The Penis as a Phylogenetic Character in the Millipede
Family Julidae

Henrik ENGHOFF
Zoologisk Museum, Kebenhavns Universitetsparken 15, DE-2100 Kobenhavn, Danmark

ABSTRACT

The dauble penis provides wseful characters for analysing phylogenetic relaionships within the family Julidae. In his
treaimend of the Diplopoda in Broan™s Kfatsen and Qrdmngen ded Trerreichs, VERHOEFF (1926-33) med the difference
PBElween .Far.l'l_l.u'a.r.l'u: anmd the ather Julids examined. Study of numerous julid genera has confimmed this distinchion: All
Fachymling have ene type of penis - other julids (with a few, obviously secondary, exceptions) have another type. The
pachyiuline type is faken to be prmitive, being more similar to penis Wvpes found in related families. The other type
thus constibules & podential synapomorphy for all Julidse excepl Fachymlin. The pon-pachyiuline penis iype shows
several further modifications which probably qualify as svnapomorphies at lower hierarchical levels, Thus, all
Facctophyllini and Calyprophylling have an unusually swoul and sclerotized pends, and all species of Amailaciulus have
the terminal lobes of the pends pamicularly loag.

RESUME
Le peénis comme caractiére phylogénétique dans la Tamille Julidae (Diplopodal.

Dans |a famille Julidae, be doule pénis fowrndt des caractéres tris utiles pour I"analyse des relations phylogéndtiques.
Dans son irwitd des diptopodes dans le Bronn's Klassen wid Ordmiggen des Therreichs, VERIOEFF (1926-32F nodait dép la
différence entre Pachyiiolics et les aures julides qu'il avail observés. L dude de nombreax genres de julides a confirmé
cette distinetion @ tous les Pachylulind posstdent un méme Wype de péms alors gue bes autres Julides (saul quelgues
caceptions fraduizsant & 'évidence des modifications secondaires) présentent un awtre type. Le type de pénis des
Pachyiulini est considéré comme primitil {plésiomorphe) & cause de sa similitude avec le ivpe de pénis des familles
phylogpéndtiquement wodsines. L aulfe type constitoe une iynapomorphie potenticlle pour tous les Julidae sauf les
Pachyiuhini, Pluseeurs madifications du tyvpe de péEniz non-Pachyiuling constatuent probablemnent des synapomorphies
diablies & des miveaux inféricurs. Par exemple, tous bes Pacctophylling ef les Calyvplophylhini possédent un pénis
cxceprionnellement robuste et sclérifid, e wutes les espices du genre Anaulociulns présentent des lobes péniens
terminaux paniculi@rensent longs

INTRODUCTION

As in most other millipede groups, the taxonomy of the large Palearctic family Julidae
relies heavily on the gonopods. This is true both on species level and on higher levels. Recenl
studies have demonstrated, however, that certain species in some julid genera cannot be
distinguished on gonopodal characters (see, e.g.. ENGHOFF, 1987, 1992), and also that the
phylogenetic relationships of julidan families cannot be satisfactorily analysed by means of
gonopodal characters alone (ENGHOFF, 1981, 1991). At the intermediate level, the only recent
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attempt at a phylogenetic analysis of the tribes within the Julidae is that of READ (1990) which
relies very much on gonopods, 3

The present study focuses on another part of the male sexual sysiem, namely the pems,
and on the phylogenetic significance of the morphological vanants found within this family.

In those millipedes which do have a penis, it is a single or double tube situated behind the
second pair of legs. The penis is used to load the proper copulatory organs, the gonopods, with
sperm (HAACKER & FUCHS, 1970). ) _ W

Although the penis has received relatively little attention from diplopodologists, it is
noteworthy that the higher classification of the Diplopoda by COOK (1895) to some extent was
based on the nature of the penis (or rather: of the male gonopore, since some groups have no
penis proper). Many of the names that COOK gave to higher groups, and which refer to the penis
(see HOFFMAN, 1980: 44) survive in the current classification of millipedes (HOFFMAN, 1980):
Merocheta, Diplocheta, etc. y :

