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Summary. In recently collected specimens of Acanthob- 
della peledina the nervous system, the genital organs and 
the coelomic organisation were reinvestigated after com- 
plete serial sections. These anatomical results are sche- 
matically represented. In addition, the integument, the 
chaetae and the peripheral muscle layer were investigat- 
ed by electron microscopy. In general, the results con- 
firm Livanow's classic monograph (1906), with the ex- 
ception of a few details. The body apparently possesses 
neither a prostomium nor an achaetous buccal region 
(peristomium). The number of 29 true segments is con- 
cluded from the number of segmental ganglia. The five 
anteriormost segments, each with four pairs of hook- 
shaped chaetae arranged around the mouth opening, are 
considered to be functionally equivalent to an anterior 
sucker. The ultrastructure of the integument and the 
chaetae generally conforms to the typical annelidan pat- 
tern. The muscle cells are of the typical hirudinean type. 
The outer male genital pore is positioned in segment 
10; the female organs open in segment 11 directly behind 
the septum between segments 10 and 11. The main em- 
phasis is laid on the evaluation of the position of the 
taxon within the Clitellata, including a discussion of the 
Branchiobdellida, and the cladograms presented show 
the Acanthobdellida to be the sister group of the Euhiru- 
dinea. Characters shared by the Branchiobdellida and 
Hirudinea (including A. peledina) are considered to be 
convergently evolved. 

A. Introduction 

The continuous phylogenetic interest in the monotypic 
annelid taxon Acanthobdellida is due to its mosaic of 
"oligochaetous" and hirudinean characters, giving the 
appearance of a transition stage between extremely de- 
rived ~ Oligochaeta" and very primitive " t rue"  leeches. 

Correspondence to .' W. Westheide 

Our basic knowledge of Acanthobdella peledina Grube, 
1851, almost exclusively goes back to Livanow's compre- 
hensive and most detailed monograph of 1906. Addi- 
tional information has been scarce and mostly refers 
to faunistic or biological details (Andersson 1965, 1988). 
The anatomy of this rare ectoparasite on salmonid fish 
has not been confirmed by recent morphological studies, 
except for an ultrastructural investigation of spermato- 
zoa by Franz6n (1991). 

Livanow (1906, 1931) initially described A. peledina 
as an ancient but typical hirudinean. The phylogenetic 
discussion became controversial when Michaelsen (1919) 
classified the species within the "Oligochaeta" because 
of its apparent oligochaete-like male reproductive system 
and the possession of chaetae. He regarded the hirudin- 
ean-like characters (e.g. posterior sucker, annulated 
body surface and possession of an oblique muscle layer) 
as functional adaptations to an ectoparasitic life, conver- 
gently evolved in Acanthobdella and Hirudinea. The ma- 
jority of systematists never followed him (for references 
see Scriban and Autrum 1928-34; Sawyer 1986a, b, c) 
so the textbook position of Acanthobdella peledina has 
remained within the Hirudinea. In the course of time, 
however, some of Livanow's (1906) observations have 
been questioned or differently interpreted, e.g. the 
number of segments and position of the genital openings 
(Livanow 1931; Brinkhurst and Gelder 1989), making 
a reinvestigation of Acanthobdella highly desirable. The 
availability of living specimens has permitted us to make 
detailed histological and ultrastructural studies, verify- 
ing most of Livanow's (1906) excellent descriptions. The 
musculature, the parenchyme, the coelom, the central 
nervous system and the genital organs were investigated 
by light microscopy; in addition, electron microscopic 
observations were made on the chaetae, epidermis and 
muscle cells. Only those structures are described which 
are especially important for phylogenetic considerations, 
which are different from Livanow's (1906) observations 
or which were not definitely recognized by him. The 
intention of the present contribution is to document 
some morphological details, to illustrate the general 
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anatomy and to clarify the taxonomic position of the 
taxon within the Clitellata. 

This problem, however, is inevitably connected with 
the taxonomic position of another  ectosymbiont  clitel- 
late taxon, the Branchiobdellida. First considered to be- 
long to the Hirudinea because of  their constant number  
of  segments (although only 15), absence of  chaetae and 
the occurrence of  a posterior sucker-like disc and of  a 
dorsal and a ventral jaw (Odier 1823), they were later 
classified as "Ol igochae ta"  adapted to an ectocommen- 
sal life-style (Vejdowsky 1884; Michaelsen 1919). Holt  
(1953, 1965, 1989) considered the Branchiobdellida to 
be a taxon equivalent to the "Ol igochae ta"  and Hiru- 
dinea. Observations on spermatozoal  ultrastructure sup- 
port  the hypothesis of  a separate taxon Branchiobdellida 
besides "Ol igochae ta"  and Hirudinea (Ferraguti and 
Gelder 1991). Brinkhurst and Gelder (1989) retained this 
terminology pending a resolution of  the relationships 
among the Clitellata, whereas Sawyer (1986a) classified 
them as a subclass of  the Hirudinea. 

