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The Fine Structure of Hamann's Organ in
Lepiodirus hohenwarti, a Highly Specialized Cave Bathysciinae
(Coleoptera, Catopidae)

b

Fiorenza ACCORDI* and Valenio SBORDON* *®

INTRODUCTION

Purticular sense organs are to be found in the 7th, 9th and [0th antennal seg-
ments of the Catapid beetles and of some other related families of Staphyl-
inoidea. Because of their structural complexity and puzzling function, thess
structures have, in recent years, attracted the attention of 4 number of authors,

It seerms of interest to trace an cutline of studies so far conducted on these
organs which promise a greater insight into both the phylogenctic relationship
among some staphylinoid beetle families and the evolutionary patterns of
Catopidae in adapting to the cave environment, The discovery and first de-
seription of these structures was aseribed to Jeannel (1911}, However, carelul
reading of a paper by Hamann (1898) on sense receptors of some Bathysciinae
convinced us of the importance of the studies by this author. Ferhaps some of
Jeannel's misunderstanding of Hamann's work stemmed from his way of num-
erating the antennal articles, In fact Hamann reported olfactory vesicles as
occurring in the 2nd, 3rd and 5th antennal segments in Bathyscinae, This
would appear to correspond to the actual location of the receptors, when
counting the articles starting from the antennal tip. Jeannel (1908, 1911) was
unaware of the sensory organs in the 9th and 10th antennal articles and so was
perbips induced into rejecting Hamann's findings,

Hamann was able 1o describe the antennal receptors of Speophifus Liesen-
wetterl, Centhmonocharis frevert and Leprodirus hohemwarss in some detail,
in spite of the limitations of the light microscope, He even noted the spindle
shape of the vesicle and periarticular gutter sensilla.

The afore-going facts would scem to supgest that this scosory structure,
otherwise known as “vesicule olfactive”, "antennal organ™ or “antennal ves-
iele”, be referred oo future as Hamann's orean, in honour of s discoverer.

Jeannel (1911) reported on the vesicolar organ in the 7th article of the
Buthyseiinae. Unfortunately he gave a misleading description of the sensilla
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in the vesicle, in that he believed them to be hexagonal plaques, each perfor-
ated by a peg.

The first glectron microscope study of Hamann's organ was performed by
Baceetti and Shordoni (1967). They investigated the morphology of the vesicles
in two species of Bathysclinae with differing degrees of cave life specialization,
Le. in Bathyserotes Ehevenhiilleri and Lepradirus hoherwarsd, Even if detailed
descriptions and micrographic illustrations were given during the 34th Con-
gress of the Italian Union of Zoologists at Messioa, only a short summary was
published, The essential ultrastructure and innervation leatures of the two
types of sensilla (deseribed in the present paper as “cribrose-stick™ and “cri-
brose-utricular™}, located in the gutter and in the vesicles of the 7th, 9th and
I0th antennal articles, were clearly reported. In addition, accounts of the
morphalogy of Hamann's organ have already becn piven in various papers
concerning bath the taxonomy and evolution of Catepidae (Sbordoni, 1961
and 1963; Shordoni and Cobelli-Shordoni, 1973),

Later, Corbigre-Tichant {1974) gave a thorough description with ample,
high guality photographic documentation of the sensory organ in Speophyes
hicfefulues, Besides the two main tvpes of sensilla, previously described hy
Baccetti and Shardoni, Corbigre-Tichané illustrated twao additional types (star-
shaped and claviform pegs) located in the periarticular gutter,

Other recent papers describe or compare the strueture of Hamann's organ in
different taxa of the Catopid family {Corbiére-Tichané, 1977, Peck, 1977}
Peck, in particular, shows the peculiar morphology of the sensilla in the ves-
icles in Promaphagus to be quite different from those in Bathysciinae.

