field May 28 to | | 
VUTEC MOOS aac e cee eee eee [eenOO te oky | 79.25 83 | 20.75 50 10.0; 110 20.0 

Squares picked in field Sept. 17 to | 
DP MOOD Coase ones s eee ae eee eel 105 56 | 62.9 BBY a aiede 46} 43.8) 16 15.2 

ay ee page re hg eon ae On } 1,285 | 850 |-...-.-- ea baer 190) 36sec 
Average percentage .......-..- eS es) eee eral Beco wee ll pets ae pp digeeb docee OEE! Eee 18.3 

| 

A few obvious conclusions may well be stated here. Throughout 
the season from one-fifth to one-sixth of the squares injured were 
destroyed by feeding punctures alone. Within this small portion 
must be included most of the work of males and also of newly 
emerged females before they reach sexual maturity. As the weevil 
injury overtakes the production of squares it becomes increasingly 
difficult for females to find clean squares, and they are forced to 
deposit eggs in squares already injured and also to feed upon squares 
which already contain eggs. These conditions serve to increase most 
rapidly the proportion of squares containing both egg and feeding 
punctures. This is still further emphasized by the fact that in June 
only 30 per cent of all injured squares contained feeding punctures, 
while in September nearly 60 per cent had been thus injured. When 
females have access to an abundance of squares, they will deposit 
more than one egg only in about one-fifth of those in which they ov1- 
posit, while the proportion of those having both egg and feeding 
punctures is still smaller. 

The tendencies to keep egg and feeding punctures separate, as well 
as to deposit only one egg in a square, serve to produce the greatest 
injury of which the weevils are capable, for two obvious reasons: First, 
because where several eggs are placed in one square it is rarely the 
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OVIPOSITION IN SQUARES AND BOLLS. 

Fig. 62, Longitudinal section through square, showing egg puncture and location of egg among 
anthers, enlarged two diameters; fig. 63, inner side of a hull stripped from a boll, showing two 
eggs at inner surface, enlarged four diameters; fig. 64, section of boll showing egg punctures 
and location of egg, enlarged two diameters; fig. 65, wart formed on side of square, healing 
egg puncture, natural size (original). 
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case that more than one larva develops. If two or more hatch ina 
square, one is likely to destroy the others when their feeding brings 
them together. They bite savagely at anything which irritates them, 
and larve have been found in the actual death struggie. Secondly, 
should eggs be placed in squares which already contain a partly 
grown larva, those hatching would likely find the quality of the food 

so poor that they would soon die without having made much growth. 
One egg will insure the destruction of the square, and a number of 
egos, could all the larve live, would do no more. Therefore it is 
plain that the possible number of offspring of a single female is increased 
directly in proportion to the number of her eggs that she places one 
in a square, and favorable food conditions for the larva are best 
maintained by avoiding feeding upon squares in which eggs have 
been deposited, and also by refraining from ovipositing in squares 
which have been much fed upon. These habits of selection are, there- 
fore, of the greatest importance in the reproduction of the weevil, 
since they insure the most favorable conditions for the maturity of 
the largest possible number of offspring. In other words, these habits 
enable the weevil to do the greatest damage of which it 1s capable 
while the cotton crop is *‘ making.” 

These habits are perhaps less strongly marked in the case of bolls, 
though still plainly manifested. Feeding and ovipositing are common 
in the same boll, but unless the infestation is very great indeed it 
appears that only rarely is more than one egg placed in one lock, 
though several are often deposited in the same boll. The number 
deposited depends considerably upon the size of the boll. The smallest, 
which have just set, receive but one, as do the squares, and these fall 
and produce the adult weevil at about the same period as in the case 
of squares. Bolls which are larger when they become infested are 
often found to be thickly punctured and sometimes contain 6 or 8 
larve. The weevil seems to know when the food supply is sufficient 
to support a number of larvee and deposits eggs accordingly. 

ACTIVITY OF WEEVILS IN DIFFERENT PARTS OF THE DAY. 

The 5 females used in these tests were kept in a field cage on pre- 
viously uninfested plants, and examinations of their work were made 
mostly at four-hour intervals from 6 a.m.to6p.m. The exact work 
found was recorded upon tags attached to the squares themselves. 
Temperature readings were taken at the same time as the observa- 
tions. The results are most clearly presented in tabular form (p. 82). 

UOT ING, Hil —— 
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Taste XITX.—Aetiviiy of five weevils in different parts of the day. 
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Date. - Period. & rons) ae So = weevil at end Remarks, 
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1903. OF: a 
Septe2==25- 22 30cto} GH. Ms ase 93-80 16 15 10 | Placed on fresh 3 

: plant. 
Sepinc=ses serps mtorr aeia ssa | 80-69 3 1 2. | Adil- resting. ..-....... Punctures black 

at 6 a.m. 
Sept, 3°.....- 6.15 to: 10.15 a.m -...- 69-85 12 10 2e| PAI aeiiviewe === eeee 3 trwing to escape; 

cage moved. 
Mons. 10 40 a.m.to 2.40 p.m.| 85-95 18 15 LO2 peeve Gow sb aoaccee Cage moved. 
DOeesse SE RONDE) om Sete so se 95-84 12 11 6 | Placed on fresh 

pliant. | 
Sept. 3-4 ...| 6.30 p.m.to6a.m....} 8468! 3 it 3)| Alirestime.s-. cons Feeding pune- | 

tures ali biack; 
small square 
flared, 

Sepie4 —-- 2s) Gys0 tonlOlajm sen as 68-83 4 1 4 | 3 moving to ad- 
jacent squares. 

Dozen. 10'a.m. to'4 p,m... -- 83-91 24 19 12 | All active. 
Doses AST! Gs pene araeer. 91-82 11 8 5 | All quiet. 

Sept.4-5 ...| 6p.m. to9a.m....... 82-79 5 0 6} All feeding ~~... Cloudy; every 
weevil on same 
square as at 6 
p. ma. 

Rota seeee ects: ene ee 108 81 60 

An examination of ce figures shows that weevil activity began e 
and ceased at about 75° F. Activity increased as the temperature — 
rose, and its maximum coincided with the maximum of daily tem- 
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Fie. 3.—Diagram showiag average activity of five female weevils (original). 

perature. It then decreased with the falling temperature until 1 
ceased entirely some time during the evening, probably at about 
75° F. (See fig. 3.) Feeding continued at lower temperatures than 
oviposition, as is known to be the case during the late fall. 

Examinations made in the field between 6 and 7a. m. on Septem- 
ber 4 showed that all weevils, both males and females, were quieily 
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resting at that time with the temperature at about 70° F. On cloudy 
days the activity is less than it is on clear days. 
During the warmest portion of the season in 1904 a series of obser- 

vations was made upon the night movement of weevils. Two obser- 
vations were made daily—one at about 8 p. m., to note the location of 
the weevils, and the other between 6.30 and 7 a. m. to see if the weevils 

moved. The average temperature for the period was high, ranging 
from 80° F. at 8 p. m. to 73° F. for minimum temperature, and rising 
to 73° F, at 6.45 a.m. The total number of observations showed 25 
movements during a total of 1384 nights. This means that only 18.6 per 
cent of weevils moved after 8 p. m., even during very warm weather. 

PLACE OF EGG DEPOSITION. 

The location of egg punctures, while variable, still shows some selec- 
tion on the part of the weevil. This may be due partly to the form 
of the squares and partly also to the size of the weevil, but whatever 
the explanation the fact remains that in a majority of cases the egg 
puncture is made on a line about halfway between the base and tip of 
the square. When so placed the egg comes to rest either just inside 
the base of a petal or among the lowest anthers in the square, accord- 
ing to the varying thickness of the floral coverings at that point (PI. 
XIV, fig. 62). Punctures are very rarely made below this line, though 
they are sometimes made nearer the trp. Almost invariably the ege 
puncture is started through the calyx in preference to the more tender 
portion of the square, where the corolla only would need to be punc- 
tured. The reason for the choice of this location may be found under 
the subject of the ‘‘ Relation of warts to. oviposition,” on page 88. 

With bolis no selection of any particular location has been found, 
but eggs seem to be placed in almost any portion. See Plate XIV, 
figures 63 and 64. 

POSITION OF THE WEEVIL WHILE PUNCTURING FOR OVIPOSITION. 

While engaged in making egg punctures the favorite position of 
the weevil is with its body parallel to the long axis of the square and 
its head toward the base of the same. The tip of the weevil’s body 

_is thus brought near the apex of the medium size square. Having 
selected her location, the female takes a firm hold upon the sides of 
the-square and completes her puncture while in this position. It may 
be that the position described is especially favorable for obtaining a 
firm and even hold, and this may have something to do with the reg- 
ularity with which it is assumed. If so, the apparent choice of this 
location for the puncture is only partially explained, since it has been 
often shown that weevils can puncture and oviposit successfully in 
almost any portion of the square except its very tip. 



84 

Undoubtedly there are other reasons than those of mere conven- 
ience whiéh have so impressed themselves upon the inherited experi- 
ence of the weevils as to lead them to the choice of this position and 
the consequent location of the punctures and eggs. Most apparent 
of these reasons, and probably also most important, is the advantage 
which this location affords in the protection of the egg and the young 
larva developing from it against the attacks of natural enemies as 

well as from the injurious effects of drying and decay. 
This protection is readily explained by several facts. The place 

chosen is through the thickest and toughest portion of the floral 
envelopes through which the anthers can be reached, since the thick- 
est parts of both calyx and corolla are toward their bases. More 
important than the thickness of the layers of vegetable matter is the 
character of the tissues through which the puncture passes. Though 
corolia and calyx are both modifications of original leaf tissue, both 
have changed so greatly in form and texture that the resemblance is 
recognized only by those somewhat acquainted with plant structure. 
The corolla, moreover, has changed far more than has the calyx, and 
in becoming so highly specialized its tissue has lost certain powers 
still retained by the green calyx tissue. The particular power referred 
to in this connection is the ability to heal small wounds. Punctures 

made in the corolla must, therefore, remain open, while small punc- 
tures through the calyx will in most cases be healed by the natural 
outgrowth of the tissue, so as to completely fill the wounds in a man- 
ner entirely analogous to the healing of wounds in the bark of a tree. 
The custom of the weevil of sealing up its egg punctures with a mix- 
ture of a mucous substance and excrement is of great advantage and 
assistance to the plant in the healing process. While undoubtedly | 
applied primarily as a protection to the egg, it serves to keep the © 
punctured tissues from drying and decay, and thus promotes the | 
process of repair. , 
Asa result of the growth thus stimulated in the calyx, the wound | 

is perfectly healed in a short time, and, as is the case in the healing of | 
the bark of trees, here also we find acorky outgrowth projecting above © 
the general surface plane. This prominence the writer has termed a | 
“‘wart” (Pl. XIV, fig. 65). The healing is completed even before the 
hatching of the egg takes place, and thus both egg and larva partake — 
of the benefit of its protection. | 

It is possible for the puncture to heal without the full development | 
of the wart, and it is also possible for eggs to develop successfully — 
even when the puncture was made through the corolla alone and no | 
wart developed, but in the latter case the chances are rather against — 
it. Occasionally warts do develop from feeding punctures which were — 
small, but the exact conditions under which this takes ee have not | 
been detects. 
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EFFECTS OF WEEVIL ATTACK. 

Fig. 66, External appearance of two egg punctures in square; fig. 67, small square widely flared 
from two feeding punctures; fig. 68, infested squares fallen to ground—tigs. 66 and 67 enlarged 
to one and one-half diameters (original). 
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THE ACT OF OVIPOSITION. 

The general process of making punctures has been described pre- 
viously under the topic of ‘‘ Food habits” (p. 50), and will therefore 
not be repeated here. Having completed the formation of the egg 
cavity, the female withdraws her proboscis and turns end for end. 
She depresses the tip of her abdomen and locates therewith the open- 
ing to the cavity by feeling or scraping around. In a majority of 
cases the opening is readily found, but sometimes it is not. Then the 
female seems often to lose all sense of locality, but continues scraping 
with the tip of her abdomen. If she is still unsuccessful, she turns 
and continues the search by means of the antenne, just as in the pre- 
liminary examination of a square before beginning a puncture. 

In many cases females were noticed to actuaily place the tip of the 
proboscis within the opening of the cavity without seeming to be 
aware of its proximity. When the cavity has been found again by 
the antennal senses, the female invariably énlarges it before turning 
again to insert the ovipositor. If the search with the antenne does 

_ not prove successful, the female will make another puncture in the 
same manner as at first, appearing to know that no egg has yet been 
placed in that square. 

After locating the cavity by the tip of the abdomen, the ovipositor 
is first protruded to the bottom of the cavity, in which it appears to 
be firmly held in position by the two terminal papille and the power 

_ of enlarging the terminal portion of the ovipositor. Slight contrac- 
tions of the abdomen occur while this insertion is being made. Ina 

| few moments much stronger contractions may be seen, and often a 

| firmer hold is taken with the hind legs as the egg is passed from the 
| body, and its movement may be seen as it is forced along within the 
| ovipositor and down into the puncture. Only a few seconds are 
| required to complete the deposition after the egg enters the opening 
| to the cavity. The ovipositor is then withdrawn, and just as the tip 
| of it leaves the cavity a quantity of mucilaginous material, usually 
| mixed with some solid excrement, is forced into the opening and 
| smeared around over the same by means of the tip of the abdomen. 
| This seals the egg puncture, and the act of oviposition becomes com- 
| plete (Pl. XV, fig. 66). 

TIME REQUIRED TO DEPOSIT AN EGG. 

Observations upon this point were very conveniently made by con- 
| fining females upon squares from which the involucres had been 
| removed. A plain glass cover allowed accurate observations, which 
| were made to the fraction of a minute. The time required to com- 
plete the excavation and the time required to place the egg were the 

_ two points especially noted. 
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The time of making the puncture was noted in 115 instances, and 
this was found to average 54 minutes. The time varied widely, being 
from 1 to 13 minutes; the usual range was from 4to 8 minutes. From 
the time that the weevil began to puncture till the sealing of the ecav- 
ity, the complete act of oviposition required j in 103 instances an aver- 

age of poe over 74 minutes, ranging in time from 3 to 16 minutes. 
As these observations were made between October 7 and 23, the 

periods given may be slightly longer than they would be in warmer 
weather. However, various observations made in the field in mid- 

summer agree very closely with the averages given. 

RATE OF OVIPOSITION. | 

Since the period of reproductive activity of he boll weevil is so 
long, the rate at which eggs are deposited is a question requiring much 
time for its determination. There have been found great variations 
in the rate at different seasons, and it is clear that oviposition is even 
more strongly influenced by variations in temperature than is feeding. — 
The rate sometimes varies unaccountably and very abruptly with the © 
same female upon succeeding days. No explanation for this has as 
yet been found. The rate is influenced, also, by the abundance of 
clean squares which the weevil can find, so that it is greater in the 
early season, as the degree of infestation is approaching its limit, than 
after infestation has reached its maximum. 
Two extended series of observations have been made to determine 

especially the normal average and the maximum egg-laying ability of 
the females. 

AVERAGE. 

Taking first 54 females which had gone through hibernation, we 
find that they deposited on the average 23 eggs each daily in the 
laboratory, and 4 females which were followed under field conditions — 
for a total of 93 ** weevil-days” deposited 489 eggs during that time, or | 

at the rate of 54 eggs each per day. Where the rate of activity is so | 
great it is probable that the length of the period would be somewhat, 
but not proportionately, shortened. From many observations made 
in the field during the beginning of the squaring season it seems prob- — 
able that a rate of 5 eggs a day is not far from the average in the field. 
This conclusion is confirmed by the observations of 1904. 
From 27 females of the first generation a laboratory average rate of 

2% eggs each daily was obtained. Five females of this generation 

confined in a cage in the field during the latter part of August for a” 
total of 70 a days” deposited an average of 61 eggs per day. 
This latter rate is far beyond the actual average rate in the field at 
that period, because of the fact that the weevils can not at that time” 

wn 
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which appear between the field and laboratory results. 

of the laboratory figures the entire oviposition period of each weevil 
and the entire number of egg 
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find enough uninfested squares to lead them to deposit so many eggs, 
but the possibility remains 1f only squares enough are present. 
A few words must be said in further explanation of the differences 

In the case 

gs deposited are taken into the account. 
As there is a gradual increase in the rate of production of eggs after 
‘the beeeine of deposition and a gradual decrease from the middle 
of the period to its end, the general average is much lower than would 
be that taken at the time of maximum activity. In the case of the 
field figures a short period only is covered, and all conditions of square 

supply were such as to stimulate the weevil to its greatest normal 
activity. 

MAXIMUM. 

The daily observations made upon the weevils in the laboratory 
supply a vast number of observations from which to select maximum 
fieures. It has been shown that under favorable conditions weevils 
may be expected to produce an average of 6 eggs a day for a consid- 
erable period of time. Itis not surprising, therefore, that some of the 
maximum figures obtained are very much larger than that number. 

A few instances only will be taken from among thousands of daily 
records. 

The highest reeord of eggs tested shows that 2 small females 
deposited together 108 eggs in 3 days, or at the daily rate of 18 eggs 
each. This record was tee on the Vth, 8th, and 9th of June, 1903. 

Taste XX.—Maximum rate of oviposition. 

Number} Daysin-| Total ke Number} Daysin-| Total 
of cluded | eggs Ge- eee of cluded | eggs de- Sy Gee 

females. jin period.) posited. B Y- || females. lin period.| posited. P y- 

2 3 108 18.0 2 2 43 10.8 
1 5 76 15.2 1 3 30 10.0 
2 5 160 16.0 2 5 114 11.4 
5 1 55 11.0 3 2 54. 9.0 
2 2 47 11.8 5 ile 42 8.4 

12 16 446 IBS 13 13 283 9.5 

STIMULATING EFFECT OF ABUNDANCE OF SQUARES UPON EGG 

DEPOSITION. 

Four actively laying females were confined together upon a few 
squares from September 22 till October 14, 1902, and during this 
period they laid a total of 227 eggs, or an average of 2.37 eggs per 

| weevil per day. For the next 13 days these same weevils were isolated 
| and supphed with an abundance of squares. During this shorter 

period they laid 236 eggs, or 4.54 eges per female daily. 
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Taking equal periods as near together as possible and using these 
same weevils, there were deposited in 13 days upon a few squares 
144 eggs, or 2.74 eggs per female daily, while during the following 13 
days, with an abundance of squares, they each deposited 4.54 eggs 
a day. 

These figures are the more striking because the stimulation was 
plainly shown in spite of the general tendency to lay fewer eggs as the 
weevils grow older and as the average temperature becomes lower. 

RELATION OF WARTS TO OVIPOSITION. 

When the general relation of the warts to the formation of egg 
punctures was first recognized, an investigation was undertaken to 
determine, if possible, in what proportion of cases the warts could be 
traced directly to egg or feeding punctures. For this purpose a large 
number of squares, most of which had warts, was picked from plants 
in the field and carefully examined in the laboratory. Notes were 
made especially upon the following points: The number of warts, the 
number of punctures obviously made for feeding only, the number 

of special egg punctures, and the numbers of eggs, larve, and pupe 
found. Only those excrescences were counted as warts which showed 
a positive elevation, and, as was expected, many eggs were found which 
had not been deposited long enough for a wart to have formed.- Out 
of the 105 squares examined, 26 showed no warts, while the remaining 
79 squares had 92 warts. In tracing the connection of these 92 warts 
with weevil attack it was found that 77 at least, or almost 84 per cent 
of the total, resulted from egg punctures. The other 15 warts, or 16 
per cent, were assigned to feeding punctures, though some of these 
may possibly have been egg punctures in which decay had concealed 
all trace of the eggs or small larve. One-half of the eggs found were 
in punctures closed by developed warts, and it is likely that most of 
the other half were of too recent deposition for warts to have formed. 
Three-fourths of the larve found in this lot were in punctures which 
had been overgrown by warts. 

In another series of 35 older squares, 88 warts and 32 eggs, larve, 
and pups werefound. This series also shows that at least 84 per cent 
of the warts resulted from egg punctures. The conclusion seems jus- 
tified, therefore, that warts may be considered as the most conspicu- 
ous external indication of the presence of the weevil in some stage 
within the square. : 

it should be noted in connection with warts that feeding frequently, 
and oviposition somewhat more rarely, is followed by a peculiar gel- 
atinization of the injured portion of the square. This condition spreads, 
and the change produces a considerable internal pressure, so that the 
square becomes distorted and bulges, especially at the place where the 
puncture was made. The bulging portion often resembles somewhat 
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a wart formation, but its real nature is very different. In many cases 
the gelatinized condition appears to have caused the death of the 
young larvee, either by the pressure or by the abnormal condition of 
the food supply. In a large number of cases, however, this condition 
undoubtedly results from what were feeding injuries only. 

EFFECTS OF OVIPOSITION UPON SQUARES. 

The method of recording the progress of injury to each square, as 
was done in the field cages, has furnished much data upon a number 
of important points. Among these the two of most importance are, 
in order of their occurrence, the flaring and the falling of the square. 

FLARING. 

The flaring of squares (Pl. XV, fig. 67) is one of the most apparent 
signs of weevil presence, although by no means an invariable accom- 
paniment, as it is usually thought to be. Squares flare in nearly as 
large a proportion of cases from adult feeding injury alone as from 
larval injury within. Any injury severe enough to cause the falling 
of the square is as liable to cause flaring as is the larva of the weevil. 
Flaring results from an unhealthy condition, whatever may be the 
cause, and is frequently to be seen in squares which are about to be 
shed, though they have never been injured by any insect. However, 
flaring has come to be popularly associated with weevil injury, and 
must therefore be quite fully considered. 
When resulting from weevil injury, flaring does not begin, as a rule, 

immediately after the injury, but only within from one to three days 
of the time when the square will be ready to fall. In especially 
severe cases of feeding injury, flaring often results in less than twenty- 
four hours. Occasionally the growth of the square overcomes the 
injury from feeding and the involucre, after having flared, again 
closes up and the square continues its normal development as though 
uninjured, and forms a perfect boll. More frequently the flared square 
gradually loses its healthy green, becoming a sickly yellow in color, 
and falls in a short time. 
When injured by the feeding of a young larva as the direct result 

of successful oviposition, flaring has been found in an average of 139 
cases to take place in almost exactly 7 days from the deposition of 
the egg. ‘These observations cover the season from June to Septem- 
ber, when the developmental period averages about 19 days. Tully 
one-third of the weevil’s full development has, therefore, taken place 
before flaring results. A considerable proportion of injured squares 
fall without any distinct flaring of the involucre having taken place. 

FALLING. 

Squares injured by larval feeding within always fall, except the 
small percentage which, though entirely cut off from all vital connec- 
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tion with the plant, still remain hanging thereon by a small strip of 
bark and gradually become dry and brown upon the plant. Falling is 
but the natural final consequence of injury or disease (Pl. XV, fig. 68). 
Whatever its cause, it is brought about in exactly the same way as 
the shedding of leaves by the plant in the fall, by the formation of an 
absciss layer of corky tissue cutting off the fibro-vascular bundles sup- 
plying nourishment to the. square. The exact location of the cork 
area is to be seen at the scar left by every fallen square. 

In 539 eases definitely noted between June and September, 1903, 
the average time from egg deposition to the falling of the square was 
9.6 days. For this same period full development required an average 
of 19 days, so that falling occurred at the middle point in the weevil’s 
development. From a comparison of the time of flaring with that of 
falling it is seen that the interval between these two points averages 
about 2.5 days. In late fall the time between oviposition and falling 
of the squares, as recorded in 21 eases, was found to be about 16 days. 

PERIOD OF OVIPOSITION. 

With the exception of hibernated weevils, it appears that oviposi- 
tion begins with most females within a week after they begin to feed 
and continues uninterruptedly until shortly before death. While 
females frequently deposit their last eggs during the last day of their 
life, a period of a few days usually intervenes between the cessation 
of oviposition and death. 

In the case of 52 hibernated females the actual period of oviposition 
averaged about 48 days, the maximum being fully 92 days. 

In an average made with 21 females of the first generation the 
actual period was almost 75 days, the maximum period being 113 days. 

The average period for the females of the first two generations 
appears to be longer than that for any other. In the third generation 
the average period for 11 females was 58 days, the maximum being 99 
days, and in the fifth generation for 5 females the period averaged 48 
days, with the maximum only 62. | 

The approach ef cold weather cuts short the activity of the weevils, 
which become adult after the middle of August, thereby decreasing 
the length of their oviposition period. Weevils which pass through | 
the winter actually live longest, but as it must take more or less vital- 
ity to pass through the long hibernation period their activity in the 
spring ts thereby lessened. 

The weighted, average period of oviposition of the 89 females here 
mentioned is 55.6 days. 

ORIGINAL HABIT OF DEPOSITING EGGS MOSTLY IN BOLLS. 

In the evolution of the species of insects the abilities to change, to 
adapt, and to specialize are important factors. Such abilities may be 
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manifested in various directions and so produce various results in 
form, habitat, habits, etc. Undoubtedly the boll weevil is now chang- 
ing in adaptation toa climate quite different from that in which the 
original species was produced. It has become also highly specialized 
as to food, having so far as we can learn but.a single food plant—cotton. 
It is a fair question, therefore, to consider whether it has changed in 
its essential relations to the fruit of this plant since it first began to 
appear upon it. 
When first reported to the Department of Agriculture as an inju- 

rious insect (see footnote, p. 17) the specimens of the weevil were bred 
from the bolls of cotton. As conditions are now found in Texas, by 

far the major part of the weevils are developed in squares. Itisa 
question of interest, therefore, whether the predominant original habit 
was to breed in bolls or in the squares of cotton. An examination of 
the breeding habits of other species of the genus Anthonomus shows 
that there is a great diversity of habit in this respect. A comparison 
of the length of the period of development in squares and bolls shows 
that in bolls the period may be fully three times as great as it is in 
squares. Is the longer or the shorter period of development the more 
normal? Comparison with other species of the genus indicates that 
the longer period is more typical and therefore more original. The 
very short period of development in squares and small bolls has 
resulted from an adaptation to the reduced food supply, which in 
squares especially is limited in quantity and of a very perishable 
nature. The general.conclusions from these considerations would 
indicate that originally this species bred principally upon the bolls and 
had few generations in a season, but through gradual adaptation to 

changed conditions in the growth of the cotton plant the weevil has 
now come to develop mostly upon the squares, thus producing many 
generations in a season and greatly increasing the capacity of the pest 
for serious injury. 

DOES PARTHENOGENESIS OCCUR? 

To test the possibility of weevils reproducing parthenogenetically - 
about 40 individuals were isolated from the very beginning of their 
adult life. Hach beetle was supplied daily with fresh, clean squares and 
careful watch was kept for eggs. The first noticeable point was that 
no eges were found till the weevils were about twice as old as females 
usually are when they deposit their first eggs. After they began to 
oviposit, it was found that a very small proportion of the eggs were 
deposited in the usual manner within sealed cavities in the squares, 

but nearly all of them had been left on the surface, usually near 
the opening to an empty egg puncture. This same habit was shown 
by a number of females, and so can not be ascribed to the possible 
physical weakness of the individuals tested. The number of eggs 
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deposited was unusually small, and those few placed in sealed cavities 
failed to hatch. After somewhat more than a month had been passed 
in isolation, a few pairs were mated to see if any change in the manner 

of oviposition would result. The very next eggs deposited by these 
fertilized females were placed in the squares and the cavities sealed up 
in the usual manner, showing that the infertile condition had been the 
cause of the abnormal manner of oviposition. 

Experiments made in 1903 and in 1904 agreed perfectly in general 
results. 

DEVELOPMENT. 

PERCENTAGE OF WEEVILS DEVELOPED FROM INFESTED 

SQUARES. 

During the season of 1902 part of the many squares gathered in 
infested fields for the breeding of weevils were followed to learn some- 
thing of the percentage which produced normal adults. No exam- 
ination was made for those not yielding a weevil. The decay of the 
square during the period from its falling to the maximum time that 
must be allowed for weevils to escape normally so obliterates any 
small amount of work by a larva that it is difficult, even with exam- 
ination, to determine accurately the number of dead small larve. 

TABLE X XI.—Percentage of weevils from infested squares. 

| : = 
Number | Number Percentage 

Locality. Approximate date. of : ee 
squares. | weevils. | *\ covils, 

1902. 
Victorias hexane year oes July tOVAUSUSE: 3 Sido mse eee oot 1,125 32.0 
Guadalupe; Dexa ssc PAU SUSE as Sete ee ne ee eee tec eee 387 28.0 

1903. 
WAC LORI ATE OXG2 osetia seenee | UME Soe ee one aes eres seach sean teas 334 32.0 

DOA ee eee | Jide sto Aue Sts oe eee eee ae ae 873 41.0 
UO sejsaestasugadcunces2 Ss [SAS USE LO Seprem Det mo. sess eee 368 52.0 

: 

DOS are asset seas | JUNE tO;SepLeMmber=as-- = eee eee 951 49.3 

ROTA Sete s Soo tewee | EOE ee eee AO ECSU Ca Sade ac 4, 038 39.4 

It seems safe to conclude that throughout the season fully one-third 
of the squares which fall after receiving weevil injury may be expected 
to produce weevils. 

DEVELOPMENT OF WEEVILS IN SQUARES WHICH NEVER FALL. 

| It is generally true that squares seriously injured by the weevil 
sooner or later fall to the ground. Some plants, however, shed the 
injured squares more readily than do others. It seems to be a matter 
-of individual variation rather than a varietal character. Thus occa- 
sional plants retain a large proportion of their infested squares, which 
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Fig. 69, Infested squares not fallen but hanging dried upon plant; fig. 70, refrigerator 
designed for breeding weevils at low temperatures; fig. 71, boll opened, showing 
three large larve in one lock; fig. 72, apparatus used in studying effect of temperature 
upon weevil movement—fig. 71 reduced to two-thirds natural diameter (original). 
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hang by the very tip of the base of the stem. Normally the squares 
are shed because of the formation of an absciss layer of corky tissue 
across their junction with the stem. In the case of the squares which 
remain hanging the formation of this layer seems to be incomplete, or 
else it becomes formed in an unusual plane, so that while the square is 
effectually cut off, it merely falls over and hangs by a bit of bark at 
its tip (PI. XVI, fig. 69). In this position it dries thoroughly and 
becomes of a dark-brown color. This peculiarity reminds one strongly 
of the European Anthonomus pomorum, the work of which, in causing 
apple buds to hang.dead upon the trees, has caused the common name 
of ‘“‘Brenner” to be applied to it. Plants showing 6 or 8 of these 
dried brown squares are quite common in infested fields. Although 
exposed to complete drying and the direct rays of the sun, the larvee 
within are not all destroyed. 

At intervals during the summer of 1903 such dried squares and 
small dried bolls were picked for careful examination in the labora- 
tory, the condition of 342 being recorded, with the following results: 
Adults present 2, escaped 23; pups alive 29, dead 2; larvee alive 85, 
dead 47; parasites present 44, escaped 6. Sixty-three squares which 
failed to show weevil work and 42 small dried bolls from which the 

corollas had fallen were probably destroyed largely by the feeding of 
the weevils. Taking the total number of squares and bolls examined 

as the basis of computation, it appears that 69.3 per cent of them 
showed weevils present in some stage. Of the immature stages, 30 
per cent were dead, 14.6 per cent having been parasitized. It seems 
a conservative estimate therefore to say that fully one-third of these 
exposed dried squares may be expected to produce adults. Consider- 
ing the exposed condition of such squares this seems to be a very high 
percentage. 

The season of 1903 was not as hot at Victoria as was that of 1902, 

and the lower temperature prevailing may have favored the develop- 
ment of a larger proportion of the weevils in these squares than would 
normally emerge. The maximum temperature reached in 1902 was 
104.3° F., while in 1903 the maximum was only 97.5° F. No examina- 
tions of this subject were made in 1902, and therefore no positive 
comparisons can be drawn. The observations made, however, cer- 
tainly show that a complete drying of the square does not necessarily 
destroy the larva, and that a square may undergo far more exposure 
to direct sunshine than had been supposed possible without causing 
the death of the larva or pupa within. 

DURATION OF THE LIFE CYCLE. 

This question has been studied carefully, both in the laboratory 
and in the field. Most of the observations made in 1902 were in the 
laboratory, while those of 1903 and 1904 were in the field. 
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In the laboratory uninfested squares were exposed to active weevils 
for oviposition, and the supply of clean squares was renewed each day. 
The beginning of the cycle was thus known to within a few hours. 
The squares with eggs were carefully kept and the date of emergence 
of each adult was then noted. To the period thus found must be 
added the time intervening between the leaving of the square and the 
deposition of the first eggs. This gives the period of the life cycle. 
The material upon which these observations were made was necessarily 
other than that used in determining the duration of the various stages. 
The period in bolls is far different from that in squares. The figures 
here given refer to squares. 

