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A note on the spermatozoon ultrastructure of the foureyed fish
Anableps anableps (Atherinomorpha, Cyprinodontiformes)

Zur Feinstruktur der Spermien des Vieraugenfisches Anableps anableps
(Atherinomorpha, Cyprinodontiformes)

Hartmut Greven & Giinter Schmahl
Institut fiir Zoomorphologie und Zellbiologie der Heinrich-Heine-Universitit Disseldorf,
Universititsstr. |, D- 40225 Diisseldorf; grevenh@uni-duesseldorf.de

Zusammenfassung: Spermien von Anableps anableps sind etwa 40 um lang, bestehen aus einem abgerun-
detem, stumpfen Kopf von etwa 3,4 um Linge, einem Mittelstiick von 3,9 um Linge, in dem das Axonem
von einer Manschette mit Lingsreihen lang gestreckter und teilweise verschmolzener Mitochondrien um-
geben ist, und einem langen Schwanzfaden (etwa 32,6 wm lang) mit der typischer 9+2 Anordnung von
Mikrotubuli. Der Kern besitzt eine tiefe Fossa, in der ein proximales und ein distales Centriol identifiziert
werden kénnen.

Schliisselworter: Anableps, spermatozoon, innere Besamung, , Introspermien®

Summary: Spermatozoa of Anableps anableps are approximately 40 pm long and consist of the blunt head
(approx. 3.4 um long), the midpiece of 3.9 pm length — here the axoneme is surrounded by a sleeve of
longitudinal rows of elongated and partly fused mitochondria, and a long flagellum (approx. 32.9 um) with
the typical 9+2 arrangement of microtubules. The nucleus possesses a deep fossa, which contains the

proximal and distal centriole.
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1. Introduction

Currently, the viviparous foureyed fish of the
genus Anableps (Anablepidae, Atherinomorpha)
comprise three species (GHEDOTTI 1998). In-
ternal fertilization is achieved with the male anal
fin that is modified in a fleshy tubular gono-
podium. Relative deep insertion of the gono-
podium into the females genital pore during
copulation (see MATTIG & GREVEN 1994) mini-
mizes loss of sperm. The consequence of the
evolution of a tubular gonopodium was the loss
of sperm package. Anableps species do not pro-
duce spermatozeugmata; only A. dow: produ-
ces partial sperm bundles (GRIER et al. 1981).
Further, there is a distinct laterality to the posi-
tion of the gonopdium allowing the differenti-
ation of lefts and rights. Closely related to Ana-
bleps is the genus Jenynsiawhich is also character-
ized by a fleshy gonopodium, laterality and pro-
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duction of free spermatozoa. (GARMAN 1895,
TurNER 1950, PareNTI 1981, MATTIG & GRE-
VEN 1994, GHEDOTTL 1998).

As expected, the testis of Anableps as well as
of Jenysia species (GRIER 1981, GriER et al. 1981,
PARENTI & GRIER 2004) is of the atherinimorph
type, i.e. spermatogonia are restricted to the
distal end of the testicular tubules (restricted
type according to GriEr 1981). Fine structural
details of the male gametes of members of
the Anablepidae have been reported from Je-
mynsia lineata only (IDADONE & NARBAITZ 1967).
Spermatozoa of this species reveal characteris-
tics typical of those in many inseminating te-
leosts (for a more recent review see BURNS &
Werrzman 2005).

In the present note we describe the ultrastruc-
ture of mature spermatozoa of Anableps ana-
bleps as a part of a wider study on the biology,
in particular the reproductive biology of Ana-
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blepidae (see among others MATTIG & GREVEN
1994, unpublished). As shown repeatedly mor-
phological modifications of sperm may reflect
the mode of reproduction and above that sper-
matozoal ultrastructure may help to discuss
phylogenetic relationships (JamiEsON 1991,
Marter 1991).

2. Material and Methods

Two males of Anableps anableps (total length 21
and 23 cm) were obtained from the Aquazoo —
Lobbecke Museum, Diusseldorf. Fish were
anaesthetized with MS222 and their gonads
were excised. In addition, spermatozoa, ob-
tained by gently pressing the abdomen before
dissection, were collected in a glass vessel.

