
In tro duc tion

Sys te mic ma the ma ti cal mo de ling, first ti me in
hi sto ry of ani mal sys te ma tic was used by Raup
[1–3], who de scri bed spi ral ly co iled shells of fos -
sils. The sa me me thod of ma the ma tic mo de ling was
used by Ep sh te in [4–6] and Bie lec ki and Ep sh te in
[7,8], ho we ver, in this ca se the ob jects of mo de ling
was the bo dy form of le eches. 

Le eches ha ve dif fe rent bo dy sha pes, that can be
easi ly for ma li zed, and be cau se of that it be ca me an
ob ject of ma the ma ti cal mo de ling. This ma the ma ti -
cal mo del de scri bes the bor ders of spa ce, in which,
the to po gra phic dif fe ren ces of in ter nal or gans de ri -
ve. Ran ge of re ali za tion, pro po sed for dif fe rent gro -
ups of le eches, cha rac te ri zes the li fe forms, that are
dis so cia tes by the way of po si tion of le ech bo dy due
to the sub stra te and the host. 

Du ring the last 50 years in the sys te ma tic of le -
eches pa ra si ti zing fi shes (Pi sci co li dae John -
ston, 1865), the re we re num bers of chan ge, ma in ly
be cau se of re se arch car ried out by Ep sthe in
[4–6,9,10], Bie lec ki [11–14], Sid dall and Bu res son
[15], Ute vsky and Tron telj [16]. De spi te of that, the
bo dy form of le eches has ne ver be en used for phy -
lo ge ne tic spe cu la tions that uti li zed pro grams for

phy lo ge ne tic ana ly sis. The ma the ma tic mo del of le -
ech bo dy form pro po sed by Bie lec ki and Ep sh te in
[7,8] clo sed the gap de scri bed abo ve. 

Till now, the bo dy form of le eches has be en re -
pre sen ted on ly as a tree clu ste ring al go ri thm to in -
ter pret its si mi la ri ty [9,11–14,17]. Tho ugh, the bo dy
form is an im por tant ec to so ma tic cha rac ter, and in
lo wer ta xa has even mo re im por tant cha rac ter with
phy lo ge ne tic me aning.

Ma te rials and me thods

The spe ci mens for re se arch de ri ved from wa ters
aro und the An tarc ti ca, Ca spian Sea, Ba ikal and
from an in land wa ters of Ita ly, Fin land, Rus sia, Ger -
ma ny and Po land. The le eches of spe cies Aci pen se -
rob del la paw low skii, Ba ica lob del la cot ti da rum,
B. to rqu ata, Ca spiob del la ca spi ca, Co do nob del la
trun ca ta, Be ringb del la rec tan gu la ta, Tru liob del la
ca pi tis and Lim no tra che lob del la si nen sis we re gi fts
from others re se ar chers: Prof. V.M. Ep sh te in, Prof.
B. Sket, Dr S. Ute vsky and Dr A. Ute vsky. Over
1200 of le eches, be lon ging to 11 ge ne ra: Aci pen se -
rob del la Ep sh te in, 1969; Ba ika lob del la Do giel et
Bo go le po va, 1957; Ca spiob del la Ep sh te in, 1966;
Cy sto bran chus Die sing, 1859; Co do nob del la Gru -
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be, 1873; Ita lob del la Bie lec ki, 1993; Pi sci co la De
Bla invil le, 1818; Paw low skiel la Bie lec ki, 1997, we -
re me asu red. The re we re al so the le eches from 3 ge -
ne ra that be lon ged to the out gro ups of Be ringb del la
(Le vin sen, 1882), Tru liob del la Brink mann, 1947
and Lim no tra che lob del la Ep sh te in, 1968.

The me asu re ments we re ac com pli shed due to the
po stu la te of the le ech bo dy form mo del
[7,8,11,13,14] (Fig. 1).

The mo del pre sents the le ech bo dy on a pla ne, as
two el lip ses that re pre sent suc kers, and tra pe ziums
si tu ated be twe en them (an te rior bo dy part – tra che -
lo so me – 2 tra pe ziums; po ste rior bo dy part – uro so -
me – 4 tra pe ziums). Trans ver se sec tions thro ugh the
tra che lo so me and uro so me are con si de red as two el -
lip ses.