The julid penis is double in nature: there are two gonopores and the vasa deferentia remain
separate throughout the length of the penis. The latter is therefore sometimes referred Lo as a
double penis, or in the plural Latin form: penes. However, it is actually only its apical lobes
which are paired, the penial basis being externally undivided. This is also true of several other
julid families having a “double” penis, although in some the two “hemipenes” seem to be fully
separated. The julid penis is devoid of setae, whereas penial setae occur in several other julidan
families (Fig. 1). In most julids each apical lobe terminates in a hyaline “membranous tube”
which probably may be retracted into the more basal, more sclerotized part of the apical lobe.
The apical lobes are sometimes separated by a median lobe.

VERHOEFF (1926-32, p.687-689) described several important details of julid penis
structure. His most important conclusions were:

1) The penis of Pachyiulus is fundamentally different from that of the other genera he
examined: Julus, Megaphyllwm (sub Brachviulus), Unciger (sub Oncoinlus), Ommatoiulus (sub
Schizophyllum), and Lepioiulus.

2) There may be considerable intraspecific variability, as demonstrated by Unciger
oetidus.

4 3) Some genera seem to be characterized by particular penial features {Ommaroinles: hood-
like median lobe; Lepioiulus: penis slender, parallel-sided).

Several other authors have described the penis of various julid species but it was not until
1962 that another comprehensive treatment appeared, viz., in STRASSER's monograph of the
erstwhile tribe Typhloiulini in which he presented outline drawings of the penis of 16
“typhloinline” species (Fig. 32). _ :

On this background, the aim of the present study is to explore the diversity of penis
structure within the Julidae, and to assess the utility of the penis as a phylogenetic character by
interpreting the differences found in a cladistic framework.

MATERIAL AND METHODS

More than a hundred species, representing founly-four julid genera were examined, as well as representatives of all
olber julidan families (see appendix). Buparal mounts were made of isolofed penes of many species, Bl sOfme species
were examined with the stereo microscope only. Some penes were prepared for scanning electron microscopy (SEM)
through debydration in absolute alcohol, transfer to acetone, and air-drying. After being mounted and coated with gold,
the penes were examined with a Jeol SPE40 scanning electron microscope. Drawing comventons: Although the paired
gonadiscts can ofien be seen by transparency, they have only been drawn in o few species.

INTRASPECIFIC VARIABILITY

VERHOEFF (1913) described intraspecific variability in penis shape, and named I"m_:r
varieties of Unciger foetidus, partly based on penial characters. The varieties appeared, at least in
part, to be allopatrically distributed. Also STRASSER (1962), studying the Typhloiulini,
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emphasized the individual
variability. ENGHOFF (1995) found
that in spite of modest individual

variability, penis shape may be Familiy Double !  Seise
species-characteristic in  the g i
Pacctophyllini and Calyptophyllini. TR e -

The present, more sweeping L sonsoUULDAE 8 .
study suggests that at most moderate PAERSUSPODIDAE B .
intraspecific variability is in fact the S R = +
rule, and that penis characters e i
therefore may be of taxonomic- o = :
phylogenetic value in the Julidae. e
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THE PENIS IN EACH JULID TRIBE

The tribes recognized by READ ( 1990) have been used as the taxonomic framework of this
study, with a few modifications. The differences from READ ( 1990) are:

- Pteridoiulini are treated separately

- Catamicrophyllini and Symphyotulini are included in Pacctophyllin

- Calyptophyllini are considered

- Typhloiulini and Lepioiulini are included in Julini.

MNeither this arrangement, nor the sequence of the tribes in the treatment reflects any

definitive ideas about julid interrelationships. See, however, the section “Phylogenetic
interpretation”.

Pachyiulini

According to VERHOEFF (1926-32), the penis of Pachyinlus differs from that of the other
julids in having the apical, separate lobes relatively much longer and lying parallel to each other
(see Fig. 2). In the other julids, the separate apical lobes were much shorter and directed
obliquely lateral.

