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Int. J. Speleol. 9 (1977 /78), pp. 89-96.

A Contribution to the Study of the Genus Porrhomma
(Araneae: Linyphiidae). Notes on a Population of P. egeria

(Simon) and Other Cavernicolous Species

by

J. D. BOURNE*

INTRODUCTION

This second paper in a series of notes revising the genus PorrJ1Omma deals with
a population of P. egeria and two apparently synonymous species, Porrhomma
moravicum (Miller and Kratochvill) and Porrhomma obambu/atum (Kritscher).
Some biometrical comparaisons will be made with three other cavernicolous
species: P. myops (Simon), P. convexum (Westring) and P. rosenhaueri (L.
Koch).

The original description of P. egeria (Simon, (884) characterized the species
principally by the size and the relative position of the eyes. At the population
level these are variable characters, however, being of little use in the identifi-
cation of isolated specimens. Another unstable character used by Simon is the
number and position of spines on femur I. He mentions one dorsal and two
prolateral spines on femur I for P. egeria whereas in the population in question
only 23% of adult spiders possess the supplementary prolateral spine. Locket
and Millidge (1953) also mention the presence of these two prolateral spines,
however they insist upon the necessity of a close examination of the male palp
and the epigyne.

Miller and Kratochvil (1940) separated the P. egeria of Czechoslovakia from
the Western European form in erecting a new species, P. moravicum. I have
examined three specimens kindly given by Dr. Miller and when compared with
the population in question this species seems to me an unnecessary complica-
tion of the genus.

The small de pigmented form descri bed by Kritscher (1968), P. obambu/atwn.
shows typical egeria characters and in particular the ma;~ palp when viewed
correctly is certainly that of P. egeria.

* Musce d'Histoire Naturelle. Route de Malagnoll. CH-1211 Geneve 6. Switzerland.
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The species P. moderatum described by Silhavy (1958) from a Moravian
Cave is probably another synonymous egeria species.

I am indebted to the following who sent me specimens for examination: Prof.
P. Brignoli, University of l' Aquila; Dr. M. Hubert, M usee d'Histoire Naturelle
de Paris; Prof. F. Miller, Brno, Czechoslovakia; Dr. G. Osella, M useo Civico
di Verona; Dr. K. Thaler, Zoologisches Institut, Innsbruck; Mr. S. Vit,Geneva.

MATERIAL

I. Porrhomma egeria. France, Bange Cave, Haute-Savoie, altitude 620 m.
(52 <jl, 260 collected by author 1976/1977).
Switzerland, Fribourg, under stone (12 , June 1976, don. S. Vit).

2. Porrhomma moravicum. Czechoslovakia, ?, (don. F. Miller, (0 ,22).
3. Porrhomma obambulatum. Italy, Cave, (holotype, 10, loan G. Osella).
4. Porrhomma myops. France, Scierie Cave, Haute-Savoie, altitude 580 m.

(542 ' collected by author 1974/1976).
5. Porrhomma convexum. Austria, Sunser See and Sunser Aim, Damuls, al-

titude 1850 m. (222, loan K. Thaler).
Italy, from several caves. (132, loan P. Brignoli)
France, Bouna Cave, Ain, altitude 360 m. (51 2 , collected by author 1975/
1976).

6. Porrhomma rosenhaueri. Germany, Wandeishole, Oswald hole, Vitzenhole.
(92, loan M. Hubert, tube No. 25638).

DESCRIPTION OF THE BANGE CAVE POPULATION

Habitat: the density of the population, habitat conditions and sex ratios for
the months of January and May are given in Table I. In order to obtain the
densities within the habitat limits 16 quadrates (I m2) were chosen at random.
All the stones found within the squares were turned and the number of P. egeria
and cocoons counted. These were invariably found on the undersides of the
stones near to the damp clay surface of the cave floor. The following species
share the same habitat: Onychiurus armatus Gisin, Arrhopalites pygmaeus
Vankel, (Collembola); Speolepta leptogaster Winn. Phora aptina Schiner,
Leptocera sp., Sciara sp. (Diptera); Catops picipes F. (Coleoptera).

Description: length 0« : 1,80-2,60 mm. Carapace: orange-brown to orange.
Abdomen: pale yellow to white. Sternum: pale orange to orange with course
hairs. legs: orange. Eyes: small and slightly convex, pigmentation is variable
(Figs. If, Ig). Femur I: one dorsal and one or two prolateral spines. Femur II:
one dorsal spine. Femurs III and IV without spines. Table 2 compares the
Bange Cave population with the other two "species" for these morphological
characters. The pale colour of P. obambulatum is very simular to that of young
males from the population in question. The occular pigmentation is more in-
tense among the younger specimens (Figs. Ig, I i).
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Fig. I. Porrhomma egeria (Bange Cave). a) Terminal part of embolic division, ventral view. d)
Epigyne, ventral view. f) Carapace, anterior view. g) Carapace of young male, anterior
view. Porrhomma moravicum, b) Terminal part of embolic division, ventral view. c) Epi-
gyne, ventral view, h) Carapace, anterior view. Porrhomma ohamhulalUm. c) Terminal
part of embolic division, ventral view. i) Carapace, anterior view.
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The male palp (Fig. Ia) of the group egeria is characterized by the modified
simple embolus having a large barb, which should not be confused with the
superior apophysis. It is imperative to place the palp in the right position for
microscope work. The embolus must be parallel to the slide so that it can be
seen entirely without having to adjust the microscope.

In the description of P. moravicum (Miller and Kratochvil, 1940) the char-
acters used to distinguish the male palp of P. egeria from that of P. moravicum
are not constant at the population level. The instability of these specific char-
acters can be summarized 'as follows:

poirit of embolus free (this is an extremely variable character and may even
'differ between the right palp and the left palp of the same spider).
inferior edg'e of the membrane with a small tooth which is much larger in
P. egeria (this "tooth" is in fact a fold in the membrane near to its attach-
ment to the superior apophysis. Under the microscope it can be seen clearly
on a single plane and unlike a tooth it disappears with the slightest move-
ment. This fold may have a variety of shapes.)
in P. moravicum the inferior apophysis has a denticulated extremity - Miller
and Kratochvil - (again this character is variable at the population level
and is possibly due to damage following copulation and is not found among
young males).

Due to manipulation, the superior apophysis of the P. obambulatum palp is
seen in a unnatural position (Fig. Ic), however the embolus has a typical egeria
form. The palps of the three "species" are compared in Figure I.
The epigyne of females from the Bange Cave population (Fig. Id) resemble

that of P. moravicum (Fig. Ie) and are very simular to that illustrated in Locket
and Millidge (p. 332) for P. egeria. Unfortunately the female of P. obambula-
tum is unknown.

BIOMETRICS

The use of the same biometrical ratios as for P. myops and P. convexum
(Bourne, 1977) illustrates the utility of this method in the study of the genus
Porrhomma (Fig. 2). The ratios used are as follows:
- Tml (see Locket and Millidge, page 175).
- La/Lo FI (maximum width of femur ljIength of femur I).
Table 3 gives these measurements with those of the carapace for the three

species in mm.
The scatter diagram (Fig. 2) shows the relationship between the population

biometrics of the Bange Cave species (P. egeria) and the two "contested"
species, P. moravicum (M) and P. obambulatum (0).
The use of the two biometrical ratios is not, of course, very useful for the

identification of isolated specimens at the present stage of this approach to
the "Porrhomma problem". It is hoped, however, that by a careful examina-
tion of a maximum of European specimens a key to the identification of the
species of this genus based on biometrics will be published.
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CONCLUSIONS

Due to their similitude of morphological and biometrical characters as de-
scribed in this paper, it is proposed that Porrhomma moravicum M&K and
Porrhomma obambula/um K. should be considered as synonymous to Por-
rhomma egeria Simon.

Slight morphological variations are common among widely distributed
species where such phenomena as geographical and ecological isolation have
been evoked (Mayr, 1963). In this sense polytypism among cavernicolous
species would appear highly probable.

By its position in the scatter diagram (Fig. 2), P, rosenhaueri remains an
enigmatic species having affinities with P. myops and P, egeria. For this reason
a careful study of this species will be necessary and I take this opportunity to
appeal for'the loan of material, particularly for this species and simular de pig-
mented Porrhomma,

RESUME

Une etude de la morphologie et de la biometrie d'une population de Porrhomma
egeria (Simon) m'a permis de faire tomber dans la synonymie de cette espece
les Porrhomma moravicum (Miller and Kratochvil) et obambulatum (Krit-
scher).

L'utilite des mesures biometriques pour l'etude de ce genre est abordee.
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Neue und interessante Milben aus dem Genfer Museum XXXII.
Zwei neue Milbenarten (Acari: Acaridae) aus einer Hohle

in Kenya

von

S. MAHUNKA*

New and interesting mites from the Museum of Geneva XXXII.
Two new species of mites (Acari: Acaridae) from a Kenyan cave.

Summary

From a sample of Acaridae mites collected in a Kenyan cave. two new species arc described. For
one of them a new genus is erected.

Herr Dr. V. Aellen, Direktor des Naturhistorischen Museums in Genf, und
Herr Dr. P. Strinati haben in mehreren Hohlen von Kenya zoologische Auf-
sammlungen durchgefuhrt. In dem von ihnen gesammelten Milbenmaterial
konnte ich - durch die freundIiche Vermittlungvon Herrn Dr. B. Hauser(Kon-
servator am Naturhistorischen Museum in Gent) - Deutonymphen von Acari-
dae untersuchen.

Die vorgefundenen Hypopi gehoren zu zwei Arten, die beide neu fUr die
Wissenschaft sind. Fur eine von ihnen mussen wir eine neue Gattung aufstellen.

Dieses Material verdient deshalb besonderes Interesse, weiI aus Afrika bisher
keine Hohlenmilben bekannt waren, im Gegensatz zur Hohlenfauna Europas,
in der Milben eine ziemliche Bedeutung haben, da bisher eine Reihe von tro-
globionten Arten entdeckt wurden.

Von den parasitischen Arten abgesehen, ernahrt sich ein Teil der Hohlen-
milben von dem haufig reichlich vorhandenen Guano, ein anderer Teil dagegen
von eingeschwemmten, organischen Stoffen, wie Mulm etc. Die Imagines der
beiden neuen Arten gehoren ohne Zweifel zu der letzteren Gruppe.

* Dr. Sandor Mahunka, Zoologische Abteilung des i.Jngarischen Naturwissenschaftlichen
Museums, Haross ucta 13, H-1088 Budapest, Ungarn.
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Aellenella gen. nov.

Diagnose: Hypopus. Karper regelmaBig entwickelt. Die I. und 2. Beinpaare
sind wesentlich graBer (langer und breiter) als die 3. und 4. Auf samtlichen
Beinen sind lanzettfarmige Haare vorhanden. Auf dem Tarsus des I. Beines
entspringen die WI> U)2 und Wx Solenidien. Auf der Tibia des I. und 2. Beines
steht nur I-I Haar, das Haar 1" fehlt.
Typus-Art: Aellenella strinatii sp. nov.
Bemerkung: Die Systematik der Oberfamilie Acaroidea konnte bisher wegen

der noch immer mangelhaft erforschten Imagines bei weitem nicht aufgeklart
werden, denn allein auf Grund der Hypopen lassen sich die verwandtschaft-
lichen Beziehungen nicht klarlegen. Die oben beschriebene Deutonymphe laBt
sich aber auf Grund der Morphologie und Behaarung der GliedmaBen mit
groBer Sicherheit in das System der Familie Acaridae einordnen und zwar in
den Verwandtschaftskreis der Uriterfamilie Rhyzoglyphinae. Doch auf Grund
der Solenidiengruppe des I. Beines und des fehlenenden 2. Haares (1") der I.
und 2. Tibia kann man diese Form von allen bis heute bekannten Acaridae-
Hypopi sofort unterscheiden.
Diese neue Gattung widme ich Herrn Direktor Dr. V. Aellen als Ausdruck

meiner Dankbarkeit.

Aellenella strinatii sp. nov.

Dimensionen. - Lange: 170-176 Jl., Breite: 10I-I 04 Jl..
Habitus: Prapodosoma nach vorne sich verschmalernd, Hysterasoma paral-

lelseitig, nur hinten abgerundet. Dorsalflache des Propodosoma und Hystero-
soma stark punktiert. Dorsosej ugalregion fein gestreift. Farbe weiBlich gelb.
Dorsalansicht (Abb. I): Auf dem Propodosoma entspringende Haare sind

gleich lang und stehen in einer Querlinie. Auf dem Propodosoma stehen 10
Haarpaare, von denen die vorne stehenden ganz kurz sind, die hinten stehen-
den langer, besonders lang die Haare hi'
Ventralansicht (Abb. 4): Vor dem Gnathosoma, auf einer eckigen Querlinie

entspringen zwei ziemlich starke Haare. Auf der Coxisternalregion sind die
Apodemen gut entwickelt, das ap. sa. endet frei, die ap. 2. bilden gebogene Epi-
meralflecke. Die Sejugalapodemen verschmelzen. Die ap. sp., ap. 3, ap. 4
bilden ein geschlossenes Netz. Auf den I., 3. und 4. Epimeren je ein ganz
schwach entwickelter Saugnapf; neben der Kreuzung der 4. und hinteren
Sternalapodemen, in der Mitte und neben der Genitalaffnungje auch ein Haar-
paar. Saugnapfplatte graB, steht ganz hinten, nahe dem Karperende. Die Ds-
Napfe ganz schwach entwickelt.
Gnathosoma (Abb. 3): Das Infracapitulum fassfarmig, die Palpen sind ganz

kurz. Die Solenidien und auch die Haare sind lang.

Abb. 1-8. Ael/enel/a slrinalii gen. n., sp. n. - I: Dorsalansicht, 2: Rein 3, 3: Gnathosoma, 4: Ven-
tralansicht, 5: Rein 1,6: Rein I yom Ventral, 7: Rein 4,8: Rein 2.
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Beine: Auf der allen Beinen sitzen gleichgroBe und gleichformige Krallen.
Auf dem Tarsus des I. Beines (Abb. 5) entspringen 3 lanzettformige Haare.
Aile Solenidien stehen im Basalteil des Tarsus. Auf der Tibia entspringt nur I
Haar, das Haar'l" fehlt. Auf der Ventralseite des Femurs des I. (Abb. 6) und 2.
Beines (Abb. 8) ein sehr langes Haar, es ist fast so lang wie die Lange des
Beines, Auf dem 3. und 4. Bein (Abb. 2,7) gibt es 2-2lanzettformige Haare und
I-I langes Schlepphaar.
Untersuchungsmateria/: Holotypus: Kenya, grotte de Similani 10 km. S

Mombasa. 29.1X.1975. leg. P. Strinati et V. Aellen; I Paratyp yom selben
Fundort. Der Holotypus in der Sammlung des Naturhistorisches Museums
Genf, der Paratypus in der Sammlung des Naturhistorisches Museums Buda-
pest unter der Inventarnummer (103-PA-76) deponiert.
Bemerkung: Wie bei der Diagnose der Gattung erwahnt, ist die neue Art

alleinstehend zwischen den bisher bekannten Acaridae-Arlen.
Die neue Art benenne ich zu Ehren von Herrn Dr. P. Strinati, dem bekann-

ten Biospelaologen und Forschungsreisenden.

Schwiebea cavicola sp. nov.

Dimensionen: Lange: 173-311 !J., Breite: 148-247 !J..
Habitus: Der Korper fast regelmaBig ellipsformig, hinten abgerundet; vorne

bei einigen Exemplaren das Propodosoma ein wenig zugespitzt, und in Mitte
der Seite des Propodosomas noch eine schwache, dreieckige Erhohung. Die
Oberflache des Korpers mit sehr feinen, aber dicht nebeneinander stehenden
Punk ten ornamentiert.
Dorsa/ansicht (Abb. 9): Von den auf dem Propodosoma entspringenden

Haaren steht das innere Paar vor dem auBeren und ist etwas kiirzer. Die Dor-
sosejugalregion mit feinen, aufgeteilten Streifen. Auf dem Hysterosoma ent-
springen 10 Paar Haare, das Haar hi langer als die tibrigen.
Ventra/ansicht (Abb. 12): Die Apodemen schwach entwickelt, vorderes

Sternalapodema endet frei, die 2 Apodemen setzen sich in gebogenen dtinnen
Linien in der Richtung der-Sejugalapodemen fort. Auf der hinteren Sternal-
platte ist kein hinteres Sternalapodema entwickelt. Zwischen den 3. und 4.
Epimeren befindet sich ein ziemlich breites Feld. Die Haare des 3. Epimeren
stehen weit voneinander. Auf den 1.,3. und 4. Epimeren gibt es je einen Saug-
napf. Die Saugnapfplatte befindet sich weit yom Hinterrand des Korpers,
hinter dieser sieht man 4 breite, fingerformige Ausbildungen.
Gnathosoma (Abb. 10): Vorne sich schwach verschmalernd, die Pal pen gut

sichtbar. Die Haare des Infracapitulum etwas kiirzer als die auf Pal pen ent-
springenden.
Beine: Auf dem Tarsus des I. und 2. Beines (Abb. 13, 14, 15) befinden sich

5 lanzettformige Haare. Die WI Solenidien sind sehr lang und dick, ihre distalen
Ende keulenformig verdickt. Die IfJI Solenidien des 3. und 4. Beines (Abb. II,
15) sehr lang, die IfJI des 3. Beines reichen weit tiber das Ende des Tarsus. Auf
beiden Beinen entspringen 5-5 lanzettfOrmige Haare, ihre Form und GroBe
sind verschieden.
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. 3 12' Ventral-II' Bem, .. Gnathosoma,. .- 9: Dorsala~sichti ~O'Bein 4, 16: Bem 2.vicola sp. n. I 14' Bem I, .16 Sehwiebea ea . 1 von Ventra, .Abb.9-. . ht 13: Bernanslc ,
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Untersuehungsmaterial: Holotype: Kenya, grotte de Similani 10 km. S Mom-
basa, 29.IX.1975. leg. P. Strinati et V. AeIlen; 5 Paratypen: mit dem Holo-
typus gesammelt. Der Holotypus und 3 Paratypen befinden sich in der Samm-
lung des Naturhistorischen Museums Genf, 2 Paratypen, unter der Inventar-
nummer 104-PA-76, in der Sammlung des Naturhistorischen Museums Buda-
pest aufbewahrt.
Bemerkung: Nur der Hypopus bekannt. Auf Grund der lanzettformigen

Haare der Beine und der Ausbildung der Apodemen gehort die neue Art wahr-
scheinlich zu der Gattung Sehwiebea Oudemans, 1916. Von der bisher bekann-
ten Schwiebea-Arten unterscheidet sie sich durch die stark punktierte Dorsal-
f1iiche des Korpers, die Form des Sensillus, des I. und 2. Beines und durch die
fin'gerformige Ausbildung hinter der Saugnapfplatte.
Diese Gattung erweist sich als iiuBerst heterogen, doch kann sie - wie weiter

oben schon dargelegt wurde - nur nach Erforschung der Imagines in kleinere
Gruppen aufgeteilt werden. Aus Afrika kennen wir schon oehrere Arten, die
als zu dieser Gattung gehorende Formen beschrieben worden sind, ihre Mehr-
zahl gehort aber gewiss nicht zu dieser Gattung. Auch aus Hohlen sind schon
einige Arten dieser Gattung bekannt geworden (z.B. Sehwiebea cavernieola
Vitzthum, 1922 ist sicherlich troglobiont).

ZUSAMMENFASSUNG

Aus einem in einer Hohle von Kenya gesammelten Milbenmaterial wurden die
Acaridae-Arten untersucht. Beide vorkommenden Arten waren neu fur die
Wissenschaft, fUr eine muBte auch eine neue Gattung aufgestellt werden.
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Bogidiella martini, un nouvel Amphipode souterrain de I'lle
Saint-Martin (Antilles) et la zoogeographie des Bogidiellidae

par

Jan H. STOCK *

Bogidie//a martini. a new hypogean Amphipod from the island of Saint-Martin (West Indies)
and the zoogeography of the Bogidiellidae.

Summary

Both sexes of a new species of Bogidiel/a. B. martini, are described. The new species, with a very
pronounced sexual dimorphism, has been discovered in two wells in the island of St.-Martin (French
part), one of the Lesser Antilles. Another member of 8ogidil'I/a has been recorded from the island
of Curacao, but the specimens were damaged too much to allow proper description.

The Bogidiellidae (5 genera, 26 named species, several unnamed species) are present in the sea
as well as in inland waters. The family has a wide distrihution, exceeding the boundaries of the
former Tethys Sea. Probahly, they represent a very old stock that had acquired already a great
part of its present-day distribution hefore the fragmentation of the primordial continent of
Pangaea during the Mesozoic.

Saint-Martin est une lie relativement petite (13 x 15 km) dans la chaine
des Antilles Calcaires, dont la partie Nord, fran~aise, appartient administra-
tivement a la Guadeloupe, tandis que la moitie Sud fait partie des Antilles
Neerlandaises. Malgre sa petite tailIe, l"ile possede une faune aquatique hy-
pogee assez remarquable, avec un Mysidace (Stygiomysis holthuisi (Gordon»,
un Amphipode Hadziide (Metaniphargus palpator Stock), un Isopode Anthu-
ride (Cyathura sp.) et un Gasteropode (Caecum sp.). Un nouveau membre de
cette faune sera decrit dans la presente note. II s'agit d'un Amphipode nouveau
appartenant a la famille des Bogidiellidae.

Je tiens a remercier la Fondation neerlandaise pour Ie Developpement de
la Recherche tropicale ("WOTRO", La Haye) et la Societe de la Recherche
scientifique tropicale (UTreub Maatschappij", Utrecht) pour leur support
financier des travaux sur Ie terrain en 1974 et 1976.

• Institut de Zoologie taxonomique (Zoologisch Museum). Universitc d'Amsterdam, Pays-Bas.
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Bogidiella martini n. sp. (figs. 1-30)

Materiel examine. - Tous de l'1le St.-Martin. partie fran<;aise:
_ Station 74/9. puits dans une vallee a sec au pied de la pente Est du Mont Vernon (18°05'01" N
63°01'45" W); altitude 10-20 m; temperature 25° 3 C; chlorinite 780 mg/l; I fevr. 1974; I 0 (holo-
type).
_ Station 76/42, meme localite. mais 16 juin 1976; chlorinite 1300 mg/l; I 9 (paratype).
_ Station 76/41, puits dans la Ravine du Colombier, pas loin de l'Anse des Peres (18°05'03"' N
63°04'46" W); altitude 9 m; chlorinite 500 mg/l; 16 juin 1976; I 9 a oostegites (paratype).

