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Negeri Sembilan,

Malaysia

1. Introduction

It has been estimated that spermatozoa can last from 200-32,000 years (Stoss & Donaldson,
1983; Suquet et al., 2000). According to Kopeika et al. (2007), several methods of fish sperm
storage has been practised including stored in medium with saturated gases, preservation at
temperature above zero, in a frozen state as well as by drying. However, the low
temperature approaches have been successful in fish sperm cryopreservation. Thus,
cryopreservation technology offers the best means for long term storage of fish semen.

To date, successful cryopreservation of fish semen were reported in more than 200
freshwater species and 40 marine species worldwide (Gwo, 2000). Even though in general
many successes have been achieved in fish semen cryopreservation, the technique remains
as a method that is difficult to be standardized and use in all types of fishes. This is due to
the fact that cryopreservation of sperms from different fish species required different
conditions, where the protocol needs to be established individually. Even the “general
protocol” of cryopreservation of fish sperm summarized by Kopeika et al. (2007)
encompassed many variations when different species of fish are involved, particularly in the
use of medium ingredients for the cryopreservation.

In view of need to develop individual protocol for successful cryopreservation of fish semen
and considering Malaysia has a rich fish fauna with many of them unique to this tropical
region, cryopreservation of fish gametes will require detailed study to create new protocol for
each fish species intended for semen cryopreservation. To date in Malaysia semen
cryopreservation has only been reported for several freshwater fish species, namely Probarbus
jullieni, Tor tambroides, T. deuronensis, Hemibagrus nemurus, Pangasius nasutus, Hypsibarbus
wetmorei, Barbonymus gonionotus and Clarias gariepinus. It has been demonstrated that semen
cryoperservation plays an important role for the genetic conservation of these fish species.

Cryopreservation technology for fish semen is still not well explored in Malaysia and can be
considered as new if compared to the domesticated terrestrial livestocks. Henceforth, this has
opened up a new field to be explored with potential applications in aquaculture and in the
conservation of the national fisheries genetic resources. Cryopreserved semen could facilitate
artificial fertilization especially when mature male fishes are not available or unable to provide
viable semen during certain periods of the breeding season. Semen cryopreservation may also
be useful for fertilization to produce hybrids of various fish species. It also helps in reducing
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the cost and labor of maintaining broodstocks under in situ condition. In line with the mission
of Department of Fisheries (DOF) Malaysia to develop and manage the national fisheries
sector in a sustainable manner, the gene bank of freshwater fishes in the form of semen
cryobank of Fisheries Research Institute at Glami Lemi was established in 2008. The
establishment of the semen cryobank research has achieved the aim of the DOF towards
establishing a national semen cryobank (gene bank) in Malaysia for conserving the genetic
materials of the threatened or endangered indigenous freshwater fish species and also for
those indigenous species which has potential for aquaculture.

The main focus of this chapter will be on the methodology developed for the semen
cryopreservation in Malaysia of some fish species mentioned above and the various
important steps and several key factors that contributed to the successes in gamete
cryopreservation. In addition, the chapter will also present the current status and the
challenges of fish semen cryopreservation in Malaysia, especially on the conservation of
genetic resources and potential applications of gamete cryopreservation in aquaculture.
Challenges in establishment and maintenance of the fish sperm cryobank are also discussed.

2. Semen cryopresevation of freshwater fish species of Malaysia

Malaysia has close to a hundred river systems, two natural lakes (Lake Chini and Lake Bera)
and a vast freshwater water bodies and peat swamps (Baluyut, 1983). On fish biodiversity,
Malaysia has approximately 616 reported freshwater fish species (Froese & Pauly, 2003).
Most of the inland fisheries resources are dominated by the cyprinids and silurids (Khoo et
al., 1987). Some endemic species are found in rivers, lakes and peat swamps. In the past
decades intensive development activities such as deforestation and land clearing for oil
palm plantation or other agricultural uses, indiscriminate logging within and around the
catchment areas and construction of dams for hydroelectricity, has led to many riverine fish
species suffer high risk of extinction (Khoo et al., 1987; Jackson & Marmulla, 2001). These
development activities have resulted in habitat destruction, deterioration of water quality,
water pollution and sedimentation, especially during rainy season when runoff is increased.
All these certainly have direct great impacts on some fish species and the impacts are
irreversible (Ho, 1995). Apart from the environmental degradation resulting from
development, other causes of loss in inland fisheries biodiversity are attributed to over-
exploitation due to strong market demand, the use of illegal and destructive fishing gears
such as poisoning and electro-shocker and the introduction of invasive exotic species
(Dudgeon, 2002; Allan et al,, 2005). The indigenous species such as Isok barb (Probarbus
jullieni), Malaysian Mahseer (Tor spp.), Mad barb (Leptobarbus hoeveni), Hampala barb
(Hampala macrolepidota), knife fish (Chitala lopis), climbing perch (Anabas testudineus),
snakeheads (Channa spp.), Asian arowana (Scleropages formosus), the pangasiid catfishes
(Pangasius nasutus, Pangasigodon waandersii), giant river catfish (Wallago leerii), large headed
walking catfish (Clarias macrocephalus) and giant gouramy (Osphronemus goramy) have
dwindled in great numbers continuously due to unsustainable fishing activities. At present,
most Malaysian fish species could only be conserved probably in the inaccessible or remote
areas of the country.

