
Summary. The fine structural organization and
dimensions of spermatozoa from species of 4
subfamilies of the Cyprinidae (Barbus barbus, Carassius
carassius, Cyprinus carpio carpio, Cyprinus carpio
haematopterus, Abramis brama, Alburnoides
bipunctatus, Alburnus alburnus, Chalcalburnus
chalcoides mento, Chondrostoma nasus,
Hypophthalmichthys molitrix, Leuciscus cephalus,
Phoxinus phoxinus, Rutilus rutilus, Rutilus meidingerii,
Scardinius erythrophthalmus, Vimba vimba and
Ctenopharyngodon idella) are compared with each other
as well as with results from other studies. Based on these
descriptions it is investigated whether sperm structure
reveals correlations with the existing systematics and if
it could be a useful taxonomical parameter.

The scatter plots based on the discriminate analysis
and the neighbour-joining trees based on a Mahalanobis
distance matrix reveal that sperm organization is related
with systematics in many aspects. However, in some
cases there are also clear differences between relations
found on the basis of sperm morphology and between
the systematic relations.
Key words: Fine structure, Spermatozoa, Cyprinidae,
Teleostei, Phylogeny

Introduction

In fish, the fine structure of spermatozoa has been
studied by scanning and/or transmission electron
microscopy in more than 300 species of Chondrichthyes
and Osteichthyes (for review see Jamieson, 1991;
Mattei, 1991; Lahnsteiner and Patzner, 2008). Based on

these studies many scientists postulate that sperm fine
structure may be related with systematics and
phylogenetic features and therefore interesting under
taxonomical aspects (Jamieson, 1991; Lahnsteiner and
Patzner, 2008). On the other hand, Mattei (1970, 1991)
considers it impossible in his review to correlate sperm
structure with taxonomic models, even for the
monophyletic group of Teleostei, because the
spermatozoa display a great variety of types and
structures. More recent studies show that high diversity
is mainly found between systematic families
(Lahnsteiner and Patzner, 2008). This diversity is
reflected in the shape of the head region, the number,
shape and location of the mitochondria, the arrangement
of the centrioles and the length and structure of the
flagellum. On the species and subspecies level however,
the spermatozoa reveal a more homogenous organization
(Lahnsteiner and Patzner, 2008).

In relation to the mode of fertilization two main
sperm types can be found in teleost fish. Species with
internal fertilization (e.g. Cottidae, Embiotocidae,
Pociliidae) have spermatozoa with an elongated nucleus
and a relatively big midpiece region with numerous
mitochondria. The head of a spermatozoon measures
around 10 µm, the midpiece 5 µm and the tail 30 to 40
µm. Species with external fertilization have a sperm type
called aquasperm. Most of them have an ovoid or
spherical nucleus which is less than 5 µm long. The
midpiece is also small, measures 2 to 4 µm and contains
only a few mitochondria (1 to 6). The spermatozoa are
monoflagellated or biflagellated and the tail is 30 to 40
µm long (Lahnsteiner and Patzner, 2008). 

The family of the Cyprinidae with more than 2010
species (Nelson, 1994) is the most abundant and
widespread freshwater fish family across Europe, Asia,
Africa and North America. Cyprinidae have a substantial
morphological variability, which is correlated to their
exceedingly expanded habitat. In fish systematics the
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family of the Cyprinidae is divided into several
subfamilies like Acheilognathinae, Barbinae, Cultrinae,
Cyprininae, Gobioninae, Labeoninae, Leuciscinae,
Rasborinae, Squaliobarbinae, Tincinae and
Xenocyprinae. Till now, the taxonomy of the Cyprinidae
is unclear (e.g. Kottelat and Freyhof, 2007). Therefore, it
would be interesting to find out if sperm structure of
Cyprinidae reveals correlations with the existing
taxonomy and if it could be a useful characteristic to
improve cyprinid systematics. Cyprinid spermatozoa
have three different compartments, the head, the
midpiece, and the flagellum (Baccetti et al., 1984). The
spherical or ovoid head contains the nucleus and
therefore the genetic material. The mitochondria are
located in the midpiece and deliver the energy for the
flagellar beating. The centriolar complex consists of the
proximal centriole and the distal centriole, and fastens
the flagellum to the head region. The flagellum itself has
a 9x2+2 microtubule pattern and is the motor of the
spermatozoon (Lahnsteiner and Patzner, 2008).

In this paper, the fine structural organization and
dimensions of spermatozoa from species of 4
subfamilies of the Cyprinidae (Barbus barbus, Carassius
carassius, Cyprinus carpio carpio, Cyprinus carpio
haematopterus, Abramis brama, Alburnoides
bipunctatus, Alburnus alburnus, Chalcalburnus
chalcoides mento, Chondrostoma nasus,
Hypophthalmichthys molitrix, Leuciscus cephalus,
Phoxinus phoxinus, Rutilus rutilus, Rutilus meidingerii,
Scardinius erythrophthalmus, Vimba vimba,
Ctenopharyngodon idella) are compared with each other
and also with results from other studies. Based on these
descriptions it is investigated whether sperm structure of
the studied Cyprinidae reveals correlations with the
existing systematics and if it could be a useful
taxonomic parameter.