B. Materials and methods 

Several mature, living individuals of Acanthobdella peledina Grube, 
1851, and a number of injured ones, which had been used in physio- 
logical experiments immediately prior to fixation, were kindly for- 
warded to the Osnabrfick laboratory by Professor Dr. Irene Zerbst- 
Boroffka, Berlin. The animals were collected in the Pajeb Maske- 
jaure Lake in Northern Sweden. 

For light microscopical histology, individuals were narcotized 
with mineral water (CO2), stretched to normal body length, pinned 
with small insect needles on the bottom of a petri dish and fixed 
with Bouin's fluid (see Westheide and Purschke 1988). After dehy- 
dration in ethanol and transfer into intermedia (methylbenzoate, 
butanol), specimens were embedded in Paraplast. Complete series 
of one cross-sectioned and one sagittally sectioned specimen were 
made with a Reichert-Jung Autocut rotary microtome (5 gm) and 
stained with Heidenhain's stain (=Azan, see Westheide and 
Purschke 1988). Three-dimensional reconstructions were done di- 
rectly from the section series with a computer-aided programme 
(set up by Dr. Reinhard Windoffer, Osnabriick) : contours of struc- 
ture outlines under consideration were traced on a digitizer tablet 
via a camera lucida. 

For electron microscopy, specimens were also narcotized and 
after initial fixation were dissected into smaller pieces. Specimens 
were fixed in a buffered (0.05 M sodium cacodylate) solution of 
2.5% glutaraldehyde for 2 h at 21 ~ C. After rinsing in buffer (7 
changes, 1.5 h), specimens were incubated in 0.8% potassium ferri- 
cyanide in buffer for 0.5 h at room temperature and then postfixed 
in 0.5% OsO4 ptus 0.8% K3[Fe(CN)6] in cacodylate buffer at 4 ~ C 
(modified from McDonald (1984)). After rinsing in buffer speci- 
mens were dehydrated in a graded ethanol series. For scanning 
electron microscopy, they were then critical-point dried, mounted, 
and sputter-coated with gold. Examination took place in a Cam- 
bridge Stereoscan 250S. For transmission electron microscopy, tis- 
sue blocks were embedded in an Epon-Araldite mixture. Ultrathin 
sections were cut with a diamond knife (Reichert Ultracut E micro- 
tome), stained with aqueous solutions of uranyl acetate and lead 
citrate (LKB Ultrostainer) and examined in a Zeiss EM 109 elec- 
tron microscope. 

C. Results 

Specimens of  Acanthobdella peledina were 30~40 m m  
long and 2-3.5 m m  wide. The cylindrical body is exter- 

na!ly subdivided into annuli which do not correspond 
to the internal segmentation. In the mid-body each seg- 
ment  comprises four annuli. 

L Chaetae 

The anterior end is ventrally flattened and bears five 
transverse rows of chaetae indicating the five anterior- 
most  segments. Each row consists of  four pairs of  simple 
hook-shaped chaetae (Fig. 1 A). The first row is situated 
on the first visible annulus and there exists no achaetous 
annulus anterior to it. The chaetae of  the first segment 
are arranged around the mouth  opening and are about  
250 gm long. In the following segments they measure 
400 gm on average. At their base their diameter is 20-  
25 gin. The chaetae are anchored in deep follicles which 
cover about  three-quarters of  their length. Approximate-  
ly in the middle of  each chaeta there is a nodule-like 
thickening. Strong muscles at tach to the chaetal root  
and near the nodule-like region. The chaetae consist of  
a bundle of  long tubes which have the same diameter 
from the centre to the periphery (0.45 gin, 4-5 tubes 
per ~tm 2 ; Fig. 1 B, C). The tubes merge and form a more 
or less uniform inner structure without distinguishable 
cortical and medullar regions. The chaetae are sur- 
rounded by a thin, electron-dense coat. The individual 
tubes have a hexagonal outline and their narrow lumina 
( =  chaetal channels; 75 nm in diameter) are completely 
filled with electron-dense material. The chaetal follicle 
is formed by a few lateral epidermal cells including the 
basal chaetoblast. 

tt. Epidermis 

The epidermis is a monolayered epithelium, 15-20 gm 
thick, composed of  supporting cells, sensory cells and 
gland cells, some of which are deeply sunken into the 
underlying tissues. There is a typical annelid-like cuticle 
consisting of a basal cuticle made up of a fine fibrillar 
matrix and 6-8 layers of  non-striated collagen fibres 
(150 nm in diameter) and a 99-nm-thick epicuticle. It 
is traversed by microvilli and covered by a regular layer 
of  membrane-bound  epicuticular projections which form 
a dense border  of  elongated 0.5-gm-long rods. 

