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I 'RODUCTIO 

The pecan \oleevil, Curculio car:yne (!Im:.!!) belongs to the order Coleoptera., 

family Curculionidne, which co poss the typical snout eetles. According 

to Com tock (1940) this family L, divided into thirteen subf ·11 s. Curculio 

cory e (!!9.!:n) belon _ to the largest, subf, · 1y, the Curculionin o. 

St ies or the peen weevil larva wero undertaken becnuse of ito econo c 

i portance as de5tructive insect on pecan nnd hickory, a bee use very 

little is 3bcmt the morphology und biology of the 1 vt:... 

The can ~eevil occurs all over he pecan growing ea in Okloho 

n c uses ..,over damage both b'J" the feeding of the a.du] t ve vi as ell as 

tho lru-v11 on the kernels of the nuts . 

Control .e suros against the &c!ul t 1,1 c,vil have been found , but no 

for the ehe:nic 1 control of the weevil nre the applic· tion of a s ay, usi 

(, po s of 5 •rcent DDT vettnble pol..'der per 10) gallons of water. Appli-
~ - --- - ---- - _'.'._ __ :__ ___ _::__ _____ _ 

c· t1ons nre me.de when nn aver& e infest tion excceao 6 cult ve vils collected 

r tro by Ue ethod. 

(!!2!.!!). 

The egjs of the peen weevil are insert • into t11e nut during 'epte her 

1d October. U n h tchina the larvt ... feeds on the kernel und d ,velop ntirel 

on this source of nourisl rnt. After re ching turity in the fifth int, r 

the l&rv Lats hole through the shell , husk, drops to the soil n 

burrovs lnto the ground. Thero is no definite tim for this ov ,,ont fro 

the nut into the soil. Larve ere found let..v the nuts as early os Octo r, 

altho r7h larvae can be founu in 1uts as late a•, the follovi i1arch. 

After o clh:. 1• use .::,eriod of r.t le~ 0 t 1 ..,.nntl1 I.he firat d:tlt _cevil 
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ccm be found in th~1 coil. This HppctU't,nce occurs in the winter time and the 

11dult,s apparently remain in tho soil until July, \,hen they eiaerge to feed 011 

The larvn of the subf'r.:12:1ily Gurculioninae is· priuc:i.pH.lly cheracterizcc1 

b-y the following charactern: 

1. a soft, Ehite-y0llowish, cyl:i.nrJ.ricG.l body 

2. leg:less 

J. u coruplete chi tinized hend ce.psule 

ft, absence of compound eye10, occlli Lnd cnten::il structures. 
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METHODS AND ~fATERIAL 

1. SOURCES QI LAR AE 

L!:.lrvae of tle pecan weevil were collected several times in various stage 

of development. The first collectlon was made from infested nuts, collected 

at the Adams' orchard south of Stillwater on September 2;:. At this date 

samples of infested can nuts were taken from trees of the SteYart variety, 

which was the most infested one in this orchard. A second collection was 

made on October 10 Dnd a third on November 6. 

Other lnrvae "1erc obtained by collecting the soil infesting or last 

larvul instar found in the soil beneath infested trees. All these larvae 

were plDced i moist soil in bottles, each of hieh contained 60 speci en~. 

2. PRFP d .. 'fION METHODS 

a. ~~~~t;o~ fo~ £i~s~e~i~n.:. 

Due to the unusually hith fnt content of he pecan weevil larva special 

techniques had to bo devised for morphological and histological studies. ~o 

f .t solvents were used in studies or the digestive syste • 

Larvae were killed in 95 percent alcohol and retnined in this solution 

for 15 minutes to h den the body slightly. For the dis"ections the larva 

wus then transferred into JQ percent alcohol. Th"s technique was p~rticulnrly 

sui t(;d to a study of the fat toring organs, and to obtain some j nfornwtion 

on the utilization or the fbt. For perlllB.nent alid •s, the dissocted t s were 

carried bac\ into diatille wnter and preserved and ounted on the slides in 

poly-venyl alcohol . (PVA). 

For other prepnrutions , especially for histologic 1 studies, th fat vas 

re,ove • The larva was killec by direct i · .:ction of absolute petroleum ether 
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into the lnrval body. Dissected parta to be mounted were run through the 

alcohol-xylene process . After dissection in 30 percent alcohol, such parts 

were treat d as follows: 

JO min . in 70 percent alcohol 
15 min. in 85 percent alcohol (thio step leted in case of 

thin parts) 
10 min. in 95 percent alcohol 
immersion in :xylene until Lhe whole part w s cleare. 

The cleared tissues were then mounted on slides in :xylene-C na.da.-b ls" • (XCB) 

The larva was killed in 70 percent ulcohol . After complete dehydr8tion 

of tho body tbrot h the alcohol series, it was cl nred in :xylene. To ·nsure 

better penetrat·on of the pa~ ffin in which the larve as embedded for section-

ing, xylene vas mixed with the same amount of technical acetone. The 1 va 

was then placed in p e ac tone to which 1 lted p affin was slovly dd d . 