Materials and methods

Sampling

The investigated species and their spawning times
are shown in Table 1. Two mature males of each species
were stripped off by manual pressure on the testis and
sperm ducts. Milt was collected into Eppendorf tubes.
Immediately after stripping, samples were fixed in a
mixture of 2.2% glutaraldehyde and 5% para-
formaldehyde in 0.1 M cacodylate buffer (pH 7.4) at 4°C
for 2 h.
Transmission electron microscopy

For transmission electron microscopy (TEM) the
samples were postfixed in 1% osmium tetroxide in 0.1
M cacodylate buffer at 4°C for 2 h. Thereafter, the
samples were dehydrated in a graded ethanol series, and
embedded in Epon 812 whereby propylene oxide was
used as intermediate medium. Thin sections were made
with a Reichert OmU3 ultramicrotome using a diamond
knife and mounted on copper grids with a mesh-size of
75 nm. The grids were stained with uranyl acetate at
40°C for 60 min followed by lead citrate at 20°C for 6
minutes. Sections were examined with a Zeiss electron
microscope 910.
Scanning electron microscopy

For scanning electron microscopy (SEM) the
fixative was washed out with distilled water. Then the
samples were transferred into absolute ethanol. A droplet
of the sperm suspension was placed on a specimen
holder, air-dried, evaporated with gold, and observed
with a Philips XL 30 ESEM. 
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Table 1. Characterization of species investigated in the present study.

Species common name Source Spawning time

Barbus barbus barbel wild population from the Fischach river, Salzburg April - June
Carassius carassius crucian carp aquarium, original source Danube at Vienna May - June
Cyprinus carpio carpio wild carp fish farm Menzel, Waldschach, Styria May - June
Cyprinus carpio carpio mirror carp fish farm Menzel, Waldschach, Styria May - June
Cyprinus carpio carpio scaly carp fish farm Menzel, Waldschach, Styria May - June
Cyprinus carpio haematopterus koi carp fish farm Menzel, Waldschach, Styria May - June
Abramis brama common bream wild population from lake Wallersee, Salzburg May - June
Alburnoides bipunctatus spirlin aquarium April - June
Alburnus alburnus bleak wild population from lake Höllerersee, Upper Austria March - June
Chalcalburnus chalcoides mento Danube bleak wild population from Lake Mondsee, Salzburg May - July
Chondrostoma nasus sneep wild population from the Enns river, Upper Austria May - April
Hypophthalmichthys molitrix silver carp fish farm Menzel, Waldschach, Styria June
Leuciscus cephalus European chub wild population from lake Mondsee, Salzburg April - June
Phoxinus phoxinus minnow fish farm, Kreuzstein May - July
Rutilus rutilus roach aquarium April - May
Rutilus meidingerii perlfisch wild population from the Seeache, Salzburg April - May
Scardinius erythrophthalmus rudd aquarium, original source Danube at Vienna May - July
Vimba vimba vimba or zaehrte wild population from the lake Mondsee, Salzburg April - June
Ctenopharyngodon idella grass carp fish farm Menzel, Waldschach, Styria July



Morphometric measurements

100 to 150 spermatozoa from two individuals were
investigated in each species. Morphometric
measurements of sperm dimensions were made with
Olympus Soft Imaging software (Cell^A) calibrated with
the scale deriving from the electron microscope. The
measured parameters were length and width of the head,
length of the midpiece, and diameter and total length of
the flagellum. Mean values and standard deviation (S.D.)
were calculated from 30 measurements. 
Multivariate analysis

A specific sperm type is defined by many fine
structural parameters. Therefore, the comparison of
sperm types is difficult without an objective statistical
calculation method. The calculation of the Mahalanobis
distance (Cadrin, 2000) followed by graphical
visualization with neighbour-joining trees or canonical
variate analysis are possible statistical methods to
compare morphological structures defined by multiple
variables. Both methods were used in the present study.
In the present study only those characteristics which
could be measured objectively and in all investigated
sperm types were included in the analysis. These were
length and diameter of flagellum, length and width of
head, length of midpiece, number and diameter of
mitochondria and angle between distal and proximal
centriole. For calculation of the Mahalanobis distance
matrix, the arrangement of mitochondria was included as
additional binominal variable. 

For canonical variants analysis (CVA) the
morphometric parameters were used as dependent
variables, the species code as independent variable.
Canonical variants functions were calculated and plots
were made for the observed cases based on the
calculated functions. Using the same independent
parameters a Mahalanobis distance matrix was
calculated (Cadrin, 2000). The Mahalanobis distance
matrix was used to generate a neighbor-joining tree by
means of Phylips software (Felsenstein, 1995).
Results