The mo del is con struc ted ac cor ding to the fol lo -
wing pa ra me ters:

Pa ra me ters de scri bing the form of the an te rior
suc ker: C1 = ho ri zon tal dia me ter; C1

1 = ver ti cal
dia me ter; R1 = length of an te rior part of suc ker; and
M1 = length of po ste rior part of suc ker. Pa ra me ters
de scri bing the form of the tra che lo so me: d1 = width
at suc ker junc tion; d2 = width at outli ne nar ro wing;
d3 = width at bor der with uro so me; D1 = lar gest
width of tra che lo so me; N1 = lar gest he ight of tra -

che lo so me; S1 = he ight of first tra pe zium; S2 = he -
ight of se cond tra pe zium; and L1 = (S1 + S2) =
length of tra che lo so me. 

Pa ra me ters de scri bing the form of the uro so me:
width at pla ces of outli ne di stor tion (ba ses of con se -
cu ti ve tra pe ziums); d4 = ba se of first tra pe zium; d5
= ba se of se cond tra pe zium; d6 = ba se of third tra -
pe zium; d7 = ba se of fo urth tra pe zium (width at suc -
ker junc tion); D2 = lar gest width of uro so me; N2 =
lar gest he ight of uro so me; L2 = (S3 + S4 + S5 + S6)
= uro so me length (he ight of con se cu ti ve tra pe -
ziums); S3 = he ight of first tra pe zium; S4 = he ight
of se cond tra pe zium; S5 = he ight of third tra pe zium;
S6 = he ight of fo urth tra pe zium; K1 = di stan ce from
d3 to D2; and K2 = di stan ce from D2 to d7.

Pa ra me ters de scri bing the form of the po ste rior
suc ker: C1

2 = ho ri zon tal dia me ter; C2 = ver ti cal
dia me ter; M2 = length of an te rior part of suc ker; and
R2 = length of po ste rior part of suc ker. 

The 32 bo dy pro por tion in di ces (in va riants) are:
1. In dex de scri bing L/D2 = re la ti ve bo dy length.
In di ces de scri bing an te rior suc ker: 2. C1

1/d1 =
ra tio of ho ri zon tal dia me ter of suc ker to tra che lo so -
me width at suc ker junc tion; 3. C1

1/D1 = ra tio of
ho ri zon tal dia me ter of suc ker to gre atest width of
tra che lo so me; 4. R1/M1 = ra tio of dor sal part of
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suc ker to its ven tral part; and 5. C1
1/C1 = ra tio of

ho ri zon tal dia me ter of suc ker to its ver ti cal dia me -
ter.

In di ces de scri bing tra che lo so me: 6. L1/D1 = ra -
tio of tra che lo so me length to its gre atest width; 7.
D1/N1 = ra tio of gre atest tra che lo so me width to its
gre atest he ight; 8. S1/S2 = in dex de scri bing po si tion
of gre atest width of tra che lo so me; 9. L1/L = ra tio of
tra che lo so me length to bo dy length; and 10. N1/L1
= ra tio of gre atest he ight of tra che lo so me to tra che -
lo so me length.

In di ces de scri bing uro so me: 11. L2/D2 = ra tio of
uro so me length to its gre atest bre adth; 12. D2/N2 =
ra tio of gre atest uro so me width to its gre atest he ight;
13. K1/K2 = ra tio de scri bing po si tion of gre atest
width of uro so me; and 14. N2/L2 = ra tio of gre atest
he ight of uro so me to its length. 

In di ces de scri bing the po ste rior suc ker: 15.
C1

2/d7  = ra tio of ho ri zon tal dia me ter of suc ker to
uro so me width at suc ker junc tion; 16. C1

2/D2 = ra -
tio of ho ri zon tal dia me ter of suc ker to gre atest bo dy
he ight; 17. R2/M2 = ra tio of dor sal part of suc ker to
its ven tral part; and 18. C1

2/C2 = ra tio of ho ri zon tal
dia me ter of suc ker to its ver ti cal dia me ter.

In di ces de scri bing re la tions be twe en the uro so -
me and tra che lo so me: 19. L2/L1 = ra tio of uro so me
length to tra che lo so me length; 20. L2/L = ra tio of
uro so me length to bo dy length; 21. D2/ D1 = ra tio
of gre atest width of uro so me to gre atest width of tra -
che lo so me; and 22. N2/N1 = ra tio of gre atest he ight
of uro so me to gre atest he ight of tra che lo so me;. 