Description. - Longueur du male entre 2 et 3 mm, de la femelle a oostegites
IY2 mm. Aveugle. Tous les individus sont amp utes de leurs pereiopodes 7. Le
sinus de l'antenne inferieure sur la tete est a peine prononce (fig. I).
Antenne superieure (fig. 2) tres courte, moins d'un tiers de la longueur du

corps. Les articles I a 3 du pedoncule ont une longueur de 2g6, 223 et 133 Mm
(base sur l'holotype). Trois epines ornent Ie bord ventral du premier article. Le
flagelle accessoire est biarticule, sa longueur ( 0) est de 148 Mm; il est legere-
ment plus court (0) ou aussi long (9) que les trois articles proximaux du
flagelle principal (fig. 3). Le flagelle principal compte 8 ou 9 articles; chaque
article porte un aesthete distal, parfois (p. ex. sur ('article 3 du male illustre en
fig. 3) aussi un aesthete subbasal.

L'antenne inferieure (fig. 4) a pratiquement la meme longueur que I'A I. Les
deux derniers articles du pedoncule sont allonges, Ie penultieme (<5 ) est de
333 Mm, Ie dernier est de 280 Mm; ils sont ornes, surtout a leur angle ventrodistal,
de nombreuses soies simples. Le fouet possede 5 articles.

La mandibule porte un palpe triarticule (fig. 7), dont l'article basal est re-
lativement court, tandis que les articles 2 et 3 sont subegaux et greles; l'article
2 porte une seule soie assez longue; l'article 3 porte 2 soies subdistales et 2 soies
distales. Les parties masticatoires des mandibules droite et gauche sont asyme-
triques: A gauche, il existe une lacinia mobilis a base etroite, distalement di-
latee et ornee d'une rangee de dents (fig. 6); a droite, une lacinia mobilis fait
defaut (fig. 5). La pars incisiva gauche est armee d'une serie de dents dont deux
fortement developpees; la pars incisiva droite comporte deux rangees paralleles
de dents irregulieres. La pars molaris porte quelques petites dents et une courte
soie; elle est identique a gauche et a droite. Entre la pars molaris et la pars in-
cisiva s'inserent une (gauche) ou trois (droite) epines foliacees et une rangee de
cils.

La premiere maxi lie (fig. 8) se compose d'un lobe interne quasi-circulaire
portant 2 soies distales, d'un lobe ext erne avec 7 fortes epines, et d'un palpe
biarticule avec 2 soies a son sommet. Les epines du lobe externe (fig. 9) sont
ornees de farron differente: les 4 epines les plus courtes sont bifides, les 3 epines
les plus longues sont pluridenticulees dans leur region mediane.

La deuxieme maxille (fig. 10) comporte 2 lobes, dont I'interne porte 3 paires
de soies plumeuses et 2 soies simples, tandis que I'externe porte 4 paires de
soies simples de longueur plus importante.
Le maxillipede (fig. 25) est conforme au type habituel pour Ie genre. Les

articles du palpe sont relativement allonges, Ie 3eme article porte une rangee
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Figs. 1-10. Bogidie/la martini n. sp., <5 (holotype) et ? (paratype). I, tete, ? ,de gauche (echelle
a); 2, antenne superieure, 0 (ech. b); 3, flagelle accessoire, <5 (ech. c); 4, antenne in-
ferieure, <5 (ech. b); 5, mandibule droite, <5 (ech. d) (p = article basal du palpe); 6,
mandibule gauche, <5 (ech. d); 7, palpe mandibulaire, <5 (ech. e); 8, maxi lie anteri-
eure, <5 (ech. I); 9, armature de la lobe externe de la maxille anterieure, <3 (ech. g);
10, maxille posterieure, <5 (ech. I).
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Figs. 11-15. Bogidiella martini n. sp., 0 (holotype) et <:;> (paratype). II, gnathopode I, 0 (echelle
a); 12, articles distaux du gnathopode 1,9 (ech. e); 13, gnathopode 2, 0 (ech. a);
14, articles distaux du gnathopode 2,9 (ech. e); 15, oostegite du gnathopode 2, 9
(ech. e).
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Figs. 16-24. Bogidiel/a martini n. sp., 0 (holotype) et ? (paratype). 16, pereiopode 3, 0 (eehelle
b); 17, pereiopode 5, 0 (ech. b); 18, pereiopode 6,0 (cell. b); 19, pleopode 2, 0
(ech. a); 20, retinacles du 2i:me pli:opode, 0 (croquis a main levee); 21, clement mo-
difie de I'exopodite du 2i:me pleopode, 0 (ech. d): 22, articles distaux de I'exopodite
du 3i:me pleopode, 0 (ech. a); 23, pli:opode 2, ? (ech. a); 24, telson, 0 (ech. h).
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mediane de soies longues et (caractere special pour cette espece) une rangee de
4 epines robustes.

Gnathopode I beaucoup plus robuste que la gnathopode 2. Les deux gnath-
opodes montrent un dimorphisme sexuel prononce dans leur propode.
Gnathopode I, <3 (fig. II): base avec I soie posterodistale et 2 soies antero-

distales; les articles ischial, meral et carpal sans particularites. Propode regu-
lierement ovoi"de; bord anterieur avec 2 courtes soies seulement; bord pos-
terieur arme (et ceci est un des caracteres distindifs de la presente espece) avec
une rangee de 6 epines marginales, pendant qu'on trouve 2 a 4 epines fortes a
une distance faible du bord posterieur; I'angle palmaire est marque de 3 epines
(dont une tres forte) et d'une soie; Ie bord palmaire n'est orne que de soies et
de cils.

Chez la femelle, Ie propode (fig. 12) du gnathopode I est dilate dans sa partie
basale; I'angle palmaire est marque de 3 epines tres longues, d'une soie et d'une
incurvation dans Ie bord palmaire; Ie bord posterieur est depourvu d'epines.
Gnathopode 2, <3 (fig. 13): article basal avec une petite soie anterodistale

et 2 soies sur Ie bord posterieur. Propode allonge, 2,4 a 2,5 fois plus long que
large; 2 rangees d'epines se trouvent compactement implantees sur la partie
distale du bord posterieur et a I'angle palmaire (on y compte 9 epines, abstrac-
ti.on faite de la soie habituelle); un champ de cils se trouve sur "Ie plat" du pro-
pode.
Gnathopode 2, ? (fig. 14): Le nombre de soies longues sur Ie carpe est infe-

rieur a celui du male; I'angle posterodistal du carpe est pourvu d'un petit pro-
cessus globuleux dont I'homologie reste incertaine. Propode en forme d'oeuf
acumine; Ie champ de cils sur "Ie plat" se retrouve chez la femelle comme che
Ie male; Ie bord posterieur est depourvu d'epines, mais orne de cils et de 2 soies;
2 epines et I soie sont implantees sur l'angle palmaire.
Oostegites presents aux gnathopodes 2 et pereiopodes 3, 4 et 5. lis sont al-

longes et armes de 5 longues soies (fig. 15).
Branchies coxales elliptiques (fig. 16), presentes aux pereiopodes 4,5 et 6.
Pereiopodes 3 et 4 tres glabres (fig. 16) et similaires. Pereiopode 5 (fig. 17)

avec quelques poils sur les articles basal et meral. Pereiopode 6 (fig. 18) avec
un nombre de soies longues au bord posterieur du propode du male (absentes
chez'la femelle). Organes elliptiques absents. Les pereiopodes 7 sont amputes
chez tous les individus examines.

Pleopodes avec dimorphisme sexuel, qui se traduit dans la structure (uni-
rame chez la femelle, birame chez Ie male) et dans la chetotaxie (avec un ele-
ment tr;msforme au pleopode 2 du male). Les pleopodes males sont tous bi-
rames (fig. 19): I'exppqdite est triarticule; I'endopodite est uniarticule, digiti-
forme, a taille considerable (entre 1/3 et 1/2 de la longueur du premier article
de I'exopodite) et distalement pourvu d'une longue soie plumeuse. Le pedon-
cule porte 2 retinacles, en forme d'ancre, avec 2 ou 3 crochets lateraux (fig.
20). Chez" la feme lie, il n'y pas de trace d'endopodite (fig. 23). L'element lateral
du 2eme article de I'exopodite du 2eme pleopode male n'est pas setiforme, rna is
a ete tr;msforme en stylet legerement courbe (fig. 21). Tous les autres elements,
chez les deux sexes, ont'la forme d'une soie plumeuse.
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0.2 "'''' b 0.1 mm 0.05 "'''' d0.1 "'••• a c

0.05 ",m 0.02 •••", 0.05 m••• h0.05 m", 9e

Figs. 25-30. Bogidiella martini n. sp., <5 (holotype) et 9 (paratype). 25, maxillipede, <5 (echelle
c); 26, uropode I, « (ech. e) (r.e. = rame externe); 27, uopode I, <5 (ech. c); 28, uro-
pode 2, <5 (ech. c); 29, uropode 3, 9 (ech. b); 30, plaques epimerales I a 3, <5 (ech. a).

Les plaques epimerales (fig. 30) possedent chacune une soie sur leur bord
posterieur; I'angle posteroventral est rectangulaire, marque d'une legere echan-
crure.

L'uropode I montre un dimorphisme sexuel tres accentue: Chez Ie male (fig.
27), il est "normal", c.-a-d. avec deux rames subegales, droites, chacune armee,
a son sommet, de 4 epines; Ie reste des rames est glabre. Chez la femelle (fig.
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26), les deux rames sont courbes et acuminees, la rame interne munie d'une
soie subterminale, la rame externe d'une epine subterminale; les deux rames
portant de nombreuses rugosites.

L'uropode 2 est identique dans les deux sexes, plus court que I'uropode I,
chaque rame droite, avec 4 ou 5 epines au sommet (fig. 28).

L'uropode 3 est sans dimorphisme sexuel (fig. 29), a rames allongees.
Le telson ne montre pas de dimorphisme non plus (fig. 24); il est un peu plus

large que long, regulierement arrondi, a marge distale convexe. Les deux epi-
ne~ distales sont plus courtes que Ie telson; pres de leur base s'inserent 3 petites
SOles.

Affinites. - Avec la de dichotomique de Ruffo (1973) on peut suivre Ie sexe
male de l'espece nouvelle jusqu'aux couplets 18/19, ou il se retrouve avec B.
/ongij/agellum S. Karaman, 1959, B. skop/jensis (S. Karaman, 1933), B. he/enae
Mateus & Maciel, 1967 (et B. tyrrhenica Schiecke, 1973, non encore com-
prise dans la cle de Ruffo). Contrairement a l'espece nouvelle, ces especes sont
to utes depourvues d'epines supplementaires sur Ie bord posterieur du propode
des gnathopodes 1 et 2 (0). Les trois premieres especes (/ongiflage//um, skop/j-
ensis et he/enae) ont un uropode 1 (~.) normal, mais chez tyrrhenica cet ap-
pendice ressemble superficiellement a celui de notre espece antillaise. Par
contre, les pleopodes de tyrrhenica sont construits d'une maniere tout a fait
differente, et aussi dans Ie palpe mandibulaire (a 3eme article court, non-al-
longe) on trouve une nette distinction.
Le sexe femelle se laisse suivre dans la de de Ruffo jusqu'au couplet 14. La,

notre expece antillaise differe de toutes les formes groupees sous Ie strophe
14a par l'absence d'organes elliptiques.
Si la presente espece, avec un dimorphisme sexuel aussi prononce que nous

venons de decrire, avait ete Ie premier cas dans Ie genre Bogidie/la. j'aurais eu
un doute quant a l'identite specifique (et meme generique) des deux sexes.
Grace a I'oeuvre de Mme. Coineau (1968), nous connaissons un cas similaire,
quoique touchant parfois des appendices differents, a savoir l'espece B. vande/i
de la Sardaigne. Cependant, cette forme ne me semble pas etroitement paren-
tee a l'espece de St.-Martin, comme on Ie voit par son telson (a 4 epines), la
structure de ses gnathopodes 1 et 2 ( ~, 0), par ses rames "normales" de l'uro-
pode 1 (~), etc.

Les seuls endroits, en dehors des recoltes sur l'ile St.-Martin, d'ou je connais
du materiel antillais de Bogidie//a. sont les lies de Barbuda et de Cural;ao. De
la premiere localite, on conna!t une forme cavernicole de grande taille, B. bre-
dini Shoemaker, 1959, dont Ie Dr. P. Wagenaar Hummelinck a pu ramasser
deux exemplaires dans la localite-type, Ie Dark Cave, qu'il a aimablement mis
a rna disposition pour l'etude morphologique. B. bredini n'est connue que de
la localite-type. Elle se distingue de B. martini par la longueur de son corps
(5-6 mm), par son telson (a 4 epines), par ses premiers uropodes femelles (non
transformes), par son gnathopode 1 ( ~ ) qui porte de nombreuses epines sur Ie
bord posterieur du prop ode, par ses pereiopodes et griffes plus poilus, etc.

La deuxieme forme, celie de Cural;ao, n'est connue que de deux exemplaires
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mutiles qui doivent rester inedits, provenant des sables grossiers littoraux de
Playa Forti, Westpunt.
En conclusion, il n'y a pas de do ute que la forme de l'ile St.-Martin so it

nouvelle; Ie nom specifique propose (martini, genitif de Martinus), fait allusion
a la localite-type.

LA ZOOGEOGRAPHIE DES BOGIDIELLIDAE

Les Bogidiellidae forment une famille de Crustaces Amphipodes dont les mem-
bres sont distribues dans la mer aussi bien que dans les eaux continentales.
Cette particularite ecologique n'est pas limitee aux Bogidielles, mais se retrouve
pour d'autres groupes de Crustaces, p. ex. l'ordre des Thermosbaenacea, la
famille des Hadziidae (Amphipoda) et la famille des Microparasellidae (lso-
poda). La distribution actuelle des especes de ces groupes semble correspondre
tres nettement avec l'extension oligocene de la Mer Tethys. Plusieurs auteurs,
comme Ruffo (1957) ou Fryer (1965) ont signale cette correspondance (tout
au moins pour la partie de la Mer Tethys qui est devenue la Mediterranee ac-
tuelle) et ont suppose qu'une faune du littoral marin tethyen s'est echouee par
suite d'oscillations geotectoniques pendant les peri odes miocene et post-mio-
cenes et s'est graduellement adaptee a un vie dans les eaux souterraines con-
tinentales.
Un autre groupe de Crustaces, Ie sous-ordre des Ingolfiellidea (Amphipoda),

est egalement distribue dans tout Ie trace marin - limnique. Mais la une cor-
respondance nette entre les limites de la Mer Tethys et les aires de distribution
des especes n'est pas evidente. Stock (1977) suppose que, dans ce cas, il
s'agit d'un groupe tres ancien qui avait deja atteint une grande partie de son
aire de distribution avant la fragmentation du continent primordial de Pangee
pendant I'ere MesozoIque.
Les Bogidiellidae se conforment plutot a ce dernier type, donc presentent

une distribution residuelle mesozoIque. La carte (fig. 31) montre la distribution
actuelle des membres de cette famille. On reconnalt actuellement 5 genres, avec
26 especes nommees, et plusieurs especes non-edites. Les localites des formes
du genre Bogidiella montrees sur la carte, sont basees sur les figures III et IV
de Ruffo (1973), amplifiees avec mes propres donnees et avec les localites d'es-
peces des quatre autres genres consideres actuellement comme appartenant a
la meme famille, a savoir les genres Bollegidia (2 especes), Pseudingolfiella
(2 especes), Spelaeogammarus (I espece) et Kergueniola (I espece).
La concentration d'especes en Europe, surtout dans les pays mediterraneens,

pourrait refleter en partie les regions dans lesquelles les etudes sur les faunes
interstitielle et souterraine ont ete classiquement accomplies.
Malgre Ie fait que la plupart des especes semble etre distribuee dans des

regions etant submergees par l'eau de mer pendant l'epoque tethyenne (mon-
trees en blanc sur la carte), il manque une correlation nette entre Ie littoral de
la Mer Tethys et les aires de distribution des Bogidiellidae. Points de corre-
spondance entre Ie littoral tethyen et la distribution actuelle sont p. ex. la
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Mexique, les Petites Antilles, l'ltalie, la Dalmatie et autres parties des Balkans,
I'Afghanistan et la Somalie. D'autre part, la presence de membres des Bogi-
diellides a l'interieur du continent Sud-Americain, en Turquie, dans l'archipel
des Kerguelen, au Japon .... ne s'explique pas facilement en termes d'une dis-
tribution residuelle tethyenne, mais doit etre consideree comme caracteristique
des lignees confinees anciennes, sans doute d'age mesozoique.
L'existence de formes strictement marines et de nombreuses formes dans les

eaux interstitielles littorales, indique que Ie processus d'invasion des eaux con-
tinentales n'est toujours pas termine. Cette invasion s'est deroulee depuis l'ere
mesozoique, sans doute avec des optima pendant les regressions miocenes et
post-miod:nes, jusqu'a I'Holocene. Les especes des Antilles, dont une fait I'objet
de la note presente, sont originaires de l'epoq ue des regressions tertia ires (les
Petites Antilles etant submergees pendant Ie Tertiaire inferieur).

RESUME

Les deux sexes d'une espece nouvelle de Bogidie//a, B. II/arrini, sont decrits. Cette espece. a di-
morphisme sexuel tres prononce, a ete decouverte dans deux puits a St.-Martin (partie franc;aise).
une des Bes des Petites Antilles. Un autre memhre de Bugidiel/a est signale de l'ile de Curac;ao, mais
les exemplaires sont trop mutiles pour une description satisfaisante.
Les Bogidiellidae (5 genres, 26 especes nommees. plusieurs especes non-edites) sont reparties

dans la mer aussi bien que dans les eaux continentales. La famille presente une vaste distribution,
depassant I'etendue de I'ancienne Mer Tethys. Probablement il s'agit d'un groupe tres ancien qui
avait deja atteint une grande partie de son aire de distribution avant la fragmentation du continent
primordial de Pangee pendant I'ere M esozoi'q ue.
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Un nouveau Microparasellide des eaux souterraines phreatiques
de I'Italie: Microcharon arganoi n. sp. (Crustacea: Isopoda)

(Contribution it la connaissance de la faune des eaux souterraines
de I'ltalie centre-meridionale/IX)

par

Giuseppe L. PESCE et Pierantonio TETE

A new Microparasellid from subterranean phreatic waters of Ital)':
Alicrochamll argalloi n. sp. (Crustacea: Isopoda)

(Contribution to the knowledge of the underground waters fauna in Central and
Southern Italy/ IX)

SUMMARY

A1icrocharoll argalloi, a new Microparascllid from subterranean waters of Southern Italy is de-
scribed.

For the shape and ornamentation of pleopod II of females and for the morphology of pleopod
II of males. the new species is clearly related to the phyletic line which includes all the Western and
French species of the genus. However. from all these species and from all the other ones;\1. argalloi
differs by the ornamentation of the antennae. maxillipeds and pereiopods. by the shapc and or-
namentatioil of pleopods I and II of males and II of females. and by ratio endopodjexo[lod of
pleopod III.

The new species is the first one from the subterranean fresh-waters of Italy.

Au cours de recherches sur les peuplements phreatiques de la region des Pouil-
les (Puglie Italie du Sud), organisees par I'lnstitut de Zoologie de l'Universite
de L'Aquila, on a eu recemment I'occasion de recueillir de nombreux exem-
plaires d'un nouveau Microparasellide du genre Microcharotl qu'on va decrire
dans cette note.

Cette decouverte se revele d'un grand interet puisqu'il s'agit de la premiere
pour ce genre dans les eaux douces phreatiques d'ltalie. Jusqu'ici, en effet, Ie
genre Microcharon etait connu en Ita lie seulement par I'cspece perimediterra-
neenne M. marinus Chappuis et Delamare Deboutteville 1954, provenant des

* Institut de Zoologie, Universite de l'Aquila. Piazza R. Margherita, 7,67100 l'Aquila. Italie.
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milieux interstitiels littoraux de la Sardaigne et de la cote de la Campanie
(Amalfi).

Actuellement ce genre, qui presente une ecologie tres varice et une vaste
distribution geographique (Portugal, France, Ita lie, Yougoslavie, Asie Cen-
trale, N ouvelle-Caledonie, etc.), com porte de nombreuses especes et sous-
especes, aussi bien marines que d'eaux douces et saumiHres, qu'on groupe
d'apres Coineau (1968) en deux categories distinctes, l'une comprenant ex-
clusivement des formes marines (antennules a cinq articles), l'autre comprenant
des formes d'eau douce et saumfltre (antennules a six articles).
A cet egard, Stock (1977) a montre recemment qu'une telle separation ne

s'applique pas a to utes les especes. II en est ainsi pour la torme marine M.
monnio/i Bocquet 1970, par ex, et pour les formes d'eau douce et saumatre
comme M. kirghisicus Jankowskaya 1964, M. phrea/icus Coineau et Boto-
saneanu 1973 et M. herrerai Stock 1977; Ie meme auteur, en outre, crait pou-
voir individuer d'autres caracteres distinctifs valables entre les graupes ci-
dessus, tels que l'ornementation de l'endopodite du pleopode III, la longueur
des dactyles des pereiopodes et la spinulation de la maxilla II, qui, actuelle-
ment, pourraient meme justifier, ,1 son avis, la subdivision du genre ,\Iicro-
charon en deux genres distincts.
Sans tenir compte de la constitution des antennules, parmi les formes d'eau

douce, on peut quant meme considerer certainement valables les deux con-
tingents evolutifs proposes par Coineau (1968) et precisement: a) especes ca-
racterisees par Ie pleopode II femelle glabre et Ie pleopode II male ,1 sympode
arrondi (formes franc;aises continentales, plus M. acherontis Chappuis 1942);
especes caracterisees par Ie pleopode II femelle avec 2-4 petites soies sur Ie bord
distal et par Ie pleopode II male avec sympode ctire en pointe (formes orien-
tales: Yougoslavie, Bulgarie, etc.).

Entre ces deux groupes on peut, en outre, inserer quelques formes interme-
diaires orientales (M. kirghisicus. M. ha/ophi/us, etc.) avec Ie pleopode II fe-
melle pourvu de deux soies et Ie pleopode II male avec Ie sympode arrondi.
En accord avec cette opinion, la nouvelle espece dccrite ci-dessous peut sans

doute etre rapportee a la ligne phyletique des formes franc;aises continentales,
plutot qu'a celle des formes orientales, puisque tous les exemplaires examines
sont caracterises par I'absence de soies sur Ie pleopode II femelle et par Ie
pleopode II male avec sympode nettement arrondi a l'extremite.