The fine structure of the spermatozoa

General characteristics of the investigated cyprinid
spermatozoa

The spermatozoa of the investigated species of the
Barbinae, Cyprininae, Leuciscinae and Squaliobarbinae
are differentiated in head, midpiece and flagellum (Figs.
1A, 2A, 3A). They are uniflagellated, acrosomeless and
asymmetrical, as the flagellum inserts laterally at the
nucleus (Figs. 1B, 2B, 3B, 3E). The sperm head and the
nucleus are spherical to ovoid. The nucleus is
surrounded by the nuclear envelope, a double
membrane, which lacks nuclear pores (Fig. 3H). It

consists of dense, homogeneous and sometimes slightly
granular chromatin material (Figs. 1B, 2B, 3B,E). It has
an invagination termed the “nuclear fossa”, where the
centriolar complex is located (Figs. 1C, 2E, 3D,E). The
centrioles consist of nine peripheral triplets of
microtubules and lack central microtubules (Fig. 1K).
The distal centriole functions as basal body for the
flagellum (Figs. 1E, 2E, 3C). Its anterior portion is
embedded in a ring of electron-dense material. From this
electron dense ring filaments arise which connect the
distal centriole with the proximal one and with the
nucleus (Figs. 1E, 2E). The midpiece is approximately
cylindrically shaped (Figs. 1A, 2A, 3A). It is pervaded
by the cytoplasmic channel, which is an invagination of
the plasmalemma (Figs. 1D, 2E, 3B,E). The invaginated
portion of the plasmalemma is superposed by a second
membrane (Fig. 2D,H). The midpiece contains
mitochondria, which are spherical, ovoid, or C-shaped in
the sections. The mitochondrial matrix is moderately
electron dense, the cristae are irregularly arranged and
have an electron transparent matrix (Figs. 1G,I, 2H,
3F,H). Also vacuoles with electron lucent content are
found in the cytoplasm of the midpiece (Fig. 2H). The
flagellum has the classical eukaryotic structure, as it
consists of nine peripheral and one central pair of
microtubules (Figs. 1J, 2H). At the transition between
flagellum and centriolar complex the central
microtubules are missing (9x2+0 microtubule structure)
(Fig. 1J). The proximal part of the axoneme is
surrounded by a narrow cytoplasmatic layer, which
frequently contains vesicles (Fig. 2D,E). The flagella
have no sidefins or lateral ribbons. Sometimes lamellar
bodies are also seen in the cytoplasm (Fig. 1F,L). They
are considered as phospholipid accumulations typical for
senescent, degenerating spermatozoa (unpublished data). 
Species specific differences in sperm fine structure

The species-specific differences are summarized in
Table 2.

Leuciscinae
In the Leuciscinae the head is only slightly ovoid in

Abramis brama, Chacalburnus chalcoides mento, and
Leuciscus cephalus but clearly ovoid in the other
investigated species (Alburnoides bipunctatus, Alburnus
alburnus, Chondrostoma nasus, Hypophthalmichthys
molitrix, Phoxinus phoxinus, Rutilus rutilus, Rutilus
frisii meidingeri, Scardinius erythrophthalmus, Vimba
vimba). The centrioles (Fig. 1C) are arranged in an angle
of 120-130° to each other in all investigated species with
the exception of Alburnus alburnus, Rutilus frisii
meidingeri, and Vimba vimba. In these species the angle
measures only 105-110°. In most species of the
Leuciscinae (Abramis brama, Alburnoides bipunctatus,
Alburnus alburnus, Chacalburnus chalcoides mento,
Leuciscus cephalus, Rutilus rutilus, Scardinius
erythrophthalmus, Vimba vimba) the mitochondria are
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concentrated at one side of the midpiece (Figs. 1C,G).
Only in Chondrostoma nasus, Hypophthalmichthys
molitrix, Phoxinus phoxinus and Rutilus frisii meidingeri
their arrangement is irregular (Fig. 1D). In the
investigated species the number of mitochondria
fluctuates from 1 to 7. Glycogen granules (Fig. 1H) are
found in all species with the exception of Alburnoides
bipunctatus, Hypophthalmichthys molitrix, and Phoxinus
phoxinus.

Cyprininae
In the Cyprininae the head is either spherical

(Carassius carassius) or ovoid in shape (Cyprinus
carpio carpio, C. c. haematopterus). The centrioles (Fig.

2E-G) are arranged at an angle of 115 ° to each other in
Carassius carassius and at an angle of 130° in Cyprinus
carpio carpio (wild carp, scaly carp, mirror carp) and C.
c. haematopterus. The mitochondria (Figs. 2B,E,H) are
distributed in the whole midpiece, their number amounts
to 4-8 in Carassius carassius and 6-9 in Cyprinus carpio
carpio and C. c. haematopterus. Glycogen granulas are
found in the midpiece of all investigated species of
Cyprininae.