The object of this paper is to deseeibe the structure of Humann's organ in
Leptodirus hohenward, in detail and with the aid of a Transmussion Electron
Microscope (TEM) and of a Scanning Eleetron Microscope (SEM ], this specics
being a typical representative of ultraspecialized troglobitic Bathysciinae and
subject of behaviour experiments in our laborataries.

The possible function and evolutionary patterns of this complex sense orgian
it Catopidae and related familics are also discussed, Another paper (Lucarelli
and Shordont, 1978) reports on experiments inte the role of Hamann's prgan
in full detail.

As other authors have used different terms to indicate varioos pacts af the
organ, we have summarized the status of nomenclature {and synonvmy) con-
cerning Hamann's organ in Table .

MATERIALS AND METHOD

Specimens of Leprodires fofienwarti were collected from the Noé cave, near
Aurisina (Trieste) and reared in saturated atmosphere thermostatic chambers
at 67 in our laboratories. Details concerning ecology. methods of transferral
and laboratory rearing of this species have been given by Shordoni and Coballl
(1969),

Antennae were cut off [rom adult insects and carcelully dissected to remove
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the external coticular wall of the Tth antennal article, in order to expose the
organ, which was then fixed in 4% plutharaldehyde, in 709 alcohol or in
Barber's fluid, and then transferred into a 4.1 M cacodylate buffer,

Specimens for SEM observations were fixed in 190 osmium tetroxide, de-
hydrated in gradual ethanol series and in absolute acetone, then allowed to air
dry and were subsequently stored in a dry atinosphere. Some organs were dis-
sected hefore dehydrating, in order to observe the internal features. Antennae
were mounted on standard mica squires and metal stubs, gold coated in vacuum
and observed with & Cambridge Stereoscan Electron Microscape,

Specimens for TEM observations were fixed in 1% osmium tetroxide, de-
hydrated and cmbedded in Epon or Araldite. Thin sections. abtained with a
LEB Ultrotome 11, were stained with 1) urany] acetate and lead cytrate and
ohserved with a Siemens Elmiscape | A,

Ohbservations under a light microscope were also performed and micrographs
taken, mounting the antennae preserved in aleohol after clarilying them with
clove oll or lactic acid.

RESULTS

Zth article sensory organ.
The receptor organ occurring in the 7th antennal article of Leptodirus has a
very complex structure. [ts consists of the following parts (see table 1)

a) a sensory vesicle, deeply invaginated into the antennal segment and pro-
vided with a number of crilirose-tirricnlar sensilia,

bl a vestibehum with the shape of a eylindrical neck flaring distally and bear-
ing a long bramching seia,

ol a perigriicedar purter comtaining a ning of crthrose-stick and star-shaped
sensiffa.

After extracting the argan from the cuticular wall of the 7th antennal article,
the entire structure was examined in detail by SEM: its maximum length wus
found to be about [00x and fully covered by a cuticular lining. The semsory
vesfole was seen o be nearly spherical in shape, rather compressed laterally,
with a longitudinal diameter of 400 and g thickoess of 270, Tts external surface
was seen to be perforated by almast 60 pores with an invaginated inside cuti-
cular lining, An internal spongy structure was recognizable within the pores
from which some filaments and stubs also emerged probably indicating stumps
of nerve fibers. The cylindrical neck, about 14y long, correspanding to the
vestibfum, eccentrically connects the sensory vesicle to the medial side of the
periarticuler guirer.

Under TEM examination, the senyvory vesicle appeared to be lined by a thick
cuticular wall breaking off o correspondence with the previously described
potes. From each pore a cribrows wiricwlar sensitfum penetrates into the inter-
nal cavity of the vesicle. The number of sensilla therefore appearcd to corre-
spongd to the number of pores. The cribirose wiricwlar sensilla were scen Lo he
barely elongated with a length of 10-12x and a hreadth of 5-6u, They were per-
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Fig |. Light micrograph of a whale antenna of Legrodivas frofeswar, Tth, Yeh and 10th articles
are indicated by arrows {x 42}

Fig, 2. The whale Hamanns organ ol the Tih antennal article, ss ohseeved ander SEM. A dth
antennal scgment, PG periarticular gutter, ¥ vestibulum, 5¥: sensary vesicle (x 5100,

Fig. 1. Sensory vesicle under SEM cxammation: detail of the external surface. Each pore (I'0)
corresponds to one internal cribrose-urricular sensillum (x 2250).