Microcharon arganoi n. sp.*)
Ma/erie/ etudie: station Pu/143, Puglie, R. Oep. Foggia-S. Marco in Lamis
(Foggia, Italie). Puits d'eau douce (profondeur: mts 6, niveau H20: mts 2, tem-
perature H20: 1?5°C, pH: 6.8, sediment de fond sableux): 2100 ,41 <jJ 9 ,23
Jeunes aux dlfferents stades post-embryonnaires, Pesce, Tete et Maggi colI.,
8 octobre 1976 et 7 mars 1977. Faune associee: Niphargu.\'/Oflgi('([udalus, Ni-
phargus gr. orcinus. Copepoda Cyclopidae (Eucyc/ops serl'll/a/us, A cafl/ho-
cyclops (Megacyclops) sp.), Copepoda Harpacticoida, Oligochaeta et Ostra-
coda.
• En hommage a notre ami et collegue, M. Ie Professeur R. Argano.
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Le materiel, en partie desa:ticuIe et monte en polyvinyl-Iactophenol (ou li-
quide de Faure) est depose au Musee "Museo Civico di Storia Naturaledi
Verona", Verona, Ita lie; une serie de paratypes cst depose au Musee "Museum
d'Histoire Naturelle de Geneve", Geneve, Suisse,

Taille
Les males, plus courts que les femelles, mesurent en moyenne 1.25 mm (mm
1.1-1.4), les femelles 1.45 mm (mm 1.3-1.6). Le cephalon est nettement plus
large que long (longueur/largeur: 0.81-0.83) et presente une chetotaxie extre-
mement simplifiee, consistant seulement en deux courtes soies sur les cotes
externes lateraux. Les autres segments du corp ont presque tous la meme lar-
geur et la meme longueur sauf Ie segment pleonal et Ie pleotelson, qui sont re-
spectivement Ie plus court et Ie plus long du corps.

Anlennes I
ElIes se composent de six articles, comme celles de presque to utes les autres
especes dulr;aquicoles. L'article basal, robuste, porte une courte tige pen nee
et une soie; Ie second article porte une courte tige pen nee ordinaire et la longue
tige pen nee distale caracteristique implantee sur une petite apophyse, qui at-
teint presque l'extremite de !'antenne; les troisieme et quatrieme articles sont
glabres; Ie cinquieme article avec un bi'ltonnet hyalin dont la longueur est ,I peu
pres egale aux quatre derniers articles de l'antenne et une courte tige ordinaire;
Ie sixieme article porte un long bfltonnet hyalin (longueur egale aux 4/7 de la
longueur de I'antenne) et un bi'ltonnet hyalin plus court, une tige pen nee et une
courte soie.

Antennes II
Elles manquent chez presque tous les individus examines; un exemplaire seule-
ment possedait encore une antenne II. Celle-ci atteint ,I peu pres 4.5 fois la
longueur de l'antenne I et mesure 1/3 de la longueur totitle de l'animal. La
hampe se compose de six articles, Ie fouet de neuf articles, tous a peu pres
egaux, avec de minuscules soies ordinaires et de plus longues tiges pennees.
Exopodite uniarticule depassant de peu Ie quatrieme article de la hampe et
muni de deux soies medianes.

Mandihules
Sans caracteristiques particulieres. Palpe triarticule, dont Ie dernier article est
orne dans la region distale et subdistale de 2-3 fortes epines et sur Ie bord ex-
terne de deux rangees de cils tres minces; Ie deuxieme article du palpe cst muni
de deux longues epines, l'une subapicale, l'autre mediane; Ie premier est com-
pletement glabre. Pars incisiva tetradentee comme la lacinia mobilis de la
mandibule gauche; pars molaris conique avec 2-3 longues soies apicales; entre
Ie complexe incisif et la partie molaire s'inserent trois lamelles festonnees, deux
minces soies et deux tiges (mandibule droite), deux lamelles moins festonnees,
quatre minces soies et deux tiges (mandibule gauche).
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Labium
Peu incise, chaque lobe muni dans la region distale de 7-9 petites soies et sur
Ie bord interne de tres nombreux cils courts.

Maxilles I
Elles se composent de deux endites. L'endite externe, deux fois plus large que
I'interne, est garni dans la partie distale de neuf epines et de deux minces soies;
sur Ie bord interne, il est muni de quatre petites soies, sur l'externe de sept ou
huit soies. L'endite interne,"legerement plus court, porte dans la region apicale
deux petites epines et deux tiges et sur Ie bord externe trois tiges.

Maxilles II
Les trois endites sont de differentes longueurs; l'interne. legerement plus long
que les aut res, porte quatre fortes tiges apicales et quatre tiges plus courtes
subapicales. Les endites median et externe portent dans la region apicale deux
longues tiges et deux tiges plus courtes.

M axillipedes
L'epipodite atteint a peu pres l'extremite du premier article du palpe; l'endite
atteint plus de 1/2 du troisieme article du palpe et est muni de deux crochets
sur Ie bord interne, de 9-11 tiges (distales et subdistales) et de cinq soies sur Ie
reste de sa superficie; Ie palpe est compose de cinq articles et sa chetotaxie est
semblable a celie de toutes les autres especes connues, sauf pour Ie cinquieme
article qui porte seulement cinq longues soies et une courte epine.

Pereiopodes
lis s'inserent dorsolateralement et restent assez semblables dans leur forme et
leur longueur, mais ils montrent d'appreciables differences dans l'armature des
dactyles et des propodes.
Pereiopode I: basis a contour elliptique, orne d'une courte soie apicale et

d'une longue soie sub-basale; ischion egal ,I peu pres aux 3/4 du basis et muni
de deux soies opposees en son milieu; meros court (lcgerement inferieur ,I la
moitie de I'ischion) et orne d'une longue epine sur Ie lobe anterieur et d'une
courte soie au cote posterieur; carpe a bords subparalleles avec une longue
tige subdistale et une autre, plus courte, sur Ie bord posterieur; propode a peu
pres aussi long que Ie carpe, garni, sur Ie bord anterieur, d'une longue soie
apicale; la marge posterieure presente en outre une rangee de nombreux cils
tres minces; dactyle plutat court, arme de deux robustes grilles, l'une apicale
et l'autre subapicale (de longueur tres diffcrente) et avec cinq tiges subapicales
de longueur variable.
Pereiopodes II, III, IV plutat semblables entre eux et a la premiere paire,

mise a part la presence d'une ou deux tiges pennees sur l'article basal.
Pereiopodes V, VI et VII diriges vcrs l'arriere. Pereiopode VI: basis avec

une courte soie pen nee et une soie ordinaire, plus une petite soie subapicale;
ornementation d u dactyle consistant en deux epines apicales (dont une bien
plus developpee) et deux soies subdistales. Pcreiopode VII semblable au pre-
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cedent sauf pour la chetotaxie du propode qui presente, en plus de la soie nor-
male sur Ie bord externe, deux courtes soies en correspondance avec l'articula-
tion du dactyle,

Segmen/ plhmal e/ pleo/elsoll
Le segment libre d u pleon est plutot court, sa longueur atteint a peu pres 3/4
de sa largeur: Ie pleotelson est plus long (largeur /longueur: 0.75-0.80) et re-
presente Ie segment Ie plus long du corps; la petite soie inegale distale est pre-
sente, la chetotaxie restante est peu differente de celie des autres especes con-
nues.

Pteopodes
Pleopodes I du male: longs, coalescents dans la partie basale dont la largeur
est a pau pres Ie double de celie de la partie apicale: cette derniere est tronquee
avec les bords obliques vers l'exterieur chacun ornc d'une ou deux petites soies
apicales et d'une tige plus longue subapicale: vers Ie sixieme terminal s'implan-
tent deux soies de longueur comparable.
Plcopode II du male: sympode peu clancc (largeur/longueur: 0.55-0.59) avec

Ie bord interne droit et Ie bord externe convexe et l'extrcmite nettement arron-.
die; l'exopodite forme un lobe tres peu developpc par rapport a presque toutes
les autres especes connues; endopodite plutot long, avec une stylet en pointe
qui depasse nettement Ie sympode.
Plcopode II de la femelle: dcpourvu de soies et avec la marge distale non

convexe; il differe nettement de celie de presque to us les autres especes connues
par sa forme presque parfaitement arrondie (largeur/longueur: 0.96-0.98),
Pleopode III des deux sexes: ils presentent un robuste exopodite arme d'une

tige apicale sur Ie dernier article: l'endopodite, peu developpe, glabre, atteint
a peine Ie sommet de l'exopodite.
Pleopodes IV des deux sexes sans caractcristiq ues particuJieres.

Uropodes
Le sympode, piriforme (largeur/longueur: 0.40-0.47), est nettement plus court
que l'endopodite (sympode/endopodite: 0,88-0.92) et il est orne de six tiges de
longueur variable; l'exopodite, plutot court, cst implantc au niveau du tiers
distal du sympode et il est muni de deux tiges apicales et d'une tige subapicale;
endopodite long et etroit (Iargeur /longueur: 0.15-0.21), avec une chctotaxie
composee apicalement de deux longues soies et d'une tige pennce, subapicale-
ment de deux soies et d'une tige pennce et de deux longues tiges pennees plus
deux soies ordinaires a la moitic distale.

Microcharon arganoi n. sp. se rattache au groupe des especes continentales
franr;aises; il se rapproche surtout de M, boui et de M. juber/hiei par la forme
du pleopode II femelle, les proportions des uropodes et des pereiopodes; mais
il s'en differencie par les caracteres suivants: chctotaxie de l'antenne I et des
maxillipedes, chetotaxie du propode du Ier pcreiopode orne d'une rangee de
cils fins a son bord interne, morphologie des pleopodes I et II males et propor-
tions des exopodite et endopodite des pleopodes III.
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Fig. I. Microchaw/I WXa/loi. A, maxille II: B, mandihule gauche: C. mandihule,droite, /wrs ill-

cisil'a et pars /l/o/aris: D, maxille I: E. maxillircde: F, antennc I: G. lahium: II. antcnnc II.
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Fig. 2. Microc/zaron arganoi. A, C. pereiopodes I et 6; B. 0, E. respectivement detail du propode
et du dactyle des pereiopodes 7. 6 et I.

M. arganoi n. Sp. se distingue nettement de, toutes les especes deja decrites
par les bords distaux obliques des lobes du pleopode I male et par Ie sympode
relativement court des uropodes.

Nous tenons a remercier Mme.le Prof. Nicole Coineau pour avoir bien voulu
revoir Ie manuscrit.

RESUME

Description de Microcharon arganoi, nouveau M icroparasellide des eaux
souterraines de !'ltalie du Sud. La nouvelle espece. pour la forme et pour I'or-
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Fig. 3. Microcharvn arganoi. A. pleopode II mille: B. uro[Jode: C. pleopode III: D. [Jleopode I
mille: E. pleopode II femelle: F. pleotelson.
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nementation du II pU:opode du mille et de la femelle, cst c1airement rappor-
table a la lignee phyletique qui comprend toutes les especes occidentales et
franpises du genre.
M. arganoi n. sp, se distingue nettement de to utes les especes dejadecrites

par les bords distaux obliques des lobes du pleopode I male et par Ie sympode
relativement court des uropodes.
Cette nouvelle espece est la premiere trouvee dans les eaux douces souter-

raines d' Italie.
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Premier Proasellus hyporheique d'Espagne: P. jaloniacus n. sp.,
(Crustacea Isopoda Asellota)

par

Jean-Paul HENRY ct Guy MAGNIEZ*

The first hyporheic Proasel1us from Spain: P. jaloniacus n. sp. (Crustacea Isopoda Asellota).

SUMMARY

This new, anophthalmous and unpigmented species lives in the underflow of Jalon River, Province
of Alicante, Southeastern S pain. It belongs in the phyletic line of Proasellu.\' lIIeridianus(Racovitza,
1919).

Origine de I'espece: Ce nouvel Asellide a ete decouvert en juillet 1976 par I'un
de nous (J.-P. H.), au moyen du procede des sondages tubes Bou-Rouch, dans
Ie sous-ecoulement du rio Jalon, petit Oeuve cotier de la Costa Blanca espag-
nole (Sud-Est de l'Espagne). La station se situe a proximite de Benichembla
(province d'AIicante), dans la Sierra de Alfaro, a une vingtaine de kilometres
de la mer et du celebre Penon de Ifach (carte routiere au 200.0000

, feuille T-28).
Les Aselles y cohabitent avec de nombreux Amphipodes appartenant a I'espece
souterraine Pseudoniphargus afrieanus Chev. (Bou deL).

Lot recolte: 26 males adultes de 2,6 a 4 mm; 24 femelles aduites de 2,6 a 4,3 mm
dont I seule de 3,5 mm porte une poche incubatrice vide, celles de plus de 3,5
mm possedent des oostegites au stade de repos genital. Le lot com porte encore
de tres nombreux jeunes dont la taille varie de I, I a 2,5 mm (premiers stades
libres). Leur presence est I'indice de I'existence d'un maximum printanier des
pontes (mars-avril-mai).

• Laboratoire de Biologie Animale et Generale, Universite de Dijon, 6. Bd. Gabriel, 2/100 Dijon,
France.
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Aspect gimeral: Cette espece de petite taille, totalement depigmentee et anoph-
talme, ne presente pas un corps grele en rapport avec son habitat interstitiel.
Le coefficient d'allongement est en effet inferieur a 4, c'est-a-dire qu'il est tres
voisin de celui des especes cavernicoles toujours plus robustes. Cephalon 1,4
fois plus large que long, avec marge rostrale legerement concave et somite
maxillipedien bien visible. Pereion a bords lateraux subparalleles. Les coxopo-
dites des pereiopodes debordent legerement les regions pleurales des pereio-
nites. Les pleonites libres I et II sont etroits et en partie caches par la marge
caudale du pereionite VII. Le pleotelson est subquadrangulaire, a peu pres
aussi long que large, avec une pointe cauda Ie bien marquee (fig. I et 2).

Appendices cephaliques: Antennules courtes (0,5 mm) de 8 articles chez les
males (3,5 mm) et de 7 chez les femelles de meme taille; I lame olfactive de
35-40 J1. sur les 2 articles distaux sauf Ie dernier. Antennes de 3 mm environ avec
un fouet de 33 articles. Mandibules, maxillules et maxilles typiques du genre
Proasellus.

Maxillipedes: Aspect general typique des Asellidae, c'est-a-dire avec palpe it
5 articles et epipodite lamelleux borde de courtes soies lisses. Endite portant
un retinacle it 5 crochets. Chez la femelle it poche incubatrice, l'oostegite cor-
respond ant est represente par un petit lobe subovalaire portant 7 tiges ciliees
a direction caudale (fig. 3).

Station de Proasellus jaloniacus n. sp.
1. Vue d'ensemble du rio Jalon en aval de Benichembla (province d'Alicante) en periode d'etiage
(juillet 1976). Son cours traverse des terrains calcaires qui fournissent un materiel alluvial tres
abondant; son lit est envahi par la vegetation, et notamment par des petits arbrisseaux tels Ie
Laurier-rose toujours tres abondant.
2. Gros plan du lit mineur, reduit a l'etiage a un mince filet d'eau qui s'ecoule sur les graviers entre
les blocs et les galets. Le tube de sondage a ete implante dans les graviers a une profondeur de
50 em.
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Pereiopodes: Leurs longueurs respectives pour un male de 3,4 mm sont en mm:
1,3; 1,5; 1,6; 1,5; 1,8; 2 et 2, I. Les longueurs relatives en prenant Ie pereiopode
II comme reference sont: 87, 100, 104, 100, 122, 134 et 142. Une femelle de
meme taille a des pereiopodes de meme longueur, sauf Ie premier qui est legere-
ment plus court.
Pereiopode I: propodite assez faible; l'armature du bord sternal est peu

dense, avec quelques petites soies, une crete de setules sur la moitie proximale
et 2 soies ensiformes sur la moitie distale. Dactylopodite chez les males avec
une rangee de 5 epines sternales assez longues (fig. 4) et 3 seulement chez les
femelles, la distale etant tres longue (fig. 5).
Pereiopodes II it VII: les dactylopodites portent 2 epines sternales tres allon-

gees et bien espacees, la distale etant la plus longue (fig. 6). La differenciation
en crochet nuptial du pereiopode IV chez Ie male n'existe pas.

Pleopodes I <3: Protopodite subtrapezoldal, un peu plus long que large. Le
bord interne porte un retinacle it 2 crochets it droite comme it gauche; chez un
individu de 3,3 mm, un des crochets etait remplace d'un cote par une tige lisse
(fig. 8). Exopodite ovalaire peu allonge avec une serie d'une douzaine de courtes
tiges lisses inserees sur les bords externe et distal.

Pleopodes II 0,: Protopodite subtrapezoldal un peu plus long que large. Pres
du bord interne it convexite tres accentuee, 2 tiges ciliees. Exopodite biarticule
plus court et plus etroit que l'endopodite. Article proximal court. Article distal
2 fois plus long que large et 2 fois V2 plus long que l'article proximal; sur son
bord distal convexe, 3 tiges plumeuses (fig. 9). Endopodite (organe copulateur)
cylindrique. Region proximale sans apophyses, it fond legerement ex cave.
Region distale caracteristique du genre Proasellus. Le goulot, fendu, de large
diametre, oriente legerement vers l'exterieur et releve vers la face sternale, est
nettement evase distalement. Apophyse tergale massive de forme conique et
dirigee vers Ie cote externe (fig. 10). L'aspect de cet endopodite rappelle beau-
coup celui d'une autre espece anophtalme de Proasellus d'Espagne meridio-
nale, P. solanasi; mais les 2 formes different suffisamment par d'autres carac-
teres pour constituer deux especes distinctes.

Pleopodes II <:j! : Lamelles tringulaires allongees typiques du genre. Marge dis-
tale et externe munie de 5 tiges plumeuses (fig'. II).

Pleopodes III des deux sexes: Exopodite (opercule) biarticule it suture legere-
ment oblique. Bord distal avec une serie de 10 petites soies plumeuses et bord
externe avec 3 petites soies lisses bien espacees. Endopodite petit et charnu
(fig. 7).

Pleopodes IV des deux sexes: Exopodite plus large que l'endopodite. La linea
area deli mite une aire respiratoire (area) bien developpee. La linea transver-
salis est tres oblique et la linea conjungens amorgee seulement au bord externe,
marque la limite de la bordure ciliee de la marge externe. Endopodite charnu
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Fig. 1-7. Habitus en vue tergale d'un male de 3,4 mm, e = 500 Jl; 2. Marge latcrale droite, en vue
tergale, des pcrcionites IV et V du meme individu, montrant Ie dcbordement des coxo-
podites, e = 200 Jl; 3. Oostcgite et cpipodite du maxillipede gauche, face sterna Ie, de la
femelle a poche incubatrice vide de 3,5 mm, e = 100 Jl; 4. Dactylopodite et bord sternal
du propodite du pcrciopode I droit, face sternale, d'un male de 3,4 mm, e = 50 Jl; 5.
Dactylopodite du pcrciopode I droit, face sterna Ie, d'une femelle de 3,5 mm, e = 50 Jl;

6. Extrcmitc du pcrciopode V gauche, face sterna Ie, d'un male de 3,4 mm, e = 50 Jl; 7.
Plcopode III droit, face sterna Ie, d'un male de 3,4 mm, e = 155 Jl.
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Fig. 8-13. 8. Pleopode I droit, face sterna Ie, d'un male de 3,4 mm, e = 50 }l; 9. PIeopode II
gauclie, face sternale, du meme individu, e = 50 }l; 10. Extremite de l'endopodite du
pleopode II droit en vue tergale du male precedent, e= 50}l; II. I'leopode II gauche,
face sterna Ie, d'une femelle de 3,5 mm, e = 70}l; 12. Pleopode IV droit, face sterna Ie,
d'un male de 3,4 mm, e = 100}l; 13. Pleopode V droit, face sterna Ie, du meme individu,
e= 100}l.
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bien developpe, moins long que I'exopodite (fig. 12). Ce pleopode est tres sem-
blable a celui de P. solanasi, mais aussi a celui de l'espece epigee-oculee P.
meridian us.

Pleopodes V des deux sexes: Exopodite ovalaire, 2 fois plus long que large. La
linea transversalis est la seule visible, elle divise I'exopodite en 2 articles. Bord
externe de l'article proximal garni d'une seule soie lisse. Endopodite charnu
moins long mais aussi large que l'exopodite (fig. 13).

Uropodes: Birames et plus courts que Ie pleotelson (fig. I). Protopodite plus
court que chacune des rames, I'exopodite etant plus court que l'endopodite.

Affinites: La nouvelle espece de la province d'Alicante montre des affinites
indiscutables avec P. solanasi (Henry et Magniez, I972a), forme cavernicole de
la region de Malaga. N ous avons souligne leur ressemblance au cours de la
description, notamment l'homogeneite de structure des organes copulateurs.
Comme cette derniere, P. jaloniacus s'inscrit donc dans la lignee evolutive du
genre Proasellus qui a conduit a l'espece moderne a vaste repartition P. meri-
dianus (Henry et Magniez, I972b). On notera que si cette espece epigee n'est
pas actuellement representee dans les eaux de surface d'Espagne, les deux
formes anophtalmes endemiques qui lui ressemblent (P. solanasi et P.jalonia-
cus) confirment l'existence d'un centre de dispersion de cette lignee dans cette
region meridionale de l'Europe. La decouverte de P. jaloniacus montre aussi
que l'inventaire faunistique de la Peninsule iberique n'est pas encore termine
et on peut penser que de nouvelles prospections, surtout en milieu interstitiel,
devraient permettre d'enrichir nos connaissances sur les Asellides souterrains.

Manuscrit termine Ie 5 mai 1977.

RESUME

Cette nouvelle espece anophtalme et depigmentee vit dans Ie sous-ecoulement du Oeuve Jalon,
province d'Alicante, Sud-Est de I'Espagne. Elle appartient a la lignee evolutive de Proasellus
meridianus (Racovitza. 1919).
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Carotenoids in Niphargus casimiriensis
Skalski (Amphipoda) from Artesian Wells

by
B. CZECZUGA* and A. SKALSKI**

Carotenoids are some of the commonest pigments found in nature. They are
produced only by plants, both autotrophic and heterotrophic, whereas animals
obtain them through the food they eat. These pigments may, however, in the
latter undergo further conversion as a result, for example, of oxidation.

Various functions have been ascribed to carotenoids ranging from their
participation in the photosynthetic process in plants to a role played by these
pigments in protecting fruit and invertebrate animals, plankton crustaceans in
particular, from the effect and photooxidation of light rays.