It is no doubt that continuing habitat destruction, overfishing and competition for food from
the invading fish species are leading to loss of inland fisheries biodiversity even before
much of them could be documented. The lack of data on the indigenous species will
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subsequently impede efforts to better utilize and manage the nation’s inland fisheries
resources in a sustainable manner, and can eventually resulting in threatened, endangered
or extinction of fish species in Malaysia. With respect to National Biodiversity Policy, it is
therefore vital to protect and safeguard the indigenous fisheries resources while the species
still exist in the wild. Realizing the risk of depleting fish stocks from natural waters, studies
in domestication, management and husbandry of broodstocks, artificial breeding, grow out,
nutrition and effort in stock enhancement via restocking of selected indigenous freshwater
fish species have been carried out by the Department of Fisheries, Malaysia ever since
1980’s. The species which have been studied and documented were the indigenous catfishes
(Clarias macrocephalus and C. batrachus), Tropical bagrid catfish (Hemibagrus nemurus),
Hampala barb (Hampala macrolepidota), Isok barb (Probarbus jullieni), Malaysian Mahseer (Tor
tambroides), local pangasiid catfish (Pangasius nasutus) (Pathmasothy & Omar, 1982;
Pathmasothy, 1985; Saidin, 1986; Thalathiah et al., 1988, Mohamad-Zaini, 1992; Thalathiah
et al.,, 1992; Ahmad-Ashhar, 1992, Ahmad-Ashhar & Haron, 1994, Ahmad-Ashhar, 1996;
Suhairi, 1996; Suhairi et al., 1996; Ahmad-Ashhar, 1998).

In 2007, cryopreservation of semen was implemented as one of the ex situ conservation
approach, with the exotic species such as the Javanese barb (Barbonymus gonionotus) and
African catfish (Clarias gariepinus) used as the model species to examine the various suitable
formulations diluents and skill development in semen cryopreservation. These two species
were chosen because they are domesticated species, which are available abundantly in
Malaysia and able to breed easily in captivity. In Malaysia, very little work was done on
semen cryopreservation in fish species and study on fish semen cryopreservation is still at
its infancy. So far only a few indigenous fish species, namely the P. jullieni, Tor spp, H.
nemurus, P. nasutus and H. wetmorei were studied. Of which only studies on the P. jullieni,
Tor spp., and H. nemurus were reported (Chew et al., 2010a; Chew et al., 2010b; Muchlisin et
al., 2004), while studies on other species remain unpublished. The biology, ecology and
reproduction biology of these indigenous fish species are described in the following:

2.1 Probarbus jullieni

P. jullieni (English name: Isok barb or Jullien’s Golden Carp or seven-striped barb) of family
Cyprinidae (Figure 1a) is commonly known as Temoleh or Temelian among Malaysians.
This species is listed in the Convention on International Trade in Endangered Species of
Wild Fauna and Flora (CITES), Appendix 1 and the IUCN Red List as the endangered
species (Hogan et al., 2009; IUCN, 2009). Therefore, conservation of this species is in urgent
needed. Isok barb is a migratory species inhabiting river channels with water depth more
than 10 m and is endemic to the Pahang River and Perak River in Peninsular Malaysia and
the Mekong River basins of Indochina (Roberts, 1992). However, the drastic depletion of the
numbers of Isok barb in Perak River was reported ever since the construction of Chenderoh
Dam in 1930s. The dam created a physical barrier at the Perak River that permanently
blocked the migration path of the Isok barb and increased water level further destroyed the
spawning ground of this species (Khoo et al., 1987). Although the Isok barb can grow to
reach the weight exceeded 70 kg, like the size of a human being (Baird, 2006), the landing of
large size Isok barb (>10kg) has rarely occurred in the past 10 years.

Isok barb is a seasonal-bred species. In Malaysia, induced breeding of this species was carried
out successfully in FRI Glami Lemi (formerly known as Freshwater Fisheries Research Centre)
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in 1990s (Ahmad-Ashhar, 1992; Ahmad-Ashhar & Haron, 1994). In its natural environment,
this species spawn in fast flowing deep waters with sandy bottom. Chew et al. (2010a)
reported that the spawning behavior of P. jullieni in captivity very much associated with the
monsoons. Nevertheless, the breeding season of the cultured Isok barb was reported to be 1-2
months earlier (October to January) than the wild populations (December to February).

2.2 Tor spp. (T. tambroides and T. deuronensis)

The Malaysian Mahseer, Tor spp. (family: Cyprinidae) or locally known as Kelah, Empurau,
Semah or Pelian, is highly sought for its value as a food fish, game fish and ornamental fish
(Inger & Chin, 1962; Mohsin & Ambak, 1991; Kottelat et al., 1993). Two valid Tor species
were identified and described in Malaysia, i.e. T. tambroides and T. douronensis (Roberts,
1989; Kottelat et al., 1993; Rainboth, 1996; Zhou & Chu, 1996) (Figure 1b and 1c). Of the two
Tor spp., the T. tambroides is more favourable as food fish and can fetch up to about USD 100
- USD 220 per kg and thus is the most expensive freshwater food fish in Malaysia.
Malaysian Mahseer occurs in most undisturbed and clear flowing upstream rivers, reservoir
systems and lotic habitats throughout the East and Southeast Asia. The major geographical
locations of Malaysian Mahseer are Pahang, Perak, Terengganu, Kelantan, Sabah and
Sarawak (Ng, 2004; Ambak et al., 2007). Similar to other indigenous fishes in Malaysia, the
wild populations of Malaysian Mahseer are declining over the years as the consequences of
over-exploitation, natural habitat degradation and water pollution. Therefore, Malaysian
Mahseer is now classified nationally as ecologically threatened (Ingram et al., 2005).