TaBLe XXI1.—Period of life cycle in squares. 

ae F Time in period of A = 5 
Observations. development. Average time. Temperature. 

Adult to . : a Num- |p... . snow. |reriod of | Average| Total 
Period covered. per, | Range.) Average. Ce cycle. Ohective vane chine: 

1902. Days. Days. Days. Days. OIF Be 

August 10 toSeptember 30.-......- 96 | 10-18 13.4 5.0 18. 4 41.0 Tod. 4 
September 16 to October 15.....--- 305 | 12-25 17.5 7.0 24.5 33. 64 $23. 2 
October 8 to November 16......... 66 | 14-23 20.2 9.0 29: 2 29.5 864. 4 

1908. 

Field, first generation— 
June 4 TO NwLy lo ss52-25 eeee 100 | 12-22 18.3 5.6 23.9 32.0 764. 8 
August.20 to September 28-..... 180 | 13-26 19.0 5.0 24.0 33. L 794.4 

1904. 

Field, generations 1-5 ....-.....--. 469 | 12-30 20.0 5.0 25.0 39.1 975. 0 

ARG Ale eat eee eaters s see 1,216 | 10-30 18.5 5.8 24, 34 30. 88 873.3 

These observations cover the season from June 4 to November 16. 
Reproduction undoubtedly begins somewhat earlier and continues 
later in the average season at Victoria, but any differences which 
might be found at the extremes would not materially affect the loea- 
tion of the mean in so largea series. The infiuence of varying tem- 
perature during the same period but in different seasons is clearly seen 
by a comparison of the figures for August 10 to September 30, 1902, 
with those for August 20 to September 28, 1903. The period for 
1902 was éxceptionally warm, as shown by the high average effective 
temperature, while in 1903 it was decidedly cooler, the difference 
averaging 8° F.; consequently the average period for the cycle was 
fully six days greater in 1908 than in 1902 at the same season. 

Determinations of the duration of the life cycle in bolls have been 
made in only a few instances. In 7 cases between August 15 and 
November 11, 1903, the average time required from the deposition of 
the egg to the escape of the adult from the opening boll was 61 days. — 

The average effective temperature for the period was 31.7° F., and | 
| 
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the average total effective temperature required for development in 
bolls was therefore 1,933.7° F., or nearly two and one-half times as 

much as in squares. Several lurve often develop within a single boll 
(Pl. XVI, fig. 71). They appear to remain in the larval stage until the 
boll becomes sufficiently mature or so severely injured as to begin to 
dry and crack open. When this condition of the boll is reached, 
pupation takes place, and by the time the spreading of the carpels is 
sufficient to permit the escape of the weevils they have become adult. 

BROODS OR GENERATIONS. 

The term ‘‘ brood” can hardly be applied in its usual sense to the 

generations of the weevil, as was pointed out by Doctor Howard in the 
first circulars of the Bureau dealing with the problem. For several 
reasons no line of distinction can be drawn between the generations in. 

the field at any season of the year, not even between hibernated wee- 
vils and the adults of the first generation. As has been shown, the 
period of oviposition among hibernated females is in some cases fully 
3 months, while it averages 48 days. ‘The average period of the full 
life cyele for the first generation, as shown in Tabie XXII, is 25 days, 
and as the time for the second generation would be slightly less, it is 
evident that the first eggs for the third generation may be deposited at 
the same time as those for the middle of the second generation, and 
also with the very last of the eggs deposited by hibernated females 
for the first generation. The great overlapping of generations thus 

produced prohibits the application of any of the common methods of 
ascertaining their limits. The complexity indicated for the first three 
generations becomes still further increased as the season advances, so 
that in October, for example, a weevil taken in the field might possibly 
belong to any one of five or six generations. Duration of life and the 
period of reproductive activity are important factors in determining 
the average number of generations. Periods of greatest abundance 
can not be regarded as giving any reliable information upon this point, 
since the number of weevils developed soon comes to depend largely 
upon the supply of squares. 

In the case of the boll weevil, therefore, the information upon the 
number of generations must be drawn mainly from laboratory sources, 
but the results are supported by observations made in the field. Many 
of the hibernated weevils continue to deposit eggs until the middle of 
July, and some are active for fully a month longer. In 1903 the last 
egos from hibernated weevils were deposited on August 27. In the 
course of breeding experiments made in 1902 it was found that many 
weevils which had become adult about the Ist of August would con- 
tinue to deposit eggs until the latter part of November. Considering 
the longest-lived weevils and their last-laid eges, therefore, it is easily 
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possible for two generations to span the entire year. The weevils 
developing after the middle of November may go into hibernation, and 
from their last-deposited eggs produce weevils whose last offspring 
will be ready for successful hibernation again. This conclusion is 
based upon actual demonstration. 

The maximum number of generations will be found by taking the 
first, instead of the last, deposited eggs in each case. Rather than lay 
the conclusions open to question by taking the figures found for occa 
sional minimum length of the life cycle, we will take the 25-day 
period, which has been shown to be the average between June 4 and 
November 16. Without doubt hibernated females begin their repro- 
ductive activity in average seasons by May 1 in the locality of Vic- 
toria, and their descendants continue to develop normally until after 
November 15. Taking the dates mentioned, however, as the average 
season for the weevils, we find that eight generations, each having the 
average period of development, may usually be produced within the 
year. 

In determining the average number of generations one-third? the 
average period of oviposition should be added to the average life cycle 
for each generation. As it has been found that the average period of 
oviposition is about 554 days, we must allow 25 days for the develop- 
ment of the average adult and 18 more days for the female to deposit 
one-half her eggs. Forty-three days is therefore about the average 
length of a generation; and we may thus count cnan average of about 
five generations between May 1 and December 1. In the northern 
part of the weevil territory, where the season is shorter and the pre- 
vailing temperature lower, probably only four average generations are 
developed. This theoretical conclusion is fully confirmed by the 
results of breeding experiments conducted at Victoria and Terrell dur- 
ing the season of 1904. 

There is no basis for the idea that there is a distinct hibernation 
brood. The activity of the adults and the development of the imma- 
ture stages is gradually retarded by the decline in temperature until 
hibernation time arrives. Most of the weevils of the first two or three 
generations have probably died, or then do so, while most of the adults 
of later generations, having still considerable vitality, will go into 
hibernation. It is certain that every generation preceding may have 
some direct part in the production of weevils which shall hibernate. 
All weevils which are still strong and healthy when cold weather comes. 
on may be expected to go into hibernation, so that there can be no 
special brood for this purpose. 

@ One-third is nearer the correct fraction than one-half, since it has been found 

that weevils deposit considerably more than one-half of their eggs during the first 

half of their oviposition period. 



oT 

POSSIBLE ANNUAL PPOGENY OF ONE PAIR OF HIBERNATED 
WEEVILS. 

One of the most important factors in the development of an insect is : 
its capacity for very rapid production. The conclusions as to the ability © 
of the boll weevil in this respect are drawn from the following data, sum- - 
marized from what has been set forth in preceding pages of this bulletin. 
The starting point is considered to be the average date of deposition of © 
one-half of the eggs for the first generation at Victoria, Tex., which, 
under the usual conditions, seems to be about June 10. The average - 
number of eggs deposited by a female was found to be 139. For the - 
purpose of this computation, 100 is the assumed number. The differ- 
ence may be considered as an allowance for mortality or failure to - 
hatch. The average period of development for each generation is 19° 
days. The average period between emergence of the adult and deposi- - 
tion of the first eggs is 6 days. Theaverage period for the deposition » 
of one-half the eggs for each generation is 18 days, thus making the | 
average period for each generation 43 days. The sexes are produced - 
in, approximately, equal numbers. For the sake of. conservatism 
allowance has been made for only four generations in a season. The 
following table shows the rate of multiplication and the corresponding - 
dates: 

Annual progeny of one pair of hibernated weevils. 
Weevils. . 

Hirst generation, average adult Juné.29, numbering. -....:..-....-..... 100 
Second generation, average adult August 10, numbering.............-.- 5, 000 ° 

Third generation, average adult September 22, numbering.............- 250, 000 
Fourth generation, average adult November 4, numbering........-....- 12, 500, 000 

TURAL Res Se EB ES Sst ROSE NPG Le ae ha en I a dA 12, 755, 100 

As a matter of fact the multiplication during the early part of the 
season is so much more rapid that it is very certain that a large part 
of the third generation becomes adult by the middle of August. Pos- 
sibly a more definite idea of the significance of this ability for repro- 
duction may be obtained if we consider that, at the conservative rate 
given, the progeny from one fertile hibernated female might, in the 
course of four generations, number three weevils for every square foot 

of area in a 100-acre field. 
As a matter of fact the possibility of the multiplication is controlled 

primarily by the abundance of food supply. As may be seen by ref- 
erence to Table X XIX, page 114, the maximum infestation is usually 
reached some time in August. If we assume that there are 6,000 
plants on each acre of ground, and that each plant produces 100 squares 
for weevil attack up to August 1, we would find that if the usual per- 
centage of these squares produce weevils, the actual multiplication 

TATED SIN). sy |p ae 
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would be limited to about 250,000 weevils per acre. The possibility 
that the progeny of one weevil will amount to 12,000,000 in the course 
of a season would therefore rarely if ever be realized. 

THERMAL INFLUENCE UPON ACTIVITY AND DEVELOPMENT. 

The influence of temperature has been frequently mentioned as an 
important point, but it may be more clearly understood by collecting 
some of the most important observations relating to it. <A study of 
this subject throws much light upon such questions as seasonal and 
daily activity, the rapidity of development at various seasons, hiber- 
nation, and the time of emergence from hibernation. The influence 
upon development will be first considered. For a portion of these 
observations an ice box was especially designed and constructed to 
facilitate observations at low and constant temperatures. (See 
eNO Eee 00s) 

TasLteE X XIII.—Thermal influence on development. 

Effective tempera- 
Number} . Average | ture. 

Stage. of obser- Period. time for 

Vee | Se |Average.| Total. | Total. 

1902. Days. °F, es °F, 
3850)Sept.4 tovO Gls Biss. se siesta | 3— 38.0 114.0 

Ee | TOT | HOC CONG VES oe ee eee ee eee 4 30.0 120.0 
BO recasecs Sse 36°} Now. 24 to Dee 15425.) sae oe 11.0 19.0 209.0 

88 | Ice-box experiments, 1904 ............-. Beds 27.0 | 37.7 

[ D5 Dita Gy Us OG Ieee 7.5 39. 7 267. 7 
cere 15s | Sepls 26:to Oeh 2 lee ee ee 9.5 30.6 280. 7 

Sew taj ea | took Now. RE {Ox Deer Ea Ao see aster 25.0 19.5 487.5 4 
| 88 | Iee-hox experiments, 1904 . 222.2222 .522- 12.5 27.0 337.5. 4 

| 

| AGE: rihy: 6 cool scare siciia cae era tree ites 3.5 39. 65 1388.8 
Si Sep ted Sito: OR souesanse eee eee 5.2 36.0 187.2 

Pupa 167 | Sept. 24 to:OCts 23 sa saa- eee See ee 6.0 Sisk 186.6 
Ieee a ee 29 VW NOE LOSS 05 ae ces ae ee cate eter renee 7.6 26. 2 | 199.1 

4 DCCL D2 UOLL 9 en sae ale oe ro ee et ie 14.5 18.5 268. 2 
| 88 | Ice-box experiments, 1904 .......0s..., 7.5] RO | 202.5 

C6") Aue 10S Ce Septs SOs Aas - nae aoc eee 13.4 | 41.0 549.4 
| 305) |: Sept. SGtelOGtta - ase ee (yes bees 588.0 

66" | OcCt=Sto UNO. tb: Sass see eae eee ee 20.3 | 29.5 598.8 
Entire | develop- | | 
mental period. | 1903. 

100 | June 4 te duly 15 55 2 eee 18.3 | 32.6 585. 6 
iy a, £60") “AUS OUiLG Sepl eo eer se eee eee TSS a Baek 628.9 
| S356) eb Ox S04 ee ee na rn ee 30.0 | 23.0 690. 0 

SUMMARY OF THE PRECEDING TABLE. 

Total | AY erent Average | Total 
re [octet see perio effective | effective 
Sie eee ; for  }|tempera-| tempera- 

* | stage ture. | ture. 

| Days. Oe GuRS 
De eee a eee eG Sel oa eg cs CURSE Seem oC: 616 4.0 34.0 136.0 
WG Worse oo St So Skee See ee Se ae Sees See 313 9.8 | 32.2 315.6 — 
PUP Estos ose oe rk ees Ses ieee ieee eee ee ae ey ena 5380 5.5 | 33.2 | 182.6 

Total development, sum: Of stages 5. 92-25-22. oe 1, 459 19.3 | 32.9 634.2 — 
GhSeE Vat OMS OMEMITe PeModue ye soe ee eee eee | 887 | 19.6 32.2 632.9 

| | 
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In studying the influence of temperature on development the figures 
upon the separate stages serve best, as they give the widest range. In 
each stage it may be seen that the maximum time ts nearly, if not 
quite, four times the minimum, while the average effective tempera- 
ture difference is in the inverse order, but about 2 to 1. In compar- 
ing the minimum and maximum total effective temperatures, it appears 
that when the average temperature is lowest the total heat required 
to complete the development of the stage is nearly twice as great as 
when the average temperature is highest. The length of the develop- 
mental period is therefore not exactly inversely proportional to the 
change in temperature. The retarding influence of decreasing tem- 
perature appears to affect each of the immature stages in very nearly 
the same degree. The total effective temperature required forms a 
specific constant, which is fairly uniform for average effective tem- 
peratures of between 30° and 40° F. These temperatures would, 
during most seasons, prevail from June to October, inclusive. As 
the average effective temperature falls below 25° F'., however, there 
results a great and disproportionate retardation in the development. 
The reason for this difference may lie in the fact that when tempera- 
ture is ascending from 32° F. it must attain a higher point to start 
weevils into activity than that at which the same weevil will cease 
activity when the mercury is going down. 

The observations upon the length of the entire developmental period 
were made upon several different series of weevils. As is clearly 
shown in the summary given in the latter part of the table, the sum 
of the average leneths of the three stages agrees remarkably closely 
with the length of the entire period as found in the 887 cases observed. 
This close agreement, reached by entirely different methods, indicates 
that the series from which the averages are obtained are sufficiently 
large to give constant results, and therefore that the average period 
of development throughout the season of weevil activity is very close 
to 19 days. 

This thermal influence upon activity in feeding and oviposition may 
be shown by taking various lots of weevils at intervals through the 
season. For this purpose the work of 10 males and 10 females has 
been selected, using the laboratory records for each lot. The time 
covered is 25 days in each case to secure a fair average, and 25-day 
intervals separate the lots from each other. The season thus covered 
begins with June 6 and ends with November 28, 1903. To make the 
comparison fair, average conditions as to sex, age, and individual 
activity must be established, and the records have been selected with 
these conditions in view. 
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TaBLE XXIV.—Thermal influence on activity in feeding and ovipositing. 

. Average per isms Total. Daily average. weevil daily. 

= effective 
beriad- tempera-| Feeding Feeding Feeding 

ture. punc- | Eggs.} punec- | Eggs.| punec- | Eggs. 
tures. tures. i tures. 

1903. 278 
10 IO dhbaceOaryeNoacsccccee Soul 2,189 794 87.6 | 31.8 4.4 3.2 
10 10 | July 25 to Aug.19.... 36.5 2,325 | 1,061 98.0 | 42.4 4.7 4.2 
10 10 | Sept. 14 to Oct. 8..... 3207 1,540 659 61.6 | 26.4 3:1 2.6 

8.7 1.8 0.9 10 UG) || WOW Ee BuO ZTiccacasccor 24.6 900 217 36. 0 

The average number of daily feeding punctures is reckoned for both 
sexes alike. Though the females made more than half, the propor- 
tions can not be positively separated, and it would make no difference 
if it could be done. It is noticeable that the period of greatest activ- 
ity comes in midsummer, with the first, second, and third generations 
actively at work. Hibernated weevils working in June show greater 
activity than do the mixed generations which occur together in Septem- 
ber and October, though the temperature does not greatly vary. In 
November, with a marked fall in temperature, there is a corresponding 
decrease in work, but especially is this noticeable in egg deposition. 
It appears that at this season and later on the weevils are mostly eating 
to live until it becomes cold enough for them to hibernate. 

INFLUENCE OF RETARDED DEVELOPMENT UPON SEX. 

For these experiments five lots of selected infested squares were 
picked from plants in the field. In most cases the eggs had been 
deposited long enough for warts to become fully developed; in other 
cases the squares showed egg punctures which had been made so 
recently that warts had not yet formed. The age of the infestation at 
the time the squares were picked ranged, therefore, probably between 
twoand sixdays. These infested squares were kept ata low temperature 
in the ice box especially constructed for the purpose. Two lots were 
kept at about 45° F. during the night, but removed to ordinary out- 
door temperatures during the daytime, cold and warm thus alternating. 
Three lots were kept continuously at a temperature ranging between 

62° and 70° F.. The checks upon these experiments were all kept at 
ordinary outdoor temperatures. The plan was to determine each day 
the sex of such weevils as emerged. From the check lots of squares 
36.4 per cent of the weevils emerging were males, and these required 
upon an average a total effective temperature of 588.8°. The 63.6 per 
cent of females required an average total effective temperature of 587°. 
The results of the tests are shown in the table on page 101. 
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TABLE XX V.—IJnjfluence of retarded development upon sex. 

| y 7 4 ba a r ativ Mean av- | Average time under - Average total effective 
Keene re. that temperature. Number | Number temperature. 
Ae ne of males of females 

perature. Males. Females. | produced. | produced. Males. Females. 

© JB Days. Days. CEE ‘2 Ie 
18.4 37.6 34.0 3 18 692 625.0 
19.5 28.9 28.6 3 22 563 563. 0 
23.0 20.8 19.8 25 33 478 455.0 
23.0 (0) 2252, 25 25 506 511.0 
23.0 28.8 25.9 19/ 10 662 596. 0 

a21.4 a25.4 @2pe b 100 b108 a548 | 531.3 

a Average. b Total. 

With lots 1 and 2 the temperature alternated from an average of 
83.8° effective temperature during the daytime to an average of 3° 
effective temperature at night. Number 1 became very dry, and 
development was slightly delayed because of this fact. Among the 

squares kept continuously at a low temperature, lot 5 was under test 
for a larger portion of the developmental period then any other lot. 
It is noticeable that in this case, in which the influence of the low tem- 
perature was continued for the longest time, the largest proportion of 
males was produced. As a whole, the table shows that there is a com- 
paratively slight difference between the average of the total effective 
temperature required for the development of males and that required 
for femaJes. <A careful study of the table indicates that development 
at a low temperature has some tendency to produce a larger proportion 
of male than female weevils, and this is certainly the case in the late 
autumn (see p. 44). 

LABORATORY EXPERIMENT IN EFFECT OF TEMPERATURE UPON 

LOCOMOTIVE ACTIVITY. 

The experiments here given were performed by Dr. A. W. Morrill. 
In the absence of apparatus especially designed for such work, use 
was made of a very simple device, constructed as follows: 
A thermometer was passed through a cork and inclosed in a test tube, 

which in turn was placed within a hydrometer cylinder of sufficient 
depth to inclose it (Pl. XVI, fig. 72). 

Weevils were inclosed in the test tube with the thermometer, and 

the temperature of the cylinder varied either by heating gently or by 
the use of ice water. Starting with the thermometer at 64° I’. the 10 
weevils inclosed were found to move slowly, half of them being quiet. 
As the temperature was gradually raised the activity of the weevils 
increased up to 105° F. When the temperature reached 95° F., or 
over, the weevils were running up and down the tube. By filling the 
cylinder with cold water the temperature was lowered to 86° F., at 
which point the weevils began to cluster at the top on the cork and 
were crawling slowly. By the addition of ice in the cylinder the tem- 
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perature was lowered to 59° F.,at which point 5 weevils were sprawl- 
ing on the bottom of the test tube or clinging to one another, 4 were 
clustered on the stopper, while 1 was slowly crawling downward. At 
50° F. 6 weevils at the bottom showed slight signs of life and 1 was 
crawling slowly. At*45.5° F. slight signs of life were still shown, 

while at 40° F’. occasional movements only were noted. Upon the tem- 
perature being raised weevils began crawling as 50° F. was passed, and 
at 64°.F. all had left the bottom and were crawling upward. Some 
recovered much more quickly than did others. 

The temperature was again lowered, this time by the use of salt with | 
ice. AJ] movement ceased at 37° F. The cooling, however, was con- 
tinued to 33° F., after which it was slowly raised to 42° F., at which 
point “tartans began. | 

In a general way these results agree quite closely with outdoor 
observations. 

GRADUAL DEVELOPMENT DURING HIBERNATION IN SOUTH 

TEXAS. 

In southern Texas larvee and pupe which are in squares when frost 
comes are not always killed thereby, but slowly finish their develop-— 
ment if the weather is warm enough for any activity, and the young 
adults thus developed may live the winter through without feeding. | 
As observed by Mr. E. A. Schwarz in the winter of 1901-2, weevils | 
may pass the winter in either larval, pupal, or adult stages, but the | 
last named is by far the most common stage. | 

It is likely that a large part of the weevils found in the squares and | 
bolls during the first part of the winter will be in the larval stage, | 
while, owing to the slow development which takes place, a larger per- | 

centage of adults will be found toward spring. Mr. J. D. Mitchell, | 
of Victoria, Tex., took a number of live larve, pups, and adults from | 
bolls in a field in that locality on December 26, 1903, after ** two hard | 

frosts and one freeze.” Two weeks later, from a field at the same | 

locality, after three hard frosts and two freezes, he took another lot | 
of live specimens in these three stages. In the latter case the bolls | 
exainined were on stalks which had been plowed out two weeks before | 
and were ready for burning at the time examined. Mr. Mitchell, who | 
is an excellent and tle observer, writes: ‘‘On December 26 thera | 

was still some sap in the cotton stalks,” and on January 10, a the | 
second examination was made, ‘* there was absolutely none.’ > Thal 
larvee seem to thrive and arrive at perfection in the dead and dried), 
bolls. A frost or freeze at 30° F. does not hurt the larvee or pupe im 
dead bolls in the field.” As the two lots, taken together with four others 
sent January 17, 31, and February 7 and 14, 1904, include 197 specimens |} 
(23 larvee, 80 pupe, and 144 adults), it is evident that large numbers of | 

weevils go into the winter in the immature stages, and there is every | 
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probability that, in the southern part of the State at least, many of 

them live and mature, emerging in the spring. It may be that this 
eradual maturity of the hibernated weevils is one of the reasons why 
they emerge so irregularly from their winter quarters. 

SEASONAL HISTORY. 

HIBERNATION. 

ENTRANCE INTO HIBERNATION. 

Not all weevils go into hibernation at the same time, but as the mean 
average temperature falls to between 55° and 60° F. they gradually 
cease feeding, and, numbed and sluggish, they crawl into almost any 
place which furnishes them some measure of protection from the cold. 

Even after frosts have blackened the foliage and squares and entirely 
checked the growth of the plant, some weevils can be found moving 
in a cotton field upon warm days. Weevils which are old and nearly 
exhausted die as the cold weather comes on. ‘Their vitality has been 

expended in other ways and they do not survive the winter. Many of 
those which are still vigorous and strong will continue to feed a little, 
and females will occasionally deposit eggs so long as cotton remains 
ereen. 

Temperature and available food supply seem to be the most impor- 
tant factors in determining the time of hibernation. In general, it 
may be said that many weevils are active so long as their food con- 
tinues in fit condition to sustain them. Some, however, undoubtedly 
seek shelter before frosts occur. From numerous observations made 
in the laboratory, it appears that weevils will starve when deprived of 
cotton if the mean average temperature continues long above a point 
somewhere between 60° and 65° F. As the mean average falls below 
60°, hibernation may take place successfully. 

In determining the latest date at which the stalks may be destroyed 
and still accomplish as great destruction of the weevils as is possible, 
it is important that we should know approximately the time at which 
weevils begin to go into hibernation. Naturally, this time will vary 

considerably between the northern and southern portions of the State, 
the variation being parallel with the fall in temperature. Terrell, 
Tex., was one of the northernmost localities available for observations 

in 1904. Unfortunately conditions at this point were so modified by 
defoliation of the cotton by the leafworm in October as to interfere 
considerably with the normal action of the weevils. In portions of 
the fields which remained green most weevils disappeared during the 
latter part of October and the first of November. Throughout Novem- 
ber a few weevils still remained active, and occasionally upon warm 

days weevils emerged from infested bolls. 
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At Victoria a series of observations begun on November 11 showed 
that there was a decided falling off in the number of weevils to be 
found in the fields between November 20 and December 8. Between 

November 11 and 19 five examinations, covering a total of 8,157 
squares, showed that at that period one square in nine, or 11 per cent 
of the squares, sheltered an adult weevil. By December 8 an exami- 
nation of 2,000 squares showed that the percentage had fallen to 6. 
At Victoria, therefore, it is evident that the burning of stalks should 
have been practiced not later than November 15 to 20. This period 
followed closely the occurrence of the first light frost on November 
12, 1904, and it is probable that some such general relationship to tem- 
perature conditions may be established. The following average mini- 
mum and mean average temperatures prevailed: 

Date | Mean Average 
es average. | minimum. 

Si OF. 
NOGVeMbpEer Viton eee ers ae 2 a ata wh are Ree STA Sree Sr eR oy =n 62.2 51.8 
INOv.emberl2) GOS i Fae oh ea a a ae ee eee eee 59.3 44.3 
NOVEMDEEALGs£O:30) Se atic 20 ee Se a ee ee en eee IS ere ae eee ae ere 63.9 55.0 
December 1 to 10 BS eS SM I AR dey oa PN Re SI Pe oe 5d. 6 46.4 

Apparently weevils will begin to enter hibernation any time after the 
mean average temperature falls below about 60° F. 

SHELTER SOUGHT IN HIBERNATION. 

Hibernating weevils are to be found in many situations in the field. 
Where the cotton stalks are allowed to stand throughout the winter 
they furnish the weevils both the means of subsistence late in the fall 
and an abundance of favorable hibernation places throughout the field. 
The prospects of successful hibernation are thereby multiplied many 
times; and, furthermore, the weevils are already. distributed over the 

field when they first become active in the spring. The grass and 
weeds which almost invariably abound along fence lines are exceed- 
ingly favorable to the successful hibernation of many weevils, so that 
it will be found_generally true that the worst line of infestation in. 
the spring preceeds from the outer edges of the field inward. Where 
cotton and corn are grown in adjacent fields, or where, as is sometimes 
the case, the two are more or less mixed in the same field, many wee- 
vils find favorable shelter in the husks and stalks of the corn. An 
especially favored place is said to be in the longitudinal groove in the 
stalk and within the shelter of the clasping base of the leaf. Perhaps 
the most favorable of all hibernating conditions are to be found among 
the leaves and rubbish abounding in the edges of timber adjoining 
cotton fields. From such places the weevils are known to come in 
large numbers in the spring. The timber fringes present greater 
difficulties in the way of removing the favorable conditions than do 
any of the other places mentioned. | 
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CONDITIONS FAVORABLE TO HIBERNATED WEEVILS. 

Fig. 73, View of field showing relative size of seppa and planted cotton on April 15, 1904; fig. 74, 

relative size of seppa and planted cotton on May 14, 1904; fig. 75, corner of field around which 

were very favorable conditions for hibernation of weevils during winter 1902-3 (original). 
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DURATION OF HIBERNATION PERIOD. 

‘As the observations upon this point have nearly all been made at 
Victoria, Tex., the statements made refer especially to that locality. 
It must be borne in mind that latitude and altitude, as well as seasonal 
variations, will influence the limits of this period. In general, how- 
ever, it may be said that hibernation begins at about the time of the 
first hard frost, and that it continues until the mean average tempera- 
ture has been for some time above 65° F. In the spring of 1903 
weevils left hibernation quarters at Victoria only when the mean aver- 

age temperature had been for some time at about 68° F. While it is 
true that weevils if disturbed in hibernation are active at much lower 
temperatures than this, for some reason they do not leave the shelter 
of their hibernation places. 

At Victoria, Tex., the average hibernation season may be said to 
extend from about December 1 to about April 1, or a period of about 
4 months. In the spring of 1904 weevils began coming from hiber- 

nation by the middle of March and it is certain that the last had not 
emerged by the middle of May. In more northern latitudes hiberna- 
tion will, as a rule, begin earlier and last later, covering a period of 
from 4 to 5 months. 

APPARENTLY FAVORABLE CONDITIONS FOR HIBERNATION. 

In December, 1902, a series of experiments was started to test the 

influence of various conditions upon the successful hibernation of 

weevils. Owing to the writer’s absence from Victoria examinations 
could not be made at intervals, as would have been desirable. But at 
the middle of April, 1903, careful examinations were made to ascer- 
tain the shelter in which live weevils were found. In the preparation 
of hibernation jars several inches of dirt were placed at the bottom, and 
above that a variety of such rubbish as was thought might tempt the 
weevils to shelter. Dead banana leaves, hay, cotton leaves, dry bolls, 
squares, etc., were among the things used as rubbish. As several of 
these were placed in each jar the weevils had an opportunity to choose 
their shelter. Among the 39 which lived through the winter, 19 were 
found in the banana leaves, 7 in hay, 5 in dry cotton leaves, 4 were 
buried in dirt, 3 were on the surface of the soil, and 1 was hiding in 
an open boll. It appears, therefore, that 31, or 80 per cent of the 39 
live weevils, were found in what may be termed ‘‘ leaf rubbish.” It 
was noted also that 25 of the survivors passed the winter out of doors 
in various locations, while 13 were under shelter indoors. Of the 
weevils placed out of doors all but one lot were protected from the 
rain. The 15 weevils contained in the jar which became wet all died, 
while but few of the jars which were dry failed to show a live weevil 
in the spring. Leaf rubbish and dryness appear to be favorable fac- 
tors in successful hibernation. 
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PERCENTAGE OF WEEVILS HiBERNATING SUCCESSFULLY. 

It is a very significant fact that of the 240 weevils taken from the 
field at the middie of December, 1902, and placed in hibernation, 38, 

or 15.8 per cent, passed. the winter successfully, while of the 116 
weevils adult before November 15, 1903, only 1, or less than 1 per 

cent, survived. It is evident that the weevils which pass the winter 
and attack the crop of the following season are among those developed 
latest in the fall and which, in consequence of that fact, have not 
exhausted their vitality by oviposition or any considerable length of 
active life. 

Naturally the percentage of weevils living through the winter will 
depend largely upon favorable climatic conditions and the accessibi!- 
ity of suitable shelter. It would be utterly impossible to determine 
this question under actual outdoor conditions, and our inferences 
must be drawn solely from percentages found to survive under cage 
conditions. In the laboratory tests referred to in the preceding topic 
356 weevils were used. Of these, 240 were brought from the fields 
at the middle of December, 1902. Among these weevils, 38, or 15.8 
per cent, survived. The remaining 116 weevils were all adult after 
September 25, 1902, and had been kept under observation in the 
laboratory. One single weevil, adult November 12, was the sole sur- 
vivor of this lot. Since the weevils brought from the fields in the 
middle of December would be a correct average of those entering 
hibernating conditions, we may disregard the laboratory-bred speci- 
mens in drawing our conclusions. ‘The conditions offered would seem 
to have been favorable, and when this is the case out of doors it | 

appears that about 1 in 6 of weevils found in the field at hibernation — 
time may pass the winter successfully. This seems a very high per-— 
centage, but when we consider the numbers of hibernating weevils — 
often occurring upon young cotton in the spring it seems not improb- — 
able that during favorable seasons something like this percentage of — 

the weevils finding favorable shelter will live. Of course, the per-7 
centage finding favorable shelter will be extremely variable, and it is_ 
in reducing the number and accessibility of favorable locations that 
the cotton planter has one of his very best opportunities to effect the 
destruction of a multitude of weevils, and thus greatly reduce the” 
number which will emerge from hibernation and attack the crop of 
the following season. With shelter removed, cold and changeable 
weather will inevitably destroy many, and, in fact, most, of the 
weevils which would otherwise survive. j 

TIME OF EMERGENCE FROM HIBERNATION. 3 

Emergence depends largely, as has been already shown, upon the 
mean average temperature prevailing. The presence of food does 
not seem to affect it. In the season of 1903 for one month precedi 
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the emergence of weevils at Victoria the mean average temperature 
was 65.4° F. For the first two weeks of April it averaged 68.4° F. 
Weevils left their winter quarters from the middle to the last of 
April. While the mean average temperature for May was nearly 3° 
lower than the temperature prevailing at the time of emergence, 
weevils remained actively at work in the fields. In the fall also 
weevils remained at work at a lower temperature than that which 
seems to be necessary to draw them from their winter quarters. The 
reason for this fact is not apparent, but it is certain that once having 
left hibernation weevils will remain active at considerably lower tem- 
peratures. If the temperature becomes too low they remain quiet 
without taking food for long periods of time. If taken from their 
winter quarters weevils will be found active at ordinary day tempera- 
tures long before they would normally venture from their hiding 
places of their own accord. Weevils thus removed have been kept 
for a month without food or water, and they then assumed their 
normal activities when food was supphed to them. 

