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Read May 5th, 1859. 

opu’ tlie 2nd of June, 1857, I read a paper beforc this Society, describing some ‘‘ peculiai 
structures in the Anteiinz of Insects,” which was published in the ‘ Transactions,’ vol. xxii. 
p. 155 ; since which time I have extended my inquiries aniong the different tribes, the 
results of which I have now the pleasure of laying before yon. But before doing so, it 
seems to me that it mould be well to give an outline of what had been previously acconi- 
plislied towards the determination of the structure and uses of the antennte, and of t h y  
various opinions founded upon those researches. 

I shall first of all quote Burnieister, who, in his ‘ Manual of Entomology,’ translated 
hy Shuckard, 1836, p. 295, 5 195, says, “ But as insects doubtlessly hear-as some, for 
example the Cicada, Grasshopper and May Beetle, &c., produce a peculiar sound, which 
serves to attract the attention of the female-they must evidently be provided with alr 
organ of hearing, which is eitlrer very recondite, or referred to oi*gans whose form doe$ 
not evince their function. The anteniiix are doubtlessly of this class ; and, indeed, Sulzer, 
Scarpa, Schneider, Bockhausen, Reauniur, and Bonsdorff considered them organs of 
hearing. That they are not organs of touch is proved, anatomically, by their hard, horny 
upper surface, aiid physiologically by the obsen-ation that they never use them as such, 
this function being exercised by other orpns,  viz. the palpi. Besides, the analogy of the 
Crabs, in which it is well known that the organ of hearing lies at the base of the larger 
antennix, speaks in favour of the opinion of their being in general organs of hearing. If 
after this hint we look to the insertion of the antcnnq we likewise detect here a soft 
articulating membrane, which lies exposed, and which is rendered tense by the motion of 
the antennae. This membrane, beneath which the nerve of the antenna runs, might, 
without much inconsistency, be explained as the drum of the ear, and thus n~ould thv 
antennte be transformed helices, which, as very moveable parts, would receive the vibra- 
tions of the air caused by sound, and act as conductors to it. Whoever has olmm-ecl :I 
tranqL~illy-proceeding Capricorn Beetle which is suddenly surprised by a lo~icl sound, mill 
haye seen how immoveably outward it spreads its antennte, and holds them porrcct, as it 
were with great attention, as long as it listens, and how carelessly the insect proceeds iii 
its course when it conceives that no danger threatens it from tlie unusual noise. Carus, 
Straus-Diirclilieim, aiid Oken are of the same opinion, which I have entertained for 
years, and endeavoured to confirm myself in by numerous experiments.” 

4 196. 6 c  Much more doubt and uncertainty attend the observations and opinions 
upon the organ of sniell of insects. Reaumur, Lyonet, and several nioclern French 
anatomists consider tlie antenna: as such ; but I would ask, with what right 2 The hard, 
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horny organ, displaying no nerve upon its surface, caiinot possibly be the instrument of 
smcll, for we always find in the olfactory organs a soft, moist mucous membrane fur- 
nished with nnnierous nerves. KO such tunic is to be founcl in insects, at  least in their 
Iicad, or upon the surface of their bodies.” 

Itobineau Desvoidy (see Ray Society vol. for 1845) considers there is still doubt on the 
 lie point. “ H e  has already shown, in year 1827, that in the Crabs, as the outer antennae 
are evidently the seat of hearin:, so tlie inner ones are the setlt of smelling ; and aftern-ards 
pyovecl, in his ‘ Recherches sur l’organisation vertkbrale cles Crustacks, des Arachnides, 
c x t  des Inscetes,’ 1828, that in tlic Isopodes the sensc of hearing is no longer doubtful ; 
in tlic Arachnides it is wanting, while, on the other hand, the parts pointed out as the 
;~i;tnclibles arc here o r p i s  of sxelling, and tlie poison-canal in them corresponds to the 
i a c r p a l  passage of the higher animalq. I n  tlie Insects the antennx are organs of 
smclling, and usually also of touch. 

Kiister (see Ray Society 1-01. for 1837, p. 306) assigns to the feelers (antenim) of 
insects the function of smelling. In some cxperiiiieiits with turpentine in glass tubes 
the reporter says, “ I f  these experinients show that the feelers betray a sensibility to the 
cgect of powerful odours, it is not yet proved that these act on them directly ; and so the 
el-irlence that the sense of smell has its seat in the 1eelcl.s is defeetii-e.” 

Kewport has given us a valuable paper on the use of the antennae of insects, in the 
‘ Ti~ansactions of the Entomological Society,’ rol .  ii. p. 220 (read in 1838, but prepared in 
1S31). IIe examined the antenn:x: of Ichzezrnzoiz dti*o120s ; he found all the joints, except 
the second, perforated all arouiid by very minute holes. This, he says, is the structure of 
nearly all the setaceous antennae. H e  observed two trachcE passing up its whole length, 
n-liicli gave off braiichcs at  every joint, and which sccmecl to him--but of that he was not 
quite certain-to conimunicate with the holes in the antenna-wall. H e  also noticed a 
nerve passing throughout its length. 

From this, ancl from analogy with otlicr aniinals, he judged it pi*obalile that the antennae 
were not organs of smell. ZTe instituted a scries of interesting experiments which led 
to  the same conclusion, ancl mentions that ‘( Copi s  ~UoZossus,” when in motion, ex- 
tends the plates on the end of its antenna, as if to direct the insect in its course; but 
That on tlic occurrence of any loud and suclcleii sound, it instantly closes the plates and 
retracts the antenntr, as if injured by the percussion, while the insect stops and assumes 
the appearance of clcath. IIe says, ‘‘ I n  
eonclusion, from all that has been observed of the antennx, it seems probable that in all 
iiisccts these are the auditory organs, and that the nieaiis by 11-hich they are fittcd for the 
function of hearing are varied in different insects, to adapt them to the perception of 
sounds, according to the habits of the species ; that in some species they are endowed 
also 11-ith the sense of touch ; that they are of great, a!thougli not of vital importance to 
tlie insect ; and that the loss of both of them, more particularly when endowed also with 
the sense of touch, will clcarly explain in every instance tlic agitation, clelirium, or stupor 
t)f the insect, it being in fact tantamcuiit to a total depriration of the faculty of hearing, 
fecling, and, I might almost add, of speaking.” 

The iiiost advanced investigations into the anatomy of tlie mtennte 1 had met with, on 

They have no organs of hearing at  all.” 

The Geotrupides also behave in like niannei*. 



the occasion of reading iny former paper, were those by E. F. Erichson, publislicd at Berlin 
in 18-47, and contained in his ‘Dissertatio de fabric& et usu antennarum iii Insectis,’ in 
which he states that he has arrived at the following laws :- 

“ 1. Antennarum testam in in sectis iiequaquani solidain, sed iinmerosis poris perfora- 
tam esse. 