The taxonomic status of species within the genus Tor has been highly contentious due to
plasticity of many external morphological features resulted from considerable geographical
and ecological variability (Tsigenopoulos & Berrebi, 2000; Nguyen et al., 2007). Therefore,
species identification based on morphological comparison sometimes could be confusing to
most people who are not trained in fish taxonomy. Ability to differentiate between the
Malaysian Mahseer and the Copper Mahseer (Neolissochilus spp.) is another difficult task
hampered most of the fish farmers or aqua-culturists. The Copper Mahseer is not a desirable
species and thus its value in term of market price is very much lower compared to the
Malaysian Mahseer. At present, the seed supply of Malaysian Mahseer is still depending
solely on the captive wild stock. As such, those who want to culture this species will have to
bear with the risk of getting seed stock that comprises the mixture of these two species.
Therefore, a more effective method for species identification by using DNA markers such as
the mitochondria DNA (mtDNA) sequences and microsatellte markers are seen as potential
in solving this problem (Nguyen et al., 2006a; Nguyen et al., 2006b; Nguyen et al., 2008;
Nguyen, 2008).

The first successful hormonal induction spawning of T. tambroides under captive pond-
reared environment was reported by Ingram et al. (2005). In captive condition, T. tambroides
seems to spawn all year round. Brood fish of both sexes may strip up to a few times in a
year. However, it is reported that geographical reproductive diversity, diet and
environment conditions such as changes in temperature, water level, pH, flow velocity,
turbidity, rain falls, collectively trigger the Mahseer to spawn (Dobriyal et al., 2000).
Malaysian Mahseer is also a large riverine species and that can grow up to 30 - 50kg. In the
culture condition, the growth rate of Malaysian Mahseer is relatively slow compared to
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other aquaculture species. This species usually took up to three years to reach the
marketable size of 1.5 - 2.0 kg.

2.3 Hemibagrus nemurus

The tropical bagrid catfish, H. nemurus (previously known as Mystus nemurus) of family
Bagridae and with the vernacular name Baung (Figure 1d), is a widely distributed food fish
found in most of the inland water bodies in Malaysia (Khan et al., 1995). The occurrence of
this species in brackish water was also reported (Inger, 1955). The tropical bagrid catfish is a
bottom feeder and fed on a wide range of food from small teleosts, crustaceans, benthic
invertebrates to the detritus (Khan, 1987). This species is potential for aquaculture as it
receives good acceptance from the local market due to its tender and non-bony meat. This
carnivorous species is also a popular species in sport fishing. The artificial spawning of
tropical bagrid catfish via hormonal induction using the heteroplastic pituitary extract in
combination with human chorionic gonadotropin (HCG) was reported by Thalathiah et al.
(1988, 1992). According to Khan et al. (1995), a bimodal male and female gonad somatic
index (GSI) pattern throughout a year was shown in this species, suggesting this species
could spawn twice in a year.

2.4 Pangasius nasutus

The local pangasiid catfish, P. nasutus of family Pangasiidae and with local name Patin
Buah, (Figure 1le) is a native river catfish endemic to Pahang River in Malaysia. As
commented by Hung et al. (2004), catfishes from the family Pangasiidae are of great
economical importance in Southeast Asia. P. nasutus is one of the favorite food fish due to its
white and tender flesh. This omnivorous species commands a high market value (USD 20
per kg) in local market. In the wild, P. nasutus fed mainly on the bivalves, mollusks,
gastropods and other benthic organisms especialy on sandy bottom rivers (Roberts &
Vidthayanon, 1991). Because of its economic value and declining population in the natural
waters, this has created popularity and awareness to conserve and culture this species. The
first successful induced spawning of P. nasutus was reported in 2005. This species is also a
batch spawner and exhibits a single-modal GSI pattern throughout the whole year. During
the spawning season, multiple releases of eggs from a single female broodfish were
observed during the single period (Mohd-Zafri, 2006). The breeding season of this species is
associated with rainfalls or monsoons between May - July (Maack & George, 1999).

2.5 Hypsibarbus wetmorei

Morphologically Hypsibarbus wetmorei is quite similar to the Javanese Barb, Barbonymus
gonionotus except the appearance of turmeric-like yellow colour on its body (Figure 1f)
where the vernacular name Kerai Kunyit is given. This species is of the family Cyprinidae.
Kerai Kunyit is highly regarded as a food fish and thus it is a potential aquaculture species.
In Malaysia, this species is found to be endemic in Pahang River. Until today, the biology,
ecology and repoductive behaviour of this species is not well studied and limited
documentation on the species is available. By far, only study on species identification of
Hypsibarbus spp. (included H. wetmorei) using PCR-RFLP method was reported by
Jantrarotai et al. (2007).

www.intechopen.com



274 Current Frontiers in Cryopreservation

Fig. 1. Photos of the Malaysian fishes involved in the cryopreservation studies, (a) Isok barb
(P. jullieni), (b) Malaysian Mahseer (T. tambroides), (c) Malaysian Mahseer (T. deauronensis),
(d) Tropical bagrid catfish (H. nemurus), (e) Local pangasiid catfish (P. nasutus), and (f) Kerai
Kunyit (H. wetmorei).

3. Methodology employed for semen cryopreservation of freshwater fishes in
Malaysia

As in cryopreservation of other fish species, the cryopreservation of the semen of freshwater
fishes from Malaysia to be discussed later falls under the following general procedures (i)
collection of semen, (ii) dilution of semen sample, (iii) semen sample packaging, (iv)
equilibration, (v) freezing, (vi) cryo-storage, and (vii) thawing. Successful cryopreservation
of fish sperm very much depends on a range of factors in each step of the cryopreservation
procedures as highlighted by Kopeika et al. (2007).