After considerable search at San Diego in the spring of 1895, on 
April 27 Mr. Schwarz found the first specimens working upon seppa 
plants from roots which were then 2 years old. As the weevils first 
appeared in that locality in August, 1894, the number of hibernat- 
ing weevils could not have been as great as in succeeding years, 
and consequently in the spring of 1895 htbernated specimens were 
‘‘exceedingly rare.” At Victoria, Tex., in the spring of 1902, Mr. 
Schwarz found the first weevils working upon volunteer plants on April 
15. In the same locality the writer found, in 1903, that most weevils 
left their winter quarters between April 10and May 1. Evidence was 
found indicating that in some fields they began to move as early as 
March 28. At Calvert, Tex., also in 1903, Mr. Harris found the first 
weevils working on cotton on April 12. At Victoria, in 1904, weevils 
were found in numbers upon seppa plants on March 14, and they 

were found moving in the field at intervals throughout the winter. 

GRADUAL EMERGENCH FROM HIBERNATION. 

Field observations at Victoria in the spring of 1904 added greatly 
to our knowledge of the habits of hibernated weevils as they emerge. 
The opportunities for such observations were exceptionally good. ‘The 
winter preceding was mild and dry, so that large numbers of weevils 
hibernated successfully. The same conditions insured the growth of 
a considerable number of seppa plants, which were also favored by 
warm weather early in the spring. 

The field in which observations were made contained about 65 acres. 
On this area all seppa cotton was repeatedly destroyed, except upon 
two plots which were kept for observations. Plot A, upon which 
observations in regard to the emergence of weevils were made, was 
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between 4 and 5 acres in extent. Plot B, separated from plot A by a 
distance of several hundred yards, was between 2 and 8 acres in 

extent. The general plan was to examine all seppa plants on plot A 

at intervals of about 1 week, collecting all weevils which might be 
found at each examination. As there were no other cotton fields in 
the locality, it was safe to assume that all of the weevils found at these 
successive examinations had come from hibernation within the limits 
of that field. Owing to an unusual drought during March and April 
the seppa plants obtained about 6 weeks’ start of the planted cotton 
(PI. XVII, figs. 73 and 74), and thus the comparatively small area kept 
for examination was not influenced by any counter attraction of cotton 
in other portions of the field. 

TasLE XX VI.—Gradual emergence from hibernation. 

Number Number of Number of 
of exami-| Date. sigue weevils 
nations. examined. | collected. 

en Marre nel Seen oo Seas ee erp ee eee ent tas Sk A eel 250 19 
AA RN (GF Gol O15) sapere eee Re ea SR et Se RR ren PUT ia spate eS ate 400 20 
Shay maa EWC) Oca eae ey he ine eS aE MS Rhee) Sh nS em tL ae aye eR g Bh 540 26 
Ze Hey 0 2.0 1S aes ee ee a re APSE SR ESM ae IIe Beas oc Sane 530 35 
£5 P<] 09 el A PAR ee a ee ese ee Eg Sa ed ee Se ee OED lute 400 60 
GarApril 16.202 25 foes Soe Sa oo ee See ee eis oe Ele ee eee 200 40 
food Pcl eh gt ea, Seg a ie ie Spe eae ee ee Eee See A oe ee eee 250 24 
Foyt Hd 3 Ya lB) Ree oat ed ce Sirens Se ites See es ane Tee UA ce oe Gate By 420 152 
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From these observations it appears that normal emergence takes 
place some time in April or May in central and southern Texas, whether 
earlier or later depending largely upon the earliness of the season. 
Furthermore, the emergence of the first weevils may take place from 
6 to 8 weeks before that of the last. In this fact les one of the two 
great obstacles which prevent the successful application of poisons to 
the early plants as a means of destroying the weevils. The second 
obstacle is explained on pages 109 to 110. Doubtless many weevils 
perish soon after emergence, even if they succeed in finding food, 
while many others never succeed in reaching a food supply. 

DISTANCE HIBERNATED WEEVILS WILL FLY TO FOOD. 

As a preliminary observation to obtain some idea as to the flight of 
hibernated weevils, two specimens were taken in a closed room, each 
being marked so that they could be distinguished. The plan followed 

was to liberate them as far as possible from the windows, then follow 
the course of their flight, estimating the distance covered each time. 
In this way weevil A, in the course of nine successive flights, covered 
a distance of about 194 feet; weevil B, in three flights, covered a dis- 
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tance of about 60 feet. Upon the following day weevil B was found 
dead, while weevil A was yet alive and active. 

In making field observations, four series of weevils were used, each 
series being distinctly marked for recognition at subsequent observa- 
tions. These series were liberated at intervals between April 16 and 
May 14. At each time it was certain that large numbers of hiber- 
nated weevils were emerging. The distance from cotton at which the 
liberation of the various series took place ranged from 125 to about 

600 yards. No other cotton fields were in the vicinity. Most of the 
weevils were liberated south of the field under observation, in the 
midst of a considerable area of grass land, so that no obstacles could 
be expected to interfere with their movement back to the cotton field. 
As the general direction of the prevailing breeze was from the south, 
the weevils had the advantage of this factor in their movement. 

TaBLE XX VII.—Flight of hibernated weevils to food. 

ae ae dd f lib : : of wee- | Distance and direction of libera- 
Date of liberation. vils in tions from cotton field. Results. 

‘ series. 

1904. 
AN SOUUNG SES are Asean aes 50 | 600 yards south .....-..-........ None found at cotton. 
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April 23....---.--2---2-2-2--- { 10 | 100 yards southwest ............ 21> 

10 | 160 yards south........-........ 
May 11 -......2---+.++ 222-202 { 115) |, 2S aM) SOW Sooo cesosocaundcc Do. 

IDO SUE Sacer Seca as 20% pl 2D VARS SOU ane ceteris 4 weevils found at cotton in 
next 12 days. 
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Upon the liberation of these weevils general observations were made 
as to the height and distance of the initial flight. It was found that 
when the breeze was quite strong the weevils were very unwilling to 
to take wing, and could be induced to do so.only when sheltered from 
the breeze. At such times their flights were very short. The weevils 
started from near the surface of the ground, flying at an average height 

of about 23 feet, and in the initial flight covering an average distance 
of 13 feet. Out of 120 weevils liberated, only 4, or 33 per cent, were 
ever seen upon the cotton under examination, which constituted the 
nearest possible food supply for those weevils. In the case of these 4 
weevils it was found that they averaged to cover a distance of 500 feet 
in four days. Doubtless nearly if not quite all of the remainder per- 
ished without reaching food. Though observations upon the area of 
seppa cotton were continued for about 3 weeks after the liberation of 
the last series of weevils, no additional specimens were found after the 
twelfth day, two of the weevils reaching the cotton in 3 days. 

GRADUAL ATTRACTION OF HIBERNATED WEEVILS TO SQUARES. 

Beginning early in the spring of 1904 a large series of observations 

‘was undertaken to determine the general movement of hibernated 
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weevils, to find how rapidly they became concentrated upon plants bear- 
ing squares. At the time of beginning the observations no plants had 
begun to form squares. The first squares were observed upon several 
plants on April 15, and the first eggs were found deposited in squares 
on April 26. These plants were thickly scattered through the field, 
and consequently the distances through which they would exert an 
attractive influence upon the weevils could not have been great. (PI. 
XVII, fig. 74.) 
Upon May 9 to 11, between three and four weeks after squares had 

begun to form, a complete examination was made of all plants grow- 
ing upon an area of about three acres, and a census was taken to deter- 
mine the number of weevils present, the number of plants bearing 

squares, and the proportion of weevils found upon plants with and 
without squares. In this examination 857 plants were carefully exam- 
ined. At that time 32.5 per cent of this total number were bearing 
squares which were large enough to be attractive to the weevils if they 
were seeking squares for oviposition. Upon the first 45 rows, which 
were not quite so far advanced as in other portions, 22 per cent of 451 
plants had squares; upon these rows 61 per cent of the 159 weevils 

taken were found upon 51 plants bearing squares, and 39 per cent 
were found upon 51 plants not having squares. In the next 21 rows, 
which were considerably more advanced in growth, among 406 plants 
43 per cent had squares, and these plants had at that time 94 per cent 
of the weevils found, while the 57 per cent of plants without squares 
had only 6 per cent of the weevils found. 
~ An exact idea of the relative condition of the seppa and planted cot- 
ton upon the dates April 16 and May 14 may be obtained by reference 
to Plate XVI, figures 73 and 74. Upon the latter date the planted 
cotton had, upon the average, six to eight leaves and no squares, while © 
one-third of all the seppa plants examined had squares,many of which - 
were fully four weeks old. In spite of the fact that much of the cot- 
ton had been in so attractive a condition for so long a time, these plants— 
had attracted only three-fourths of those weevils which were found in 

their immediate vicinity. From these facts it seems safe to conclude” 
that even under the most favorable conditions the inefficiency of trap 
rows or trap plants has been demonstrated. ; 

oder an 

GENERAL MOVEMENT OF HIBERNATED WEEVILS IN FIELD HAVING 

CONSIDERABLE SHPPA COTTON. 

Beginning early in April, 1904, a series of observations was under- 
taken to show the general direction and distance of the movement of 
hibernated weevils in a field before the planted cotton was in condi- 
tion to attract them as food. At the middle of April all seppa plants 

in a field of 65 acres were destroyed, except those growing on tw 
plots—one 4 acres and the other about-3 acres in extent. These 
plots were located upon the southern edge of the field. The gener 
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direction of the wind for several days after April 15 was from the 
south, and during this time few if any weevils came to the plots of 
seppa which had been preserved. Upon April 22 and 23 the entire 
field was thoroughly cultivated. At about the same time the wind 
changed, blowing from the north. During the next two or three 
days large numbers of extra weevils were found along the ends of the 
rows on the northern edge of the plots under observation, at a dis- 

tance averaging less than 50 feet from the ends of the rows. At that 
time planted cotton had not broken ground and all other seppa cotton in 
the field had been destroyed about 10 days before these weevils were 
found. Considering the change in direction of wind which had taken 
place in the meantime, it is evident that the movement of the weevils 
was in some degree related to the direction of movement of the pre- 
vailing wind. 

Between May 3 and 28 about 60 healthy hibernated weevils were so 
marked as to be individually recognizable. - These weevils were placed 
upon vigorous seppa plants, and 
observations made to _ locate 
them upon succeeding days. 
To facilitate the keeping of the 
records, the plot was divided by 
east and west lines into 8 sec- 
tions, with 45 rows running 
north and south. At the begin- 
ning of the observations with 
each weevil a stake was placed 

peside the seppa plant upon Pe.t-4.Diesrm of foul alsaness end aren 
which the weevil was located, Approximate outline of present weevilinfesiea 
with a tag bearing data as to the area in the United States (original). 

date, the number of the row and section in which the plant was located, 

with the number of the weevil and its particular mark. Three-fourth: 
of the weevils thus liberated were located upon two or more dates. 
When a weevil was found to have moved, the distance and general 
direction of the movement were recorded upon the tag, which was 
then moved to the new location. When a weevil was not found upon 
a succeeding date, the original location of the tag was preserved until 
the weevil was either found or given up as lost. If found after an 
interval of several days, the range of time during which the total 
movement from the original location had been effected was noted upon 
the tags. Doubtless, in many cases, the movement recorded was a 
component result of several movements, but, even if so, the general 

result of the observations is not affected by that fact. . 
In compiling the general results of these observations, all move- 

ments in one direction are taken together. If it be assumed that these 
movements radiated from a common center of infestation, the general 
result may be shown diagrammatically, as in figure 4. 
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TasLeE XX VIII.—Summary of distances and directions. 

if { 
| 

Direction. Distance. |, Direction. ; | Distance. 

Feet. | Feet. 
ANJOU U a eee ee hee es St Sa ss es eo 530: 1 ‘SOuths 25325 ae aoe eee rea eee ; 643 
INOTRUNCHStS Seo mek oo aSe oe an eee eee 662'||(Southwest2o2. 2." ses ae seen eee 185 
DOG SOSA 2 ae ee aE ts ee Che Se ee 682:1 WieSt S55 ee ees. oe eee eee 160 
SOUUNCRSE ses on ae conc tise a acme eee els aeee 293) North westic-5-Gsec > even aca os eeeesetes 383 

| 

Whether it be merely an unrelated coincidence, or a general result 
from similar factors in each case, it is interesting to note that the 

diagram of general movement of weevils as found in this field of seppa 
cotton is strikingly similar in outline to the present area of weevil 
infestation. Merely to show this interesting likeness, and not because 
the likeness has any special significance, an outline of the weevil- 
infested area is also given in figure 4. 
From the records of these observations it was found that the maxi- 

mum time one weevil remained upon a single plant was 18 or more 
days, the observations having been discontinued after the eighteenth 
day. The average time positively found in 73 cases was 4 days, 
with a possibility for this same number of observations of 63 days. 

Probably a true average lies approximately between these results, 
and, if so, we may assume that about 53 days usually intervene between 

the movements of each weevil. In the whole series of observations, 

extending over 25 days, for weevils which were subsequently found 
after being liberated, but 57 movements were recorded. The total 
of these movements averaged but 62 feet each in 177 movement days. 
This would give us an average movement of but 0.35 foot per day for 
each weevil in a field where seppa plants were quite abundant, where 
squares were forming upon fully one-third of the plants, and during 
a period for which the mean average temperature was 78.6° F. 

APPARENT DEPENDENCE OF REPRODUCTION UPON FOOD OBTAINED 

FROM SQUARES. 

During the fall of 1902 a series of experiments, lasting for 12 weeks, 
was made to determine the length of life of weevils fed solely upon 
leaves. In one lot, consisting of 9 males and 8 females, the average 
length of life of the females was 25 days, while that of the males was 
36 days. Though this period far exceeded the normal time usually 
passed between the emergence of adults and the beginning of egg 
deposition, no eggs were found. Dissection of the females which 
lived longest showed that their ovaries were still in latent condi- 
tion, though the weevils were then 81 days old. Few instances of 
copulation were observed among weevils fed upon leaves alone, and 
among nearly 70 weevils which were thus tested no eggs were ever 
deposited. After a period of 3 weeks upon leaves, 11 weevils were 
transferred to squares. Females in this lot began to lay in 4 days, 
and 4 of them deposited 323 eggs in an average time of 20 days. The 
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conclusion seems plain that so long as leaves alone are fed upon, 
egos do not develop, while a diet of squares leads to the development 
of eggs in about 4 days. It is worthy of note that the interval 
between the first feeding upon squares and the deposition of the first 

eges is almost the same with these weevils taken in middle life as 
with weevils which have just emerged. 
An examination of hibernated females taken in the spring of 1908, 

which had fed for 6 weeks upon cotton leaves, showed that their 
ovaries were still latent. Copulation was rarely observed among 
hibernated weevils until after squares had been given them. Ina few 
days after feeding upon squares, mating and oviposition began. The 
average period was from 38 to 5 days, and, having once begun, ovipo- 
sition continued regularly. 

It has been found that food passes the alimentary canal in less than 
24 hours. Assimilation, therefore, must be very rapid. It is evident 
that while leaves will sustain life certain nutritive elements found 
only in squares are essential in the production of eggs. 

These experiments were repeated in 1904 with similar results. 
Upon dissecting weevils just taken from hibernation, it was found 

that females contained no developed eggs, but that their ovaries were 
in an inactive condition, similar to those of females which had fed for 

months entirely upon leaves during the previous fall. Upon examin- 
ing females taken from seppa cotton later in the spring, but before 
squares had appeared, it was found that they also were in similar 
condition. This was also true of females kept in the laboratory from 
the time of emergence from hibernation until squares became abun- 
dant with only leaves for food. It seems peculiar that upon a purely 
leaf diet eggs are not developed, but all observations made indicate 
that this is the case. It can not be said definitely whether the females 
examined had been fertilized, but it is certain that they were not 
ready to deposit eggs. 

PROGRESS OF INFESTATION IN FIELDS. 

From among the many notes made upon this point the results of 
the study of two fields are here presented. The first field, consisting 
of about 15 acres, had been planted in cotton for several years and 
was closely surrounded by other cotton fields. The second field of 
35 acres was upon newly broken land and situated in a comparatively 
isolated location. 

Examinations were made frequently to determine approximately the 
percentage of infested squares present in various parts of these fields. 
The conditions of the examinations were made as uniform as was 
possible. The fields were divided into blocks, and practically the 
same ground was covered in each block upon succeeding examinations. 

16780—No. 51—05 8 
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TABLE NX XIX.—Progress of infestation, field 1, Victoria, Tex. 

Number | Number 
of 

Block. Date. squares Balite: Byes Remarks. 

exall | infested. 
ined. 

| 1903 
pfammerS, 92. - Same 4, 200 675 16.0 | Work of hibernated weevils only. 
tealey als oc eS ese 467 211. 45.0 | Seconda generation at work. 

Te PUY 2 naa cs cece 2 249 193 77.5 | Third generation beginning. 
| Anposte .- 2 & 278 224 80.6 
August 3s eran Aaa 91 85 93.5 | About four generations now working. 

| J uly Be aoe ee eae 358 168 46.6 | Much cotton dying from root rot. 
Ir | [PAueTIsE Tosco ee. 331 148 44,7 : 

PAP UST 4h se 300 100 3o.0 | 
| August 20S assesses 699 | 636 sated 

| obo | 6,973 | 2,440 35.0 

The observations made in Block I cover a longer period, and are, 
therefore, more suggestive than those made in Block I]. Evidently 
infestation began with the first appearance of squares. So long as 
the hibernated weevils alone were at work the percentage did not 
increase very rapidly, but with the advent of the second generation 

a much larger proportion of the squares became infested. Corre- 
sponding increases are seen with the third generation, but from that 
time on so large a proportion of the squares were infested that the 
percentage did not increase so rapidly. It may be noted in each 
block that the maximum pereentage of infestation is slightly over 90. 
Some clean squares may always be found, however numerous the 
weevils may be, but those which escape weevil puncture are mostly 
less than half grown, so that while the percentage varies but slightly, 
few of these clean squares would escape the later attacks of the 
weevils and form blooms. In Block I the infestation was quite gen- 
eral. The situation of the block was especially favorable to the hiber- 
nation of a large number of weevils. Bounded on one side by a fence 
row, on the opposite side by a cornfield, and at one end by the build-— 

ings used by the tenant, an abundance of hibernating places was_ 
afioeded the weevils, and as a result they came into the field in the 

spring from allthose directions (Pl. XVII, fig. 75). It was noticeable, 
however, that the portion of greatest infestation early in the season 
lay in the corner between thre fence row and the buildings. From the 
fence row especially the weevils spread toward the center of the field. 

The second field, as has been stated, was comparatively isolated, so” 
that infestation first began late in the season. Block J in this case 
lay in the corner between crossroads. Block IL adjoined the road 
farther on, while the third block was taken as far from these two as 
was See Infestation began in the corner covered by Block I. 
In studying this block, lots 1, 2, and 3, as numbered in the table, were 
taken diagonally across the block, away from the corner. Block ID 
was separated from Block I by corn, the ends of the rows bei ng at the 
road which passed the point of or tel infestation. The lots in Block 4 
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II were taken in their order at varying distances from the road. 
Block II] was some distance from the others. In this case lot 1 was 
taken along the edge on the side toward the other blocks, while lot 2 
was taken in the middle of the block. 

TABLE XX X.—Progress of infestation, field 2, Victoria, Tex. 

Naa Sa Feng ate 
= s : fo) age oO Y 

Bloek.| Lot. Date. ee squares eanie Remarks. 

ad infested.| tion. 

1963. 
1 Aga ORE eee 225 45 20.0 | Infestation began in this corner. 

ATU GUIST22 ae siecieia = 414 Bol 84.8 F F 
I Oui ANSE Gia) le 10 12 5.7 |p Lot 2, in middle of Block I. 

3 |\S-+- EL O Woes pies Senne cei 200 0 0.0 |\ Lot 38, opposite corner of block from 
| Auigust22. 12112552 362 241 66.6 If lot 1. 

1 AMI UISTIEB Ss Bese <a 185 62 33.5 pec 1, near public road, passing lot 
ATI ISU 2A Eee lacie e 180 156 86.7 1 of Block I. 

Il 2 SANTEPRUISG l= cece erie ai 202 31 13 
ANUBIS AA ere iar. 136 105 Ue” 

9 sjAugust13....-...--. 150 9 6.0 
WAU SS t 24 Se ee 200 130 ne 0 
ATOR OHS Calis Gets vias ee 218 91 ee Ns - 

sey Cert She es 259 298 88.0 \nage of block. 
At SIS THET S ees 166 38 22.9 . 

2 Wael Sie nena 330 290 88. 0 \Middle of block. 
a 

From a study of Block Lit is evident that infestation began some 
time in July, since when first found it was entirely restricted to a 
small area. A study of each block chronologically shows the steady 
but rapid progress of the weevil, as does also a comparison of the 
three blocks at the nearest possible dates. The tremendous activity 
of weevils in midsummer and the possible rapidity of their spread is 
clearly shown in this field. | 
A study of two other fields yielded practically similar results. The 

dates of examinations, with the percentages found in each case, will 
be given. In field 3 there was found, upon June 2, 3 per cent of infes- 
tation; on July 16, 25.9 per cent; on August 15, 65.9 per cent. This 
field was from native seed and was planted about three weeks earlier 
than field 4, which was of King seed, and just across a turn row from 
field 3. In field.4 infestation began very late, as on August 8 there 
appeared to be only 2 per cent and on August 15, 23.6 per cent, while 
on August 26 it had increased to 91.5 per cent, which is about the 
usual percentage of maximum infestation. 
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TABLE X XXI.— Observations upon infestation, various localities, 1904. 

| 
= 1 Py ee ai ws 40 = _ Gat ie le 

S| 8 SPSS ee | Bees Bce auc. 8 |3 to | es as LS) pict sleneec & a 
Zonas S (aide Sled Yee) ess [pesei |) Ses 
22) °R od S |S— |S2\5S8 | oe |S- [828/88 

ofan or Qo Sane) H os Om .|9 Oo 
Locality (Texas). as a4 eH S |S 3s x oe Be BG S|) SS 

og = Ee SE Ogi Te ap Om | Ota ae ere 
HS | 2 cS) 2 oo] 5 oSm| 22 |o %lo$4] of 
Rio) ee | aate a |es| a5 |wae| RS [wa Slee] tox 
gle E g |5ea/ S38 |s28| 3° |Bael52s] 8~ 
Ss 5 5 5 |Eer| oH [pat 5 Padipanas| p 
A | A ow i <q S <q = <q < <q 

1904. 
Calyertrieeess:.2seecee) ale 2 PAU 25 TON 325754) 94708) Z| Oita | tele) OA lenis 4,2 

| Sept. 9. 
Corsicana: 

UNG BS re a ees ae a 3. | July 29 to Geo Lae i2s 4a le SUG Oend 2,506 | 71.9 Ral Bs 
Sept. 12. 

Bes eee er ote cece Hoe ellll 5d | July 28to | 4,534] 80.4] 407] 9.0] 8,261 | 64.9 | 6 | 19.0 
f Sept. 12. 

WG ahh see oe asaaneceee 15 by) iy 30 to | 6,445 | 64.4] 317) 5.0] 4,618 | 64.9} 1.2] 34.5 
ept. 13. 

Ralestime 2/42. 6. exec |. 22 2 AUG 26.60} |) 4357719) | 9ISS TN D744 SONA bo O2NS 7 8.2 
ept. 14. 

WiGtODIO === a5. bes eee Tel! 13 | June 18to | 13,227 | 54.2 | 170 1.3 544 | 66.9} 6.1 44,6 
| Sept. 24. 

Wihartont sae acess ese) 4 4 | July 22to | 5,005 | 65.0 | 167] 3.3 230 | 46.4 | 10.2] 25.3 
Aug. 25. : 

Potalessse | Si am ee Sif oeere June 18 to | 42,635 |.....- 9028 een see 14790 sees ee eae 
Sept. 24. 

IAV.CTAS Ciao eae Sace ee Gi aece ee oo eral Sete (ORI =e 325. AS GE oes ce SOOM Ds 2a 2 7a 

Under the conditions usually prevailing cotton will cease to make 
when about two-thirds of the squares have become infested, since the 
weevils have then become sufficiently numerous to attack nearly all 
of the remaining clean squares before they have time to bloom and 
form bolls. Even bolls which have set before this percentage of 
infestation is reached are not entirely safe, as the smallest ones will 

be more readily attacked by weevils, as they have greater difficulty 
in finding uninfested squares. 

WEEVIL INJURY VERSUS SQUARE PRODUCTION. 

At the beginning of infestation the indications of the weevil’s pres- 
ence are inconspicuous. Even when considerably advanced most 
farmers do not recognize the injury, and thus are led to believe that 
the insect has not appeared. Among the most conspicuous indica- 
tions of the weevil’s presence may be mentioned the falling of infested 

squares. As the squares remain on the plant after they become 
infested fully as long as they lie upon the ground between the time 
of their falling and the emergence of the weevil, it is plain that less 
than half of the actually infested squares will ordinarily be observed. 
Previous to falling, infested squares gradually turn yellow, and in 
most cases flare somewhat; but flaring is by no means as closely reiated 
to weevil injury as might be supposed. As the percentage of infesta- 
tion increases, the great numbers of squares on the ground musi attract 
attention. (Pl. XV, fig. 68.) Shedding of squares may take place for 
other reasons than the attack of the weevil, but in fair weather, when 
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large numbers of squares are found upon the ground, the weevil is 
probably present. As infestation approaches its climax there is a 
great decrease in the number of blooms, and when a field is found 
at blooming age with many squares but no blooms the weevils are 
almost certainly abundant. The conditions named form the most 
conspicuous indications of practically total infestation. During the 
season of 1903 it was found that a condition of total infestation was 
reached some time between August 1 and 20 in most fields within the 
infested area.. This condition is, as a rule, coincident with the appear- 
ance in large numbers of weevils of the fourth generation. The exact 
time will vary in different seasons, and even in adjacent infested fields, 

because of varying conditions. 
Not only is the maximum number of weevils present in the field in 

midsummer, but their capacity for injury is also greatest at that time. 
Practically all of the crop that will be made must have been set before 
this time. After this bolls will form only by accident. 

A large series of examinations made by Messrs. Harris and Morrill 
at Calvert, Tex., shows the very rapid increase in the percentage of 
infested squares which usually takes place a few weeks earlier than 
it did in 1908. The figures given in each column in the table show 
also the closeness with which the weevil activity kept pace with the 
formation of squares after the period of maximum infestation had 
once been reached. The general influence of climatic conditions may 
be seen by a comparison of the last two columns in the table, but this 
point would be much more clearly shown by a series of examinations 
made during the first half of the growing season, at which time tem- 
perature and moisture would have greatest influence upon weevil 
development and injury. One hundred squares were picked promis- 
cuously in each block for the determination of the percentages given 
in the columns for these 34 blocks, thus making a total of 17,000 
squares examined. 

TaBLE XX XI1I.—Study of the infestation of the cotton fields at Calvert, Tex. 

| Block. 

Time of record. 
| 0 e-e3 4/6 6-| 7 | 8 | 9 |10] 11 | 12 | 20) 21 | 22 

1903. 
August 15-17......>2 SORA Mere taene 72 | 68 | 64| 651) 71 | 63 | 66 | 68 | 59 | GO | 59 | 60 | 46 | 46} 55 
SeplLeniber2=45 sho Piiaceacics sees 96 | 91 | 96 | 100 | 96 97 | 98 | 98 | 90 | 87 | 90 | 88 | 92 | 95 89 
Bepiemberwd4siija = tas sae eee $3 | 94 192] 941971) 94 | 93 | 92 | 95 | 92 | 94 | 96 |} 88 | 89} 90 
BD CLODETAI KS a ee eee nar ore ote 92 | 81 | 89 91 | 97 92 | 91 | 89 | 89 | 91 | 94 | 96 | 95 | 94 91 
MD) CLOMID OAc cs ieee viajes cathe are 94 | $3 | 90 90 | 91 92 | 88 | 83 | 92 | 99 | 96 | 94 | 95 | 93 91 

Time of record. 

1903. 
RAMUS tilly leew nm ar ee are oie 48m HOR ae (4 40nd Q I >t leb8e| 54° b4 5 :b7 55. 625 G6nI bs 
RC PUCIMD STD =A wae saga ce i Ot 69 | 94) S11] 91) 88] 93] 95 | 91 | 91 | 93 | 93 | 97 | 89 | 94 | 96 
Beptem beni (jars eee tee 92 | 91 | 92 94 | 93 92 | 90 | 96 | 94 | 96 | 93 | 94 | 93 | 92 95 
EO NSIT ESTEE Ae oe ees Sgn eee 94 | 94 | 99 96 | 93 94.| 92 | 92 | 95 | 99 | 94 | 96 | 92 | 87 89 
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Tasure XX XIT.—Study of the infestation of the cotton fields at Calvert, Tex.—Continued. 

Block. Average 

zs | TU Ee 
Time of record. tion for Climatic conditions. 

53 54 55 56 | entire 34 
blocks. 

Per cent. 
58.88 | Rainfall in July, 1903, 8.61 inches (or nearly 

four times normal rainfall); Aug. 1 to 15, 
nearly normal rainfall (0.79 ineh, Aug. 2). 
Average temperature, July, 85° F.; Aug. 
1 to 15, 852° F. 

September 24... .. 89 94 90 97 91.41 | Rainfall from Aug. 15 .to Sept. 2, 0.9 Inch 
(nearly normal). Average temperature, 
same period, 842° F. 

August 15-17....--. 64 69 | <1 
\ 

& foip) 

September 14-17...| 91 96 97 95 93.20 | Rainfall from Sept. 2 to 14, 0.8 inch (about 
Aeneas normal). Average temperature, 

Octoberdas-2sera-e 73 | 92 88 89 91.56 | Rainfall from Sept. 14 to Oct. 1, 0.14 inch 
(about one-tenth normal). Average temper- 
ature, 763° F. 

October 22--24_.._.. 5) sa) |) SS 95 93.67 | Rainfall from Oct. 1 to 22, 3.63 inches, (more 
than two times normal). Average temper- 
ature, 74° F. 

Stillanother series of observations made by Doctor Morrill, at Austin, 
Tex., shows that similar conditions prevailed in localities nearly 100 
miles apart. For each of these percentages 300 squares were exam- 
ined, thus making 14,400 observations in the series. 

Taste XX NIII.—Study of the infestation of cotton fields at Austin, Tex. 

Block 
Time of record. ] 

1d) Sl 8 i= go eG ie Pe | 
are Wa es ce Gees paired 

1903. | 
AUpUSt aay So. *oe> eae: = .--| 29.0 | 34.0 | 11.0 | 15.0 | 10.0 | 9.0} 19.0 | 33.0 | 43.0 | 48.0 | 36.0 | 31.0 
September "7-9... _.._.---_- 95.3 | 95.0 | 95.3 | 96.7 | 92.7 | 87.3 | 95.0 | 96.7 | 96.7 | 26.7 | 95.3 | 93.7 
(OCS OTe a 7 Pee ee 90.3 | 88.0 | 90.3 | 90.0 | 94.7 | 85.3 | 92.0 | $2.0 | 96.0 | 96.0 | 92.7 | 96.0 

| | | 

Block. | Average | 
infesta- 

Time of record. | tion, en- Climatic conditions. 
| S| | aS |) AG: | tire 16 
| blocks. 

a > 

1903. | Per cent. 
/NUERT RT, CS heee nae eens | 3350 | <36s0 5 4950n e550 30.37 | July rainfall, 12.65 inches (above nor- 

= | mal 10.35 inches). Mean ayerage 
| temperature, July, 82.6° F. 

September 7-9... .--=---} 93.:7 | 98.0 | 98.3 -| 97.7 95.25 | August rainfall, 0.79 inch (below nor- 
mal 1.64 inch). Mean average tem- 
perature, 82.6° F. 

September rainfall, trace (below nor- 
mal 3.72 inches). Mean average tem- 

| | perature, 76° F. 