III. Musculature 

The musculature of  the body wall consists of  a single 
layer of  circular muscle fibres, two layers of  diagonal 
fibres arranged nearly orthogonally and a varying 
number  of  longitudinal fibres. The muscle fibres are em- 
bedded in the extracellular matrix which is continuous 
with the parenchymal connective tissue. The fibres are 
clearly obliquely striated, between 1.5 and 2 m m  long 
and of  various diameters (10-200 gm) depending on the 
type of  cell. In cross-sections most  muscle fibres have 
an irregular outline (Fig. 2). They are circomyarian (see 
Lanzavecchia et al. 1988), consisting of a cortex contain- 
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Fig. 1A-C. Chaetation. A SEM micrograph of the head region, ventral side. B TEM micrograph of cross-section near opening of 
follicle. C Higher magnification to show tubes typical of annelid chaetae 

ing the contractile filaments and a sarcoplasmic core. 
Generally, the cortex is 2-3 gm thick. In the cortex thick 
(50 nm diameter) and thin (5-7 nm diameter) myofila- 
ments, sarcoplasmic reticulum and Z-rods are arranged 
as is typical for obliquely striated muscles and a T-sys- 
tem is lacking. Each fibre possesses one fairly large nu- 
cleus which measures up to 15 x 20 x 80 gm. Normally 
it is situated within the sarcoplasmic core in the middle 
of the fibres. However, in the circular muscle cells and 
very few longitudinal fibres the nucleus lies in an expan- 
sion of  the sarcoplasmic core and, as a result, the con- 
tractile cortex is partly open describing a U-shaped arc 
in cross-sections through this part of  the cell. In the 
oblique muscle cells, the perikarya are situated in a cyto- 
plasmic protrusion outside the contractile cortex. In sev- 
eral longitudinal muscle cells, the cylinder of  contractile 
material may be open at various sites where small pe- 
ripheral sarcoplasmic zones devoid of myofilaments oc- 
cur (Fig. 2). 

IV. Coelom 

The coelom of  A. peledina is well developed and consists 
of segmentally arranged coelomic cavities lined by a peri- 
toneum (Fig. 3A, B). The volume of the coelomic cavi- 

ties is comparatively small because of  the voluminous 
musculature, the connective tissue and the large gland 
cells. The coelomic cavities form neither channels nor  
branches. In the head region (the five anteriormost seg- 
ments) there is a single confluent cavity around the phar- 
ynx with lateral septal vestiges only. In the following 
segments, the septa reach the digestive tract but are in- 
complete dorsally and ventrally to the intestine. Here 
apertures allow the coelothel-bound blood vessels and 
the nerve cord to pass into the following segment 
(Fig. 3 B). Mesenteries are more or less reduced and ves- 
tigial; they have only been observed between the dorsal 
blood vessel and the gut. In the clitellar region (segments 
9-11) each cavity is subdivided into a dorsal and a ven- 
tral part below the gut. In the segments of the posterior 
sucker, coelomic cavities are lacking. 

V. Nervous system 

The central nervous system of  A. peledina has been re- 
constructed primarily in order to evaluate the number 
of ganglia and, thus, to determine the exact number of 
segments; as a result of which it was found that our 
observations generally confirm Livanow's (1906) results. 
The central nervous system consists of the brain ( =  su- 
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Fig. 2. Cross-section of longitudinal muscle cell embedded in extracellular matrix (rna). Contractile cortex and sarcoplasmic core with 
large nucleus (n), mitochondria (m) and numerous glycogen granules. In some fibres the mantle of contractile material shows a small 
area without myofilaments (arrow) 

praoesophageal ganglionic mass), the suboesophageal 
ganglionic mass, the chain of  free ganglia and the gangli- 
onic mass of the posterior sucker (anal ganglionic mass) 
(Fig. 4A-C).  The ventral chain comprises 21 free gan- 
glia, the anteriormost of  which lies in the posterior chae- 
tae-bearing segment. As is typical o f "  t rue"  leeches, each 
ganglion is made up of six discrete packets of neurons : 
unpaired anterior- and posterior-medioventral packets 
and paired anterolateral and posterolateral packets. 
Each ganglion is connected to the periphery by means 
of three pairs of  lateral nerve roots. The anterior one 
innervates the first annulus, the median the second annu- 
lus and the third root  divides and innervates the third 
and fourth annulus of a given segment. The presence 
of discrete packets of  neurons and their constant number 
make it possible to estimate the number of  segments 
constituting the coalesced ganglia of the anterior and 
posterior end. The suboesophageal ganglionic mass con- 
sists of 24 packets corresponding to four coalesced gan- 
glia. Its posterior ganglion has two pairs of lateral 
nerves, the others have only one pair each. The anterior 

ganglion of  this mass clearly innervates the first visible 
annulus with the first row of  chaetae. The following 
three ganglia innervate the next three segments, each 
of which possesses a chaetae-bearing anterior annulus. 
The supraoesophageal ganglionic mass consists of  12 
packets and hence represents the two anteriormost gan- 
glia. Only two pairs of nerve roots emanate from this 
part  of  the central nervous system and they innervate 
the pharynx and the eyes in the third annulus, that is, 
there are no segmental regions innervated by these two 
anteriormost coalesced ganglia. 