Thi., mixture, containing the arva then was put into elted paraffin, to vhich 

a small ount of bees wnx hod been added to obts.in better sectjoning properti s. 

The p~ affin was kept at 8 temper~ture slightly above the melting point for 

period of 30 minutes before being poured into paper blocks for th mbedding. 

Thes blocks were hard ned for 24 hours ln running tap rater . 

The block was sealed on a wooden carr er vh~ch was then fastened to the 

microtome . The .. ·crotome used was typo No. 445 of the Spencer Lens Comp ny 

of Buffalo, ew York. The sections were de with a. blue Gillette razor blade. 

The thickness of Lhe sections was seven microns. 

Special car ha.cl to be exercised in the temper tures of the paraffin 

block and the blade whon sectioning as done . Best results were obtained with 

the following temperatures: 



p N.n 15 - 2D°C. 

R zor blade 30 - 35°c. 

~t these temperatures tho different sect·ons rm ined together, forming a 

ribbon without curlin . nother v ry importan factor in obtaini str ·ght 

ribbons was to have the surfaces of the block even, especially the ones paral-

lel to the blade. 

After the ribbons of tissue were cut, they were fixed to the slides vi.th 

alb en-glycerine. A slight warming or the slide over the flame of a Buns n 

burner flattened the sections to the surface of the slide . The paraffin was 

then removed from the sections rith xylene. For staining of the tissue in 

borax-car ine (alcoholic) the sections had to be hydrat oin. This was 

done by carrying them back through the lcohol series into 70 percent alcohol . 

J:t'ter this hydration the stain was able to react with the tissue . Excess 

bore.x-curnline was w shed out with distilled water and the sections brought 

through the alcohol series for dehydration . For the fi 1 p~eservation the 

slides were put into .xylene and the cover glass ounted vit,h xylene-Canada 

lsam. 

Preparation: Larva in 701, alcohol 15 minutes t -wice 
85 % alcohol 10 minutes 
95 % alcohol 10 minutes 

100 % alcohol 5 minutes 

Xylene 15 .minutes 
Xylene: cetone 1:110 minutes 
Acetone techn. 15 minutes Paraffin adrl • 

Per Rffin liquid 30 1rdnute., 
Paraffin bloclr 24 hour::: 



Sectioning: Temperatures 

Stnining: S ctions in 

Mounting: 

Paraffin bloc 
Razor blade 

Xy ene 
95 % alcohol 
70 % alco ol 
Borax-c rmin, ale. 

H20 dist . 

70 % nlcohol 
95 % alcohol 

1 0 % alcohol 

Xylene 

Xylene-canadian balsa 

15 - 20°C 
JO - J5°C 

JO minutes 
2 ·nutes 

10 ttl.nutes 
6 hom-o 

15 minutes 

15 m.:i nutes 
5 minutes 
1 minute 

5 minutes 
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To obtain information as to fat deposition a its rel ationship to the 

food intake phase of the larvae , a s ries of r at extraction tests mm con-

ducted, usinc larvae collected on the following dates: 

1. From nuts collected on the lJth of October. 
2. From the soil, about 5 onths after the larvae had om.erg d from 

the nuts. 
3. From the soil, about 16 months after the larvae had emerged. 

The rroups of." larvae collected at these times were dehydrated .... s described on 

page 4 :in the alcohol series . The dry weight was then measurod . The fat was 

extracted in a So:tlet extractor , using ab.,,olute petrol um ether . The extrac

tion w s continued for four hours at 55°c. ~ext the ether was evaporaLed, 

without vacuum, for one hour a.t 60°c. The residue, containi the xtr ctcd 

f'at compo s (raw fat or ether soluble com undo), was wei ghed on t or sion 

balance, type 269 of the Torsion lance Co npany, New York. Then the rest of 

the extr acted larval ti ssue was also veiehed . By weighi ng both, the larval 

body and 1 ts extr cted fat residues , a 1 ore exact estilllllte of the body con-

sti tuents was obtained . 

A summary of the process is as follows: 



Dehydration: 

KKtract,ion: 

Larva in ?O percent alcohol 
95 percent alcohol 

100 percent alcohol 

in petrolemn ethor (absolute) 
ev~poration 

48 hours 
48 hour-s 
24 hours 

4 hours <7:t 55°c 
1 hour (ft 6o0 c 

The following weirhts 1;1er,~ mer,rJtn•ed: 

a. bottlH empty 
b. dehydrrated larvae (dry 1..i:eieht) 
e * t;.:,ttle plus ether soluble~ compounds 
d. .Lrrvne mi.nus ether soluble conpom1rls 

Culcule.tion or veights: 

7 

'l'he content of' ether soluble compounds (J;;.c.) 1rrns culculated as follows: 
the letters refer t,o the respective letters under the pa.rt: ueights r-'leti.sured 

1. {b - d) (c - a.) ;::: E. C. 
2 

E. C •• 100 
b 

= percent raw fat content 

Thi.s gives the content o.f." ether soluble compounds (raw fat) in percentage of 

the dry weight of' the la1·v&e. 