Whereas the penis structure of “other julids” is much more diverse than envisaged by
VERHOEFF, there is a remarkable constancy within the tribe Pachyiulini. ENGHOFF (1992 found
that the penis in Dolichoiulus spp. is similar to that of Pachyiwlus, and subsequent studies have
shown this to be true of numerous genera of the tribe. All F"an:hyiuilini have a hyaline penis.
without any visible cuticular reinforcements. The two “hemipenes™ are fused basally as in all
julids, and the apical lobes are long and are lying parallel to each other (Figs 2, 6, 7). Only in
Mesoiulus ciliciensis do the apical lobes diverge (STRASSER, 1975, confirmed by present
study). There are no differentiated membranous tubes at the onfices, and there 15 no median
lobe,
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Fiss 2-5. — Scanning clectron micrographs of pems in situ of 20 Packyudus flavipes. posterior view, 3. Cylindrofulus
crerglencingeing, poOsEror view, 4 Opdivindng pilosus, posierior view, 50 Oyphyeelies pricses, closg-up of Op,
antero-disial view, Par of the second coxae 15 also shown in 3-4. - Scales: 001 mm 24, Q.01 mmm (55
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Preridoinlini

In Preridoiulus aspidiorum (Fig. 8), the only species of this tribe, the body of the penis is
somewhat less hyaline than in the pachyiulines. The apical lobes are short and each ends in a

hyaline “membranous tube”. The sclerotization of the penis is most evident in the narrow sinus
between the apical lobes. There is no median lobe,

FiGs 6-8. — Penis of Pachyiulini
i6, 7 and Prendoiulin (%)
fic Dhalichoiulus vosselers.,

T Amblyiialus barroisi, 8
Preridoinlies aspidiorum, - \ |"l II|
Scales: 0.1 mm. II' |I |
| L H
|.I I|
4 i
Brachvinlini

In the genus Brachyiwlis and in the genus Megaphyllim, the penis is very shont and stout.

—

FiGs 913 — Feniz of Brachyiulinmi. 9: Jllfr','ﬂplll_i'ﬂrll'l'z hercules, 100 M. adgnerse. 11: Hrr].:.l'|_l.'rr||'||l:| n;.l__l"hlf.lrr_'i.r_ 1%
Amminlecian] s r'JI-:-I-:'qu:rfln-. - Seales: 01 o 09, 120, 0.05 mm 00, 100,
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It is moderately sclerotized, and the lateral margins of the basal part only occasionally have a
constriction (M. hercules, Fig. 9). The apical lobes are parallel and short (relatively long in
M. adanense, Fig. 10); they lie close to ¢ach other in Megaphyllum (Figs 9 & 10) but are
separated in Brachyiulus apfelbecki (Fig. 11). The membranous tubes are broad and £ parallel-
sided. There is no median lobe. In M. adanense (Fig. 10), M. geniculatum, and M. brachyurum
the membranous tubes do not arise apically but subapically on the caudal surface of the apical
tubes - perhaps a synapomorphy for part of the large, catch-all genus Megaphvilim?

A deviating and characteristic penis type is found in the genus Anarelaciulus. Here the basal
part of the well-sclerotized penis 15 slenderer and has concave lateral margins; the apical lobes are
divergent and are drawn out into long, finger-shaped projections, giving a donkey-headlike
outline to the penis (Fig. 12). KORSGS (1996, this volume) found this penis type in numerous
species of Ananlacinlus and suggested it 1o be an antapomorphy for the genus.

Leuncogeorgiing

This small tribe shows great variability in penis structure. Archilencogeorgia (Fig. 13) and
Heteroiulus (Fig. 14) have poorly sclerotized penes approaching the type found in Pachyiulini,
although the apical lobes are shorter. Chromaroiulus (Fig.13) looks quite like the brachyiuline
Anaulaciulus, although the long apical lobes are parallel rather than diverging. Nepalmatoiulius
(Fig. 16) is well-sclerotized like Chromatoinlus but instead of being drawn-out the short apical
lobes have long, slender well-differentiated membranous tubes. Neither genus has a median
lobe.