In dex de scri bing pro por tions of the suc kers: 23.
C1

2/C1
1 = ra tio of ho ri zon tal dia me ter of po ste rior

suc ker to ho ri zon tal dia me ter of an te rior suc ker; 24.
C1

1/C2 = ra tio of ho ri zon tal dia me ter of suc ker to
ver ti cal dia me ter of po ste rior suc ker; 25. C1

2/C1 =
ra tio of ho ri zon tal dia me ter of po ste rior suc ker to
ver ti cal dia me ter of an te rior suc ker; 26. C2/C1 =
ver ti cal dia me ter of po ste rior suc ker to ver ti cal dia -
me ter of an te rior suc ker; and 27. (C2-R2-M2)/(C1-
-R1-M1) = at tach ment of po ste rior suc ker to at tach -
ment of an te rior suc ker.

Other in de xes: 28. C2/N2 = ver ti cal dia me ter of
po ste rior suc ker to ra tio of gre atest he ight of uro so -
me; 29. C1/N1 = ver ti cal dia me ter of an te rior suc ker
to ra tio of gre atest he ight of tra che lo so me; 30.
C2/(C2-R2-M2) = ver ti cal dia me ter of po ste rior
suc ker to its at tach ment; 31. C1/(C1-R1-M1) = ver -
ti cal dia me ter of an te rior suc ker to its at tach ment; 
and 32. d7/d1 = ba se of fo urth tra pe zium to width at
suc ker junc tion. 

The ma trix used in ana ly ses ba sed on 32 in de xes,

whe re (0) me ans ple sio mor phy and (1), (2) and (3)
are ranks of apo mor phy (Ta ble 1):
1. C1

1/d1 – (0) 0.00–1.62; (1) 1.71–1.95; (2)
2.12–2.95; (3) 3.00–3.24
2. R1/M1 – (0) 0.00–1.94; (1) 2.00–2.92; (2)
3.63–4.76; (3) 10.00
3. C2

1/C1 – (0) 0.00–125; (1) 1.97–3.71; (2)
1.31–1.50; (3) 1.52–1.86
4. S1/S2 – (0) 0.68–1.02; (1) 1.04–1.81; (2)
2.44–2.67
5. K1/K2 – (0) 0.18–0.37; (1) 0.38–0.41; (2)
0.42–0.89; (3) 1.08–1.14
6. C2

1/d7 – (0) 0.89–1.49; (1) 1.55–2.48; (2)
3.05–3.46
7. R2/M2 – (0) 1.05–1.50; (1) 1.57–2.17; (2)
2.22–3.97; (3) 5.42
8. C2

1/C2 – (0) 0.66–0.96; (1) 0.97–1.00; (2)
1.01–1.25
9. L2/L1 – (0) 1.47–2.01; (1) 2.02–2.96; (2)
3.10–4.41
10. N2/N1 – (0) 1.02–1.40; (1) 1.45–2.01; (2)
2.00–2.51
11. C2

1/C1
1 – (0) 0.00–1.29; (1) 1.99–3.57; (2)

1.41–1.68; (3) 1.70–1.89
12. L1/L – (0) 0.18–0.24; (1) 0.25–0.41; (2) 1.81
13. L2/L – (0) 0.59–0.69; (1) 0.70–0.83; (2) 1.81
14. C2/C1 – (0) 0.00–0.94; (1) 1.50–3.04; (2)
1.08–1.49
15. C1/N1 – (0) 0.00–1.36; (1) 1.40–1.99; (2)
2.00–3.93; (3) 5.03
16. C2/N2 – (0) 0.43–1.35; (1) 1.36–2.08; (2)
2.19–2.36; (3) 4.61–5.12
17. C2/(C2-R2-M2) – (0) 1.49–3.81; (1)
13.92–26.36; (2) 4.19–5.95; (3) 6.00–9.84
18. C1/(C1-R1-M1) – (0) 0.00–3.96; (1) 4.00–8.02;
(2) 10.38–15.50
19. d7/d1 – (0) 0.60–1.99; (1) 2.00–3.20; (2) 23.21
20. (C2-R2-M2)/(C1-R1-M1) – (0) 0.00–1.39; (1)
1.40–1.97; (2) 2.06–2.80; (3) 3.05–4.98
21. L/D2 – (0) 1.55–5.28; (1) 5.34–9.59; (2)
10.90–19.46; (3) 23.20–27.80
22. C1