1. EXTERNAL .ORPHOLOGY 

PART I 

MORPHOLOGY OF THE L RV/ 

a. !h~ ~e~d-~ _i!s_AEP!~~e~. 

8 

The eyeless head capsule or the pecan weevil larva is completely ehitin-

ized. Nevertheless, the coro 1 suture nd the two frontal sutures are clearly 

visible. The :frontal sutures are divided in their distal t again i nto t vo 

short sutures which circle the cranial ticulation of the mandibles. {Fig.l) . 

Only a few bristles cun be found on the head cap ule. Five of them are 

located on each gena, two symmetrically on the frons. 

Thore are no compound eyes; the larva lacks even the ocelli. 

The mouthperts are of the bi ting-chm.ring type and arc the only appendages 

on the head. No antennal structures are present. 

The labrum is partially divided in its distal part into thre lobeo, the 

central of which is slightly longer than the outer ones. The external surface 

of he la.brum is chitinized, 'While the internal surface is membranous and 

extends from the lo s into the preornl cavity, forming the epipharynx. 

The very hard and strongly chitinized, double-toothed mandibles shou the 

characteristic articulation of the typical mandibulate type of mouthparts. 

(Fig. 2). 

In contrast to the mandibles , the maxillae appear rather weak. The cardo 

and the stipes are open, allowi space for the muscles entering the maxillae 

from the head. The short pa.lpus consists of two segments. The ultimate 

segment rises slightly above the lacinia and bears on its di st al end some 

short sensory palpi. 



PLATE I 

THE HEAD OF THE LARVA ------

Fig. 1. - Head of the pecan Yeevil 
larva. 

A articulation of mandibles 
cs coron 1 suture 
fs frontal sutures 
Fr Frons 
Ge Genae 
Cl clypeus 
Md mandibles 

maxillae 
Lb labi um 
Lm labrum 

9 



PLATE II 

\fA IDIBLE 

Fig. 2. - Mandible of the 
larva. 

A Articulation 

10 
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The lacinia curves slightly toward the galea ~nd bears on its dorsal surface 

a row of, soven setae. Ther are two long bristles on tho galea and one on 

the dorsP.l side of the stipes. (Fig. 3). 

The labium io surrounded by a strip of chitinized tissue , which itself 

is divided by a second strip of chitin. The three branches of this chitinized 

part surround the two small two-segmented palpi. TYo bristles are found be-

tween the pal.pi ond the forklike chitinized part of' the labium. (Fig. 4). 

b. The Larval Body. 

The larval t~dy is, with the exception of th nine pair& of spiracles 

and the 'orsal region of the first thorucic_s gment, not sclorotized. The 

more or less leathery body wall shows no appendages. Spiracles are found 

only on the first thoracic and on the first eight abdominal segm nts. The 

ineso-and metathorax and the last three segments do not h ve respiratory 

openings . 

On each segment are found eight bristles, six of vhich are on the dor 1 

port. These are reduc don the last two segments of the abdomen to two. 

Two brist es are found on the ventral side of each segment. 



PLATE III 

,·1AXILLA 

Fie. J. - ~axilla of the 
larv 

C cardo 
G gs.lea 
Le lacinia 
P palpus 

.st stipes 
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PL TE IV 

LABIUM 

Fig. 4. - The 1abium of the 
larva. 

13 



PLATE V 

THE BODY OF THE LARVA 

Fig. 5. - The larval body. 

A1 first abdominal segment 
An anus 
H head 
S spiracles 
T thorax 
Mat metathorax 
Mot mesothora.x 
Pt prothorax 

14 
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2. INTI'RN.nL ·,t0RPHC· OGY 

The int,rn orphology t:-and anatomy of the peen weevil l va shows so 

features of specialization, when compared with the morphology of the typic 

coleopterous larva. These specielizations are principnlJ.y involv din the 

digestive system and may be as ociated with the rather unusually nutritious 

food. The mass of the body cavity is filled 1..1ith three sacs of a fat storing 

tissue, where the fat is stored by the larva during the actual feeding period. 

The digestive system, as well as the respiratory and nervous system are sur

rounded by and embed.de in these fat bodies. 

a. !h! ~i~e_t;v! ~Y:!t~m.:.. 

The f irst part of the alimentary canal confor s morpholoeically with that 

usually found in coleopterous larvae stomodaeum. From the buccal cavity the 

gut nRrrows down to the eoophugus and in terms ·s enlarged into the crop. 