Fig 4 Periarticular gotter of the b antennal segment by SEM, detail of the brunching seta (B5),
S mibiose-stick sensilla (x 2050).

Fig. 3 Cross section of the sensary vesicle (Tth antennal segmenth by SEM, shawing eribrose.
utricular sensilla {10 fx [ TIHD
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Fig, & Cribrose=utricular sensillum from 7th article sensory vesicle, as seen under TEM in lan-
itudinal section. Tubules are scen in transverse section {x 5300,

Fig. 7. Detail of a coibrose utricular sensillum. High magnification of wboles in longitudinal
section allows 1o distinguish pares (PO} in the cuticular lining (x 27 001}

Fig. B Detail of & cribrose miricular sensillum showing cross section of the tubules (TU) Den-
dritic membranes (13) are visible among them (8 83,6500,

Fig, 9 Cribrosestick sensillum from the Tth amicle periarticular gutter in longiodinal section
[ B3040,

Fig. 1 The samg sensillum as observed under SEM {x 58007,

forated by a number af tubules rising up from the inner part of the sensillum
and opening at the surface of it. The entire sensillum and the tubules were
noted to be covered by a thin cuticle. High magnification of the tubules revealed
a more camplex structure of the lining which in fact appeared to be perforated
by a number of small pores, which could be interpreted as evaginations of the
cuticle, The diameter of each tubule was estimated to be 001-0.25, its length
varying according to pasition with a mean of 3.5u; the small pores were seen
to have a diameter of about 150 A, The Jumen of the tubules appeared to be
mainly cmpty. Membranes were seen to be widely distributed among the tubules
and closely adhered to the small evaginations, We also found them at the base
of the sensilla: these were the branches of the dendrite entering the sensory
vesicle Lhrough the pores, as previously reported. Each eribrose utricular sen-
sillurm was seen wo be innervated by a single neuron which assumed a lamellar
structure before entering the vesicle.

The vesribudiene was seen to be cyvlindrical in shape and elongaling into an
enlargement fadriwn) giving on to the periarticidar gutier, In the middle of the
vestibulum internal wall, a long Aranching seta, with its ramifications, was
seen Lo emerpe from the periarriculer guteer.

The perigeticadar grtter surrounds the base of the Eth antennal article,
Through it the whole organ communicates with the external environment,
Both SEM and light microscope examination showed an irregularly cristated
floor, circumscribed by a prominent scalloped rim. A ring consisting of two
tvpes of sensilla was seen in the gutter. The cribrose-stick sensiffa appeared o
be more numerous, 30-40 having been counted. Being externally perforated,
they were seen to resemble the previously described cribrose-nfeicwdar sensilfa.
When compared with the latter, however, they appeared to be thinner and
mare elongated {10y long and 3p thick). The pores were regularly distributed
in 15-20 vertical lines and the tubules were seen ta be shorter and larger, Maore
diverse internal structures such as vacuoles and membranes also appeared to
exist among the tubules.

The second tyvpe of sensilla oceurring in the gutter corresponds to the srar-
shaped pegs described by Corbitre-Tichané in Speophves. They were seen to
have cvlindrical base which became inereasingly stellate towards the tip. From
SEM examination the sensilla appeared to be similar to short trichoid sensilla
basiconica with grooved surface tapering pronouncedly towards the tip. In
this respect the sensilly would appear to he guite different from the interpreta-
tive diagrams of Corbiére-Tichand, Star-shaped sensilfla in Teprodinn were
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scen to be about twice as long as the previously described sensilla and only
1-13 in numher.

