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Humidity Responses and the Role of
Hamann’s Organ of Cavernicelous Bathysciinae
{Coleoptera Catopidae}

by

Marco LUCARELLIY and Valerio SBORDONT*. **

INTRODUCTION

Humidity plays a significant role in cave ecology and, consequently in the
evolution of terrestial troglobites. Eve, pigmentation or wing structural rudi-
mentation processes that are tvpical of the troglobitic life patterns o these
organisms are accompanied by “progressive” modifications in various sense
organs that tend to specialise and optimise their specilic functions under par-
ticular selective pressures of the cave environment. It is, therefore, presumable
that the hygroreceptors in terrestial troglobites are particularly efficient. Haw-
ever, litlle rescarch into either hvgrorcceplors or humidity response has been
carried oul so far.

Arpano, Shordoni gnd Caobolll Shordont {1969 reported on the humidity
response of Bathvsciinge at different levels of specialisation (Batfivsciola de-
rosasf, Barhyseiola sivernica, Leprodiruy hohenwart, Astagobiug angusiainsg).
This was the first experimental study to be carried out on comparative hum-
wdity responses among terrestial troglobites, Later, Bull and Mitchell {1972
studied the responses of twa unrelated species of diplopods ta various temper-
alure and humidity gradients.

Complex sense organs exist on the 7th, 9th and 1Mh antenna segments of
Catopidae family coleopterans, These structures, which arc now collectively
known as "Hamann's organ™ (previously reported as “olfactory vesicle”), were
first studied under the optical microscope by Jeannel (1911} and later under
the electron microscope by Baccetti and Shordoni {1%67), by Corbigre-Tichané
{(1974), by Peck (1977} and by Accordi und Sbordom (1978}, What is being
dealt with is an aggregation of sensilla of various kinds cribrose-utricular,
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cribrose-stick, star shaped, claviform and trichoid gathered within the pen-
articular putter and deeply invaginated vesicles in the cuticle.

Complexity and number of sensilla in Catopids of the Bathysciinae sub-
family and Promaphagus (Eucatapinae) genus seem to be clearly proportional
to the degree of specialisation for cave environments {Jeannel, 1911; Sbordom
and Cobolli Shordoni, 1973; Peck, 1977). Nothing 15 known about how these
structures actually work, an olfactory function having generally been attributed
to them in the past even though Arganoc et al. { 1969) prospected their possible
role in hygroreception.

The purpose of our research was to test the hypothesis that the humidity
response in Bathysciinae is all, or in part, controlled by the sense organs present
on the Tth, 9th and 10th antenna segments, Consequently, we used two species
{ Bathysciola derosasi and Leprodires fiolrermward), two troglobites that typafy
two distinet levels of morpho-physiological specialisation. In particular, the
two species show different degrees of antennal organ complexity.

Humidity response in the two specics studied was evaluated in four separite
relative humidity conditions. Tn all cases the response of integral subjects was
compared to the response of subjects which had been antennectomised helow
the 7th antenna segment. In one of the species (Leptodivuy hoheirware) the
response of subjects antennectomiscd above the 7Tih antenna segment wis
evaluated o determine the role of any eventual hygro receptors on the %th und
[h antennal segments.

MATERIAL AND METHODS

The Rathpsciola devosasi subjects were gathered [tom the Patnz, or Sasso,
Cave near Cerveteri {Rome). The species had been proviously introduced there
i 1952 (Patrizi, 1956). The Leprodicas hofernwarnd were gathered from the
Noé Cave near Aurising (Trieste}, the tvpical localiey for the reticlaties sub-
species. Particular precautions were laken in gathering, transporting and
raising the sample subjects (Shordoni und Cobolli, [969), In both caves the
humidity levels where the samples were gpathered were near saturation {98-
109 Relative Humidity, R.H.,

Choice-chambers with two alternative condinons of relative humidity like
those deseribed by Gunn and Kennedy [ [936) and previously used in experi-
ments on Bathvsciinae (Argana et al., 1969} were used for the experiments,
The chambers consisted of circular ceramic dishes 15 em in diameter and 3 em
in height. Each dish was divided into two equal compartments by a cerumic
partition. Two solutions capable of cstablishing different relative humidity
percentages were introduced into the two compartments, Each dish was cov-
ered by a copper screen (40 mesh/cm) 17 cm in diameter. This screen con-
stituted the "arena” on which the samples to be examined moved. Half a petn
dish [5 cmoin digmeter und 1.5 e high was used as the id to the dish. A l-cm
dinmeter hole was opened 1n the middle of each lid so that the subjects could
be intreduced into the chamber, the circular aperiure being closeahle with a
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cork stopper. Canvass adbesive tape was used to seal the Lid 1o the dish in such
a way as to make it air-tight.