Barbinae
In Barbus barbus the head is ovoid shaped, the

centrioles (Fig. 3C,D) are arranged at an angle of 115° to
each other. The midpiece (Fig. 3B) contains 1-4
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Fig. 1. Spermatozoa of Leuciscinae. A. Scardinius erythrophthalmus - SEM of the head. Scale bar: 1 µm. B. Vimba vimba. General view (TEM). Scale
bar: 0.5 µm. C. Alburnoides bipunctatus - arrangement of mitochondria in one side of the midpiece (TEM). Scale bar: 250 nm. D. Rutilus frisii meidingeri
- TEM longitudinal section of the midpiece. Scale bar: 250 nm. E. Rutilus frisii meidingeri: basal body (bb) with microfibrilles (fi) connecting the centriole
with the nucleus (TEM). Scale bar: 100 nm. F. Leuciscus cephalus – lamellar body (lb) at cytoplasmic channel (TEM). Scale bar: 250 nm. G. Cross
section of the midpiece of Alburnoides bipunctatus. Scale bar: 250 nm. H. Glycogen granules (gg) in the midpiece of Abramis brama (TEM). Scale bar:
100 nm. I. Mitochondrion of Leuciscus cephalus (TEM). Scale bar: 100 nm. J. Cross section of proximal portion of flagellum of Phoxinus phoxinus. Note
absence of central microtubules (TEM). Scale bar: 100 nm. K. Cross section of proximal centriole of Rutilus rutilus (TEM). Scale bar: 100 nm. 
L. Longitudinal section of flagellum of Vimba vimba (TEM). Scale bar: 100 nm. bb: basal body, cc: cytoplasmatic channel, cdm: central doublet of
microtubules. cm: cytoplasmatic membrane, cr: cristae, cv: cytoplasmatic vesicles, dc: distal centriole, f: flagellum, fi: microfibrilles, gg: glycogen
granules, lb: lamellar body, m: mitochondria, mi: midpiece, n: nucleus, pc: proximal centriole, pdm: peripheral doublets of microtubules.

Table 2. Fine structural organization and dimensions of spermatozoa of different species of the Barbinae, Cyprininae, Leuciscinae and
Squaliobarbinae.

Head Centrioles Midpiece Mitochondria Flagellum
Length (µm) Width (µm) Angle1 Length (nm) Number Arrangement Diameter (nm)Length (µm)

Barbinae
Barbus barbus 1.77±0.17 1.61±0.18 115±3° 902±133 1-4 (2)2 at one side3 224±19 51.6±0.1

Cyprininae:
Carassius carassius 1.60±2.14 1.59±1.91 115±3° 840±147 4-8 (4)2 irregular4 188±18 40.0±1.2
C. c. carpio - wild carp 1.95±0.21 1.78±0.18 130±3° 983±121 6-8 (6)2 irregular 250±19 34.7±1.1
C. c. carpio - scaly carp 1.82±0.19 1.69±0.16 130±3° 938±128 6-9 (6)2 irregular 241±23 34.8±0.8
C. c. carpio - mirror carp 1.80±0.15 1.69±0.18 130±3° 937±117 6-8 (6)2 irregular 235±21 34.6±1.2
C. c. haematopterus - koi carp 1.87±0.21 1.68±0.20 130±3° 826±182 6-9 (6)2 irregular 246±17 31.9±1.0

Leuciscinae
Abramis brama 1.77±0.11 1.70±0.12 125±3° 1039±192 3-6 (4)2 at one side 261±24 24.9±0.7
Alburnoides bipunctatus 1.52±0.12 1.36±0.13 120±3° 836±130 2-4 (4)2 at one side 210±22 40.1±0.9
Alburnus alburnus 1.49±0.13 1.39±0.10 110±3° 869±125 1-4 (3)2 at one side 200±17 35.5±1.4
Chacalburnus chalcoides mento 1.79±0.18 1.74±0.17 125±3° 834±126 3-5 (3)2 at one side 239±18 30.9±0.7
Chondrostoma nasus 1.79±0.12 1.54±0.15 125±3° 954±132 5-6 (5)2 irregular 256±25 38.2±1.4
Hypophthalmichthys molitrix 1.75±0.18 1.59±0.19 120±3° 920±136 5-7 (6)2 irregular 230±18 29.7±0.8
Leuciscus cephalus 1.79±0.17 1.70±0.23 120±3° 838±138 1-3 (3)2 at one side 231±19
Phoxinus phoxinus 1.62±0.17 1.55±0.20 120±3° 778±172 3-4 (3)2 irregular 193±20 36.5±0.7
Rutilus rutilus 1.68±0.14 1.56±0.16 130±3° 864±124 1-2 (2)2 at one side 221±20
Rutilus frisii meidingeri 1.73±0.13 1.61±0.20 110±3° 1089±190 7 irregular 223±20 39.6±1.1
Scardinius erythrophthalmus 1.51±0.16 1.44±0.18 130±3° 1068±166 3-5 (5)2 at one side 202±19 28.2±1.0
Vimba vimba 1.78±0.19 1.60±0.17 105±3° 761±117 1-2 (2)2 at one side 238±20

Squaliobarbinae
Ctenopharyngodon idella 1.52±0.14 1.42±0.14 115±3° 797±159 1-4 (2)2 at one side 225±19 30.5±0.7

Data on cell dimensions are mean ± standard deviation (n=30). Data on mitochondria number are minimal and maximal numbers whereby counts were
made from 30 different midpiece sections. 1Angle of centrioles to each other; 2Value in parenthesis indicates the number of mitochondria most
frequently observed; 3irregularly distributed throughout the whole cytoplasm of the midpiece; 4concentrated at one side of the midpiece