1/C1 – (0) 0.00–0.97; (1) 1.00–1.37; (2)
1.41–1.98
23. L1/D1 – (0) 0.88–2.67; (1) 10.14–15.00; (2)
2.82–3.55; (3) 3.64–9.38
24. D1/N1 – (0) 0.68–0.99; (1) 2.13–3.14; (2)
1.00–1.79
25. L2/D2 – (0) 0.97–3.94; (1) 4.01–9.46; (2)
10.11–18.50; (3) 22.24
26. D2/N2 – (0) 0.83–0.88; (1) 0.91–4.32; (2) 12.86
27. C2

1/D2 – (0) 0.06–0.90; (1) 1.01–1.84; (2)
2.29–2.33
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28. D2/D1 – (0) 1.14–1.70; (1) 1.71–2.65; (2) 11.25
29. N1/L1 – (0) 0.08–0.19; (1) 0.20–0.75; (2) 1.81
30. N2/L2 – (0) 0.16–0.41; (1) 0.02–0.08; (2)
0.10–0.16
31. C1

1/C1 – (0) 0.00–0.88; (1) 1.00–1.33; (2)
0.91–0.99
32.C1

1/C2 – (0) 0.00–0.56; (1) 0.57–0.68; (2)
0.71–1.16

Par si mo ny ana ly ses we re per for med using
PAUP* 4.06b10 pro gram for Win dows, for IBM PC
(Swof ford 2000) uti li zing the heu ri stic se arch
option. The ana ly ses used 100 re pli ca tes of ran dom
ta xon ad di tion and tree -bi sec tion -re con nec tion
branch swap ping. All cha rac ters we re equ al ly we -
igh ted. Thir ty one cha rac ters we re par si mo ny -in for -
ma ti ve, and one cha rac ter was par si mo ny -unin for -
ma ti ve. B. rec tan gu la ta, T. ca pi tis and L. si nen sis
we re tre ated as the out gro up.

The most par si mo nio us tre es we re edi ted in Me -
squ ite 2.6 pro gram for Win dows.

Re sults

Par si mo ny ana ly sis of 30 spe cies and 32 cha rac -
ters of Hi ru di ni da con cer ning bo dy form of le eches

re sul ted in se ven most par si mo nio us tre es
(length=333; CI=0.2252; HI=0.7748; RI=0.4545;
CI exc lu ding unin for ma ti ve cha rac ter=0.2229; HI
exc lu ding unin for ma ti ve cha rac ter=0.7771; and Re -
sca led con si sten cy in dex=0.1024). One of the se ven
most par si mo nio us tre es is shown on Fig. 2. 

Out gro up con ta ined two ma ri ne spe cies Be ringb -
del la rec tan gu la ta and Trul liob del la ca pi tis. It in c -
lu ded al so one fre sh wa ter spe cies – Lim no tra che -
lob del la si nen sis. Ba ica lob del la to rqu ata oc cur red
to be si ster to Trul liob del la ca pi tis. 

Par si mo ny ana ly sis shows ma ny non -mo no phy -
le tic gro ups, in which we fo und bo dy forms from
dif fe rent ge ne ra: Aci pen se rob del la vol gen sis and
Ita lob del la cio si, Cy sto bran chus mam mi la tus and
Pi sci co la poj man skae, Ba ica lob del la cot ti da rum
and Pi sci co la eli she bae, Paw low skiel la ste no sa and
Aci pen se rob del la paw low skii (Sket, 1968) [syn. Cy -
sto bran chus paw low skii Sket, 1968; Pi sci co la paw -
low skii (Sket, 1968)]. 

Spe cies from Ita lob del la ge nus al so turn out to
be non -mo no phy le tic: I. cio si ag gre ga te with A. vol -
gen sis, ho we ver I. ep sh te ini ap pe ared to be si ster to
the clad that con ta ined C. mam mi la tus and P. poj -
man skae.

Fig. 2. One of the most parsimonious trees for 30 species of Hirudinida based on 32 characters of the leech body form.
Species marked on red are included to outgroup. 
1. Beringbdella rectangulata, 2. Acipenserobdella volgensis, 3. Italobdella epshteini, 4. Piscicola respirans, 5. Piscicola
annae, 6. Piscicola borowieci
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What is mo re in te re sting, spe cies from Aci pen se -
rob del la, Ba ica lob del la and Ca spiob del la ge ne ra we -
re pla ced in dif fe rent lo ca tions of the tree. Mo re over,
Co do nob del la trun ca ta, Ca spiob del la to rqu ata and
Ca spiob del la fa de je wi ma de in di vi du al cla des.

