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This paper is the first to present the similarity of morphotypes of the 12 species belonging to
the family Glossiphoniidae, based on a mathematical model of a body form and phenetic
analysis.

1 Introduction

Systemic mathematical modelling was first used by Raup (1966, 1967, Raup & al.
1973), who described in this way spirally coiled shells of fossil and extant
invertebrates. The same method is applied by Epshtein (1984, 1987, 1989) and
Bielecki & Epstein (1994, 1995), the subject of modelling being the body form
of leeches. The body form was selected for the following reasons.

1. I is a significant ectosomatic character

2. In some taxa within the class of leeches it is of phylogenetic significance

3. It describes the limits of space within which topographical changes of inter-
nal organs take place

4. The body form in leeches can be formalized easily.

2 Material and methods

12 leech species belonging to the family Glossiphoniidae were included in the
study (Tab. 1). Altogether we investigated 800 individual leeches, caught at
various sites in Poland. The leeches were anaesthetised in 10 % ethyl alcohol,
their mucus was washed off and they were preserved in 50 % alcohol and kept
in 75 % alcohol. Based on the parameters of the body form model in leeches pro-
posed by Epshtein (1989), Bielecki has produced his own, modified and supple-
mented computer model of leech body form (Bielecki 1993, 1994, 1997, 2001,
Bielecki & Epshtein 1994, 1995).

The model presents the leech body on a plane as two ellipses (suckers) and tra-
peziums situated between them (anterior body part - two trapeziums; posterior
body part four trapeziums). Besides, transverse sections through the anterior
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body part and posterior body part are considered as two ellipses. The width of
the first trapezium (d,) was determined at the place of the male sexual meatus, d,
(the width of the second trapezium) was measured at half the distance between:
d; and d,. Subsequent values of ds and d¢ were determined at half the distance
between d, and d.

The following corrections were made for the body form of the species be-
longing to the family Glossiphoniidae. The cross-section in the anterior body
part was measured at the widest part - d;, whereas the cross-section in the poste-
rior body part corresponds to the trapezium base - d..

The model is constructed according to the following parameters:

- (1-4) Parameters describing the form of the anterior sucker: C4 = horizontal diameter; C'y = ver-
tical diameter; R, = length of anterior part of sucker; M; = length of posterior part of sucker.

- (5-12) Parameters describing the form of anterior body part: d, = width at sucker junction; dz =
width at outline narrowing; d; = width at border with posterior body part; D, = largest width of
posterior body part; N; = largest height of anterior body part; S; = height of first trapezium; S; =
height of second trapezium; L, = (Ss + S;) = length of anterior body part.

- (13-25) Parameters describing the form of posterior body part: width at places of outline distor-
tion (bases of consecutive trapeziums); d,= base of first trapezium; ds = base of second trape-
zium; ds = base of third trapezium; d; = base of fourth trapezium (width at sucker junction); D, =
largest width of posterior body part; N, = largest height of posterior body part; L, = (S3 + S4 + Ss +
Se ) = length of posterior body part (height of consecutive trapeziums); S; = height of first trape-
zium; S, = height of scond trapezium; Ss = height of third trapezium; Se = height of fourth trape-
zium; K; = distance from d; to Dy; K; = distance from D> to d;.

- (26-29) Parameters describing the form of posterior sucker: C'; = horizontal diameter; C, = ver-
tical diameter; M, = length of anterior part of sucker; R. = length of posterior part of sucker.

The 19 body proportion indices (invariants) are:

- 1. Index describing L/D, = relative body length.

- Indices describing anterior sucker: 2. C'1/d; =ratio of horizontal diameter of sucker to anterior
body part width at sucker junction; 3. C'+/D; = ratio of horizontal diameter of sucker to greatest
width of anterior; 4. R«/M, = ratio of dorsal part of sucker to its ventral part; 5. C'4+/C, = ratio of
horizontal diameter of sucker to its vertical diameter.

- Indices describing anterior body part: 6. L1/D; = ratio of anterior body part length to its greatest
width; 7. D+/N, = ratio of greatest anterior body part width to its greatest height; 8. S4/S, = index
describing position of greatest width of anterior body part.

- Indices describing posterior body part: 9. L,/D- = ratio of urosome length to its greatest breadth;
10. D2/N; = ratio of greatest posterior body part width to its greatest height; 11. Ki/K; = ratio de-
scribing position of greatest width of posterior body part.

- Indices describing posterior sucker: 12. C'»/d; = ratio of horizontal diameter of sucker to uro-
some width at sucker junction; 13. C'»/D, = ratio of horizontal diameter of sucker to greatest
body height; 14. R/M, = ratio of dorsal part of sucker to its ventral part; 15. C',/C, = ratio of hori-
zontal diameter of sucker to its vertical diameter.