3.1 Collection of fish semen

Mature and healthy males broodfish were selected and anaesthesized using MS222 or clove
oil according to the dosage recommended by the manufacturer. Semen sample was expelled
from the male fish by gentle abdominal pressure and collected into a clean and dry tube.
Extra precaution should be taken while collecting semen sample. Contamination of sample
with blood, water, urine or the feces should be avoided as these contaminants significantly
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reduced the semen quality and caused poor post-thaw sperm motility. The semen samples
were then transferred back to laboratory for quantification of the fresh sperm quality and
proceed with further dilution before freezing procedure. The sperm motility rates and
sperm concentration of the freshly collected semen sample was evaluated prior to
cryopreservation. In order to obtain good post-thaw motility, only semen samples showing
sperm motility >70% were used for cryopreservation.

3.2 Dilution of semen sample

The semen samples with good quality were subsequently diluted at an appropriate sperm to
diluent ratio, with suitable extender solution and cryo-protectant. Sperm to diluent ratios
ranged between 1:3 to 1:9 were reported to produce best results in fish sperm cryopreservation
studies (Scott & Baynes, 1980; Lahnsteiner et al., 1996). Gwo (2000) reported the fish sperm
could loss its viability in high dilution ratio especially in marine species. The type of extender
solution, cryoprotectant and dilution ratio that were optimum for each Malaysian fish species
studied were summarized in Table 1. The type of diluents and dilution ratios workable to
preserve sperm motility appear to vary among different fish species. Thus each of these
parameters needs to be optimized accordingly via a series of experimentations.

The extender solution helps to maintain sperm viability prior to and during the freezing
process. Extender solution is a balanced salt buffer of specific pH and osmotic strength. Apart
from salts, sometimes extender solution is prepared with addition of organic compounds such
as glucose. The nature of the effect of extenders is based on the control of pH and salt
concentration as well as the supply of energy, and can extend the functional life and fertilizing
capability of the sperm (Tiersch, 2000). Cryoprotectants function to protect cells from cryo-
damage or cryo-injury during freezing and thawing process. The permeating cryoprotectants,
namely dimethyl sulfoxide, methanol, ethylene glycol and propylene glycol are among the
most frequently used cryoprotective agents among the aquatic organisms (Lahnsteiner et al.,
1997; Tiersch, 2000; Tiersch, 2006). However, the permeating cryoprotectants are often toxic to
cells, and thus the choice of the types of cryoprotectant and their optimal concentration should
be at a balance between protection and toxicity. On the other hand, the non-permeating
cryoprotectants such as sucrose, glucose and polymers (e.g. alginate) were often used in
combination with the extender solution in the diluents. Sometimes, a combination of different
cryoprotectants in certain ratios could help improving the post-thaw motility. The studies of
African catfish in our laboratory has shown that a combination of methanol and N, N-
dimethylacetamide at ratio 70%:30% produced significant higher post-thaw motility compared
to the use of a single cryoprotectant in sample dilution. Tiersch (2000) has also reported that
the application of cryoprotectant at concentration between 5% to 20% ususally provides good
protection in most fish species. The protective effect and optimal concentration of
cryoprotectants could be species specific (Gwo et al., 1991; Suquet et al., 2000; Rideout et al.,
2003). Therefore, the optimal concentration needs to be determined individually in each
species studied through experimentations.

For Isok barb (P. jullieni), Malaysian Mahseer (Tor spp.), local pangasiid catfish (P. nasutus)
and Kerai Kunyit (H. wetmorei), a total of 14 extender formulations, five types of
cryoprotectants (dimethyl sulfoxide, ethylene glycol, glycerol, methanol and N,N -
dimethylacetamide) with concentrations between 5-20% (v/v), semen to diluent ratios (1:1
to 1: 14) were examined as described by Chew et al. (2010a). This may be compared with
Muchlisin et al. (2004) who used three extender solutions (the Ringer, physiological saline
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and saline solution); four types of cryoprotectants (DMSO, ethanol, glycerol and methanol)
at three concentrations (5%, 10% and 15%) and three sperm to diluent ratios (1:20, 1:30 and
1:40) in tropical bagrid catfish sperm cryopresevation.

Type of Sperm
Speci Chemical composition of extender  cryoprotectant & to
pecies . . . Reference
solution concentration  diluent
(v/v) ratio
Modified from Kurokura et al. 1984 -
B 62 mM NaCl, 134 mM KCl], 1.5 mM Unpublished
gonim'io fus CaCly, 0.4 mM MgCl,, 2.4 mM Methanol 10% 1:4 -1:6 data
NaHC03
(Horvath et al., 2003)
Ringer solution - 128 mM NaCl, 2.7
C. mM K(], 1.4 mM CaCl,, 2.4 mM Methanol + DMA 16 Unpublished
gariepinus NaHCO3 (70:30) 8% ' data
(Kurokura et al., 1984)
Calcium free Hank’s Balance Salt
Solution (CF-HBSS) - 152 mM Na(l,
... 59 mM KCl, 0.9 mM MgSO,, 0.36 mM o 1. = Chewetal,
P. jullieni Na,HPO,, 0.5 mM KH%P O4 4.6 mM Methanol 9-10% 1:3 -1:5 2010a
NaHCO3, 6.16 mM Fructose (Tiersch
et al., 1994)
202 mM D(+)-glucose monohydrate,
51.5 mM sodium chloride and 6 mM o . Chew et al.,
Tor spp. sodium bicarbonate, with pH 7.1 to 7.8 DMSO10% L7 2010b
and osmolality 309 + 30 mOsmol/kg
P. nasutus CF-HBSS (Tiersch et al., 1994) Methanol 9-10 %  1:7 Unpgz’i;shed
Modified Fish Ringer - 111 mM NaCl, )
o 402mMKCL 21 mM CaCl, 24 mM Methanol 9-10 % 1:4 1.7 Unpgg’ifhed
NaHCO3 (Wolf, 1963)
H Modified Fish Ringer - 128 mM NaCl, Muchlisin et
‘ 2.7 mM KCl, 1.4 mM CaCl,, 2.4 mM Methanol 10% 1:20
nemurus al., 2004