‘‘ 2. Poros hosce ab interiore parte nieivbrau& tenui clausos esse. 
“ 3. Poros in variorum iiisectoruiii aiitennis variis ivodis disposiilos csse.” 
He then proceeds to show the positioii of these closed pores in the various forms of 

aiiteiine, and that they are never fouiici 011 the basal joints. IIe describes the dilated third 
joiiit in JIzisccc as alone possessing these poi*cs, and considers the seta to be the true con- 
tinuation of the anteiiiia, which view had already been proniulgatccl by Mr. Curtis. He 
also notices the iiuiiierous hairs on the antenna, betmeen tlic pores, which he considers 
to form a protection to  them from extraneous bodies. Kow these pores lie regards as 
organs of smell ; l)ec:nm, he reiiiarks, the olfactory organs of the higher aniinals arc moist 
nieinliraiies in order that the odorous particlcs may be dissolved by the humour secreted, 
therefore he doubts not that these ineml,raiies perforin the sainc o fhe ,  protected by thc 
don-ny hairs, aiid retained moist Iiy them. Anotiier reason for mliich lie considers thcni 
organs of smell, is that they are more iiunierous in those trihes whose scent is acute. 

Of this work I mas not aware at the time of reading nip former paper, it being w r y  
scarce. The plates accompanying it siiiiply slion- holes or pores, closccl in by a clelicatc. 
incinlmme. 

T-ogt (Zoologischc Bricfe, vol. i. p. 516-15, Fmiikfurt a. IN., 1851) says, ‘( I f  thcse uniform 
feelers are cxaniiiiccl with a suficicntly high iiiagnifyiiig pon-er, the outcr surface of all 
the divisions, except the articulating joint, is fouiicl to be co~crcd  with miiiute pnnctures, 
.cr-liich are closed in at the bottom by a thin iiicmbranc that appcars to bc clotllcd with 
iiunierous hairs. I n  the aiitenim that arc not of a Ltniforni shape throughout, there is a 
shaft or style, and these pores or iiicieiitations are then found only ~ q o n  the toothed 
processes, I)raiichcs, aiid feathers of the fcelers, whilst the iiitcgument of the shaft is coii- 
stituted like that of the remaining portions of tlic body. The peculiar structure of the 
antennz is, 110 doubt, closely coiinectcd with their fuiictions ; but it would be going far to 
say, with some recent olxcrvers, that it af‘rords untleniable proofs of the correctness of thc 
oft-contested theory that they are organs of smell only.” IIe tlicn says, “Wc are of opinion 
that these minute poi*es, filled with fine hairs, perforin a function coinlining thosc of smell 
2nd touch; for it is an undoulitcd fact that iiiniiy iiiscets, such as Ants, Crickets, and 
otlicrs, constantly einploy their antennz to touch and recognize objects, and that nocturnal 
creatures of this class, especially, possess a reiiiarliably acntc sense of touch in tlic organs ; 
wliil st others, again, as the Longicornia, in which these organs arc considerably developed 
in size and forni, inake no such use of th& feelers. On the other hand, we know of no 
other organs of sinell in insects ; and all attempts to fiiiil tlic seat of this seiise have been 
hitherto iiieffectual.” 

Thus we see horn iiiany different opinions have been ciitertaiiicd regarding tlic fuiictions 
of the an tenna  Sulzer, Scarpa, Schneider, Bockhausen, Iteaumur, Bonsdorff, Cams, 
Strans-Diirckheim, Oken, Burmeister, Kirby and Speiice, and R’ewport are all in favour 

1-01>. XXTI. 3 is 
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of their being auditory organs; whilst, on the other hand, we have Lyonet, Robineau- 
Desvoidy, Iciister, Erichson, and Vogt in favour of their being olfactory organs. I n  point 
of nunibel', the majority are evidently in favour of their being organs of hearing, though 
it appears to nie that some on either side base their opinions on but slender foundations, 
and that the most important advocate on the olfactory side, Erichson, has formed his 
opinion upon an imperfect ltnowleclge of the true nature of the organs : he has thought 
them to be closed perforations opening internally ; whilst I have, in the paper mentioned, 
shown them to be closed sacs, sometimes considerably convoluted, to the inner aspect of 
which the nerve passes. I shall, in the course of the present paper, show that by no means 
in a11 cases is the closing-in meinbrane thin and delicate, but that in some insects it is 
thickened and even raised into a conical and hair-like eiiiiiiciice ; his arguments, therefore, 
regarding its analogy to the pituary membrane clearly cannot hold. None of these writers, 
and, so far as I am aware, no one else, had at the time when my former paper appeared 
pointed out these closed, chambered sacs ; and it is eiriclent that the opinions concerning 
the functions of the antennx?, hitherto entertained upon an imperfect knowledge of their 
structure, will undergo considerable niodification when the structures I have already, and 
those which I am now about to describe, are duly considered and re-investigated. 

1 shall now proceed to the detailed description of the other antennz which I have 
examined since niy last paper. At that time I had not investigated the antennz of the 
Coleoptera to any extent ; but I find they form no exception to  the rest of the Insecta. 

1st. I n  Ileci-ophom Yespillo the organs are only found 011 the last three joints, two of 
which are foliaceons, while the terminal one is rounder ancl pointcd at the apex, forming 
the club or clava ; ancl a fourth, foliaccous joint does not possess these organs. 

The sacs are found on both sides of the leafy joints, and all round the terminal one, 
though they are larger on the back. At A. fig. 1 (Pl. LXVII.), I have shown the surface 
enlarged, with the covering-in menibraiies and position of the hairs between them. Bt 
A. fig. 2. is the section of the same. The average diameter of the sacs is about ~ - & ~  inch. 

The distribution of the nerve, spreading by many branchcs throughout the breadth of 
flrc joint, can be seen by focusing for thc centre of the lamella. This antenna is nien- 
tioned by Erichson, who, after describing its form, says of the last three joints, " Testa ei 
est poris subtilissirnis creberriiiiisque perforata, relictis iionnullis areis minutis iiii- 
pressisque, c quibus setula nascitur " (02). c i f .  $ 10). It is these pores I have drawn at 
A. fig. 2, showing a sac which can be clearly made out in the bleached antenna. 

In the genus SiZp?za there are eleven joints : tlie last three are dilated and covered witli 
finc hairs ; and scattered equally over the surfacc is t o  be found a number of sacs, one- 
fifth less in quantity than the hairs, B. fig. 1 0 0. Besides these, there are larger sacs, 
R. fiz. 1 n u, principally found on the teriniiial joint, about twenty-four in number. These 
shorn clearly the form of the organs from above, and at €3. fig. 2 their nature can I j c  
further Lmdcrstood in section. The covering-in membrane is delicate, ancl rises as a lev. 
cone from the general surfacc-level ; lietwccn the organs the hairs arise and orcrhang 
tliem. Tlic diameter of the larger ones at the surfacc is ii16Tiinch. This is thc character 
of tlie anteniia throughout all thc genus, so far as I haw ascertained. 

11~ C'~-eoy,hilus, ancl proliahly in kiiiclrecl genera, the o r p i c ,  are foantl 0111j- on the 
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terminal joint, which is more elongated than the rest : they consist of the smaller and 
larger sort, as in SiZplzn, but arranged in a inaiiiier vcry peculiar, and confined to the 
lower half of the terminal joint. The smaller forms arc disposed in groups of from six to 
sixteen in each. The groups are diamond-shaped, with a row of hairs between them : at 
the angle are occasionally found the larger organs, as in SiZphci, as also a few scattered on 
the upper half of the joint. Their covering-in membrane, however, is not so conical. 
The diameter of each of the small organs is B& inch. 