Octoberibaie. eaae see ees} G280 8 89rd ch Ole | VO2 ers. cae ie) ~I 

As the first records at Austin were made about 10 days earlier than 
were those at Calvert, they serve to show a much greater total increase 
in the average infestation during August, though the average daily 
increase in the percentage of infestation agrees very closely in the two 
localities, being 1.8 per cent at Calvert and 1.9 per cent at Austin. 
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EFFECT OF MAXIMUM INFESTATION UPON WEEVI“X MULTIPLICATION. 

As may be seen by reference to Tables XXIX, XXX, XXXI, 
XXXII, and XX XIII, maximum infestation is usually reached some 
time between August 1 and 20. It is probable that at that time the 
majority of the third-generation weevils are becoming adult. As 

shown on page 97, a conservative estimate would place the possible 
number of third-generation weevils at about 250,000 individuals. 
This number is practically all that can be produced upon each acre of 
ground. As soon as they become adult, therefore, ard begin to 
attack squares, the field, within a few days, becomes overstocked with 

weevils. 
A decrease in square production accompanies the maturity of the 

bulk of the crop, owing to the fact that the assimilative power of the 
plant is largely consumed in maturing seed. Dry weather normally 
occurring at this period also causes a decrease in the number of weevils 
present. Not only are there less squares to become infested, but each 
square is also subjected to greater injury, and many which would cther- 
wise have produced weevils are unfitted as food for the larvee by the 
decay which follows the numerous punctures. Several eggs may be 
deposited in one square, but as a rule only one weevil will result. 
By this time the number of weevils has become so great that the 

supply of squares is insufficient to meet their need for both feeding 
and oviposition. Selection of squares, so that these two portions of 
their attack may be kept separate, can no longer be exercised. Female 
weevils are forced to deposit their eggs in squares which have either 
received other eggs or been largely fed upon, and a much larger pro- 
portion of squares at this time show that feeding punctures are made 
in squares having eggs or larvee. By these two factors the mortality 
among young larvee especially is greatly increased. Since the growth 
of the piant practically ceases during the period when the majority of 
bolls are opening, new squares are not formed, and consequently the 
number of weevils produced through September becomes compara- 
tively small at that time; also many of the older weevils, especially 
those of the first generation, die normally. Comparatively few of the 
weevils developed in large bolls will emerge before October. In con- 
sequence of all these factors the actual multiplication of the weevil is 
not only checked but very greatly reduced within a few weeks after a 
condition of maximum infestation has been attained. While the actual 
number of weevils begins to decrease within a short time after the 
period of maximum infestation is reached, the apparent numbers may 
possibly be greater. The decreased number of squares serves to con- 
centrate the weevils upon those remaining, and therefore the number 
of weevils found in any square will be so much the greater. 
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PROPORTION OF SQUARES ATTACKED THAT ARE NOT DESTROYED. 

Observations on this point have been continued through two sea- 
sons. The results may be most briefly given in the form of a tabular 
statement. 

Taste XXXIV.—Proportion of squares attacked that are not destroyed. 

Good 
: Squares | Blooms Period. qa bolls 

attacked.| formed. farmed: 

1902. 
JUMEMOPA US UStS A Sos ae ce Sat SEAS oe site see cai et So Ne a re Sen ee 
Septenlper:tonNoviember a2 so is Gas oe oa eosin < sss cian Senne ae eee 

Gy eva PEM ge RE a REN Bir Mc Sa ene A eres. UN eas Can 
INOVETTDER OSD ECeMUD EN Be che an caci eee aca pee re ene ey en de omega 

0 pn Sac tae Gree SA PRR el en ee Ae eee Ges ee ee ae. Uae Re 

1904. 
TUT STEO UL Wee eee ais ete aS Se See ree alae S atciie Se hes re, arora pe ya bas 
SUL tOsATI SUS Sp Ae ak ee Se ee ee ee 
Ausust to Seplem bers: S225. sSsee sess see se cee oceas o eet ae eee ase one 

LL BENT |g gC aI pa ee ge i ey se at Se ES IR ee 

aToo late to reach maturity. 

The results shown in the preceding table may be summarized by 

saying that upon the average one square in five of those attacked forms 
a bloom sufficiently perfect to open, and that one-half of the blooms 
thus produced, or 10 per cent of the squares attacked, ultimately 
result in the formation of normal bolls. 

RELATION OF WEEVILS TO *‘ TOP CROP.” 

The hope of gathering a top crop is the ‘* will-o’-the-wisp” of cotton 
planters. After considerable cotton has been matured fall rains often 
stimulate the production of a large number of squares, and many 
planters are misied by the hope of gathering a large top crop from 
this growth. The joints of the plant are short, and the squares are 
formed rapidly and near together. Though weevils may have been 
exceedingly numerous in the field, their numbers will have become so 
decreased in the manner described under the preceding heading that 

they can rarely keep up with the production of squares at this period 
of rapid growth. Many blooms may appear, and the hope of a large 
top crop increases. 

The fact, however, as stated by prominent growers, is that before 
the appearance of the weevil they actually gathered only about three 
top crops in 25 years. The chance of its development, though always 
small, becomes hopeless wherever the weevil is present in considerable 
numbers. (See Tables XXIX to XXXIV, and average of infestation 
of entire fields, p. 115.) Neither the hopelessness of gathering a top 
crop nor the actual injury which is being done to the crop of the suc- 
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FALL INFESTATION AND DESTRUCTION OF STALKS. 

Fig. 76, A view of cotton stalk loaded with infested small bolls taken from field at time stalks should have been destroyed; fig. 77, a view of field showing many infested small bolls, stalks standing after they should have been destroyed; fig. 78, work of destroying stalks, forming 
windrows for burning (original). 
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ceeding year by allowing that growth to continue until frost kills it, is 
generally appreciated by planters. Because of the apparent abun- 
dance of squares and the presence of many blooms the plants are 
allowed to stand long after they might otherwise have been destroyed. 
As is the case in the early spring, however, the abundance of squares 
increases greatly the production of weevils; and though a few bolls 
may set, they are almost certain to become infested before they reach 
maturity. (PI. XVIII, fig. 76.) Every condition, therefore, contributes 
to the production of an immense number of weevils very late in the 
season and at just the right time for their successful hibernation. As 
the result of this, far greater injury is done to the crop of the follow- 
ing season, with no actual gain in the yield of the present season. 
Furthermore, plants standing until frosts kill them are often allowed 

to stand throughout the remainder of the winter, and these furnish 
an abundance of favorable hibernating places for the weevils. (PI. 
XVIII, fig. 77.) The consequence of this practice is that so many 
w evils are carried through the winter alive that the yield of the next 
year will be much less than what it might have been but for the 
farmer’s indulgence of the forlorn hope of a top crop. 
From these considerations it seems plain that within the weevil ter- 

ritory all hope of a top crop must be given up and the destruction of 
the stalks be practiced as early in the fall as may be possible. This 
practice is one of the essential elements in the successful control of 
the weevil. 

SOME REASONS FOR THE EARLY DESTRUCTION OF STALKS. 

it is naturally impossible to fix any date for the destruction of stalks 
which would apply to all localities and under ali conditions. The con- 
dition of the soil must be considered as well as that of the maturity 
of the crop. While the condition of the soil can not be changed, the 
time of the maturity of the crop is largely within the control of the 
planter, since by early planting of early maturing varieties nearly 

the entire yield may be matured before the usual time of picking of 
the first cotton from native seed. Whatever the qualifications which 
must be made, they do not decrease the general strength of the reasons 

which may be given for the early destruction of stalks. The principal 
reasons are three in number: 
First, the absolute prevention of development of a multitude of 

weevils which would become adult within a few weeks of hibernation 
time. The destruction of the immature stages of weevils already 
present in infested squares is surely accomplished, while the further 
growth of squares which may become later infested is also prevented. 
This stops immediately the development of weevils which would nor- 
mally hibernate successfully, and by decreasing the number of weevils 
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which will emerge in the spring the chances of a good crop for the 
following season are greatly increased. 

The second reason is that by a proper manipulation of the stalks 
a very great majority of the weevils which are already adult can be 
destroyed. One of the most successful practices is to throw the stalks in 
windrows (Pl. XVIUI, fig. 78), and as soon as they have become suffi- 

ciently dry they may be burned. ‘The practice of leaving every tenth 

row for a trap row, to be cut and thrown on the windrows at the time 
of burning, is not recommended, since it has not yet been shown to 
possess sufficient advantage to offset the trouble of dividing the work 
and the risk of carrying a large proportion of the weevils two weeks 
nearer hibernation time. If the weather is favorable, the burning 
may take place in about two weeks, and many of the weevils will not 
have left the cotton stalks by that time. In case rains delay the dry- 
ing it will be found advantageous to expedite burning by the use of 
erude petroleum or Beaumont oil. Grazing the fields with cattle, as 
some have recommended, will ney much of the growth and pre- 
vent further development of weevils, but it allews enough of foliage 
to remain to sustain the life of many which are already adult until it 
becomes sufficiently cold for them to hibernate. Not only does burn- 
ing destroy most of the weevils, but it also destroys the shelter which 
might be afforded the few that would eseape, and the chances of suc- 
cessful hibernation are largely decreased by this practice. 

The third reason may be found in the fact that the clearing of the 
ground renders SOU: a deep fall plowing. This catches cee wee- 

vils as might still be in squares on the ground. The ground becomes 
clean by this practice, so that no vestige of the food plant remains, 
and living weevils, if by any possibility they have escaped thus far, 
must either starve or perish from exposure. Furthermore, fall plow- 
ing places the ground in the best possible condition and makes it 
ready for immediate working as early as planting may begin in the 
spring, thereby saving delay in the starting of the crop. As stalks 
must be destroyed in some way before the fieid-can be replanted, the 
practices here mentioned will not add greatly to the cost of destruc- 
tion. Even if some cotton is present upon the stalks at the time of 
their destruction, this sma!l item is hardly worthy of consideration in 

comparison with the greatly increased crop and the more early matur- 
ing and better quality of staple which may be obtained by the adop- 
tion of this recommendation. 

Having studied carefully the methods of weevil control which have — 
heretofore been recommended, the writers firmly believe that the 
destruction of the stalks in the early ful is the most effective method 
known of actually reducing the numbers of the weevil. Karly destruc- 
tion will cost but a small fraction of the expense necessary to the fre- 
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quent picking up of the squares infested by hibernated weevils in the 
spring, and is far more thorough as a means of reducing the numbers 
of the weevil than is the practice of picking hibernated weevils from 
the young plants. 

Early destruction of the stalks is essential to the greatest success of 
any system of controlling this pest. All other practices recom- 
mended—early planting of early maturing varieties, thorough culti- 
vation, fertilization, etc. (see p. 163)—though very valuable in securing 
the crop, are perhaps of greatest value because they prepare the way 

for this early destruction which so reduces the actual number of wee- 
vils hibernating successfully that the other recommendations may 
yield their best results. Since the earliest investigations made by this 
Bureau upon the boll weevil, it has been recognized that this practice 

_is of the first importance, and the experience of recent years has but 
added certainty to this conviction. Planters have, however, been slow 
to change their methods of cultivation, but enough have adopted the 
recommendation to prove its efficiency. It must not be thought that 
the procuring of the emmediate crop is the only desideratum. arly 
and complete destruction of stalks is undoubtedly the most important 
single element insuring success for the subsequent year. 

DISSEMINATION. 

Dissemination, in the broad sense of the term, may be considered 

as Including all means or methods by which the weevil is spread to new 
localities. In the following paragraphs, under the subject of migra- 
tion, are included those factors by which dissemination is accomplished 
through some efiort upon the part of the weevil itself. 

ARTIFICIAL AGENCIES. 

Among these agents will be enumerated the principal factors assisting, 
either directly or indirectly, in the movement of the weevils apart 
from their own efforts. Two principal lines of spread will be found 
along railways and watercourses. Between localities separated by 
short distances traffic along highways is probably a large factor, and 
over longer distances the usual means of commercial traffic must be held 
responsible. Shipments of cotton, whether for ginning or in baled 
condition, are likely to carry many weevils. Shipments of seed for 
planting coming from infested localities are almost certain to carry 
weevils, and shipments of seed to oil mills may also assist in scattering 
them. The pests are often carried far outside of infested regions in 
the shipment of seed to northern and eastern oil mills. From the mills 

they are carried to the farmers in the hulls or other by-products 
used for feeding cattle. Many of the isolated colonies in northern 
Texas originated in this manner. 
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WEEVILS IN SEED HOUSES AT GINNERIES. 

Careful observations made by Mr. E. A. Schwarz at Victoria 
throughout the winter of 1901-2 revealed great numbers of weevils 
about the gins. They cccurred especially in the seed houses, and the 
danger of the transportation of the pests from one locality to another 
was most evident. 
A casual examination of the dirt separators or cleaner feeders which 

are now in use in the more modern ginneries shows that immense 
numbers of weevils brought in from the fields are separated from the 
lint by these devices. Even where these separators are used, however, 

a short search will show that many weevils pass through, alive, into 
the seed house. A single hour’s search in the seed house of a first-class 
ginnery, where cleaner feeders are in use, yielded seven boll weevils 
in perfect condition and a number of other and much larger insects. 
In addition to these, a number of fairly large spiders, most of which 
were in perfect condition, were also found. Occasionally pupe may 
pass through the gins unharmed in small bolls in the cells formed by 
the iarve. These cells are similar, both in size and shape, to the seed, 
and may often be mistaken therefor. (PI. LV, fig. 17.) Distribution 
of weevils in seed is therefore easily possible, and uninfested localities 
should guard carefully against importing weevils in this way. 

During the past season thorough studies have been made of various 
general systems and mechanical devices used to handle cotton from 
the wagon to the bale. Careful tests were made to determine 
exactly at what points the weevils passed through the machinery alive, 
thus escaping into the seed. Study was also made to determine the 
most effective devices now in use for eliminating or destroying the 
weevlis in the process of ginning. The general results of these studies 
have previously been published in Farmers’ Bulletin No. 209, entitled, 

‘Controlling the Boll Weevil in Cotton Seed and at Ginneries.” 

GIN AGENCY AT BORDER LINE OF INFESTED TERRITORY. 

Extended investigations made by a number of agents of the Bureau 
of Entomology early in the season of 1904 determined practically all 
points of infestation then existing in the western parishes of Louis-— 
jana, and in each case, so far as was possible, the source of infestation 
was traced. In this way it was found that during the fall of 1903 
many cotton growers from the eastern edge of the infested district in 
Texas took their cotton across the line into Louisiana for ginning. At 
that time the Louisiana territory was not infested, but, through the 
practice mentioned, a number of gins became so infested with weevils 
that planters from the western parishes of Louisiana who came to 
these same gins with their cotton carried away weevils with the seed. 
It was found that these intermediate gins were largely responsible for 
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CONDITIONS FAVORABLE AND UNFAVORABLE TO WEEVIL SPREAD AND ACTIVITY. 

Figs. 79, 80, Small bolls taken from cotton seed in uninfested territory which later produced 
weevils; fig. 81, comparison of pilosity on stems of King and Mit Afifi cotton; fig. 82, section 
of boll injured by weevil feeding, showing puncture and dried gelatin formation—all nat- 
ural size (original). 
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Bul. 50, Bureau of Entomology, U. S. Dept. of Agriculture. PLATE XIX. 

PLANT AND INSECT PARASITES OF THE BOLLWORM. 

Fig. 1, Microplitis nigripennis, adults below; above, cocoons and parasitized bollworm, showing 
black scar made by the emerging grub; fig. 2, Archytas piliventris, a Tachinid fly parasitic on 
the bollworm; fig. 3, bollworm killed by bacterial disease; fig. 4, bollworm killed by fungus— 
all figures twice natural size (original). 
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numerous rather isolated infestations which were discovered early in 
1904. The area thus scatteringly infested formed a narrow strip 
extending eastward from the area of general infestation varying in 
width from 5 to 50 miles, and comprising altogether an area of about 
2,500 square miles. The widest portion of this area coincided with 
the region of greatest commercial activity. 

DISSEMINATION THROUGH SHIPMENTS OF SEED COTTON AND COTTON 

SEED. 

No more striking instance of the carriage of weevils in the seed 

cotton could be given than that by which the weevil was originally 
earried from the Brownsville region across a stretch of non-cotton- 
producing country nearly 100 miles in breadth to Alice, where the 
cotton was taken for ginning in 1893 and 1894. But for this assist- 
ance the invasion of the principal cotton-growing area of Texas might 
have been many years delayed. 

Aside from circumstantial evidence, numerous observations have 
proven that weevils may, and often are, contained in shipments of 

seed from infested localities. Plate XIX, figs. 79 and 80, show two 
small bolls taken from seed thus shipped from infested to non-infested 
territory. When found, these bolls contained live weevils. This 
instance is only one of many that might be given. 

On January 5, 1903, it was discovered that Texas-grown cotton seed 
was being imported into the southeastern part of the Laguna district 
in Mexico.“ Examination of this seed, made by Prof. L. de la 
Barreda, revealed the fact that six lots had been received from infested 
points in Texas and that each of these lots was at that time infested 
with live boll weevils. The results of an examination of samples from 
three consignments is given below: 

TABLE XXX V.—Results of examination of infested cotton seed shipped to Mexico. 

Number 
of sacks Boll 
of seed | weevils Alive. Dead. 
exam- found. 
ined. 

Say 27 2 25 
4 11 2 
2 57 10 47 

1 95 14 81 

The results of these careful examinations show only too clearly the 
possibility of transporting live weevils in shipments of cotton seed. 

@ Boletin de la Comision de la Parasitologia Agricola, II, 2, pp. 45-68. 
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TREATMENT OF SEED FOR SHIPMENT. 

Since under exceptional conditions it is often desirable and some- 
times necessary to allow limited shipments of seed from infested to 
noninfested territory, some means of treatment has been sought by 
which the danger of carrying live weevils with the seed will be prac- 
tically eliminated. ‘To discover some effective method of treatment 
each of the most promising fumigants was carefully tested. Among 
these carbon bisulphid (CS,) proved to be most effective. Treatment 
with this, however, was successful only when the application was made 

with apparatus specially designed for this purpose. Instead of expos- 
ing the bisulphid above or outside of a mass of seed, as has been the 
usual practice heretofore, an apparatus was devised by which the 
vaporization of the liquid was forced and the vapor driven into the 
mass of seed and its diffusion accelerated by pressure from an air 
pump. This method of forcing the vaporization and diffusion of 
carbon bisulphid is original, and has been fully described in Farmers’ 
Bulletin No. 209, pages 9-11. By it two men can treat fully a thou- 
sand bushels of seed in a day, with an expense, for bisulphid and labor, 
averaging about one-half a cent per bushel. Even with the most 
careful treatment, however, it can never be guaranteed that seed is 

absolutely free from the possibility of carrying live weevils, since, 
occasionally, the weevils may be found in small, hard, tightly closed 
bolls, such as were those shown in Plate KIX, figure 79, before the 
weevils emerged. It is doubtful whether even a thorough treatment 
with carbon bisulphid would destroy weevils so thoroughly protected 
as were these. The best that can be said of seed thus treated is that it 
is probably free from living weevils. 

For methods and experiments dealing much more fully with the 
general subject of the relation of gins to weevil dissemination we must 
refer to Farmers’ Bulletin No. 209. 

Besides guarding against unrestricted movement by shipment of 
possibly infested seed, great care must be exercised to properly clean 
cars in which shipments have recently been made. Experiments 
made in this work indicate that a satisfactory method of treating such 
cars where steam connection is available is to close the doors as tightly 
as possible and turn into the car a jet of live steam, continuing the 
treatment for about five or ten minutes. This treatment has been ~ 
found to kill weevils placed in the least exposed portions of the car. © 
A general outline of the experiment by which this conclusion is 7 
sustained is as follows: 4 

For treatment a box car was selected of 34 feet, inside measure,and — 
having 60,000 pounds capacity. Weevils, part of which were fully : 
exposed and part buried under about three-fourths of an inch of seed, 
were placed in the far corners of the car upon the floor. In one corner 4 

. 
a 
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also was placed a thermometer registering 140° F., which was the 
highest gradation obtainable. Steam under a pressure of 120 pounds 
was admitted through a half-inch pipe extending about 2 feet into the 
ear and at about 2 feet from the roof. The temperature outside was 
about 55° F., with no wind blowing. The treatment was continued 
for five minutes. 
Upon examination it was found that the thermometer bulb had been 

shattered; weevils fully exposed were all dead, while those buried in 
seed were still alive. In another treatment continuing for ten min- 
utes the weevils buried in the seed were also killed. 

These results indicate that as a general rule cars should be swept 
fairly clean before the treatment is attempted in order to insure suc- 
cess. The credit for these experiments belongs to Mr. A. C. Morgan. 

DURATION OF LIFE OF WEEVILS BURIED AMONG VARIOUS GRAINS, ETC. 

Owing to the fear that weevils will be shipped with grains, experi- 
ments have been made to determine how long weevils confined motion- 
less, as they would be when buried in a mass of grain during warm 
weather, might survive. The result of this experiment may be com- 
pared directly with the duration of life of weevils without food but 
unconfined (p. 47). 

TaBLE XXX V1I.—Duration of life of weevils buried among grains, ete. 

Average duration of life. 
penavet Cr : 

: : oO haracter o 1 aa 
Date started. weevils | burial medium. Male: Female. 

tested. 
Number.| Days Number.| Days. 

1904, 
AP hOVey 27) WO dni V7 dle ebane soe aeooes UD Coes sansa edecooss 5 3.4 5 3.4 
UC 2A to dimby Aah ee 18 | Cotton seed....... 9 2:2 9 Ziti 
DME 25 COV IIMNE 28 222 ose. eee Se abe C1 STO eye ise 7 1.9 6 3.3 
PARTE a2 Af fay Ae oy ee EN a ye ig Bey; awe Saale ae 3 3.0 2 3.0 
jfbnaverO-W/ wey dhwoNe ail) cmos godesooue MD | Oise ee are 7 Nd 8 3.25 
AREA Aire ons oN a StS ERB WAH RAC Oc ke ok Cleats 8 3.4 6 3.0 
ARPT SiO Apia 8 ese ek acitec es 23 | Uneonfined. .... =. 15 6.6 8 5.75 

PROCS Arras cre a sa tay gs 98 Uae urea Cael ae eo 
Jas NSIS EN ee eye fe et tele en ease aN ee sh 2c eo a ALON Oy |e ates ale 3.9 

NWATURAL AGENCIES. 

WINDS AND FLOODS. 

Floods and the motion of water along watercourses frequently serve 
to distribute many weevils along the edge of high-water mark. As 
river valleys are largely devoted to cotton culture, this would seem to 

be no small factor in the transportation of weevils. Heavy winds 
early in the season seem to be of comparatively slight importance, as 
weevils do not take flight readily when a strong wind is blowing, but 
light, warm breezes, such as prevail throughout the coast country of 
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Texas, undoubtedly tend to carry the weevils in a general northerly and 
northeasterly direction. The severe equinoxial storms which fre- 
quently occur in Texas during September, at the very time that weevils 
seem to be most active in flight, have undoubtedly had a strong effect 
in carrying the weevils in this same general direction. Thus, after the 
severe storm which produced the disastrous floed at Galveston on 
September 8, 1900, it appears that the weevil had been spread north- 
ward over an area much larger than that covered by its usual annual 
migration. It seems altogether likely that the very warm, sultry 
period which almost invariably precedes these severe storms leads the 
weevils to take wing in large numbers, and the strong winds following 
these calms exert an influence in carrying the weevils which they 
have at no other season of the year. 

MIGRATION. 

Two principal periods of extensive voluntary movement on the part 
of the weevils may be found during the season. ‘The first is when the 
hibernated weevils leave their winter quarters and go in search of 
food. Having found food, the movement is mainly controlled by the 
limitation of the food supply. So long as an abundance of growing 
tips or of clean squares is at hand, weevils will not travel far, but 
when the condition of total infestation is reached the period of greatest 
dissemination is also attained. In an attempt to secure an isolated 
location free from weevils, a small area was planted in the midst of a 
rice farm at Victoria, Tex., at a distance of more than a mile from 
other cotton. Whether the weevils reached this field by flight or by 

some other means could not be definitely determined, but in some way 
the field became thoroughly infested during July. 

In any given field dissemination takes place mainly by the short 
flights and crawling of the weevils. The search of the female for 
uninfested squares is the principal factor in their spring and summer 
movement. This incident also appears to be one of the important 
factors in producing the annual migration which begins soon after the 
condition of maximum infestation has been attained. The exact time 

of beginning this movement seems to depend upon certain favorable 
climatic conditions accompanying an overstocked condition of the 
field. 
A number of special agents of the Bureau of Entomology were 

fully engaged in following the movement and studying the conditions 
accompanying the migration of 1904. A careful study of this move- 
ment has been made by Mr. W. D. Pierce, who, between August and 
December, gave his entire attention to the study of the migration of 
the weevils. From his preliminary report have been taken most of the 
conclusions embodied in the following paragraphs upon this topic. The 
observations of a single season furnish insufficient data to allow of 
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drawing reliable conclusions as to the most potent influence that deter- 
" mined the direction and distance of flight. At this time, therefore, 
only the most significant facts observed can be given. 

The border line of the generally infested area in Texas moved north- 
ward nearly 50 miles, reaching the limit of the area previously scatter- 
ingly infested. In a general way the migration of 1904 moved east- 

ward from about the boundary line between Texas and Louisiana, 
covering a narrow strip outside the eastern edge of the previously 
infested territory. The movement began first upon the southern point 
of this strip, extending from southern Louisiana northward, thus 
Cameron, Calcasieu, and Vernon parishes became successively infested 
between August 1 and 15, and the movement continued from Vernon 
through Sabine, De Soto, and Caddo parishes between August 15 and 

30. During September a comparatively small, restless movement of 
the weevils was noted, which carried the extreme limit of infestation 
somewhat farther sector’, During an unusually warm period pre- 
vailing during the early part of October a second general migratory 
movement took place, which, in turn, was followed by a restless move- 
ment similar to that occurring in September. The area newly infested - 
by the August migratory movement included about 5,500 square miles, 
much of the territory covered being scatteringly planted with cotton. 
Lhe October movement covered 2,000 square miles more, and brought 
the eastern edge of infestation into touch with the Red River Valley, 
and some of the richest cotton-growing area of Louisiana. The breadth 
of this newly infested strip was somewhat irregular, and averaged 
about 50 miles, in some portions reaching between 60 and 70 miles. 

The onward movement was checked by a marked fall in temperature 
occurring about the middle of October, and it ceased altogether with 
the occurrence of frost. 

One of the most striking facts observed was that the wesuils suc- 
ceeded in crossing bodies of water which, in some cases, were fully 
10 miles in breadth. Stretches of fiom Gero Tnor nT country were 
also passed which were fully 40 miles in breadth. During the entire 
period of migration it was noticeable that weevils in the fields took 
wing far more readily than they had done earlier in the season. In 
many cases, upon slight disturbance, weevils were seen to rise above 

the roofs of houses and the tops of tall trees and disappear from view. 
_ How high they ultimately rose in flight no one can say, for the eve 
could not follow them farther. 

There are available no detailed daily reports showing the direction 
and velocity of the wind during the few days within which most of 
this migratory movement occurred. If such reports could be had 
they might show for that period a general atmospheric movement con- 
siderably different from the general average prevailing for the month. 

16780—No. 51—05--—9 
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In relation to the general direction of the wind for each month, the 
movement seemed to be eastward across the wind, which was blowing 
from the south and scutheast. 
A study of the temperature conditions prevailing at 9 points, rang- 

ing between Cameron and Shreveport, La., shows that during the 

period of migratory movement the mean average temperature ranged 
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Fie 5.—Map showing suecessive weevil movements into Louisiana (original). 

between 75 and 84° F. The general outlines of the various movements 
are shown and explained in figure 5, | 

EFFECT OF DEFOLIATION UPON WEEVIL MOVEMENT. 

During the past autumn special attention was given to this subject. 
Fields under observation were stripped three or four times in numer- 
ous cases by the cotton leaf worm Alabama argillacea Hbn. In such 
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fields all growth of cotton ceased. As the condition of maximum infes- 
tation had been reached by that time, the complete removal of foliage 
early in August allowed light and air to reach the unopened bolls of the 
bottom crop and hastened their maturity. For this reason alone many 
planters consider the leaf worm a friend rather than an enemy. In con- 

sidering the effect which this defohated condition must have upon the 
boll weevil, it must be remembered that wherever weevils are present 
in abundance there can be no possibility of a top crop. The work of 
the leaf worms does not, therefore, reduce by any considerable amount 
the yield which will be obtained. During severe attacks both foliage 
and squares are wholly destroyed. Thus the leaf worm not only cuts 
off directly and effectively the food supply of the weevils, but it also 
deprives them of shelter within a period of from 7 to 12 days. In 
many cases the multiplication of the weevils becomes practically 
stopped. Large numbers of the adults are forced either to move or to 
starve. Numerous observations have shown that multitudes of these 
adults die under these conditions in the field, and it is also certain that 

the condition of the cotton forces a general movement or migration of 
very large numbers of weevils when accompanied by favorable weather 
conditions. It is natural to suppose that this generally forced move- 
ment may result in a longer migration than would take place under 
more favorable food conditions. ‘This of course would be unfortunate 
so far as the adjacent territory is concerned. It appears that exactly 
these conditions of defoliation, accompanied by favorable weather con- 
ditions, prevailed in east Texas during the autumn of 1904, and it is 
possible that they account in some degree for the long flights, which 
must have been taken by multitudes of weevils, covering in the course 
of this migratory movement a strip 30 to 70 miles in width. 

If we turn cur attention to subsequent conditions in the original 
field, we will find that the defoliation is really there a blessing. By 
hastening the maturity of bolls already formed the season is shortened 
and the way cleared for early destruction of the stalks. By complete 
and repeated defoliations the leaf worm accomplishes for the planter 
a partial early destruction of the plants. Fall development of the 
weevils is checked. Unsheltered adults perish or leave the fields, and 
inevitably the number of weevils hibernating there becomes very 
greatly reduced. Itis perhaps unfortunate that the leaf worm seldom 
works uniformly throughout a field. Especially around the edges of 
the field large numbers of plants escape its attack, and not infre- 

_ quently patches of considerable size in the midst of a field still remain 
green, while surrounding portions are completely defoliated. Upon 
the green areas the weevils gradually become concentrated, and there 
they not only exist, but may also reproduce somewhat until hiberna- 
tion time arrives. It should not be thought, therefore, that the leaf- 

worm has done all the work of the destruction for the planter, but by 
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following up closely the good work begun by them, the planter may 
destroy the stalks so much earlier and thus provide a very efficient 
assurance for the next year’s crop. 

Most planters 1 in the weevil-infested territory are now determined 
not to poison for the leafworm in the fall, since with both evils pres- 
ent, the weevil and the leafworm, the latter has become a friend rather 
than an enemy. 

NATURAL CONTROL. : 

Doubtles many factors are concerned in the natural control of the 
boll weevil. The most important ones are probably included among 
the following topics: 

MECHANICAL CCNTROL. 

PILOSITY OF PLANT OBSTRUCTING WEEVIL MOVEMENT. 

In testing the susceptibility of various cottons to weevil injury it 

it was found that the variety of Egyptian cotton grown (Mit Afifi) was 
more severely injured than was any other. The next in order were 
Sea Island and Cuban tree cotton, while the American cottons, repre- 
sented especially by King’s Improved, were less severely injured than 
were any of the others. It may be noted that the three varieties first 
mentioned seem more closely related to each other than any of them 
do tc the American. The reason for the evident choice of these cot- 
tons was carefully sought for, but the only difference which seemed 
worthy of consideration was found in the varying degree of pilosity 
upon the stems (Pl. XIX, fig. 81). It was found that Egyptian stems 
were almost perfectly smooth, while Sea Island and Cuban resembled 
it closely in that respect. Many American cottons, and King’s 
Improved especially, are quite pilose, and it was often noted that upon 
these weevils showed some shght difficulty in moving about or in 
climbing the pilose stems of the plant. While this obstacle to weevil 
activity may seem slight to account for the evident selection of the 
smoother varieties, no greater difference could be found. Asis shown 
by Table XIV, en page 64, the selection is not due to a difference in 
taste of the squares. 

In order to test the resistance which varying degrees of pilosity 
might offer to weevil progress, a number of experiments were made 

with various stems or fruits. In climbing upon the stems of King 
plants weevils would catch the spines with the forefeet while pushing 
themselves upward by means of the tibial spurs of the hind legs placed 
against the epidermis and between the spines. It was evident that 
Then progress was considerably hindered, and several attempts were 
often made before a firm foothold was secured. 

Okra pods were next tried, as upon them the spines are very short 
and stiff. Weevils climbed these pods with little difficulty. 

The seed pods of Sunset Hibiscus were also tested. The spines 
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ENEMIES OF THE WEEVIL. 