Oeh and [ griicles sensory organs:

Two additional sensory receptor orguns occur in the $th and 1th antennal
segments. Each segment was seen o bear two rather invaginated vesicles in-
side. The vesicles were noted 1o be of different sizes, the meadial one being deeper
and longer than the lateral one and having a mare developed vesubular part,
They were seen to contain about 20 and 8 eribrose-stick sensilla respectively.
In the former, the vestiblen was obseeved 1o exceed the vesicle 1o diameter,
Hranching serae emerged fram the vesicfes. These were seen to be characterived
by a short apical brush.

Both the vesicles commumcate with u periarticedar gufrer where coribrose-
srick semsilla are present together with some sensilla which we relate 1o the
claviform pees that Corbigre-Tichané only founded in the 1h antennal article
of Speophyes, In Leptodirus these sensilly were seen ta vary bath inlength and
shape, some of therm being very long and slender with a peduncle up 1o three
times shorter than the ¢lub. Close pores were noted to range throughout the
club, but not to be present on the peduncle:

DISCUSSION

The fine structure of Hamann's organ in Leprodivas holwenwarnl closely re-
sembles that in other Bathysciinae speeies studied under the clectron micro-
scope (Baccetti and Sbordont, 1967; Corbidee-Tichané, 1974, 1977, Evidence
drawn from light microscope observations on severa] species of Bathvsciinae
(Hamann, 1898: Jeannel, [91[; Shardoni, 1971, and unpublished data; Cor-
bitre-Tichane, 1973) further supports the idea that this is a unigue organ among
insects and structurally vniform throughout the entire subfamily,

However, differences do exist amaong various sectiones, geners and specics.
The differences concern the number and complexity of the vesicles and the
structure of the sensilla and appear to depend on the following faclors:

1} the phyletic distance between taxa;

2} the degree of specialization to cave environment wilhin a particular phyl-
etic group.

A single sensory vesicle is present in the 7th antennal article of all the Bathys-
ciinae so far examined, although some aberrant individuals with complemen-
tary vesicles have been detected both in Leptodiras iohemueartf and in Speon-
ontus fostiai (unpublished data), Conversely the %th and [0th articles offer
substantial differences in the number of vesicles, While moest Bathysciinae
have a single vesicle on cach 9th and 10th aricle, Lepradivus hohenwarti as

Fig. 11, The periarticular gutier of the Tth antennal article under SEM expmination, Criliease-
stick zensilla (C5), star-shaped sensilla (5%5) and (he branching seia (BS)are recognizable
{x G0},



Fig. 12

Fig. 13.
Figs. 14

Fig. 16,

Frg. 17.
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Longitudingl section of cribrose-stick sensilla (C5) and star-shaped sensillum (55) in the
peciarticular getter of the Trh article {x 2850,

Star-shaped sensillum in Inngitodins section {x 1000

and 15 Two cross secticns ar differem levels of the star-shaped senstllum, Dendriges
arc visible in the lumen (x 16,2500,

A cross section of the periarticular putter showing ten cribrose-stick sensilla (CS) and -
tw star-shaped sensilla (55§ (x 39041).

Crowss section of a eribrose-stick sensillum (x 97500,
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well as Bathysciotes khevenhiilleri were seen to have two vesicles as previously
reported by Baccetti and Sbordoni (1967). The scnsilla observed in Lep-
todirus do not exactly correspond to those described in Barhysciotes (Bac-
cetti and Shordoni, 1967) or Speopfyes, Bathysciola, Troglodromus, lsereus
{Corbiére-Tichané, 1977}, The efaviforsm pegs in the 9th and 10th articles of
Leptodirus appear to be somewhat particular, In Speaplives comparable strue-
tures are located in the periarticular gutter of the 10th antennal article. They
were nol, however, detected in Bathsciola, Troglodromus ar fserews (Cor-
higre-Tichuné, 1977). The hranching setae in the Leprodirns vesicles {also de-
tected in the highly specialized Asrggofius angrstaias (unpublished data)) are
not present in the other species where simple bristles (Corbigre-Tichand’s black
peps”) are reported, The stur shaped sensilla also seem to present some shape
and structure differences among the genera studied. SEM observations would,
however, be required to actually prove said differences do exist.