The posterior ganglionic mass lies anterior to the 
sucker and consists of four fused ganglia and segments. 
Apart  from its posteriormost ganglion, which contains 
only four ganglionic packets, each of  these ganglia is 
made up of  six packets. Short connectives are still pres- 
ent, distinctly separating the ganglia. Each ganglion 
sends one pair of  lateral nerves into the posterior sucker. 
In conclusion, the body of A. peledina consists of 29 
segments but contains 31 pairs of  ganglia. 



20 

95 

B 6 1 7  

Fig. 3A, B. Coelomic organization. A Coelomic cavities as seen 
in an exact transverse section of the entire animal. B One body 
half of approximately one segment in the preclitellar region, an 
anus; ce coelomic cavity; dbv, vbv dorsal and ventral blood vessels; 
da, va dorsal and ventral aperture; ep epidermis; ga ganglion; gu 
gut; mu musculature; nc nerve cord; ps posterior sucker; numerals 
refer to number of segments actually present; s septum. Coelomic 
situation more complicated in the segments containing the genital 
organs 
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Fig. 4. A Nervous system and position of functioning nephridia (ne). B Supra- and suboesophageal ganglionic mass, each of the coalesced 
ganglia is made up of six packets; ventral view. C Posterior ganglionic mass, ventral view. gc ganglia connected with circumoesophageal 
connectives; sg four ganglia constituting the suboesophageal ganglionic mass; pg ganglionic mass (ganglia of segments 26-29) of posterior 
sucker, arabic numerals denote the segments actually present, roman numerals follow Sawyer's (1986a) nomenclature, hatched lines refer 
to dorsal ganglionic packets. Same scale in B and C 
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Fig. 5A-C. Genital organization. A Position of male and female organs and genital openings. View from dorsal side. Roman numbering 
considers prostomium and peristomium to be reduced; arabic numerals denote the segments actually present. B Position of genital 
organs in segments 8-12; lateral view. C Dorsal view. ae area copulatrix; an anus; at atrium; co connection between sperm sac and 
coelom; fp  female pore; gu gut; mp male pore; od oviduct; os ovisac; ph pharynx; re receptacular cavity; s f  seminal funnel; ss sperm 
sac; sv seminal vesicle; va vagina; vd vas deferens 

VI.  Gen i ta l  o rg a n s  

The genital organs lie in the parenchymal connective 
tissue or in the coelom. The male organs consist of  
paired sperm sacs and vasa deferentia which open into 
the unpaired atr ium (Figs. 5 A-C,  6). The male opening 
is situated ventrally on the first annulus of  segment 10, 
behind the septum between segments 9 and 10. The 
sperm sacs are elongated and extend f rom segments 8 
to 18. They are filled with spermatozoa and morulae 
of  spermatocytes as well as spermatids at various stages 

of  development. In the fully mature  specimens investi- 
gated, a clearly demarcated testis was not detectable. 
In a small area of  segment 8 epithelia of  sperm sacs 
and coelomic cavities come close together but an open 
connection between them could not be observed. Dis- 
tinctly ciliated sperm funnels project into the sperm sacs 
in the posterior part  of  segment 9. From here the efferent 
ducts meander  posteriorly into the following segment, 
where each forms a seminal vesicle filled with masses 
of  spermatozoa.  The seminal vesicles lead via a sphincter 
into the male atrium. Its epithelium consists of  support-  
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Fig. 6. Male genital organs. Three-dimensional reconstruction within segments 9 to 10. al posterior atrial lobes; at atrium; c connection 
between sv and al; mp male pore; sf sperm funnels; ss sperm sac; sv seminal vesicle; vd as deferens 

Io  

L 0 . 5 m m  

Fig. 7. Female genital organs. Three-dimensional reconstruction within segment 11. Left oviduct transparent to demonstrate that prior 
to the fusion of the two oviducts (od) they each possess a ventral opening (vo) which leads into a large common chamber, ac area 
copulatrix; f p  female pore; fpr  finger-like projections; lo lobules of receptacular cavity; rc probable receptacular cavity 

ing cells and two types of  gland cells. It is surrounded 
by a thin layer of  circular muscle cells. An ejaculatory 
part  is not distinguishable within the male duct. 

The female organs are made up of paired ovisacs, 
paired oviducts and an unpaired vagina (Figs. 5A-C,  
7). A so-called receptacular cavity situated in segment 
11 is closely associated with the genital organs proper.  