I n  Goerius oleas the organs are distributed thickly over the surface, rather more fre- 
quently than the hairs, and show their sacculated nature very well (D. c c u ) .  

I n  Ca?*abus there are eleven joints in the antenna ; only thc last five possess the organs. 
They are not so numerous as those I have described before, and are principally placed on 
one side of the antenna, as shown in E. 

I n  all the species examined of this genus, I have found the closing-in membrane raised 
considerably above the surface-level, inore so than in SiZplm, and having six or eight ridges 
running from apex to  base, as is shown in E. figs. 2, 3. The greatest diameter of the sac 
is inch, while that of the closing-in niembranc at the surface is 3&T inch. The 
Section, fig. 1, shows the form of the sacs and closing-in membrane. 

I n  six species of 3Zntei* which I have examined, I find the same conditions, namely : 
chiefly on the serm of the joints, generally in front of the base of the hairs, are small 
sacs about 3ab inch in diameter, as is shown in F. figs. 1, 2 GI & 6.  Thc closing-in meni- 
1)rane is slightly raised above the surface ; and on the apex are from threc to  six, generallj- 
four, small papill= or tubercles, as is shown in I?. fig. 2 71, & fig. 3. 

111 Shwugelia eloizgutu these sacs are very numerous, disposed over eight of the twelve 
joints, and becoming larger and inore frequent towards the apex. They are generally situ- 
atcd in front, or near the roots of the hairs ; and thcir closing-in ineinbrane is much smaller 
than the diameter of the sacs beneath. These sacs vary much in size, being from z-ilzv to 

The antennz of the Nusb Beetle (Aroniia wzosclzafa) are very similar ; and thc sainr 
description will apply, except that the sacs are larger than the ahove. 

I n  Cetonicc azimta thc thrce lanielh arc furnished with sacs, which are placed close 
together, and are found on both sides of the niidclle one only, and on that side of the first 
aiid third which is in contact with the middle one. 

I n  the antenna of Dynastes IIei*czcZes the sacs are very niiinerous, and the covering-in 
membrane well marked, their diamctcr being about 37+jc inch. Ther are fouiicl on the 
same parts of the lamell= as in Cetoizia azcrotu. I n  consequence of the sacs not extcncling 
through the whole thickness of the antenna-mall, a tube passes froni the inner aspect of 
each to connect it with the interior of the lamella : towards the niargiii of the lainclla the 
form is modified, the sac being placed halfway within the thickness of the integument ; 
and there is not only a tube connecting it with the interior, but also a snialler one t.xteiid- 
ing to  the outer surfacc (H. figs. 1, 2). Kumerous dcpressions, in soine cases forming 
cavities, are to bc found in the antenna; and in all the Lauiellicorns I have hitherto 
examiiied, the sacs are situated on all portions of these depressions, which are thus coinnion 
t o  them. 

(See C. fig. 1.) 

-_--_ ti inch in diameter. The larger sort sceiii conT-olutcd, or two- or three-chambered. 

3 E 2  
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I n  some of the Lamellicorns the closing-in menibrane is prolonged to a point, sometimes 
rigid, so as to  lie easily mistaken for a hair ; but closer inspection and coniparison, I ani 
sure, will satisfy any one as to  its true nature. I caii best explain what I mean, I)y the 
antenna of Geotmpes stei*coi*nriiis. The surface of tlie lainelltr: is patterned all over in 
the sainc parts as in the former Lamellicorns, and in a very similar imnner to those of 
ili&wza fzcZl;a, shown in fig. S of 1119 former paper. The surface is occupied with about an 
cqual number of true hairs, and articulated projections very like hairs (I. fig. 2 b) ,  ljeneatli 
each of which is a sac, as in the former kind of antennzr: ; ancl as the sac does not extend 
through the whole thickness of the antenna-wall, there is, as iii Dyurstes, a tubular coiii- 
municatioa with the interior of the lamella. 

'l'his structure will help to explain otlier forms in the Eamellicorn groups, a s  for 
instance in tlie Stag Beetle (Lucniizis Ce7wis). Over the same parts as in the others 
are a number of appaiwit hairs, slightly curved, projecting from tlic antenna-wall. On 
looking more closely, it will bc oliscrved that they arc not a11 true hairs ; on tlic contrary, 
only a few of the larger ones are hairs, while lmwatli tlic rest an elongated sac is placed, 
as is shown at I<. figs. 1, 2. In this insect the terminal laniella has a large cayity- 
minetimes there are two-extending deeply into its interior (fig. 3 ) .  The cliaiiieter of the 
sac is allGo inch. 

similar conditioii exists in € I ~ c ~ v o ~ J J ~ u s  I J i C e l l S  ; but the nature of' the sacs is well s1ion.n 
1)y the fact that soiiie have the closing-in membrane l e d ,  ancl others slightly raised, whilst 
soiiie h a w  it prolonged into a spino (G. fig. 2 ) .  The diameters raagc from i-&i,J to 
9t!o0 incli. This pccdinr-shapetl antenna lias nine joints ; tlic last thrce are lilierall>- 
fiiriiislicd with these sacs, and of a larger size tliaii any P have hitherto found : possibly 
the size of the insect will account for it, though it ivq geiierally be said that the size of 
tlic iiisect has but slight relatioil to  the size of tlie sacs, as  will he s c m  by coiiiparing 
tlic mrious iiieasurcimnts I have given. 

That these sacs TI ith hair-like apices are the same as tliosc 1% liicli are f o ~ ~ i i d  iii,TleZoZo~ztlu, 
Uylicistes, $c. is cvidcnt from the f:icts-lst, that they are situated in tlie same position ; 
211~1, that solac ha~-e  1cvc1, others sj)iiious apices on the saine antenna ; 3rd, so fai' as 1 have 
found oil exaiiiination of a large n~~iii lwr of insects, I tliinli it limy be laid domrn as a rule, 
that no cuticular projection or spine lias a cavity or sac beneath it in any otlier part of tlici 
insect, except in the antenim. 111 soiue IImiipteix I havc found lseiieatli thc true hairs :i 

c.nvitg, hut not lilic these sacs, inasivucli as the whole nntcnim-n all w:is i)rotrudecl, with :a 
trur hair at the al'ex. 