With the latter function in view, we were interested in the question as to
whether carotenoids were present in crustaceans inhabiting subterranean waters
where, naturally, the light factor does not play the important role it plays in
water exposed to light. In order to study the problem, the carotenoid content
of Niphargus casimiriensis Skalski, a species which is to be found in Poland in
the artesian wells of Lower Kazimierz on Vistula, was investigated (Skalski,
1976).

MATERIAL AND METHODS

The Niphargus casimiriensis specimens were collected from an artesian well
in Lower Kazimierz on Vistula. On being removed from the well, the crusta-
ceans were washed thoroughly in distilled water, dried on tissue paper, placed
in bottles of dark glass and then covered with acetone. The material was then
kept in a refrigerator until removed for the separation of the pigments. Colum-
nar and thin-layer chromatographic methods were used for separation of the
carotonoids.

Column and thin-layer chromatography were used in the investigations, the
method employed was as described in a previous paper (Czeczuga, 1971).

Separation of the carotenoids was begun, after preliminary analysis, by

* Department of General Biology, Bialystok Medical Academy, 15-230 Bialystok. Poland.
** Muzeum in CZestochowa, 42-200 Czeslochova. Ratusz. Poland.
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means of columnar chromatography; activated aluminium oxide (AI203) of
Polish production (Gliwice), was used as absorbent.

For the experiments, a glass column, I cm in diameter and 15 to 20 cm in
length, was used. The carotenoid extract was transferred to the column with
A1203, moistened previously with pure petroleum ether at boiling point (60°
to 80°C).

Hydrolysis of the ester compounds of the carotenoids was performed with
10% potassium hydroxide in methanol, under nitrogen in the dark, at room
temperature (18° C) for 12 h.
Thin-layer chromatography on silica gel (6 plates) was also used to separate

and identify the carotenoid pigments (Merck production) according to Stahl.
The carotenoids were saponifed with 10% KOH in methanol before separa-
tion. A Beckman spectrophotometer, model 2400 DU, and a Specol spectro-
photometer were used for maximum absorption determinations.
The pigments were identified by the following methods:

behaviour on column chromatography;
absorption spectrum;
comparison of Rf values by means of thin-layer chromatography;
partition coefficient (Petracek and Zechmeister, 1956; Foppen, 1971).

Quantitative determinations of the various carotenoids were made by the
method of Davies (1965).

RESULTS

The results of the chromatographic analysis are presented in table I from which
it can be seen that in Niphargus casimiriensis, derivatives of the carotenoids,
a-carotene (lutein-5,6-epoxide), j3-carotene (phoenicoxanthin, isozeaxanthin,
zeaxanthin, astaxanthin) and y-carotene (y-carotene-derivative celaxanthin-
derivative) were found. The highest percentage of carotenoids consisted of
j3-carotene derivatives, zeaxanthin (35.8%) and astaxanthin (29.4%). For com-
parison, a chromatographic analysis of Gammarus lacustris G. 0. Sars spec-
imens was made (Table 2). In these specimens only a-cryptoxanthin (4.2%) and
lutein-5,6-epoxide (43.3%) as derivatives of a-carotene were found and the
derivatives of j3-carotene, cryptoxanthin (40.8%) and astaxanthin (5.7%).

DISCUSSION

The studies made in the nineteen-forties on the carotenoid pigments in inverte-
brates (Beatty, 1949) did not reveal the presence of carotenoids in crustaceans
of the genus Niphargus. As a result, these findings, unconfirmed by other
workers, have become part of the literature on the subject and are not infre-
quently cited in monographic works (Goodwin, 1960).
The carotenoids found by means of chromatographic analysis to be present

in the Niphargus casimiriensis specimens have often been observed in other
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crustacean species. Phoenicoxanthin was first found in cirriped crustaceans
by Herring (1971). This carotenoid was later detected in the crab Ta/iepus
mutta/lii (Fox, 1973), in the crayfish Orconectes /imosus (Czeczuga, 1976), and
in the hermit crab Eupagurus prideauxi. from the fishing-grounds of West
Africa (Czeczuga and Klyszejko, 1976). An interesting finding was that of a
y-carotene derivative in Niphargus casimiriensis. More than once, we have
been able to reveal the presence of y-carotene in crustaceans (Czeczuga, 1974)
and the xanthophyll celaxanthin was found in Niphargus tatrensis and Niphar-
gus aquilex sche/lenbergi collected from springs (Czeczuga and Skalski, 1973).
The remaining carotenoids lutein-5,6-epoxide, zeaxanthin, isozeaxanthin and
astaxanthin belong to the so-called common carotenoids quite frequently
found in crustaceans. Some of them were also found in the Gammarus lacustris
specimens investigated. .
Our previous investigations on carotenoids in species of the genus Niphargus

(Czeczuga and Skalski, 1973) were carried out on specimens which lived in
springs whereas, as we know, Beatty (1949) obtained his data from studies on
Niphargus species inhabiting underground water. For this reason, in our pre-
vious paper (Czeczuga and Skalski, 1973) we suggested that the absence of
carotenoids reported by Beatty in those species may be due to their subterra-
nean habitat. As was stated in the description of Methods in the present paper,
our Niphargus casimiriensis specimens were taken from a deep well where the
ecological conditions were very similar to those of waters in underground
caves. In view of the fact that these specimens were found to contain carote-
noids, our previous suggestion would hardly seem tenable and it appears that
the crustaceans of the genus Niphargus should be regarded as the same as all
the other crustacean species which, despite taxonomic and environmental
differences, contain some or other of the carotenoids. The results of the chrom-
atographic analysis of the carotenoid content of various crustacean species
from different ecological niches substantiates this. Carotenoids have been
found in all the aquatic crustaceans, both fresh-water and marine species
(Czeczuga, 1975), studied to date. Investigations on the land crustacean, the
Oniscus ase/lus (Czeczuga, 1975), and the sand crab Ocypoda cursor (Czec-
zuga, 1977) from the sandy African coast of the Mediterranean Sea revealed
the presence of these pigments. The same results were obtained on analysing
the carotenoid content of crustacean parasites of the fish Argulus jo/iaceus
(Czeczuga, 1971) or Ergasilus sieboldi (Czeczuga, 1977). In our opinion the
ecological niches inhabited by the various crustaceans affect only the com-
position of the various carotenoids and their quantitative relations.

In conclusion, it should be stated that in considering the carotenoid content
of the crustaceans of the genus Niphargus the problem should be approached
in the same way as for other crustacean species, in which only the composition
and quantitative relations of carotenoids may be changed.
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SUMMARY

135

By means of columnar and thin-layer chromatography, the presence of carote-
noids in Niphargus casimiriensis Skalski from an artesian well was studied.
There are qualitative and quantitative differences in the carotenoid contents

of the Niphargus casimiriensis Skalski specimens.

RESUME

Les carotenoldes presents chez Niphargus casimiriensis Skalski recolte dans
un puits artesien ont ete etudies par chromatographie sur colo nne et sur couche
mince.
Des differences tant qualitatives que quantitatives apparaissent dans la

teneur en carotenoldes des individus de I'espece Niphargus casimiriensis Skalski.
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L'Equipement sensoriel des Trechinae souterrains (Coleopteres).
II - Ultrastructure des trichobothries de I'Elytre

par

Christian JUBERTHIE et Franr;oise PIQUEMAL*

The sensoral outfit of subterranean Trechinae
II - Ultrastructure of the Elytral trichobothria

Summary

The ultrastructure of trichobothria (Tm2, Tr2. Tr4) of the elytra has been studied in the troglobitic
Coleoptera Geotrechus vulcanus and Aphaenops cerberus, Two bipolar neurons innervate these
trichobothria. The first ends at the level of the hair base, and its distal segment contains a tubular
body, characteristic of mechanoreceptive bristles, The other does not possess a tubular body, and
its distal segment ends in the bristle canal; its function is unknown. The trichobothria possess one
glial enveloping cell, one trichogen cell, and one tormogen cell; the latter two show an apical,
common, large, receptor lymph cavity.

The small trichobothria are innervated by a large mechanoreceptor neuron, and by 4 smaller
neurons; its function is unknown.

The trichobothriil of blind Trechinae are highly specialized. A cuticular cup enshrines the hair
base; hair and cup move together. The large amplitude swaying movements of the hair are con-
trolled by a spongious tissue around the cup.

The trichobothriil of Trechinae and Periplaneta have the same type of cuticular dome-shaped
structure, and'differ from trichobothria that arise from a cavity in the cuticle.

INTRODUCTION

Dans un premier travail (1975) nous avons etudie au microscope electronique
a balayage l'equipement sensoriel de la face superieure de l'elytre de plusieurs
Coleopteres Trechinae souterrains. Chaque elytre porte 10 soies longues et
sou pIes, et non 8, appelees fouets par Jeannel en 1925, et que nous avons as-
similees aux trichobothries. Trois de ces trichobothries sont extremement lon-
gues; c'est l'une (tm2) des 4 trichobothries du groupe humeral innervee par Ie

• Laboratoire souterrain du C. N, R, S .. 09410 Moulis, France.
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nerf median, et deux (tr2 et tr4) des 4 trichobothries du groupe posterieur in-
nervees par Ie nerf radial; leur longueur peut atteindre les 3/5 de celie de I'elytre
chez Aphaenops cerberus.

Dans ce travail no us etudions I'ultrastructure des deux types de tricho-
bothries que nous avons distingues d'apn':s leur taille.

MATERIEL ET METHODE

Les animaux etudies sont des Coleopteres troglobies, Geotrechus vulcan us
provenant de la grotte du Portel (Ariege) et Aphaenops cerberus provenant
de la grotte de Lique (Ariege). Les elytres sont detachees et coupees en plusieurs
morceaux pour faciliter la penetration du fixateur. Elles sont fixees au froid
I a 2 heures dans Ie glutaraldehyde a 2,9% dans Ie tampon phosphate de Soe-
rensen a 0,1 M, puis au tetroxyde d'osmium a 2% dans Ie meme tampon. L'in-
c1usion est faite a l'Epon 812 normal ou dans des Epons dont les proportions
sont modifiees de fa~on a Ie rendre dur ou ultra-dur. Les coupes, realisees avec
un couteau en diamant monte sur I'ultramicrotome Reichert OMU2, sont re-
cuperees sur des grilles recouvertes d'un support de Parlodion; elles sont con-
trastees a I'acetate d'uranyle et au citrate de plomb et observees au microscope
Sopelem du Laboratoire souterrain sous 50 kv.1

RESULTATS

1- TRICHOBOTHRIES DE GRANDE TAILLE (Tm2, 1'r2, Tr4).

A. Geotrechus vulcanus.

I. Structures cuticula ires (Fig. 2).
En microscopie photonique la trichobothrie apparalt cyIindrique et ne s'elargit
pas dans sa partie basale contrairement a celie de Periplaneta americana
(Gnatzy, 1973).

La base de la soie est inseree dans une cupule articulaire par une ouverture
d'un diametre a peine superieur au sien; cette cupule est percee d'une ouverture
basale qui offre Ie passage aux deux dendrites sensoriels.
Soie et cupule cuticulaire sont implantees au centre d'une elevure circulaire

du tegument dorsal, correspondant a la formation decrite sous Ie nom d'areole
par certains auteurs (Vachon, 1973). Un espace optiquement clair, recouvert
d'une membrane souple, formant un dome, separe la cupule de l'areole.

L' observation sous la loupe binoculaire de trichobothries soumises a de
faibles deplacements d'air montre que c'est l'ensemble soie + cupule cuticulaire
qui est mobile; la cupule cuticulaire joue Ie role d'une rotule; Ie poi I bouge
egalement dans la cupule cuticulaire mais ceci est peu perceptible.

I Nous remercions M. Bouillon. Mme G. Ruffat et Mile A. Bauhy pour leur aide technique.
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En microscopie electronique a balayage (Juberthie, Massoud et Piquemal,
1975), la couronne correspondant a l'espace optiquement vide est fermee a sa

Fig. I. Schema d'une trichobothrie de grande taille de I'elytre d'Aphaenops cerberus et Geo-
Irechus vulcanus. a. areole, c. cupule cuticula ire, c. d. cuticule dorsa Ie, Ce. premiere cellule
enveloppe, c. v. cuticule ventrale, c. I. e. cavite Iymphatique externe, c. I. i. cavite lympha-
tique interne, C /Or. cellule tormogcne, C trio cellule trichogene, c. V. cuticule ventrale,
e. d. epiderme de la face dorsale de I'elytre, f fibres circulaires enchevetrees formant un
diaphragme ouverl, I. ligaments fibreux d'attache de la soie a la cupule, I. c. lame cuticu-
laire, n. I neurone mecanorecepteur, n. 2 second neurone; O. orifice d'une glande tegu-
mentaire, I. s. tissu spongieux.
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partie superieure par une membrane souple qui s'affaisse lors de la metallisa-
tion sous vide d'animaux non fixes au prealable.

En microscopie electronique a transmission, les observations montrent que
l'insertion de la soie represente une disposition hautement specialisee.

La soie elle-meme, cylindrique et avec un tres faible elargissement basal,
presente un meplat sub-basal au niveau ou se terminent la gaine cuticulaire et
Ie corps tubulaire du neurone mecanorecepteur.

La base de la soie est attachee par des ligaments fibreux rayonnants (I.) a
la paroi interne, bosselee, de la cupule cuticulaire.

La cupule cuticulaire est formee de trois elements. Le premier est la coupe
proprement dite (c) formee d'une paroi epaisse, de nature identique a celie
de la cuticule. Elle est suspendue a cette derniere par sa partie superieure par
Ie second element qui est une mince lame cuticulaire (I.c.); cette lame est
probablement souple. Le troisieme element est represente par la partie du
tegument auquel elle s'attache et qui forme une elevure en couronne autour
de la soie. Cette elevure mesure Ie quart de l'epaisseur de la cuticule et corre-
spond a peu pres a I'exocuticule, son bord interne se replie a I'interieur de la
coupe, devient une mince lame de l'epaisseur de l'epicuticule et s'attache sur
la soie.
Un diaphragme horizontal, lache, ouvert en son centre, forme de fines fibres

circulaires, enchevetrees, (fig. 1/ f.) apparait dans la moitie inferieure de I'es-
pace interne de la cupule cuticulaire, au niveau ou la gaine cuticulaire com-
mune aux deux segments distaux des neurones sensoriels se separe pour en-
velopper chacun d'eux individuellement.

Le dome (d) est forme d'une tres mince lame, souple, correspondant a I'epi-
cuticule et aux niveaux les plus superficiels de I'exocuticule. Sous cette lame,
l'espace 'en forme de couronne entre Ie bord externe de la coupe cuticulaire et
Ie bord de l'endocuticule auquel s'attache la cellule tormogene est vide en son
centre et occupe a sa peripherie par un tissu lache et spongieux en apparence
souple (fig. 2b, t.s.).

2. Structures sensorielles (fig. 3).
La trichobothrie de Geotrechus vulcanus possede:

2 cellules sensorielles (neurones bipolaires),
3 cellules enveloppes,
• une premiere de nature gliale,
• une deuxieme, correspondant a la cellule trichogene,
• une troisieme, correspondant a la cellule tormogene.

Fig. 2. Grande trichobothrie d'Aphaenops cerberus. (A) Coupe transversale des structures cut i-
culaires. a. areole ou elevure de la face dorsale de l'elytre, c. cupule cuticulaire, f partie
peripherique des fibres qui attachent la base de la soie (s) au bord interne de la cupule
cuticulaire, c. I. partie superieure de la cavite Iymphatique externe, I. s. dements du tissu
spongieux, mieux developpe plus profondement. x 12.500. (B) Coupe longitudinale d'une
partie de la zone d'insertion d'une trichobothrie, montrant la forme de la cupule cuticu-
laire (c.), la lame chitineuse (I.) qui attache cette derniere a la cuticule, les fibres (f.) qui
rayonnent de sa face interne, la minceur de la cuticule au niveau du dome (d.) comparee
a l'epaisseur normale de la cuticule (c.u.), et Ie tissu spongieux (t. s.). x 11.500.
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Ces cellules occupent tout I'espace qui separe la paroi dorsa Ie de la paroi
ventrale de I'elytre.

a) Cellules sensorielles.

Chaque trichobothrie est innervee par deux neurones bipolaires, qui presentent
1'0rganisation longitudinale classique en segments proximal, ciliaire et distal.
L'un des neurones se termine assymetriquement dans.la base de la soie et pos-
sede un corps tubulaire entoure de la gaine cuticulaire, caracteristique des cel-
lules' a fonction mecanoreceptrice (Thurm, 1965). L'autre neurone emet un
segment distal qui se prolonge sans se ramifier dans la base due canal axial de
la soie et ne presente pas de corps tubulaire.

Premiere cellule sensorielle (neurone mecanorecepteur).

Le cytoplasme est clair, riche en mitochondries ovo'ides a cretes transversales;
il renferme quelques elements courts de reticulum endoplasmique granulaire,
quelques polysomes, quelques dictyosomes perinucleaires qui elaborent des
petites vesicules de 250 A 0 de diametre environ, quelques neurotubules. Les
neurotubules deviennent nombreux dans Ie segment proximal ou ils s'alignent.
La formation ciliaire est composee de 2 centrioles de type 9 + 0, qui donnent
naissance a plusieurs racines ciliaires; chacun des doublets centriolaires est
entoure de materiel dense. Les doublets se prolongent dans Ie segment distal
jusqu'au corps tubulaire ou ils sont noyes dans une masse de materiel dense et
ou leur nombre se multiplie. Le segment distal est entoure d'une gaine cuticu-
laire; celle-ci est commune dans sa partie basale avec celie du segment distal
de l'autre neurone puis elle s'individualise rapidement. Le corps tubulaire et
la gaine cuticulaire, penetrent dans la base du poil et se terminent au niveau
d'un meplat, ce qui met en contact la gaine avec la face externe de la soie.

Seconde cellule sensorielle.

Elle est identique a la premiere quant a son cytoplasme et son noyau; elle en
differe sur les points suivants:
- Ie segment distal est grele et son diametre est moitie moindre: 0,4 J.L environ

contre 0,8 a I J.L pour la premiere;
- Ie segment distal est depourvu de corps tubulaire; il se prolonge sans

ramification dans Ie canal axial de la soie; la gaine cuticulaire qui I'accompagne
.se fond avec la paroi du canal et cesse d'etre reconnaissable;
- les deux centrioles sont de type 9 + 0. Le plus souvent, un doublet n'oc-

cupe pas une position parfaitement axiale ni peripherique; il peut etre con-
sidere comme une paire de tubules peripheriques deplacee traduisant un debut
de perte de la symetrie rayonnee.

b) Premiere cellule enveloppe.
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Les deux cellules sensorielles sont complt~tement enveloppees, depuis leur corps
cellulaire jusqu'a la partie basale des segments distaux et de la gaine cuticu-
laire, par une cellule enveloppe (c. I.).
Le noyau et Ie cytoplasme perinucIeaire de la cellule enveloppe sont en partie

enchasses entre les deux corps cellulaires sensoriels a peu pres au niveau du
noyau du neurone mecanorecepteur. La cellule enveloppe envoie trois lames
cytoplasmiques; la premiere entre les deux neurones, et les deux autres
lateralement; elles entourent chaque cellule sur un tour ou un tour et demi.
De 0,25 a 0,5 J..l d'epaisseur autour des pericaryones sensoriels, les lames
laterales forment une couronne cytoplasmique de I J..l d'epaisseur pres de la base
des segments distaux, et de 3 a 4 J..l de diametre.

Le noyau mesure de 5 a 8 J..l et renferme une chromatine c1airsemee, pou-
dreuse, avec quelques mottes accolees a I'enveloppe nucleaire.

Le cytoplasme perinucleaire renferme d'assez nombreux elements du nSti-
culum endoplasmique granulaire, de nombreux ribosomes libres, des poly-
somes, et de rares dictyosomes peu actifs. Les mitochondries sont peu nom-
breuses, petites, a cretes transversales; les corps myeliniformes ne sont pas
rares, des microtubules epars parcourent Ie cytoplasme.

Pres des zones centriolaires, Ie nombre des microtubules augmente con-
siderablement, et de 5 a 6 hemidesmosomes assurent I'attache du segment
proximal de chacun des deux neurones avec les lames de la cellule enveloppe.
Au niveau de chaque zone ciliaire, la cellule enveloppe laisse un petit

espace correspondant a I'''innerer liquorum rezeptor Iymphraum" des auteurs
allemands et a I'''inner receptor lymph cavity" des auteurs anglo-saxons. I

A sa partie distale un espace de 500 a 800 A° separe sa membrane plasmique
de celie des deux neurones; cet espace est en partie occupe par la base de la
gaine cuticulaire qui mesure 300 A° d'epaisseur en moyenne, et atteint locale-
ment 500 AO.
Chez un adulte, peu de temps apres la mue imaginale et n'ayant pas encore

atteint sa pigmentation definitive, no us avons observe sur la membrane plas-
mique qui borde la gaine cuticulaire de nombreuses figures en "omega"; cer-
taines, par leur aspect herisse, correspondent a des vesicules de pinocytose,
d'autres, absolument lisses, renferment une ou plusieurs inclusions denses aux
electrons et semblent representer la liberation d'un materiel qui participerait
a I'elaboration de la gaine cuticulaire.

c) Cellule trichogene.

I Certains auteurs ant conserve en fran~ais Ie terme de vacuole, pour I'espace menage entre la
partie apicale des cellules accessoires du recepteur ct la basc dc la soie. Ce terme est inadequat ct
ne permet pas de rendre compte de I'existence de deux cavites successives, la premiere la plus in-
terne autour dc la region centriolaire, la scconde a la base de la soie. En I'absence de tcrme precis,'
nous proposons donc d'harmoniser la terminologie francaisc avec celles proposees par les auteurs
allemands et anglais et d'utiliser Ics termes dc "cavite Iymphatiquc interne" pour la premiere, la
plus interne. et "cavite Iymphatique externc" pour la scconde.
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Grande trichobothrie de Georrechus vulcanus. coupes transversales. (A) Base de la soie
(s.) et extremite de la gaine cuticulaire (g.) renfermant un segment distal depourvu de
corps tubulaire et qui se digite; la fJeche souligne la partie distale de la gaine qui corre-
spond a l'autre neurone qui apparait sur la coupe suivante plus basale. x 31.000. (B) Coupe
encore plus basale ou I'on reconnait au centre Ie segment distal precedent avec ses digita-
tions, et d'un cote l'autre segment distal entoure de sa gaine cuticulaire (g.) et renfermant
un corps tubulaire caracteristique (t.) x 29.000. (C) La gaine qui enveloppe chacun des
deux segments distaux s'individualise; un seul segment distal renferme un corps tubulaire
x 26.000. (D) Coupe des segments proximaux des deux neurones sensoriels; ils sont en-
veloppes par la premiere cellule enveloppe (c. I), a la membrane interne de laquelle ils sont
relies par hemidesmosomes; c. fr., cellule trichogene x 11.000. (E) Coupe au niveau de la
region centriolaire des deux neurones; Ie gros dendrite appartient au neurone mecano-
recepteur; la gaine (g.) encore presente se termine a ce niveau; une premiere cellule (c. I)
enveloppe les 2 neurones et sa membrane interne presente des figures en "omega" (Fleche);
elle est entouree par la cellule trichogene (c. tL) formee d'une mince couche cytoplasmique,
d'un reseau en nid d'abeille et de lames cytoplasmiques qui se projettent dans la cavite
Iymphatique externe; cellule enveloppe et cellule trichogene sont reliees par une longue
jonction septee x 41.000.