3 14~ 15 1 16
e ."L_ J\ﬁ !'_f. _ iy \
( 'a | 4 §|
l‘n j | \
|" l \
b ol ( o

Fis 13-16. — Penis of Lescogeorgiini. 13; Archilencogeorgia sp., 14 Heteroiulus intermeding, 15: Chramatodli
podabrus, 16: Nepalmaroinfus birmantews (with sperm ducts and spermatozoa shown). - Scales: 0.1 mm (13, 13,
e, (005 mmm o 14)

Chrrcoid i

The penis of the only studied species, Unciger foetidus (Figs 17-21) looks quite like the
penis found in most Cylindroiulini (see below): well-selerotized, slender, with concave lateral
margins, very short diverging apical lobes and well-differentiated membranous tubes. The
species is notable for intraspecific variability, especially as regards the presencefabsence and
shape of a median lobe (VERHOEFF, 1913).
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Figs 17-21. — Penis of Unciger foetidus (Oncoiulini). 17: specimen from ltaly, 18-21 (from VERHOEFF, 1913);
gpecimens (rom Austrna (18,190, Tatra Mis. (20). and Romania (21). - Seale (175 0.1 mm.

Paectophyllini and Calypiophyilini
_ These two tribes, which are probably sister-groups (ENGHOFF, 1995) share a distinctive

penis type characterized by relatively extreme sclerotization. The basal part may be either

parallel-sided (Figs 25, 27), or with diverging (Fig. 24) or concave (Figs 22 - 23, 26) margins.

22 23 24 25 | R

- T = - T::‘-:."'h--__,- -_--"J-"-:? 'I
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Nt N \ /
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Figs 21-25. — Penis of Pagctophyllini {22, 23) and Calyptophyllini (24, 25). 22; Macheiroiwles likicus, 23;
Catamicrophyllum mesorieatale, 24: Calypiophyllivm irapezolepis, 25: C. digirarua. Sperm ducts shown in 22

23, and 25, - Scales: 0.1 mm.
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The apical lobes are extremely short to apparently absent, with small membranous tubes. The
apical margin may be straight (Fig. 27), emarginate (Figs 24-26, the emargimation interpretable
as representing the sinus between the apical lobes, or as represenling a bipartite median lobe) or
convex (Fig. 23, interpretable as representing an undivided median lobe). The detailed pems
shape seems to be species-characteristic in several cases, although there is some individual
variability. For instance, the penis of Catamicrophyllum caifanum may be parallel-sided as
<hown in Figure 27, or the lateral margins may diverge slightly; the apical margin may be simple
as in Figure 27, or slightly concave. In Macheiroinlus libicus, the penis may have regularly
converging lateral margins, or may be parallel except basally: the apical margin may be entire, or
shallowly trilobate as in Figure 22.

Figs 2627 Scanming electron micrographs of penis in situ of Paccrophylling, posterior view. Part of the second
coxae is also shown. 26; Parctophyilum excherichii, 27; Catamicrophyllum caifoaum. - Scales: U.1 mm

Metailing

Meraiulus pratensis (Fig. 28), the only species of this tribe, has a penis which resembles
that found in Paectophyllini and Calyptophyllini in being strongly sclerotized. Its shape also
resembles that found in cenain paectophyllines: in particular, the regularly convex apical margin,
without any indication of a separation of two apical lobes, is a trait which is otherwise seen only
in some Catamicrophyllum species (ef. Fig. 23).
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Fiis 28-31. — Pems of Metaling (28) and Juling (29-31). 28 Metaiules prafensis, 29; Ophyialins mafor, 35 Lepionias
digparats, 31: Al sopndinaving, - Scobes; L1 mm

Jradirer

In the Julini the penis has well-differentiated apical lobes and membranous tubes. The
apical lobes are usually very short (as in Fig. 4% those of Ophyiulus major (Fig. 29), are quite
unusual for the tribe. In most species the penis
15 slender, although in a few, e.g., Leproiulus
disparatus (Fig. 30), it is stout. The lateral
margins are often straight and parallel but may o ¥ S
also be converging or concave. STRASSER [ ]
(1962) studied the penis in several species of
Typhlowlint (part of Julimi in the present
sense) and found that the penis shape was
often characteristic of genera/subgenera in this ]
group (see Fig. 32). il Bl ol