Fig. 2. Spermatozoa of Cyprininae. A. Cyprinus carpio carpio, wild carp. SEM of spermatozoon. Scale bar: 5 µm. B. Cyprinus carpio carpio, wild carp.
General view (TEM). Scale bar: 0.25 µm. C. Carassius carassius - granular chromatin material of the nucleus (TEM). Scale bar: 20 nm. 
D. Cytoplasmic channel (cc) of Cyprinus carpio carpio, scaly carp (TEM). Scale bar: 100 nm. E. Longitudinal section of midpiece of Cyprinus carpio
carpio, scaly carp (TEM). Scale bar: 250 nm. F. Centriolar complex of Cyprinus carpio carpio, wild carp (TEM). Scale bar: 250 nm. G. Basal body (bb)
of Cyprinus carpio carpio, mirror carp (TEM). Scale bar: 250 nm. H. Midpiece of Hypophthalmychthys molitrix with C-shaped mitochondria (m) (TEM).
Scale bar: 200 nm. bb: basal body, cc: cytoplasmic channel, cdm: central pair of micotubules, cm: double layer membrane of cytoplasmic channel, cv:
cytoplasmatic vesicles, dc: distal centriole, h: head, f: flagellum, m: mitochondria, n: nucleus, pc: proximal centriole, pdm: peripheral pairs of
microtubules.



mitochondria, which are concentrated on one side. The
midpiece contains no glycogen granulas.

Squaliobarbinae
In the only investigated species of the

Squaliobarbinae (Ctenopharyngodon idella) the head is
ovoid (Fig. 3E). The centrioles are arranged at an angle
of 115° to each other. One to four mitochondria are
located at one side of the midpiece (Fig. 3F,G).
Glycogen granules are abundant in the cytoplasmic

portion of the midpiece.
Comparison of the sperm types by multivariate statistical
analysis

The morphometric parameters (length and diameter
of flagellum, length and diameter of nucleus, length of
midpiece, number, arrangement, and diameter of
mitochondria, angle of centrioles to each other) of the
spermatozoa of the investigated Barbinae, Cyprininae,
Leuciscinae and Squaliobarbinae are shown in Table 2.
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Fig. 3. Spermatozoa of Barbinae and Squaliobarbinae. A. Barbus barbus: SEM of spermatozoon. Scale bar: 5 µm. B. Barbus barbus: General view
(TEM). Scale bar: 250 nm. C. Basal body of Barbus barbus (TEM). Scale bar: 100 nm. D. Centriolar complex of Barbus barbus (TEM). Scale bar: 100
nm. E. Ctenopharyngodon idella. General view (TEM). Scale bar: 250 nm. F. Cross section of midpiece of Ctenopharyngodon idella (TEM). Scale bar:
250 nm. G. Mitochondria of Ctenopharyngodon idella (TEM). Scale bar: 250 nm. H. Nuclear envelope (ne) of Ctenopharyngodon idella (TEM). Scale
bar: 50 nm. bb: basal body, cc cytoplasmic channel, f: flagellum, h: head, f: flagellum, m: mitochondria, n: nucleus, ne: nuclear envelope, pc proximal
centriole, pm: plasma membrane.



Table 3 shows the available literature data for the
dimensions of spermatozoa of the Cyprinidae.

By means of the canonical variates analysis, which
was performed with the above listed morphometric
parameters as independent variables, four canonical
variates functions were defined, whereby canonical
variate 1 explained 96.2% of the total observed variance,
while the other canonical variates had only low
explanatory effects (Table 4). The scatterplots based on
the first and second canonical variate show that Barbus
barbus was in a very isolated position (Fig. 4A,B). Two
further groups can be distinguished, one composed of
the species Cyprinus carpio carpio (wild carp, koi carp,
scaly carp, mirror carp), Rutilus meidingerii,
Chondrostoma nasus, Chalcalburnus chalcoides mento,
Hypophthalmichthys molitrix and Abramis brama and
the other one composed of Carassius carassius,

Alburnus alburnus, Phoxinus phoxinus, Scardinius
erythrophthalmus, Ctenopharyngodon idella and
Alburnoides bipunctatus. The most similar sperm types
were those of Chondrostoma nasus and Rutilus
meidingerii and those of scaly carp, mirror carp, koi carp
and Chacalburnus chalcoides mento. 

The neighbor-joining tree, which was generated
based on the Mahalanobis distance matrix, brought the
following results: Barbus barbus, the only investigated
species of the Barbinae was in an isolated position. The
scaly carp, mirror carp, wild carp, and koy carp formed a
homogenous group as well; however, Carassius
carassius was positioned in the Leuciscinae. The
Leuciscinae did not form a homogenous group but two
groups according to sperm structure. Moreover, two
species of the Leucisinae, Chacalburnus chalcoides
mento and Chondrostoma nasus were placed near the
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Table 3. Dimensions of spermatozoa of the Cyprinidae as found in the cited literature.