NaHCO3, 25.3 mM glucose

Table 1. A list of extender solution and its composition, type of cryoprotectant and its
optimal concentration and sperm to diluent ratio for successful semen cryopreservation of
various species of freshwater fishes in Malaysia.

3.3 Packaging and equilibration of diluted semen sample

In this procedure which is performed after the addition of extender solution and
cryoprotectant, the diluted semen sample is packed into polyethylene (PE) straws (Chew et
al., 2010a; Chew et al., 2010b) or cryo-vials (Muchlisin et al. ,2004). Extended semen sample
is subjected to equilibration at temperature <10°C prior to freezing procedure. The duration
taken for equilibration is the time required for the cryoprotectant to permeate the cells.
Equilibration duration between 15 min to 3 h has been practised for Malaysian fish species
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sperm cryopreservation and was found to be successful in maintaining a good post-thaw
sperm motility (Chew et al., 2010b). In most circumstances, the equilibration duration is set
at 15 to 30 min, but it can be varied depending on the type and concentration of
cryoprotectant used (Tiersch, 2000).

3.4 Sperm cryopreservation

Cryopreservation involves the removal of excess water from the inside of the cell to the
exterior where it can form ice (Tiersch, 2000). A two-step rapid freezing method was used
for semen cryopreservation in Isok barb, Malaysian Mahseer, local pangasiid catfish and
Kerai Kunyit. After the equilibration procedure, semen samples of these species were
subjected to liquid nitrogen vapour exposure for 5-10 min in an insulated styrofoam cooler
box filled with liquid nitrogen, with the samples placed between 3 to 4 cm above the liquid
nitrogen, after which the samples were directly plunged into liquid nitrogen. For tropical
bagrid catfish (Muchlisin et al., 2004), the semen samples were equilibrated on crushed ice
(0°C) for 5 min. After the equilibration procedure, the samples were then placed in an ice
box containing dry ice (-120°C) for 5 min and subsequently plunged into liquid nitrogen.

Besides the styrofoam cooler and ice box, the vapour shipper is another choice of method
could be used for the freezing of fish semen samples. To cryopreserve semen samples by
using dry shipper, the extended and packed semen sample was transferred into the fully
charged vapour shipper and subsequently transferred and stored in liquid nitogen. The use
of the vapour shipper method in freezing as reported in Tor spp. (Chew et al., 2010b) was
convenient to be used in the field. Such method is simple to use, the cooling rate is more
consistent and controllable and it consumes less liquid nitrogen and requires less space
compared to the styrofoam cooler box or ice box method.

In our opinion, the use of the sophisticated bench top type of controlled rate programmable
freezer is not practical in cryopreservation of fish semen in some laboratories because of
difficulty to move this equipment from one location to another. Unfortunately portable type
of controlled rate programmable freezer is not user friendly, time consuming and limited
number of samples could be processed at a single run. Compared with programmable
freezer, the two-step freezing method employing insulated styrofoam cooler box or ice box
is simpler, rapid and more cost effective. Nevertheless, the main shortcomings of this simple
freezing method is the inconsistency in cooling rates and non-reproducible cryopreservation
experiments if performed by different operators.

3.5 Thawing

Thawing is a process to recover the sperm cells from the dormant stage in ultra low
temperature. Frozen semen is usually thawed at 40°C, with different optimal durations
applied according to the type of packaging and the storage volume as shown in Table 2.

Type of packaging Volume of semen Duration of thawing
0.25 mL 4s - 6s
PE straw 0.5 mL 6s - 8s
1.2 mL 12s - 15s
Cryo-vial 5mL 5 min

Table 2. The optimal durations used to thaw the frozen semen samples of freshwater fish
species in Malaysia in different types of packaging and storage volume.
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3.6 Egg fertilization

A cryopreservation protocol developed for a species is considered success if the semen that
cryopreserved according to the certain protocol could successfully fertilize eggs and
produced offspring. Fresh semen is usually included in the control treatment. The optimal
sperm to egg ratio used should be determined prior to fertilization. The sperm: egg ratio at
approximately 250,000:1 is usually sufficient and worked well in most species in our
laboratory. However, other sperm to egg ratios from 1000:1 to 500000: 1 were tested by Butts
et al. (2009) and 100 000: 1 was found to yield the best fertilization performance in Atlantic
cod. The dry fertilization method is favorable in the fertilization test for freshwater fish and
thus was applied for all Malaysian fish species studied in our laboratory. In the dry
fertilization method, both eggs and sperms were mixed well before hatchery water was later
added into the sperm/egg mixture to water-harden the fertilized eggs. After rinsing with
hatchery water, fertilized eggs were then incubated in aquarium (with or without using a
hatching trough depended on species). Water temperature was kept at room temperature
between 23 - 28°C throughout the period of incubation. The duration of embryo
development varied between species. Therefore, the duration required for the fertilized egg
to hatch is also varied among different species.