Fig. 83, Interior of square, showing dried gelatin formation among anthers, natural size; fig. 84, 
small larva of Bracon mellitor destroying large weevil larva inside square, natural size; fig. 85, 
Pediculoides ventricosus breeding upon nest of wasp larve, enlarged two diameters (original). 
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upon these are from 2 to 3 millimeters long; they stand thickly and 
are quite stiff. Over these spines weevils walked easily, but though 
they attempted vigorously to get their heads down between the spines 
far enough to feed, they were unable to do so. A number of weevils 
were kept for several days upon these pods, but they were unable to 
feed. The spines were then removed from a small area, and the 
insects began to feed immediately. | 

Weevils travel with difficulty over loose cotton fibers, as their feet , 

become entangled among them. 

PROLIFERATION AND ITS EFFECT IN BOLLS AND SQUARKES. 

In making careful examinations of thousands of squares and bolls 
attacked by weevils, it has been found that an abnormal condition of 
the interior usually follows closely upon the weevil attack. This con- 
dition is not, however, characteristic of weevil work, but appears to 

be a physiological reaction to injury such as feeding punctures made 
by weevils, bollworms, or other insects, in cases where the injury 
done is not sufficiently great to cause the immediate and total destruc- 
tion of the square or boll attacked. The abnormal condition referred 

to is characterized by a change in texture and structure of the tissues 
which is very marked. The change appears to begin usually near the 
outer ends of the tissues which have been wounded by the attack, and 
is caused by a proliferation of tissue cells. It may be likened toa 
partial swelling of starch granules. The tissues lose their firmness, 
form, and normal texture, breaking up into a mass of soft pulpy 

granules or cells. This condition often spreads beyond the immediate 
point of origin (Pl. XIX, fig. 82). Not infrequently decay ensues, 
and the entire mass shrinks in volume and turns dark brown in color 
(Pl. XX, fig. 83). For the present purpose, and until a minute study 
can be made of this phenomenon, it will answer our purpose to describe 
this change as a process of gelatinization, and to call the pulpy trans- 
formed tissue gelatin, because of its general superficial resemblance 
thereto. 

The nature of the change appears to be the same in both squares 
and bolls. By the increase of the pulpy mass considerable pressure 
is produced, so that frequently the squares are badly distorted in form, 
and bolls have been seen in which the pressure was so great as to force 
out a column of the gelatin through an open feeding puncture of a 
small bollworm. 

GELATIN FORMATION IN BOLLS. 

This formation occurs commonly in small bolls, and more rarely 
after the bolls become more than two-thirds grown or nearly matured. 

Examination of a series of about 800 bolls shows that in between 95 
and 98 per cent of all locks attacked by the weevil gelatin formation 
results, regardless of the variety of cotton or the nature of fertilizers 

which may be applied. Rainy weather and wet ground seem to favor 
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the formation. The percentage of weevil larve found in these bolls 
was exceedingly small, averaging only about 5 per cent. The number 
was so small that no definite conclusions could be drawn as to the 

effect of the gelatin formation upon the development of larve, unless 
it be that the small percentage of larve found in itself shows that the 
formation was decidedly effective in destroying either eggs or very 
young larvye, thus reducing greatly the number of weevils produced. 
Where larve were found it appeared that the percentage of mortality 
was somewhat greater in bolls from early maturing cotton than in the 
bolls from late varieties of cotton. 
An examination of nearly 1,000 bolls, partly of King and partly of 

late cotton, in the autumn of 1903 showed a very decided difference 
in the percentage of dead larve found in the two varieties tested. In 
the native cotton the percentage of dead larve amounted to about 20, 
while in King over 41 per cent were dead. In this examination large 
numbers of larve were found. The results of the examinations in 
these two seasons are strikingly different, and as yet no explanation 
of the difference can be given. 

GELATIN FORMATION IN SQUARES. 

Experiments thus far made have failed to show that either the per- 
centage of gelatin formation or the injurious effect of this formation 
upon weevil development can be changed by the application of vari- 
ous fertilizers or by any special treatment given the plant. Nitrate 
of soda and acid phosphate, alone and in combination, were the fertil- 
izers used in the several tests made. 

Comparative examinations indicated that a somewhat larger propor- 
tion of the squares attacked form gelatin in the case of early maturing 
varieties than with late native varieties of cotton; as in the bolls in 

the antumn of 1904 a large percentage of squares having a gelatinous 

formation failed to show any trace of weevil development, though 
external indications showed that the squares had received egg punc- 
tures. Gelatin formation has often been found to begin before the 
hatching of the egg, and apparently large numbers of young larve die - 
when they hatch into this gelatinous environment. 

This physiological reaction becomes, therefore, an important factor 
in the resistance of the plant to weevil attack, and from present indi- 
cations it appears that if a truly resistant variety of cotton is ever 
produced its development will be based upon this factor. | 

CLIMATIC CONTROL. 

Three principal factors affect the development, spread, and destruc- 
tiveness of the boll weevil—temperature, precipitation, and food sup- 
ply. So perfectly has the weevil become adapted to its single food 
plant that it is a very noticeable fact that the climatic conditions which 
are most favorable to the growth of the piant are most favorable also 
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for the normal activities and development of the weevil. Affecting 
one in the same direction as the other, the pest is, therefore, enabled 
to very closely keep pace with its food supply under all kinds of 
natural conditions. 

The most favorable conditions for the weevil are a high temperature 
and abundant moisture throughout along season. These conditions 
favor the growth of the plant and preduce a very large number of 
squares, which supply abundant opportunity for the rapid multiplica- 
tion of the weevils. Severe drought checks together the growth of 
the plant and the development of the weevils. It has not yet been 
determined whether the death of larve in fallen squares exposed 
directly to the rays of the sun is due principally to the heat produced 
or to the complete drying of the food supply. It is certain, however, 
that one or both of these factors produce a considerable mortality 
among the larvee and pups so exposed during long-continued hot and 
dry weather occurring before the plants have become large enough to 
shade most of the ground. After that the shade produced prevents 
most of the good work of the sun in destroying weevils. 

TEMPERATURE ENDURED BY WEEVIL LARVZ IN SQUARES EXPOSED TO 

SUNSHINE... 

During the middle of August, 1904, at which time it was expected 
that the maximum temperature for the summer would be obtained, 

over 500 squares were spread upon bare ground where fully exposed 
to direct sunshine. During part of these tests the thermometric read- 
ings were furnished by a maximum thermometer so wrapped with 
leaves as to give the mercury about the same protection from the 

sun as was had by larve in squares. In another part of the test a 
thermograph was properly adjusted and so placed as to record the 
temperature prevailing at the surface of the ground. ‘The results of 
these tests appear in the following table: 

TasLE XXXVII.—Temperature endured by young stages i squares. 

Pereentage| Percentage 
Mae ; Number | Percentage] Percentage| of squares | of squares 
eri Maximum of of total of total showing | showing 

Lot No. Banaras degree weevils | squares squares | weevil de- | weevil de- 
Sea of heat. devel- |developing} showing | vclopment|yelopment 

2 oped. weevils. | mortality. | becoming found 
adult. dead, 

Oot 
ich teins cas piace sect 25 Lite7 7 28 0 100 0 
A eA aa eae 25 120 10 40 8 83 17 
Oe RE OCONEE AST Oren aee 25 117 11 44 0 100 0 
CS recta Nene Sa te senate 25 120 5 20 0 100 0 
rake esate erase eieie rs 25 117 5 20 0 100 0 
Greece cei ceeekeee os 100 119 20 20 3 87 13 
[elec va dtes Nao cia toe eee 100 119 43 43 1 98 2 
fol rier eae a ake yea Sa 100 118 61 61 6 91 9 
Oe cpa se ser peeisise wise 100 118 59 59 2 97 3 

4 Uouey eesescons. ABS ts Seer ey Se ODN ees oe OS Seem ere Sree res Seal aac sels ers 
PASVICTONF RO toes Poe wae oe SA OU SN eer fae ae 43 3 94 | 6 
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A comparison of the temperatures obtained at the surface of the 
ground with those recorded in a shelter such as is used by the Weather 
Bureau in obtaining all standard temperatures shows that at the surface 
of the ground in the sun the temperature ranges between 20° and 30° 
higher than the temperature recorded in the shade. The maximum 
Weather Bureau temperature obtained for the period of the test was 
94° and 94.5°, while the ground temperature reached the maximum of 
119° or 120°. The examinations made at these temperatures showed 
that they had produced practically no fatal effect upon the weevil larvee 
and pupe, since it is reasonable to assume that a small percentage may 
be expected to die even under the most normal conditions. 

At Victoria it not infrequently happens that the temperature in the 
shade goes above 100°, though this temperature has not been reached 
during the past two seasons. It seems very probable that when the 
temperature in the shade reaches or goes above 100° F. the tempera- 
ture at the surface of dry ground, especially if the soil be ight and 
sandy, will be found to exceed 130°, and at that temperature a consid- 
erable mortality among weevil stages in squares exposed to the sun 
might reasonably be expected. It is probable that drought and dew 
conditions will be found to be important factors in determining the 
mortality in the sun. 

In July, 1901, at San Carlos, Coahuila, Mexico, Mr. A. F. Rangel, 
in the course of observations and experiments which he made for Prof. 
A. L. Herrera, recorded a mortality amounting to 75 per cent among 
the larvee in squares fully exposed to sunshine during a severe drought, 
while the temperature ranged from 104° to 117° F. at the surface of 
the ground and in the sunshine. 

TEMPERATURE ENDURED BY WEEVIL STAGES IN WINTER. 

It is stillan open question as to how low winter temperatures the 
weevil can withstand. It is certain that in southern Texas many larve 
and pup slowly continue their development during the winter season. 
Mr. 8S. G. Borden, of Sharpsburg, Tex., in a letter written January | 
27, 1896, says: | 

Hands clearing up cotton stalks report plenty of the larvee in dry bolls. 

Mr. Schwarz found weevils hibernating in all stages, except the 
egg, at Victoria, Tex., during February, 1902. At the same locality 
in January and February of 1904, the weevils in larval, pupal, and 
adult stages were taken alive from dry bolls by Mr. J. D. Mitchell, a 
resident and cotton planter of that place. 

After the weevils first made their appearance at San Antonio in the 
fall of 1895 they were supposed to have been entirely destroyed by 
frosts during the following winter. The lowest temperature recorded 
at San Antonio for that winter was 26° F. on December 30, 1895. 
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On January 2, 1896, Professor Townsend made an examination of the 
condition of the weevil, and, so far as he found, all larvee in bolls were 
then dead, while pups and adults were allalive. In spite of the mild- 
ness of the remainder of the winter the weevils did no damage to the 
crop of 1896, and were not found in fields in which they were present 
the year before. In writing of this unexpected condition, on October 
19, 1896, Professor Townsend says: 

The timely drought of last of May and first of June is what killed the weevils this 

year. 

There is therefore some doubt as to whether frosts or drought were 
responsible for the destruction of the weevils at San Antonio in 1896. 

At Victoria, on February 17, 1903, the lowest temperature recorded 
by the Weather Bureau. report was 20° F., but many weevils hiber- 
nated successfully. Doubtless much lower temperatures than this 
were experienced in more northern localities in the weevil belt, but 
in no place have the weevils been exterminated thereby. 
A more extensive study of the effects of winter temperatures in 

various localities in Texas and Louisiana is being made at the present 
writing. 

EFFECT OF RAINS UPON DEVELOPMENT OF WEEVILS. 

It is often said by cotton growers that ‘‘rain brings the weevils.” 
The principal reasons for this idea are that rains, in squaring time 
especially, produce conditions greatly favoring the immediate develop- 
ment and subsequent injury of weevils, while at the same time they 
make more apparent the amount of injury already done. An abun- 
dance of rain following a long dry period naturally causes great num- 

bers of squares to fall from purely physiological causes, while at the 
same time it knocks to the ground such previously infested squares as 
have become weakened in their connection with the plant and which 
would fall naturally within a few days. The large number of squares 
to be found on the ground immediately after a storm would seem to 
account for the prevalence of the opinion mentioned. A large degree 
of moisture in fallen squares seems to favor directly the growth of 
larvee within, thus producing quickly a large number of weevils ready 
to do further injury. 

While it isa mistaken idea that rains first bring the weevils, it is 
true that they favor weevil increase in several ways. Frequent rains 
increase the growth of the plant and lead to the production of a larger 
number of squares which may become infested. Driving rains knock 
off infested squares, and by softening and moistening the food hasten 
the development of the larve within. Squares which are already 
upon the ground are protected during rainy weather from sunshine 
and drying. Rain hinders the enemies of the weevil far more than it 
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does the development of the weevils themselves. In several suen 
ways rains contribute directly or indirectly to the more rapid multi- 
plication of weevils and cause the common impression among cotton 
planters alluded to. 

EFFECT OF WET WINTER WEATHER ON HIBERNATING WEEVILS. 

Owing to the writer’s absence from Victoria during the winter 
months, observations could not be made directly or immediately upon 
this point. It was found, however, that all weevils in hibernation 

tests which passed the winter successfully had been kept dry. The 
winter of 1902-3 was unusually wet at Victoria, and the number of 
hibernated weevils which were to be found on early cotton plants was 
noticeably less than during previous seasons which had been dry. It 
seems probable, therefore, that as many weevils perished from fre- 
quent wetting as from exposure to the cold. The winter of 1903-4 
was generally dry and the number of weevils hibernating successfully 
was larger than in the previous year. 

EFFECT OF OVERFLOWS IN FIELDS. 

Unusualiy favorable conditions for these observations were obtained 
at Victoria in the season of 1903. During the latter part of February 
an overflow of the Guadalupe River covered many of the cotton fields 
along its course. The fields in which especial study was made were 
wholly submerged from one to several days. Cotton was planted in 
some of these fields between March 15 and 17. Owing to. cold 

weather the growth of the plants was delayed and squaring did not 
begin until between May 10 and 17. Immediately after this date it 

was found that weevils were present and at work, and fallen squares 
were first found about May 23. From a study of this field it became 
apparent that the overflow had caused a considerably less decrease 
than had been anticipated in the number of hibernating weevils. 
Possibly the fact that the winter of 1902-3 had been exceptionally 
rainy may account for the lack of contrast in weevil abundance in. 

overflowed fields and those which did not suffer in this way since, as 
has already been noted, hibernated weevils were unusually scarce, in 
the vicinity of Victoria, even on uplands. 

Another period of high water occurred during the last of June and 
the first of July and gave a convenient opportunity to note its effect 
upon active weevils. Many fields were partially and some wholly 
submerged. This condition lasted for several days. Examination 
made after the recession of the water showed that many fallen squares 

which had certainly been in the water for some time contained unin- 
jured larve and pupe. Naturally eggs and larve found in squares 
upon the plants, even though under water for some time, escaped 
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unharmed. Weevils were working normally upon the plants. No 
diminution in their numbers could. be seen and it was apparent that 
the overflow caused no check either to the development of the imma- 
ture stages or to the activity of the adults. These observations 
emphasize the fact that the weevil can not be drowned out. 

LABORATORY OBSERVATIONS UPON TIME WEEVILS WILL FLOAT OR 

ENDURE SUBMERGENCE. 

These tests were divided into two parts, each of which includes 
both the immature and mature stages. In each part floating and sub- 
mergence were tested. 

Sixty squares believed from external examination to be infested 
were floated in a driving rain for six hours. They were then removed 
and left for several days, during which time 75 per cent of them pro- 
duced normal adults. Ten squares which were floated in driving rain 
for six hours were opened at once, and in every case found to be but 

slightly wet upon the inside. These contained 6 larve and 4 pupe, 
and all were in perfect condition. 

As squares float normally, submergence tests were considered 
extreme. Five squares were submerged for six hours, and after that 
produced 3 normal adults; 1 pupa died, and 1 square was found to 
have been uninfested. Five more squares were submerged for thirty- 

one hours. These produced 2 normal adults, and 1 pupa died in the 
process of molting after removal from the square. Death was prob- 
ably caused in the last case by drying; 1 square was found to contain 
a dead pupa, and 1 was not infested. To test the possibility of its 
living, should the square be penetrated by water, a naked pupa was 
submerged for six hours, but in spite of this unusual treatment it pro- 
duced a normal adult. Numerous larve removed from squares and 
placed in water pupated in one or two days, and several pupee remained 
alive though floating for several days in water before they transformed 
into adults. 

In the tests made upon the floating power of adults, weevils were 
isolated and placed in water in tumblers. They were dropped from a 
considerable distance above the surface, so that they became entirely 
submerged, and they rose to the surface naturally. The surface 
tension of the water was found to be sufficient to float weevils which 
were placed upon it carefully. The generally hairy condition of the 
surface of the weevil’s body prevents its being readily wetted, so that 
it may struggle for some time in the water without becoming really 
wet. When dropped, as described above, weevils float head downward, 
with the tip of the abdomen above the surface. In the submergence 
tests weevils were held down by a wire screen, and all bubbles were 
removed from their bodies by a pipette, thus making the tests as 
severe as possible. 
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TaBLeE XXX VIII.—EHffects of floating and submergence on all stages. 

| . | Nor- 
| RNC ie 

. | Dead | mal 
Conditions of test. ee | at end | before | adults Remarks. 

| in test.| ~; }exami-| 
| | of test. | aA, after 
| | test 

} 

| Hours. Days. | 
Sixty squares floated in rain.! pl [Seeee ene 4to8 | 45 | 5 squares contained dead larvye; 3 

pupe destroyed by ants, and 7 unin- 
: aa | fested. 

Ten squares floated in rain...) 6) |: None. |-Nones jas... Squares but slightly wet inside; 6 
| larve and 5 pup all alive and nor- 

} | mal. 

Five squares submerged.... Gilet eee | 7to8 | 3 | 1 pupa dead; 1 square uninfested. 
DO as oe en se 31 |1 pupa. | None. | 2{|1 pupa and 2 larve alive after test; 

squares not wet much inside. 
One naked pupasubmerged. 6 Oviteseeee 1 
Ten adults foated....-...... 25 Onleeaceee 6 

ORR etre Stee ee eae 112 Hale ece ee 2 | 6 recovered so as to feed, but 4 died in 
from 2 to 7 days; 1 lived 36 days and 
laid 58 eggs. 

Five adults submerged.!... 3 is ease ate 3 
HT) OR ee Se wd tS De See 3 | 2 males died soon; females laid 48 eggs 

in 15 weevil days. 
Ten adults submerged ...-.. 25 ST eee 0 | 1 lived through test, but never fed. 
Fourteen adults submerged .| 48 eee | eee 0 

| | 

In the case of squares floating normally it is evident that they might 
remain in water for several days without injury to the weevil within. 
Very slight wetting of the cell takes place even under the extreme con- 
ditions of submergence. The effect of a brief flood would not, there- 
fore, be at all injurious. As adults float as readily as do squares, they 
may also be carried long distances, and, furthermore, they are able to 
crawl out of the water onto any bushes, weeds, or rubbish which they 

touch. Even when floating for several days continuously they are 
able to live and may be carried directly to new fields. The floating of 
adults and infested squares explains the appearance of weevils in great 
numbers along high-water line immediately after a flood, and indicates 
that probably the most rapid advance the pest will make in the United 
States will be into the fertile cotton lands of the Red River Valley in 
Louisiana. : 

PROBABILITIES AS TO THE INFLUENCE OF CLIMATE UPON THE WEEVIL 

IN COTTON REGIONS NOT NOW INFESTED. 

The influence which the lower temperature prevailing over the 
northern edge of the cotton belt, and other varied conditions prevailing 
In special sections, may exert upon weevil development, destructive- 
ness and spread is as yet largely problematical. A comparison of the 
data obtained at Victoria in 1902 to 1904, with that obtained at points 
in northern Texas and western Louisiana in 1904, throws light upon 
some of these points. It has been demonstrated that under the influence 
of the lower temperature prevailing at points like Terrell, Tex., there is 
produced at least one less generation of the weevil than at Victoria. In 
its migratory movement in the fall of 1904, the weevil covered a strip 

of new territory about 60 miles in width. The weevil is now about 
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to encounter a number of new conditions, and such questions as the 
rate of development and the degree ef destructiveness which it may 
show under these conditions are of much interest, as there is now 

apparent no factor which promises to permanently check the onward 
movement of the pest before it will have reached the limits of cotton 
cultivation in the United States. 
During the past century the attention of many botanists and zool- 

ogists has been drawn to the relations existing between geographic 
areas and the distribution of plants and animals. In this country 
the limits of the well-defined zones and the laws governing the distri- 
bution of plant and animal life through those zones have been most 
carefully determined by Dr. C. Hart Merriam, Chief of the Division of 
Biological Survey of the United States Department of Agriculture.¢ 
A few years before the publication of Doctor Merriam’s completed 
results Dr. L. O. Howard, Chief of the Bureau of Entomology, first 
applied the principles underlying geographic distribution to a study 
of the probable spread of a number of species of very injurious 
insects, most of which had been imported into this country,’ and 
recently he has made a more extensive study of a very practical nature 

concerning the geographic distribution of the yellow-fever mosquito.¢ 
Many observations have shown that in general the limits of the spread 
of an imported insect pest may thus be approximately determined. 
It is therefore not out of place to consider at this time some points 
in regard to the probable status of the boll weevil in the cotton belt 
outside of Texas. 

According to the map published by Doctor Merriam, the entire 
cotton-growing area of the United States lies within the Lower Austral 
Zone, the northern limit of which is marked by the isothermal line 
showing a sum of normal positive temperatures (above 32° F.) amount- 
ing to 18,000° F. The weevil has already become established near 
Sherman, Tex. As nearly as can be told from data at present avail- 
able, the isothermal line passing through Sherman, if extended east- 
ward, would pass along the Red River Valley, through the extreme 
southern part of Arkansas, across central Mississippi and Alabama, a 
little south of Atlanta, Ga., and thence curve northeastward through 

South and North Carolina. It therefore becomes evident that ‘‘tem- 
perature” will not prevent the spread of the weevil eastward. Even 
if it should not go beyond the isothermal line within which it now 

¢ Bulletin 10, U.S. Dept. Agr., Division of Biological Survey, Life Zones and Crop 

Zones of the United States. 

6 Proc. Entom. Soc. Washington, Vol. III, No. 4, pp. 219-226. ‘‘Notes on the 

Geographic Distribution in the United States of Certain Insects Injurious to Culti- 

vated Crops.”’ 
¢ Treasury Department—Public Health Reports, Vol. XVIII, No. 46. ‘‘Concern- 

ing the Geographic Distribution of the Yellow Fever Mosquito.”’ 
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thrives, its territory would still include most of the great cotton belt 
of the United States. Furthermore, there is no evidence to show that 
the weevil has yet reached its most northern limit, and the probability 
remains that it may yet show itself capable of existing anywhere 
within the Lower Austral Zone where cotton can be grown. 
A comparison of the positive temperatures of various localities in 

the northeastern part of the cotton belt with that of Victoria, Tex., 
during the six months from June 1 to November 30, 1902, naturally 

reveals a considerable range of difference, as does also a comparison 
of the average temperatures prevailing in those localities during the 
same period for the preceding eleven years. Wherever it is con- 
sidered in its effect upon the development of the weevil the tempera-. 
ture given is expressed in degrees of effective temperature—that is, 
the actual temperature above 43° F. The mean average effective 
temperature for any month multiplied by the number of days included 
has been considered as giving the total effective temperature for that 
period. While this method does not give exactly the correct figures, 
it will furnish data for a comparison of the various localities, and this 
study of temperatures will undoubtedly reveal facts which will exert 
considerable influence upon the status of the weevil in other localities 
into which it is liable to spread. 

The total effective temperature for Victoria, Tex., from June 1 to 
November 30, 1902, was 6,607° F. For the same period at Dallas, Tex., 
it was 5,626° F., and at Atlanta, Ga., it was 5,052° F. 

he average mean total effective temperatures for the sections of 

Texas, Louisiana, and Georgia, as given by the Weather Bureau for a_ 

series of eleven years, are as follows: Texas, 5,716° F.; Louisiana, 

5,578° F.; Georgia, 5,234° F. 
The effect of this decrease in temperature will doubtless be in some 

measure counteracted by a certain degree of adaptation thereto on 
the part of the weevil, but it still seems probable that in the tempera- 
ture of Georgia a considerable reduction in the number of generations 
will be found. The emergence from winter quarters will probably be 
considerably later than the middle of April. The development of 
progeny will not be as rapid as has been described for Victoria, Tex., 
in preceding pages. Furthermore, it seems likely that during the 
warmest periods the life cycle will require from 22 to 24 days. The 
consequent limited number of generations in a season will be still 
further curtailed by the earlier period of hibernation, which it seems 
will begin as early as the latter part of October or the first of Novem- 
ber, instead of during December, as was the case during the past three 
years at Victoria. The date of the killing frosts will, in a general 
way, fix the end of the active season for the weevil, and this will 
therefore vary considerably from year to year. 
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TABLE XX XIX.—Temperature comparisons of various cotton sections. 
wo en 

Monthly average normal mean for 11 years, 1892-1902. 

Victoria, 
.| Tex., av- te 

Month. (1902, Dallas, | Shreve- | Atlanta,| Texas pou Georgia 
1903, a ad Tex, port, La. Ga. section. eat section. 

1904 
only.) 

CVA CBRE CME OsEE 10, 7H ORT 
UHI Sgarelols sinyarerseolciaes aveie Geis heis ee 80.3 80.5 79.9 78.0 80. 6 80. 1 78.2 
JNURE Soe eesGceede phe censoeeneeerme 81.6 83.3 82.4 80.3 88.9 83.5 80.1 
PUSS tees tpt a ee hiae Sa 84.5 82.8 82.5 WQe2, 82.8 81.6 79.0 
ST eSaa) OYe he ie ee icin Sere een 80. 0 77.4 Wats) 70. 2 Woe Teed 74,7 
WETODER Eyes set eee ares 2a, 68.1 67.1 62.6 67.9 67.7 64.5 
Movember ener tees Ghee 64.5 5Gse/ 56.8 57.8 Bio 58.9 58.9 

Average for 6 months.... Mow 74, 8 74. 4. ig? 74.6 74,6 (Pa? 

From these considerations of temperature difference, and judging 
the varying influence as ascertained at Victoria, it seems that the 
weevil may prove less and less destructive as it spreads to the cooler 
portions of the cotton belt, though this supposition is likely to be 
modified by the ability to adapt itself to new conditions. 

While it must be admitted that nothing, so faras now known, seems 
certain to prevent the spread of the weevil to any latitude where cotton 
is now grown, it does seem probable that its control may be more easily 
accomplished in the more northern portions of the cotton belt than in 
the Texas area now infested, and since it has been most positively 
demonstrated that better than the average crop may here be grown 
in spite of the depredations of the weevil, there would seem to be no 
special reason for a panic over the future of the cotton crop. (PI. 
XXIII, fig. 93.) Cotton has been and still will be grown in spite of 
the weevil. The present promise is that those planters who enter the 
struggle with determination, and who adopt the advanced methods 
which have proven successful wherever tried, will realize practically 
as large a profit from cotton raising in the future as it has been 
possible to obtain in the past. 

DISEASES. 

Especially in moist breeding jars, weevils often die from what 
appears to be a bacterial disease. The body contents liquefy, turning 
to a dark brown in color, and have a putrid odor. Death follows 
quickly, though not until after putrefaction has begun. The fre- 
quency with which several weevils died in the same jar at about the 
same time indicates that this disease may be contagious. It has not 
been found in the fields, however, and may have been due entirely to 
abnormal laboratory conditions. 

It is doubtful whether the following observations upon fungus 
attacks upon weevils should properly be classed with diseases, but as 
there is a possibility that the attack may have been of this nature, the 
observations may be given here. 

v 
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In July, 1902, a lot of squares sent by mail from Calvert, Tex., to 
Victoria was so long delayed upon the road that they were very 
moldy when received. ‘Thirteen apparently healthy pupeze were 
removed from these moldy squares with the intention of rearing the 
adults. The pup were kept moist, and in a short time 5 died, 
apparently from the attacks of an unknown species of fungus. The 
remainder were then kept dry, but in spite of this precaution 6 more 
died, only 2 becoming adult. In another lot of 27 pups, 5 died 
apparently from attacks of the same fungus. 

Specimens of the dead pup were sent to the Pathologist of the 
Bureau of Plant Industry of the Department for determination of the 
fungus. It was pronounced to be a probably new species of Asper- 
gillus. As no species of this genus is known to be parasitic, it may 
-be that the pupze died from some other cause and that the fungus was 
entirely saprophytic.” The external appearance of the fungus so soon 
after the death of the pups, the large mortality prevailing, and the 
known fact that pupe developed uninjured in the presence of many 
species of molds lead to the suspicion that it may have had some 
part in causing the death of the insects. 

In 1894 Prof. C. H. T. Townsend, while engaged in the study of 
the boll weevil, found in a field at San Juan Allende, Mexico, a speci- 
men of a dead pupa which had been attacked by a species of parasitic 
fungus (Cordyceps sp.). AS no other cases of attack by this fungus 
have been reported, its occurrence is probably very rare. 

PARASITES. 

BREEDING OF PARASITES. 

Owing to the importance attached to parasites in the control of 
many pests, considerable time has been devoted to the rearing of para- 
sitic enemies of the boll weevil. From the very nature of the habits 
of the weevil, no perfectly satisfactory method of breeding these para- 
sites could be devised. The apparatus used was exceedingly simple. 
Squares which were thought to be infested were picked or gathered 
in the field, and cleared, so far as was possible, of all that might pro- 
duce parasites not developed from the weevils. Small lots of these 
squares were placed in paper bags, each fitting tightly over the open 
mouth of a glass jar. As both parasites and weevils upon emergence 
naturally make their way to the light, they could easily be seen in the 
glass jars and at once removed. Even when thus bred something 
must be known of the habits of each species of insect produced or of 
its close allies to determine whether it is really a parasite upon a 
weevil larva, a hyperparasite, or merely a vegetable feeder devel- 
oped in the decaying square. Many small flies breed in such decaying 
matter and many were caught in the jars, but these must all be acquit- 

| 
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ted of being parasites upon the weevil. The results are therefore 
made somewhat uncertain because of the impossibility of isolating 
the weevil larvee. A condensed summary of the results in breeding 
parasites through two seasons’ work is presented in Table XL. 

TABLE XL.—Breeding of parasites. 

Parasites. 

F ils ; 
Locality. Collector. Date. Squares. egy 2 Bracon woe 

mellitor. Giew 

Squares picked from plants 
and from ground. 

1902. 
CalivientaMexdse Lys eens Ga Elarni Seer July, August... 2, 566 PAY 3 ni 
Wikotorieyy W82b-< eee oanaoooes \Wyo 18, abt oes ocullccsoc COM geese 645 210 1 1 

Guadalupe, Tex ..........- {W: Ei Hinds ..../pAueust ....... 387 108 1 0 
1903. 

Wale Tonia Mex 2 ee Nose Weeks Eindsee2s2. Jumes seas bes 881 278 10 oO 
HB) eon RMR ol EN GOR eee ae Jauliyceys eye es 264 111 3 1 
TOYO) puede se ee tena ES ae her COGH a deuetos ANT CUS Gieeeeeos 463 251 0 oO 

Injested squares dried on the 4 
plants. 

Wal CbORTA Hexen Wee ate oe Wek. Hinds a... 2 July, August... 342 120 45 5 

TO Gen espa aes ys oie Sata NEE te nel ere Suisse eamreehe emebien ee Kinin eracs 5, 048 IBY 63 8. 

From these observations it appears that 24.4 per cent of the 5,548 

squares used produced adult weevils, while only 1.3 per cent ef the 
total squares contained parasites. Among the parasites obtained, 90 

per cent were of the single species, Bracon mellitor Say (fig. 63 
Pl. XX, fig. 84). A single 
specimen of another un- 
doubtedly primary para- 
site, Sigalphus curculionis 
Fitch, was reared. A few 

specimens of Catolaccus in- 
certus Ashm. may possibly 
have come from the weevil 
larvee, but were more likely 
hyperparasites. According 
to the authority of Dr. Wil- 
liam H. Ashmead, of the 

United States National Mu- 
seum, to whom the writer 

is indebted for the specific .& 
determinations and also for Fic. 6.—Bracon mellitor, parasite of boll weevil—much 

information about the usual Stee we 
habits of these parasitic insects, the following species, which were bred 
from squares, must probably be credited to some other host than boll 
weevil: Chatlers coloradensis Cress. and Goniozus platynote Ashm. were 
probably upon lepidopterous larve; Hurytoma sp. and Hupelmus spp- 

16780—No. 51—05——10 
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usually attack dipterous larve in galls, and a number of specimens 
of a species of Odencyrtus may have been parasitic upon the eggs of 
some lepidopteron or hemipteron, but certainly could not have reached 
the eggs of the weevil. 