The genus fulus  nsell secems o be ' -
characterized by a very constant penis shape b /
(Fig. 31). The lateral margins of the slender I Lok 0
penis are straight and converging, and the [/ | ¥ L O 3 %]
short apical lobes and membranous tubes are ; |
closely applied to each other, so that the apical M
outline of the penis is distinctively angled. i N i '
This shape was seen in all Julus species i ™ il
examined by me and was also recorded in R B TS Y
Juelus rerresiris L., 1758, and Julus scanicus L et
Lohmander, 1925 by LOHMANDER (1925). Of
the other genera referred to Julini 5.5. bY g 32 — Penis of various “ivphloialines” (Julini]
HOFFMAN (1980) | have examined (from STRASSER, 1962). 2 Buchnerin siculo
Haplopodoifus where the pems 15, however. Stragser, 1359, b F. cormulz Vernoell, 1M1, c:
similar to that found in Ophvindis ete. On the Troglattdity esirus Manteedi, 1301, W 1. Do

i | ri i Manfredi, 1940, ¢ Typhlodalus serbon (Ceucn,
ﬂﬂ"ll!]" hﬂ“d, the l}"l:'!hmmh!'l["'u SI'JJJ'UI‘H.IIH.'! 19561, = T. robigs Berlese. 186, 2 T micaxirens

(-] &,

{ucifugus and Tvphloiwlus lobifer appear 1o (Verhoell. 1929}, h: T. anzngi Manfredi, 1953, i:
have penes like those in Julus [_Flg_ 32,0, p}. T. illyricps Verhoell, 1929, i T. momiellensis
Verboell, 1930, k: T albaricus Albems, 1929 1
Y TR e 7. bureschi Yechoeff, 126, m: T. psilonatis
Elm'{i.ru.fmmh.ur i | § A ) iLatzel, 1884). a: T. sirfcius (Latzel, 1882). o
Most Cyvlindroaaling have a slender penis Terbofwlins  Incifeens  Sirasser. 1962, p
¥ 2 P

with very short apical lobes and well- Typhloiulns lobifer Attems, 1951,
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differentiated membranous tubes. The main difference from the Julini lies in the fact that the
openings are separated by a distinet apical margin which is usually emarginate (Figs 3, 33, 34).
Cylindroiulus ruber (Fig. 35) is somewhat deviating in being stouter. However, the penis of the
closely related C. bicolor (cf. READ, 1992) looks like that found in most other eylindroiulines.
Styriciulus pelidnus (Fig. 36) deviates in having the lateral margins converging and the
membranous tubes parallel close to each other.

v . B4 N A 36/
(A e

/ \ = J n"ﬁ, ."I l"n

Fics 33-36. — Penis of Cylindrotulini. 33: Cylindroinins brotf, 34: C. lawrisilvae. 35: C. ruber, 36: Styrioiulus
peltdaus, - Scales: 0.1 mm

Schizophylling

Whereas the penis of Tachypodoinlus looks quite like that found in most Cylindrouling,
the examined species of Ommaroiulus differ in having a poorly sclerotized penis with a well-
developed, undivided median lobe. In O. rutilans (Fig. 37) and 0. moreleri the median lobe is
remarkably well-developed: almost the same size as each of the well-differentiated apical lobes,
In other species (Figs 38, 39) the median lobe is more modest. The apical lobes may be large
and well-differentiated (Figs 37, 39) or virtually undifferentiated (Fig. 33).

38

———

Fios 37-3%. — Penis of Schizophyllini, 37; Ommafoinlus rudilaas, 38: Q. kessleri, % €. navasi, - Scales: 0.1 mm.
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PHYLOGENETIC INTERPRETATION

In the light of the considerable variation in penis structure found both within the Julidae,
and among julidan families, it appears worthwhile to examine whether penial characters may be
useful for elucidating phylogenetic relationships. For the sake of clearness, the analysis is
arranged in three hierarchical levels: family, tribe, and genus.