The above reported differences which occur to various extents among Lep-
fodirus, Bathysciotes, Astagobius, Speophyes, Troglodromus and frerews could
he related to the degree of phylogenctic relationships within these taxa. On
the ather hand, differences in number and structure of the crifirese utricular
sensifla among the various species 1s clearly related to the degree of specializa-
tion to the cave enviranment. In fact, Leprodires fohenwarrd, the most spec-
ialized among the species studied, shows the highest number of sensilla (50-60)
in the vesicle of the Tth article. As reported in its original description, Oclrri-
divla maringe, a poorly specialized, soil-dwelling species, only displays 6-8
utriclar sensilia (Sbordoni, 19710, Intermediate numbers of sensilla have been
found in unrelated species exhibiting increasing degrees ol morphological
adaptation to cave environment: Batfiyseioly derosasi (20 sensilla), Froglo-
dromius buchert (20-25), Ovvorus sehiedes (25-30), Astagohius angusiaius
(40-60) ete. (Shordoni et al. in preparation).

Differences in the structure of wricwlar sensiffa mainly relate to the number
and the diametér of tubules. So, for instance, Leprodivus, compared with Spea-
phyes, shows thinner and more numerous tubules. No difference has been de-
tected in the siee of the wieicwdar sersifla,

More interesting and clear-cut differences emerge when Hamann's organ in
Bathysciinae is compared with corresponding structures in other subfamilies
of Catopidae {sensu Jeannel, 1936), Available data reported by Peck (1977)
on Promaphagus {subfam, Fucatopinag) and by Corbiére-Tichané (1977) on
Choleva sp. (subfam. Catopinae) reveal considerable differences in the sensilla
lining the scnsory vesicles, In Ptomaphaguy hollow, fluted, apparently un-
perforated sensilla occur. In Chofeva the sensilla are neither perforated by
tubules nor futed, presenting only scattered pores directly connected with a
dense dendritic nelwork, These findings account for a strong evolutionary
radiation in the Catopidae family, indicating clear-cut differences among the
three reported subfamilies,

In spite of the structural diversities among sensilla, parallel evolution i con-
nection with udaptation ta cave life accurs in hoth Bathysciinue and in the
Frowmaphiagus penus,
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The function of Hamann's organ was previously supposed to he mainly ol-
factory (Jeannel, 1911; Baceetti and Shardoni, 1967; Corbigre-Tichang, 1977,
Peck, 1977}, although Argano et al. (1969 hyvpothesised a role in hygrorecep-
tion for Bathysciinae, Difficulties in understanding the possible role ol Ha-
manm's organ mainly stem (rom its widespread occurrence in species belonging
to different families, and occupyving remarkahbly diverse niches (from pholeoph-
iles to cavernicoles) and having different behaviour patteens. However, the
reparted development in structural complexity as both Bathysciinae and Prow-
apftagns become troglobitie, seems ta indicate a strang dependence on some
particular factar which characterizes the cave environment. Now, if olfaction
be important as one of the senses involved in the orientation of beetles in caves
an even greater olfactory efficiency would be expected (o characterize surface
beetles. such as some Promaphagus species, that largely depend on olfaction to
find food. Evidenee shows to the concrary, however, that the organ in the
epigean speeies s iovariably less complex.