La cellule enveloppe (el.) est entierement entouree par une cellule correspon-
dant a la cellule trichogene (e tr.). Celle-ci est subcylindrique, son noyau est
basal, sa partie apicale est creusee d'une cavite etroite en forme de couronne
qui contribue a la formation de la cavite Iymphatique externe. Le fond de cette
cavite est tapisse d'une formation en nid d'abeille qui se transforme en c1oisons
courtes, de 500 a 600 A 0 d'epaisseur, qui se projettent dans la cavite. Son cyto-
plasme renferme des mitochondries allongees a cretes transverses, d'assez
nombreux microtubules, des vesicules du reticulum endoplasmique lisse, et des
polysomes epars.

d) Cellule tormogene.

La cellule tormogene (e tor.) occupe toute la hauteur de l'espace interne de
l'elytre; elle est contigue a l'hypoderme tres mince de la face ventrale, et a celui
nettement plus epa is de'la face dorsale, auquel elle est attachee par des desmo-
somes septes. Au niveau de l'attache de la cellule au tegument, la cuticule
envoie quelques courtes expansions lamelliformes, de 400 A 0 de large et de
0,2 a 0,4 J.L de long.
Elle a la forme d'une ampoule, traversee par l'ensemble constitue des deux

neurones sensoriels, de la cellule enveloppe (el) et de la cellule trichogene
(e tr.).
Elle est creusee d'une vaste cavlte qui s'ouvre a la base de la coupe cuticulaire

de la soie et qui, fusionnee avec celie de la cellule trichogene, forme la cavite
Iymphatique externe du recepteur (outer receptor lymph cavity). Le cytoplasme
est dispose en une mince couche peripherique; les replis de'sa paroi interne
forme un nid d'abeille qui se resoud en c1oisons de 500 a 600 A0 d'epaisseur et
de I a 3 J.L de longueur, lesquelles se projettent dans la cavite Iymphatique ex-
terne.
Son cytoplasme renferme un nombre assez eleve de mitochondries allongees,

a nombreuses cretes transverses. Le reticulum endoplasmique granulaire est
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represente par des elements epars, assez courts, dont certains sont en relation
avec Ie feuillet externe de !'enveloppe nucIeaire. Les dictyosomes elaborent
des nuages de petites vesicules. Des polysomes sont epars dans Ie cytoplasme
ainsi que des microtubules.

Le noyau est ovoi"de et mesure 3 fJ. sur 6 fJ.; sa chromatine est peu abondante,
poudreuse avec quelques amas accoles a la membrane nucIeaire.

B. Aphaenops cerberus.
Nous avons etudie la trichobothrie de grande taille Tr2'

Sa structure est identique a celles des trichobothries de grande taille de Geo-
trechus vu/canus; en particulier, comme celles-ci, elle presente deux neurones
sensoriels dont !'un renferme un corps tubulaire; l'autre en est depourvu et se
prolonge dans Ie canal de la soie.

II - TRICHOBOTHRIES DE PETITE TAILLE.

A. Aphaenops cerberus (Fig. 4 et 5).

Les trichobothries de petite taille sont representees par les soies humerales tm),
tm), tm4 innervees par Ie nerf median, les soies posterieures tr, et tr), innervees
par" Ie nerf radial, la soie anterieure ta innervee par la branche anale du nerf
cubito-anal, et la soie tout-a-fait posterieure tc innervee par la branche cubitale
du nerf cubito-anal.

Nous avons etudie les trichobothries tml et t~.
Hormis la taille, Ie schema d'organisation de ces petites trichobothries est

identique a celui des grandes. On retrouve, en particulier, Ie mode d'insertion
de la soie, la coupe cuticulaire et les differenciations cytologiques qui lui sont
associees, la premiere cellule enveloppe (c. I) entouree d'une cellule trichogene
(c. tL), elle-meme enveloppee d'une cellule tormogene (C. tOL); ces cellules ont
Ie meme aspect cytologique que dans Ie cas precedent.

Fig. 4. Petite trichobothrie d'Aphaenops cerberus. coupes transversales. (A) Base de la soie (.1'.)
et extremite de la gaine cuticulaire (g.). x 39.000. (13 et C) Coupe du corps tubulaire (I.) a
deux niveaux, Ie premier tout-a-fait a la base de la soie; Ie segment distal renfermant Ie
corps tubulaire et les 4 aut res segments distaux depourvus de corps tubulaires sont bien
visibles en C: une gaine cuticulaire commune (g.) entoure lcs 5 dendrites. x 43.500. (D)
Coupe plus basse que la precedcnle; la gaine cuticulaire cnvelorre. d'unc rart Ie gros neu-
rone mecanorecepteur, et d'autre rart les 4 autres neurones. x 43.500. (E) Coure au niveau
de l'extremite de la premiere cellule enveloppe (e. I) et de la cellule trichogene (e. Ir.); la
gaine (g.) est encore presente. x 43.500. (F) Coure au niveau de la region centriolaire des
4 petits neurones, montrant la cavite Iymphatique interne (i.); Ie gros neurone est attache
a la membrane interne de la premiere cellule enveloppe rar des desmosomes (d.); e. Ir. et
e. 10. cellule trichogene et tormogene avec leurs lamelles se rrojetant dans Ia cavite Iym-
phatique externe. x 18.000. (G) Coupe au niveau des segments proximaux des 5 neurones
(I a5); Ie neurone mecanorecepteur (I) est toujours relie a la rremiere cellule enveloppe
(e. I) par des desmosomes; cette cellule envoie des microviilosites dans la cavite Iympha-
tique interne. x 14.500.
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Fig. 5. Schema d'une trichobothrie de petite taille (tm4) d'Aphaellops cerberus. Meme legende
que la figure I et: n2, n3, n4, n5, petits neurones sensoriels; C. C. = cellule du canal de l'une
des glandes tegumentaires qui s'ouvre a la base de la trichobothrie; C. S. = cellule secre-
trice de celle glande. Schema de detail, en haut a gauche, des terminaisons des segments
distaux des neurones sensoriels mecanorecepteur (I) et autres (2 a 5).

La difference essentielle reside dans l'innervation de la trichobothrie. Au
neurone mecanorecepteur s'adjoint un nombre plus eleve de neurones depour-
vus de corps tubulaires. lis sont au nombre de 4 dans la soie tm4• La premiere
cellule enveloppe (C. I) menage au niveau des zones centriolaircs une cavite
lymphatique interne assez importante, et projette des microvillosites dans la
partie basale de cette derniere.

Le neurone mecanorecepteur est beaucoup plus volumineux que les 4 autres
neurones et il renferme un corps tubulaire bien developpe. Les pericaryones
des 4 petits neurones sont accoles au gros neurone; chacun est enveloppe par
une lame cytoplasmique provenant de la cellule enveloppe C.I. Chacun qe ces
neurones emet un segment proximal, et, apres la zone ciliaire, un seul segment
distal; ce dernier bourgeonne de tres courtes digitations dans sa partie termi-
nale, et se termine dans la base du canal de la trichobothrie. Le violet crystal
ne penetre pas dans la trichobothrie, ce qui semble indiquer I'absence de pore
terminal.
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CONCLUSIONS

1. Les trichobothries grandes et petites de Geotrechus vulcanuset d'Aphaenops
cerberus bougent au moindre courant d'air; c'est d'une part l'ensemble poi I et
cupule qui enchasse la base du poil qui oscille, la cupule faisant office de rotule,
et d'autre part, a un degre moindre Ie poi I lui meme dans la cupule.

2. L'aspect externe de l'embase des trichobothries est identique chez tous les
Trechinae observes et il est a quelques details pres, semblable a celie des "faden-
haare" ou "thread setae" des cerques de Periplaneta americana (Nicklaus,
Lundquist et Wersall, 1968, Gnatzy, 1973, Counter, 1976).

3. La partie cuticulaire des trichobothries des Trechinae souterrains est nette-
ment plus elaboree que celie de Periplaneta, telle qu'elle est decrite par Gnatzy
(1973). En premier, on retrouve des formations communes: l'areole correspond
ala "cuticulare Kuppel", la cupule cuticulaire au "cuticularer zylinder"; areole
et "cuticulare Kuppel" ont une paroi epaisse dans la zone qui enserre Ie poil,
et une paroi mince dans la zone peripherique. On note, ensuite, des differences
importantes: Ie cylindre cuticulaire de Periplaneta est beau coup plus developpe
chez Aphaenops et Geotrechus, il se referme presque ventralement et prend la
forme d'une coupe d'ou l'utiIisation du terme de cupule cuticulaire; la base du
poil des Trechinae ne s'elargit pas notablement et ne donne pas naissance a
une plaque basale "Haarbasisplatte", qui chez Periplaneta se meut dans Ie
cyIindre cuticulaire lorsque Ie poil oscille; en revanche un reseau important de
ligaments fibreux, probablement elastiques, rayonnants, s'est fortement de-
veloppe chez les Aphaenops et attache la base du poil a la face interne de la
cupule cuticulaire; la lame cuticulaire qui recouvre la partie en dome optique-
ment vide est beaucoup plus mince chez les Trechinae que chez Periplaneta et
donc plus souple, elIe mesure de 1/20 a 1/15 de l'epaisseur de la cuticule contre
1/4 environ chez Periplaneta; une couronne de tissu, lache, spongieux et fi-
breux, enrobe chez les Trechinae la face externe de la cupule sur une hauteur
sensiblement egale a celie de l'endocuticule et de l'exocuticule reunies, aux-
quelles ce tissu s'attache egalement; du fait de la presence de ce tissu spongieux
l'attache sur la cuticule de la paroi de la cellule tormogene (H3 de Gnatzy,
fig. 2a) est rejetee a la peripherie au niveau ou Ie tegument retrouve son epais-
seur normale.
On peut en conclure que l'allongement considerable des trichobothries qui

caracterise les Trechinae troglobies, tels que les Aphaenops. et les Geotrechus
par rapport aux especes endogees ou epigees (3 d'entre elles atteignant les 3/5
de la longueur des elytres chez A. cerberus) s'accompagne de modifications et
de neoformations cytologiques dont l'une des plus caracteristiques est Ie de-
veloppement d'un tissu spongieux dont Ie role serait d'amortir les oscillations
de la cupule cuticulaire, devenue extremement mobile dans ce type de tricho-
bothrie.

4. Les trichobothries des elytres des Trechinae et des cerques de Periplaneta
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americana appartiennent au meme type de structure cuticulaire, celles des
Trechinae etant plus differenciees. Ce type, a dome cuticulaire membraneux,
se differencie des trichobothries classiques qui sont implantees dans des coupes
tegumentaires largement ouvertes a une ou plusieurs chambres, et qui ont ete
dec rites chez de nombreux Insectes, notamment chez les Orthopteroides
Grillus bimaculatus (Gnatzy et Schmidt, 1971, Schmidt et Gnatzy, 1971) et
Acheta domesticus (Edwards et Palska, 1974; Counter, 1976), chez les Hemip-
teroides (Carayon et Villiers, 1968, Carayon, 1970), Pyrrhocoris apterus et
Dysdercus intermedius (Gaffal, 1976), chez les Arachnides, Scorpions (Vachon,
1973), Araignees (Christian, 1971), Acariens (Haupt et Coineau, 1975), les
Myriapodes Symphyles (Haupt, 1970) et Pauropodes (Haupt, 1976).

5. Les grandes trichobothries d'A. cerberus et de G. vulcanus sont innervees
par 2 neurones sensoriels bipolaires, les petites trichobothries par 5 neurones.

6. Les trichobothries des Trechinae assurent une fonction mecanoreceptrice
par l'un de leur neurone car il renferme un corps tubulaire dans son segment
distal et se termine dissymetriquement dans la base de la soie. Ce neurone est
toujours Ie plus volumineux et la fonction mecanoreceptrice semble prepon-
derante. La fonction du second neurone des trois grandes trichobothries et
des 4 autres neurones des sept petites trichobothries reste indeterminee; l'ab-
sence de corps tubulaire et Ie fait que les segments distaux penetrent au moins
dans la partie proximale du canal de la soie plaiderait pour une fonction che-
moreceptrice ou hygroreceptrice. Cependant, en microscopie electronique nous
n'avons pas pu deceler la presence de pores dans la paroi de la soie ni a son
extremite; de meme, l'utilisation du violet crystal ne no us a pas conduit a mettre
en evidence la penetration du colorant dans la soie.

Les trichobothries des Trechinae different donc des "Fadenhaare" ou "thread-
hairs" des cerques des Orthopteres par Ie fait que ces derniers ne possedent
qu'un seul neurone qui est de type mecanorecepteur. Des trichobothries d'autres
groupes so nt, cependant, innervees par plusieurs neurones; il en est ainsi pour
les trichobothries des tarses et des metatarses de l'Araignee Tegenaria derhami
qui ont 4 neurones dont un seul forme un corps tubulaire typique (Christian,
1971), chez les Myriapodes Symphyles Scutigerella immaculata (Haupt, 1970)
dont les deux trichobothries possedent 16 neurones et 32 terminaisons den-_
dritiques chacune pourvue d'un corps tubulaire, et chez les Pauropodes A 110-
pauropus sp. (Haupt, 1976) ou elles en possedent 8.

Par ailleurs, l'innervation de mecanorecepteurs par 2 neurones bipolaircs,
dont I seul renferme un corps tubulaire et dont l'autre se termine dans la base
du canal de la soie, a ete decrite chez des Sensilla chaetica de la tete de Locusta
migratoria (Gaffal, Tichy, Theiss, Seelinger, 1975).

7. La premiere cellule enveloppe (c. I) ales proprietes d'une cellule gliale par
les lames cytoplasmiques qu'elle envoie autour des neurones bipolaires, mais,
par ailleurs, elle secrete la gaine cuticulaire. Elle est l'homologue de la premiere
cellule enveloppe (H lillzelle I, HI) des "fadcnhaare" des cerques de Grillus
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bimaculatus et de Periplaneta americana. Chez cette derniere espece Gnatzy
(1976) appelle cette cellule "dendritic sheath cell", et les "thread hairs" pos-
sedent, de plus, deux cellules gliales plus internes qui enveloppent Ie corps du
neurone bipolaire mais ne participent pas a la formation de la gaine cuticulaire.
Elle est l'homologue de la "neurilemme cell" decrite par Blaney et Chapman
(1969), et par son double role, de la cellule de Schwann qui entoure la cellule
nerveuse bipolaire et secrete la gaine cuticulaire des stylets maxillaires de
Rhodnius prolixus.
Les deux cellules qui forment a leur extremite la cavite Iymphatique externe

(outer receptor lymph cavity) sont I'homologue des cellules envelop pes moyen-
ne (H2) et externe (H3) des "fadenhaare" precedents, et correspondent respec-
tivement a la cellule trichogene et a la cellule tormogene. Un trait caracteristi-
que d'Aphaenops et de Geotrechus est Ie volume considerable de la cavite
Iymphatique externe du recepteur, la cellule tormogene acquerant une forme
de cupule a paroi mince.

8. U ne petite protuberance cutlculaire sur la face interne de la cupuJe et sur
laquelle s'attachent des fibres circulaires est presente; elle semble similaire a la
formation decrite par Gnatzy (1976) dans Ie cylindre chitineux, ou "hair base",
des "thread hairs" des cerques de Periplaneta americana. D'apres cet auteur la
presence de cette formation influerait en orientant l'inc!inaison de la soie, et
en intervenant par la deformation du corps tubulaire qu'elle peut provoquer
lorsque la soie s'inc!ine dans la production d'un signal, et permettrait de recon-
naltre la face de depolarisation. Sa position chez Aphaenops cerberus en face
du corps tubulaire plaide pour un role similaire, les fibres circulaires encheve-
trees qui en partent pouvant egalement intervenir.

RESUME

Les trichobothries de grande taille (Tm2, Tr2, Tr4) de Geotrechus \'ulcanus et Aphaenops cerberus
sont innervees par deux neurones bipolaires. L'un se termine assymetriquement a la base du poil
et presente un corps tubulaire dans son segment distal, ce qui lui confere une fonction mecano-
receptrice. L'autre ne presente pas de corps tubulaire et son segment distal se prolonge sans se
nlmifier au moins dans la partie proximale du canal du poil; sa fonction reste inconnue. Les deux
neurones sont envelop pes par une cellule enveloppe, de nature gliale et qui secrete la gaine cuti-
culaire. Cette cellule est entouree par une cellule trichogene, elle-meme enveloppee par une cellule
tormogene; cellules trichogene et tormogene sont creusees d'une grosse cavite, tapissee de lamelles,
qui entoure la base du poil et qui correspond a la cavite lymphatique exte.me.
Les trichobothries de petite taille sont innervees par un gros neurone mecanorecepteur et par 4

neurones plus petits don(la fonction n'est pas connue.
Les trichobothries des Trechinae souterrains sont des organes hautement specialises qui presen-

tent des dispositions cuticulaires originales. Une cupule cuticulaire enchasse la base du poil et
I'ensemble poil + cupule est mobile, la cupule jouant Ie role d'une rotule; Ie poil bouge egalement
dans la cupule. Les balancements de grandes amplitudes sont amort is par un tissu spongieux qui
entoure la cupule.
Les trichobothries des Trechinae et les "fadenhaare" des cerques de Periplaneta ont en commun

Ie meme type de structure cuticulaire, en dome membraneux, ce qui les differencie des trichoboth-
ries c1assiques implantees dans une coupe de la cuticule.
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. The Fine Structure of Hamann's Organ in
Leptodirus hohenwarti, a Highly Specialized Cave Bathysciinae

(Coleoptera, Catopidae)

by
Fiorenza ACCORDI* and Valerio SBORDONI*' **

INTRODUCTION

Particular sense organs are to be found in the 7th, 9th and 10th antennal seg-
ments of the Catopid beetles and of some other related families of Staphyl-
inoidea. Because of their structural complexity and puzzling function, these
structures have, in recent years, attracted the attention of a number of authors.

It seems of interest to trace an outline of studies so far conducted on these
organs which promise a greater insight into both the phylogenetic relationship
among some staphylinoid beetle families and the evolutionary patterns of
Catopidae in adapting to the cave environment. The discovery and first de-
scription of these structures was ascribed to Jeannel (1911). However, careful
reading of a paper by Hamann (1898) on sense receptors of some Bathysciinae
convinced us of the importance of the studies by this author. Perhaps 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 Bathysciinae. This
would appear to correspond to the actual location of the receptors, when
counting the articles starting from the antennal tip. J eannel (1908, 1911) was
unaware of the sensory organs in the 9th and 10th antennal articles and so was
perhaps induced into rejecting Hamann's findings.

Hamann was able to describe the antennal receptors of Speophilus kiesen-
wetteri, Centhmonocharis jreyeri and Leptodirus hohenwarti 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 seem to suggest that this sensory structure,
otherwise known as "vesicule olfactive", "antennal organ" or "antennal ves-
icle", be referred to in future as Hamann's organ, in honour of its discoverer.

Jeannel (1911) reported on the vesicular organ in the 7th article of the
Bathysciinae. Unfortunately he gave a misleading description of the sensilla

* Institute of Zoology = University of Rome, Viale dell' Universita 32, 00100 Rama, Italy .
• * To whom reprint requests should be address('d.
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in the vesicle, in that he believed them to be hexagonal plaques, each perfor-
ated by a peg.
The first electron microscope study of Hamann's organ was performed by

Baccetti and Sbordoni (1967). They investigated the morphology of the vesicles
in two species of Bathysciinae with differing degrees of cave life specialization,
i.e. in Bathysciotes khevenhiilleri and Leptodirus hohenwarti. Even if detailed
descriptions and micrographic illustrations were given during the 34th Con-
gress of the Italian Union of Zoologists at Messina, only a short summary was
published. The essential ultrastructure and innervation features of the two
types of sensilla (described in the present paper as "cribrose-stick" and "cri-
brose-utricular"), located in the gutter and in the vesicles of the 7th, 9th and
10th antennal articles, were clearly reported. In addition, accounts of the
morphology of Hamann's organ have already been given in various papers
concerning both the taxonomy and evolution of Catopidae (S bordoni, 1961
and 1963; Sbordoni and Cobolli-Sbordoni, 1973).
Later, Corbiere-Tichane (1974) gave a thorough description with ample,

high quality photographic documentation of the sensory organ in Speophyes
lucidu Ius. Besides the two main types of sensilla, previously described by
Baccetti and Sbordoni, Corbiere-Tichane illustrated two additional types (star-
shaped and c1aviform pegs) located in the periarticular gutter.

Other recent papers describe or compare the structure of Hamann's organ in
different taxa of the Catopid family (Corbiere-Tichane, 1977; Peck, 1977).
Peck, in particular, shows the peculiar morphology of the sensilla in the ves-
icles in Ptomaphagus to be quite different from those in Bathysciinae.
The object of this paper is to describe the structure of Hamann's organ in

Leptodirus hohenwarti. in detail and with the aid of a Transmission Electron
Microscope (TEM) and of a Scanning Electron Microscope (SEM), this species
being a typical representative of ultraspecialized troglobitic Bathysciinae and
subject of behaviour experiments in our laboratories.
The possible function and evolutionary patterns of this complex sense organ

in Catopidae and related families are also discussed. Another paper (Lucarelli
and Sbordoni, 1978) reports on experiments into the role of Hamann's organ
in full detail.
As other authors have used different terms to indicate various parts of the

organ, we have summarized the status of nomenclature (and synonymy) con-
cerning Hamann's organ in Table I.

MATERIALS AND METHOD

Specimens of Leptodirus hohenwarti were collected from the N oe cave, near
Aurisina (Trieste) and reared in saturated atmosphere thermostatic chambers
at 6° in our laboratories. Details concerning ecology, methods of transferral
and laboratory rearing of this species have been given by Sbordoni and Cobolli
(1969).