Family-level considerations

According to ENGHOFF (1981, 1991) the Julidae occupy a very subordinate phylogenetic
position in the order Julida, The closest relatives of the family are, in descending order, three
small families: Trichoblaniulidae, Rhopaloiulidae, and Trichonemasomatidae. Together with the
Julidae, these families constitute the superfamily Juloidea, one of five superfamilies in the order,

The penis types found in the Julida can roughly be divided into four categories according
to whether they are double (with separate gonopores) or single, and to whether they have setae
or not (Fig 1). Using the Spirostreptida as an outgroup (the penis in the third juliformian order,
Spirobolida, is highly deviant and hardly comparable), one may conclude that a double, setose
penis is primitive within the Julida. All examined Spirostreptida have double penes, and
although both setose and naked penes occur in this order, it is regarded more likely that the
penial setae have been lost several times independently than that they have arisen several times
independently. (Furthermore. the preliminary observations on Spirostreptida suggest that there
may have been only one loss of penial setae).
Im the Julida at least four losses appear to have
occurred (Fig. 1).

As shown in Figure | the Julidae agree
with other Juloidea in lacking penial setae, and
they agree with Trichoblaniulidae and
Rhopaloiulidae in having a double penis. Lack
of penial setae can be considered apomorphic
for Juloidea but is a weak character since
several non-Juloidea share the character. The
double nature of the julid penis 1s obviously
plesiomorphic.

The two closest relatives of Julidae,
Trichoblaniulidae and Rhopaloiulidae agree in
having the penis extremely short and without
differentiation into membranous wbe and basal
part (Fig. 40). The longer penis of Julidae
could therefore be interpreted as an
autapomorphy of the family, but this
interpretation is counterindicated by the
%&nﬁrally longer penes found in

ric ﬂ-l'ﬁE['l'lﬂSﬂ?MlidﬂE- and “n“-'iUtﬂid ,TLI_l:idil_ FFig. &0, = Penas in situ of Trchobimninlfuas hirsutas (from

The S {hcmr"?m_ docs “U_l medﬂ A BrOLEMANN, 1923). The basal parts of the second
VETY useful Ph:!l'mg'ﬂ“ﬂ“': mfnn'rmtmn at rﬁm“}" legs are also shown, as are their tracheal
level, apodemes

Tribe-level considerations

In his classification of Diplopoda, HOFFMAN (1980) recognized three subfamilies of
Julidae but admitted that “this family may merit the distinction of being the most difficult family
of all diplopod groups to resolve™. At the present state of knowledge of julid intra-family
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phylogeny it therefore appears advisable to follow READ (1990} in only operating with one
suprageneric categorial level: the tnbe. .

In the preliminary cladogram of julid tribes given by READ (1990) there is a basal
trichotomy between Brachyiulini, Pachyiulini (incl. Pteridoiulini) and other julids. The “other
julids™ have a strong potential synapomorphy in the pro-mesomerital forceps of the gonopods,
whereas neither of the two basal subfamilies have any convincing apomorphics.

The present study has confirmed the idea of VERHOEFF (1926-32): that the penis of
Pachyiulini differs from that of other julids. Although the contrast 15 less striking than it
appeared to VERHOEFF, the Pachyiulini are still distinguished by having a hyaline penis with
relatively long, parallel apical lobes and no differentiated membranous ubes. Most other julids
have the penis more or less sclerotized, the apical lobes are mostly shorter and are mostly
directed obliguely lateral, and there are well-differentiated membranous tubes. Those non-
pachyiulines which resemble the Pachyiulini in one or more penis characters are comfortably
nested within groups with typical non-pachyiuline penis types. For instance, species of the
genus Cmmaroinlus have hyaline penes, and some species even have very long apical lobes.
However, Ommatoinlus has convineing synapomorphies with Tachypodoiulus, the latter genus
having a typical non-pachyiuline penis. Ommatoinlus + Tachypodeiulus (= Schizophyllini) in
turn have synapomorphies with other non-pachyiulines (See READ, 1990: Fig. 16). E

On the whole, the pachyiuline penis type more resembles that found in other julidan
families, although the long apical lobes in Pachyiulini do not at all resemble the very short ones
in Trichoblaniulidae and Rhopaloiulidae. In particular, the lack of differentiated membranous
tubes is a trait shared with the non-julids.