The spinous condition of the cowring-in niein1)rane is an iniportant point, bccause it 
sc'twis t o  bc clearly at  ~ariaiice with wliat is gencrally understood to lie the structure of' 
311 olfactory organ. Again, wlieii n-c considcr the habit of IIydi-oTJLiZzis ancl compare it 
with anotlicr aquatic Ucctlc, Byticzis iizaiyimZis (to be presently alluded to), I think IVCX 

niaj- olhi i i i  a clue a5 to the nature of tlicsc organs in the anteniiz. I f  watched attcn- 
tiwly, it 11 ill be seen that the IIJ~/-o~J~~~ZZLS is T ery careful not to 11 ct his antennre. Tlic 
Ilmient he is placed in 11 atcr lie suddenly brings tliein beiicath the joint of the licad and 
thorax, ~vli(~rc they rciiiaiii in a liollon-, surroundccl by the silvery filiii of air wliich covers 
the U I I ~ P T  <iirf;tcc of the tliorax, arid nhich is collectid I y  the iiur oils downy hairs on 

(See I. figs. I, 2.) 
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that part of the body. If this insect einployed its antennx? to scent its food, which is 
aquatic, does it not seein very improbable that the olfactory o r p n s  should bc carefully 
shut off by a peculiar provision, from the medium in which both the insect and the food 
are, and which medium is known to be n~cll fittccl for the diffusion of odorous particles 'r 
Now in Dyticus maiyiizuZIs we shall sce the reason that its antenme are bathed with the 
water,-not because it uses its antenna1 organs for scent, but because it uses them as in- 
struments of touch, and has them provicled with special o rpns  f o ~  that purpose. 

The antenna of Dyticm nzn~qi~znZis (L.), very similar in gcncral appearance to the 
palpi of HycZrophiZzis picezis, consists of nine joints, all nearly alike, except the terminal 
one, n;hich is pointed. The antenna is almost universally smooth : the only representa- 
tives of the hairs are on the prominent parts of the joints and apex, which I will clescribcl 
shortly. But on one side of the upper part of each of the joints are a number of 
circular depressions (L. fig. 1 b 0 B ,  fig. 3.), of the diameter of Bojo- inch, more nuinerou\ 
towards the apex of the antenna ; in the cciitre of each circular clcpression is a short 
canal, which enters a sac having its interior aspect in comniunicatioii with tlic interior of 
the antenna ; whether closed or not it is difficult to cletcrniinc, but it appears to  be so 11)- 
9 firm substance frequently found on the inner surface of tlic antenna where these organ5 
are present. The nerve is to be seen vcry plainly giving off liranchcs as it passes up th r  
anteiina to each of these groups, ancl finally expends itself in those of' the apes, scnciiir~ 
off a branch to the roots of thc hairs. 

To these hairs, of which I have given a drawing (L. figs. 2, i), I would also request atten- 
tion, because of their peculiar forin, and liccause such a forin is not Iu1coiiimoii in insect>, 
both on thc antennLE and palpi, when those parts arc nscd as organs of touch, That all tlit: 
hairs, long as well as short, possess to sonic cxtcnt tlie faculty called iii the higher animals 
c 6  general feeling," I think cannot be doubted for a iiionicnt ; Init hairs of tlie form lr :m1 
nliout to describe seem, from their position a i d  shapc, to lie spccially ac1al)tecl as instrument\ 
of tliat more refined tactile sense called " touch." Perhaps the most marlied ~ \ s a n i p 1 ~ ~  
is to he found in tlie antenna of Byl icz~s  ma?girzoZis. The organ in question consists oi' 
a Tdenecl follicle (L. fig. 1 (( CL c/ ( I ,  figs. 2,  l), 1)cconiing gradnally narro~ved to the centre, 
f rom which a delicate inembrane, in tlie form of a clcpressccl cone, stretches across ; f r ~ i l l  
thc ccntre of this membrane springs tlic modified hair, sonicthing like a ninepin, its apcs 
reaching a little above the gencrnl surfacc of tho antenna. There ;ire three on the apes 
of tlie aiitcnna, three on each sidc of the witlest part, ancl two or three on each sidc of' 
tlic upper end of each joint at its widest part. Their situation on the proiiiiiicnt parts 
will show their use for touch ; and the habits of the insect also show horn T-aluable a 
tactile organ is its antenna. 

Tlic ~~Iiolc> of the antenna of this insect is ncttecl by thc water, in which it passe3 tile 
qreater part of its life, and wherc it finds its sustenancc~. In form tlie organs on theill 
arc not esseiitially clifFcrciit from those llefore described in o t l m  insects ; but it is difE- 
cult to sul)pose that odorous px+clcs could pass tlirougli a iiiciiibimie, then through ;L 
vcry sniall t i h c  into a sac, i t d f  probably closed, 1)efore tlicp could affect tlic nerve placed 
:(t t?ie inner surface ; while it is casj- to unclerstaiitl lion. such a structure is well adapted 
tin* liwriitq in wntpr. In the larval anteiiiitx: no such orgmis are found : the hairs on the!-(, 
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zre few and long ; whilst the apex, which has three spiiious processes which are supplied 
with a nerve, doubtless possesses the seiisation of touch (see 31. figs. 1, 2,3) .  

I n  Meloe the aiiteniiae consist of eleven joints, of which the lst ,  2nd, 3rd, and 9th are 
not furnished with the organs, as all the rest are, especially the Bth, 7th, 10th and l l t h  : 
those in the last, or l l t h ,  are the largest. They have the same form as those of the Necro- 
p h o m  Yespillo, but rather siiialler. 

I n  CZytzm cci*czccttus the sacs are found interspersed between the hairs, of the diameter 
of 3-oloT iiicli, in considerable number on the last five joints, and of the same form as in 
IVecrop hot+a Yesp il lo. 

? shall next describe the anteniize of the I&ne~zoptem 
Ti1  the genus Yespcc, whose antenna I have described in my former paper, I have since 

had an opportunity of examining the antenna of the male, female, and neuter, both of 
i: cuZpvis and also ?? Ciwbro. Iii all these, as there described, the last ten joints are 
iwvered on all sides from base to  apex by organs having the canoe-shaped closing-in niein- 
hrane. The number of these on each aiiteiina of Y uulpwis is prodigious ; on each seg- 
ment there are rather iiiore than 2000. The 3rd segment possesses rather fewer, and the 
12th rather iiiore, making altogether on the teii segmeiits 20,000 for each antenna. There 
x e  also on this antenna many dwarfed hairs, as on that of Dyticzis nmyinalis. There is 
no partieulai- difference between the different sexes and neuters ; and I may add that a 
distinct sac is visihle behind the oval opening, which is secii behind the canoe-shaped 
elosing-in menibrane. 

Iii Apis i~aelZ@ca, howcrer, the anteniia of the worlrer or neuter (described in nip 
foriiier paper) possesses the organs only on one side; whilst in the drone OF niale the 
aiiteiina is entirely covered with them, similar to  those of the male Zzicei*zts Zonyico~*~ain 
(see forizzer paper, P1. 30. fig. 7). I have, unfortunately, not succeeded in obtaining a 
feniale or queen, to enable me to  institute a comparison: still one would argue that if 
these organs were olfactory, we ought to  find them iii a peculiar degree clevelopcd in the 
vorker, aiid scanty in the niale, T V ~ O  s~lclom leaves the hive, ahd then oiily for a short 
distance ; but the contrary is the case. 

O d p e m s  ~nzwcc~iirs possesses organs very like those of the neuter dpis  I.lzelliJcct, situated 
on one side ; and as the other side is free from any markings, the nerre and its distribu- 
tion aiid the accoinpaiiyiiig tracheae can be beautifully seen. The nerve, accompanied by 
two tracheae, passes from base to apex, through the centre, giving off a braiicli from 
either side, about the centre of each segment, Tvhich lmiich passes through the iiext joint, 
to lie distributed to the organs in the succeeding scgnient, and agaiii giving off nuirierous 
fi lms to supply the organs with sensation. 