4. Discussion on semen cryopreservation of Malaysian freshwater fish
species

The successful semen cryopresevation of several Malaysian fish species e.g. P. jullieni, T.
tambroides, T. deuronensis, H. bleekeri, P. nasutus and H. wetmorei using various methods of
cryopresevation discussed above may be evaluated via analyses on the sperm muotility,
fertilization, hatching ability, etc.

4.1 Quality of semen

Sperm motility for the freshly collected semen from the healthy broodfish is usually ranged
between 90 - 100% motility provided that the sperm sample was not activated prior to the
actual cryopreservation processes or contaminated by water or urine while sampling was
carried out. However from our observation, sperm motility of most freshwater fishes
dropped to <10% after 24 h if the sample was not extended using suitable extender solution,
even though the sample was kept cool in a refrigerator (0- 5°C).

Sperm concentration is one of the important characteristic that determines the sperm quality
of an individual male (Billard, 1986, Suquet et al., 1992; Billard et al., 1995). The sperm
concentrations of all Malaysian fish species studied were between 2.2 x 108 to 6.2 x 1010
sperm cells per mL and this is in agreement with the studies by Leung & Jamieson (1991).
On the other hand, short lifespan after activation is the typical characteristic of spermatozoa
of freshwater fish species. The duration of sperm motility of most freshwater fishes is
normally <1 min after the sperms are activated (Billard & Cosson, 1992; Lahnsteiner &
Patzner, 2008). Duration of sperm motility of Tor spp. was about 40-50 s and it slowed down
drastically after 20 s of progressive movements (Chew et al., 2010b). For Isok barb, it was
about 20 s and slowed down after 10 s of progressive movements. Table 3 shows the range
of sperm concentrations and motility duration in each Malaysian species studied at FRI
Glami Lemi.
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Sperm count (Number of cells

Species Duration of motility (*)

per mL)
Javanese barb 2.52 x 109 = 1.03 x 1010 <15 sec (10s)
(B. gonionotus)
African catfish 5.44 x 109 - 1.14 x 1010 15-30s, (135)
(C. gariepinus)
Isok barb
S _ 10
(B allon) 4.00 x 108 - 6.24 x 10 205, (10s)
Malaysian Mahseer 2.20 x 108 - 5.98 x 109 40-50's, (20s)
(Tor spp.)
Local pangasiid catfish 6.60 x 108 — 1.36 x 1010 25-50s, (155)
(P. nasutus)
Kerai Kunyit 7.30 x 109 - 1.33 x 1010 20-70s, (20's)

(H. wetmorei)

*Duration of progressive movement before slowed down and finally stopped

Table 3. Sperm concentration and motility duration of each freshwater fish species studied
at FRI Glami Lemi.

Osmolality is another critical variable in sperm quality (Honeyfield & Krise, 2000). As seen
in many studies, seminal plasma osmolality among males fish is highly variable (Aas et al.,
1991). According to Babiak et al. (2001), the extender solution that worked well to
cryopreserve spermatozoa of a species should posses the ability to maintain the sperm cell
viability by inhibiting sperm motility. The key of success is via the use of an extender
solution which is almost isotonic or mimicking the seminal plasma of that particular species.
Therefore, it is crucial to know the seminal fluid osmolality of a species before media and
diluents for that particular species can be formulated.

In all species of Malaysian fishes studied, sperm motility generally reduced after freezing and
thawing process compared to the sperm motility before any freezing procedure. In P. jullieni,
the motility of cryopreserved semen has reduced by approximately 45% compared to the fresh
semen. A reduction of sperm motility by an average of 15% and 30% in T. tambroides and T.
deuronensis respectively was observed. In general, sperm motility reduced between 10 - 70% on
average in the species studied (Table 4). These observations are similar to studies in several
other species such as Cyprinus carpio L. (Wamecke & Pluta, 2003), Oncorhynchus mykiss
(Lahnsteiner et al., 1996) and Scophthalmus maximus (Dreanno et al., 1997).

Motility %

Species Before freezing  Post-thaw
Javanese barb 88 -97% 15 -65%
African catfish 60 - 100% 15-70%
Isok barb 85 - 100% 30-84% (Mean: 49%)
Malaysian Mahseer 85 -100% 35-89% (Mean: 55%)
Local pangasiid catfish (Patin Buah) 85 -100% 35-70%
Kerai Kunyit 90 - 100% 35-80%
Tropical bagrid catfish (Muchlicin et al. 2004) 80 - 94% 58%

Table 4. Sperm motility (%) of the freshwater fish species studied before freezing and after
thawing procedures
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For all Malaysian fish species studied, the post-thaw motility rates of the cryopreserved
sperm demonstrated similar values (p>0.05) even after a year of cryostorage as long as the
semen samples are submerged well in the liquid nitrogen and without disturbance during
the storage period.

4.2 Fertilization ability and hatching rate

In both Malaysian Mahseer and Isok barb, egg fertilization ability and hatching rates were
found significantly lower (p<0.05) by using cryopreserved sperm compared with those
fertilized using fresh sperm. The speed of embryos development was similar among the
fertilized eggs using both cryopreserved and fresh sperm. Besides that, no significant
difference (p>0.05) was found in the egg fertilization percentages between newly cryo-
preserved semen and semen samples after a year of cryo-storage in both species. The
performance of egg fertilization and hatching by using cryopreserved semen in four species
of freshwater fish species studied in our laboratory is shown in Table 5.