Subfamily Spermatozoon Dimensions Dimensions Mitochondria Centrioles Reference
dimensions of Nucleus of midpiece number angle °

Species total flagellum length width length width
length (µm) length (µm) (µm) (µm) (µm) (µm)

Acheilognathinae
Rhodeus ocellatus 32.6 31 Ø 1.6 - 1.1 1.6 1 1201 Emelyanova and Makeeva; 1985
Rhodeus sericeus sinensis n.d. n.d. Ø 2 - 2.0 2.0 1 n.d. Guan and Afzelius, 1991

Barbinae
Barbus barbus plebejus 61.7 60 1.7 1.5 n.d. n.d. 2 n.d. Baccetti et al, 1984
Puntius conchonius 29.8±2.2 25.4±3.7 1.48±0.11 1.42±0.07 n.d. n.d. 1-4*(2) 1301 Hu et al., 2005

Cultrinae
Hemiculter eigenmanni 34.8 33 Ø 1.8 - 0.8 1.0 7-9 1201 Emelyanova; 1985

Cyprininae
Carassius auratus 60 63.2 Ø 3.2 - 1.0 0.5-2.0 2-4 n.d. Fribourgh et al., 1970
Carassius carassius 60 58 2.0 1,5 n.d. 10 125 Baccetti et al, 1984
Common carp n.d. n.d. 3.8 n.d. n.d. n.d. n.d. Stein, 1981
Common carp 34.8±1.4 30.8 Ø1.80±0.16 - 0.73±0.15 n.d. 8* (4) 90 You and Lin, 1996
Wild carp 41.8 40 Ø 1.8 – 1.9 - 0.8 1.3 7-9 n.d. Emelyanova and Makeeva, 1985

Gobioninae
Pseudorasbora parva 37.8-37.9 36 Ø 1.8 – 1.9 - 0.9 1.4 2-3 n.d. Emelyanova and Makeeva, 1985
Pungtungia herzi 37.4 35.7 Ø 1.9 - 0.6 1.4 1 130 Lee and Kim, 1998
Squalidus chankaensis tsuchigae 32 30 Ø 1.9 - n.d. n.d. ≥ 7 130 Kim et al., 1998

Labeoninae
Labeo victorianus n.d. n.d. Ø1.64±0.11 - n.d. n.d. 6 1301 Rutaisire et al., 2006

Leuciscinae
Alburnus alburnus alborella 51.5 50 Ø 1.5 - n.d. n.d. 3-4 n.d. Baccetti et al, 1984
Chondrostoma toxostoma 43.8 42 1.8 1.75 n.d. n.d. 3-4 120 Baccetti et al, 1984
Hypophthalmichthys molitrix 36.6 35 Ø 1.6 - 0.7 1.2 4-5 1101 Emelyanova and Makeeva, 1985
Leuciscus cephalus 51.7 50 Ø 1.7 - n.d. n.d. 2-3 120 Baccetti et al, 1984
Leuciscus souffia 57.3 56 1.3 1.6 n.d. n.d 4 n.d. Baccetti et al, 1984
Rutilus rubilio 37.5 36 Ø 1.5 - n.d. n.d. 5-6 140 Baccetti et al, 1984

Rasborinae
Opsariichthys uncirostris n.d. n.d. Ø 1.7 – 1.8 - 0.9 1.5 2-4 Emelyanova and Makeeva, 1985
Zacco temmincki 44 42 Ø 2.0 - n.d. n.d. ≥ 6 120 Kim et al., 2006

Squaliobarbinae
Ctenopharyngodon idella 35.6 34 Ø 1.6 - 0.9 1.2 4-5 n.d. Emelyanova and Makeeva, 1985

Tincinae
Tinca tinca 26.1±3.8 25.4±2.5 1.27±0.24 1.71±0.09 n.d. 0.86±0.27 2-6 140 Psenicka et al., 2006

Xenoxyprinae
Aristichthys nobilis 35.6 34 Ø 1.6 - 0.9 1.4 4-5 n.d. Emelyanova and Makeeva, 1985

1measurements from micrographs of the cited publications; n.d.: not determined.



Cyprininae. Ctenopharyngodon idella, the only
investigated representative of the Squaliobarbinae was
placed near the Leuciscinae.
Discussion

Mattei (1970) was the first performing comparative
study on sperm fine structure from an evolutionary
viewpoint. According to Lahnsteiner and Patzner (2008)
morphological differences in teleost spermatozoa could
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Table 4. Standardized canonical variates functions resulting from the
canonical variates analysis using the factors: length of flagellum, length
and width of head and length of midpiece.

Standardized canonical variates functions VAR WL p

Variate 1 1.003x1+0.070x2+0.005x3-0.020x4 96.2 0.008 0.000
Variate 2 0.015x1+0.450x2+0.700x3+0231x4 2.5 0.327 0.000
Variate 3 0.020x1+0.038x2-0.313x3+0.982x4 1.0 0.649 0.000
Variate 4 0.007x1+0.993x2-0.777x3-0.022x4 0.3 0.902 0.000

VAR: % explained variance; WL: Wilks’ Lambda; p: significance level.

Fig. 4. A. Scatterplot of the
standardized canonical variates
functions 1 (CV1) and 2 (CV2) (see
Table 2) demonstrating morphological
differentiation in spermatozoal
organization between the different
species of Barbinae, Cyprininae,
Leuciscinae and Squaliobarbinae.
Actual data, (B) group centroids (X:
Barbinae; tr iangles: Cyprininae;
rombes: Leuciscinae). Leuciscus
cephalus, Scardinius erythrophthalmus
and Vimba vimba are not included in
this data set. 



be useful as supplementary characteristic in taxonomic
classifications and in determining phylogenetic relations.
The present study wants to find out if species-specific
differences of spermatozoa within the family of the
Cyprinidae in the dimensions of the head, the length of
the midpiece, the number and the organization of
mitochondria and the arrangement of the centrioles
reveal correlations with systematic. 