Antennae were cut off from adult insects and carefully dissected to remove
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the external cuticular wall of the 7th antennal article, in order to expose the
organ, which was then fixed in 4% glutharaldehyde, in 70% alcohol or in
Barber's fluid, and then transferred into a 0.1 M cacodylate buffer.

Specimens for SEM observations were fixed in 1% osmium tetroxide, de-
hydrated in gradual ethanol series and in absolute acetone, then allowed to air
dry and were subsequently stored in a dry atmosphere. Some organs were dis-
sected before dehydrating, in order to observe the internal features. Antennae
were mounted on standard mica squares and metal stubs, gold coated in vacuum
and observed with a Cambridge Stereoscan Electron Microscope.

Specimens for TEM observations were fixed in 1% osmium tetroxide, de-
hydrated and embedded in Epon or Araldite. Thin sections, obtained with a
LKB Ultrotome III, were stained with 10% uranyl acetate and lead cytrate and
observed with a Siemens Elmiscope I A.

Observations under a light microscope were also performed and micrographs
taken, mounting the antennae preserved in alcohol after clarifying them with
clove oil or lactic acid.

RESULTS

7th article sensory organ:
The receptor organ occurring in the 7th antennal article of Leptodirus has a
very complex structure. Its consists of the following parts (see table I):

a) a sensory vesicle. deeply invaginated into the antennal segment and pro-
vided with a number of crib rose-utricular sensilla,

b) a vestibulum with the shape of a cylindrical neck flaring distally and bear-
ing a long branching seta,
c) a periarticular gutter containing a ring of crib rose-stick and star-shaped
sensilla.

After extracting the organ from the cuticular wall of the 7th antennal article,
the entire structure was examined in detail by SEM; its maximum length was
found to be about 100j.Land fully covered by a cuticular lining. The sensory
vesicle was seen to be nearly spherical in shape, rather compressed laterally,
with a longitudinal diameter of 40j.L and a thickness of 27j.L. Its external surface
was seen to be perforated by almost 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 14j.L long, corresponding to the
vestibulum, eccentrically connects the sensory vesicle to the medial side of the
periarticular gutter.

Under TEM examination, the sensory vesicle appeared to be lined by a thick
cuticular wall breaking off in correspondence with the previously described
pores. From each pore a cribrous utricular sensillum penetrates into the inter-
nal cavity of the vesicle. The number of sensilla therefore appeared to corre-
spond to the number of pores. The crib rose utricular sensilla were seen to be
barely elongated with a length of I0-12j.Land a breadth of 5-6j.L. They were per-
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Fig. L Light micrograph of a whole antenna of Leprodirus hohenwarli, 7th, 9th and 10th articles
are indicated by arrows (x 42).

Fig. 2. The whole Hamann's organ of the 7th antennal article, as observed under SEM, A: 8th
antennal segment. PG: periarticular gutter, Y: vestibulum, SY: sensory vesicle (x 510).

Fig. 3. Sensory vesicle under SEM examination: detail of the external surface. Each pore (PO)
corresponds to one internal cribrose-utricular sensillum (x 2250).

Fig. 4. Periarticular gutter of the 7th antennal segment by SEM, detail of the branching seta (BS),
CS: crib rose-stick sensilla (x 2050).

Fig. 5. Cross section of the sensory vesicle (7th antennal segment) by SEM, showing cribrose-
utricular sensilla (CU) (x 1100).
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Fig. 6. Cribrose-utricular sensilhim from 7th article sensory vesicle, as seen under TEM in lon-
gitudinal section. Tubules are seen in transverse section (x 8300).

Fig. 7. Detail of a cribrose utricular sensillum. High magnification of tubules in longitudinal
section allows to distinguish pores (PO) in the cuticular lining (x 27,000).

Fig. 8. Detail of a cribrose utricular sensillum showing cross section of the tubules (TU). Den-
dritic membranes (D) are visible among them (x 89,650).

Fig. 9. Cribrose-stick sensilhim from the 7th article periarticular gutter in longitudinal section
(x 8300).

Fig. 10. The same sensillum as observed under SEM (x 5800).

forated by a number of 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 complex 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 0.1-0.2M, its length
varying according to position with a mean of 3.5M; the small pores were seen
to have a diameter of about 150 A. The lumen of the tubules appeared to be
mainly empty. 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 through the pores, as previously reported. Each crib rose utricular sen-
sillum was seen to be innervated by a single neuron which assumed a lamellar
structure before entering the vesicle.
The vestibulum was seen to be cylindrical in shape and elongating into an

enlargement (atrium) giving on to the periarticular gutter. In the middle of the
vestibulum internal wall, a long branching seta, with its ramifications, was
seen to emerge from the periarticular gutter.
The periarticular gutter surrounds the base of the 8th 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
types of sensilla was seen in the gutter. The cribrose-stick sensilla appeared to
be more numerous, 30-40 having been counted. Being externally perforated,
they were seen to resemble the previously described cribrose-utricular sensilla.
When compared with the latter, however, they appeared to be thinner and
more elongated (10M long and 3M thick). The pores were regularly distributed
in 15-20 vertical lines and the tubules were seen to be shorter and larger. More
diverse internal structures such as vacuoles and membranes also appeared to
exist among the tubules.
The second type of sensilla occurring in the gutter corresponds to the star-

shaped pegs described by Corbiere-Tichane in Speophyes. They were seen to
have cylindrical base which became increasingly 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 sensilla would appear to be quite different from the interpreta-
tive diagrams of Corbiere-Tichane. Star-shaped sensilla in Leptodirus were
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seen to be about twice as long as the previously described sensilla and only
10-15 in number.

9th and 10th articles sensory organs:
Two additional sensory receptor organs occur in the 9th and 10th antenna I
segments. Each segment was seen to bear two rather invaginated vesicles in-
side. The vesicles were noted to be of different sizes, the medial one being deeper
and longer than the lateral one and having a more developed vestibular part.
They were seen to contain about 20 and 8 cribrose-stick sensilla respectively.
In the former, the vestibulum was observed to exceed the vesicle in diameter.
Branching setae emerged from the vesicles. These were seen to be characterized
by a short apical brush.
Both the vesicles communicate with a periarticular gutter where crib rose-

stick sensilla are present together with some sensilla which we relate to the
clavi/orm pegs that Corbiere-Tichane only founded in the 10th antenna I article
of Speophyes. In Leptodirus these sensilla were seen to vary both in length and
shape, some of them being very long and slender with a peduncle up to three
times shorter than the club. 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 Leptodirus hohenwarti closely re-
sembles that in other Bathysciinae species studied under the electron micro-
scope (Baccetti and Sbordoni, 1967; Corbiere-Tichane, 1974, 1977). Evidence
drawn from light microscope observations on several species of Bathysciinae
(Hamann, 1898; Jeannel, 1911; Sbordoni, 1971, and unpublished data; Cor-
biere- Tichane, 1973) further supports the idea that this is a unique organ among
insects and structurally uniform throughout the entire subfamily.

However, differences do exist among various sectiones, genera and species.
The differences concern the number and complexity of the vesicles and the
structure of the sensilla and appear to depend on the following factors:

I) the phyletic distance between taxa;
2) the degree of specialization to cave environment within a particular phyl-

etic group.
A single sensory vesicle is present in the 7th antenna I article of all the Bathys-

ciinae so far examined, although some aberrant individuals with complemen-
tary vesicles have been detected both in Leptodirus hohenwarti and in Speon-
omus lostiai (unpublished data). Conversely the 9th and 10th articles offer
substantial differences in the number of vesicles. While most Bathysciinae
have a single vesicle on each 9th and 10th article, Leptodirus hohenwarti as

Fig. I r. The periarticular gutter of the 7th antennal article under SEM examination. Cribrose-
stick sensilla (CS), star-shaped sensilla (SS) and the branching seta (BS) are recognizable
(x 900).
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Fig. 12. Longitudinal section of cribrose-stick sensilla (CS) and star-shaped sensillum (SS) in the
periarticular gutter of the 7th article (x 2150).

Fig. 13. Star-shaped sensillum in longitudinal section (x 11,000).
Figs. 14 and 15. Two cross sections at different levels of the star-shaped sensillum. Dendrites

are visible in the lumen (x 16,250).
Fig. 16. A cross section of the periarticular gutter showing two crib rose-stick sensilla (CS) and.

two star-shaped sensilla (SS) (x 3900).
Fig. 17. Cross section of a cribrose-stick sensillum (x 9750).
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well as Bathysciotes khevenhiilleri were seen to have two vesicles as previously
reported by Baccetti and Sbordoni (1967). The sensilla observed in Lep-
todirus do not exactly correspond to those described in Bathysciotes (Bac-
cetti and Sbordoni, 1967) or Speophyes. Bathysciola. Troglodrornus. fsereus
(Corbiere-Tichane, 1977). The c1avi/orm pegs in the 9th and 10th articles of
Leptodirus appear to be somewhat particular. In Speophyes comparable struc-
tures are located in the periarticular gutter of the 10th antennal article. They
were not, however, detected in Bathysciola. Troglodromus or fsereus (Cor-
biere- Tichane, 1977). The branching setae in the Leptodirus vesicles (also de-
tected in the highly specialized As/agobius angus/alUS (unpublished data» are
not present in the other species where simple bristles (Corbiere-Tichane's "black
pegs") are reported. The star 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-

todirus. Bathysciotes. Astagohius. Speophyes. Troglodromus and fsereus could
be related to the degree of phylogenetic relationships within these taxa. On
the other hand, differences in number and structure of the crib rose utricular
sensilla among the various species is clearly related to the degree of specializa-
tion to the cave environment. In fact, Leptodirus hohenwarti. the most spec-
ialized among the species studied, shows the highest number of sensilla (50-60)
in the vesicle of the 7th article. As reported in its original description, Ochri-
diola marinae. a poorly specialized, soil-dwelling species, only displays 6-8
utricular sensilla (S bordoni, 1971). Intermediate numbers of sensilla have been
found in unrelated species exhibiting increasing degrees of morphological
adaptation to cave environment: Bathysciola dero.l'asi (20 sensilla), Troglo-
dromus bucheti (20-25), Oryotus schmidti (25-30), Astagobius angustatus
(40-60) etc. (S bordoni et al. in preparation).

Differences in the structure of utricular sensilla mainly relate to the number
and the diameter of tubules. So, for instance, Leptodirus. compared with Speo-
phyes. shows thinner and more numerous tubules. No difference has been de-
tected in the size of the utricular sensilla.

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 Ptomaphagus (subfam. Eucatopinae) and by Corbiere-Tichane (1977) on
Choleva sp. (subfam. Catopinae) reveal considerable differences in the sensilla
lining the sensory vesicles. In Ptomaphagus hollow, fluted, apparently un-
perforated sensilla occur. In Clwleva the sensilla are neither perforated by
tubules nor fluted, presenting only scattered pores directly connected with a
dense dendritic network. 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 in con-
nt:ction with adaptation to cave life occurs in both Bathysciinae and in the
Ptomaphagus genus.
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The function of Hamann's organ was previously supposed to be mainly ol-
factory (Jeannel, 1911; Baccetti and Sbordoni, 1967; Corbiere-Tichane, 1977;
Peck, 1977), although Argano et al. (1969) hypothesised a role in hygrorecep-
tion for Bathysciinae. Difficulties in understanding the possible role of Ha-
mann's organ mainly stem from its widespread occurrence in species belonging
to different families, and occupying remarkably diverse niches (from pholeoph-
iles to cavernicoles) and having different behaviour patterns. However, the
reported development in structural complexity as both Bathysciinae and Plom-
aphagus become troglobitic, seems to indicate a strong dependence on some
particular factor 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 to characterize surface
beetles, such as some Plomaphagus species, that largely depend on olfaction to
find food. Evidence shows to the contrary, however, that the organ in the
epigean species is invariably less complex.
Among other possible functions, hygroreception 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 Bathysciinae, LeplOdirus hohenwarti and
Balhysciola derosasi, under various alternative R.H. conditions (Lucarelli and
Sbordoni, 1978). The results clearly show that important hygroreceptors are
located in the 7th, 9th and 10th antennal articles. So, it is very likely that
Hamann's organs be responsible for hygroreception. A structure in the process
of evolving as a hygroreceptor would be expected to exhibit a progressive in-
crease in air-contacting surfaces. Such a process does actually occur in Bath-
ysciinae both through the increase in number of sensilla and through structural
complication of each sensillum where the area of the invaginated cuticular
surface has been seen to increase. A similar process also occurs in PlOmapha-
gus where the external cuticular surface of the sensillum has become fluted.
The evolution in the utricular sensilla could be so hypothesised as being due
to a progressive modification and deepening of the tubules in the crib rose-stick
sensilla. Likewise, we could hypothesise that the fluted sensilla of Plomaphagus
derive from some trichoid, cristate sensilla, not unlike the starshaped ones.
However, more research into the structure of Plomaphagus fluted 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 most complex receptor struc-
ture in insects is not particular to the Catopidae, as suggested by Corbiere-
Tichane (1973) as it also appears in some related families of Staphilinoidea,
such as Anisotomidae (Crowson, 1967), Liodidae (sensu stricto), Colonidae,
Leptinidae (Sbordoni et aI., in preparation).
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SUMMARY

Hamann's organ in LeplVdirtls hohel1l\'{Jrti. a highly specialized cave Bathysciinae, has been studied
under the TEM, SEM and light microscope. This receptor organ, located in the 7th, 9th and 10th
antennal articles and previously referred to as the "vesieule olfaetive" and as the "antennal organ"
or "antennal vesicle", reaches its highest degree of structural complexity in Lepwdims. This paper
attempts to establish some degree of synonymy among the terms used by earlier authors in de-
scribing the various antennal parts and sensilla. Five types of sensilla to be found in the organ
arc described, namely crihrose-stick seltsil/a. crihrose-lilriCli/ar seltsil/a. star-shaped scmil/a. c/al'i-
.I0rtll semil/a and hraltchiltg sctae. Comparisons within Bathysciinae species and among the latter
and other subfamilies of Catopidae reveal differences in the number of vesicles and in the number
and structures of sensilla. these differences appear to depend on I) the degree of phylogenetic re-
lationships among taxa and 2) the degree of specialization to cave environment. The considerable
complexity of Hamann's organ, unrivalled by other insects organs. apart from light receptors,
suggests that it has a plurality of functions. Its hygroreceptor role, supported by rccent experi-
mental work, is discussed here.

RIASSUNTO

Viene studiata la morfologia e la fine struttura dell'organo di Hamann (precedentemente indicato
come "vesicule olfactive" 0 organo antenna Ie) nelle antenne di I.cpwdims hohelt\l'arti, un Cole-
ottero Batiscino cavernicolo ultraspecializzato. Tra Ie specie di Catopidi finora studiate, l.. /lOhclt-
",arti raggiunge il massimo grado di complicazione strutturale dell'organo di Hamann. Vengono
descritti c illustrati 5 tipi di sensilli presenti negli organi situati sui 7°, 9° e 10° segmento dell'
antenna (sensilli cribrosobastoneellari, cribroso-utricolari. a stella, c1aviformi e setole ramificate)
e viene stabilita una sinonimia con i reccttori corrispondenti precedentemente illustrati da vari
autori. Vengono discusse Ie differenze nella struttura dell'organo di Hamann tra varie specie di
Catopidi. Tali differenze risultano correlate in parte con il grado di affinit,i filogenetica e in parte
con il grado di specializzazione per I'ambiente cavernicolo. Viene infine discusso, sulla base di
recenti ricerche. il ruolo igrorecettivo dell'organo di Hamann che costituisce una delle strutture
sensoria Ii piu complesse finora studiate negli insetti.
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Humidity Responses and the Role of
Hamann's Organ of Cavernicolous Bathysciinae

(Coleoptera Catopidae)

by

Marco LUCARELLl* and Valerio SBORDONI*' **

INTRODUCTION

Humidity plays a significant role in cave ecology and, consequently in the
evolution of terrestial troglobites. Eye, pigmentation or wing structural rudi-
mentation processes that are typical of the troglobitic life patterns in these
organisms are accompanied by "progressive" modifications in various sense
organs that tend to specialise and optimise their specific functions under par-
ticular selective pressures of the cave environment. It is, therefore, presumable
that the hygroreceptors in terrestial troglobites are particularly efficient. H ow-
ever, little research into either hygroreceptors or humidity response has been
carried out so far.

Argano, S bordoni and Cobolli S bordoni (1969) reported on the humidity
response of Bathysciinae at different levels of specialisation (Bathysciola de-
rosasi, Bathysciola sisernica. Leptodirus hohenwarti. A stagobius angustatus).
This was the first experimental study to be carried out on comparative hum-
idity responses among terrestial troglobites. Later, Bull and Mitchell (1972)
studied the responses of two unrelated species of diplopods to various temper-
ature and humidity gradients.

Complex sense organs exist on the 7th, 9th and 10th antenna segments of
Catopidae family coleopterans. These structures, which are now collectively
known as "Hamann's organ" (previously reported as "olfactory vesicle"), were
first studied under the optical microscope by J eannel (19 I I) and later under
the electron microscope by Baccetti and S bordoni (1967), by Corbiere- Tichane
(1974), by Peck (1977) and by Accordi and Sbordoni (1978). What is being
dealt with is an aggregation of sensilla of various kinds cribrose-utricular,

• Institute of Zoology-U niversity of Rome, Viale dell'U niversita 32.00100 Roma, Italy .
•• To whom reprint requests should be addressed.
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crib rose-stick, star shaped, cIaviform and trichoid gathered within the peri-
articular gutter and deeply invaginated vesicles in the cuticle.

Complexity and number of sensilla in Catopids of the Bathysciinae sub-
family and Ptomaphagus (Eucatopinae) genus seem to be clearly proportional
to the degree of specialisation for cave environments (Jeannel, 1911; Sbordoni
and Cobolli Sbordoni, 1973; Peck, 1977). Nothing is known about how these
structures actually work, an olfactory function having generally been attributed
to them in the past even though Argano et a!. (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 7th, 9th and 10th antenna segments. Consequently, we used two species
(Bathyscio/a derosasi and Leptodirus hohenwarti), two troglobites that typify
two distinct levels of morpho-physiological specialisation. In particular, the
two species show different degrees of antenna I organ complexity.

Humidity response in the two species studied was evaluated in four separate
relative humidity conditions. In all cases the response of integral subjects was
compared to the response of subjects which had been antennectomised below
the 7th antenna segment. In one of the species (Leptodirus hohenwarti) the
response of subjects antennectomised above the 7th antenna segment was
evaluated to determine the role of any eventual hygro receptors on the 9th and
10th antennal segments.

MATERIAL AND METHODS

The Bathyscio/a derosasi subjects were gathered from the Patrizi, or Sasso,
Cave near Cerveteri (Rome). The species had been previously introduced there
in 1952 (Patrizi, 1956). The Leptodirus hohenwarti were gathered from the
Noe Cave near Aurisina (Trieste), the typical locality for the reticu/atus sub-
species. Particular precautions were taken in gathering, transporting and
raising the sample subjects (Sbordoni and Cobolli, 1969). In both caves the
humidity levels where the samples were gathered were near saturation (98-
100% Relative Humidity, R.H.).
Choice-chambers with two alternative conditions of relative humidity like

those described by Gunn and Kennedy (1936) and previously used in experi-
ments on Bathysciinae (Argano et a!., 1969) were used for the experiments.
The chambers consisted of circular ceramic dishes 15 cm in diameter and 3 cm
in height. Each dish was divided into two equal compartments by a ceramic
partition. Two solutions capable of establishing different relative humidity
percentages were introduced into the two compartments. Each dish was cov-
ered by a copper screen (40 meshf cm) 17 cm in diameter. This screen con-
stituted the "arena" on which the samples to be examined moved. Half a petri
dish 15 cm in diameter and 1.5 cm high was used as the lid to the dish. A I-cm
diameter hole was opened in the middle of each lid so that the subjects could
be introduced into the chamber, the circular aperture being closeable with a
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cork stopper. Canvass adhesive tape was used to seal the lid to the dish in such
a way as to make it air-tight.
Various aqueous concentrations of H2S04 were used to control humidity

levels. Beginning with 95-97% solution and 1.84 specific gravity, dilutions were
prepared with distilled water according to Buxton and MeIlanby's technique
(1934). Dilutions were varied slightly so as to obtain the required specific
gravity as differences had been noted in the various lots of H2S04 supplied. In
this way maximum deviations were kept down to 5% with respect to the de-
sired degree of relative humidity. Solutions were prepared and introduced into
the humidity chambers 15 hours before starting the experiments proper. Checks
on humidity levels attained were carried out with Lambrecht hair hygrometers
in containers like those described by Buxton and Mellanby (1934).
One hour before beginning the experiment proper, the subjects were placed

in chalk-bottomed crystallisers so as to remove any traces of water on their
integuments. Antennectomy was performed with micro-scissors after the in-
sects has been cooled and, as a result, immobilised. The experiments on Lep-
tadirus were carried out in 6°C thermostated chambers while those on Bathys-
ciala occurred at 13°C.

Humidity response experiments were conducted subjecting the insects to
four relative humidity alternative conditions: 20-100%, 50-100%, 90-100%,
50-90% and 100-100% control condition.
5 insects were used per experiment per choice-chamber. Besides the control,

from 2 to 5 replications were run at the same time. Readings were taken every
minute and the subjects' positions in one 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 10 minute period was given

by Pielou and Gunn's formula (1940):

1=
100 (W - D)

(W + D)

where W = number of subjects in the more 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, control subjects excluded.
Table I summarises the experiments conducte~.

RESULTS

I) Comparison between humidity reactions in Bathysciala derasasi and Lep-
tadirus hahenwarti.

Comparing the reactions between experiment subjects and control subjects, a
marked positive response to a humidity stimulus in integral (non-antennectom-
ised) subjects of the two species evaluated may be seen. Response significance,
P, is considerable (Table 2).



www.manaraa.com

Ta
bl
e

I.
Su
m
m
ar
y

of
hu
m
id
ity

re
sp
on
se

ex
pe
rim

en
ts

pe
rf
or
m
ed

on
Ba
th
ys
ci
ol
a

de
ro
sa
si

an
d
Le
pt
od
ir
us

ho
he
nw
ar
ti.

Th
e
fig
ur
es

re
pr
es
en
t

th
e
nu
m
be
r

of
su
bj
ec
ts

te
st
ed
.
Fi
gu
re
s

in
pa
re
nt
he
se
s

in
di
ca
te
.
th
e
nu
m
be
r

of
ru
ns

pe
r

ex
pe
rim

en
t.