Varieus agueous concentrations of H,850, were wsed o contral humidity
levels. Beginning with 93-97% solution and | 84 specific gravity, dilutions were
preparcd with distilled water according to Buxton and Mellanby's technigue
(1934}, Dilutions were varied shghtly so as 1o obtain the required specific
gravity as differences had been noted in the vatious lots of H,50, supplied. In
this way maximum deviations were kept down to 3% with respect ta the de-
sired degree of relative humidity, Solutions were prepared and introduced into
the humidity chambers 15 hours belore starting the experiments proper. Checks
an humidity levels attained were carried out with Lambrecht hair hyvgrometers
in containers like those described by Buxton and Mellanby {1934),

One hour before beginning the experiment proper, the subjects were placed
in chalk-battamed crystallisers so as to remove any traces of water on their
integuments, Anlenocetomy wus performed with micro-scissors afier the in-
secls has been cooled and, as a result, immaobilised. The experiments on Lep-
rocdires were carried out in 6% C thermostated chambers while those on Barfrs-
ciofe accurred at 139,

Humidity response cxperiments were conducted subjecting the inscets to
four relative humidity alteenative conditions: 20-100%, 30-100%,, 90-100%,
30909, and 100-100% control condition.

5 insects were used per experiment per chowee-chamber. Besides the control,
from 2 to 3 replications were run at the same time, Readings were taken every
minute and the subjects’ positions in ooe of the two dish sectors and their lo-
comotive, activity or inactivity were recorded. Each test was run for 2 hrs,

The response level {reaction intensity) for every 1) minute period was given
by Pielou and Gunn's formula {1940}

100 (W — D)
T oWty

where W = number of subjects in the mare humid zone and D = number of
subjects in the drier zone. In all, the experiments examined the reactions of
370 subjects giving a total of 44, 400 position records, conteo] subjects excluded.
Table 1 summarises the cxperiments conducted.

RESULTS

I} Comparison between humidity reactions in Huehvsoiode derosasi and fLep-
Locdiruy hobenwartr,

Comparing the reactions between experiment subjects and control subjects, a
marked positive response to a humidity stimulus in integral {non-antennectom-
ised) subjects ol the two speeies evaluated may be seen. Response significance,
P, 15 considecable (Table 2).
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Table 2. Significance, P. of A derosasi and L. holemwarni humidity responses
al various R_H, alternatives.
t estimated on the difference of the mean values of reaction intensity
from controls (100-1009%) calculated every 10 minutes on the basis of

4-5 runs,
E.H. i efercsasi i I hohenwarti
alternalives V8 controls vi cantrols
{in %) —F P . ST
t Significance t Significance
20-100 17408 P = .00 8.742 P =2 0001
S0-100 24686 P o= {00 5147 P =2 0,00
Q0= 100 12.557 P = (0,001 4,557 P < 1001
S0-90 [{}.54% P =2 0.001 . 566 P < 00010

Subjects were seen Lo be sensibly active during experiments. There appeared
to be no significant correlation between the subject’s level af activity and its
position in the driet or more humid part of the humidity chamber. The graphs
display our results synthetically, The curves plotted on the busis of average
values taken from the various runs of the same experiment illustrate how re-
action intensity varies with time,

The slope along the first stretch of the curve (0-10 min} indicates how rapidly
the subject reacts to the stimulus intensity from the moment it s introduced
into the chamber. The statistic reliability of these values is expresscd by the
confidence limits which are also derivable from the graph. Student’s formula
at 5%, probability was used to caleulate the conlidence limits. In both species,
reaction intensity and variance are proportional to the intensity of the negative
stimulus (the difference between the two relative humidities).