A remarkable anteniia among the Hpienoptera is that of the Red Ant, Nymaiccc m b ~ v .  
It consists of twelve segments : the first is wry elongated, the rest being joined to it at  a 
right angle; the segments after the second gradually increase in width to  the last, whicl; 
is longer than any, except the first, and tapers gradually to  a point, towards which thc 
ziiteana-wall graclually bccoincs thinner, so that at the extreme apex it is very delicate, and 
' hc hairs also abbreviated. The surface is furnished tolerably thick with hairs, as in most 

I t  also possesses the sacs very 11-ell marked, as niay be seen at N. fig. 1 u, 3 C I ,  4, - - n m .  
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They exist on the last nine segments more towards the distal end of each. The different 
forms are shown at  N. fig. 3 u u, fig. 4. : the diameter of the closing-in membrane is about 
a :o inch ; the length of the sac is from &a to 

But, besides, there is another forin of what seems to be the same structure, ancl which 
lias a rather less-marked parallel in the antenna of Proizcms inctabilis (to be ciescribecl 
next). There will be observed at N. fig. 1 6 b 6, a number of small closing-in membranes, 
of a diameter of zaL0T inch ; behind each is a very sinall sac, leading to  a long delicate 
tube, which, bending towards the base, dilates into an elongated sac haviiig its end in- 
verted, as may be also seen in the largcr sacs (see N. figs. 2 & 3 6). What their specific 
use may be, it is at present impossible to  say ; but, supposing these organs to  he auditory, 
we iiiay easily conjecture that they woulcl be able to  appreciate notes in a higher key. 
The nerve in this antenna is well seen, throwing off branches to tlie organs in its course 
upwards. 

The antenna of P Y O ~ ~ C S  ilzetu6iZis consists of thirteen segments, and possesses tliree, 
if not four forms of these orgaiis, disposed in groups on one side of each segnient :- 

First. I n  the middle of the segment are a number of small closing-in membranes, 
of the diameter of &T inch ; they are raised above the level of the surface, and liare a 
siiiall elongated cavity behind them, which is sliowii at 0. fig. 1 cl cZ, fig. 3 tl. 

On the side are level, circular or slightly oval closing-in membranes, I\ itli 
an oval opening just beneath, leading into sacs; in the centre of each inner surface is 
;I, papilla pointing inmards. These are shomii at 0. fig. 1 b 6, fig. 3 6. The diameter is 

There is a scanty group of orgaiis towards thc inidclle of the segiiiciit, whose 
closing-iii membrane is also level and quite circular ; and beneath it is a sliallow cavity, 
haviiig a small opening in thc centre leading into a tubc, which soon dilates, and is con- 
nected with a curved tube, which expands in the form of a tiwnipet. The exact niethod by 
which these trumpet-shaped expansions end iiiternally is difficult t o  clccide, owing to tlitb 
clelicacy of the parts and the thickness of the antenna-mall. It is impossible to  make out 
the exact nature of the junction at the cui*ve. This form I have shown at 0. fig. 1 c c, 

fig. 3 c c. There is a strong resemblance between these aiid tlie long expaiidiiig tuhul(-\ 
in J fymzicn  ; and they probably have the sanic function. 

On the remaining portion of the half-antenna1 surface occupied by these 
structures, are a numlm of low projections, at first sight like dwarf hairs ; but 011 close-1 
inspection they mill be found to  be conical projections of a delicate meiiibraiie protridctt 
from the centre of a depression of the cuticle, ancl having a sac behind: to tiles(. t h c  
nerve can be plaiiily seen passing, as in the other forms ; aiicl a quantity uf firm grauulal, 
matter may be observcd at the junction oil the nerve with thc sacs. Therc is 110 rc~1.1 
aiialogy between these organs and true hairs. Their diameter is &G, iiich, and they ar" 
sliomii at  0. fig. 1 cc c(, fig. 2. 

That these different forms are capable of imparting to the insect the power of aplm - 
ciating notes of differeiit pitch, will scarcely be clciiicd, if IVC adniit that they are auclitoi.~ 
o r p n s ;  while, if coiisiclerecl as olfactory, it mould be dificnlt to explain the reacoii 
of such a variety of forms. 

inch. 

Secondly. 

-__ 9200 inch. 
Thirdly. 

Fourthly. 
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Sirex gigas possesses tn-o forms of these organs, as is shown at P. They are found 
freely scattered over the segments on one side, the other being free from them. They 
consist of- 

1st. A number of depressions, diameter & inch, in the centre of which is a closing-in 
itieiiibrane ; beneath is a tube passing through the antenna-wall, and leading to  a iiieni- 
lmne-sac, as is shown at fig. 1 by fig. 2, fig. 3 6.  

2nd. A number of closing-in iiieiiibranes, having a distinct cavity behind them, in the 
antenna-wall. They arc shown in section at fig. 4, and from above at fig. 3 a. Diameter 
at surface &u3 inch. These appear to  be nearly the same as at 0. fig. 2, and similar to 
those in Ccwabus. 

K e  come now to the Lepidoptera. I n  the Diurna I have exsiiiined 
Gone12 tei yc 9-h c m  TZ i ,  
Pieris, or Pontin bi*c~ssI'ca, 

F - c m m c c  wt iccc ,  
JZgqm*chic~ Jcw&n, 
L y c a i m  PJdecis ; 

P072tin ?=cqj@?, 

aiid I find the same description will apply to  them as t o  the antenna of A 7 y y m i s  Pq~hiu 
(sf n-hich I have given a description and figure in the paper beforc referred to), with the 
cwxption of a variation in the comparative number of organs, and of thc number of' 
car-it ips. 

In the JIoths I have as yet oiily found the siiialler organs described in Argyiziais 
Puphiu : their position on the pectinated forms in the Boinbieida aiid Geomefi*icZa seems 
to he universally towards the apex of the division ; and in the forms less deeply pecti- 
unted they are found on thosc sides wliere the ciecpcst indcntation exists. They are more 
niunierous towards the apex of the aiitciinz. 

1 lm-c figured those of Ai-ctici C ' c ~ c ~  (Great Tigcr Moth) at Q., showing their position in 
tlie male at fig. 1, and in the feniale at fig. 2. At fig. 3 the same is magnified, showing 
in tlie clotted lines the cxistcnce of a em-ity in the interior. 

(J .  shows them 011 thc dilatcd end of tlic) combs in Odonestes potatorin (Drinkw 
3Ioth) : fig. 5 shons one enlarged. 

This condition I have found to exist in 
Drinker Xoth (Odouestes potcrfoiaicr), 
Yellow-tailcd 310th (Po~ t lmin  clm~sorrhcen), 
T'apourer ( O y y ~ i a  c c . i z t i p c i ) ,  
L a c l q  ( G'lissoccimp iieristm), 
Ermine (Pi losomi Iubricipeda), 
TTillow Beauty (Alcis i'J~oli.~boi~Z~i'ii(). 