- Indices describing relations between posterior body part and anterior body part: 16. L2/L+ = ratio
of urosome length to anterior body part length; 17 D./D; = ratio of greatest width of urosome to
greatest width of anterior body part; 18. N./N, =ratio of greatest height of posterior body part to
greatest height of t anterior body part.

- Index describing proportions of suckers: 19. C'2/C"s = ratio of horizontal diameter of posterior
sucker to horizontal diameter of anterior sucker.
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The body shape and size are illustrated in figure 1. The data concerning the av-
specific species are presented in table 1.
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Fig. 1: Model of leech body form (Bielecki 1993, 1994, 1997, Bielecki & Epshtein 1993,
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Tab. 1: Mean values of 19 body proportion indices in 12 species of Glossiphoniidae;
explanations in the text

L/ CW CW R/ CW L/ DJ S/ Ll Df Ki CW CY R ClYf L/ Do Nof C'
D, D d M C Di Ny S D N, Kk d D M, C L D/ N C'

Placobdella 20 35 03 05 11 09 22 10 12 19 06 2,7 03 18 11 17 13 15 14
costata
(Fr. Miller, 18486)

Theromyzontes- 51 41 03 01 14 06 21 07 13 25 06 11 01 20 10 21 10 14 05
sulatum (O.F. Mil-
ler, 1774)

7Alboglossiphonia 24 10 01 10 08 09 25 08 15 18 27 03 03 03 10 19 11 15 28
heteroclita
(Lukin. 1976)

Hemiclepsis mar- 1,1 60 05 05 15 05 16 10 07 10 18 26 05 22 14 16 10 19 10
ginata (O. F. Mil-
ler, 1774)

Batracobdelloides 3,0 25 03 16 12 11 28 15 14 18 03 23 02 12 08 16 11 13 17
moogi (Nesemann
& Csanyi, 1995)

Boreobdella verru- 0,3 26 02° 10 22 05 08 11 07 12 25 20 05 20 20 15 11 12 12
cata
(Fr. Miiller, 1844)

Helobdella stagna- 3,2 10 03 10 20 18 13 43 16 12 20 19 06 13 11 10 12 12 19
lis

(Linnaeus,1758)

Batracobdella 18 76 04 04 15 10 23 20 13 13 02 28 11 17 21 16 15 15 14
paludosa

(Carena, 1824)

Glossiphonia com- 15 03 01 10 11 12 44 08 09 43 19 05 03 15 12 16 12 11 22
planata (Lin-
naeus,1758)

Alboglossiphonia 18 1,0 01 10 08 05 56 07 29 55 23 15 37 10 10 29
papillosa

(Carena, 1820)

Alboglossiphonia 22 13 01 10 08 08 48 08 15 41 39 10 55 10 20 23 12 13
hyalina (O.F Mil-

ler, 1774)

Glossiphonia con- 3,1 45 05 08 11 16 40 26 25 20 06 21 03 10 08 22 13 17 21
color

(Apathy, 1883))

3 Results

The joining or tree clustering algorithm was chosen to interpret the similarity
of body form of the 12 species of Glossiphoniidae. When selecting distance
measures, city-block (Manhattan) distance was chosen, which minimises the ef-
fect of more distant objects (morphotypes). Of amalgamation or linkage rules,
Ward's method was used, since it tends to yield small clusters and with such a
low number of species gives a high resolution. The procedure made it possible
to divide the species morphotypes in 2 polytypic clusters (Fig. 2):
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Fig. 2: Tree diagram for 12 species of Glossiphoniidae based on mean value of 19
body proportion indices. Ward's method, Manhattan distances

I- cluster including the species of very similar body form: Albiglossiphonia bya-
lina, A. papillosa, Helobdella stagnalis, Glossiphonia complanata and A. betero-
clita.

I' sub-clusters: A. byalina and A. papillosa which are very similar to each other
I? sub-clusters: H. stagnalis, G. complanata and A. heteroclita have most similar
body form.

II- another polytypic cluster comprising the remaining species: Boreobdella ver-
rucata, Hemiclepsis marginata, Theromyzon tessulatum, Batracobdella paludosa,
G. concolor, Batracobdelloides moogi, Placobdella costata. The cluster has two
large sub-clusters: II' including 2 and II*5 species.