It is very noticeable that the dried see which were picked from 
the plants produced by far the largest part of all the parasites obtained, 
342 squares giving 50 parasites. In this lot, therefore, 14 per cent of 
the total number contained parasites of some kind and 13 per cent 

were undoubtedly developed from the weevil larve. Taking all other 
squares together, 5,286 yielded only 18 primary parasites, or only 0.3 
per cent. 

Previous efforts to breed parasites of the weevil yielded as meager 
results as those which have just been recorded, though they add to the 
number of species. In 1894 Prof. C. H. T. Townsend bred, at Corpus 
Christi, Tex., a single specimen of Urosigalphus robustus Ashm., which 
was In all Probability a primary parasite, as was also Bracon dorsata 
Say, of which Mr. Schwarz obtained two specimens at Goliad, Tex., 
in the fall of 1895. A specimen of Lurytoma tylodermatis Ashm., also 
reared by Mr. Townsend, may possibly have had some other host. 

Prof. A. L. Herrera has bred from weevils in the State of 
Coahuila, Mexico, a new species of parasite, described by Dr. W. H. 

3 Aone as Bruchophagus 
herrerde. 

Pediculoides —_ventricosus 
Newp.—This small mite has 
been thought by some scien- 
tists to be the most promising 
parasite yet found attacking 
the weevil. It has been ex- 
perimented with quite exten- 
sively by Prof. A. L. Herrera 
and his assistants of the Mexi- 
can Commission of Parasitol- 
ogy. The mites breed with 

extreme rapidity, the larve 
of wasps being their usual 
hosts (Pl. XX, fig. 85). Both 
sexes attain full physical and 

SS sexual maturity while yet 
Fie. 7.—Enemy of cotton boll weevil, Pediculoides ven- within the body ot the moth- 

tricosus—much enlarged (adapted from Brucker). er. The males are exceed- 

ingly tiny, as are also the females, when they first leave the mother 
mite. As the females become gravid, however, their abdomens swell 
to an astonishing size as compared with the rest of the body, being 
distended by the rapid growth of the young mites (fig. 7). When 
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these are born the mother dies, while the offsprmg mate and then 
immediately begin the search for food. The idea of the Mexican 
investigators was that these tiny parasites would be able to enter the 
square through microscopic orifices in the outer layers, and that they 
would attack and destroy the weevil larvee and pupz within. Upon 
his return from a trip to Mexico in the fall of 1902, the senior author 

brought with him, through the kindness of Professor Herrera, a 
supply of the parasites, from which others were reared for experi- 
mental work in Texas. 

In the course of these experiments the possibility of the mites 
attacking larve, pups, or immature adults was tested. The obser- 

vations made failed to show any positive ability on the part of the 
Pediculoides to penetrate the squares, as in only two cases were mites 
found in them and attacking the larve. In these two cases it seems 
entirely possible that the mites may have entered through feeding 
punctures or some other rupture in the floral envelopes. 
Upon several oceasions during the season of 1903 mites were dis- 

tributed in badly infested cotton fields. Later examinations were 
carefully made, but they failed to show that the parasites had gained 
a hold or even that they had attacked the weevils in any stage. 

These mites, if, indeed, they are of the same species as those de- 
scribed by Newport, are widely distributed and attack, to some extent, 
quite a large number of insects. Hf they really possessed the ability 
to get at the weevil larve and the predisposition to attack them when 
they could get to them in preference to other hosts, they should cer- 
tainly have shown something of these capabilities somewhere within 
the infested area in Texas during the ten years that the weevil has 
been found there. As no such ability has yet been shown, we doubt 
that the Pediculoides will ever prove of any value as a parasite of the 
weevil in the United States, though it may be more efficient in more 
southern countries. Furthermore, it is said that even where the mites 
do become established they are so subject to the attacks of small ants 
that their efliciency becomes largely destroyed. 

Several attempts have been made by agents of this Bureau to breed 
parasites of the weevil in localities which must be much nearer its 
original home than is Texas, but thus far these attempts have proven 

as fruitless as have those made in Texas. It seems desirable that this 
work should be continued so as to give a more complete knowledge of 
all tne parasites of the weevil in its native home. 

These results show how insignificant is the part which insect pare- 
sites play in the problem of controlling the boll weevil in Texas. 
The thorough protection of all immature stages of the weevil by sev- 
eral layers of vegetable matter and the protection of the adult by its 
hard, closely fitting, chitinous, external plates render very small the 
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hope that any parasite will ever become an efficient factor in controlling 
this dangerous pest. 

There is at present, therefore, no promise of any considerable 

‘assistance in the control of the weevil by any parasite now known. 
Because of its peculiar life history the weevil is unusually exempt 
from the attacks of parasites. Even should one be found which 

could attack the weevil in some stage, it would probably still fail to 
be an efficient means of control, because, from the very nature of its 

parasitic habits, it is bound to be behind the weevil both in the point 
of numbers and in the time of its activity. While such parasites 
might serve to decrease the numbers of the weevil, every larva that 
becomes parasitized has already done its damage to a square. 

In spite of the present unpromising outlook for the discovery of 
valuable parasites of the weevil, every effort to find such should be 
made. While earnestly hoping that effective parasites may yet be 
discovered or developed, it is folly for planters to neglect or delay the 
adoption of those methods of decreasing weevil injury which have 
already proven to be both practical and effective. 

PREDATORY ENEMIES. 

INSECTS. 

NATIVE ANTS. 

Insects which prey upon the bol! weevil appear to be even fewer in 
number of species than are those which are parasitic upon it. The 
principal enemies of this class are ants, and where common these prob- 
ably destroy more immature weevils than do the parasites. The first 
attempt to make practical use of ants in controlling the boll weevil 
was made by Mr. A. F. Rangel, who is connected with the Comisién 
de Parasitologia Agricola of the Mexican Government. In 1901 this 
investigator was informed by Mr. D. Juan José Rodriguez, who 
resides in the vicinity of Ciudad Porfirio Diaz, in the northern portion 
of Mexico, that an ant which prevented the development of the boll 

weevil had been discovered in that vicinity. It was thought at the 
time that as colonies of ants may be easily transported from place to 
place it might be possible to make extensive use of them. ‘The field 
which seemed to have been protected by the ants had an area of several 
acres. 
A number of colonies of this ant, which was determined by Prof. 

W.M. Wheeler as Lormica fusca subpolita perpilosa, were transported 
a distance of some miles to San Carlos, where an attempt was made to 
establish them in cotton fields. It was found a comparatively simple 
matter to transport the ants in a device very similar to that subse- 
quently used by Mr. O. F. Cook in the introduction. of Hetatomma 
tuberculatum. Although the introduction of the ants to the cotton 
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fields seemed to be successful, the irrigation of the plants necessary 
in that climate resulted in the eventual destruction of the colonies, 
consequently no practical results followed the experiments. Some 
notes regarding this matter will be found in builetin of the Comisién 
de Parasitologia Agricola, vol. 1, No. 7, p. 252, and in vol. 1, No. 9, 
p. 404. 

Ants are frequently to be found in squares on the ground in the act 
of destroying larve or more often pupe. Occasionally they have been 
found entering infested bolls which are yet hanging upon the plants 
and destroying the pupx, which had become exposed by the premature 
cracking open of their cells. In some cases they have been known to 
destroy young adults which had emerged but not become fully hardened. 
Several species of ants are concerned in this good work. The most 
active isa smal! red ant, Solenopsis geminata Fab. (fig. 8). Another 
species belonging to the genus Myrmica also does considerable good. 

In a number of cases various species of 
native ants have been observed in the act 
of carrying off the bodies of weevils which 
had died in the field. This has led numer- 
ous observers to suppose that the ants were 

killing the weevils; such, however, does 
not seem to be the case, except possibly 
in very rare instances. ‘The principal at- 
tack of the native Texas ants is directed ~ 
against the immature stages of the weevil, 
and by destroying these they undoubtedly 
accomplish a great deal of good. 

GUATEMALAN ANT. 

In April, 1904, there was discovered in _ Fic. 8.—Solenopsis geminata Fab., 
fruatemala @especies of ant (Zcaiomma jin 
tuberculatum Ol.) which seemed to exert a 
controlling influence upon the multiplication of the weevil by killing 
and carrying off the adults. This ant is called by the natives the 
‘‘kelep,” or cotton-protecting ant. Its habitat ranges between the 
northern countries of South America and through Central America 
as far north as central Mexico. The discovery that this species is an 
enemy of the boll weevil was made by Mr. O. F. Cook, botanist in 
charge of Investigations in Tropical Agriculture, Bureau of Plant 
Industry. ¢ 

Early in July Mr. Cook arrived in Texas with 89 colonies of these 
ants, including about 4,000 individuals. These colonies were dis- 
tributed among various typical localities in Texas, and observations 
have since been carried on under the immediate direction of Mr. Cook. 
An account of the introduction of these ants, and some general 

aU. 8. Department of Agriculture, Report No. 78, May 27, 1904. 
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observations relating to them, has been published as Bulletin No. 49 
of the Bureau of Baten A more extended account, containing 
the result of the studies thus far made, is now in process of publica- 
tion, and will be found in a forthcoming bulletin of this Bureau. 

Tt should be stated that the work with this promising enemy of the 
weevil is yet only in the experimental stage. Two critically impor- 
tant questions which have yet to be answered are whether the keleps 
will survive the winter climate of Texas, and, if so, whether they can 
be obtained or propagated in sufficient numbers to serve the practical 
purpose for which they have been introduced. 

An experience of at least one or two years will be required to deter- 
mine what practical value this southern enemy of the weevil may have 
under the very different conditions of growth and cuitivation of cotton 
as found in the United States. 

MANTIDS. 

Occasionally there may be seen upon cotton plants specimens of a 
mantis, or ‘*devil horse,” as it is more commonly called. One species 
only, Stagmomantis limbata Hahn., has been carefully tested for its 
ability to destroy weevils. A male of this species was confined in a 
breeding cage and supplied with a number of adult weevils. Several 
times it was seen to seize a weevil and attempt to eat it, but being 
unable to break through the hard chitinous plates which so closely 
cover the weevil’s body, it gave up the attempt and let the weevil go 
unharmed. Although kept for some time with weevils in its cage, it 
never fed upon them, but starved to death in their presence. With the 
female of this species the case is quite different. Several of these have 
been confined in cages and supplied with an abundance of weevils. 
They seemed to be more powerful than the males, breaking through 
the weevil’s skeleton with apparent ease. On several occasions speci- 
mens were found to eat eight or ten weevilsa day. During the period 
of observation two of the mantids deposited eggs. In an average of 
18.6 days, for 5 females of this species, they destroyed 3.4 weevils per 
day each; no other food was provided. ‘The total average for each 
female was 63 weevils. As these insects become quite abundant upon 
cotton late in the season, they doubtless succeed in destroying quite a 
large number of weevils, but it is too late in the season for their work 
to have any practical effect upon an abundance of the weevils. 

Some species of Mantispa are also capable of destroying weevils. 
Though they are quite abundant in a field, the writer has seen but 
one ieee in eating a weevil. ‘ 

BIRDS. 

There can be no doubt that birds are exceedingly valuable assistants 
to man in reducing the numbers of many insect pests. Much has been 
written and said as to their work in destroying the boll weevil. In 
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order to determine to what extent they feed upon the weevil, it has 
been necessary to make an extensive study of the stomach contents of 
a large number and variety of birds. To make the work as successful 
as possible, collections have been made in numerous localities and at 
intervals during two seasons. 

Nearly all of the stomachs of birds shot in cotton fields by agents 
of the Bureau of Entomology during the seasons of 1903 and 1904 
were examined by Mr. E. A. Schwarz, who was assisted in the work 
by Mr. J. C. Crawford. The investigation was conducted primarily 
to ascertain to what extent the birds that frequent cotton fields in Texas 
feed upon the Mexican cotton boll weevil, but while no attempt was 
made to identify the seeds on which these birds largely feed, the insect 
contents of each stomach were determined by Mr. Schwarz as fully 
as the minuteness of the fragments would allow. The complete results 
of these examinations would form a contribution of no inconsiderable 
importance to our knowledge of the food habits of these birds, and 
should, by all means, be published at some time. The following 
results refer only to the cotton boli weevil and are as stated by Mr. 
Schwarz: 

- The stomachs submitted came from the following localities: 
Three hundred and forty stomachs obtained at Calvert between 

September 1 and December 10. These with few exceptions are those 
of turtle dove and quail. 

One hundred and twenty-four stomachs of quail from Franklin, 
Robertson County, November 22 to November 26, 1904. 

Five hundred and sixteen stomachs obtained at Victoria, represent- 
ing 17 species of birds. Of these, 100 were obtained during the last 
week of February, 7 during June, 3 during July, 26 during August, 
and 380 between September and December. 

The birds obtained in February plainly showed that they were fol- 
lowing the plowmen through the cotton fields, because at this season 
the stomachs contain an element not found in any other season, namely, 
the white grubs (larve of Lachnosterna). That so few birds were 
obtained in the months from Mareh to August is explained by the 
following, written by Mr. J. C. Crawford: 

Summer collecting shows the futility of depending on birds for keeping the weevil 
in check, for almost no birds are seen in the cotton fields during the early summer’ 
months, the individuals being exceptionally rare. Mr. Harris reports that for entire 

days he saw no birds in the cotton fields. 

Arranging the birds according to the number of stomachs available, 
we arrive at the following results: 

Mourning dove, ‘‘turtle dove’ (Zenaidura macroura), 225 stomachs.—No insect 
remains whatever found; stomach contents consisted entirely of seeds and pebbles. 

(Several hundred more stomachs of the same birds shot in Texas have not been 

_ examined, as the result obtained from the examination of the 225 stomachs seemed 
to be conclusive. ) 
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- Meadowlark, =‘‘field lark’’ (Sturnella magna), 153 stomachs.—Of these, 4 were 

without insect remains, whereas 149 contained insect remains, as well as seeds and 

pebbles. Of the latter number, 2 contained exclusively insects, while in the remain- 

ing 147 stomachs the proportion of insect food to seed food could not be expressed 

in figures, the insect food constituting a mere fraction of 1 per cent. Of these 149 

stomachs, 23 contained cotton boll weevil (including two doubtful determinations). 

One among them contained 2 specimens of a boll weevil and one 3 specimens. In 
all the stomachs of this bird examined there were found 26 specimens of boll weevil. 

Bobwhite, ‘‘quail’’ (Colinus virginianus texanus), 87 stomachs.—Of these, 44 con- 

tained insect remains with seeds and pebbles and 43 were without insect remains, 

but with seeds and pebbles. No Anthonomus grandis was found in any of these 
stomachs. 

Cowbird (Molothrus ater), 31 stomachs.—Of these, 20 contained insect remains with 

seeds and pebbles; 11 were without insect remains, but with seeds and pebbles; 4 of 

these stomachs contained each 1 cotton boll weevil. 
Great-tailed grackle, ‘‘jackdaw’’ (Megaquiscalus major macrourus), 12 stomachs.—Of 

these, 10 contained insect remains with seeds and pebbles; 2 were without insect 

remains, having only seeds and pebbles; 2 stomachs contained each 1 boll weevil. 

Mockingbird (Mimus polyglotios-leucopterus), 17 stomachs.—All contained insect 
remains—1 exclusively insects—1 almost exclusively so. Three stomachs contained 
each 1 Anthonomus grandis. 

Brewer's blackbird (Euphagus cyanocephalus), 10 stomachs.—All contained insect 
remains with seeds and gravel. One stomach contained 5 specimens of the cotton 

boll weevil, another contained 3 specimens, while 3 stomachs contained each 1 spec- 

imen of the boll weevil. In all, 11 specimens of cotton boll weevil had been eaten 

by 10 specimens of this bird. 
Blue-gray gnatcatcher (Polioptila cerulea), 7 stomachs.—Food consisted exclusively 

of insects, but all of them of the most minute size. No boll weevils among them, 

because it is evidently too large an insect. . 

White-rumped shrike, ‘‘butcher bird’? (Lanius ludovicianus excubitorides), 7 stom- 
achs.—All contained insect remains and seeds. One stomach contained 1 boll 

weevil; another contained 4 specimens of boll weevil. 

Western lark sparrow ( Chondestes grammacus strigatus), 4 stomachs.—Three contained 
insect remains, but no boll weevils among them; 1 had no insect remains—only seeds. 

Red-winged blackbird, ‘‘blackbird,’’? ‘‘redwing’’ (Agelaius pheniceus), 5 stomachs.— 

Four stomachs contained insect remains, but no boll weevil; 1 stomach without insect 

remains—only seeds and sand. 

Baltimore oriole (Icterus galbula), 8 stomachs.—All contained insect remains, but 

only 1 Anthonomus grandis. 

Killdeer plover, ‘‘ killdee’’ (Oxyechus vociferus), 2 stomachs.—Almost exclusively 

insect food. One stomach contained 3 specimens of boll weevil. 

Phoebe, ‘‘phebe bird’? (Sayornis phete), 2 stomachs.—Mostly insect food. One 

stomach contained 1 boll weevil. 
Vesper sparrow, ‘‘grass sparrow’’ (Poecetes gramineus), 2 stomachs.—Both contained 

insects, but no Anthonomus grandis. 
Scissor-tailed flycatcher (Muscivora forficata), 1 stomach.—Contained almost exclu- 

sively insect remains, among them 1 boll weevil. 

Dickcissel (Spiza americana), 1 stomach.—Contained only a few seeds and 1 speci- 

nen of Anthonomus grandis. 

While it is of little economic importance for these birds, so far as 
they have insectivorous habits, to eat cotton boll weevils in the fall of 
the year when this insect is by far the commonest species to be found 
in the cotton field, it becomes quite important to tabulate those birds 
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that have eaten cotton boll weevils in the early part of the season, and 
here it is to be regretted that the number of stomachs at our disposal is 
sosmall. Ifthe collecting of bird’s stomachs should be continued, par- 
ticular attention should be paid to the birds frequenting the cotton 
fields at any other season than autumn. There is given below a list of 
the birds shot during February that had eaten Anthonomus grandis, 
probably during the season when the weevils were in their winter 
quarters. As already stated, those birds were mostly shot while 
plowing was being carried on, and it may be inferred, therefore, that 
the birds picked up the weevils from the ground where, even for the 
most expert entomologist, it is next to impossible to find them. 

List of birds shot during February that had eaten boll weevils. 

One cowbird, shot February 24, 1904, contained in his stomach 1 boll weevil. 

Two jackdaws, shot on February 24, 1904, contained in their stomachs each 1 

Anthonomus grandis. 

Two mocking birds, shot on February 24, 1904, each contained 1 Anthonomus 

grandis. 
One Brewer’s blackbird, shot February 25, 1904, contained 5 boll weevils and 

nothing else. 

One Brewer’s blackbird, shot February 24, 1904, contained 3 boll weevils and some 

seeds. 

One Brewer’s blackbird, shot February 24, 1904, contained 1 boll weevil. 

One killdeer plover, shot February 24, 1904, contained 1 boll weevil. 

All those birds shot in February came from Victoria, Tex. There 
is one element of uncertainty in the matter which, unfortunately, can 

not be eliminated—in all instances where remains of cotton boll weevils 
were found in the stomachs of birds the remains were found in the 
most fragmentary condition, and with the exception of a few instances 
the determinations had to be made from the front thighs and tibie. 
In three or four instances, which have been referred to above as 

doubtful determinations, the determination was made either from the 
tibia alone or from minute fragments of the elytra. Now, as is known 
to be the case with fragments of a similar nature possessing spines, 
teeth, or claws, such fragments are liable to remain attached to the 
stomachs of birds for weeks or months. Therefore, if the front 
thighs of an Anthonomus grandis were found in a bird shot during 
February, it is by no means certain that the bird had eaten the boll 

weevil in the same month, but it is possible that the fragment has 
remained in the stomach since the fall of the previous year. 
Asa whole, the result of this investigation is not especially encourag- 

ing. Sixteen species of birds,¢ all more or less insectivorous in their 

feeding habits, were found to have eaten only a total of 58 specimens 
of the boll weevil, as proven by the careful examination of nearly 400 
stomachs. 

@ The turtle dove, which seems to be the most common bird in the Texas cotton 

fields during the fall of the year, is not an insectivorous bird. 
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ARTIFICIAL CONTROL. 
’ 

EFFECT OF BURYING SQUARES AND WEEVILS. 

EFFECT UPON PUPATION AND ESCAPE OF ADULTS IN DRY SOIL. 

fhe experiments made upon this point were designed to ascertain 
the value, if any, in the plowing under of squares as a means of 
destroying the larve and pupe infesting them. But few experiments 
seemed necessary to demonstrate the futility of this operation alone as 
a means of controlling the weevil. 

Squares which were known to be infested with about half-grown 
larvee were placed in glass jars and covered with several inches of 
quite dry and fairly well-pulverized earth. When examination was 
made it was found that Sees had taken place normally while the 
squares were buried under from 2 to 5 inches of dirt. In no case was 
pupation prevented, though a few weevils did not leave the squares” 
after having become adult. Altogether about 100 squares were thus — 

buried, and from them over 75 weevils emerged. | 
Ina portion of the preceding tests careful examination was made 

to ascertain how far toward the surface the newly emerged weevils 
had succeeded in getting before they perished. It should be noted 
that these weevils had never fed, and they would have, therefore, less 

strength and endurance than such fully hardened adults as might be 
buried in the ordinary processes of field cultivation. Furthermore, 
the soil used was of finer texture and more compactly settled than it 
would be in the field. Twenty-seven weevils were found in this exam- 
ination, their location varying from the bottom of the jar to their 
having escaped through 4 inches of soil. A weighted average shows, 
hewever, that each weevil had made its way upward through 2 inches 
of dirt. We may infer, therefore, that had these squares been buried 
under Jess than 2 inches of fairly well-pulverized earth, as would be 
the case from field cultivation, but a snall percentage of them would 
have failed to make their way out. As it was, fully three-fourths of 
those leaving the squares made their way out through more than 2 | 
inches of dirt. ~ BY 

EFFECT OF BURYING IN WET SOIL. 

Tn a series of experiments in which 342 squares were buried under 
wet soil at various depths subsequent examination showed that 37.7 
per cent contained no weevils at the time of burying. Among 139 
squares removed at varying intervals for examination, 13.7 per cent of 
the inclcsed stages were found to be dead. Among 74 squares left until 
after maturity should have been reached, 16.2 per cent of the inclosed 
stages were dead. Of the weevils becoming adult, 30.6 per cent 
emerged from the squares, but only 23 per cent reached the surface or 
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escaped, from an average depth of soil of Linch. Taking all stages 
of the weevil together, 35.2 per cent died without escaping from the 
soil, ie 

The conditions prevailing in these tests were much more severe than 
they could be made in the field, since cultivation can be practiced only 
after the soil has become comparatively dry. Under field conditions 
burying of squares and adults would be deepest when the soil is quite 
dry and well pulverized. These conditions have been found quite 
favorable to the escape of the adults. Observations made in the field 
have shown that under the most favorable conditions by the ordinary 
methods of cultivation weevils and squares upon the surface of the 
ground will be buried hardly deeper than 1 inch. , 

In 1896 Mr. C. L. Marlatt noted that ‘‘the weevils can escape from 
loose soil when buried to a depth of 3 inches, but when artificially 
embedded 8 inches in moist soil they are unable to extricate themselves, 
as shown by test experiment.” 

BURYING WEEVILS IN AUTUMN. 

Among 100 weevils buried on or after November 23, 1903, under 
from 2 to 6 inches of soil containing from 9 to 19 per cent of water, 
only six weevils succeeded in reaching the surface. Four of those 
escaping, and one which was still buried in the earth, were found to be 
alive when examination was made on March 16, 1904. All the remain- 
ing weevils appeared to have died where they were buried. Those 
escaping had made their way out through 2 inches of soil containing 
about 9 per cent of water. The greatly increased effectiveness of 
burying under fall conditions is apparent from these results. 

CONCLUSION. 

The suggestion has frequently been made that the plowing under of 
squares and weevils during the ordinary work of cultivation of the 
crop will effect their destruction. This has been shown to have but a 
limited effect in that direction. This is not at all the fundamental idea 
in the recommendation which is made by the Bureau of Entomology 
for thorough cultivation of the crop. The present indication is that 
the beneficial effect of thorough cultivation lies in the direct influence 
which that practice exerts upon the steady and rapid growth of the 
cotton by favoring the production of squares, the formation of bolls, 
and the early maturity of the crop, rather than by the destruction of 
the weevils by burying them while in the squares or after they have 
become adult. It is fairly open to question whether the burying of 
squares early in the season is not of sufficient advantage to the weevils 
in the squares at that period to offset any mortality which might be 
produced by the practice. 



156 

INSECTICIDES. 

From the very beginning of the laboratory work on the boll weevil 
much attention has been given to testing the most promising insecti- 
cides. As one result of the offer of a $50,000 prize by the State of 
Texas for an efficient remedy for the boll weevil, a very large number 
of supposed remedies have been proposed. Doubtless the inventors 
have been perfectly sincere in their faith in the efficiency of these 
compounds. As was fully anticipated by the entomologists when the 
prize was offered, the commission charged with awarding the prize 
has been deluged with applications therefor, the claims, in a large 
majority of cases, being based upon some concoction supposed by the 
inventor to possess marvelous insecticidal properties. In compara- 
tively few cases had the new product been tested in any way. Often 
samples were sent with the request that tests be made. Many of these 
inventions found their way to the boli weevil laboratory at Victoria, 
where it has been the uniform policy to give every such thing a fair 
test and report the results to the originator. Tests were made in the 
field upon weevils confined by cages (PI. X XJ, fig. 86). This work has 
required a great deal of time, and the results have failed to indicate a 
single new compound having real value. Many of the substances 
tried had absolutely no effect on either plant or insect life, while others 
were equally fatal to both wherever they came in contact with them. 
The primary difficulty with all such insecticides lies in the fact that, 
owing to the peculiar habits and life history of the weevil, the poison 
can not be so applied as to reach the immature stages at all, and it can 
not reach the adults so as to cause sufficient mortality to result in any 
considerable benefit to the crop. 

The most promising and, as it has been found also, the most efficient 
of all the insecticides tested was Paris green. Much work has been 
done in thoroughly testing the effect of this poison. The most impor- 
tant results of this work have already been published in Farmers’ 

Bulletin No. 211 of this Department, and need not be restated here. 
The conclusion based upon these results is that the beneficial effect 
resulting from applications of Paris green is rarely sufficient to repay 
the expense of the treatment. It has been found that a small per- 
centage of weevils can be killed, but under general field conditions the 
benefit, if any, is too slight to justify a recommendation for the use of 
the poison. 
Among 40 other compounds tested, none proved worthy of even 

passing consideration for fielduse. As a fumigant for seed, among the 
eight gases or vapors tested (Pl. X XJ, figs. 87 and 88), carbon bisulphid 
was found to possess considerable value when applied in the special 
manner described under topic ‘‘Treatment of seed for shipment,” 
on p. 126. 
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FIELD AND LABORATORY EXPERIMENTS WITH INSECTICIDES. 

Fig. 86, Cage work in testing insecticides with weevils in field; fig. 87, experimental apparatus 
for testing effect of hydrocyanie acid gas upon weevil stages exposed and in squares; fig. 88. 
experimental apparatus used in determining effect of formaldehyde vapor upon weevil stages 
exposed and in squares (original). 
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WEEVILS KILLED IN GIN MACHINERY. 

Fig. 89, Remains of weevils killed in passing through gin; fig. 90, remains of weevils killed in f=) ) 3 p 5 i) s 5 ALN 

passing through main fan at ginnery—enlarged three diameters (original). 
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GIN TESTS. COTTON GROWN BY CULTURAL METHODS. 

Fig. 91, Testing passage of weevils through gin: a, Seed collection; b, mote collection; 
fig. 92, gin breast opened, showing spaces through which weevils pass with seed; fig. 
93, cotton field yielding one bale per acre, grown by cultural methods in weevil ter- 
ritory—(original). 
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MACHINES. 

FOR FIELD USE. 

Many attempts have been made to perfect a machine that will assist 
in the warfare against the weevil. They have been designed to poison 
the insects, to jar them and infested squares from the plant, and to 
collect them, to pick the fallen squares from the ground, to kill by 
fumigation, and to burn all infested material on the ground. The 
Bureau of Entomology has carefully investigated the merits of repre- 
sentatives of all of these classes, beginning in 1895 with a square-col- 
lecting machine that had attracted considerable local attention in 
Bee County. Up to the present time none of these devices has been 
found to be practicable or to offer any definite hope of being even- 
tually successful. At one time there was some hope that a machine 
designed to pick the squares from the ground by suction might be 

perfected. The experiments, however, have indicated probably in- 
surmountable difficulties; and an implement concern, after having 
experimented with the matter fully, and after having expended over 
$5,000, has come to the conclusion that mechanical difficulties will 
always prevent the perfection of such a machine. If it were not pos- 
sible to raise cotton profitably without the use of a machine, the situ- 
ation would be changed materially; but since it is possible to produce 
the staple without the use of any other means than those which enter 
into cotton culture everywhere, there seems no hope for these machines. 
Many of these machines have been constructed and tested under 

field conditions. In these tests the machines have invariably failed to 
come up to the hopes and claims of the inventors. In the compara- 
tively few cases in which any degree of efficiency has been shown, it 
has been so small as not to justify the expenditure of time and money 
required. From the tests made, it may be said that no machine has 
yet shown sufficient efficiency to justify its general use. 

The ultimate test with all methods or devices for controlling the 
weevil is to prove through a series of seasons, and under a large variety 
of conditions, that by their use there is produced an increase in the 
crop treated or protected of sufficient value to more than repay the 

expenses of the treatment or protection. As a general rule where 
poisons have been applied or machines used, planters have provided 
no check upon the results obtained, and have kept no close records as 
to the expense involved and net gain or loss resulting from the treat- 
ment. The result of such applications is, therefore, merely a general 
impression of gain or loss which may not agree at all with the facts. 
Other factors than poison applications, or the use of machines, may 
have operated to produce apparent gains in the crop, and unless these 
are taken into consideration the conclusions drawn from the work are 
likely to be worthless. 
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GINNING MACHINERY. 

The most important results of studies upon this class of machinery 
were presented in Farmers’ Bulletin No. 209, of this Department. 
By means of a number of experiments it was positively determined 
that all weevils passing through the main fan in a pneumatic elevator 
system would be killed by striking against the blades of the rapidly 
revolving fan (Pl. XXII, fig. 90). Modern cleaner feeders were found 
to be quite efficient in separating the weevils from the seed cotton, as 
they removed fully 70 per cent of the weevils passing into them. Of 
the weevils removed, over 80 per cent were still alive when taken from 
the trash. This fact shows the necessity for the use of some addi- 
tional device which will crush or otherwise destroy all weevils taken 
from the cotton by the cleaner feeder. 

For the weevils escaping the action of the cleaner feeder and pass- 
ing into the ginning breast with the roll there are two avenues of 
escape({Pl. XXIII, figs. 91 and 92); one with the seed, the other with 
the motes. In these two ways it appears that over 85 per cent of the 
weevils passing into the gin breast escape alive, while about 15 per 
cent of them are killed by the saws (Pl. XXII, fig. 89). From these 
facts it is evident that some way should be provided of properly car- 
ing for the motes so as to confine the weevils which are thrown out 
among them, and secure their destruction with those removed by the 
cleaner feeder. Some method should also be devised for separating 
from the seed the weevils that pass the saws, before they reach the 
seed house or the farmers’ seed bins. 
When we consider the important effect that gins have been found 

to have in spreading the weevil, especially near the border line of 
infestation, it appears exceedingly desirable that improvements in gin 
machinery should be made in the following particulars: 

First. The area and distance through which the action of the picker 
roll in the cleaner feeder is continued should be considerably increased, 

compression roilers or some other device being employed to destroy 
the weevils separated by the cleaner. 

Second. Somé methed should be devised for keeping under control 
the weevils escaping alive with the motes, as under present conditions 
they have free range through the ginnery. 

Third. Possibly the most important of the devices needed is an 
apparatus which may be applied near the gin (possibly as the seeds 
leave the gin breast and drop into the seed chute), by which the weevils 
may be separated from the seed and brought under control, so that 
they may be destroyed. 

With these improvements the oil mills would almost cease to bea 
factor in the dissemination of weevils, and the movement of seed, either 
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for planting, stock feeding, or for fertilizer, would practically cease 
to be the important factor in the spread of the weevil which it is at 
present. 

FUTILE METHODS FREQUENTLY SUGGESTED. 

MINERAL PAINT AND COTTON-SEED MEAL. 