111 those antenme which are simple and filiform, I fiiid that they exist on one side only, 
m d  situated towards the distal end of each segment, as in the Buff Tip (Pygcwcc buce- 
phalcc], and Yellow Underwing Moth (Tqpha72Ct Bonzba). The latter I have figured at 
I?. : fig. 1 shows their position ; fig. 3 shows a niagnified view of them, with the peculiar 
: m i * h ~ q  on tlie cuticle, while at fig. 2 the nerve (u )  is shown distributing. tiranches to  
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tlieiii. I n  tlie interior of tlie antenim, unclcrlyiiig tlic orgaiis, is found a lobulated 
iiiciiibraiiaccous iiiass (fig. 2 b) ,  in n-liich the cxtremities of the nerve lose themselves. 
It is clifficult t o  iiiake out the precise s tncture  of tlie iiiass ; but it seenis coniposecl of 
a number of iiienibraiious saccnli. It OCCLI~S in it great iiuivber of insects, aiicl princi- 
pally, if not always, in those wliosc organs are not dilated into a distinct sac in tht. 
ant eiina-wall . 

Iii P y p 7 w  bueep1~alcc I hare noticed n cleprcxsioii on cadi segmeiit of the aiitenn;t, 
similar to those observed in some Coleoptera. 

I n  the Ghost Xoth (IIepiaZus I~zcmiili) the organs are in appearance more like tliose of 
the siiiiplc sort in the Diptera, and are dispersed over the ~vliolc antenna. The male and 
feivale aiitenim aiid anteiiiial orgaiis are precisely alike ; and it may bc stated, as a rule. 
that those Jlotlis which possess such ail exquisite sense of smell as Oqp~?*ia niztiqzia lia~-(’ 
the oryans more cleT-eloped in tlie male than in the female, but tliey clo not seem to IF 
niorc nuiiierous tliaii iii those Uotlis 11-liicli are reputcd to possess a more obtuse olfactory 
power. 

I n  A?zthocem loti (Buriict Notli) the organs may be easily cletectecl, being very 
distinctly placed in a slight clcpression lxtwcen the cuticular projections covering that 
part of tlic antciina in wliicli they are situated. The closiiig-in ivciiibraiic is irregularly 
circgalar, of a diameter of T3L6D inch, aiid has a small papilla in its ceiitrc (S. fig. 1 b, 
fig. 2 b).  Bcliiiicl this is a bon-1-shaped sac, which has projecting into it a small papilla 
in the centre of its inner n-all, proliablp wlrerc the iierve iiiipiiiges. This is slioim in 
tlic section at 8.  fig. 2 u, whilc at c the hair-like cuticular projections arc seen partly orer- 
haiigiiig it. 

The aatciina of 17fc(croylossn stellatoiwu is peculiar in having one side of each scgiiicnt 
furnishccl with iiuiiierous rows of hairs. In the centre of each facet iiiay bc seen sacs 
(fig. 19 a). They grad-aally 
eiilarge towards tlic exterior of ewh facet, aiid possess large roots or follicles. 

I n  S’~iliiiz Zigicst~i (Priwt Ilaw-kiiiotli), the organs are to be fouiicl from base to apex 
on every segment, on oiie side only, aiicl in eoiisiderable profusion ; and, so far as I can 
iiiakc out, are oii the same plan as in the Buriiet 1SIotil. 

I have examined many speciineiis of foreign species of TetrLc of all sizes, and iiiid tlic 
organs are on precisely the same plan, aiicl as numerous, as in the Tetrix clescribecl in 

Pourtceii 
segments are found t o  possess tlie sacs ; from oiie to three on each, at the distal or outer 
end, as in fig. 1 LG CI ( I .  Tlicir shape may he seen in section at  fig. 2 CI ; their dianieter at 
the surface is about T310T inch. 

I have also cxaivinecl the anteiintc of aii Ay’ioii  : tliey possess a few (about thrce or 
four) of tlie simple cells I mentioned as occurring in such a clear iiianner in Libellzdn, 
while in tlic coiiiiiioii Xay-flj- (Z$jhetize?*cc c Z i w i m )  they exist in but a rerg rudimentary 
condition. 

I n  tlic parasites also, tlic antenrm are fuimishcd with siiiiilar organs, as shon~ii at V., 
VOL. XXII .  3 E  

These hairs give a peculiar appearaiice to  the antenan. 

llly for111er paper. 
At U, I liave draivn tlie antenna. of Foi$eiiZa cw*iczcZcwis (coniiiion Earwig). 
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where the antennae of the Pediczclzis of the Crow are represented. Two organs are found 
on each joint, except the last two. I n  tlie Pecliczclzis of the Dog the organs are very 
large ; they are shown in profile at  V. fig. 1 b. 

Pzclez also has them on each joint, as  seen at V. fig. 2. An enlargcd view of those of 
the Pzclex of the Mouse is shown in fig. 3. 

Having now detailed all the principal facts I have been able to secure since my last 
paper, I shall again endeavour to  point out the great advantage to  be derived from the 
process of lileacliing which I described at that time, without which it would have been 
impossible, by reason of the depth of colour of the insect-integument, t o  have made such 
advances upon our previous knowledge. It is for this reason that I have no doubt the 
opinions of the naturalists I mentioned at tlie beginning of this cominunication wo~ild 
have been different, had they known the precise nature of the organs behind the closed 
pores ; for it does seein to me impossible that tlie essential iiaturc of an olfactory organ 
should be included in the structures just mentioned, and that oclorous particles could 
pass, first through a membrane, sometinics even spinous, then through a cavity filled 
with fluid, and thirdly through another nieiiilsrane to reach tlie extremity of a, nerve. 
On the other hand, it is not difficult to conceive that such a structure would be well 
suited to  the transmission of sound, upon the principles pointed out by Killer ; and the 
nuiiierous modifications of these antenna1 organs especially to be found in the Hymeno- 
ptera, seeiii t o  form an aclditional reason for supposing thein to be auditory-namely, 
that they may give the insects a power of appreciating sounds of various pitch. 

Amongst entomologists, some misconception as to  the nature of the anteiinte has 
arisen from tlicir not duly considering, in their observations on the habits of insects, that 
tlie antenna has (whatever other function it possesses), in a great nuinber of iiisects, a 
faculty of feeling superadded, at least in those insects wliose antenna: arc tolcrably mobile. 
There can bc no doubt that iiiost of the Hynienoptera use them as tactile organs ; and I 
am sure that the Honey-bee, AmZi-em, and the IC~UZ~ZWZOIZ~CZE do so continually, though 
iiiost writers have considered that the nuiverous movements of the antenna? of the Ich- 
neumons are for the purpose of smelling; but I am confident that strict observation 
would confirm my opinion that these motions are for feeling-and thus to  enable thc 
Insects to detect the opening of the holes in which tlie larm they are seeking reside ; 
and that the antenna could be used as well for hearing any noise the lam= made, as for 
smelling out their position. The Ant lias been quoted as an instance strongly showing 
that the antcnnz are used for smelling, as is manifested in the power of mutual recogni- 
tion possessed by these Insects. Last summer I had opportunities of observing the 
Wood-ant ; and found that it invariably acted in the following manner when two indivi- 
duals met one another from opposite directions :--First, they approached and brought 
their antennae into contact for a moment ; then, approaching nearer, they brought their 
palpi together, and retained them in contact during the whole time, whilst the antennz 
never touched each other again. By what means they communicated their thoughts it is 
iivpossible to say ; but I suspect the palpi played the most important part. 