The scatter plots based on the discriminate analysis
and more clearly the neighbor-joining tree based on the
Mahalanobis distance matrix reveal that sperm
organization in many aspects is related with systematics:
Barbus barbus, the only investigated species of the
Barbinae was in an isolated position. The Cyprininae
form a homogenous group, too, while sperm types of
Leuciscinae cluster in two separate groups. Generally,
taxonomy of Leucisicinae is still controversial (see
below). However, there are also clear differences
between relations found on the basis of sperm
morphology and between the systematic relations.
Spermatozoa of Carassius carassius - a species of the
Cyprininae - were positioned to the Leuciscinae. The
Leuciscinae do not form a homogenous group, but two
groups according to sperm structure. Moreover, one
species of the Leuciscinae, Chacalburnus chalcoides
mento, is placed in the Cyprininae. Ctenopharyngodon

idella, the only investigated representative of the
Squaliobarbinae is placed next to the Leuciscinae. Based
on these findings it might be possible that sperm fine
structure is only roughly correlated with systematic and
therefore only of restricted use as a taxonomic
parameter, as suggested by Jamieson (1991) and Mattei
(1991). On the other hand, the resolution of the sperm
analysis may be increased when including more details
and parameters of sperm organization. For the
Cyprinidae it would be possible to extend the analysis by
entering morphological parameters describing the
structure of the centriolar complex in more detail,
especially the arrangement of microfibrilles and of
electron dense stabilization structures, which are
responsible for connection of the centrioles with each
other and with the nuclear envelope.

Classical fish systematic splits the Cyprinidae into
two lineages (Nikolsky, 1954; Liu and Chen, 2003), the
basic Cyprinine and the Leuciscine lineages. The
Cyprinine lineage (with barbels) includes the subfamilies
Cyprininae, Gobioninae and Rasborinae and the
Leuciscine lingeage (without barbels) consists of
Acheilognathinae, Alburninae, Cultrinae and
Leuciscinae. However, the relationship between these
two lineages of the Cyprinidae remains unclear and even
the monophyly of the whole family is in doubt (Howes,
1991; Briolay et al., 1998). Referring to allozyme data
from 23 European cyprinid taxa, Hänfling and Brandl
(2000) propose that the two subfamilies Alburninae and
Leuciscinae are paraphyletic, but form a monophyletic
group together. They suggest merging the genus
Leuciscus and the genus Abramis and describing the
genus Tinca as rather distinct from the Alburninae –
Leuciscinae lineage. Another mitochondrial
phylogenetic study of European cyprinids (Gilles et al.,
1998) shows that the most basal subfamily is the one of
the paraphyletic Rasborinae. The Cyprininae are
monophyletic, the Tincinae and Gobioninae are close to
Cyprininae or more basal lineages but not close to
Leuciscinae or Alburninae (Gilles et al., 1998). As seen
from this summary, more data on this topic are still
necessary to perform exact analysis and to draw more
general conclusions.

Sperm fine structure should not only be considered
from a systematic, taxonomic point of view but also
under the aspect of functionality. An optimal shape of
the spermatozoon head is important for its penetration
through the micropyle and for optimal hydrodynamic
properties during motility. In externally fertilizing
Teleostei great differences in the shapes of the heads
exist. For example spherical ones were described for the
northern pike, Esox lucius, (Röheli et al., 1950), ovoid-
shaped ones for the cardinal fish, Apogon imberbis,
(Lahnsteiner, 2003) and banana-shaped ones for the
Atlantic eel, Anguilla anguilla (Todd, 1976). In the
Cyprinidae the head is spherical to ovoid, which
conforms to earlier studies (Baccetti et al., 1984). In the
present study no vacuoles could be found in the head,
which have been previously described for Carassius
auratus (Fribourgh et al., 1970), Chondrostoma nasus
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Fig. 5. A phylogenetic hypothesis - neighbor-joining tree based on a
Mahalanobis distance matrix showing morphological differentiation in
sperm organization between the different species of Barbinae,
Cyprininae, Leuciscinae and Squaliobarbinae. Leuciscus cephalus,
Scardinius erythrophthalmus and Vimba vimba are not in this data set.



(Stein, 1981), Cyprinus carpio (Kudo, 1980) and
different cyprinid species investigated by Emelýanova
and Makeeva (1985). Fribourgh et al. (1970) suggested
that these vacuoles might be a result of degeneration of
the nuclear material, however, in our opinion they might
also represent areas where chromatin was not completely
condensed. This hypothesis might be established by data
from Alavi et al. (2008) who observed that the frequency
of nuclear vesicles changed during the reproductive
season. Additionally, Kudo (1980) described specific
granular material and fibrils in the head of the common
carp, which could not be detected in the present study
either. A comparison of the spermatozoal head
morphometry based on literature data is presented in
Table 3.