The 90-1008, 50-1008, 20-100%; alternative humidity chambers offer op-
timal environments i the more humid part and incressingly unfavourable
conditions in the drier part. Experiments show that the lower the humidity
level in the drier zone the more rapidly and decidedly the species respond. No
substantial differences would appear to exist between the reactions of the two
species, However, the Leprodirus scem to respond more gradually than the
Bathvsciolz in relation o stimulus intensity, ie. to the extremes in relative
humidity just as Argano et al. noted (1969}, This difference is particularly
evident in comparing the relative reactions wiathin the first 10 minutes of ae-
tvity in the chamber.

2} The role of Hamann organ in humidity reactions.

Experiments conducted on Lepradivns reveal thar insects antennectomised
below the 7th antenna segment, where the most COnspielOUs SENse OFEans ure
located, exhibit virtually no capacity to react to humidity. Their reactions io
the various relative humidity situations do not differ substantially from those
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Bethyacicla derasasl Leptodirus hohenwarli
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Fig. 1. Beibvesceds devaaasd and  Lepiodicns fofieinarsi responses Lo different cholee-chamber

relative Bumidity alternstoves. The results ire o presscd s the averape number of individ-
nals recorded on the moist side of the cholee-chamber, Yerical lines represent 1he 9575

conlidence limits enloulated fram 4-35 runs,

observed under control conditions {Table 4. The {act that the curves are gen-
erally positive may be attributed to the subject’s reduced locomotive speed in
the damp rone due to orthokinctic-type mechanisms (Fraenkel and Gunn,
1961; Pertunnen, 1973). Reaction intensity does not increase progressively and
in proportion to stimulus intensity as occurs with integral subjects.
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Table 3. Significance, P, of the humidity responses of intact and antennect-
omised 8. derosasi

R.H Antennectomised subjects Antennectomised subs,
alternatives vs intact subs. v gontrol subs,

{in %} 1 Significance | Significance

20-1000 13.282 P = (.00 7,182 P =7 0.00]

a0-1{H) [5._936 P < Q.00 0712 05> =04

Q0-100 21,185 P = 0001 |.515 02=P >0

A(-94) 8130 P < 0001 0.577 0.9 =05

Table 4. Signilicance, P, of the humidity responses of intact f. fohenwarti
and subjects antennectomised below the Tth segment,

R.H.

alternatives

Subjects antennectomised
below Tih segment

Subjects antennectomised
below Tth segment

fin G5} vy intact subs, vs control subs.

20- 1M} 12907 P < (LK 0.930 {4 =P =02
S0-100) 7.030 P =2 M| 1604 0.2 =P >0l
Q-1 W) 5315 P o= (L] 1.515 02=pP =0l
50-90 10.733 P o< (.04 1,025 0.4 =P =02

Table 5. Significance, I, of the humidity responses of intact L. frohenwartd
and subjects antennectomised ahove the 7th segment.

R.H. Subjects antennectamised Subjects antennectomised
allernatives above Tth segment above Tth scgment

{im %) vg intact subs. vs contral subs.

L Significance 1 Significance
20-100 14,472 P =2 0.000 5970 P 0.001
S0-100 047 D8=P>05 4,230 001 =P =000
G0-1040 f.809 P = 0.001 1930 04 =Px={.2
50-490 B854 P = 000 3093 0.02=P=0.0|

The experiments conducted on Sarhyseioly conlirm the above results and

the role of antenna receptors in humidity response. Similarly, the reaction of
integral subjects was significantly different from the reaction displaved by
antennectomised or control subjects,

Experiments on Leptodirus subjects antennectomised above the Tth untenna
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Table 6. Significance, P, of the humidity responses of antennectomised [

hokenwarti,
Reactions of subjects antennectomised above and below the Tth seg-

ment are compared.

K. H. alternatives t Significance
{im %)
20-1110 5226 P = (.00
St 100 925 P (00
QO-100 0.969 04 =P =102
5090 5.390 P o= (L0411

segment show instead that the insects react to the stimulus, though response
intensity in these cases is nat as high as that for integral subjects. This would
seem to indicate that receptors on the 7th, 9th and 10th antenna segment play
an additive role in perception, Only in experiments with a 90-10G% relative
humidity was insect reaction similar to that exhibited by control subjects and
by subjects antennectomised below the 7th antenna segment.

