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Abstract:

Ultrastructure of snowtrout (Schizothorax richardsonii) sperm was examined by
scanning electron microscopy, which allowed us to visualize different parts of snowtrout
spermatozoa. Sperm cells possess a head without an acrosome, a midpiece and a single
flagellum surrounded by the flagellar plasma membrane. From the posterior side of the head,
the extension of smooth plasma membrane gives the appearance of collar-like middle piece of
the sperm. The average length of the head including the midpiece was estimated as 2.33 +0.20
um. A long cylindrical tail originates from the middle piece. The tail was found smooth
throughout its whole length, thus lacking any possibility of lateral fins or ribbons. The
flagellum was 39.30 um in length. On the basis of our observations, it may be concluded that
being a configuration of uniflagellate, anacrosomal, aquasperm, the sperm of S. richardsonii
resembles with the primitive type of metazoan sperm of externally fertilizing freshwater fish
species.
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Introduction:

The availability of several closely related species as well as distinct strains of
snowtrout, a growing awareness of the importance of cross-breeding, and the existence of
desirable genetic characteristics in one or other strain gives strength to the concept that several
new husbandry techniques will be required in the future. Among them, the cryogenic storage
of semen will probably be the most important. Short-term storage can be achieved simply by
holding sperm at temperatures at or just above 0°C. Sperm from selected males can be kept
indefinitely by means of cryopreservation and be made available when and where required.

Semen has two distinct components: the cellular part-sperm cells and the fluid part-
seminal plasma. Seminal plasma in most of the teleost fishes is a secretary product of the testes
(Lahnsteiner et al., 1994). It contains mainly mineral compounds and low concentrations of
organic substances. Seminal fluid is not only the source of nutrition for the spermatozoa; it also
inhibits the sperm motility thereby preserving the fertilization capacity of sperm.

The knowledge of the ultrastructure morphology of spermatozoa is very important for
the understanding and designing of preservation protocol besides learning the fertilization
process in the species. The ultrastructure morphology of sperm varies with the species. Studies
on the ultrastructure morphology of sperm of various fish species have been conducted by
many workers (Ginsburg, 1963; Fribourgh and Soloff, 1976; Jaspers et al., (1976); Billard
(1978); Fribourgh (1978); Brusle (1981); Nath and Jamuar (1988) and Nath (1996). In
addition, morphometric data are also available for the sperm of Oncorhynchus keta (Okada and
Ito, 1955); Salmo gairdnerii (Cruea, 1969) and Salmo ischchan (Turdakov, 1971). The
ultrastructure morphological studies on cryopreserved spermatozoa have been made in trout
(Billard, 1983) and Deccan mahseer spermatozoa (Patil and Lakra, 2003), in order to analyze

the cryoinjury of spermatozoa at various levels during cryopreservation process.
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Attention on diverse facets of aquaculture, viz. receiving more healthy eggs, obtaining
a good fertilization percentage by artificial breeding, developing new hatchery systems for
good hatching rates, genetic up gradation of the desired fish species etc. have initiated a new
era in fisheries (Jhingran and Pullin, 1985; Dehadrai, 1986; Shrestha, 1986). The outcomes of
these scientific studies have initiated a blue revolution in the country in recent years and are
providing a good source of animal protein for the mal-nutrient populations, and better
opportunities of employment for the vast populations. Though high altitude coldwater eco-
regimes are nature’s unique gift to the tropical countries like India, but the fishery development
in Himalayan region is very slow.

The review of literature reveals that no attempt has been made to understand the
ultrastructure morphology of snowtrout spermatozoa. In the present study, attempts have been
made to study the ultrastructure morphology of snowtrout (Schizothorax richardsonii)
spermatozoa, which is helpful in modeling of cryopreservation process.

Materials and Methods
(i) Ultrastructure Morphology of sperm:

The semen samples of Schizothorax richardsonii was subjected to SEM study for
understanding the general structure of the sperm. For this purpose, 2-3 drops of fresh semen
were fixed in 2.5% glutaraldehyde solution CHO(CH2)3CHO at 4°C for about 4 hours and then
the fixative was replaced by 0.1M phosphate buffer by centrifuge the semen at 1200-1500 rpm.
These preserved sperms were brought to All India Institute of Medical Sciences (AIIMS), New
Delhi for SEM study. Scanning Electron Micrographs were taken at 15 kv and studied.

(ii) Biometric analysis of sperm:

The biometric analysis of sperm of S. richardsonii was also made. For this purpose,

total length of the head and mid-piece, length of the head, length of the mid-piece, width of the

head, width of the mid-piece and length of the flagellum was measured. The micro scale printed
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on the photograph was used to calculate exact dimensions of the sperm in micrometer. The
surface morphology was critically viewed in relation to the membrane integrity and tail
morphology.

Results:

The data of biometrical analysis and surface morphology of S. richardsonii sperm was
helpful to get general idea of surface morphology of snowtrout sperm and to assess the extent
of possible damage in sperm plasma membrane during development of the technique of
cryogenic preservation.

The sperm of S. richardsonii was observed as fairly rounded-dot like structure with a long
tail under the phase contrast microscope (Fig.-3.6). In the SEM images, it looks like having a
rounded smooth head with a collar like mid-piece and a long flagellar tail. There was no any
structure found on the smooth rounded head, which could be denoted as acrosome (Fig.-1, 2).
The whole sperm head was measured 2.0 um in length and 1.96 pm in width (Table-1). From
the posterior side of the head, the extension of smooth plasma membrane gives the appearance
of collar-like middle piece of the sperm. A long cylindrical tail originates from the middle
piece. The tail in S. richardsonii sperm was found smooth throughout its whole length, thus
lacking any possibility of lateral fins or ribbons. The various sperm measurements were also

taken and expressed in Table-1.