The very serious nature of the boll weevil problem is constantly 
illustrated by the manner in which various useless devices and nos- 
trums are brought to public attention. At one time it was widely 

spread about that mineral paint would act as a specific against the 
weevil. An equally fallacious theory that also received considerable 
popular attention was to the effect that cotton-seed meal exerted a. 
powerful attraction for the pest. 

SPRAYING. 

Probably the most important useless recommendation has been that 
of spraying. It was supposed for some time by certain parties that it 
might be possible to poison weevils economically by attracting them 
to some sweetened preparation. The experiments detailed on pages 70 
to T4 of this bulletin regarding the attraction of various sweetened 
substances demonstrate the fallacy of the theory. Even if these sub- 
stances exerted as much attraction as was supposed, there would be 
insurmountable difficulties in the application of the method in the 
field. Except in special cases spraying of a field crop has never been 
a success, and, unless entirely new methods are eventually perfected, 
never will be of any practical importance. It is true that it is possi- 
ble to destroy a certain number of weevils in regions where seppa 
cotton occurs by heavily spraying the earliest plants, but this method 
is of immeasurably less importance than the simple practice of cultural 
methods. 

SULPHUR. 

The old idea, the fallacy of which has been explained repeatedly 
by economic entomologists for the past fifty years, namely, that sul- 
phur can be forced into the system of the plants to make them 
immune to insect attack, sometimes crops out with reference to the 
boll weevil. It is needless to state that the method is entirely useless. 
Sulphur is not soluble either in water or in acids. It is, consequently, 
impossible to cause it to be incorporated in plants as sulphur. In 
chemical combinations in which it might be incorporated into the 
plants it would probably not have especial insecticidal properties. 

PARIS GREEN. 

Undoubtedly the most important fallacy regarding a remedy for the 
boll weevil was that which received so much attention during the sea- 
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son of 1904, namely, that Paris green is a specific for the pest. The 
urgent demand for a specific was evidenced by the very extensive use 
of this substance. A portion of the great attention that it received 
publicly was due to the fact that early in the season a certain num- 
ber of weevils may be killed by it. Applications made by spraying 
are even less effective than dusting with the dry Paris green. As 
was pointed out in a bulletin (Farmers’ Bulletin No. 211), which goes 
fully into the whole matter of the use of Paris green, it was explained 
that the number so destroyed in the spring really means nothing 
whatever to the crop later in the season when the plants have put on 
squares and the poison is no longer effective. 

TRAPPING AT LIGHT. 

There is still in many quarters in Texas and Louisiana the sup- 
position that it is possible to attract the boll weevil to lights. A 
number of machines have been constructed based upon this idea. 
Whether or not the boll weevil can be attracted to lights was one 
of the first matters that was investigated by entomologists. During 
September, 1897, Mr. J. D. Mitchell, of Victoria, Tex., a natu- 
ralist and cotton planter, set out trap lanterns in a cotton field in 
Victoria for one night, and sent the insects captured to this Bureau 
for examination. In all, 24,492 specimens were taken, representing, 
approximately, 328 species. Divided according to habit, whether 
injurious or beneficial, the result was: Injurious species, 13,113 speci- 
mens; beneficial species, 8,262 specimens; of a negative character, 
3,117. The interesting point in connection with this experiment was 
the fact-that not a single specimen of the bol! weevil was found, 
although the lights were placed in the midst of fields where the insects 
were very abundant. Since that time other investigators have looked 
into this matter more fully. Lights have been kept burning in cotton 

fields night after night for several weeks. In no case has a single 
specimen of the boll weevil been discovered, although thousands of 
species of insects have been captured. 

The popular misapprehension about the possibility of capturing the 
boll weevil at lights is due to the fact that somewhat similar insects 
(Balaninus victoriensis) and other acorn weevils differ from the boll 
weevil in that lights exert a strong attraction forthem. During occa- 
sional seasons the acorn weevils are exceedingly common in Texas, 
and great numbers of them fly to the electric lights. 

REASONS FOR ADVANTAGE OF CULTURAL METHODS. 

The difficulties in the way of controlling the boll weevil lie both in 
its habits and manner of work and also in the peculiar industrial condi- 
tions involved in the production of the staple in the Southern States. 
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The facts that in all stages except the imago the weevil lives within 
the fruit of the plant, well protected from any poisons that might be 
applied, and in that stage takes food normally only by inserting its 
snout within the substance of the plant; that it is remarkably free 
from parasites or diseases; that it frequently requires but 14 days for 
development from egg to adult, and the progeny of a single pair in a. 
season may exceed 12,000,000 individuals; that it adapts itself to 
climatic conditions to the extent that the egg stage alone in Novem- 
ber may occupy as much time as all the immature stages together in 
July or August, are factors that combine to make it one of the most 
difficult insects to control. It is, consequently, natural that all the 
investigations of the Bureau of Entomology have pointed toward 
the prime importance of cultural methods of controlling the pest. 
Ail other methods must involve some direct financial outlay for 
material or machinery, and are consequently not in accord with 
labor conditions involved in cotton production in the United States.. 

Moreover, the cultura! methods are in keeping with the general tend- 
ency of cotton culture; that is, to procure an early crop, and at the 
same time have the great advantage of avoiding damage by a large 
number of other destructive insects, especially the bollworm.* Never- 
theless, it must not be understood that attention has not been paid 
to the investigation of means looking toward the extermination of 
the pest. Asa matter of fact, every suggestion, from the possibility 
of breeding resistant varieties to the use of electricity in destroying 
the weevil, has been fully investigated. The results have all been 
negative. 

CULTURAL METHOD. 

As has been pointed out by Dr. L. O. Howard, successful methods 
of combating injurious insects may be classified into three categories: 
(1) The propagation of parasites; (2) expedients in managing the crop 
that have a tendency toward mitigating damage; (3) direct means, 

such as sprays. Of course the first method is, in many respects, the 
most effective, although it can not be expected to be applied toa great 
number of pests. The second method is undoubtedly more effective 
than the third, because it does not involve the use of special machinery 
or any materials that are not in use upon every farm. In the cultural 
method of avoiding damage by the boll weevil, it is considered that 
a fairly effective remedy has been discovered. In some respects the 
term cultural method is misleading. It is frequently used simply in 
the sense of careful and persistent cultivation of the crop. However, 

the term includes the various modifications of the cropping system 

@See Farmers’ Bul. No. 212 and Bureau of Entomology Bull. No. 50, the Boll- 

worm. 
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which have been suggested by the study of the life history of the pest 
as useful in avoiding damage. Consequently the cultural system is 
not altogether a system of the proper cultivation of cotton, but a 
system of the proper cultivation of cotton to mitigate the damage by 
the pest. Necessarily it implies a thorough preparation of the soil 
and a strict attention to all the details of cultivation. 

The culturai method begins with reducing the numbers of the pest in 
the fall by the destruction of the plants as soon as it becomes apparent 
that no more cotten is to be produced. The enormous importance of 
this procedure is shown by the fact already stated (p. 106) that the 
late issuing weevils are the ones which successfully hibernate. Fur- 
ther strong reasons are given on pages 120 and 121, under the sections 
** Relations of weevils to top crop” and ‘‘Some reasons for the early 
destruction of stalks.” Hosts of weevils may thus be killed, a very 
small percentage surviving the winter, and in the same operation the 
ground is better prepared for planting the following season. A large 
proportion of the weevils thus destroyed would otherwise pass through 
the winter successfully and increase the damage to the planted cotton 
the following season. Wherever the cctton is allowed to stand in the 

fields in the hope that a top crop may be produced, opportunities are 
furnished for the development of a very large number of weevils (PI. 
XVII, figs. 76 and 77). As explained before in this bulletin, the pos- 
sibility of a top crop has always been exceedingiy remote. Wherever 
the weevil exists it is not a possibility at all. The method of fall 
destruction only invelves applying labor that is necessary in any case 
in preparing the land for planting a few months earlier than is the 
normal practice ee 2 cotton planters. It has been the custom to 
leave thesls nd t ared until shortly before planting time in the 
spring. Now, ee this clearing process is necessary as the last 
step in the production of the NS = crop. This method, as a mat- 
ter of fact, is the only practicable strictly remedial method that has 
been devised. 

The complete details regarding the fall destruction of the plants 
wiil be found in Circular 56 of this Bureau. 

The remaining portion of the cultural method consists in furthering 
the advantage gained by fall destruction by bending every efiort 
toward obtaining a crop that will mature before the weevils have had 
an opportunity to do considerable damage. The most important fac- 
tors in obtaining an early crop are early planting, selection of a 
rapidly growing variety, fertilization, and thorough cultivation. The 
success of the planter will be in direct proportion to the extent to 
whi ich he is able to combine these essentials. Early planting of early 
varieties will be found to be of comparatively little avail unless fol- 
lowed by thorough cultivation, and in case of unavoidably delayed 
planting the best hope of the pianter will be in eee cultivation. 
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As the details of the cultural method have been dealt with fully in 
the Farmers’ Bulletins of this Department, and as the basis for them 
in the habits of the weevil was fully explained in the preceding pages, 
it is unnecessary in this connection to more than summarize them: 

(1) Fail destruction. 
(2) Early planting of rapidly maturing varieties. 

(3) Wide spacing, which, besides favoring rapid maturity of the 
plant, also acts as a remedial measure by allowing the sun to reach 
the ground, causing the drying up of the squares in which the larve 
occur. 

(4) Thorough cultivation. 
(5) Fertilization with commercial preparations containing high per- 

centage of phosphoric acid. 
In addition to this general system that is applicable to all cotton 

plantations, favorable labor conditions sometimes make it feasible to 
pick the infested squares by hand. Nothing could be more out of 
place than to suggest hand picking upon large plantations. Even 
with convict labor it has been found entirely impracticable. But, 
nevertheless, where a planter has only a few acres of cotton and there 
is an abundance of cheap labor, the method has been found very 
effective. 

LEGISLATION NEEDED. 

The above-mentioned essential points in controlling the boll weevil 
have gencrally become common knowledge. ‘Their efficacy has been 
demonstrated by the Department of Agriculture as well as by many 
planters. Nevertheless, it must be stated that in many quarters there 
is a tendency toward adhering to the old methods of raising cotton, 
which, with the weevil present, can not be effective. In view of this 
fact it seems to the writer that the most important step to be taken in 
the boll weevil fight is to pass State laws regulating the application of 

what is now known about controlling the pest. In Louisiana there is 
already an excellent law on this subject. In Texas there should be a 
similar provision, and the best that States about to be invaded can do 

will be to enact similar legislation, which will provide machinery for 
the enforcement at the earliest possible moment of those measures 
which have proven most effective in controlling this pest. 
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that this was anerror. See Insect Life, Vol. VII, p. 273. 

1894. Howarp, L. O.—A new Cotton Insect in Texas. Insect Life, 
Vol. VIL, p. 273. 

The first authentic account of the occurrence of the species in the United. 

States, and some statements regarding its life history. 

1895. Howarp, L. O.—The New Coitton-boll Weevil. Insect Life, 
Vole Ve p 2 238ie 

Regarding the importance of the pest and the investigation started by the 
sending of Mr. C. H. T. Townsend to Texas in December, 1894. 

1895. Townsenp, C. H. T.—Report on the Mexican Cotton-boll Weevil 
in Texas (Anthonomus grandis Boh.). Insect Life, Vol. VII, 
No. 4, pp. 295-809, figs. 80, 31. March. | 

An important preliminary paper giving valuable data on life history and 
habits, an account of its spread from Mexico to Texas, and its extent in Texas 

at that time. In the consideration of remedies are suggested the cutting and 

burning over of the cotton fields in winter, the abandonment of cotton growing 
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over the region then infested, and the maintenance of a wide zone free from 
cotton along the lower Rio Grande bordering Mexico, with other suggestions 

of less practical value. This report was submitted December 20, 1894. 

1895. Howarp, L. O.—The Mexican Cotton-boll Weevil. Circular 
No. 6 (second series), Div. Ent., U. S. Dept. Agric., pp. 5, 
figs. 1-3, April. 

This circular gives the results, substantially, of Mr. Townsend’s field inves- 

tigations of the insect in Mexico and Texas. It is pointed out that time has 
not offered opportunity to conduct extensive tests with remedies, and the sug- 

gestions made in this direction are largely from the theoretical side. The 

impracticability of the use of poisons is shown, and the collection and destruc- 

tion of infested bolls and rotation of crops are suggested. English and Spanish 

editions were issued. 

1895. Rios, J. R.—-Aparicion del ‘* Picudo” en la Laguna. El Pro- 
ereso de Mexico, August 15, 1895. 

1896. Howarp, L. O.—The Mexican Cotton-boll Weevil. Circular 

No. 14 (second series), Div. Ent., U.S. Dept. Agric., pp. 8, 
figs. 1-5. 

While styled a revision of Circular No. 6, Circular No. 14 contains a large 

amount of additional information relative to distribution, natural history and 
habits, and natural enemies and parasites, now worked out with substantial 
accuracy, incorporating the results of field studies by E. A. Schwarz, Mr. 
Townsend, and the author of the circular. Under the head of remedies is 

the first suggestion of the great importance of the cultural method of control, 

and especially the early fall destruction of the cotton plants, together with the 

recommendation of early planting and clean cultivation. Trapping late 
beetles in fall and over-wintered beetles in early spring are advised, together 
with the destruction of volunteer plants, the region infested up to this time 
being fairly within the range of volunteer or seppa cotton. 

1897. Howarp, L. O.—The Mexican Cotton-boll Weevil. Circular 
No. 18 (second series), Div. Ent., U. S. Dept. Agric., pp. 8, 
figs. 1-5. 

This circular repeats substantially the information conveyed in Circular 14, 

brings the data on distribution and other features down to date, and in the 

matter of remedies incorporates the results of field studies in Texas by Mr. 

C. L. Marlatt on food habits and poisoning, and indicates the supreme impor- 
tance of the cultural method of control, all other steps being merely palliative 
or to offset the failure to adopt this method. Issued in English, Spanish, and 

German editions. 

1897. Rios, J. R.—Aparicion del ‘‘Picudo” en la Laguna. El Pro- 

greso de Mexico, Vol. IV, pp. 811-813. 
A reprint of an article in the same journal for August 15, 1895. 

1897. Junta de Defensa Contra el ‘‘ Picudo.” Editorial, El Progreso 
de Mexico, Vol. V, pp. 8-9, Octobre 8. 

1897. El Picudo (Anthonomus grandis Boh.) Editorial, Documentos 
referentes a su Existencia en Mexico y a su Invasion in los 
Estados Unidos del Norte. Mexico, Oficina Tip. de la Secre- 
taria de Fomento, pp. 100, figs. 1-5. 
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Consists of a few letters from Mexican cotton planters and translations of 
some of the publications of the Division of Entomology. 

1897. BAaLEsTRIER, L. peE.—Las Medias precautorias contra las Plagas 
que asolan a la Agricultura. El Progreso de Mexico, Vol. IV,. 
pp. 575-576, May 22. 

The author urges the necessity of some definite action. 

1897. Howarp, L. O.—The Mexican Cotton-boll Weevil in 1897. Cir- 
cular No. 27 (second series), Div. Ent., U.S. Dept. Agric., 
pp. ¢ 

This circular records more particularly the further spread of the weevil, and 
repeats the suggestions relative to the cultural method of control from Circular 

18, which method is urged as a practically complete remedy for the insect. 

1897. Howarp, L. O.—Insects Affecting the Cotton Plant. Farmers’ 
Bulletin No. 47, U.S. Dept. Agriculture, pp. 16-23, figs. 7-11. 

Reprinted from Bulletin 33, Office of Experiment Stations, U. S. Dept. 
Agric., pp. 817-350. Repeats substantially the information and advice given 
in Circular 27. 

1898. Howarp, L. O.—Remedial Work against the Mexican Cotton- 
boll Weevil. Circular No. 33 (second series), Div. Ent., U.S. 
Dept. Agric., pp. 6. 

This is a supplementary circular giving the results of some experiments with 

poisons by Mr. Marlatt and Mr. Townsend. The cultural system of control 

is, however, again insisted upon. 

1901. Raneer, A. F.—Estudios preliminares acerca del Picudo del 
Algodon (dnsanthonomus grandis I. C. Cu.) Boletin de la 

Comision de Parasitologia Agricola, I, No. 3, pp. 93-104, PL 
IX, and figure. 

Deais with 45 experiments regarding destruction by means of hot air, hot 

water, steam, haplaphyton, and arsenic. 

1901. Maury, F. W.—A Preliminary Report cof Progress of an Inves- 
tigation concerning the Life History, Habits, Injuries, and 
Methods for destroying the Mexican Cotton-boll Weevil 
(Anthonamous (sic) grandis). Authorized by Special Act of . 

the Twenty-sixth Legislature of Texas, pp. 1-30, supplement 

pp. 30-45. 

1901. Manny, F. W.—The Mexican Cotton-boll Weevil. Farmers’ 
Bulletin, U. S. Dept. Agric., No. 130, pp. 30, figs. 1-4. 

A reprint, with minor corrections, -of the preceding, excepting the supple- 
ment. Contains much new valuable information, but in the subject of reme- 

dies represents Mr. Mally’s own point of view and not the advice of the 
Bureau current at the same time. Nevertheless the cultural method is again 

given the greatest prominence. . 

1901. Rancex, A. F.—Segundo Informe acerca del Picudo del Algodon 
(Insanthonomus grandis 1. C. Cu.). Boletin de la Comision 
de Parasitologia Agricola, I, No. 5, pp. 171-176. 
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Rance, A. F.—Tercer Informe acerca del Picudo del Algodon. 
Boletin de la Comision de Parasitologia Agricola, Mexico, 
Vol. I, No. 6, pp. 197-206. 

Rancen, A. F.—Cuarto Informe acerca del Picudo del Algodon 
(Insanthonomus grandis 1. C. Cu.). Boletin de la @hision de 
Parasitologia Agricola, I, No. 7, pp. 245-261, Pls. XVI, X XTIT. 

Raneex, A. F.—Quinto Informe acerca del Picudo del Algodon. 
Boletin de la Comision de Parasitologia Agricola, Mexico, 

Vol I, No. 8, pp. 802-317. 

AsumEap, W. H.—A new Bruchophagus from Mexico. Psyche, 
TX, p. 324, March. 

Contains the description of Bruchophagus herrere n. sp., a parasite of Antho- 

nomus grandis, from Coahuila, Mexico. 

. Ranexxt, A. F.—Sexto Informe acerca del Picudo del Algodon. 
Boletin de la Comision de Parasitologia Agricola, Mexico, 
Vol. I, No. 9, pp. 403-407. 

. Hupson, EH. H.—The Mexican Boll Weevil (Anthonomus 
grandis). Farm and Ranch (Texas), Feb. 1, 1902, p. 13, figs. 

2, Hunter, W. D.—The Present Status of the Mexican Cotton- 
boll Weevil in the United States. Yearbook U. 8. Dept. 
Agric. f. 1901, pp. 369-380, 1 fig. 

In this publication the cultural method of control is substantially the only 

method recommended, augmented by the suggestion of securing northern seed 

and early maturing varieties to hasten the crop production; also suggests the 

wide spacing of rows to secure the same end. 

Matuy, F. W.—Report on the Boll Weevil. Pp. 70, figs. 3. 
crete State Printer. 

Hunter, W. D.—Methods of controlling the Boll Weevil (ad- 
vice based on the work of 1902). Farmers’ Bull. No. 163, 
U.S. Dept. Agric., pp. 16, figs. 2. January. 

The recommendations as to the steps of the cultural method are repeated in 
this publication, with the added suggestion of thorough cultivation and 

thinning of plants in the rows as well as wide spacing to hasten maturity. 

BarrepA, L. de la.—Kl Picudo en San Pedro de la Colonia. 
Boletin de la Comision de Parasitologia Agricola, Mexico, 
Vol. IJ, No. 2, pp. 45-58. 

SANDERSON, EH. D.—The Mexican Boll Weevil. Cire. 1, Ent. 
Dept. Tex. Agric. Exp. Sta. Press Notes, Vol. V, No. 3, pp. 
8, figs. 4. February. 

Kall the Boll Weevil. How to Grow Cotton in the Weevil Dis- 
trict. History of the Pest, its Habits, and the Remedies 
Plainly Disclosed. Pp. 8, figs. 4. Published by the Executive 
Committee of the Texas Boll Weevil Convention. 
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Cuampion, G. C.—Biologia Centrali-Americana, Coleopt., Vol. 
IV, pt. 4, p. 186, PI. XI, figs. 3; 8a. April. 

Save the Cotton Crop. Testimony of Cotton Growers on Boll 
Weevil. How to Insure the Cotton Crop in the Weevil 
District. Pp. 16; published by the Executive Committee of 
the Texas Boll Weevil Convention, Bull. No. 2, May. Also 
published in German under the title, ‘‘ Rettet die Baumwolle,” 
and in Bohemian under the title, ‘‘Zachrafite bavInu.” 

SANDERSON, EK. D.—How to Combat the Mexican Cotton-boll 
Weevil in Summer and Fall. Cire. 4, Ent. Dept. Tex. Agric. 
Exp. Sta. Press Notes, Vol. V, No. 1, pp. 4. August 10. 

Improved Cotton Seed for Texas Planting. Published by the 
Executive Committee of the Texas Boll Weevil Convention, 
pp. 32. Bull. 4, Nov. 9; revised Nov. 17. 

Morean, H. A.—The Mexican Cotton-boll Weevil. Circular 

No. 1, La. Agric. Exp. Sta., pp. 10, figs. 8, map1. November. 

Wixson, JAMES.—Report of the Secretary of Agriculture, 1903. 
Pp. 102-106 under heading, ‘** Crisis in Cotton Production,” 
deals with the Boll Weevil problem. December. 

ConnELL, J. H.—Proceedings of the Second Annual Session 
Texas Cotton Growers’ Convention, Dallas, Tex. Pp. 99; 
many illustrations. December. 

Proceedings of the Boll Weevil Convehtion called by Governor 
W.W. Heard in New Orleans, La., November 30 and Decem- 
ber 1. Issued by Louisiana Bureau of Agriculture and 
Immigration. 

Scorr, M. C.—What Class will be Hurt by the Boll Weevil. 
Farm and Ranch, Jan. 30, p. 13. 

Merriam, F. J.—Fertilizer as a Preventive of the Boll Weevil. 

Farm and Ranch, Feb. 6, p. 3. 

Herrick, G. W.—The Mexican Cotton Boll Weevil. Circe. No. | 
17, Miss. Agric. Exp. Sta., pp. 7, figs. 2. February. 

Hunter, W. D.—Information Concerning the Mexican Cotton 
Boll Weevil. Farmers’ Bull. No. 189, U.S. Dept. Agric., pp. 
1-81, figs. 1-8. February. Reprint in part in Farm and 
Ranch Cotton Supplement, May 28, p. 21. 

SanpERsoN, E. D.—The Cotton Boll Weevil in Texas. Cire. 
No. 8, Entom. Dept. Texas Agric. Exp. Sta., pp. 14, figs. 6. 

WYO, 1h 

Boll Weevil in North Texas. Editorial, Farm and Ranch, Apr. 

23, p. 8. | 
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Hunter, W. D.—The Status of the Mexican Cotton Boll Weevil 
in the United States in 1903. Yearbook U.S. Dept. Agric. f. 
1903, pp. 205-214, Pls. XVII, XVIII, XIX, XX, XXI, figs. 
10, maps 1. 

Poison Campaign against Weevil in 1901. Editorial, Farm and 
Ranch, Apr. 30, p: 8. 

The New Boll Weevil Facts. Editorial, Farm and Ranch, Apr. 
30, p. 8. 

Louisiana Weevil War. Editorial, Farm and Ranch, May 7, 
10a Os 

Morean, H. A.—The Mexican Boll Weevil. Farm and Ranch, 
Misty. We. psec: 

Enormous Boll Weevil Loss. Editorial, Farm and Ranch, 
May 14, p. 8. 

ConNELL, J. H.—Cotton Boll Weevil as Affecting the Financial 
Interests of Texas. Farm and Ranch, May 14, p. 16. 

Atlanta Weevil Campaign. Editorial, Farm and Ranch, May 
on lei 

Hunter, W. D., and Hinps, W. E.—The Mexican Cotton Boll 

Weevil. Bul. No. 45, Division of Entomology, U.S. Dept. 
Agric., pp. 1-116, Pls. I-X VI, figs. 1-6. May 19. 

Weevil in East Texas. Editorial, Farm and Ranch, May 21, 
p..8. 

Where the Weevilis Not. Editorial, Farm and Ranch, May 21, 
jOs 

Coox, O. F.—An Enemy of the Cotton Boll Weevil. U.S. 
Dept. Agric. Report No. 78, pp. 7. Issued May 27. 

ConnELL, J. H.—New Boll Weevil Facts. Farm and Ranch 
Cotton Supplement, May 28, p. 23. 

Travis, P. C.—Effect of the Boll Weevil. Farm and Ranch 

Cotton Supplement, May 28, p. 23. 

Morean, H. A.—The Mexican Cotton Boil Weevil. Crop Pest 

Comm. of La., Circ. No. 1, pp. 16, figs. 8. June 1. 

Huntrer, W. D.—Antsand the Boll Weevil. Farm and Ranch, 

June 11, p. 16. 

Hunter, W. D.—Government Experiments with Paris Green. 
Farm and Ranch, June 11, p. 17. 

How the Boll Weevil Spreads. Editorial, Farm and Ranch, 
July 2, p. 8. 
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The Weevil-Eating Ants. Editorial, Farm and Ranch, July 16, 
wp. e 

Coox, O. F.—Report on the Habits of the Kelep, or Guate- 
malan Cotton Boll Weevil Ant. Bureau of Entomology, Bul. 
No. 49, pp. 15, July 26. 

Hunter, W. D.—Map showing the Distribution of the Cotton 
Boll Weevil in Texas and Louisiana. Weather Bureau, Texas 

Section No. 19. July 19. Reprint in Farm and Ranch, July 
50, p. 9. 

. Spying out the Boll Weevil. Editorial, Farm and Ranch, July 
30, p. 8. 

t. Hunter, W. D.—spread of the Boll Weevil. Weather Bureau, 
Texas Section No. 24. August 23 

. Wiicox, E. M.—The Mexican Cotton Boll Weevil. Bul. No. 

129, Ala. Agric. Exp. Sta., pp. 91-104, figs. 1-4. August. 

4. Hunter, W. D.—Map showing the Distribution cf the Cotton 

Boll Ww eevil in Texas and Louisiana. Weather Bureau. Texas 

Section No. 25. Aug. 30. 

. Boll Weevils pe, in North Texas. Editorial, Farm and 
Ranch, Sept. 3, p. 8 

. Hunter, W. D.—Boll Weevils in Harrison County. Farm and 
Rench, Sept. 3, p. 17. 

. Huyter, W. D.—Eastern Quarantine against Texas Farm Prod- 
ucts Modified. Farm and Ranch, Sept. LO pao: 

. Hunter, W. D.—Controlling the Boll Weevil in Cotton Seed 
and at Ginneries. Farmers’ Bul. No. 209, U.S. Dept. Agric., 
pp. 31, fig.1. Sept.16. Reprint in part in Farm and Ranch, 
Octes..p. 13. 

Texas Boll Weevil Legislation. Editorial, Farm and Ranch, 

Sept. 17, p. 8. 

it of Boll Weevils. Editorial, Farm and 

Ranch, Sept. 17, p. 17. 

ution of the Cotton Boll Weevil in 
Louisiana. Weather Bureau, eee Section, Special Cot- 
ton Boli Weevil Bulletin No. 1. Sept. 29. 

a6 Mistaken for the Mexican Cotton 

74, Tex. Agric. Exp. Sta., pp. 12 
SANDERSON, E. D.—Inse 

Boll W den Bal. 

figs. 13. see o 
a & tM 
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Newey, Witmon.---The Mexican Cotton Boll Weevil. Bul. 
No. 12, Georgia State Board of Entomology, pp. 29, figs. 21. 
September. 

WHeeEcerR, W. M.—On the Pupation of Ants and the Feasibility 
of Establishing the Guatemalan Kelep or Cotton Weevil Ant 
in the United States. Science, N. S., Vol. XX, No. 509, p. 
437. Sept. 30. 

Boll Weevil Infestation in Lamar County. Editorial, Farm 
and Ranch, Oct. 1, p. 8. 

Restricting the Boil Weevil. Editorial, Farm and Ranch, 
Oct: 8, p. 8. 

Sanperson, H. D.—The Fall Campaign Against the Boll Wee- 
vil. Farm and Ranch, Oct. 8, pp. 16-17. 

Hunter, W. D.—The Most Important Step in the Cultural Sys- 
tem of Controlling the Boll Weevil. Circular, Bureau of 
Entomology, U. S. Dept. Agric. No. 56, pp. 6. Oct. 10. 

BARNES, S. E.—Failures and Successes with Boll Weevil. Farm 

and Ranch, Oct. 22, p. 3. 

Hunter, W. D.—Distribution of the Cotton Boll Weevil in 
Louisiana. Weather Bureau, Louisiana Section, Special Cot- 
ton Boll Weevil Bulletin No. 2. Oct. 29. Reprint in Farm 
and Ranch, Nov. 12, p. 17. 

Hunter, W. D.—Map showing the Distribution of the Cotton 
Boll Weevil in Texas. Weather Bureau, Texas Section, No. 
34. Nov. 1. Reprint in Farm and Ranch, Nov. 12, p. 7. 

Morrityt, A. W.—Meeting of the Official Entomologists of the 
Cotton Belt. Entomological News, Nov. 

Coox, O. F.—Prof. William Morton Wheeler on the Keiep. 
Science, N. S., Vol. XX, No. 514, p. 611. Nov. 4. 

WEIS, Sim and Russ, S. H.—Report on Probable Effect of Boll 
Weevil on Louisiana and Mississippi Crops. Farm and 
Ranch, Nov. 12, p. 8. 

Coox, O. F.—Evolution of Weevil Resistance in Cotton. Sei- 

ence, Ni. Vole XOX. No. aiiG, p. 666. Nov. 18. 

. WueEevter, W. M.—Some further Comments on the Guatemalan 
Boll Weevil Ant. Science, N. S., Vol. XX, No. 518, p. 766. 
Dee. 2. 

Hunter, W. D.—The Use of Paris Green in Controlling the 
Cotton Boll Weevil. Farmers’ Bul. No. 211, U. 8S. Dept. 
POC NO pean) WEC: o: 
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Weevil Problem Not Solved. Editorial, Farm and Ranch, 
Dec 2105, p. 8: 

CONNELL, J. H. 
Dees 17, p78: 

Morean, H. A.—Checking Spread of the Boll Weevil in Louisi- 
ana. Harm and Ranch, Dec. 24, p. 3. 

Is There No Remedy? Farm and Ranch, 

Proceedings of the Second Annual Meeting Louisiana Boll Wee- 
vil Convention, heid at Shreveport, La., Nov. 3 and 4, 1904. 
Issued by the State Board of Agriculture and Immigration. 

SHERMAN, FRANKLIN, Jr.—The Cotton Boll Weevil. Ent. Cir-- 

cular No: 14, N: C. Dept. Agric., pp. 11, figs. 5. ~Jane20: 

Hunter, W. D.—The Control of the Boll Weevil, including 
Results of Recent Investigations. Farmers’ Bul. 216, U.S. 
Dept. Agric., pp. 32, figs. 1-5. March. 
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Artificial control. See Control, artificial. 
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Agelaius pheniceus (red-winged blackbird, blackbird or redwing) appar- 

EnUlyZommopinmpoOnlaMcee seen see Mace ete ci. a ike iaee ey tee eet Sati 152 

Baltimore oriole. See Icterus galbula. 

Blue-gray gnatcatcher. See Polioptila cxrulea. 

Brewer’s blackbird. See Huphagus cyanocephalus. 
Butcher bird or white-rumped shrike. See Lanius ludovicianus excubi- 

torides. 

Chondestes grammacus strigatus (Western lark sparrow), very rare in fields. 152 

Colinus virginianus texanus (quail), common, but no weeyils found in 
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Dickcissel. See Spiza americana. 

Euphagus cyanocephalus (Brewer’s blackbird) catches largest percentage 
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Icterus galbula (Baltimore oriole), very rare, but insectivorous........... 152 

Jackdaw or great-tailed grackle. See Megaquiscalus major macrourus. 
Killdeer plover or killdee. See Oxyechus vociferus. 

Lanius ludovicianus excubitorides (butcher bird, white-rumped shrike), not 
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Meadowlark (field lark). See Sturnella magna. 

Megaquiscalus major macrourus (great-tailed grackle, jackdaw), not com- 
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Mimus polyglottos-leucopterus (mockingbird ) catches few weevils....---- 152, 153 
Mockingbird. See Mimus polyglottos-leucopterus. 

