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complex. The spermatozoa size suggests a relation n“*-’ “these 3-:; the |
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sal species found mainly on rocky, mud and algal or seagrass
substrates, between 5 and 500 m and 5 to 150 m. respec-
tively (Smith, 1981, 1990; Tortonese, 1986: Bauchot.
L987; Brito, 1991; Franquet and Brito, 1995).

The objective of the present study was ) to examine the
spermatozoon ultrastructure of the species of genus Serranus
present in the Canary Islands (Central-Eastern At antic),
using transmission and scanning electron microsco by, and

6) to determine if it shares important differences among
species of the same genus.

MATERIALS AND METHODS

Mature individuals of Serranus atricauda, Serranus cabrillz and Servanus
seriva were caught in two surveys conducred around the island of Gran
Canaria (Canary Islands) in June 1998 for ultrastructural analysis.
Fishes were anaesthetised with 1,1,1, trichloro-2methyl-2-propanol
prior to handstripping. Small pieces of the gonads were fixed in
Karnovsky's fixative for 2-4 h and then washed several times in 0.1 M
phosphate bufter (for approximately 68-70 h) to 4°C, for scanning
(SEM) and transmission electron microscopy (TEM).

Samples were dehydrated in alcohol. dried from liquid carbon dioxide
in a critical-point drier (Tousimis Autosamdri 8 14), coated with gold-
palladium by a sputter coater (Biorad SC 500) and examined with a
scanning electron microscope (Hitachi S-4100).

Other samples were postfixed in 1% osmium tetroxide in 0.1 M phos-
phate buffer for 3 h and dehydrated in acetone for transmission electron
microscopy. The tissue was embedded in araldite (Durcupan, Fluka),
ultrathin sections were obtained with an ultramicrotome (Ultracut-E,
Reichert-Jung) and examined by transmission electron microscopy
(Philips CM 10). Measurements were performed on electron micro-
graphs and are expressed as mean * standard deviation (n=10).

RESULTS

Spermatozoa of Serranus atricauda as well as of Serranus
cabrilla and Serranus scriba are of the primitive type. In all
three species the spermatozoon has an ovoid shaped head, a
short midpiece consisting of several mitochondria, a long
flagellum and has no acrosome.

The head and midpiece are not clearly separated and con-
tain only very small amounts of cytoplasm, which have a
granular appearance. The nucleus contains highly electron
dense granular chromatin. The nuclear envelope lacks
pores. The nuclear invagination is not deep and its dimen-
sions are similar to the centriolar complex.

In the midpiece is found the centriolar complex, consisting
of a proximal and distal centriole, and is separated from the
flagellum by a cytoplasmic canal. The two centrioles are ori-
entated perpendicularly to each other and arranged at a right
angle to the base of the head. The proximal centriole s
formed by nine peripheral pairs of microtubules, has no cen-
tral microtubules, and it houses in the nuclear fossa. The dis-
tal centriole consists of nine pairs of peripheral microtubules
and of two central microtubules, which form the basal body
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of the axoneme. Although the size and the number of the
mitochondria vary among the three spermatozoa, mitochon
dria exhibit certain common features and a eeneralized
organelle can be described. The mitochondrion is enclosed
by two distinct membranes. The inner membrane separates
the organtllf volume into two phases: the electron lucent
matrix and the intermembrane space. The inner membrane
displays numerous infoldings called cristac which are Lrregu-
lar or laminar shaped, and extend into the matrix.

The flagellum shows a typical structure of nine pairs of
peripheral microtubules and two central microtubules.

Serranus atricauda and Servanus cabrilla

The general organization of spermatozoa of both species is

similar, presenting symmetrical morphology with central

insertion of flagellum (Fig. 1).