For transmission electron microscopy (TEM)
pieces of the testes were fixed in 2.5% glutar-
aldehyde in 0.1 mol/1 cacodylate buffer and free
spermatozoa in a fixative according to KARNOV-
sKY (1965). Tissue and spermatozoa were post-
fixed in 1% osmium tetroxide in the same buf-
fer for 2 h at room temperature, dehydrated in
a series of ethanol, and infiltrated and em-
bedded (Spurr 1969). Ultrathin sections were
stained with aqueous uranyl acetate and lead
citrate. Sections were examined in a Zeiss 902-
A transmission electron microscope.

For scanning electron microscopy (SEM)
samples of the glutaraldehyde fixed sperma-
tozoa were, dehydrated in ethanol, critical point
dried, mounted on specimen holders, evapor-

ated with gold and examined in a Zeiss Leo
1430 VP scanning electron microscope.

Sperm dimensions were measured directly
from SEM micrographs.

3. Results

The mature spermatozoon of Anableps anableps
is about 40 um long and consists of a head not
conspicuously elongated (approx. 3.4 um long),
a relatively long midpiece (approx. 3.9 um long)
and a single flagellum of approx. 32.6 um length
(figs. 1 a-c). The head is barely depressed as
seen in transverse sections (fig. 1 d)

The head lacks an acrosome and has an elec-
tron dense nucleus with a deep axial nuclear
fossa its length being about half or more the
nuclear length (fig: 2 a). The chromatin consists
of numerous large, electron dense, granular
masses (figs. 2 a, b). The fossa contains the cen-
triolar complex, i.e. the proximal and distal cen-
triole; centrioles are arranged in a right angle
to each other (figs. 2 a, b, ¢). The distal centrio-
le serves as basal body of the axoneme. Its
anterior end is embedded in an osmiophilic ring
(figs. 2 a, b).

The midpiece contains longitudinal rows of
modified mitochondria. In some transverse sec-
tions are three, in others two more or less separ-
ated mitochondria that obviously are partly
fused forming a network (figs. 1 d, 2 d, ¢). In
transverse sections of the midpiece the mito-
chondrial cristae are largely vertical and paral-

Figs. 1 a-d: The spermatozoon of Anableps anableps; SEM micrographs (a,b) and low power TEM micro-
graph (c) of isolated spermatozoa showing the blunt head (h), the relatively long midpiece (m), and the
single flagellum (f); d mature spermatozoa in a cyst sectioned at various levels,; 1 transverse section of the
nucleus with the fossa (fo); 2 undefined sections showing the nucleus (n), the axoneme (a), the mitochon-
drial sleeve (mi) and peripheral membranes (arrowheads), 3 transverse sections of the midpiece with mito-
chondria (mi) and the cytoplasmic canal (c); 4, transverse section of the free flagellum; some show small
side fins (arrows).

Abb. 1 a-d: Das Spermium von Anableps anableps; REM-Fotos (a,b) und TEM-Foto (c) isolierter Spermien
mit stumpfem Kopf (h), relativ langem Mittelstiick (m) und einem einzigen Flagellum (f); d reife Spermien
in einer Cyste in unterschiedlichen Regionen angeschnitten; 1 Querschnitt durch den Kern mit Fossa (fo);
2 ungerichtete Anschnitte mit Kern (n), Axonem (ax), der mitochondrialen Manschette (mi) und peripheren
Membranstapeln (Pfeilképfe); 3 Querschnitte des Mittelstiicks mit Mitochondrien (mi) und dem cytoplas-
matischen Kanal (c); 4 Querschnitte des freien Flagellums; einige Flagellen sind seitlich leicht ausgezogen
(Pfeile).
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Figs. 2 a-f: TEM micrograph of the spermatozoon of Anableps anableps; a nucleus (n) with fossa and
proximal centriol (pc) and osmiophilic ring (0s); mitochondria (mi); peripheral microtubules (arrows); b, ¢
longitudinal section of the nucleus (n) with fossa and proximal (pc) and distal (dc) centriol; osmiophilic ring
(or); d transverse sections of the midpiece with peripheral microtubules (arrows); note three individual
mitochondria in the .uppermost horizontal profile of the midpiece; cytoplasmic canal (c); nucleus (n);
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lel. At the outer periphery there are many mem-
branes forming cisternae that appear to be con-
tinuous with the mitochondria (figs. 1 d, 2 f).
Mitochondria form a sleeve (= mitochondrial
collar) that surrounds the proximal region of
the flagellum. The space between the mitochon-
drial sleeve and the axoneme is the cytoplas-
mic canal, which runs longitudinally from the
anterior to the posterior end of the midpiece
(figs. 1 d, 2 d, f), where it opens to the exterior.
Beginning near the posterior end of the nu-
cleus and extending along the length of the
midpiece, a row of accessory perhaps stabil-
izing microtubules is present at the periphery
of the flagellum (figs. 2 d, ¢). Glycogen seems
to be absent in the midpiece.