The female opening lies in the first annulus of  segment 
11 just posterior to the intersegmental furrow between 
segments 10 and 11. The elongated ovisacs lie within 
the coelom from segments 12 to 19. Constrictions mark  
the areas where the sacs pass through the septa. Devel- 
oping oocytes were found only in the posterior part  (seg- 
ments 15-19). The oviduct is characterized by its thick 
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Fig. 8A, B. Tentative dendrograms to clarify the phylogenetic rela- 
tionships of Branchiobdellida, Acanthobdellida and Euhirudinea. 
Black squares = apomorphic characters. A 1-11. Autapomorphies 
Clitellata: (1) eversible pharynx roof, (2) hermaphroditism, (3) go- 
nads in specific segments, (4) clitellum and production of cocoons, 
(5) plesiopore male ducts, (6) spermathecae, (7) specific develop- 
ment, (8) loss of trochophora, (9) spermatozoa with specific ultra- 
structural features (see, e.g. Ferraguti 1984 for details), (10) reduc- 
tion of prostomium and loss of prostomial appendages, (11) brain 
shifted backwards. 12-31. Autapomorphies Hirudinea: (12) fixed 
number of 32 segments plus pro- and peristomium (I-XXXIV fol- 
lowing Sawyer's (1986) nomenclature), (13) chaetae in anterior seg- 
ments III VII, (14) posterior sucker consisting of the seven poster- 
iormost segments, (15) perikarya of ventral ganglia grouped into 
six discrete packets, (16) two anteriormost ganglia coalesced to 
form brain, (17) ganglia of segments III VI coalesced to form sub- 
oesophageal ganglionic mass, (18) ventral nerve cord comprising 
21 free ganglia with the first free ganglion in segment VII, (19) 
posterior ganglionic mass formed by ganglia XXVIII and follow- 
ing, (20) loss of pygidium, (21) typical structure of muscle cells, 
(22) extensive development of oblique muscle layer between circular 
and longitudinal layer, (23) parenchymal connective tissue, (24) 
reduction of mesenteries - reduction of coelom, (25) specific nephri- 
dia (separation of nephrostome and nephridial duct, nephridial 
duct without cilia), (26) fused male pores, (27) fused female pores, 
(28) loss of spermathecae and internal fertilization, (29) area copu- 
latrix, (30) spermatophores, (31) specific mode of locomotion. 32. 
Autapomorphies "Oligochaeta" including Branchiobdellida:? 
33-37. Autapomorphies Acanthobdellida: (33) body consisting of 
only 29 visible segments, (34) prostomium and so-called peristo- 
mium not visible as separate annuli (either lacking except ganglia 
or coalesced with segment III), (35) posterior sucker built up of 
only four segments (XXVIII-XXXI), (36) chaetae with specific 
sucker-like function, (37) loss of ciliated funnel in nephridia. 38-43. 
Autapomorphies Euhirudinea: (38) loss of chaetae, (39) anterior 
sucker (I-IV), (40) coelom restricted to system of channels, (41) 

g landular  epi thel ium and p r o m i n e n t  outer  muscle  enve- 
lope. Anter ior ly  each oviduct  communica t e s  with a cavi- 
ty in terpre ted  as a receptacle for  foreign spe rm (Fig. 7). 
This c h a m b e r  embraces  the vaginal  complex  and  poster i-  
orly it ends in two taper ing  lobules. Its ventral  side shows 
a complex  system of  finger-like project ions which pene- 
trate the body  wall  muscle  layers. A pa r t  o f  the underly-  
ing b o d y  wall fo rms  a 0.5 m m  wide recessed area  (area 
copulatr ix) .  It  is a r ranged  as a t ransverse  cleft and  sepa- 
ra ted by only one annulus  f rom the female pore.  The  
receptacular  cavi ty  is bordered  only by a per i toneum.  
A loose mass  o f  at  least three different  types o f  cells 
was found  within its lumen.  These cells par t ly  p ro t ruded  
into the oviduct .  