From tlie various remarks made in this paper, as well as from the observations of 
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Newport on the habits of insects, I think it may be concluded that the antennal organs 
are foriiiecl upon a plan in accordance with our present ideas of au auditory apparatus, 
and are thcrefore capable of hearing, and that :-My they consist of a cell, sac, or cavity 
filled with fluid, closed in from the air by a ineiiibrane analogous to that which closes 
the foramen ovalc in the higher animals ; 2nd, that this membrane is for the most part 
thin and delicate, but often projccts above the surface, in either a hemispherical, conical, 
or canoe-shaped, or even hair-like forni, or variously marked ; 3rdly, that the anteniial 
nerve gives off branches which conic in contact with the inner wall of the sacs ; but ~vhethcr 
the nerve enters, or, as is most probable, ends in the small internally projecting papilla 
which I have shown to exist in many of thcse sacs, it is very difficult to say. The principal 
part of the nerve proceecls to  these organs, the remainiiig portion passing to the muscles, 
and to the roots of the hail’s, at least to  those of the larger sort. The distribution of the 
iieriTe can bc very beautifully seen in the antennx? of the P r o n m ~  before mentioned, as 
also in Odyizems. 

Another point, which might be mentioned as rather tending by inference to  the con- 
firination of this opinion respecting the anteniial organs, is that in the Shrimp and Cram- 
fish among the Crustaccans (vhich have a sac at the base of the antenna, coniiiionly 
regarded 3s the auditory organ) there is no trace of any organs siiiiilar to those of the 
Insecta ; the nerve simply supplies the hairs and muscles. 

Xore than a pear aftcr the reading of riiy former paper on this subject, one was read on 
August 30,1858, by 54. Lesp6s, before the Acadcniy of Sciences, Paris, reportcd upon satis- 
factorily by a Coiiiiiiittee, and subsequently published in the Rniiales des Sciences Na- 
turelles :, Paris, 1858. The title of this paper was ‘( The Auclitory Apparatus of Iiisects.” 
Both tlic author and the reporters seem ignorant of what I had already done on this 
subject, as, by not being aTvai*e of the value of bleaching the integument, ill. Lespds 
had very great difficulties to  contend with, which mould have becn avoided had he 
used that process, and nioreover he would have escaped it great error. He had in con- 
sequence to  eiiiploy the most colourless species ; and the most iiiinutc of his researches 
were upon the antenna of the Lainellicorns, Meloloiztha, PoZypl~yZlz~~,  &c., and he v a s  
obliged to  view the organs perpendicularly only. He certainly asserts the existence of 
sacs behind the nieiiibranes, which he calls ‘( tynzpcmdes,” and gives a drawing and 
description of the ultimate branches of the antennal nerve proceeding to them. But he 
states that the sac or cell (which lie terms (‘ celkde,” or “poclze ’7 contains a rouiiclcd, 
transparent, solid body attached to  the inside of the niembrane ; this body he calls an 
‘‘ otolithe.” ~TOTV,  in all tlie nuiiierous antemm which I have observed with good a i d  
high powers, I have lie\-cr seen this otolithe, the nearest approach to  that body being the 
sivall chain of solid granulcs passing, iii Tetvix, from the centre of the closing-in incni- 
lxane t o  tlic back of the sac. But by following his clirectioiis for the observation of these 
structures in ,JfcloZout7~c~, by splitting open one laivella of the aiiteniia and viewing tlic 
\;.all from within, I have seen the very salve appearance he clcscribes, when viewing it 
\\-it11 10~1- pov-crs. However, the apparent otolithe is vcry soon resolvcd into its trux 
nature : for by using an +-inch objectivc and high eye-piece, the appearance S L L ~ ~ O S C ~  t o  1 ~ ;  
the otolithe is seen long before the rest of the sac ; and by adjusting the focus, the otolitlw 

3 F 2  
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11ielts a w a ~  ; so that by tlic time the sac is in the proper focus, the appearance of tlic otolitlie 
has xmislied ; and on further cxaiiiiiiation it will be plainly secii, especially where the 
s i c  is viewed ol)liqucly, tliat the appcaraiice of a solid body mas an optical clcception, pro- 
tluccd I )p thc looking perpendicularly at  the tube wliich passes froiii the sac behind the% 
tyiiipaiiuii? to coiiiiiiuiiicate n i th  tlie interior of tlie antenna : as the tube is seldom in tlic 
ceiitrc, tlic appearance of tlie “ otolithc ” is ~ ~ i a l l y  more or less on oiie side. Rriotlicr 
great proof against the existencc of an otolithc is the fact, that when lookccl at  sideways 
tlic sac is, so far as I can sec, perfectly empty. 

31. Lcspds, with myself, consiclers thcsc organs to be none other than auditory ; ant1 
from the nruncrous rcsearclies which hnvc now bceii instituted by Erichson, Lesl)ks, and 
iiiysclf, I tliinli w e  may safely say that their esistciicc is very general ii not nniversal 
throughoat the insect tribes. 

31. Lcspks has also pointed out the peculiar liairs mhich I hail noticed some time 
sincc, aiitl n-liich I l i n e  figurcd iii tlic Plate as they exist on the antcniia of Byt ic i t s  
llL(/)yilL(dis. 

Sote.-The bleaching process which I iiow adopt is a, slight modification of that fornierl? 
xconinienclcd. I take cliloratc of potash, say oiic clraclim ; Ti-ater oiie clraclim and a half ; 
iiiis tlicsc in a siiiall bottle with a wide iiioutli, holcliiig about ail ouncc ; wait five minutes, 
aiid thcn add aliout 1+ clrachiii of strong hydrochloric acid : chlorine is thus slowly de- 
~-clopcd ; aiicl tlic mixture rciiiaiiis in action from oiie to two weclts. 

A. O r p z s  on the anten?ia qf’ Nicrophora Vespillo. 

Fig. 1. Enlaygecl vien- of‘ the organs, between the hairs. 
Fig. 2 .  Section of antenna wall, showing the sacs behind the membrane. 

Diameter T+D3 of an inch. 

B. Orguw on the u,itetina o f  Silpha - Y. 
Fig. 1. Enlarged view of oi*gans, as semi from above, on the terminal joint : c1 (1. large sort ; b 6. smallcr 

Fig. 2 .  Section of largcr organs. 
orgalls. 

Diameter at surface of an inch. 

C. Orgnns 071 the t e r i i h a l  joint o j ‘  u Creophilus. 

Fig. 1. Slioi\ s the lozenge-shaped groups. 
u (1. Organs from 6 to 16 in each group, divided by rows of hairs. 
6 6. Large organs. 

Diameter 7q’Go of a n  incli. 
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D. Otgans orb cintennci qj' Goerius oleiis. 