Species Fertilization (%) Hatching (%)
Javanese barb 12 -100 5-75
African catfish 21-37 19 -32

Isok barb 1.2-10 0.8-4.6
Malaysian Mahseer 20-55 20-53

Table 5. Fertilization and hatching performance using cryopreserved sperm in several
freshwater fish species carried out at FRI Glami Lemi

Quantitatively the numbers of hatchings from the cryopreserved semen were low, but
qualitatively the hatchlings are visually normal and physically active and healthy as those
from the fresh semen. Fingerlings produced from the cryopreserved semen from all four
species showed normal development compared with those produced from the fresh semen.

5. Dependence of egg fertilization on semen cryopreservation methods

For the sperm cryopreservation of the fish species such as P. jullieni and Tor spp., several
factors will determine the successful of the egg fertilization. The contributing factors that
brought to the success of fish hatching using cryopreserved semen include viability of the
post-thaw cryopreserved semen, good quality eggs, handling of the sperm and egg during
the fertilization trials and knowledge in culturing the targeted species.

5.1 Viability of the cryopreserved sperm

Semen collection for cryopreservation should be done during the peak of spawning seasons
of the particular species because the quality and quantity of spermatozoa are the highest at
that particular time. The cryopreserved sperm cells tend to deteriorate very quickly and loss
their motilily within 10-30 min after thawing procedure. Therefore, in quantification of the
quality of the post-thaw sperm, the post-thaw motility shall be evaluated soon after thawing
procedure in order to obtain good results. Similarly in the fertilization trials using
cryopreserved semen, the mixture of semen to the eggs should be performed as quickly as
possible once the frozen semen is thawed. Semen samples from each male broodfish were
cryopreserved separately in order to maintain its inherent variability.
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Successful cryopreservation procedures can maintain high quality of cryopreserved semen
and this is revealed in high post-thaw sperm motility percentages. Successful
cryopreservation procedures balance between the formation of ice crystals within the cells
against excessive dehydration, which damages cellular structures (Tiersch, 2000). Each step
involved in the cryopreservation procedures that was discussed in section 3 is equally
important to produce viable cryopreserved sperm.

5.2 Good quality eggs

Good quality egg is also essential for successful fertilization when cryopreserved semen is
used to produce offsprings. Same as sperm quality, egg quality is also the best during the
peak of spawning seasons of the particular species. Thus fertilization trial is best to perform
during spawning seasons of the fish. This is especially true and applicable for the seasonal
bred species. In P. jullieni, significant higher fertilization rate (80-95%) was observed during
the peak of the spawning season compared to the initial (50-60%) and toward the end of
breeding season (30-50%) of the species. Healthy broodfish produced good quality eggs.
Good management practice in broodstocks maintenance and good diet (i.e. high protein
diet) are the key factors that produced healthy brood stocks.

5.3 Handling of sperm and egg during the fertilization trials

Good control in the timing of egg stripping and thawing of cryopreserved semen is
important while using cryopreserved semen to fertilize eggs. Both egg and sperm should be
made available at the same time in order to produce high fertilization rates. Spermatozoa of
freshwater fishes are usually activated by the hypotonicity of their surrounding media
(Morisawa & Suzuki, 1980; Morisawa et al., 1983a; Morisawa et al., 1983b). Most of the time
and in majority species, hatchery water is sufficient as the sperm activation media and used
in the sperm-egg mixture during fertilization process with cryopreserved semen. However,
the use of suitable medium other than hatchery water for sperm activation is sometimes
critical in some species (Lahnsteiner et al., 2003). This is observed in T. tambroides where
specially formulated medium produced significant higher fertilization rate compared to the
use of hatchery water as the sperm activation medium (Chew et al., 2010b). The effects of
several media on egg fertilization ability had also reported by Billard (1983) on rainbow
trout. Fertilization technique used in the fertilization trials is also one of the contributing
factors to the success. Our studies showed that fertilization and hatching ability were
significantly higher by using dry method compared to wet method.

5.4 Knowledge in culturing of the targeted species

Knowledge on the reproductive biology, broodstock management and husbandry, larva
rearing and nursery of the particular fish species to be studied is a prerequisite for
successful fertilization using cryopreserved semen. The age of maturity, breeding season
(for seasonal bred species), factors that trigger and promote gonad maturation such as the
type of nutrition and water quality where the brood fish is maintained are important factors
that guaranteed gonad maturation and good health of the broodfish. Besides, well
established artificial spawning method of the targeted species is also essential and such
knowledge could later help production of fry using cryopreserved semen.

www.intechopen.com



282 Current Frontiers in Cryopreservation

6. Current status of fish sperm cryopreservation in Malaysia —the fish semen
cryobank

The current development of fish sperm cryopreservation in Malaysia is mainly focused on
the creation of a fish semen cryobank. Such a cryobank for fish semen plays many important
roles, especially for conservation of fish stocks and improve aquaculture. The establishment
of a fish semen cryobank requires procurement of equipment and facilities for
cryopreservation, skill development of the technical operators, choice of species for semen
cryobanking, identification of the source for sample collection, developing of suitable
cryopreservation procedure for the targeted species, proper record keeping and also proper
maintenance of the semen cryobank.