D. Discussion 

I. Phylogenetic position of  Acanthobdellida 

The p roposed  phylogenet ic  pos i t ion  o f  the Acan thobde l -  
lida (Fig. 8A, B) is based on all characters  available,  
especially including those of  our  present  investigations.  
As will be subs tant ia ted  below, a series o f  highly p rob-  
able synapomorph i e s  show tha t  the Acanthobde l l ida  
represent  the sister g roup  o f  the Euhirudinea,  which 
compr ise  the " t r u e "  leeches - Rhynchobde l l ida ,  Pharyn-  
gobdel l ida and  Gnathobde l l ida .  In the case of  the Bran-  
chiobdell ida,  however ,  lack of  convincing s y n a p o m o r -  
phies between this g roup  and  any  o ther  clitellate t axon  
results in var ious  c l adograms  of  a lmos t  equal  probabi l i -  
ty. In the first one (Fig. 8 A) the Branchiobdel l ida  are 
considered to be evolved independent ly  within the "Ol i -  
g o c h a e t a "  whereas  the Acanthobde l l ida  and  Euhirudin-  
ea fo rm the m o n o p h y l u m  Hirudinea .  The  second clado- 
g r a m  (Fig. 8 B) shows the Branchiobdel l ida  to be more  
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sperm sacs specifically arranged, (42) male opening in XI, (43) 
female opening in XII. B 1-11. Autapomorphies Clitellata: see 
A 1-11. 12-16. Autapomorphies N.N.: (12) fixed number of seg- 
ments, (13) chaetae restricted to anterior segments, (14) posterior 
sucker, (15) typical structure of muscle cells, (16) fused male pores. 
17. Autapomorphies "Oligochaeta":? 18-34. Autapomorphies 
Hirudinea: (18) fixed number of 32 segments (I-XXXIV), (19) 
posterior sucker consisting of seven posteriormost segments, (20) 
perikarya of ventral ganglia grouped into six discrete packets, (2t) 
two anteriormost ganglia coalesced to form brain, (22) ganglia 
III-VI coalesced to form suboesophageal ganglionic mass, (23) ven- 
tral nerve cord comprising 21 free ganglia with first free ganglion 
in VII, (24) posterior ganglionic mass formed by ganglia XXVIII- 
XXXIV, (25) loss of pygidium, (26) extensive development of ob- 
lique muscle layer, (27) parenchymal connective tissue, (28) reduc- 
tion of mesenteries and reduction of coelom, (29) specific nephridia 
(separation of nephrostome and nephridial duct, nephridial duct 
without cilia), (30) fused female pores, (31) loss of spermathecae 
and internal fertilization, (32) area copulatrix, (33) spermato- 
phores, (34) specific mode of locomotion. 35-40. Autapomorphies 
Branchiobdellida: (35) body consisting of constant number of 15 
segments, (36) loss of prostomium, (37) anterior adhesive organ 
("anterior sucker"), (38) two jaws, (39) nephridioducts fused and 
opening dorsally, (40) sperm ducts specifically arranged. 41~46. 
Autapomorphies Acanthobdellida: see A 33 37. 47-52. Autapo- 
morphies Euhirudinea: see A 38-43 



closely related to Acanthobdellida and Euhirudinea. A 
third grouping, which places the Branchiobdellida as the 
sister group of the "Oligochaeta", may have the lowest 
probability. The cladogram in Brusca and Brusca (1990) 
showing the Euhirudinea to be the sister group of the 
Branchiobdellida which in turn form the sister group 
of the Acanthobdellida, has now to be considered obso- 
lete: characters supposed to be synapomorphies (anteri- 
or body sucker, loss of remaining body setae, evolution 
of "mesenchymal" tissue and reduction of the coelom) 
can more parsimoniously be explained as convergencies 
compared with the more than 20 synapomorphies which 
we found for Acanthobdellida and Euhirudinea (see be- 
low). 

In both cladograms presented here, the "Oligochae- 
ta" are characterized by quotation marks, indicating 
their paraphyletic status (Brinkhurst and Nemec 1987; 
Ers6us 1987). For the time being we are not aware of 
any certain apomorphic feature unique to these non- 
hirudinean clitellates; they are characterized entirely by 
the retention of plesiomorphies and by the lack of hiru- 
dinean features. 

Nevertheless, "Oligochaeta" is still retained because 
the "oligochaetous" sister group of the Hirudinea has 
not yet been recognized. The former preference for the 
Lumbriculidae as this sister group is for various reasons 
seriously questioned (Brinkhurst and Gelder 1989). 
Since this problem is not relevant to the present investi- 
gation it will not be discussed further here. 

II. Synapomorphies of "Oligochaeta" 
and Acanthobdellida ? 

The clitellate nature of the taxa considered in the present 
paper is beyond doubt. They share a series of features, 
the synapomorphic state of which is unanimously ac- 
cepted (e.g. Brinkhurst and Jamieson 1971; Jamieson 
1981; Sawyer 1986a) (autapomorphies 1-11, Fig. 8A, 
B). Michaelsen's (1919) opinion that Acanthobdella is 
an "oligochaete" evolved convergently to leeches has 
to be rejected and is without any substantial foundation. 
The characters considered for this classification are: the 
occurrence of chaetae, a segmental coelom, a blood vas- 
cular system and sperm sacs not divided into so-called 
testisacs, all of which have to be regarded as plesiomor- 
phies taken from the stem species of clitellates. Since 
the ultrastructure of the chaetae in Acanthobdella does 
not differ from the pattern generally observed in anne- 
lids (Specht 1988), there is also no specific structure (syn- 
apomorphy) in the chaetae which is common to "Oligo- 
chaeta" and Acanthobdellida. 