The head and midpiece together measure 2.33£0.25 and
1.58%0.10 um in length, with a maximal diameter of
1.9240.15 and 1.52%0.15 pum in Serranus atricauda and
Serranus cabrilla (Fig. 2), respectively. The ovoid nucleus is
1.19£0.12 pm in longitudinal axis and 1.39 £0.13 um 1n
lateral axis for Serranus atricauda; 1t 1s 0.98£0.09 um in
length and 1.34 £ 0.11 um in width for Serranus cabrilla.
The nuclear fossa is 0.28 £ 0.04 pm long and has a diameter
of 0.3910.05 um in Serranus atricauda; it reaches values of
0.27%0.06 pm in length and 0.37£0.04 pm in width for
Serranus cabrilla (Figs. 1 and 2).

The midpiece contains five equal-size spherical mitochondria
with a diameter of 0.54+0.08 um in Serranus atricauda, and
four mitochondria with a diameter of 0.57+0.06 pm in
Serranus cabrilla (Fig. 3). The cytoplasmic canal is 0.32+0.02
pm in width and 0.41£0.04 pm in length in Serranus arr:

cauda; it is 0.37£0.05 pm long and 0.21+0.03 um wide in
Serranus cabrilla. The proximal centriole presents a diametc
of 0.21%£0.02 ym and a length of 0.18£0.03 pm in Serran
atricauda, while it is 0.21 + 0.03 pm in length and
0.1920.03 pm in width for Serranus cabrilla (Fig. 4). Th:
distal centriole measures 0.20+0.02 um and 0.1?:1.0.01 T
in diameter for Serranus atricauda and Serranus cabr!.

respectively.

The flagellum has a length of about 43 pm and a diameter Of
0.19£0.03 um in Serranus atricauda; it has values of abou
40 pm in length and 0.18+0.05 pum in width in Se
catrilla (Figs. 5 and 6).

Serranus scriba

The spermatozoa morphology is asymmetrical due 1 the
lateral insertion of the flagellum (Figs. 7 to0 9). ~
The head and midpiece together have a length ©f
2.83%0.20 pm and a width of 1.7140.15 um. The "m“fi
nucleus is asymmetrical and measures 1.3940.15 pm max



-FIGURE"-I Spclmatﬂmn of S. atricauda. SEM. he: head; f: flagellum; mi: mitochondrion.

"_FIGIJRE > Spcrmamzmﬂ of S. cabrilla. TEM. Longitudinal section. cy: cytoplasmic channel; de: distal centriole: f: flagellum; mi: mirochondrion;
‘nu: nucleus. X 27,500.

.i’m 3 L.sﬁclpmcc af the spermatozoon of S. cabrilla. TEM. Longitudinal section. ¢: cytoplasm; f: flagellum; mi: mitochondrion. x 15,500.

ﬁ'_‘.m‘@ Proximal centriole of ;h.c spmnamzoon of S. cabrille. TEM. n: nuclear fossa; nu: nucleus; me: microtubules. X 27,500.
FIGLIB.E ) thdlum of the $p-crmmmon of S. cabrilla. TEM. Cross section. cy: cytoplasmic channc-] f: flagellum. x 46,000,

Mm 6 Fh@lla of i::hc swmatm af S. atricauda. TEM. Cross section. X 39,000.
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FIGURE 7 Spermatozoon of S. scriba. SEM. he: head; f: flagellum; mi: mitochondrion.

FIGURE 8 Insertion of the flagellum of the spermatozoon of S. seriba. SEM. he: head; £ flagellum; mi: mitochondrion.

FIGURE 9 Spermatozoon of S. scriba. TEM. Longitudinal section. cy: cytoplasmic channel; mi: mitochondrion: nu: nucleus: sm: stacked mem.

branes. x 18,000.

FIGURE 10 Anterior nuclear surface of the spermatozoon of §. scriba. TEM. dc: distal centriole: m: nuclear membrane; nu: nucleus. X 27.500.