Ac cor ding to bo dy form, ge nus Pi sci co la turn
out to be non -mo no phy le tic, but the ma jor part of
re pre sen ta ti ves of this ge nus re ali zed si ster si mi la ri -
ty of bo dy form, for exam ple: Pi sci co la geo me tra
and P. re spi rans, P. sp. nov. 1 and P. sp. nov. 2,
P. kusz nie rzi and P. po  mor skii, P. nie wia dom skae
and P. wik to ri. P. fa scia ta turn out to be si ster to the
gro uping that in c lu de C. mam mi la tus, P. poj man -
skae and I. ep sh te ini. Whi le, P. bo ro wie ci was si ster
to clad cre ated by P. ste no sa and A. paw low skii. So -
me spe cies from Pi sci co la ge nus, li ke P. wit kow skii,
P. mar ga ri tae and P. an nae, con sti tu ted dif fe rent
cla des, that are not si ster to any others mem bers of
the ir ge nus.

Di scus sion 

Till now bo dy form, as a pa ra me ter on ly, was not
used in phy lo ge ne tic de li be ra tions. Most often we
can find phy lo ge ne tic tre es ba sed on mor pho lo gi cal
da ta [15,18] or con nec ting mor pho lo gi cal and mo le -
cu lar da ta [16,19]. Ma the ma tic mo del pro po sed by
Bie lec ki and Ep sh te in [7,8], which cha rac te ri zed the
bo dy form of le eches, clo sed spe ci fic spa ce and fra -
me it cle ar ly in ways of mor pho lo gi cal da ta.

Bo dy form is re ali zed in a mo sa ic way in all gro -
ups of Hi ru di ni da, which can be told even be fo re the
phy lo ge ne tic ana ly sis. That is why, acqu ired re sults
are not a su pri se, espe cial ly when we con si der the
fact, that so me Pla tyb del li nae (T. ca pi tis) bo dy
forms are clo sed to spe cies from the Glos si pho ni -
idae fa mi ly. Whe re as, so me of Glos si pho nii dae ha -
ve bo dy form li ke Pi sci co li dae (He mic lep sis mar gi -
na ta), and most of Er pob del li dae had bo dy form
cha rac te ri stic for Hi ru di ni dae. 

Ute vsky and Tron telj [16] using mo le cu lar and
mor pho lo gi cal da ta cha rac te ri zed Pla tyb del li nae as
a si ster gro up to Pi sci co li nae. This con tra dicts the
tra di tio nal po si tion of Pla tyb del li nae from the be -
gin ning of pi sci co lid clas si fi ca tion [9,20]. Ne ver the -
less, a stu dy ba sed on ly on bo dy form, clas si fied two
of spe cies be lon ging to Pla tyb del li nae 
(B. rec tan gu la ta and T. ca pi tis) as tru ly si ster gro up
to Pi sci co li nae. 

The clad witch B. cot ti da rum and spe cies from
Pi sci co la ge nus sho uld be ta ken in to ca re ful con si -
de ra tion. It is im por tant to see, that B. cot ti da rum
be longs to trib Pi sci co li ni, John ston, 1865, which

em bo dy Pa le arc tic ge nus Pi sci co la. What is mo re
in te re sting, the si mi la ri ty of Ba ica lian Pi sci co lids to
the ge nus Pi sci co la co uld be a re sult of co nver gen -
ce of re pro duc ti ve or gans [10]. Mo re over, C. mam -
mi la tus, Pi sci co la spp. and Ba ica lob del la are cha -
rac te ri zed by co pu la tion area lo ca ted po ste rior to
ma le go no po re. It is one of the re asons, why so me
scien ti sts think abo ut trans fer ring ge nus Ba ica lob -
del la to ge nus Pi sci co la [16]. 