Se
gm

en
ts

re
m
ov
ed

R
el
at
iv
e

H
um

id
ity

A
lte
rn
at
iv
es

Sp
ec
ie
s

bo
th

an
te
nn
ae

of
an
te
nn
ec
to
m
is
ed

20
-1
00
%

50
-1
00
%

90
-1
00
%

50
-9
0%

10
0-
10
0%

su
bj
ec
ts

(c
on
tro
ls
)

Ba
th
ys
ci
ol
a

de
ro
sa
si

no
ne

20
(4
)

20
(4
)

30
(6
)

15
(3
)

20
(4
)

Ba
th
ys
ci
ol
a

de
ro
sa
si

r
to

II
°

25
(5
)

20
(4
)

25
(5
)

25
(5
)

Le
pt
od
ir
us

ho
he
m
va
rt
i

no
ne

30
(6
)

20
(4
)

30
(6
)

20
(4

)
10

(2
)

Le
pt
od
ir
us

ho
he
nw
ar
ti

7°
to
llo

10
(2
)

10
(2
)

10
(2
)

10
(2
)

Le
pt
od
ir
us

ho
he
nw
ar
ti

80
to

11
0

10
(2
)

10
(2
)

10
(2
)

10
(2
)

To
ta
ls

95
(1
9)

80
(1
6)

11
5(
23
)

80
(1
6)

30
(6
)

-..
J o r c IJ :> ;;r
;l m r r :> z o .< VJ 5 ;;r
;l o o z



www.manaraa.com

HUMIDITY AND HAMANN ORGAN IN HATIIYSCIINAE 171

Table 2. Significance, P, of B. derosasi and L. hohenwarti humidity responses
at various R.H. alternatives.
t estimated on the difference of the mean values of reaction intensity
from controls (100-100%) calculated every 10 minutes on the basis of
4-5 runs.

R.H. B. derosasi L. hohenwarti
alternatives vs controls vs controls

(in %) Significance Significance

20-100 17.408 P<O.OOI 8.742 P < 0.001
50-100 24.686 P < 0.001 5.147 P < 0.001
90-100 12.587 P<O.OOI 4.557 P < 0.001
50-90 10.548 P < 0.001 6.566 P < 0.001

Subjects were seen to be sensibly active during experiments. There appeared
to be no significant correlation between the subject's level of activity and its
position in the drier or more humid part of the humidity chamber. The graphs
display our results synthetically. The curves plotted on the basis 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 is introduced
into the chamber. The statistic reliability of these values is expressed by the
confidence limits which are also derivable from the graph. Student's formula
at 95% probability was used to calculate the confidence 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 90-100%, 50-100%, 20-100% alternative humidity chambers offer op-

timal environments in the more humid part and increasingly 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 Leptodirus seem to respond more gradually than the
Bathysciola in relation to stimulus intensity, 'i.e. to the extremes in relative
humidity just as Argano et al. noted (1969). This difference is particularly
evident in comparing the relative reactions within the first 10 minutes of ac-
tivity in the chamber.

2) The role of Hamann organ in humidity reactions.

Experiments conducted on Leptodirus reveal that insects antennectomised
below the 7th antenna segment, where the most conspicuous sense organs are
located, exhibit virtually no capacity to react to humidity. Their reactions in
the various relative humidity situations do not differ substantially from those
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Bathysclola derosasl Leptodlrus hohenwarti
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Fig. I. Bathysciola derosasi and Leptodims hohenwarti rcsponses to diffcrent choice-chamber
relative humidity alternatives. The results are expressed as the avcragc number of individ-
uals recorded on the moist sidc of the choicc-chamber. Vertical lines rcprescnt thc 95%
confidence limits calculated from 4-5 runs.

observed under control conditions (Table 4). The fact that the curves are gen-
erally positive may be attributed to the subject's reduced locomotive speed in
the damp zone due to orthokinetic-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 B. derosasi.

R.H. Antennectomised subjects Antennectomised subs.
alternatives vs intact subs. vs control subs.

(in %) Significance Significance
20-100 13.282 P < 0.001 7.182 P < 0.001
50-100 15.986 P < 0.001 0.712 0.5> P > 0.4
90-100 21.I 85 P < 0.001 1.515 0.2> P > 0.1
50-90 8.131 P < 0.001 0.577 0.9> P > 0.5

Table 4. Significance, P, of the humidity responses of intact L. hohenwarti
and subjects antennectomised below the 7th segment.

Subjects antennectomised
below 7th segment
vs intact subs.

R.H.
alternatives

(in %)

20-100
50-100
90-100
50-90

12.907
7.039
5.315
10.733

P < 0.001
P < 0.001
P < 0.001
P < 0.001

Subjects antennectomised
below 7th segment
vs control subs.

0.930 0.4 > P > 0.2
1.604 0.2> P > 0.1
1.515 0.2> P > 0./
1.029 0.4 > P > 0.2

Table 5. Significance, P, of the humidity responses of intact L. hohemvarti
and subjects antennectomised above the 7th segment.

R.H. Subjects antennectomised Subjects antennectomised
alternatives above 7th segment above 7th segment

(in %) vs intact subs. vs control subs.

Significance Significance
20-100 14.472 P < 0.001 5.970 P<O.OOI
50-100 0.472 0.9>P>0.5 4.230 O.OI>P>O.OOI
90-100 6.809 P < 0.001 0.980 0.4 >P>0.2
50-90 8.856 P < 0.001 3.093 0.02>P>0.OI

The experiments conducted on Bathysciola confirm the above results and
the role of antenna receptors in humidity response. Similarly, the reaction of
integral subjects was significantly different from the reaction displayed by
antennectomised or control subjects.
Experiments on Leptodirus subjects antennectomised above the 7th antenna
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Table 6. Significance, P, of the humidity responses of antennectomised L.
hohenwarti.
Reactions of subjects antennectomised above and below the 7th seg-
ment are compared.

R.H. alternatives
(in %)

20-100
50-100
90-100
50-90

8.226
7.925
0.969
5.390

Significance

P<O.OOI
P < 0.001

0.4 > P > 0.2
P<O.OOI

segment show instead that the insects react to the stimulus, though response
intensity in these cases is not 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 90-100% relative
humidity was insect reaction similar to that exhibited by control subjects and
by subjects antennectomised below the 7th antenna segment.

DISCUSSION

The results reported above show clearly that important humidity receptors are
situated on the 7th, 9th and 10th segments of the Bathysciinae antennae. It
seems therefore, quite probable that the antenna I organs situated on said seg-
ments and described by Jeannel (1911), Baccetti and Sbordoni (1967), Corbiere-
Tichane (1974) and Accordi and Sbordoni (1978) may be attributed with a
role in humidity reception. At the same time, these results would seem to ex-
clude the presence of any other humidity receptors in the Bathysciinae.
Little is currently known about humidity receptors in insects and on how

they work (Pielou, 1940; Wigglesworth, 1941; Lees, 1943; Roth and Willis,
1951; Benz, 1955; Bursell, 1957; Waldow, 1970; Arbogast, Roppel and Carth-
om, 1972; Altner, Saas and Altner, 1977). Foelix and Axtell (1972) attribute
a humidity receptor role to the coeloconic sensilla of Amblyomma americanum.
These sensilla do not seem to be very different from those found in Bathysciinae
but are structurally some what less complex. Of all the various structure that
make up the antennal organ, probably only the cribrose ones (according to
Accordi and Sbordoni, 1978) are engaged in humidity reception because they
are common to the 7th, 9th and 10th antenna segments.
The considerable structural complexity and significant differences between

the Bathysciola and Leptodirus antenna I organs which do not seem to corre-
spond to a similar difference in humidity reaction could indicate that the
Bathysciinae antennal organs may have other sense roles such as chemiorecep-
tion as already suggested by Jeanne!.
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SUMMARY

The humidity responses of Bath)'sciula derosasi and Lepwdirus huhem\'arti. two species of tro-
globitie Bathyseiinae showing different degrees of adaptation to cave environment, have been
studied. Intact and antennectomised subjects were tested using choice-chambers with various
combinations of relative humidity alternatives (i.e. 20-100%,50-100%,90-100%,50-90% and, as
controls, 100-100%) to investigate the role played by the sense organs situated on the 7th, 9th and
10th antenna segments.
The results show that intact-antenna subjects of both species are very sensitive to humidity

gradients and that their intensity of reaction varies according to the intensity of stimulus, as pre-
viously reported by Argano, Sbordoni and Cobolli Sbordoni (1969). The antennectomy experi-
ments show that receptors situated on the 7th, 9th and 10th antenna segments (Hamann's organ)
are involved in hygroreeeption. In Leptudirus. insects antenneetomised below the 9th segment
show a reduced intensity of reaction, while those antennectomised below the 7th segment show
no positive response at all. This seem to indicate that receptors in the 9th and 10th antenna I seg-
ments have additive roles beyond that of the 7th. Further research is needed to ascertain whether
the antennal organs of Bathysciinae may have yet further additional sensory roles (e.g. ehemio-
reception) as their complex structure suggests.

RIASSUNTO

Nel presente lavoro vengono analizzate Ie risposte a differenti condizioni alternative di umidita
relativa (20-100%,50-100%,90-100%,50-90% e controlli: 100-100%) in due specie di Coleotteri
Batiscini troglobi caratterizzati da diverso livello di specializzazione morfo-fisiologica, Bathys-
ciuta dervsasi. e Lepwdirus huhet/warti. 1n entrambe Ie specie viene confrontata la risposta di
individui integri e antennoctomizzati per ehiarire il ruolo degli organi sensoriali (organi di Ha-
mann) presenti sui 7°, 9° e 10° antennomero.
I risultati mostrano che gli individui integri di entrambe Ie specie sono molto sensibili all'umidita

reagendo positivamente aile condizioni di stimolo proposte e che la loro intensita di reazione varia
secondo l'intensita dello stimolo. Gli individui di entrambe Ie specie antennoetomizzali sotto il
7° antennomero non mostrano, al eontrario, risposte positive e, in generalc, non significativa-
mente diverse da quelle manifestate da soggelli integri in esperimenti di eontrollo (con umidita
alternative 100-100%). Inoltre, individui di Lepwdirus huhemmrti. antennoctomizzati tra il r e
il 9° antennomero mostrano una intensita di reazione ridotta rispetto ai soggetti integri, rna sig-
nificativamente diversa dai controlli.
Questi risultati suggeriscono un ruolo additivo dei recettori situati sui 7°, 9° e 10° segmento

antennale, e eonfermano l'ipotesi del ruolo igrorecettivo dell'organo di Hamann.
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Martel's La France ignoree:
New Information from Two Post Cards to his Publisher

by

Trevor R. SHA W*

Two post cards, written in 1927 by the famous French speleologist Martel,
were recently discovered in Paris where they were bought by the author for
I F. 50 each in one of the book stalls on the left bank of the Seine.

Edouard Alfred Martel (1859-1938) had already published some 16 books
and more than 780 articles by 1927 and in that year he was preparing his lengthy
work La France ignof(!e. This was a speleological survey of the various regions
of France, amounting to 600 printed pages and published in two volumes in
1928 and 1930**. These post cards, evidently written to his publisher, throw
some light on his progress with the manuscript and in particular they establish
a date when the first part of the work had been completed.

Both the messages were written on picture post cards showing the Gouffre
de Padirac, the great open shaft and river cave which Martel had explored at
the turn of the century and which he had subsequently opened to the public
by the Societe Anonyme de Puits de Padirac. The French texts of both cards
are reproduced here in facsimile and, his hurried writing being not easy to read,
transcriptions are given in the appendix. Translated into English, they read
as follows:

24 March [19]27

Dear Sir,
Can you make me an appointment for the afternoon of Thursday

31 March or Friday I April, at a time convenient to yourself.
I would bring you the manuscript (a typed copy) of the first half of

my work so that we could talk more profitably.

• II, Bewley Lane, Lacock, Chippenham, Willshire SN 15 2PG, England .
•• Given erroneously as 1930 and 1933 by Chaberl and Courval ( 1971).
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Le Rozier
Lozere

180

and

TREVOR R. SHA W

Rocamadour
Hotel des Voyageurs
2 July [19]27

Dear Sir,
Here are galley [proofs] 16, 17, 18 and 19 for page setting. From the

time this reaches you and uritil further notice please address anything
you have for me to the Hotel des Voyageurs,

I t is raining!!
Yours very truly
E. A. Martel

It will be seen that neither the name of the adressee nor the title of the book
concerned is explicitly stated. However, La France ignoree (1928, 1930) was
the only substantial work of Martel to be published about this time. All the
various articles issued in 1927 and 1928 are short (not more than 16 pages) and
even the booklet L'Aven Armand (Martel, 1927) was of only 48 small pages.
N one of these items was large enough to have justified the separate delivery of
"the first half of my work", whereas La France ignoree was indeed published
in two halves with two years between them. Moreover, of the works that could
have been in preparation at the time, only La France ignoree was long enough
to have galleys numbered up to 19.

Neither card bears any stamp or postmark and they must have been posted
in envelopes carrying the address, which were subsequently destroyed. It is
clear f[(jm the content, though, that they were written to his publisher. The
publisher of La France ignoree was in fact the Librairie Delagrave, who had
already produced several of Martel's books, including Les A bfmes and Irlande
et cavernes anglaises.

In summary, these two post cards provide evidence that:
a. all or part of the manuscript of La France ignoree vol. I was complete

before the end of March 1927.
b. by early July the printing of the book was well in hand, with 19 galley

proofs (equivalent perhaps to some 70 pages) already through the author's
hands.
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APPENDIX

THE ORIGINAL FRENCH TEXT OF THE POST CARDS

Ie 24 mars 27

181

Cher Monsieur,
Pouvez-vous me donner rendez-vous pour Ie jeudi 3 I mars ou Ie ven-

dredi ler avril, dans I'apres-midi, a I'heure de votre choix.
Je vous porterais Ie manuscrit (tape-copie) de la premiere moitie de

mon travail, ce qui nous permettrait de causer plus utilement.
Bien cordialement a vous,

E. A. Martel

Rocamadour
Hotel des Voyageurs
2.7.27

Cher Monsieur,
Voici pour la mise en pages des placards 16 - 17 - 18 -, 19. A partir

de reception de la presente - et jusqu'a nouvel avis, voulez vous bien
me faire les envois a:

I'Hotel des Voyageurs
Le Rozier
Lozere

II pleut!!
Tout a vous,
E. A. Martel
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SUMMARY

Two recently discovered post cards written by Martel to his publisher provide ncw information on
the date he completed the manuscript of the first volume of La France iRllode and on the progress
of its printing.

RESUME

Deux cartes postales ecrites par Martel it son editeur ont ete decouvertes recemment; elles appor-
tent une information nouvelle sur la date it laquelle Martel acheva Ie manuscrit du premier volume
de La France iglloree et sur la 'progression de I'impressian.
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Books received

CONN, Herb and Jan CONN. The Jewel Cave Adventure. Fifty miles of dis-
covery under South Dakota. Zephyrus Press. Teaneck, New Jersey, 1977,238
pages, $10.95.

For many years Jewel Cave in the Black Hills of South Dakota was noted for
the large number of crystalline formations and relatively small size. Twenty
years ago the Conn's started to explore beyond the small rooms then known to
comprise Jewel Cave. Alone most of the time, they have mapped fifty-six miles
(90 km) of cave passages and still have not finished the exploration of this
system. There is probably no other large cave in the world that has been studied
so intensely by just two people. One of the more extraordinary features of the
cave is the strong wind, frequently up to 25 miles per hour or faster that blows
within or out of the cave. The direction and velocity of the wind is determined
by differences in air pressure inside and outside the cave. It takes 24 hours for
one half of the air necessary to equalize pressure to pass through the entrance.
The wind may blow in one direction for as long as five days if the barometric
pressure remains steady. From this data the volume of the cave has been cal-
culated at five billion ft.3 The movement of air far back in the cave is helpful
in tracking down obscure leads and connections. The wind has been instru-
mental in leading to many of the significant discoveries in the cave.

It is difficult to comprehend that the fourth largest cave in the world has
been explored and mapped by two people and a few friends. The Conn's relate
the history and administrative tribulations of the cave as well as giving intro-
ductory explanation of cave mapping and geology in addition to a detailed
account of the chronology of exploration. Approximately 100 pictures are in-
cluded, plus a complete map of the system appended with the end plate. The
569 trips (as of July, 1976) by the Conn's into Jewel Cave have occupied 5,520
hours and the number of survey stations and sights exceeds 8700. The authors
know quite well the cave of which they write.

HENR Y, Jean-Paul. Recherches sur les Asellidae hypoges de la lignee Cavati-
cus (Crustacea, Isopoda, Asellota) Thesis, Sci. Nat. Univ. Dijon, n d'Ordre
C.N.R.S., A 0, 12 143,270 pages. 1976.

This investigation begins with a description of the methods of collection and
observation of the hypogean Asellidae under study and then proceeds to a three
part analysis: I) a taxonomic study; 2) a biogeographic and ecological study;
3) observation on the biology and life history. The group cavaticus has been
studied by the author for fourteen years and this thesis gives evidence of an
extraordinary number of observations and rigorous attention to detail.

The study deals primarily with the genus Proasellus. From his observations
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and results of hybridization among many populations the author concludes
that the older species cavaticus consists of four independent species; P. cava-
ticus; P. valdensis; P. walteri; and P. strouhali. Two other species P. jrancis-
coloi and P. synaselloides have diversified from the line of Proasellus.
P. cavaticus is found in many caves and hypogean habitats throughout most
of the middle and western Europe and the southern area of Great Britain. P.
valdensis is restricted to the Jura Mountains and the subalpine areas of Savoy
and Dauphine. P. walteri is found in the drainage basins of the Saone and
Rhone rivers. P. strouhali has a disjunct distribution; the Saone basin and the
basin of the Austrian Danube. P. synaselloides colonize the subterranean
waters of the Rhone Valley and P. jranciscoloi is restricted to a single karst
massif in the western Alps.
Contrary to what was previously believed, these Asellides are strictly vege-

tarians and limivores; are eurythermes and seem to have evolved rather recently
from epigean forms. There is a comprehensive review of post-embryonic de-
velopment and the reproduction cycle.

JAK US, Laszlo. Morphogentics of Karst Regions, Variants of Karst Evolu-
tion. Adam Hilger, Lts., Bristol, 1977.284 pages. £17.00.

Jakus relates karst to surface topography and erosional factors that have an
impact on such topography. He considers karst as both a stage and a category.
As a stage, it is a characteristic appearance in the development of dominantly
limestone mountainforming rock, together with the natural phenomena as-
sociated with it, whose origin and evolution are the complex result of a peculiar
petrographic constitution. As a category, karst is an environmental situation.
This karst "is an instantaneous cross-section at a given instant of the process
of evolution called karstification, the karst concept is discrete and relative, as
opposed to the concept of karstification which has a connotation of motion,
change and evolution, thus being in closer conceptual affinity with the actual
world".

With the concept as a base, the author proceeds to a geomorphological analysis
of karst, predominantly in European areas with a briefer description of tropical
areas. The geochemistry of karst solution and the effect of plant cover are dis-
cussed in great detail. The author, who has undertaken extensive speleological
investigations throughout many parts of the world, supplements the text with
extensive tables, graphs and illustrations. A twenty-three page bibliography
testifies to the comprehensive review of the literature until the early 1970's. The
volume is well edited and notable for the large number of new data and tabular
material presented by the author.

MANSFIELD, Ray (Editor). Current titles in Speleology. Number Nine. The
Literature of 1976. Published by: Anne Oldham, Rhychydwr, Crymych, Dyfeo,
SA41 3RB, U.K. £3.50 + postage. 202 pages.
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A total of 3076 references published in 1976 are recorded from approximately
250 different journals. This is the most complete listing of speleological liter-
ature in the world and includes reference to just about every country where
caves and karst exist. The current address of publication for each journal is
given. For the most part references are grouped by geographic area. Practically
all titles in languages other than English are translated into English so that the
original title itself is not listed.

MIOTKE, Franz-Dieter. Die Karst im zentralen Kentucky bei Mammoth
Cave. Geographische Gesellschaft, Hannover. 1975. 360 pages plus 7 separate
maps. $9.00.

This is a definitive study of the geology and geography of the Central Kentucky
karst. Climate, vegetation, physical relief, hydrology, geochemistry and cave
genesis are all evaluated to produce a synthesis of factors involved in karst for-
mation. There are 82 figures and diagrams, 99 photographs and 7 individual
maps accompanying the test so that one can readily follow the discussion of
each specific geologic entity. The Flint Mammoth Cave System has close to
300 km of mapped passages, the longest in the world, and this volume reviews
the development of this complex series of passages.

MIOTKE, Franz-Dieter. Die Hohlen im Mammoth Cave-Gebiet (Kentucky).
Das grosse Hohlensystem der Erde. Bohier-Verlag, Wlirzburg. 1975. 133 pgs.
4 separate maps. $3.00.

An intensive study of the geology of Mammoth Cave, Kentucky, correlated
with the geography of the area. There is an extensive array of figures and dia-
grams in the book, plus 4 separate maps, including a reprint of Max Kaemper's
1908 map of Mammoth Cave. This latter map is presented in five colors, cor-
responding to the five levels of Mammoth Cave, and represents as the then-
known cave with extreme clarity and detail. Passage development and solution
problems are related to the structural geology of Flint Ridge and Mammoth
Cave Ridge. The text is supplemented by 64 photographs.

MITCHELL, Robert W., William H. RUSSELL and William R. ELLIOTT.
Mexican eyeless characin fishes, genus Astyanax: environment, distribution
and evolution. Texas Tech. Univ. Museum, Special Pub!. 12: 1-89. $5.00.

This paper reports many new localities of the Huastecan Province ofTamauli-
pas and San Luis Potosi, Mexico, of the cave derivatives of the Mexican tetra,
Astyanax mexican us; discusses several aspects of the center of cave characin
distribution, the Sierra de EI Abra and surrounding areas, especially as they
apply to attempts to understand the evolution of cave fishes; describes all of
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the cave characin localities; corrects some errors and misconceptions in the
previous Astyanax literature; and comments on the evolutionary implications
of the new cave records. All of the cave adapted tetras discussed should be
referred to the genus Astyanax. Approximately 30 caves are now known with
population of blind characins, with the possibility of many more yet to be
found. Hybridization between epigean and blind A. mexican us occurs not in-
frequently. It seems that A. mexican us has invaded the subterranean waters of
the EI Abra Limestone at many points in time and space. In addition, many of
the cave fishes have dispersed through subterranean routes.

Abstracts

BRIDGE, P. J., L. C. HODGE, N. L. MARSH and A. G. THOMAS. Chirop-
terite deposits in Moorba Cave, Jurien Bay, Western Australia. Helictite, 13:
19-34. 1975.