The Pachyiulini might therefore tentatively be placed as sister-group to all other julids,
which are wunited by the potential
synapomorphy: “non-pachyiuline” penis, with
differentiated membranous tubes. Pteridoiulini

Pachyiulinl  ;id have to be included with the latter

group, the penis of Prerideiulus being
i Pteridoiulini obvicusly non-pachyiuline (see Fig. 41).
—1) Brachyiulini A second tribe-level relationship

supported by penial characters is the sister-
(2) other julids  2roUp relationship between Paectophyllini (=
Catamicrophyllini + Paectophyllini +
; Symphyoiulini in HOFFMAN, 1980 and READ,
FiG. 41 _h 1'-:qunw basal julid phylogeny. The r‘u:-n-l 1990) and Calyptophyllini. {ENGHOFF, 1995).
achyuling pemis  Iype 15 a alenlia : B - g it
E'_-'n:lr-mrnn:l.'ph!. Ifu-r nl:-n?[!.:u;ll.:.iul:lm.' jli:hlh {1 Whﬂ]wr |i|'l:'|: I'I.TM:TI'Ii'.I.lﬂI'II'.-L bL_twL¢“ ':.]l"'. Et"m!.'
The gonopodal pro-mesomerital forceps is a LVPE found in “":r'!:“? ""h":" and in ME[ﬂEu]lnl his
potential synopomorphy for the “odher joluds™ damny Ph:r']ﬂgﬂﬂl:tiﬂ :-::lgmﬁ{:um;t:. remains o be

(2). shown,

Grenis-level comsiderations

Several julid genera have a consistent penis shape which in some cases may be regarded as
a generic autapomorphy. This is probably true of

-Anaulacinlus, in which the apical lobes are diverging and are drawn out into long, finger-
shaped projections (Fig. 12, see also KORSOS. this volume).

~Julus, in which the lateral margins of the slender penis are straight and converging, and
the short apical lobes and membranous tubes are closely applied to each other, so that the apical
outline of the penis is distinctively angled (Fig. 31).

- perhaps some “Typhloiulin™ (STRASSER. 1962).
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-Ommatoiulus, in which the penis is poorly sclerotized and has a well-developed,
undivided median lobe (Figs 37-39),

In some other cases, the potential significance of the penis lies at the subgeneric-specics
group level, as in some Typhloiulini (STRASSER, 1962) and in Megaphyilum (see above).

The penial similarity between Tachypodoiulus and Cvlindroinlus deserves special mention,
because this similarity would seem 1o support HOFFMAN's (1980) reallocation of
Tachypodoiulus in the Cylindroiulini. It is, however. not clear whether the similarity is due 1o
synapomorphy, symplesiomorphy or convergence, so the penial similarity cannot be regarded as
a serious challenge to the similarities (in part clear synapomorphies) between Tachvpedoinlus
and Crmatoinlus mentioned by READ (1990),

CONCLUDING EEMARKS

Although the phylogenetic conclusions of the present study may seem to be of modest
extent, It is nonetheless obvious that future students of Julidae (and Juliformia in general) should
pay more attention to penial characters than has been commonplace so far. A betier
understanding of the relationships between the numerous species of Julidae, many of which
abound i a wide range of habitats in Europe, temperate Asia and (introduced) other temperate
parts of the World, can only be achieved through consideration of all kinds of characters.
Gonopods are good, but they are not everything.
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APPENDIX: EXAMINED SPECIES

With the exception of Riopaloiwins cameratanus, all examined material belongs 10 the Zoological Museum,
University of Copenliagen.

NB : The Paeromopodidae sensu ENGHOFF (1981, 1991) have recently been divided into
two families: Pacromopodidae and the monospecific Aprosphylosomatidae (SHELLEY, 1994)
which together constitute the superfamily Paeromopodoidea. The penis of Aprosphylosoma
darceneae Hoffman, 1961, is double and setose (HOFFMAN, 1961: Fig. 5), like that found in
Paeromopodidae sensu siricto.
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