Molothrus ater (cowbird), occasionally picks up weevils --.------------ 152, 153 
Mourning dove. See Zenaidura macroura. 

Muscwora forficata (scissor-tailed flycatcher), around edges of fields, insec- 
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Phoebe or pheebe bird. See Sayornis phebe. 
Polioptila cerulea (blue-gray gnatcatcher), feeds on smaller insects only.. 152 
Poeceies gramineus (vesper sparrow or grass sparrow), very rare, no impor- 
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Quail (bobwhite). See Colinus virginianus texanus. 
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Birds, relation to boli-weevil control—Continued. Page. 

Sturnella magna (meadowlark), common, but catches few weevils.......- 152 
Sayornis phebe (phceebe or pheebe bird), occasionally gets a boll weevil... 152 

Scissor-tailed flycatcher. See Muscivora forficata. 

Spiza americana (dickcissel), very rare, but catches few weevils.........- 152 
Turtle dove. See Zenaidura macroura. 

Western lark sparrow. See Chondestes grammacus strigatus. 

Zenaidura macroura (mourning dove, turtle dove), very common, but not 
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Bollworm. See Heliothis obsoleta. 

Burying squares and weevils. See under Control, artificial; Burying. 

Climate, influence upon weevils. See under Control, natural; Climate. 
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Cotton-seed meal notiattractive to weevils... _.. 2-25-52. oe tee 159 

fisht trapping for-weevils not elective 2 =. = ee ees ee ee 160 
Mineral paint useless as remedy for weevils .......-...-..-..------- 159 

Baris ereenr slightly GmecCuivie. o_.-— ass Sage a peer e ae ere 159-160 
Sprayime Not etlectlve sc 5. 223 = Sees meee es Se aye ee 156, 159 
Sulphurentirely uselessa. iosudie eee ee = ee ee ee 159 

IMSECTICIGES | 52.52. 2 OSes Se ee ee ee 156 
Carbon bisulphid for disinfecting seed 1. 5. ee ee 126, 156 
Paris green not sufficiently effective to be recommended -.-..----- 156, 159 

egislation needed :2225.-scs foo sce: Soe See eee 163 
Machines for fielduge ineiiicient, -- 2-222 see So a re ee ee eee 157 

Machines for ginneriég 22: oct ae ee ts ee 158-159 

Cleaner feeder quite efficients_< 22.25.22. 42 c222 5 S45 ee 158 
Fan destroys.all weevils passing into 1b 226262. 2 ee ee 158 
Gin/saws tall but few ot the weevils 222-242 4 oe ee epee 158 
Improvements suvvested -... 5-24 8 ees eee or Caters Keeani errs 3 158 

Oil mills depend upon control at cimmeries --=5- sso = se 158-15 
Reasons for advantage of cultural methods —- 22-223 -2 ae ee 160-161 

Controlimnatural. os oS ee es ee ie 132-153 

Activity (feeding and oviposition), thermal influence upon. See Thermal 

influence upon activity and development. 

Climate, probable influence in regions not now infested.......-.------ 140-143 

Climatie conditions, influence upon weevil. See Climatic control. 
Chimatic:controle == a ae a ue AE ate Lge a eee eee 134-143 
Development, thermal influence upon. See Thermal influence upon 

activity and development. 

iseases caused by bacteria‘and fungl....--. 22.242 2-5 Se ee 143-144 
Floating ob weevils 2. S28 vas ee i ee ee 139-140 

Floods, effect upom weevils.in fields sce . =. 22 2. = Se ee eee 138-139 
Gelatin effect ......- Sven sle o. cone as Ooo Ue ee ee ee 133 

Gelatin formation. See Proliferation, effect in bolls and squares. 

Gelatin formation in bollss2=-) 2.2.2. 2-2 ee eS ee 133-134 

Gelatin formation im squares ...=:...<..i25.-2222 26.5 -4e eee 134 

Gelatinization..22 S225 2 ae a a ee ee .. 133-134 
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NeSehamicalecomenOleeeretaer aoe met wao ANOS See as ak ng ees Ss5 132-134 

Movement of weevils, thermal influence upon. See Thermal influence 

upon locomotive activity. 

Overflows. See Floods. 

Border line, gin agency at. See Gin agency at border line. 

Cotton-seed shipment. See Shipment of seed cotton and cotton seed. 
Duration of life, weevils buried among grains. See Weevils buried among 

grains, duration of life. 

Bakasiiess Dred sirona lMteSted: SGuUaTes! a4 ie 4a" 5 abel yc te ee esta Saas 144-148 

Br acon. dorsard, Occasionallycattacks) weevil obs cose kee oles - 146 

Bracon mellitor, most common parasite of boll weevil.............--. 145 

Bruchophagus herrere, bred from weevils in Mexico..............-... 146 

Catolaccus incertus, probably primary parasite of weevil ......-.---.. 145 
Chalcis coloradensis, probably from lepidopterous larve..........-..- 145 

Eupelmus spp., probably some dipterous host ...........2..-.-..... 145 

Eurytoma tylodermatis, possibly from weevil larva....-...........-.- 146 
HURytoOma:sp.; probably,;some diptenous hosts... -.2.5. 5232.2). 2Sae 145 
Goniozus platynotx, probably some lepidopterous host ...........-.-. 145 

Odencyrtus sp., probably from lepidopterous eggs.......-..--.-....-. 146 
Pediculoides ventricosus, most common on wasp larve.........---.- 146-147 

Sigalphus curculionis, primary parasite of weevil _..-.--.-.----.+-:.- 145 
Urosigalphus robustus, probably primary parasite of weevil.-.--.-.--.- 146 

IBATASILES ERC e CHUIMG Ole tre ene Ee Se RG SS eeu e tee eae 3 144-146 
mlosityzomplant obstructing weevilmovement.5 53062000 ele lc. 132-133 

BRedarOnysenemml egies. a ees mere a gem ee ya Ss oes co 148-153 

Aisa btackimon oll weeumlbcee so casa me ey Ae ci. ONS. Ue 148-150 

Birdsn ther) relation to poll weevailes i 22 we see eS 150-1653 

Heratonma tuberculatum, enemy or bollaweewsle 022282024. /2 2522 149-150 

Formica fusca perpilosa, attacking weevil in Mexico.....-..-.-..--. 148-149 

Guatemalan ant. See Hctatomma tuberculatum. 

Kelep. See Ectatomma tuberculatum. 

Mantids. See Stagmomantis limbata. 

Nanlispa sp.  AeVOUrIne) WeeViIlsies et eye nse esoe bes. aves 150 

Native ranbs asenemies Ob weevils tote ee as 148-149 

Solenopsis geminata, most important of native ants...............--.-. 149 

slagmomantis imbata, devouring, weevilsl. 2 252252500 f2 0.2L lll 150 

Proliterationetiect imbolls-andysquares en sauce Ve ce kl sia 133 

Rains, effect upon development of weevils...-....-.2.....--2.--2---.. 137-188 
SulomercencerOlawee vals: Cukech Oke spate ee ates oe os ec ck 139-140 

Temperature endured by larvee in squares exposed to sun ....---.----- 155-156 

Temperature endured by weevil stages in winter .........-..--------- 136-137 

Thermal influence upon activity and development. Dee 1 NRO eg ane eg pe ay 98-100 
Rhermalsiniiiwence upon locomotive acthyilywes.siusc 2 2l.n. . 6 cl 101-102 

Wet winter, effect ifs Ora la De TaMT ATO Tye eto neil ON, es Se Cu 138 

Cotton production. See under General considerations. 

Cotton-seed meal for weevils. See under Life history; Food habits. 
Damage done by weevil. See General considerations; Destructiveness. 

| Description of adult. See under Life history; Adult. 
| Destruction of stalks. See Control, artificial; Cultural method, and under 

| Seasonal history. 

| Diseases of weevils. See under Control, natural. 

Beteccimination, Oreprerdime-ol weevileon. co ceccee acess ec asec tee ees 123-132 
AUG iit Cla lACeMeLEStASSISuINIS HIN ye OMG eles ose a sic S + see isaele debe 123-127 
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Dissemination or spreading of weevils—Continued. Page. 
Gin agency at border line, spreading weevils _...:.........--.-------- 124-125 

Ginneries spreading weevils. See Gin agency at border line. 

Grain shipments transporting weevils. See Weevils buried among grains. 
Natural agencies... o. scl ea. Ge shee een ree meee 127-132 

Floods’spreading “weevils 2 fac rac ss Ge a fae eat ee 127, 128 

Nioration-of weevilse2 sc c5e. eae em eres Re teers geet ee Ses 128-132 
Defoliation of plants, effect upon weevil movement.........-- 130-132 

Effect of leatworm work on weevil movement. See Defoliation 

of plants, effect upon weevil movement. 

Winds. carryine weeviles. 22% S250 sa) ee ee eee 127, 128 

Seed cotton shipments. See Shipments of seed cotton and cotton seed. 

Seed for shipment, treatment of. See Treatment of seed for shipment. 
Seed houses, weevils in. See Weeyils in seed houses. 

Shipments of seed cotton and cotton seed carrying weevils --.---.------- 125 

‘Preatment. of seed: for shipment <2225 222.5 Sse aoe Se eee ee 126-127 

Weevils buried among grains, duration of life-.....-.......------------ 127 

Weeévils:in seed houses; occurrenceOls 22. 22. ote eee ee ees 124 

Distribution of boll weevil. See under General considerations. 

Enemies. See under Control, natural; Parasites; Predatory enemies. 

Falling squares. See under Life history; Oviposition. 
Flaring squares. See under Life history; Oviposition. 

Flight of weevils. See under Dissemination; Migration. 
Rioods:spreadme weevils: : = 28. 242 3 52 St oe ee ee ee 127,128 

Gelatin. See under Control, natural. 

Generalconsiderations: #2. 2:2 oc2ee seek 2 ee ee ee ee 17-30 

Cotton productron an north: Temas: <2 i ae ee eee 23 

Cotton produgtion in Texas‘and Louisiana 2222222222 24-25 

DeSWUCHVENESS 2b Se Sok ee eee ee ee 21-25 

Distribution of boll-weevil ] 2.25222 222 a ee eee 27 
IERISCOR YS 28! 2 St ie se Se SES pe eee 17-21 

reface, with acknowledgments 2_..-- 2.02.2 2 Be eee 13-15 

Prospects as to future spread. and injury .-2- 2-252 9520s ee 28-30 

Territory affected at close:of 1904.2 22....2....28 eee 26 

Generations. See under Life history; Development. 
Gins. See under Dissemination; also Control, artificial; Machines. 

Fleliothis obsoleta, the bollhworm:-2 222. 52 2. sa a ee 17 

Hibernation. See under Seasonal history. 
hdentifyine the boll-weevil.. 4.5 25 Se ae a ee a a 41 

Insecticides. See under Control, artificial. ; 
Insects. mistaken“tor the: bell weevil 222225. 22283. See eo ee 66-68 

Acalles nobilis, attacks prickly pear 2-2-2225 s2. 2-2. 225-2 ee 67 

Acalles turbidus. -attacks:prickly pear: =. 222.2222... 22- eS 67 

Acorn weevils. See Balaninus, 3 spp. 

Anthonomus 2NCOlnClUS= ==. 2220 occ bles Se eee 67 

Anthonomus albopulosus: 2 238. 2S. Bo ee 67 

Anthonomus pomorum, attacks apple... —. s222 2 = 22 se ee eee 93 

Anthonomus scutellarts attacks apples = -< 222-22 2 eee 67 

Anthonomus signatus, attacks various flower buds-.-.--..-...--------------- 67 

Anthribus cornuius, attacks stems of cotton. . 2222-552 23a 67 

Apple weevil. See Anthonomus scutelaris. 

Arzcerus fasciculatus, attacks: decayine boils 225. 222222 > ae 67 

Atamea crypta, attacks cotton stems 225-222. 22- 22 = ee 67 
Bataninus nasicus, attacks acorms.....0....5--2-2-52-45-5 ee _ 6% 
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Insects mistaken for the boll weevil—Continued. Page. 

BOLAMIEUS SDT MOUAC KS ACOLNS ian: = <ictasa e oe ce ae se euch eee oe kee 67 

ZALUWMUSHOLCLORICRS IS AULACKS ACOENS isaac aoe a ee eae s oeine cee cee. ae 67 

Barisistriaton awacks rasweed (Ambrosia) stemsit-2 22222 2622 2200 2027 Sake 67 

BOnMSULANSUCTSOM ALAC KSKCOCKIC DUE TOOUSHs-— an -- ae ee ee ee ee 67 

Bloodweed weevil. See Lixus scrobicollis. 

Calocoris rapidus, sometimes attacks oly atari! 210 eae eae Ru 67 
Corpopiilus dumidioius, attacks) decaying Dolllss {222-225-2222 eee oe 67 

Cajpopiniusthemiptenuswattiacks decayins ollsi2 >. {2225552252 sees 67 
Cathariusrgemellatisatvacksidecayamenbollis canis .252.. oleae eee sae aes 67 

Ccninmus peniceliusy 1OUuNnGHNyVaTlOUS MOWeISH om] c= =c1a5- = a) eee 67° 

ConininusMictmnus: TOUNd IM VATIOUSMIOWEIS=4- 52. =<. 522. 2- 2 Se ee eee 67 
Chalcodermus xneus, attacks pods of cowpeas ..-..-------------- Beer ade 67 

Coffee-bean weevil. See Arecerus fasciculatus. 

Conotrachelus elegans, sometimes taken on cotton......--- Sere er Ngee 67 

Conotrachelus leucopheatus, attacks careless weed ....-.-------.---------- 67 

Conoinachelusnaso. occasionally, found onucottonl =. -= 22-2... - 2 see 67 
Conotnachelus nentuphar Somenines om icOttomy. += s2- 2625-142 2- 52425 5ee ee 67 

Cotton stainer. See Dysdercus suturellus. 

Cotton-stalk borer. See Ataxia crypta. 

Cowpea-pod weevil. See Chalcodermus xneus. 

DeSmMORIS*COnSUFIGLUS PALtACKS SUMMOWerS =e nore as sees eae secs ooo eee 67 

Desmoris scapalis, attacks broad-leaved gum plant...-.....---.........-- 66, 67 

DOR LOMUSETUUGTO US wattAc ksi Will OwiSeveee ate) sees ate ern a a eee at 67 

DYSOCRCUSTSULUGCLLUS cAtLAC KShCOLLOMe DOS. sansa sen tee te ye so) Semel eee 67 

I DICLTUSMMOTICALUS At LACKS eIMaliye DlAamtsiyes seer. re erie ets so a Scene 67 

HE DURLARASUORALLACKS CE CAVTMOWOUIS sam necro rae sees Satara trees eee ees 67 
False indigo weevil. See Tychius sordidus. 

Flour beetle. See Tribolium ferrugineum. 

Grain beetle. See Cathartus gemellatus. 

IG IMOOISCOR TOU nas tacks COtlomasteMsias- es ee se anes ee cee ce eae 67 
Horned stem-borer. See Anthribus cornutus. 

LIVlobiUsNalesTavtacksiStems Ol COmMmilenc see ean aan cece aos are ce ee ae 67 
Imbricated snout-beetle. See Epicerus imbricatus. 
Ironweed weevil. Sce Desmoris scapalis. 

Lixus scrobicollis, attacks stems of ragweed (often called bloodweed) ....- 66, 67 
Mexican rose beetle. See Rhynchites mexicanus. 

Monocrepidiuiswespertinus. OlenuOUndson Cottons. 925. .525-. .35 0-24 eee 67 

Nettie-stalk weevil. See Trichobaris texana. 

WNotorusmionodons occasionally found om-cottom sss .s 2.25. 5.2--. 22 oo. 67 
Cicanthus niveus, sometimes deposits eggs in cotton stems...---.-.------- 67 

Chibinusrapicaliswatiacks decayimembollige sek hese 4. o5c5s arene 67 
Cicomcdopianiudatamattacks cottonystems) 44240 --5-66s5 52525-2555 55e ee 67 

Pachylobius picivorus, attacks stems of coniferse .......2.....-.---.------ 67 

Pales weevil. See Hylobius pales. 

Pepper weevil. See Anthonomus sneotinctus. 

EISSOUCSISLNOUL attacks Stems Ou, COMmMeNce +20 ses 5.2 cde hoses + ses sees ee 67 

Plum cureulio. See Conotrachelus nenuphar. 

Prickly pear weevil. See Acalles 2 spp. 
Rapid plant bug. See Culocoris rapidus. 

II MChUCSMEICAUSHALLACKS NOSES teem Meese. . 22 55580Ns S82 eee 67° 
Rhyssematus palmacollis, occasionally taken on cotton .......---.-------- 67 
Sharpshooter. See Homalodisca triquetra. 

16780—No. 51—05-——i2 
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Insects mistaken for the boll weevil—Continued. Page. 

Snowy tree cricket. See Gicanthus niveus. 

Strawberry weevil. See Anthonomus signatus. 
Striped Baris. Sce Baris striata. 

Sunflower weevil. See Desmoris constrictus. 

Tobacco stalk weevil. See Trichobaris mucorea. 

Transverse Baris. See Baris transversa. 

Labotium ferrugimeum, attacks cotton Seeds 22350 2 aa. .o eees eee 67 

Triehovaris miucored.attacks COlaeeeos ster bbe seis rpc | ee ee eee 67 

Trichobaris texana, attacks stems of Spanish thistle ............--------- 67 

hychaus sordidus attacks uc kw eed 221 aes ar a eats oa eae eae 67 
Waved sharpshooter. See Oncometopia undata. 

White pine weevil. See Pissodes strobi. 
Willow weevil. See Dorytomus mucidus. 

Legislation. See under Control, artificial. 

Iueat-area; Of Cotton, WMeCrease Wn ake as atk See es = ea ates ie acd en 58 

Leafworm. See Alabama argillacea. 

Life cycle. See under Life history; Reproduction. 

Petes SCOP: = cake see's. 5 Ss ee ee Se pm se A eI ns Sey ESS 30-48 

eNO 40 A eee eee deere mae Spe D SARC a) ee recent cnn Cee eee yUy es SPA ere Rese a an 39-48 

Before (emergence fromusquare ie. sips aa eos boas Se ee eee 39 

Cannibalism occasionally noted when without food ._...-.....--.-- 48 - 

Changes after emergence, in color and hardness ........-...._..---- 40 

Colon wariatiome-ine — 5. occ eid coed sis a oes ae ee ee 

Description of adult, popularjand techmrcali2 2355932 a eee 40-41 

Duration o£ Vues tek see ed pa eae gs SAR 4 Sein ea Ret ENG Re rey eee 44-48 

Bolls'alone: as foodiosc 05 (a5 Soca 4 as ee ok ee ne eee 46 

Foliage aloneias food. ahe aoa Saas ae 46 

Squares alone as food Sa. ae a a ae ce ee eee 44-46 

Without food buat wath water.=- 2 sae oye ee eee 47 

Wathout toodsor water 5 once be ase ee es 47-48 

With sweetened water as food. = 40-2 22s ee ee ee es 47 

Emergence of adults from squares aud bells24_ 222.224 ea. 39-40 

Hao sdeseriptioniOk 22 4. ac ee Gite epg ie Seg ha ee as ee 31-34 
Deposited. outside, eating of... S32 ee ase eee 33-34 

Deposited outside, hatehing of. 5 a23 75 ota ete ee ee 33 
Embryo, development: observables S22 5. 2 es eee eee 31-82 

Hatching, method ..60) cos Sole ee pee coer era gp es ce ee 33 

Hatching, percentage Ol eges aoa ac nea es eee o4 

Stace, duration Ob 32.255 es Se Feces ee ere ae he See 32-33 

Mood: habits52 sai.o8 2252'S lei ee pai 5 es ee ee 48-66 — 
Adult, female, for food and. forjovepesitiOms 2223-22-22 = sore 52 
Aduilthimales: Osi is5 oS oe ap ery 26  ee 51 

Choice, American or Poy piiam squares. — 2 252 ee 61-64 

Cotton-seed meal is it attractive?: 15:20... 245.3 eek ee 68-70 | 

Field tests prove non-attraction..<..22) 22-2. 22esce se a eee 69-70 | 

Laboratory, tests indicate non-attraction—.—. 2. Jose] sees ase 68-69 || 

Destruction of squares by feedines...6).2 5200 S35 ee ee ae 59 

Feeding, destructive power by 2-20 2. 2n eee es 61 

Feeding, effects upon squares and halls SUC SBS s kei a eee eee 59-60 

Feeding of hibernated weevils on early eottom—_ 222-225 2e ae ee 52-56 
Food plant, bas the weevil any other? 222 272-522 ee ee 64-66 
Food plant, susceptibility of various cottons. 222524252 sas Sees 61-64 
Larva, feeding, of 2.50.00 20g esc ee oe 49 
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Life history—Continued. Page. 
Food habits—Continued. 

ocakionroniood supply iby swiee vals). 22 eee Beeline bens S 56-57 
IMexicamaineexcottom attacked: = 542252. 425 ee te es a he 63, 64 

Molasses, tests: for hibermated: weevwtls:. 0... 2 ook cone eens tek 71-74 

Relative attractiveness, various eotioms. .:.. 2.2... ..02 cideneeede. esse 61-64 

Sweetened water on plant, effect upon feeding of weevils-..-...-.--- 72-73 

SWC tSMcbUE ACER VEMCISs Olan arses ete cae ie hos eck cls uh yan ee ey Ma apse 70-72 

Sweets, possibility of baiting with......- ig SESS Sea RS pas NR 70-74 

ESM ee Weert areas Lae ae NS ye ay ly ec lac ty a ae e E 74 
TFCASTONN7 a ie ean eee nA tS el = Cea dae Ps OR IS | accel t agen oles aaa 04-38 

Cells. See Pupal cells formed in bolls. 

Weseniptrompok larvae yao eee te eet eg ec oy ey nh ee 34-39 
Duration of stage, range and temperature influence_....-..0....-+--- 36-37 

Growth, with, measurements at full siz@.2 2... oon hs ecw see mon 30 

Length of larval stage. See Duration of larval stage. 

IMoltinesdescErptions OlprOocess 2 sos he. eect ada ee 30-06 
Moltssmumiber dure claryal: stage 2325220508 ocak wee ee 35 

Rupakcelisstonmessun POG tate aa eo ee ee 37 
UA LODE CESERE MOM OR MONG kak ee eared ee 37-38 

Ow oslo gay pon ee ee AN a ec ia a a See 77-92 
BANG Gy CLES Csi lo Clie ts aa age re ee oes ae a a ete : 85 

Activity mm ditkerent, parts Of Gayo... ss. css .ee ooo eh ee 81-83 
ENO EVO IE Oe CAMINO ee ys St Aaa ee ee ne ha 77,90 

Me CIS HOMOvApPOSIbON ss eins see See PRE Mes Joe Sa ee naay 89-90 

alll Moy OTS OATS a feiyil sees, re a a ek a oe ae 89-90 

laminie. ote sq wamese ces ick ee eh yb ee aie a ye 89 

Examination of squares: before ovipositing:.. - 22. 222. c eel 77-78 

Original habit of aviposstine mostly tm: bolls. ...204555.0224.02..2-.- 90-9 
inarbhenogenesis.; COCs ib OCCURS. 45) sek ey ous ae alo ao ge 92 

ReRIOd Om OVIpOSitlOMe yao aun A Ee Ag ia af aS ape 90 

Place of, oviposition... .-..-....-- eens aE EL Sepa rE en le eat 83 
EO Sition: oO yweevall) dumime act Ole esate Soe Sea ete Be Le 83-84 

Rate of oviposition .....- pME ae Ri ie es ES aE Ne Ea Us Sos peer oR 86-87 
Ja NE) EES) teen Gea ee eens pepe ghee eee Ae ami I Ay i td re SOS OU 

Ty ICeasxotirams erty yao ee a ae eta Hee elit oe Sag ky 87 

Selection of uninfested squares fox fet pile eo eter sl Seta ae ER 3 48-Ou 

JOEL OT OSSTAVENUCIOS oi Se re aeatag el eal Aes NES RSs Cc acne ees Sees 80-81 

Waboratom~aObSeKyatlomsy ss se ay ee er a ee 79 

Sumulated: byvabumdance: Of squdres ji 5 ee ns eee 87-88 
imemequined. im, complete actos fay 40 sane loco mone 85-86 
Warts: relation: to: OV EDASItLORY 22 45.ja na tenesdo eo ele eb ene 88-89 

LPB OE) cio larch Bs eek Sey cise tice aah dae ct ed RR TRAE eli Bee a a cemete 38-39 

SWART OY HIMCOT Se Reaer nites alae ha re ae TE ee ec 38-39 

clarion, Olsize Lomanvaltoodysuppliy, cadueaes oo kta ee eae = ge or 41-42 
Ee EOCUUIC ERO M Et son ee ab ea ea ne apenas AM Ml eerie nee a 74-103 

JS UGEEUCHUOIN, OME TEDEIS)  ies ey og ms tates Sy ot Opes eee Ne OO ee ee are eR 76 

Copulationtage oteberinning #42525 25k I et ti tone 79 
Copulation, sexual attraction and duration of NSAID he ik yeaa 76 
Dependence of egg production upon food from squares -...-.------ 112-113 
IOXENENG ornaenni Bak ss Se Se AU TENE Tae NCAT es Snir MR 668 Eitan Mapeneee earn 92-103 

iBroods or generations, number annually — 22.5 ee eeseeer niet ale = 95-96 
Generations. See Broods or generations. 
ire Spurr es iavy ATC Ne Ie Ve Testa este yy ee oa) loca cee SER Neer ren dence 92-93 - 

Length of life cycle. See Life cycle, period of. 
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Life history Page 

Reproduction—Continued. 

Development—Continued. 

bite cy cle, period Obes S22. Hg2 as Se ee 93-95 
Percentage of weevils from infested squares .....:.......-.--2-- 92 

Thermal influence upon development... 2.5.2... 220 2b eS 98 

Fertility, duration Of sc 300 Se ot CS ee eee 76 

Bertilization. 2222.2 bs 5s2 ice ee ee ee eee 75-76 

Generations. See Development; Broods or generations. 

Method of making field observations = =2s-- s2:s-/2-0 3 222 62S 74-75 

Progeny from one pair weevils, annual cde Se aoe ee 97-98 

DOK ees ee oo Ss SL Se Bee el ee ee a eee 43-44 

Not mndicated:.by size or- color ss 3 23 2 eee 43 

imfluence:of retarded development upon 222 ee. ee so ee 100 

Proportions of each.....- wed 225285 She ee ee eee 43-44 

Sexualicharacters; Secondary sss -s.25: beeen las. ee ee ee 43 

DIZzetOl weevils 22. Ls daca Soe SS a ees Al 

Summary; life history. 2.2 Ge.c2 52 22h ee ee ee 30-31 

Time weevils exist on foliage before formation of squares...........----- 53-54 

Wrerohtlor weevils o.222 seo ee pied ose 2s ee are ee ee 42 

Machines. See under Control, artificial; Machines. 

Molasses for weevils. See under Life history; Food habits. 

Multiplication of weevils. See under Life history; Reproduction; Progeny of 

one pair. ; 

Oviposition. See under Life history. 
Parasites. See under Control, natural. 

Plants attacked by some inseets mistaken for boll weevil..............------ 66, 67 

Amaranthus grecizans, attacked by ironweed weevil..............------- 66, 67 

Amaranthus hybridus, will not sustain boll weevil .:..---.--..----..+---- 65 
Amaranthus spinosus, will not sustain boll-weevil -:-:22-22-25---=-s- = 65 
Ambrosia psilostachya, attacked by bloodweed weevil..------ Rae ae eet 67 

Argemone alba, attacked by 1ronweed. weevil<_-2=- .--- oss ee ee ee 66, 67 

Bloodweed. See Ambrosia psilostachya. 

Broad-leaved gum plant. See Grindelia ue 
Convolvulus repens, will not sustain boll weevil... ------------+-------- 65 

Grindelia squarrosa, probably attacked by Desmoris scapalis.....--.------ 66, 67 

Helianthus annuus, attacked by sunflower weevil-...-.-.---------------- 65, 67 

Hibiscus esculentus, will not sustain boll weevil..-.../...--:---22--:-<=:- 64-65 

= Hibiscus manihot, will not sustain: boll: weevile= 2-22-2222. == 222 -- = eee 64-65 

Hibiscus moscheutos, will not sustain boll weevil..-..--.----------------- 64-65 

Hibiscus vesicarius, wilt not sustain boll weevil 22: 2-222 - 222 3 ae ae 64-65 - 

Kidney cotton, probably original food plant of boll weevil......-...---- 65 
Prickly poppy. See Argemone alba. 
Prinopsis ciliata, probably attacked by Desmoris scapalis.......---------- 66 

Ragweed. See Ambrosia psilostachya. 
Sorchunr sap nourishing to boll-weevils]--s22-2--<- ee eesse en eee 65 

Sunflower. See Helianthus annwus. 

Tumble-weed. See Amaranthus grecizans. 

White prickly poppy. See Argemone alba. 

Proliferation of tissue. See under Control, natural. 

Rains, effect upon weevil. See under Control, natural. 

Reasons for large crop of 1904 252222 = ae ns ee ee ee ee 23-25 

Remedies. See Control, artificial. 

Reproduction. See under Life history. 
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Seasonal Bisley ee wa: ters ee ee ee ck ine weyaiana «aioe sisi Ginie Beiwinle sew alae ss 103-123 
Attraction to squares, gradual. See Gradual attraction of hibernated 

weevils to squares. 
Concentrating weevils in spring on trap plants.-.....----..----...--..--- 54 

Westmuchonolestaliks:"some reasons tor early. 22. 256522 22 seek. es 121-123 

Development during hibernation. See under Hibernation; Gradual devel- 

opment during, in southern Texas. 
Dissemination or, artificial spreading of weevils. _..-..-.-.:-/:--..---- 123-127 

Seed houses, influence upon dissemination ..............-.-...--.-.-- 124 

Distance mibermated weevils tly, to 1o0dias.s4eec2 2. coos sent eee eee 108-109 

Early destruction of stalks. See Destruction of stalks. 
Fall destruction of stalks. See Destruction of stalks. 
Gradual attraction of hibernated weevils to squares..............-.--. 109-110 

eltilye ren pine GUE Olae Ole mre yn eet aan tare eyelet Sh aN Senet 105 

EME TM aEOME Om WCC Vill Sape ose rs caer ee en are a ea 103-112 

mersencesirom mena d tall eases ee nies Mele Se ce re ae 107-108 
METS CMCC LOM OMIM CLOl neers e ee ser ne hee ye Sree See ate ee 106-107 
Bntrancepimt oO sconditiong ate ctingw tem oe se eee. U2 ee ee 103-104 
avon MlexcommillOns nO lene aue ce ee ir we ley Sue oe ete 105 

Flying to food, distance. See Distance hibernated weevils fly to food. 

Gradual development during, in southern Texas......../........- 102-103 

Length of hibernation period. See Hibernation, duration of. 

Percentage of weevils hibernating successfully ............-..------- 106 

Sieh terssou city ystems ye ee ua at aes BBO 104 
Maximum infestation, effect upon weevil multiplication. See Multiplica- 

tion of weevils as affected by maximum infestation. 
Movement of hibernated weevils among seppa plants .....-...--.--.--- 110-112 
Multiplication of weevils as affected by maximum infestation....-...---- 119 

iErocress;On imlestationy through iseasomla. 522452 e5 2242 -oo ess eee 113-116 

NepPaccottons danger imealll owiaest-tO;enOwWis so. 2s ates. oe hice. oe ee 57-58 

Sepparcortony delinitvonyOL beni =e sees asses o ce ak eee 2 elo S Tepes 53 

Shelter sought in hibernation. See Hibernation, shelter sought in. 

Square production. See Weevil injury versus square production. 

Squares attacked but not destroyed proportion of 2.2522... 252822222 -22 120 

Stubble cotton. See Seppa, definition. 

Stumpage cotton. See Seppa, definition. 

RoOpickOpmnclahionvol weewvillsitoe asses a. ste ce ok Looe see be eee 120-121 

I Wieevllnni Una VersisisqUAane production ssss. 2 4-205 30.2 5e.50. eens 116-118 

Seppa, stubble or stumpage cotton. See under Seasonal history; Seppa. 

Spread of weevils. See Dissemination. 

Sillomervencesenduranceol Wy. WeeVilse sass eae s ss Ses ole on ae eb see ee 139-140 

_ Sunshine, effect upon larvee in squares. See Control, natural; Temperature 

endured by larvee in squares exposed to sun. 
_ Temperature effects. See under Life history; Development; Thermal influence. 

_ Trap rows. See under Seasonal history; Concentrating weevils. 
Volunteer cotton. See under Seasonal history; Seppa, definition. 

Winds carrying weevils. See under Dissemination; Natural agencies. 
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