The segmental organization of the coelom and a 
blood vascular system belong to the ground pattern of 
annelids as well. Moreover, in Acanthobdella the coelom 
is modified, representing an initial state that fits very 
well into a morphological sequence of progressive reduc- 
tion of the coelom. The same holds true for the structure 
of the sperm sacs which extend far posteriorly in the 
parenchymal connective tissue, parallel to and complete- 
ly separated from the ovisacs - a pattern which has not 
been observed in "oligochaetes" so far. 
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III. The sister group relationship of Acanthobdellida and 
Euhirudinea 

On the other hand, in our first phylogenetic hypothesis 
Acanthobdella and the "true leeches" share a set of not 
less than 20 synapomorphies (12-31, Fig. 8A). Charac- 
ters not present in any other clitellate are: (1) the reduc- 
tion of the coelom due to a great expansion of the muscle 
layers, starting with a reduction of the mesenteries and 
finally resulting in a system of canals, (2) nephridia with- 
out an open connection to the coelom, (3) extensive de- 
velopment of diagonal muscles between circular and lon- 
gitudinal fibres, (4) a loss of spermathecae, (5) the occur- 
rence of an area copulatrix, (6) the transfer of sperm 
by spermatophores, (7) ganglionic cells form six discrete 
packets in the ganglia (Livanow 1904; Gray and Guillery 
1963; Vagnetti and Farnesi 1978; Payton 1981), (8) a 
nervous system consisting of brain (two coalesced gan- 
glia), suboesophageal ganglionic mass (four coalesced 
ganglia), 21 free body ganglia and a posterior ganglionic 
mass formed by the ganglia of seven segments, (9) a 
parenchymal connective tissue with special cell types 
(Abeloos 1925; Babaskin 1931; Bradbury 1956), (10) 
fused female pores and (11) a specific mode of locomo- 
tion. (The rare occurrence of spermatophores and loss 
of spermathecae in a few oligochaetous clitellates must 
be considered to be convergencies.) Since these charac- 
ters are restricted to Acanthobdellida and Euhirudinea, 
in both cladograms suggested they clearly establish the 
sister-group relationship of these taxa (Fig. 8A, autapo- 
morphies 12-31; Fig. 8B, autapomorphies 18-34). The 
probability of this suggested relationship is quite high 
due to the large number of synapomorphies. 

IV. Characters common between Hirudinea and 
Branchiobdellida 

The characters: (1) a fixed numbers of segments, (2) 
a posterior sucker, (3) the typical structure of the muscle 
cells (R6hlich 1962; Farnesi and Vagnetti 1972; Lanza- 
vecchia and De Eguileor 1976) and (4) fused male pores, 
have been observed in Branchiobdellida as well. In addi- 
tion, loss of chaetae (at least in posterior segments) oc- 
curs in several "oligochaete" taxa besides Branchiobdel- 
lida, Acanthobdellida and Euhirudinea. What is the like- 
lihood that these similarities between Branchiobdellida 
and Hirudinea are either convergencies related to the 
ectocommensal or ectoparasitic life-style (Fig. 8A) or 
synapomorphies (Fig. 8 B) ? 

1. Posterior sucker 

The occurrence of a posterior adhesive structure is cer- 
tainly correlated with a fixed number of segments. In 
annelids, the number of segments generally varies and 
new segments are formed teloblastically anterior to the 
pygidium throughout life. Such a zone of embryonic 
and undifferentiated tissues would not allow a firm con- 
nection between the posterior sucker and the trunk, 
which is definitely required for attachment to actively 
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moving hosts such as fishes or crayfishes. Since there 
are obviously only a few structural solutions for this 
particular problem, the probability of convergence is 
high (Westheide and Rieger 1987; Rieger and Tyler 
1985). The probability of convergence for this feature 
is further supported by the different number of segments 
involved and by the fact that different segments form 
these structures [Branchiobdellida 1-2 (=XV-XVI ac- 
cording to Sawyer's (1986a) nomenclature), but 7 
(= XXVIII-XXXIV) in Hirudinea and only 4 in Acan- 
thobdellida (= XXVIII-XXXI)]. Moreover, the mode of 
operation and structure of the adhesive organs in Bran- 
chiobdellida may differ from that of the Hirudinae; the 
former has been described as a duo-gland adhesive struc- 
ture by Gelder and Rowe (1988). 

2. Number of segments 

Concerning the fixed number of segments, the probabili- 
ty of convergence is also high since the number of seg- 
ments actually present varies between Acanthobdellida 
(29), Euhirudinea (32 without pro- and peristomium), 
and Branchiobdellida (15). However, the different 
number of segments in Acanthobdellida and Euhirudin- 
ea can easily be derived from each other because Acan- 
thobdella still possesses a nervous system which has a 
ganglionic arrangement and compartmentation identical 
to those of the " t rue"  leeches apart from the lack of 
the three posteriormost pairs of ganglia. 