1 ere is no disti ct proventriculus noticed. The mesenteron or ventriculus, 

posterior to the crop ia not enlarge, but is of pproximativoly the same size 

s the esophagus. Besides the size, there is no obvious diff rentietion be

tween stomodaeum and mesenteron. The Malpighi an tubules are six in number and 

originate at the junction of the mid a. the hind gut . These tubules are in 

their proxinwl part thin and str ight an pass through the inkled fat bodies. 

Tl e second part of the .falpighian tubules then chan ·e suddenly into anoth r 

istologicrd state. The str ight tubes change from th i.r membranous tissue 

1nto a glRndular type of tubes. (Fig. 6, 7, 8, 9). 

This distal rtion of the Malpighinn tubules is also closely attached t o 

t e f at body, from uhere the tubules pass to the posterior intestin (colon). 

Cor ful dissections have shown th t the tubules enter the prerectal layer 

around t he rectum. (FL . 10). The lpighia.n tubules lay therein deepening 



LATE VI 

THE HIND GUT ----

Fig·. 6. ·rhe h1 gut of the lar a, 
showi the location 

ts of the . lpighi n 
tubules. 

A. tubular type· of the J lpi hian tubul s 

B. gl ular type ot' the tubules 

C. j1mction bet een tubules and rectum 

16 



PL TE VII 

THE MALPHIGHI TUBULF.S 

I 

Fig. ? . The tvo types of the 
{alpighion tubules. 

A tubular type 

B glandular type 

17 



PL TE VIII 

THE MALPIGHIA1 TUBULES 

II 

Fig. 8. Cross ction thro h the 
glandular type of he 

a.lpighian tubule 

F t body 

Mt Mclpighian tubules 

Fig. 9. The gland ar type of 
th Malpighian tubul 

18 



PLAT IX 

JUI CT ION BETWEEN HALPIGHIAN TUBULES 

...lm fil'CTUM 

Fig. 10. Entrance of the pighinn 
tubule.., into the prer ctal 
chamber. 

Ii r ctum, prerect~l layer re ovcd 

B rectum, prerect 1 layer not removed 

D deepening, reduction of the rectal w 11 

~t alpighien tubule 

Pl pr rectal layer 

19 



of tho inner ror::ill of' ihe rect:.na, 

t1hich contains the <listnl f:mds of: the l'!ialpigh:lan ·tubu1on and the lum1::in or the 

(Fig. 11). 

* ). 

ale,) :in t\:-10 of the six M:c1lpighifu1 tubules in ·Um Curcul:lonid J;).p.J-011. In the 

thin it3 true only in adult8 or lrrrvao or in both. In his dif.letwslon ot thfJ 

mention in which gr<.mr>s of" insects these spocd.alizations tll'(.; f'ound. 

In the pecan wciecvi1 h,rva it wai;J found t,i'mt, in. tho case of the lc1rv11 

thin ua11ed }:)Li.rt, of the tubulos 't,SQfi enpty. ·rhis ·wHs 1uvr.,.riably true in all of 



PL TEX 

JUJCTIO B T\>1EEN MALPIGIUA l TUT3ULES 

Fig. 11. Crosaection through the junction 
between .{alpighi n tubules and 
th rect 

perforated rectal wall 

B straight rectal wall 

R rectum 

Pl prerectal layer 

Mt !a.lpi hian tubule a 

F rat body 

21 



length of' the ventrc.l norve cord 

is due i;o a rcducrtion of' the cormccM.YfH:l hetweon the pair::: of gnllf-Jlia lfhich 

themselves oro grorn1 toge'thf:r. 'l'heret'ore -there i8 no disrtinct dif.f'erontiDt.ion 

in the vent:r.rtl 11ervous s-.,rstem into tho two nt:irve cord.-:,. This roducrt.:lon of 

the length of t,he centrsl nervotw s;;stem is also found in oth01· coleoz,t~n·ous 

The e:nerv1:i.t:i.o:n or t.ho third thoroeic and o.f the tirxJominnl 1:mguient;3 is 

conducted hy the peripheral nervous syste1a. Nerves are hmding f:t"'om tht, grmg-

lfo. to the r,.;spect1ve segm.ents o.f' the lm:-val body. 



PLATE XI 

TlIE NERVOUS SYSTUM 

Fig. 12. The ventral nervous 
system or the larva. 

Se Subesophageal ganglion 

1 first thoracic ganglion 

2 second thor cic gangli n 

3 third t oracic ganglion 

A1_g abdominal ganglia 

23 



PART II 

BIOLOGY 

STARS 

The eggs are deposited by the female through an egg puncture, leading 

through the husk and the wooden shell into the nut. Upon hatching the first 

instar larva burrows into the kernel tissue, where it compl tes its develop-

ment through the fifth larval instar. Several ethods were e:r:iployed to 

est blish the number of larval instars. No groos morphological differenc s 

were found which vould divide he larvae into distinct instar groupings . 