P. bo ro wie ci, P. ste no sa and A. paw low skii cre -
ated a se pa ra te clad. It lo oks stran ge, but when we
ca re ful ly ta ke un der con si de ra tion in de xes con nec -
ted with suc kers – po ste rior and an te rior (C2

1/C2,
C2

1/C1
1, C1

1/C2), ra tio of gre atest he ight of tra -
che lo so me to tra che lo so me length (N1/L1), ra tio of
gre atest he ight of uro so me to its length (N2/L2) and
ra tio of tra che lo so me length to bo dy length (L1/L),
it oc curs that dif fe ren ces be twe en in de xes are al -
most in vi si ble (SD from 0.008 to 0.04). Li ke wi se lo -
oks the si tu ation in clad ma de by C. mam  mi la tus,
P. poj man skae, P. fa scia ta and I. ep sh te ini. In this
ca se, the ra tio of gre atest he ight of uro so me to its
length (N2/L2), ra tio of uro so me length to bo dy
length (L2/L) and ra tio of tra che lo so me length to
bo dy length (L1/L) is al so ve ry small (SD from 0.02
to 0.03). Ho we ver, if we want to conc lu de, with a
hi gher le vel of as su ran ce, abo ut the ir com mon ori -
gin or clo se af fi ni ty, we sho uld com ple te our ana ly -
sis using mor pho lo gi cal, ana to mi cal, be ha vio ral and
mo le cu lar da ta. 

The ge nus Pi sci co la is di stri bu ted in the Ho larc -
tic. Evi den tly, this ge nus is the most an cient re pre -
sen ta ti ve of fre sh wa ter Pi sco li dae. In an cient la kes
from Ba ikal to Aral Sea a se ries of Lim no tra che lob -
del la spe cies are pre sent. It can be conc lu ded that
con tem po ra ry fish le eches of Ba ikal are the re sult of
di ver gen ce from a ge ne ral an ce stor, who was con -
nec ted with Lim no tra che lob del la by the com mon
ori gin; thus, the si mi la ri ty of Ba ica lian Pi sci co li dae
with Pi sci co la is a re sult of co nver gen ce. 

On the ter ri to ry of East Eu ro pe in wa ters de ri -
ving from the Te thys Sea the Ca spian fau na had de -
ve lo ped, which in c lu des the pi sci co lid ge ne ra Ca -
spiob del la and others, shar ply dif fe rent from pre vio -
us one due to the con struc tion of the re pro duc ti ve
sys tem.

The fo urth ele ment of the pi sci co lid fau na of Ho -
larc tic is Cy sto bran chus mam mi la tus, that in va ded
con ti nen tal wa ters in the ti me of qu ater na ry trans -
gres sion of the Arc tic Oce an. So me con ti nen tal wa -
ters are re fer red to spe cies of the ma ri ne sub fa mi ly
Pla tyb del li nae (la kes Chi li ka and Tan ga ny ika;
North Ame ri ca) [10]. 
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The out gro up in c lu des two spe cies of ma ri ne pi -
sci co lids: B. rec tan gu la ta and T. ca pi tis as well as,
one fre sh wa ter re lict spe cies L. si nen sis. It can be
conc lu ded, that le eches pa ra si ti zing fi shes ori gi nal -
ly de scen ded from fre sh wa ter, after wards mo ved to
sea -wa ters in De vo nian and do not exist in fre sh wa -
ters till Cre ta ce ous. From that mo ment le eches star -
ted to co lo ni zed fre sh wa ters se ve ral ti mes, in de pen -
den tly in dif fe rent re gions and in Eu ra sia and North
Ame ri ca [4,16]. In clad with the out gro up the re is
al so B. to rqu ata as spe cies si ster to T. ca pi tis. Either
of this spe cies ha ve got re la ti ve ly wi de – as for pi -
sci co lids – flat te ned bo dy, mo re of the irs bo dy form
is pa ral lel to spe cies from Glos si pho ni idae fa mi ly.
Li ke wi se flat te ned bo dy has al so L. si nen sis, which
is si ster to the rest of spe cies in this clad. It can te -
sti fy abo ut its ori gi nal, neo lim nic ori gin (neo lim nic
fau na – evo lved from ma ri ne an ce stors in Me so so ic
and Ter tia ry) [10]. 

Phy lo ge ne tic de duc tion abo ut re la tions among
Pi sci co li dae, on ly with da ta from bo dy form of le -
eches, is for su re a pre li mi na ry de duc tion. Ho we ver,
it shows a mo sa ic mo de of re ali za tion the bo dy form
in this gro up of ani mals.
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