3. Jaws 

The occurrence of jaws in a few Hirudinea and the Bran- 
chiobdellida has also been discussed as a possible syna- 
pomorphy between these two taxa. Among leeches jaws 
are only present in Gnathobdellida, a highly derived tax- 
on within the Euhirudinea, and to our knowledge there 
is no evidence for jaws in the stem species of the taxon. 
In contrast to the other Euhirudinea and to the Acan- 
thobdellida, the Gnathobdellida are ectoparasites on 
vertebrates with a thick keratinized epidermis. Their 
jaws have a triradiate arrangement whereas in Bran- 
chiobdellida there are only two jaws, dorsally and ven- 
trally positioned. Although they are similarly formed 
from thickenings of the stomodaeal cuticle, the structur- 
al differences are great enough that the occurrence of 
jaws must be considered as a convergence, dispelling 
the probability of any close affinities between these two 
groups (Jennings and Gelder 1979; Damas 1984). 

4. Genital organs 

The only remaining characters which might have a cer- 
tain probability of synapomorphy for Acanthobdellida 
and Branchiobdellida are: (1) the fused male pores and 
(2) the position of the genital openings. As already 
pointed out by Brinkhurst and Gelder (1989), fusion 
of male ducts is different in Lumbriculidae and Bran- 
chiobdellida. In the former the ducts open separately 
and symmetrically into the atrium, in the latter they 
are fused to an unpaired duct before entering the atrium 

and they are positioned asymmetrically. The structure 
of the male atrium in Acanthobdellida is more similar 
to that in Lumbriculidae with fused male pores. Thus, 
the likelihood of convergence of fusion of male systems 
in Acanthobdellida and in Branchiobdellida seems to 
be higher than that of homology. 

Specification of the positions of the genital openings 
remains difficult. Following Sawyer's (1986a) labelling, 
the first annulus in the Euhirudinea (considered to be 
the prostomium) is marked I and the female system 
opens in XII. With the same labelling system, in the 
Branchiobdellida the female pore is situated at the inter- 
segmental furrow between XII and XIII (Sawyer 1986 a, 
Brinkhurst and Gelder 1989). It is not unlikely that in 
the Acanthobdellida, the prostomium and the following 
so-called peristomium have been lost or fused with the 
following segment (III). The most convincing evidence 
for this assumption is twofold: the occurrence ofchaetae 
in the first visible annulus and the identical structure 
and position of the nervous system in the anterior part 
of both Acanthobdellida and Euhirudinea. Thus, the 
first two annuli of the Acanthobdellida are not homolo- 
gous either to the two achaetous portions of the anterior 
end of the "Oligochaeta" [usually labelled " 0 "  (= pro- 
stomium) and " 1 "  (= peristomium)] or to the first two 
annuli of the Euhirudinea (I and II). In this case Saw- 
yer's (1986a) numerical designation must be changed: 
in Acanthobdella then the male pore lies in segment XII 
and the female in segment XIII. (This would also mean 
that the position of the genital openings in the Euhiru- 
dinea is different from that in Acanthobdella: male pore 
in XI, female in XII). It should be mentioned that the 
position of the genital openings is not constant in the 
Euhirudinea (see Sawyer 1986a). 

V. Conclusions 

In any case the Branchiobdellida, the Acanthobdellida 
and the Euhirudinea are monophyla, each characterized 
by several autapomorphies (33-37, 38-42 in Fig. 8 A and 
35M0, 41-46, 47-52 in Fig. 8 B). In both of the suggested 
cladograms the Branchiobdellida share convergencies ei- 
ther with Acanthobdellida, or Euhirudinea and in our 
first hypothesis there are also convergently evolved char- 
acters between Branchiobdellida and Hirudinea (see 
above for estimation of phylogenetic importance). On 
the other hand, the Branchiobdellida possess characters 
not present in other taxa, which represent high level 
autapomorphies: (1) a body consisting of a constant 
number of 15 segments including the so-called peristo- 
mium, (2) sperm ducts specifically arranged, (3) nephri- 
dioducts partly fused (the anterior ones are fused or 
separate and the posterior ones are all separate) and 
opening dorsally and (4) possession of an anterior adhe- 
sive organ on the ventral surface of the ventral lip.- 

Characters clearly establishing the monophylum 
Acanthobdellida are: (1) a body consisting of 29 actually 
present segments and (2) chaetae used for attachment 
and adhesion to the hosts and possibly for assistance 
in feeding. The other characters mentioned occur con- 
vergently in one of the other taxa. Characters similarly 
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only present  in Euh i rud inea  are:  (1) an  anter ior  sucker 
bui l t  up of  four  segments,  (2) a coelom restricted to 
a system of channels  and  complete  reduc t ion  of  septa 
and  (3) sperm sacs subdivided into n u m e r o u s  vesicles 
(testisacs). 

We consider the Acanthobdellida to represent the sis- 
ter group of the Euhirudinea (Rhynchobdellida, Pharyn- 
gobdellida and Gnathobdellida). A sister group relation- 
ship of the Branchiobdellida to these Hirudinea appears 
to be possible. However, it is highly probable that the 
characters common to Branchiobdellida and Hirudinea 
are convergencies. Therefore, these two taxa very likely 
represent ectosymbionts on different hosts evolved inde- 
pendently from different "oligochaete" ancestors. 
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