An old guano pile deposited by Macroderma gigas has been examined chemi-
cally and mineralogically. Sixteen sectional analyses of a profile are presented
and discussed. The main soluble components are P20S' CaO and SO) (present
as brushite, ardealite, gypsum and collophane) with insoluble quartz. Taranl-
site occurs as a minor constitutent.

BUDEN, Donald W. First records of bats of the genus Brachyphylla from the
Caicos Islands, with notes on geographic distribution. J. Mammal., 58 (2):
221-225. 1977.

The presence of bats of the endemic West Indian genus Brachyphylla in ex-
tensive cave systems of the Caicos Islands, Bahama archipelago, is reported for
the first time. Notes on habits, habitat, reproduction and morphological varia-
tions are presented. Inter-island variation among all nominal taxa in the genus
is discussed; one species, B. cavernarum, and four subspecies are recognized.

CAR USO, Domenico. Isopodi terrestri dell'Isola di Pantel1eria. Animalia,
3 (1-3): 105-124. 1976.

A rich collection of terrestrial Isopods (Oniscoidea) is described from the island
of Pantelleria in which 24 species are 'distinguished. The systematic value of
Stenoniscus pleonalis is described. The author describes a new species of
Spelaeoniscus which is characterized by the particular morphology of the apex
of the first male pleopod. The author discusses the possible origin of the Isopod
populations of the island of Pantelleria and hypothesizes on the basis of some
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findings (Spe/aeoniscus vandeli n. sp. and Anaphiloscia sicu/a) the possibility
of territorial connections between Pantelleria and Sicily at the end of the Ter-
tiary or at the beginning of the Quarternary.

GRAHAM, A. W. (Editor). Australian Speleological Federation. Proceedings
of the Tenth Biennial Conference. P. O. Box 388, Broadway, N.S.W. 2007.
1975. $5.00 (obtainable from Tony Oldham, Rhychydwr, Crymuch SA 41 3RB,
Dyfeo, U.K.

This is a publication containing seventeen papers presented at the University
of Queensland, December 27-29, 1974. Most pertain to the geology, biology
and paleontology of Australia and New Guinea, with one short paper dealing
with a preliminary speleological reconnaissance of Fye and Tongor. That three
papers deal with New Guinea is indicative of the speleological research being
undertaken in an area that has perhaps the greatest potential for undiscovered
caves. Five papers deal with cavern formation in pseudokarst - while seven
are a general description for caves formed by non-solutional processes. Fre-
quent maps and photographs accompany most of the articles.

HAHN, J. and E. WAGNER. Eine jungpalaolithische Elfenbeinplastik aus
dem Geissenklosterle bei Blaubeuren. Archiio/. Korrespondenzb/att 5: 167-170.
1975.

A sculpture in ivory of a mammoth was found in the Geissenkl6sterle Cave near
Blaubeuren, Wiirttemberg.

HENRY, Jean-Paul and Guy MAGNIEZ. Un aselle cavernicole d'Algerie:
Proasellus de/hezi n. sp. (Crustacea, Isopoda, Asellota). Bi%gie, Bull. Inst.
Roy. Sci. Nat. Be/g. 49 (5): 1-10. 1973.

This is a new anophthalmous and albinistic Asellid from pools and under-
ground streams of a cave in the Djurdjina mountains, Algeria. A checklist is
given and the geographic distribution of the epigean known species of North
African Asellidae.

HENRY, J.-P. Donnees sur les Asellides de Grece et description de Proasellus
sketi n. sp. (Crustacea Isopoda Asellota). Bi%gia Gallo - Hellenica, 6 (I):
140-144. 1975.

This is a specific determination of the Asellids collected by A. Bou during his
investigations of the subterranean waters of Greece. The new species described
is anophthalmous and depigmented. It is found in the phreatic waters of Kirefs
river basin (N.E. of Euboea).



www.manaraa.com

190 BOOKS RECEIVED AND ABSTRACTS

HOFFMAN, R. L. A new genus and species of cave-dwelling milliped from
Guatemala (Diplopoda: Polydesmida). Rev. Suisse Zool. 83 (3): 743-746. 1976.

The new generic and specific names Chirrepechia Iymcilecta are proposed for a
small polydesmoid obtained in Cueva Chirrepeck, Alta Verapaz, Guatemala.

HUMPHREY, Stephen R. and James B. COPE. Survival rates of the endan-
gered Indiana bat, Myotis soda lis. J. Mammal. 58 (I): 32-36. 1977.

Rates of survival of Myotis sodalis in numerous caves in southern Indiana and
northern Kentucky are calculated from recaptures of bats marked in cohorts
of unknown age. Such data can be misleading, so the proper types of interpre-
tation are identified. Survival rates are high for 10 years after markings in fe-
males and 6 years in males. Females can live as long as 14.8 years and males as
long as 13.5 years. Survival of the species is good in undisturbed environments,
and endangerment results from loss of habitat.

JACOBSON, G. and R. Michael BOURKE. Observations of karst hydrology
in the Waga Valley, Southern Highlands District, Papua, New Guinea. Helic-
tite, 13,3-18. 1975.

In the neighborhood of a possible dam site in the Waga Valley, Papua, New
Guinea, there is little surface drainage apart from the Waga River itself. How-
ever, many nearby features - streamsinks, springs, estavelles, dry valleys, dol-
ines and caves - are indicative of the marked development of karst drainage.
Loss of river water by entry underground is not balanced by the known local
outflows, and larger resurgences must be sought farther afield to complete an
understa'nding of the karst hydrology relevant for the engineering proposal.

KENK, Roman. Freshwater Triclads (Turbellaria) of North America. X. Three
new species of Phagocata from the Eastern United States. Proc. BioI. Soc.
Washington, 89 (56): 645-652. 1977.

Phagocata angusta. n. sp. is described from Harper Cave. Tucker County. West
Virginia. P. virilis. n. sp. from eastern Maryland: and P. norc/mi. n. sp. from
Florida.

KENK. Roman. Freshwater triclads (Turbellaria) of North America. IX. The
genus Sphallaplana. SlIIi/hsonian Con/J'. Bioi. 246: 1-38. 19"17.

A revision of the North American species of the genus S"phalloplana is pre-
sented. Apart from nine species already known. seven new species are intro-
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duced and described. S. evagina/a from four caves in Perry County, Missouri;
S. cali/arnica from Bower Cave, Mariposa County, California; S. culveri from
Harper Cave, Tucker County, West Virginia; S. consimilis from caves of
western Virginia and Tennessee; S. sub/ilis from Virginia; S. holsingcr from
Fairfax County, Virginia and S. chandleri from caves in 1 ennessee and In-
diana.

KENK, Roman. Freshwater Triclads (Turbellaria) of North America, IX. The
genus Sphal/oplana. Smithsonian Con/r. Zoo/ .. 246: 1-38. IlJ77.

A revision of the North American species of the genus Spha//ona is presented.
Seven new species are introduced and described, including the following trog-
lobites:
S. evaginata (4 caves in Perry County, Missouri),
S. kansensis (Purity Springs, Butler County, Kansas),
S. cali/ornica, (Bower Cave, Mariposa County, California),
S. wlveri (Harper Cave, Tucker County, West Virginia),
S. consimilis, (Caves of Western Virginia and Northeastern Tennessee),
S. holsingeri (Fairfax County, Virginia).

LAING, C, G. R. CARMODY and S. B. PECK. Populationgeneticsandevol-
utionary biology of the cave beetle PlOmaphaxus hirtus. I:'volu/ion. 30 (3):
484-498. 1976.

Allozymic variation in 12 proteins encoded by 13 loci were analyzed in approx-
imately 900 individuals of the troglobitic beetle P/omaphaxus hir/us. repre-
senting six geographically isolated populations in caves of South-central Ken-
tucky. Identification of alleles was confirmed by the analysis of about 300
intra- and interpopulation hybrids. The pattern of genetic similarity values be-
tween populations of P. hir/us closely resembled patterns observed in other
species with rather disjunct distributions. The two deep rivers in the study area
do not seem to be effective barriers to gene flow, as populations on either side
of each river were similar. It appears that the direction of !low of the water
tables may be responsible for both the maintenance of strongly isolated gene
pools around each drainage basin and the chance migration of individuals be-
tween populations within a drainage basin.

MAGNIEZ, Guy. Donnees recentes sur les Stenaselles (Crus/acea AscI/a/a)
des eaux souterraines continentales. Comp/e.I' Rendu 96e Congres. Nat. Soc.
Sa vantes, Toulouse. 3: 179-191. 1973.

Along with the Microparasellidae and certain Asellidae, the Stenasellidae con-
stitute a third group of anophthalmic asellids found in continental subterranean
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waters. They are represented in France by three species living in karstic waters
as well as phreatic streams in the Bassin aq uitain of the Pyrenees, in Languedoc
and even in Corsica. There is good evidence that these species are compara-
tively new in the subterranean waters of north-tropical regions.

MARKER, Margaret E.A geomorphological assessment of the Chillagoe karst
belt, Queensland. Helictite, 14: 31-49. 1976.

The geomorphological characteristics of the Chillagoe karst belt are analysed
in terms of an evaluation controlled by seasonally and climatic conditions and
lithological variations in the metamorphosed karst rock. The Chillagoe tower
karst belt is developed on mid-Paleozoic limestones that have been subjected
to considerable alteration. The dominant characteristic of the striking land-
form assemblage is limestone residuals rising abruptly from pedimented plains.
The residuals are loci for karst development, karst corridors, dolines and giant
barriers on the surface and extensive, shallow phreatic caves underground.

MARTIN, Larry D., 8. M. GILBERT and D. 8. ADAMS. A Cheetah-like Cat
in the North American Pleistocene. Science. 195 (4282): 981-982. 1977.

The discovery of abundant skeletal remains of Felis lrumani from National
Trap Cave, a karst sinkhole 20 m deep on the western slope of the Big Horn
Mountains in north central Wyoming shows it was as highly modified for
cursoriallocomotion as the cheetah, Acinonyx. Several other Pleistocene felids
that have been regarded as pumas seem to be related forms. The late Pleistocene
fauna of the Big Horn Basin is dominated by cursorial taxa.

PECK, Stewart B. A review of the new world Onychophora with the descrip-
tion of a new cavernicolous genus and species from Jamaica. Psyche. 82 (3-4):
341-359. 1975.

Speleoperipatus speleus n.g., n. sp. is described from Pecho Great Cave, Cla-
rendon Parish, Jamaica. This is only the second known troglobitic onycophoran
discovered. It is eyeless, depigmented and the legs and antennae may be some-
what elongated.

PECK, Stewart B. and Donald R. RUSSELL. Life history of the fungus gnat
Macrocera nobilis in American caves (Diptera: Mycetophilidae) Canadian
Enl., 108: 1235-1241. 1976.

The mycetophilid Macrocera nobilis Johnson, previously known only from
forests in New Hampshire and Tennessee, is reported from caves in Oklahoma,
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Missouri, Kentucky, Tennessee and West Virginia. A study of population in
Oklahoma shows that short-lived adults mate in cave entrances, but that ovi-
position, larval development, and preparation occur only in the dark zone of
caves. The larvae build extensive webs upon which they travel and which they
use to capture insect prey, mostly other Diptera. Reproduction and life cycle
development is not seasonal. The larval stage lasts 9 or 10months and the pupal
stage about 2 weeks.

PECK, Stewart B. An unusual sense receptor in internal antenna I visicles of
Ptomaphagus (Coleoptera; Leiodidae). Canadian Enl .. 109: 81-86. 1977.

Cleared slide mounts of antennae of 30 species of Plolllaphagus bettles showed
two internal sensory vesicles in segments 7, 9 and 10. The vesicles were of sim-
ilar size in each segment except in segment 7 of cavernicolous species. Scanning
electron microscope study showed a narrow circular opening in the distal face
of segments 7, 9 and 10 which opens into a widened circular canal inside of and
under the segment's distal surface. Sensory vesicles are pockets in the bottom
of this canal. The canals and vesicles are predominately lined with fluted sen-
silla basiconicum. These sensilla are more elongated and more numerous in
cavernicolous species.

SPOCK, Jan H. A new genus and two new species of the Crustacean order
Thermosbaenacea from the West Indies. Bijdragen 101 de LJierkunde. 46 (I):
47-70. 1976.

Up to now, the crustacean order Thermosbaenacea contained two genera with
only six species, five from the panmediterranean region, one from Texas. One
genus and two of these species are known only from caves.
Two new members of this curious group of "living fossils" have been dis-

covered in the West Indies. The one, from two deep wells not far from the sea
coast in Saint Croix, Virgin Islands, belongs to an undescribed species of the
amphiatlantic genus Mandella, and is named M. sanclaecrucis.
The other was found in several localities in Curacao in coral debris of rubble

walls in the shore, it belongs to a new genus Halosbaena showing several re-
markable adaptations, e.g. having a uniramous first pereiopod and reductions
in the maxilliped. The presence of numerous specialized elements on the second
maxilla relate Halosbaena remotely to a species from Jugoslavia, described as
Monodella jinki. Several other characters of the latter species justify the erec-
tion of a new genus for it, termed Lilllnosbaena. The literature on the possible
origin of the Thermosbaenacea is reviewed.

TELL, Leander. Fifty typical Swedish Caves. Arkivfiir Svensk Grollforskning.
14: 1-41. 1976.
(Obtainable from CENTROCOMMERCE AB, 603 52 Norrkoping, Sweden).
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With only two exceptions, these are wild caves that the author feels have a
special significance among the 1000 known caves of Sweden. No maps of caves
are included but precise locations are given and the caves can readily be located
on topographic maps of the area. Many of the caves described are the results
of either frostwedging and weathering or are attributed to glacial phenomena.
Of particular interest is the description of Lullihatjono Cave, which may be the
most northernmost cave in the world of any size. It is 1200 m long and situated
68° 28'30" N.

VOCKEROTH, J. R. The species of the Macrocera nohilis group in the Hol-
arctic retion. (Diptera Mycetophilidae) Canadian En/om., 108: 1229-1233.
1976.

The males of four similar species of MaCfOcera are keyed and briefly described.
The are grandis (Finland, U.S.S.R.); !lobi/is (Nearctic with many occurrences
in caves of the southeastern United States); sUlI1l11atisn. sp. (Sweden) and in-
signis n. sp. (New Hampshire). This group of species is characterized as the
nobilis group.

WHITE, Elizabeth L. Role of carbonate rocks in modifying flood flow be-
havior. Water Res. Bull. 12 (2): 351-370. 1976.

The inter-relationship between the runoff characteristics ot watersheds (ex-
pressed at the mean annual flood), standard basin parameters (area, drainage
properties, and relief), and the parameters which describe the solutional mod-
ification of the basins (carbonate rock fractions, sinkhole development, and
measures of internal drainage) were used to plot 62 carbonate watersheds.
Simple binary correlations were obtained by direct plotting of the data. This
was followed by multivariate analyses: factor and cluster analyses. Basins
underlain by karstic limestone had a large amount of variance within the date
set and no prediction equation could be obtained.
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XII CONGRESSO SOCIETA ITALIANA DI
BIOGEOGRAFIA

General theme: BIOGEOGRAFIA DELLE CAVERNE ITAL!ANE

This Congress will be held in Verona from 15 to 18 June 1978 and it will be
divided into two Symposia of three times half a day each.
I - SYMPOSIUM ON "SPELEOFA UNA ITAL!ANA" (attuali conoscen-

ze sui principali taxa).
- Half a day spent to Tricladi (M. Benazzi), Molluschi (F. Giusti &

EJ Pezzoli), Pseudoscorpioni (G. Gardini), Opilioni (I. Marcellino),
Araneidi e Palpigradi (P. M. Brignoli), Diplopodi e Chilopodi
(K. Strasser & A. Minelli).

- Half a day spent to Copepodi Arpatticoidi (V. Cottarelli), Misidacei
(G.L. Pesce), Isopodi (R. Argano), Anfipodi (S. Ruffo), Decapodi
(c. Froglia), Collemboli (R. Dallai), Ortotteri (B. Baccetti), Coleot-
teri Pselafidi (R. Poggi), Coleotteri Isteridi (V. Vomero).

- Half a day spent to Coleotteri Carbidi (A. Vigna Taglianti), Coleotteri
Catopidi (V. Sbordoni), Anfibi (M. A. Bologna).

II - SYMPOSIUM ON "SPELEOFA UNE REGIONAL! E
BIOGEOGRAFIA DELL'ITAL!A"
- Half a day spent to popolamento cavernicolo delle Alpi Occidentali

(M. Bologna, Bonzano & A. Vigna Taglianti), e Orientali (M. Paoletti).
- Half a day spent to popolamento cavernicolo dell'Appennino Centrale

(M. Cobolli Sbordoni & V. Sbordoni), Isola d'Elba (B. Baccetti)
Puglia (S. Ruffo), Sicilia (D. Caruso), Sardegna (F. Cassola).

- Last half a day is reserved for "communicazioni a tema libero" and
"relazioni conclusive" (A. Minello & V. Sbordoni).

Let us point out that on the fourth day an excursion is arranged in the
Monti Lessini with perhaps on the next day una visita al Buso de la
Rana (Vicenza).

For further informations please directly apply to Comitato Organiz-
zatore (C/O Museo Civico di Storia Naturale, Lungadige Porta
Vittoria 9,37100 VERONA).
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XII CONGRESSO SOCIETA ITALIAN A DI
BIOGEOGRAFIA

Theme gemfra/: BIOGEOGRAFIA DELE CA VERNE ITAL!ANE

Ce Congres se tiendra a Verona du 15 au 18juin 1978 et se subdivisera en deux
symposiums chacun de trois demi-journees.

I - SYMPOSIUM SUR "SPELEOFAUNA ITAL!ANA" (attuali conos-
cenze sui principali taxa).
- Une demi-journee consacree a Tricladi (M. Benazzi), Molluschi

(F. Giusti & E. Pezzoli), Pseudoscorpioni (G. Gardini), Opilioni
(I. Marcellino), Araneidi e Palpigradi (P. M. Brignoli), Diplopodi e
Chilopodi (K. Strasser & A. Minelli).
Une demi-journee consacree a Copepodi Arpatticoidi (V. Cottarelli),
Misidacei (G. L. Pesce), Isopodi (R. Argano), Anfipodi (S. Ruffo),
Decapodi (c. Froglia), Collemboli (R. Dallai), Ortotteri (B. Baccetti),
Coleotterri Pselafidi (R. Poggi), Coleotteri Isteridi (V. Vomero).
Une demi-journee consacree a Coleotteri Carabidi (A. Vigna Taglian-
ti), Coleotteri Catopidi (V. Sbordoni), Anfibi (M. A. Bologna).

II - SYMPOSIUM SUR LA "SPELEOFAUNE REGIONAL! E
BIOGEOGRAFIA DELL'ITAL!A"
- Une demi-journee consacree au popolamento cavernicolo delle Alpi

Occident ali (M. Bologna, Bonzano & A. Vigna Taglianti), e Orientali
(M. Paoletti). ~

-' Une demi-journee consacree au popolamento cavernicolo dell'Appen-
nino Centrale (M. Cobolli Sbordoni e V. Sbordoni), Isola d'Elba
(8. Baccetti), Puglia (S. Ruffo), Sicilia (D. Caruso), Sardegna
(F. Cassola).
La derniere demi-journee est reservee aux "communicazioni a tema
libero" et aux "relazioni conclusive" (A. Minelli e V. Sbordoni).

Signalons que pour la quatrieme journee, il a ete prevu une excursion
dans les Monti Lessini avec peut-etre Ie lendemain una visita al Buso
de la Rana (Vicenza).

Tous renseignements complementaires en s'adressant directement au
Comitato Organizzatore (C/O Musco Civico di Storia Naturale -
Lungadige Porta Vittoria 9 - 37100 VERONA).
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5 The Editors reserve the right to refuse any manuscript submitted, whether on invitation or
otherwise, and to make suggestions and modifications before publication. Submitted
papers should be in a final form ready for publication. All corrections in the proofs other
than printing errors are at the author's expense.

6 Bibliographical references should be listed in alphabetical order at the end of the paper.

7. References to periodicals shOuld include the following elements: name(s) and initial(s) of
author(s); year of publication; title of the paper; title of the periodical; volume number
(Arabic numerals); first and last page number. For periodicals the recognized abbreviations
laid down in the "World List of Scientific Periodicals 1900-'60" (London, 1965) and "World
Medical Periodicals" (World Medical Assocation, New York, 1961) should be used.
Example: HALBERG, F., 1963. Periodicity analysis. A potential tool for biometeorology. Int.
J. Biometeor., 7 : 167-191.

8 References to books should include: name(s) and initial(s) of author(s); year of publication;
exact title; name(s) of publisher; town of publication; page number (where pages are
specifically cited).
Example: SOLLBERGER, A., 1965. Biological Rhythm Research. Elsevier Publ. Co. Amster-
dam.

9 References should be cited in the text in parentheses by the name(s) of author(s)
followed by the year of publication, e.g. "(Jones, 1961)" except when the author's name is
part of the sentence, e.g. "Jones (1961) has shown that ... " If there are more than two
authors, it is in order to put "et al," behind the first name, e.g. "Smith et aI., 1961".

10 Each table should be typed on a separate sheet of paper. Tables should be numbered
consecutively in Arabic numerals, e.g. "Table 1, Table 2, etc,", and attached to the end
of the text. Should a table not be an original, the exact reference should be quoted.
Tables should be supplied with headings and kept as simple as possible and should be
referred to in the text as "Table 2", etc.

11 Figures (including photographic prints, line drawings in black Indian ink on strong white
or transparent paper, and maps) should be numbered consecutively in Arabic numerals,
e.g. "Fig. 1, etc," and attached to the text behind the tables. Graphs and diagrams should
be large enough to permit reduction to a size of 10 x 10 em (4 x 4 inches).
Legends for figures should be listed consecutively on a separate sheet of paper.
Photographs can be easily reproduced in offset print but should be unmounted, glossy
prints, permitting reduction to a size of 10 x 10 em without effecting legibility.
Authors will be asked to contribute to the cost of excessive illustrations and elaborate
tables. The cost of reproducing coloured plates must be met in full. Estimates may be
obtained in advance.

12 For further instructions in preparing manuscripts for publication, authors should use the
"Style Manual for Biological Journals" (Amer. Inst. BioI. Sci., Washington, D.C. 1964).

13 Articles accepted by the Editor-in-Chief will become the property of Swets & Zeitlinger
BV., Amsterdam. No article or any part thereof may be reproduced in whatever form,
without the written permission of the Publisher.

14 The Editors and the Publisher of the International Journal of Speleology are not responsible
for the scientific content and statements of the authors of accepted papers.

15 Reprints may be ordered when proof is returned.
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