FIGURE 11 Midpiece of the spermatozoon of §. scriba. TEM. Longitudinal section. c; cytoplasm; oy cvtoplasmic channel; £ Hagellum; mi: miro-

chondrion. x 18,000.

mum in length and 1.22£0.13 pm in width; it consists of
densely packed granular chromartin material (Fig. 10).
Although the acrosome is missing, the spermatozoon ex-
hibits stack of membranes (one or two) apposed to the
nuclear envelope in its anterior region. It consists of two
membranes separated by a distinct perinuclear cisterna,
which contains electron lucent material. The nuclear fossa is
located in the longitudinal axis of the spermatozoon and has
a length of 0.34%0.07 pm and a diameter of 0.2110.05 pm
(Figs. 9 and 10).
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The midpiece contains four spherical mitochondria with a
diameter of 0.71+ 0.18 um: three appear to form a rectan-
gular triangle (Fig. 11), and one is closer to the centriolar
complex (Fig. 9). The cytoplasm shows several lipid dropiets.
The cytoplasmic canal has a diameter of 0.33+ 0.03 um and
its length is 1.13+0.08 ym. The proximal centriole 1
0.25%£0.02 pym long and 0.30% 0.02 um wide. The distal
centriole has a diameter of 0.30+ 0.02 um.

The flagellum presents a length of about 47 pm and a
diameter of 0.30+ 0.04 um.



DISCUSSION

Sperm morphology reflects the mode of individual fertiliza-
tion. The so-called primitive type of sperm belongs to aquat-
ic species with external fertilization; these sperms typically
~have a spheroidal nucleus with a short midpiece (Grier,
1981). Spermatozoa of the three species examined in this
study exhibit a primitive morphology as that of other exter-
nal fertilizing teleosts (Koch and Lambert, 1990; Jamieson,
1991; Gwo, 1995; Lahnsteiner and Patzner, 1996), differen-
tiating in an ovoid head, smaller midpiece and a tail region.
However, the comparison of spermatozoa in the genus
Serranus reveals important morphological differences among
species in relation with its morphology, sperm size, dimen-
sions of the organelles and mitochondria number and posi-
tion. The spermatozoon of Serranus scriba is the most differ-
ent being its specific characteristics the stack of membranes
apposed to the nuclear envelope, asymmetrical figure and
localization of mitochondria in two planes. These character-
istics indicate that its morphology is more primitive than its
congenera. T'his observation is based on the fact that sper-
matozoa of teleost fish do not present an acrosome because
it is missing during the evolution, this structure being con-
sidered as an ancestral feature (Afzelius, 1978; Koch and
Lambert, 1990). Moreover, the lateral insertion of the flagel-
lum, involving an asymmetrical lateral ribbon and a loss of
the efhiciency of flagellar undulations and stabilization struc-
tures, is not common in teleosts species (Lahnsteiner and
Patzner, 1995). This type of insertion may explain the mito-
chondria distribution in different planes. Consequently, dur-
“ing the spermatozoon evolution in this genus two events
occur: 1) the change in position of the flagellum insertion
- causes the moving of the mitochondrion closer to the centri-
olar complex towards the plane occupied by another mito-
- chondrion; 2) the loss of stack of membranes apposed to the
nuclear envelope,
‘The difterences found in the spermatozoa size could be relat-
ed with environmental aspects. Sernanus seriba is the shallow-
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a few details. However, in this study we have demonstratecd
that important differences exist among species of the genus
Serrans, being sperm morphology of Sernanus armcanda anc
Serranus cabrilla similar. Although environmental facrors as
pressure may influence the shape of spermarozoa. this mor-
phological athnity may have phylogenetic implicanions, as 2
close relationship between these species is observed, consid-
ering that Sernanus soriba is the less developed species. In thas
respect, Tuset (unpublished results), in otolith morpholog:-
cal studies on this species, found identical phylogenetic rela-
tionships. Consequentdy, morphological differences in Ser-
ranus spermatozoon indicate that the ultrastrucrure of these
cells can be usetul as additional characters in raxonomic das-
sification, determining phylogenetic relations and interpres-
ing evolutionary changes.
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