IT' sub-clusters: B. verrucata and H. marginata

IP sub-clusters comprising the following species characterised by similar body
torm: T. tessulatum, B. paludosa, G. concolor, B. moogi and P. costata, the latter
having the most similar body form.
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4 Discussion

The morphometric examination of the 12 Glossiphonidae species, based on a
mathematical model, shows that the scope of their logistic capabilities is com-
pleted if the following conditions, concerning the cross-sections in the anterior
and posterior body parts, are met:

Dz/D1 =1 and Dg/Nz = 1; Dz/D] =1 and Dz/Nz > 1; Dz/D1 >1 and Dz/D1
>1

Most species realise the space determined by the condition (D./D; >1 and
D,/N; >1), e.g.: P. costata, B. verrucata, B. moogi, B. paludosa, G. concolor, A.
hyalina, A. papillosa, G. complanata, A. heteroclita, H. stagnalis. However, for
H. marginata the body form is conditioned by the invariant (D,/D; = 1 and
D,/N, = 1); and T. tessulatum (D»/D; = 1 and D,/N, >1).

The body of leeches is similar to a cylinder, a leaf, a tape or a "retort"
(Bielecki & Epshtein 1994, 1995). The cross section of the anterior and posterior
part of the body is similar to a more or less flattened ellipsis. It has a small
sucker, which makes it possible for them to enter the host body cavities (e.g.
Mollusca); thanks to their flattened body, leeches can adhere to the substrate
with the whole body area. Satiated leeches change their body form from flat,
leaf-like, to a form similar to that of an ear of corn (7. tessulatum). For some of
them, such as young H. marginata, or T. tessulatum, the body form is similar to
that of the Erpobdellidae or Piscicolidae, which may result from a particular
survival strategy.

This study into the body form of Glossiphoniidae, which was carried out
for the first time, shows that it is not a sufficient taxonomic feature within a ge-
nus. This may be linked to its ability to adapt to various habitats, including
that of a host (a model is used to investigate interactions between the leech body
form and habitat and host). However, the body form of the Glossiphoniidae, re-
lated to that of the Piscicolidae, functions well in these families' infrastructure
and manifests significant differences.

The following species have a transitory body form between the Piscicolidae
and Glossiphoniidae: Baicalobdella cottidarum and B. torquata. However, for H.
marginata, the body form is close to that of Piscicola geometra.

It was shown by means of the cluster analysis that one sub-cluster and two
sub-sub-clusters include the species which belong to two sub-genera, e.g. G.
complanata and A. heteroclita, B. verrucata and H. marginata, or P. costata and
B. moogi. The species were found close to each other in the same cluster, de-
spite the differences resulting from the relative body length. The subcluster
comprises B. veruucata and H. marginata. The first sub-sub-cluster includes G
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complanata and A. heteroclita, and the second sub-sub-cluster includes B. moogi
and P. costata.

Interestingly, for the two species B. moogi and B. paludosa, which were not
distinguished until recently, the morphological body forms are not very simi-
lar. (Bielecki & al. 2000, Nesemann & Csanyi 1995).

However, significantly similar body forms were determined for the species
within the same genus, A. papillosa and A. hyalina. Many researchers have
treated them as two forms of a nominative species A. heteroclita (Pawlowski
1936, Lukin 1976, Grosser & al. 2001).

Further research into the body forms of the Erpobdellidae, Hirudinidae, Pis-
cicolidae and Acanthobdellida, based on a mathematical model as well as phe-
netic and cladistic analysis, may provide an explanation for the many differences
and similarities in leeches.

References

Bielecki, A. (1993): Italobdella ciosi, a new leech genus and species from Italy (Hirudinea: Piscicoli-
dae).- Genus 4(2): 67-78, Wroclaw

Bielecki, A., 1994. Piscicola pojmanskae a new leech species from Poland (Hirudinea: Piscicolidae).-
Genus 5(4): 423-438, Wroclaw

Bielecki, A. (2001): Piscicola brylinskae, a new leech species from the Netherlands (Hirudinea: Pisci-
colidae). Wiadomosci Parazytologiczae 47(1): 119-126, Olsztyn

Bielecki, A. (1997): Fish leeches of Poland in relation to the Palearctic piscicolines (Hirudinea: Pisci-
colidae: Piscicolinae).- Genus 8(2): 223-378, Wroclaw

Bielecki, A., . Rybak & M. Lukowiak-Bielecka (1999): Glossiphoniidae Vaillant, 1850 (Hirudinea)
of Poland - systematics and perspectives of studies.- Wiadomosci Parazytologiczne 45(1): 29-61,
Olsztyn