The length or diameter of the 1 v 1 body varied greatly, apparently de endin Y 

on environment~l and nutrition l factors, and did not show constont ono h 

features to identify larvae as to instars. The most ·consistent features to 

classify 1 ae into distinct groupings were the dimensions of the head cap-

sule. The measurements were made with a micrometer eye-piece. The larva to 

be sured vas laid on tho glass stage of a binocular, the hend laid flst on 

the plate, to insure a constant distance from the larva to the lenses. The 

vidth or the head capsule W8S determined by moasur· the maximum distance 

betw en the t\10 gene. The dat obtained in these measur ents fell into 

five distinct groups, indicating distinct inst rs. ( g . 13, Table I). 

Table I. - 'idth of the he d capsule of the pecan weevil larva, showing the 
instar groupings. 

In st ar 
1 
2 
J 
4 
5 

Width of head c psule 
in 

0.45 ± 0. 01 
0.99 .± 0. 01 
1..30 :! 0 . 02 
1. 52 .± 0 . 02 
1. 73 :.t 0.02 

Number of lar 
measured 

4 
8 

21 
51 
81 
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PLATE XII 

- o,-4----~-4---+~+---+~_,__--+-~+---+-----1~-+---+~-t---;-~-1---,-~ 

Flg. 13. 

I. 2. ; 3. S. =~ .-

The growth of th head capsule of the larva 
of the pecan weevil during the different 
moulting periods. 
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Sr-Jxtples of nuts uero ta.ken fri)Jl the trees on the 22nd of Septe,-nber, on 

the 10th of October, 01ri the 6th of llovomber, 1945, End on the 15th of February, 

1949. 

Fig. lA. oho;Jo the l'3etwonal appe&rance of the li:irv::;l instars dUl"ing u 

period of' f:iva montho. The figure indicc.t.es thnt tho hatching period wru; 

nearly over at the ti.rile ot' tho first collection on September 22, 1941, as 

only a feu .first instv.1· larvae were .fou..rid e.t this elate. On Febr.unry 15., 191+9, 

larvae still could he f'ound in the nuts but in every cu.se these were of the 

.fifth instnr. 

b. Ee:.d!1~ ~n£i!s.:. 

Upon h&tching f':r•om the eggs, the lrirvae burr01,1 in-to the kernel. The 

number ot l8rvae :present in a single nut variee. considera.bly and from 1 to 8 

were f OUlXl in the sa.m.e nut. Since larvae do not leave the nut in which they h:;t,ch 

until reaching maturity in the fifth instu.r o.nd are not cannib,\listic, the 

tot.al nvnilable food ~upr,:,ly f'or all lnrvao present is limited to the single nut. 

Tho whole kernel snems to he sufficient food for the development of 4 to 5 lw--

vr-.e. Uhere fewer a1--e found, there 13 usually a portion of the nut left which 

is not, consumed at the emergence of the larvae. \-!here more are f'ound in tho 

Grull.e nut., they are usw..,.lly Si11eller in size when coni.pin-ed t..rith those in the onrne 

instsr from 0ther nut:J. Nevertheless eVf.Yn ".:Yherfi'; cxtrelne competitions for tw::dl-

able food exiot there zet-;;1.1p to be no can..'l'libo.lis1t1 among 'the larvae. 

o. Em.err;enee of. the Lro-vue from the Nuts.' - - ~ - - -- - - - - - -· - - ~ - - -
Uhile in t.he fi.fth :i nstf)l", one of the larv&0 chews a hole through the hard 

:rooden shell mlcl the surrounding husk. The>.rt! could be found no evi.dence us to 

ukrt feature of th0 development or impulse to emerge ini t:i.a;ted the urge to lea·Te 

the nut. ln those cases irhc:ro seve1·~.1 lr:,r.vae c:u-e pre l]CUt in a nut, i-t; wight 



PLATE XIII 
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Fig. 14. The appearance of the different 
instars of the pecan weevil 
larvae over a period of 10 weeks. 

(The final investigation, mo.de on February) 
(15th shoued, that at this time all of the) 
(larvae were in the fifth instar.) 



O.n the other hand, extern;c;,1 ecoJogienl factors do not vholly occount tor emc1rM 

October <.:1r1d et1rly December, mDny 13:!'VTle still re:ml'.lin wtth:i.n the nuts tho fol-

Nei the:r:· did the ini'l uence of' loc.i:ticm of' the nut dt::,termine o,Ge1·g0:nce, 

for lm"v&c ct:::,n be found both in the nuta hnncinr: on the tre1:rn rmd those which 

only ono holrJ chmmd through the ::;hell. In only on.o ca1:1e out of the thoust:1nclc:, 

prohs'bly :in l:lght rmd e.ir cuen~e ofi."ects tt..rough thEl fir Gt OfJfJx1ing uhich 

Lnrvne leave the nutH that eiUmr still hong o:n tho tre01.~ or tl1at hHve 

fcJ.lcn to thc1 groU11d. AE'ter dropping t,he l2i'rvis1 i.rim1edi0tely boghrn burrouing 

into the so:11. It. dom:; not have fm.y appendngef~ for thi.s pD.rt.icn1l~21~ pm•pose. 