Table-1: Biometrical analysis of snowtrout (S. richardsonii) sperm

Sperm dimensions Mean value Star.lda.lrd Standard
(pm) deviation error
| Total length of head and mid-piece H 2.33 H 0.20 H 0.08 ‘
| Head length | 2.00 | 008 || 003 |
| Mid-piece length | 0.33 | o014 || 005 |
| Head width | 196 || 005 ][ 002 |
| Mid-piece width | 0.37 | o011 || o004 |
| Flagellum length H 39.30 H - H - \
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Figs.-1 & 2: Scanning Electron micrograph of the sperm of S. richardsonii prior to
cryogenic preservation
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Discussion

Variation in spawning timing and varied breeding pattern is adaptive traits of the fish.
These traits may encompass testicular cycle, reproductive effort and the manner and timing of
reproduction (Wootton, 1984; Mills, 1991). Thus, the understanding of functional morphology
of testes is very much helpful in knowing the spawning pattern. The testis in all teleost fishes
is divided into germinal and interstitial compartments (Callard, 1991; Grier, 1993), with
separate functions of the two compartments reflected by the cell types of which they are
composed. The testicular structure in teleost is of two basic types — lobular and tubular (Billard
et al., 1982). In most of the teleosts, lobular type of testes existed which is composed of
numerous lobules, separated from each other by a thin fibrous connective tissue. The lobules
are the germinal compartments, where spermatogenic cells develop into mature spermatozoa.
The interstitium between lobules forms the interstitial compartment where interstitial cells,
fibroblast and blood and lymph vessels exist. As the spermatogenesis and spermiogenesis
proceed, the lobules expand and eventually rupture, liberating mature sperm in the lobular
lumen (Nagahama, 1983). Semen is stored in the genital tract/posterior portion of the testes
before it releases from the body. At the peak maturity testes become full of sperm, ready to
release in perceive of environmental cue. Similar pattern was observed in case of S.
richardsonii.

In semen, sperm is only the cell type, responsible for transfer of male characters to the
egg for the development of new individual. Therefore, study of sperm morphology, motility
behaviour/pattern is important for cryopreserving the semen and understanding the fertilizing
process for reproductive success. The information about these aspects is in scarce and scattered.

The hypothesis that sperm cell of a species employing external fertilization have a
simple structure in contrast to more developed structures associated with internal fertilization

holds true for S. richardsonii sperm. Our study reveals that like majority of externally
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fertilizing teleost species S. richardsonii sperm is of primitive type and characterized by the
absence of an acrosome. However, acrosome is present in Acipenseriform fish (Linhart and
Kudo, 1997) and Anguilla anguilla Cuvier (Tuzet and Fontaine, 1937). According to Pasteels
(1965), acrosome may not be necessary for fertilization in teleost because of the presence of a
micropyle but one would expect specialized structure on the plasma membrane at the top of
the sperm head to allow cell fusion during fertilization. These are the characteristics for the
primitive type of metazoan sperm (Franzen, 1969).

Similar to sperm of common carp (Billard, 1970), the S. richardsonii sperm serves an
example of the primitive type. Our study reveals that the head is almost rounded with a diameter
of 2.0 +£0.08 um and attached to its proximal side is a low collar-like mid-piece, formed by an
extrusion of the plasma membrane. However, in other species, the shape of the head and the
nucleus is variable (Billard, 1986; Jamieson, 1991; Billard and Cosson, 1992). The nucleus is
elongated in the guppy, slightly elongated in salmonids with a quasi-symmetry of revolution
and very primitive in cyprinids and many other species such as tilapia, mullet and turbot, with
the flagellum inserted laterally on the head. The mid-piece is well developed in the guppy and
much reduced in size in salmonid, cyprinid, mullet and turbot sperm. It is usually located at the
posterior part of the nucleus but it is sometimes found in the anterior part (elopomorph). In
some primitive sperm, it may be nearly as big as the nucleus, e.g., in tilapia (Jamieson, 1991).

The length and width (2.00 & 1.96 um respectively) of S. richardsonii sperm head is
found very close to the observations of Billard (1969) for rainbow trout, Salmo gairdneri, and
brown trout Samo trutta fario, sperm (2.5 um and 1.5-2.0 um). However, while comparing S.
richardsonii sperm with common carp (Cyprinus carpio, Linnaeus), and guppy (Poecilia
reticulata, Peters) sperm, it is found much smaller than these two species (length & width of

sperm head 3.3 um and 2.5 um for common carp and 4.0 um and 1.0 pm for guppy (Billard,
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1969). The sperm size might be related with the swimming velocity of sperm of particular
species in the fertilizing media.

Peculiarities in the tail have been reported for some species. Remarkable is the absence
of flagella in spermatozoa from two families belonging to the Mormyriformes (Mattei ef al.,
1972). Contrary to this some biflagellate spermatozoa have been reported in channel catfish,
Ictalurus punctatus (Jaspers et al., 1976). But in general, fish with external fertilization have a
single, smooth flagellum. Shape and size of tail flagella also very in the fish species. In some
species plasma membrane often forms one or two finlike ridges along the tail, which are on the
horizontal axis with the central microtubules (Nicander, 1970; Billard, 1970). This
modification of flagellum is believed to improve the efficiency of flagellar propulsion
(Afzelius, 1978). The S. richardsonii sperm has single, smooth and long tail without any lateral
finlike ridge on it thus resembling with the sperm of common external fertilizing teleost.

In light of the existing literature and on the basis of our observations, it may be
concluded that being a configuration of uniflagellate, anacrosomal, aquasperm, the S.
richardsonii sperm resembles with the primitive type of sperm of externally fertilizing
freshwater fish species.
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