In the cyprinid species investigated in the present
study the midpiece is always conically or cylindrically
shaped and contains several spherical or ovoid
mitochondria, producing the energy for flagellar
movement and for cell homeostasis. Generally, in
cyprinid spermatozoa, the number of mitochondria
varies from 2 to 10, depending on the species (Baccetti
et al., 1984). Baccetti et al. (1984) found two in the
genus Alburnus, 2 to 3 in Leusciscus, 3 to 4 in
Chondrostoma, 5 to 6 in Rutilus and 10 in Carassius.
Emel ýanova and Makeeva (1985) counted in the
spermatozoa of Cyprinus carpio carpio and Hemiculter
eigenmanni 7 to 9 mitochondria, for Hypo-
phthalmichthys molitrix, Aristichthys nobilis and
Ctenopharyngodon idella 4 to 5, for Opsariichthys
uncirostris 2 to 4 and for Pseudorasbora parva 2 to 3.
The number of spermatozoal mitochondria determined in
the present study is in the same range as found in the
previous studies. In this context it is worth mentioning
that the exact number of mitochondria is sometimes
difficult to determine, as a single mitochondrion may be
cut in several planes in the TEM sections. Concerning
the arrangement of mitochondria, a concentration at one
side of the midpiece was observed for Barbus barbus,
Abramis brama, Alburnoides bipunctatus, Alburnus
alburnus, Chacalburnus chalcoides mento, Leuciscus
cephalus, Rutilus rutilus, Scardinius erythrophthalmus,
Vimba vimba and Ctenopharyngodon idella. This
specific arrangement was not described in previous
studies. In spermatozoa of all other species investigated
in the present study the arrangement of mitochondria
was irregular. An exception from the described scheme
represents the spermatozoa of the Chinese (Rhodeus
sericeus sinensis) and rosy bitterlings (Rhodeus
ocellatus), whose midpiece contains only one large
mitochondrion (Emelýanova and Makeeva, 1985).
Another exception is the spermatozoon of Leuciscus idus
(Ginsburg, 1968) where more than 20 mitochondria were
found. Literature data on the organization of the
midpiece of cyprinid spermatozoa are summarized in
Table 3. Glycogen granules could be found in the
midpiece of all investigated species but were absent in
Alburnoides bipunctatus, Hypophthalmichthys molitrix,
Phoxinus phoxinus, and Barbus barbus. Therefore, the
occurrence of glycogen might be a species-specific

characteristic. However, it is more obvious that the
occurrence of glycogen depends on the metabolic status
of spermatozoa, whereby aged, stored or “bad quality”
spermatozoa might have depleted glycogen reservoirs.

The centriolar complex consists of the proximal and
distal centriole, which are arranged at a species-specific
angle to each other and are responsible for connecting
the flagellum with the head/midpiece complex. The
greatest angle of 130° was found in Cyprinus carpio
carpio (wild carp, scaly carp, mirror carp and koi carp),
Rutilus rutilus and Scardinius erythrophtalmus, the
smallest 105° in Vimba vimba. Within the subfamily of
the Leuciscinae the angle is variable from 105° in Vimba
vimba, 110° in Alburnus alburnus and Rutilus
meindingerii, to 130° in Rutilus rutilus and Scardinius
erythrophthalmus. The smallest centriolar angle reported
so far was 90° for the common carp (You and Lin, 1996)
and the largest 140° for Rutilus rubilio (Baccetti et al.,
1984) and Tinca tinca (Psenicka et al., 2006). The angle
of 90° reported for Cyprinus carpio (You and Lin, 1996)
does not correspond to our data and is therefore
questionable. The literature data are summarized in
Table 3. It is unclear if these differences in the
arrangement of the centrioles have functional
importance, especially for the sperm motility. 

Generally, flagellar length varies from 36 to 60 µm
for cyprinid spermatozoa (Baccetti et al., 1984). The
available literature data from previous studies are
summarized in Table 3. In the present study sperm types
with the shortest flagellum were those of koi carp with
32 µm and Abramis brama with 25 µm, while the
flagellum of Barbus barbus was 52 µm long.
Differences in the flagellar length might have great
consequences for sperm motility, such as swimming
velocity, swimming type, and duration of motility.
However, comparative motility data are not available
until now. In comparison to spermatozoa of other fresh
water species (e.g. Salmonidae, Percidae – Lahnsteiner
and Patzner, 2008) cyprinid spermatozoa have no lateral
fins. However, vesicles were found in the cytoplasm of
the proximal part of the flagellum of all species
investigated in the present study and also in spermatozoa
of all species previously studied with the exception of
Rhodeus ocellatus (Emelýanova and Makeeva, 1985).
Therefore, it is unlikely, that these structures represent
artifacts originating during fixation or manipulation of
spermatozoa. However, their functional importance is
unclear. The microtubules arrangement (9x2+2
organization) of the flagellum is the common one as
found for spermatozoa of most Teleostei (Jamieson,
1991; Lahnsteiner and Patzner, 2008). In comparison to
other species (e.g., Clupeidae, Engraulidae,
Alepocephalidae and Salmonidae - Mattei et al., 1981),
the doublets of the flagellar microtubules are electron
transparent, as also found by Emelýanova and Makeeva
(1985). 

In summary, the present study demonstrates that in
the Cyprininae sperm organization in many aspects is
related with systematic on the subfamily level. However,
there are also clear differences between relations found
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on the basis of sperm morphology and between the
systematic relations. In future studies it should be tested
where better relations are obtained when including more
details and parameters of sperm organization (especially
the structure of the centriolar complex) in the analysis. 
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