The burrowing is dono by means of mover,10:n:ia:J of the obrfomen. This is pressed 

that. the larva borro,,.:rs j ntc the soil Hbdomen--first. It 11my he thnt the fcN 

hri£:lt.lcs found 011 t,he a1x1.::.mien heJ.p :tn keeping thc larva from slipping. 

df;finite ge,Ytropisn uns nc,ted. L:l.ght set)ms to l:w.ve little or no effect, as 



29 

few days indicated th&t all the l1xnae had "burrowed down to the bottom of the 

bottle. 

Tho depth of the burrmring seams to depend to ti major extent upon the 

physic:;i.l propt1rt:i es of the ooll ond t,he oubsoil. Observations in the orchard 

in October, Hhen unu.sunl drought condit,iono prev~ilecl, showed that a hurder 

plou oole limited the depth to which the larvae could burrou. This plow solo 

wr..s at a depth of Hbout 21 cm ('7 inches). Most or t,he larvae uero found on 

·top of this h2rdened uoil but rt few of. them had penetrnted about tt,o c1a 

further do'\:,m. Observi;;tions in suother lt:>cntion shoHcd most of thv larvae nt 

o. depth of" 15-.:m en ( 5-6 J inches), the hardened lsyer th.ere was found at a 

depth of nbout l:J Clli (6 inchBs) which indicates aguin that the h;;ird soil was 

u lind.ting ff,ctox· in the dept,h or t.he penetro:tion. Speciril oxperimcntr.1 ve:re 

mnde by Dieberdcrf (1943) to obtt,in information about the depth to wbich the 

lo.rvae burrm.J. CD-ges were pli·ced into the ground to e, depth of about 120 cm 

(1.,0 inches). The ooil w5s then rop1&eed in !:.he cages and the lc-.rvae 1.r:-.id on 

top of the soil. Tho dintribut::Lon of these larvae \JfW later cor,tpt;c,rc.,a with the 

cUstribution of other larve.e :i.n the soil m1(ler nztural conditions. 

·rs.ble II prEH1ento t, he rindings in. them,:1 exporiiI10nts uncl incic8'..t,cr1 thf,t 

the rno::rl; limiting factor in the dopth or the burroitlng ia the condition of' 

the soil; ri com~ct and. haruc:ned layei· cm1 not l:,e penetrm.ted. 
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* TJ\BL_t~ II - Distr:i.but,ion of the larvae :ir.t t.h0 :::;oil tmdcr naturr;l couclit:l.ons 
und Jn ca&;oc. Depth or burrouing by 1 snd 11 yeti.rs old larw..l.ci. 

·---
11:..rvo.e 1 yeur in soil lb;.:r.ve.e 1}-;;,: ye&rs i.n ooil 

ne.turrl ~'·* in 1mtu.rr;l **;,. in 
Depth in inches conditions cage conditions C8€;0 

8 0 1 1 

4-8 13 l 13 0 

fJ - 12 I' :) 3 2 1 

12. - 16 0 6 0 1 

16 - 20 0 8 0 0 

20 - 21,i. 0 12 0 2 

24 - 28 0 6 0 1 

28 - 32 0 ?. 0 2 

32 - .36 0 0 ;) 0 

.36 - 40 () !J 0 0 

* Da:tc. obtained from experimon·ts conducted by Y:iir. tl. A • .Bieberdorf, 

l\ss:tsfamt Profesror of Entmrrology, Oklahoma Agriculturnl and MochaniceJ. 

College. 

1HHt The hcrdcned layer here 'lrJB.fJ Qt ::1 depth of ?~- inches. Tho noil used in 

·the cae;es •:.ms of the su:;iie type H8 the one :i:n the oxporiments under nutural 

condi t:ions 1 slightly packe6. 

(,' 
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a. Diapause. 

There seems to be a diapause during tho time in 'Which the lr.rv remains 

in tho soil. This meano that the 1 va is n a resting stP.ge wl ich is ep-

parently not inf uonced by obvious ch gos i the environment 1 factors. 

This concept agrees generally ·th that of Wigglesworth ( ) , who ah,o 

quotes a si lar definition by Henneguy: "·· a spontaneous arrest of develop-

ment which supervenes irrespoctive of' the environmental conditions". The 

pecan weevil larv remains i1 the soil for at least 1} ye -rs. Followi 

this extended period of diapause a few of the larv e c1ange nto p 

adults . There seems to be no definite time in which this change takes place. 

Adult weevil v re found i .n the soil in October · · December, as well as in 

March. Observ tions in tests cr nducted by Bieberdorf (1948) show th~t the 

first adults appear in the soil aft r about 16 onths. The larger porcent oge 

of the larvae appear to remain in diap use for yet another se son. o weevil 

op red duri the first yeor in the soil. 