CHSCUSSTON

The results reported above show clearly that important humidity receptors are
situated on the Tth, 9th and [th segments of the Bathysciinae antennae. It
seems therefore, quite probable that the antennal argans situated on said seg-
ments and described by Jeannel (1911}, Baccetti and Shardoni¢ 1967), Corhiére-
Tichané (1974} and Accordi and Shardoni (1978) may be attributed with a
role in humidity receplion. At the same time, these results would seerm (o ex-
clude the presence of any other humidily reeeptors in the Bathvscninae,

Little is currently known about humidity receptors in insccts and on how
they work (Piclow, 1940; Wigglesworth, 1941; Lees, 1943, Roth and Willis,
1951; Beny, 1955; Bursell, (957, Waldow, 197 Arbopast, Roppel and Carth-
orn, 1972; Altner, Saas and Aliner, 1977}, Foelix and Axtell (972} attribute
4 humidity receptor role to the coeloconic sensilla of Ambfvemma americanum,
Thesc sensilla do not seem to he very different from those found in Bathvselinae
but are structurally some what less complex. Of all the various strueture that
mike up the antennal organ, probably enly the eribrose ones (aecording to
Accordi and Sbordani, 1978) are engaged in humidity reception beciuse they
are common (o the 7th, 9th and 10th antenna segments,

The considerable structural complexity and signilicant differences between
the Bathvseindn and Leprodivus antennal argans which dao not seem to corre-
spond to a similar differcnee in homedity reaction could indicate that the
Bathvsciinae antennal organs may have ather sense roles such as chemiorecep-
tion as already suggested by Jeannel,
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SUMMARY

The humidity responses of Havfnosciade decssart and Lepeodiees fefermearrd, iwa speaies of tros
plobitic Baihwseiinae showing differem degrees of adaptation to esve eovironment, have been
studied. Imact and antennectomised subjects were tested using choige-chambers with various
combinations of relative humidity alternatives (g, 20-1000, S0+ 100K, 90- 1002, 30-9057 and. s
controls, 10-1005) tw inveshigate the role plaved by the sense organs situated on the Tth, 9th and
[l anccnna sepments.

The results show that intact-antenna subjects of both species are very sensitive 1o humidiny
pradients and that their intensity of ceaction varies aceneding ta the intensity of stimulus, 15 pre-
viously reparted by Argano. Shardom and Cobuelli Shardem (1Y6%. The antenncciomy caperi-
rivents show that receploes situated an the T, Yth and [0 antenna scgments (Hamann's argan]
are invalved in hygrorcception. In Leproddives, insects antenneclanmised helow the Stk segment
shaw 2 reduced intensity of reaction. while these antennectomised below the Tth segment show
o positive response at all This seem 1o indicate that receptars tn the %th and [0th antennal seg-
ments have additve roles bevond that ol the 7the Ferher research is needed oo sscertam whether
the antennal organs of Bathysciinae may have ver funther additional sensary roles (e chemio:
reception] as their complex stencture sugeesis.

B IASSLINTO

Nel presente lavoro vengono analizeate le neposte a different condizani alternative di umidila
relativa (20 JINSE, S0- VI0RR, S0-D000E, S0-904 o contrall L0G-100%0 in due specae di O oleottern
Batiscini troglobi caratterizzati da diverso livello di specializeanione morfo-[siologicn, Sarfe-
crodr deroses, ¢ Lepdoclirns Dofienn geri. In enccarmbe le specie viene confmantata la rispasia di
individui integri ¢ antennoctomizzati per chiprire 1 ruobo degh organ sensarisli forgani di Ha-
mann) present) sul ¥, 9 e 107 anlennomero

I risultati mostrano che gli individut integrni di entrambe le specie sona mallo sensibalallumidicd
reagendo pesitivamente alle enndizion di stimolo proposte cche 1a loro inensitd i rearione varia
seconda Mntensitd dello stimolo, G individol i entrombe le specic samtennoclomizeali setio il
TP amennomers non mostrane. l cantrario, nsposte positive e in generals, mon slpnifictivi-
mente diverse da quelle mandestate da sogeeiti miegri i esperimeni di eantrotlo (cen umidi
alternative [00- [00%). Tnolere, individul di Leprfocdivnes Sudlenwarsd, antennoetomizzatg tra 1 3% ¢
0% antennomere mostrans una intensis di reasone ridoln nspetto o soggeni integr, ma sig-
micativamente diverss dat contrelli

Questi cisultat suggeriscann un ruolo additive dei recetton situate sul 70 %% ¢ 15 segmenta
antennale, £ conlermana Tipetesi del rooko sgrorecetlivo dell'organc di Tamann,
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