Bielecki, A., M. Daczewska & A. Jarosz (2000): Pasozytnicza pijawka Batracobdelloides moogi Ne-
semann and Csanyi, 1995 (Hirudinea, Glossiphoniidae Vailland, 1850) w faunie Polski?- Wiado-
mosci Parazytologiczne 46(1): 101-104, Olsztyn

Bielecki, A. & V., M. Epshtein (1994): The theory of biological systematics and phylogeny recon-
struction. Justification of the theory and systematist’s work within the area of description.-
Genus 5, (4): 411-421, Wroclaw

Bielecki, A. & V., M. Epshtein (1995): Teoria systematyki biologicznej i filogenetyki. Uzasadnienie
teorii i praca systematyka w obszarze opisu. [W:] "Systemy, Symetrie, Ewolucja" - Studium Ge-
nerale, Universitatis Wratislaviensis. Seminaria interdyscyplinarne 87-108 pp., Wroclaw

Epshtein, V. M. (1984, 1989): Shchetinkonosnie, tserepashii i ribi pijavki mirowoi fauny (Sistemnii
podkhod k klassifikatsii i filogenii). Akademia Nauk SSSR. Zoologitseskii Institut, UDK
595.143.2(204)+575.321, 03.00.08 -Zoologiia. Avtoreferat disertatsii na soiskanie utsenoi
stepieni doktora biologitseskikh nauk (na pravakh rukopisi).- Izdatelstvo Nauka 1984: 1-42,
1989: 1-39, Leningrad

Epshtein, V. M. (1987): Pijavki. In.: Bauer O. N. (ed.) Opredelitel parazitov presnovodnych rib fau-
ni SSSR. Akademia Nauk SSSR, Zoologitseskii Institut.- Izdatelstvo Nauka, 340-372, pp.,
Leningrad

Grosser, C., D. Heidecke & G. Moritz (2001): Untersuchungen zur Eignung heimischer Hirudine-
en als Bioindikatoren fiir FlieSgewdsser.- Hercynia N. F. 34: 101-127, Halle

Lukin, E. J. (1962): Pijavki.- Fauna Ukraini, 196 pp., Kiev



100

Lukin, E. J. (1976): Pijavki presnych i solenovatych vodojemov. Fauna SSSR. Pijavki.- Izdatelstvo
Nauka 484 pp., Leningrad

Nesemann, H. & B. Csanyi (1995): Description of Batracobdelloides moogi n. sp., a leech genus and
species new to the European fauna with notes on the identity of Hirudo Carena, 1824 (Hirudi-
nea: Glossiphoniidae).- Lauterbornia 21: 69-78, Dinkelscherben

Pawlowski, L. K. (1936): Pijawki (Hirudinea).- Fauna slodkowodna Polski 26: 1-176 pp., Warszawa

Pawlowski, L. K. (1968): Pijawki. Hirudinea.- Katalog Fauny Polski 11(3): 1-94 pp., Warszawa

Raup, D. M. (1966): Geometric analysis of shell coiling: general problem.- Journal of Paleontology
40(5): 1178-1190, Department of Geoscience, The University of lowa

Raup, D. M. (1967): Geometric analysis of shell coiling: coiling in ammonoids.- Journal Paleontol-
ogy 41(1): 43-65, Department of Geoscience, The University of Iowa

Raup, D. M,, S. . Gould, T. J. M. Schopf & D. S. Simberloff (1973): Stochastic models of phy-
logeny and the evolution of diversity.- Journal of Geology 81: 525-542, The University of Chi-
cago

Sawyer, R. T. (1986): Leech biology and behaviour. Volume 1-3.- 1065 pp., (Clarendon Press) Ox-
ford

Addbess of the corresponding author: Prof. Dr. Aleksander Bielecki, Warmia and Mazuri University,
Department of Zoology, P1-10-967 Olsztyn - Kortowo, Oczapowskiego Street 5,
alekb@moskit.uwm.edu.pl

Received: 2004-04-22


mailto:alekb@moskit.uwm.edu.pl

ZOBODAT - www.zobodat.at

Zoologisch-Botanische Datenbank/Zoological-Botanical Database
Digitale Literatur/Digital Literature

Zeitschrift/Journal: Lauterbornia

Jahr/Year: 2004

Band/Volume: 2004_52

Autor(en)/Author(s): Bielecki Aleksander, Kalinowska Joanna, Jawniak Adam

Artikel/Article: The degree of similarity of the body form of species within the
family Glossiphoniidae. 93-100


https://www.zobodat.at/publikation_series.php?id=1748
https://www.zobodat.at/publikation_volumes.php?id=36842
https://www.zobodat.at/publikation_articles.php?id=189513