During this period of diapause the larva does not feed. In all the 

e ned larvae t aken from the soil, tle fore and the id ut vore completely 

voi ed, and even i the harynx esophagus thore were was no indication 

thnt ny food ors il had b en i ested. The larva feeds exclu ively on the 

r la.tively large amount of fat stored ir it::; throe f at bodi u. Experiments 

we e co ucted to investigate the decre ~ of ·t,he f at during the period or 

diapause. Three , oups of 20 larvae each 'Were obtained, al ··n the fifth 

inst r. The first group wa.., taken directly from the nuts, the second after 

about 5 onths ·n the soil the third group after stayj in the soil for 

o.bout 16 onths. 

11 these larvae were debydrat ~ d th fat xtr c a.:f'ter Soxl t•..-

et od , .rith 'Jetrol ~ eth r . 



'l'iU'3LF III - Coni:p~riE"..on of tl1e ft1t content :ln lcnrae at {Jli:l:ferent timct'i during 
the fifth 1nGtl?ff' • 

Dry treiiht of one 
li::;rva tn grtms ., 
(ii.VOJ:'t}fi_/:3 of 
lnrvne) 

:&~nt content ( ether 
soluble com;;,oundg) 
in percent. 
(ilvoruge of ~'.0 
ltJrvne) 

1t.Jrvv0 out, 
or nut.::: 

'i 'l ,, '.,f.11 
f,,) • .)jf<I 

c:.. clear fluid, Hhich night hr,ve 

t~hout, 5 1;:ont.h~; 
in the scdl 

a t..)<.">Ut 16 LlO!:lt.rw 
in the m:iil 

50. 

crop HGY'G f'illed ui th 

th:is ;i,:;:3 folloi,md by rm exi,ended periorl of ciinprmse during; :;,.;J:dch no orgrLl:l.ic 

food is ingested. Thi!] unumm.1 m1tri'tion is pr,r~1llelod hy a rather !,rpeci&lizcd 

dige:Ttlve tmd Hxcreto:r;y 8pparntw.s, er;pech,lly :in the J\ft,lpighian tubules. These 

t,ubules ohow f'el':',tures thc.t are not de::mribed :i.n o.vo.ilnblf2 e:rrtoniologiccl 

1.i·tortrture. The author uishos to outline :mme of thet!e fects tmd to propound 
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the follo ine hypothesis shoving pos~ible relationship between rood habits 

the dig stive system. 

Observations of part cular port.ance are Bs follows: 

1. Fat i s stored in tho three large r .. t bodies during the ctual feoo

i period . 

2. Duri the period of di pause the ut, exclusive of the r ctlll shows 

no indic~tions of .. ny food contents. 

J . The distal portion of the falpi ghian tubules and the rectum are 

filled during di apause with fatty content~. 

4. The connection between the 1alpighian tubules and the rectum nd 

especially the unusual histological arrange nt of the rectal 

epithelium at the point of attachment , show that there is possi

bility of a passage of products from the Malpighian tubules into the 

prerectal chamber from there directly i nto the rectum. 

5. It is generally eed that di estion do a not t ke pl ace in the 

insect rectum, ther fore the products found ther have no furt her 

nutritional value, are therofore w ste pr.od,icts. 

The question n turally arises as to the s ite of the cat bolls of th 

fat duri diapause . It is apparently effected either by the f at body or by 

the Mal pi ghi an tubules. There is no ovidenc that the very loose ad t hin 

tissue of th .fut body secretes enzymes or otherwise enters into the dieestion 

of the f at. On the other hand , there must be a reason for the morJ,>hological 

and histological differentie.tion of the d:i.st al portion of the 1al ighian 

tubules. The similarity between the histology or the salivary gland and of 

thnt or the distal part of the Malpi ,hian tubules ght conceiv bly lead to 

the assumption of a simi ar function--namely that there is a productio.n of an 

by th fu.J.pi ,,hian tubule", d that this en e functions e.s a rat 
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digesting cowpound or ns a ontc.lys·t. Ta.king 811 these observ.:itionu into 

consider.::1.tion, t.he folloi,xing hypothesis of the fitt cycle in the li,rval body 

could be concerned ! 

i}h:U& feeding on the lrernel 511 the nut the ltdrVo assimilrrtes ·~he plant 

fat. The uss:Lu.h.-,ted fnt then is trcnsferred through the blood Gnd $tor.ell 

in 'Lhe r.:d; brnlier:1. l1f"tor tho lm·vo. hG,~ consed. feeding ,md i:i~.sse~ the poriod 

of clL'1p::ntsfl in ·the soil, .ft:>t is ·taken -from tho ft:1.t bodie[l into t.he distnl 

pDrtion of ·the Halpighinn t.uJ1ule:1. tfore it is ru::~dm.Untc>t1 and the wnsta 

products ro·o carried. directly into t.'he r€lct:"'1 lumen .. 
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CONCLUSIONS 