The flagellum has an axoneme composed of
the 942 microtubular doublet construction (fig.
1 d). The central pair of microtubules is absent
from the origin of the flagellum to its entrance
in the cytoplasmic canal. The flagellum ends in
a small tip; the free portion of the flagellum
has very small side fins (fig. 1 d).

4. Discussion

As revealed by our SEM and TEM-micro-
graphs, the spermatozoon of Anableps anableps
represents an anacrosomal introsperm (for ter-
minology see JAMIESON 1991). The spermatozoon
has a moderately elongated, but not pointed
nucleus and a midpiece slightly longer than
the head with numerous modified mitochon-
dria. Such characters are frequently observed
in spermatozoa of inseminating species (JA-
MIESON 1991, MarTEL 1991).

The single TEM-picture of a mature sper-
matozoon available from the related Jenynsia li-
neata (see DADONE & NARBAITZ 1967) does not
allow estimating dimensions such as the length
of spermatozoa and to asses exactly the shape
of the head. However, as in A. anableps, the fossa
appears deep containing two centrioles. The
authors describe modified mitochondria as “a
system of parallel membranes”, which “appears
to be continuous in longitudinal sections while
in transverse sections it shows a lateral inter-
ruption”, p. 215. They resemble those found
in A. anableps. Here, but to our opinion also in
. lineata, in transverse sections occasionally in-
dividual mitochondria can be distinguished,
which however, appear to fuse in part forming
a network. A submitochondrial highly ordered
network found in J. /ineata spermatozoa between
the mitochondrial sleeve and the cytoplasmic
canal was not found in A. anableps.

The most conspicuous differences of Ana-
bleps spermatozoa, e.g. to the highly modified
spermatozoa of poeciliids, are the broad and
blunted head in combination with a relatively
long midpiece, presence of the proximal cen-
triole and absence of a complex submitochon-
drial network (see Jamieson 1991), which is
interestingly present in J. /ineata (see above).
The selective advantage of an elongated and
pointed sperm head and the elongate midpiece
(e.g., for sperm package, side-to-side align-
ment, energy supply for spermatozoa) has
been discussed repeatedly and speculations re-
garding this topic have been summarized more
recently for ostariophysan fishes by BUrNs et
al. (2005).

e anterior end of the midpiece with peripheral microtubules (arrows); mitochondrium (mi), nucleus (n);
f transverse section of the midpiece showing the cytoplasmic canal (c) and the peripheral membrane sys-
tem continuous with the mitochondrial sleeve (arrowhead).

Abb. 2 a-f: TEM-Aufnahmen der Spermien von Anableps anableps. a Kern (n) mit mit Fossa und proxima-
lem Centriol (pc) und osmiophilem Ring (or); Mitochondrien (mi); periphere Mikrotubuli (Pfeile); b,c Lings-
schnitt durch den Kern (n) mit Fossa sowie proximalem (pc) und distalem (dc) Centriol; osmiophiler Ring
(or); d Querschnitte des Mittelstiicks mit peripheren Mikrotubuli (Pfeile); im oberen Querschnitt liegen
drei voneinander getrennte Mitochondrien; cytoplasmatischer Kanal (c), Kern (n); e Vorderende des Mit-
telstiicks mit peripheren Mikrotubuli (Pfeile); Mitochondrium (mi), Kern (n); f Querschnitt des Mittel-
stlicks mit cytoplasmatischem Kanal (c) und einem peripheren Membransystem, das eng mit den Mito-
chondrien assoziiert ist (Pfeilkopf).
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We did not find noticeable amounts of gly-
cogen in the midpiece of A. anableps sperma-
tozoa. Thus, the energy source for sperm mo-
vement (and storage that, however, is unknown
in Anableps species to our knowledge) may be
mainly exogenous, e.g, from sugars in the ova-
rian cavity as discussed for the viviparous Poec/-
lia reticnlata (Cyprinodontiformes), and the per-
ciform, Cymatogaster aggregata (Perciformes) (see
GARDINER 1978).
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