Among other possible functions, bygroreception could be more directly in-
volved in adapting to the cave environment. This role of Hamann's organ has
been tested by comparing the humidity responses of both intact and antennect-
omized subjects in two species of Bathyscinae, Leprodirus hofrerwarrd and
Bathvsciofa dervosasi, under various alternative R.H. condirtions {Lucarelli and
Shordoni, 1978). The results clearly show that importani hygroreceptors are
located in the Tth, 9th and [th antenpal articles. So, 0t s very hikely that
Hamann's argans he responsible for hygrorcception, A steucture in the process
of evolving as a hygroreceptor would be cxpected to exhibit a progressive in-
cregse in air-contacting surfaces. Such o process does actually occur in Bath-
ysciinae both thraough the increase in number of sensilla and through struciural
complication af each sensillum where the arca of the invaginated cuticular
surface has been seen to incresse. A similar process also occurs in Promapfae-
gus where the external cuticular surface of the sensillum has become fluted.
The evolution in the wtricular sensilla could be so hypothesised as being due
to a progressive madification and deepening of the tubules in the eribrose-stick
sensilla, Likewise, we could hypothesise that the fluted sensilld of Promapiagns
derive from some trichaid, cristate sensilla, not unlike the sturshaped ones,
However, mare research into the structure of Premwphazes (luted sensilla is
called for,

Due to the high degree of structural complexity other functions of this organ
apart from the hygroreception cannot be excluded. It is worthy noting that
Hamann's organ, which appears to be one of the mest complex receptor strue-
ture in insects is nol particular to the Catopidae, as suggested by Corhiére-
Tichang (1973) as it also appears in some related families of Staphilincides,
such as Anisotomidas (Craowson, 1967), Luwdidae (sensu siricro), Calonidae,
Leptinidae (Shardoni et al,, in preparation).
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SUMMARY

Hwmann's nrgan in deprdieay fodwaiwaed, o highly specialized cave Bithysennae. hos been studied
ender the TEM, SEM and bght microscape. This receprar organ, located w the Feh, 90h and Hith
antennal articles and previewsly refereed tooas the “vesicule olfactive™ and as the “antennal organ™
or “antennl vesicls”™. rewches s highest degree of sonectural cemplexity in Legiecdive, Dhis pape
altempls 10 establish some degree of senamvmy amang the ferms wed by earlier authars inde-
seribing Lhe varwous antenngl pacts and sonsalle Five pes of senstlla (o be found in the organ
are deseribed, spmely crifeose-arivk woasiflo, Coibrse-arecadae sessifii, stae-sliped sensifio, olavi-
S sensifln and Srancling werde. Camparisons wilhin Bathysciinae species and ameng the latier
and other sublamilies of Catopidae revenl ddlerences an the number of vesteles amd o the number
and structuees of sensilli. these dilferences appear fu depend on 11 the degree of phylogenetie re-
lationships amang taxa and 23 the degree ol specitlization o cave environment. The considerablic
vomplesity of Hamanns aogan, uneivalled by ather msects organs, aparl From hight receplors,
stiggests that it has o pluradity ol Tunatwone Dis hygroreceplor vale, supperted by recent expe-
mental work, 1 discusscd here,

RIASSUNTD

Yicpe studiata le moecfologe e L e struoue delloegano dr Harrann § precedestemente indicoto
come “vesiculs olfsctive”™ o argana antennily neile sntenng de Seprosfieus fiolesnegers, pe Cole-
attero Batiscing cavernicele eliraspectaliesate, T le specie di Cntopidi finora studuate, £ fofien-
wared rageinnge i) massimo grdo di complicaesone strottorale delPargame d: Hamann, Vengeno
deseritn e illustrali 3 vpiodisensille presenn negle argani situati sul 750 % ¢ 107 sepmento dell’
antenna (sensill eribrosebastoneallary, cnbroso-mocalact, o siella, claviformi ¢ setole ronilicate)
¢ vieme stahilite una sinonimia can i oreectlon carrispandenti presedentermente illostrat da var
awlori Vengoene discusse e ditfference nella strutiora dellorgano JF Hamann Lo vare specie di
Cutopidi. Tabi difference visthana correlate moparte con il grado di alTini Dilogeneticn o in parle
enn il grada di specialicenrions per Fambiente swvernicsla, ¥iene mline discusso, sully hose di
pecenti rcerche, i1 rueko igrorecgttva dell’organo di Hamann che eestituisee we delle sioore
sensoriall pit complesse fmon studine negh msel,
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