Those 1c:tudi1;;1r; on th<:3 ll=B·va of' the pccnn W(-J(N:iJ, Q£rgulig .£.RJ::~.e (Horn), 

lfil to the rollo~:i.n@; reeultc and ctmclu:;;ious: 

Upon hctch:tng fro:m the egg the lt,1rv.s1 <~omplotca :its dovelor,xmerrt :i.n the 

uut. Five distim;;t groups of instn.rs wore obtr:dn0rl by t!omp,sn:t".tiv,J m.o~sure

r.;e:nts of' the dirurmsio:tn'.l of the head crilpsulc. After :reaching maturity :in tht:l 

fifth instcJT ·the l1o,rveo1 chewv .a hole through tlte hard uooden .:;hH11 1:m•.::l the 

husk mid drops t,o th~ soil. No cleflnite ind:i.eutions for t,he riM.inu.1ua imd the 

time o.f tJ1i13 em.:;rge:nce from tho nut wer<il found. 'rhe lti!Tva 110.s positive 

geotrophism i:nd hurro;ezS irnmedio:t.ely into the so::i.1.. The depth of' this lmrrow

ing soerm.-'l t,o he limited in most cases by t,ho conditions of the r1oil nuc1 t;lw 

subsoil. No a1~Ip011clae;es for an active 1:nu'rowlng were t'ou.nd on the lG.rva. 

two-yEiar life cycle. Act.ivc feeding occurc onJ.y during the period :i.11 141ich 

tho lnrvn lives in the nut .• 

Morphologicr:Jl and .::11atom1.c0l dif.f.'eror1tifftiomi occur i.n the lflrvn whicl:!. 

see:G to ·Correle;te idth these particuJ.2,.r feeding habits. There cJ'.'o 'three, 

l2rgc fr::L bodies in the lm-va, 'I'he:1e ::itor1-·;ze orgr.ms arc filled during the 

1Sctuecl footling 1.:m:riod. During the period of' d1:ape.uoo ·!;he lr<.I'Vt~ usc::i this 

stored f't:.t.. A significuut rlee:r<:;1",ee of the st,,red fo.t could ho measuri':d by 

the extraction of' Lhe remai.ning fnt at diff'er'ont r;t;_:;ges of the lm'Vr,1 liie. 

A second di.fforeutiation occurs 1n the ~Inlpigh:l.nn tubules. 'l'h(}Se ·tulntl.es 

show two different portions, f'irst a i;roximul, st,raight and thin wrlllcd tubule 

and nt:;cond a distal glnndular ty::>0 of tubule. This dint.&l p:;irt is connected 



with Uie colon'" The tubules enter the thin prerectul layer and mltl in a pre

recte.1 chember. .At the point of attochmen·t ·the rect~~l epithelium shows a 

distinct tliff'erentfot.ion from the otrrlight ui,:;_11 into 2 pp,rfor2.,:ted a.embt-a.ne 

w·H,h direct openingn from the p:rereotal cht:u1iber into tho luaen of ·!;he rectum. 

'l'he r1s~umption Hl:JS 111.ade tha:t theso difforentir:rtions ore in connection wl th 

the ununual f(mrJing habits of tho hirva and the follouing h.;y-pothesis of' the 

cycle oft.he fo.t in the larva wo.s J'!J.adc: 

1. 1''ut is otored <lur-ill{, acturil foedlng period into the fr,.t b..;dies. 

2. Durh.tg the yJerior1 of' diapauze the fat is 1rt.lli ze.il. The glG.ntlular 

disttl po1"tion of 'the li.1alpighiaJ:l tubules ~.cts as u digestive organ. 

The rot is assimilated therEi and the waste products are ca:;rricd 

through the tubules into tho prerecrts.l Ch/'2,lmber and from. there dl

rectly into the lumen of the reettl'D.. 
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Studios were conducted on t. he farva of the pec:~in weevil, Gureulio Zl!Y.!!.'2, 

(Horn), Curculioni.dae, Coleoptern. 

li'i.ve diffe:rent in.st~rs uoro l'ound in tho dev0lop1.11ent of the lnrvn~ 

The only feeding rmriod if{ during the devel(;pment of tho lm:-vri :ln the 

nut. No &cc:rtR'?.1 f'eHding irJ done during the ::')eriod. of' diaym1rJo. 

;,forpht,logicwl i,nd uni:.rtom:teal adi:i.ptions of the cligesti,ro r.;yst,eI.1, especi:::iJJ.::r 

of the .Halpigh:lan tuhuleB, seem to 'be relG.ttid to th\) tmUBUHl f'eeding lwbits of' 

t.lm lurva. 11 hy:,xrt.hesio 1JfH3 therefore. proJ>osed on the i:w::Ioelv:tiom; betueen 

the feeding ht,.hits, dif'rerentint,ionG, in the digeoti·ve r;y5tem, f,.nd the cycle of 

the f.:1t in the lm•vtl life. 
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