(6 rc a (c. Organs rather morc freqacnt about the hairs. 
6 b. Hairs. 

E. O t y m s  of Carabus. 

Fig. 1. C. viotacezu. 

Fig. 2 .  Enlarged vien of section of antenna-rdl,  shon ing the peculiar markings uf the COT crinp-i:, i i i t ir .-  

Fig. 3 .  (". c~rceitsis. 

Section of antenn:i-\d,  showing true hairs, u (1. 

Ir 6. Sacs with covering-in mcmbranes raised above the general kcc l  

branes. Greatest diameter of the sacs Diameter at  surface 7&Tth of an inch 
The co\ ering-in incmbrane 4een from aboT c, ribbed more than in c'. t * i o / ~ < e u , \  

P. h'&Jr/.Nzf!//t Vf tile U J Z t C I l h f f  qf Elatel'. 

Fig. I .  Shon s the sacs generally in  front of the hairs. 
Fig. 2 .  Enlarged view of portion of same j 6, still more mag~iitied, shoir in& four ur fire pap i lk  oi i  ( :tch, 

Fig. 3 .  Section of the antenna-wall : (1.  01-gans j 6. true hairz. 

G. Organs of' cudennu oJ Hyclrophilus piceus. 

Fig. 1 .  Enlarged view of a portion of surfare. 
Fig. 2. Section of antenna-wall, sholying the various coiiditions of the coveriiip-in rnembranc. 

H. Portiorz o j  anteizntc of' Dynastcs Herculea. 

Fig. 1. Part of one lamella. a a. Normal sacs. 
6 6. Sacs clistorted at margill 

Fig. 2. Section of antenna-wall. Diamcter & of' an inch. 

I. Aiateniza of Geotrupes stereorxius. 

Fig. I .  Enlarged yiew of upper  surface of lamella. 
(I u .  'l'rue hairs. 
b 6. Organs. 

Fig. 2 .  Section of antcnna-n-all. 
a ci. True hairs. 
6 6. Organs. 

I<. A 17 t eii n N ([f' LUG i nus C ervus . 

Fig. 1. Surface of lamella, showing the organs and their spines. 
Fig. 2.  Section of antenna-wall. 

a. True hair-follicles. 
b 6. Organs vi th  spinous termin?" Lions. 

Fig. 3 .  Terminal lamella with cavity. T h c e  are sometimes t x o .  

L. r l i i i ~ w 2 c ~  of Dyticus marginaiis. 

Fig. 1. Last two segments of antenna, shov iilg- 
a ci a a. Dnarf hairs (tactilc). 
b Ir 6 6. Peculiar structure on one aspect only (see Fig. 3 , .  
c .  Kcrve passing to the structures and dnarf hiirs. 

Di,imeter j- ilL, i, of' ar, inch 
Fig. 2 .  Enlarged view of both tnctiie hairs and organs. 
Fig. 3 .  Enlarged view of orgaii?. 
Fig. 4. Enlarged view of tactile hairs. 
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M. A n t e n m  of larva of Colymbetes striatus. 
Fig. 1 .  Terminal joints. 

a. Spine or hair. 
6. Apex with three hairs. 

Fig. 2 .  Enlarged view of 6 (fig. I), showing the nerve. 
Fig. 3 .  Enlarged view of a (fig. 1).  

N. Antenna of Myrmica rubra. 

Fig. 1. The terminal and next segment, showing- 
a a a a. Organs as in other insects ; 
b b 6.  Smaller, communicating with the tubes, as in fig. 2 .  

Fig. 2. Shows the elongated tubes with expanded extremities, proceeding from 6 b b (fig. 1). 
Fig. 3, Section of antenna-wall. 

an inch. 
a a. The larger and more usual form. 

b b. Diameter & of an inch. 

Diameter 2& of an inch ; length from & to - 1 mo - o 

Fig. 4. Another form of a a (fig. 3). 

0. Antenna of Pronceus inetabilis. 
Fig. 1. Portion of antenna. 
Fig, 2 .  Section of antenna-wall, showing structure of a a a (fig. 1). 
Fig. 3. Section of antenna-wall. 

Diameter T& of an inch. 

Diameter .z&T of an inch. c c. Shows section of fig. 1 c c. 
E 6 .  Shows section of fig. 1 b b. 
d d. Shows section of fig. 1 d d. Diameter & of an inch. 

P. Antenna of Sirex gigas. 

Fig. 1 .  One segment, showing two kinds of organs :- 
a. W7ith elevated closing-in membrane (see P. fig. 4). 
b. Cup-shaped membrane (see fig, 2 and fig. 3 b) . 

Diameter mlm of an inch. 
Diameter & of an inch. 

Fig. 2. Section showing the cup-shaped organs. 
Fig. 3.  Superficial view. 
Fig, 4. Section of antenna-wall through fig. 1 a d, fig. 3 a. 

Q., Antenna of Arctia Caja. 
Fig, 1, One segment of male antenna. 

scales being on the opposite aspect. 
Fig. 2. Segments of female antenna. 
Fig. 3 .  Magnified apex of serrae, with organs. The dotted lines represent the interior condition. 
Fig, 4. Apex of club-headed pecten of Odonestis potatoria. 

b 6. Hairs. 
Fig, 5. Enlarged view of an organ (a)  and hair (b) ,  with the cuticular lines. 

The organs are chiefly on the extremity of the lateral pecten, 

Organs on serrated aspect. 

a a. Organs. 

R. Antenna of Tryphaena Bomba. 
Fig. 1. External aspect of a segment. (All are alike.) 

a. Scales on one side. 
6 b. Organs on opposite side, with small hairs between. 

Fig. 2. Longitudinal section of ditto, showing nerve : a and 6. lobulated matter beneath organs. 
Fig. 3 .  Enlarged view of organs. a a. Organs. Between are hairs and cuticular markings. 



O F  THE ANTENNrE OF INSECTS. 

S. Organs on antenna vj 'h thocera  loti. 

Fig 1 .  Enlarged view of surface. 
a. True hair. 
b b b. Organs. Diameter of an inch. 
c c. Cuticular projections. 

Fig. 2 .  Section of antenna-mall and sacs. 
u. Section with papilla at back. 
b. Covering-in membrane, with papilla in centre. 
c. Cuticular projections. 

T. Antennu of Macroglossa stellntorum. 

Fig. 1. One segment, of antenna. 
a. Organs, large and small. 
b b b. Rows of hairs with large follicles. 

u. 
Fig. 1.  Last two segments of antenna, shoning organs, u u u u. 
Fig. 2. Section of antenna-wall, showing the organs at  (1 u. ; diameter T$GEth uf 'in iiicli ; ;tiid ti tit. t i i i i i -  

IJ  . 
at b tr. 

Fig. 1 ,  Antenna of Pediculus of Crom . 
a a. Organs as in other antenna: 
b b .  Hairs (tactile) at  apes. 

Fig. 2. Section of organs. 
Fig. 3.  Antenna of Pules of Mouse, showing an urgan on each wgrxierit~ 
Fig. 4. Organs on antenna of Pulex of Mouse. 