6.1 Fish semen cryopresevation for conservation

Cryopreservation technology provides long term ex situ conservation of indigenous and
endangered species (Mongkonpunya et al., 2000; Tiersch et al., 2000). Cryopreserved semen
could be stored indefinitely without deterioration provided proper maintenance and
handling measures are well taken care of all time (Stoss & Donaldson, 1983; Armitage, 1987;
Suquet et al.,, 2000). In Malaysia, fish sperm cryopreservation was employed to save the
genetics of the endangered and threatened indigenous species such as P. jullieni and Tor
spp.. Fish species for gene banking and research are chosen on the basis of their threatened
status and potential for aquaculture. Species with vulnerable, critically endangered (CR) and
endangered (EN) status are prioritized in a conservation programme (Table 6). Species with
protandrous behaviour throughout their life cycle such as the Tenualosa toli (Terubok) is also
protected (MACD, 1996; Blaber et al., 2001, Wong, 2001). Other candidates of indigenous
fish species which should be prioritized for semen cryopreservation are the Bala Shark
(Balantiocheilos melanopterus), the indigenous catfish (Clarias macrocephalus) and several Betta
spp. (B. chini, B. hipposideros, B. livida, B. tomi and B. persephone).

Semen samples could be stored for years via cryobanking before being used, and thus
cryopreserved sperm banks can serve as insurance policies against unforseen catastrophes.
However, very strict standardized protocols should be developed so that results are not
biased by experimental and treatment variability but only by the inherent variability of the
species. Further, these practices should be complemented with habitat conservation
procedures (Bart, 2002). As it takes a long time to restore degraded ecosystems, the
preserved semen is stored while upgrading of the ecosystems is going on. Both in situ and ex
situ conservation should be applied complimentarily for sustainable management of the
indigenous fisheries resources (Harvey, 1998). For an instance in the conservation
programme of P. jullieni, introduction of closing season (from February to April each year)
and conservation zones (12.4 km) at the identified spawning ground of P. jullieni at Pahang
River have been implemented as the in situ conservation approach for the species (Zulkafli
et al., 2010).

Conservation of indigenous freshwater fishes is a priority of the Department of Fisheries,
Malaysia. Resulting from the success in breeding both P. jullieni and Tor spp. using
cryopreserved semen, cryobanking of the semen of these species was initiated in 2008.
However, those samples were collected from the cultured stock. Therefore, effort to further
enrich the sperm cryobank through collection from wild stocks for different varieties and
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populations in the country is the ultimate aim of the Department of Fisheries, Malaysia. At
present, semen samples from 88 Tor spp., 43 P. jullieni, 8 P. nasutus and 14 H. wetmorei have
been collected and cryopreserved in the sperm cryobank of FRI Glami Lemi (Table 7).

The use of cryopreserved semen could support conservation efforts through stock
enhancement and repopulation in areas where the species have declined or disappeared. In
the breeding and restocking programmes, attempts to save the wild populations have so far
largely focused on captive breeding or spawning of wild broodstock and subsequent release
of hatchery-reared offsprings into the wild. Hatchery production of fry will support stock
enhancement. Consequently, this will hopefully eliminate the need to harvest seed stock
from the wild and the translocation of non-indigenous species for such programme.

Species Status
Balantiocheilos melanopterus (Bala shark) EN
Betta chini (Chini mouthbrooder) VU
Betta hipposideros VU
Betta livida (Emerald-sport fighting fish) EN
Betta persephone (Black fighting fish) CR
Betta tomi (Pikehead) \48
Discherodontus halei (Spot-fin barb) CR
Eleotris melanosoma CR
Encheloclarias curtisoma (Soft fin walking catfish) CR
Encheloclarias kelioides (Soft fin walking catfish) CR
Encheloclarias prolatus (Catfish) 48
Parasphromerus harveyi (Harvey's licorice gouramy) EN
Probarbus jullieni (Isok barb) EN
Scleropages formosus (Asian Arowana) EN
Silurus furness DD
Redigobius bikalanus CR
Phallostethus dunckeri VU
Sundoreonectes tiomanensis (Tioman cave loach) vu
Helicophagus waandersii EN
Cyclocheilichthys enoplus EN
Leptobarbus hoeveni (Mad barb) EN

(Source: DOF, Malaysia; Chong et al., 2010 )

Table 6. List of indigenous freshwater fish species in Malaysia with critically endangered
(CR), endangered (EN), vulnerable (VU) or data deficient (DD) status.

Species Number of fish Volume
Tor spp. 88 150 mL
P. jullieni 43 350 mL
P. nasutus 8 18 mL
H. wetmorei 14 30 mL

Table 7. Current status of cryogenic fish sperm bank of FRI Glami Lemi, Malaysia (since 2008)
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6.2 Fish semen cryopreservation for aquaculture

Fish gene banks offer vast potential benefits to hatcheries (Munkittrick & Moccia, 1984; Chao &
Liao, 2001). It offers genetic variability to fish hatcheries around the world. The use of frozen
semen in breeding programmes offers a means to further broaden the genetic base of the
targeted species. Genetic improvement of broodstock or hatchery species for traits such as
disease resistant, fast growth rate, salinity tolerance etc. could also make feasible with the
establishment of the cryogenic sperm bank. The applications of sperm cryopreservation in
aquaculture were also highlighted by Mongkonpunya et al. (2000). In the case of some species,
males and females reach maturity over different periods of time, the cryopreserved semen
could facilitate artificial fertilization and seed production (Tiersch, 2000). Besides,
cryopreserved semen is easier to transport than live fish for culturing. This eliminates the
stress to fish. The risk of transmitting diseases is also reduced by using cryopreserved semen.

On the other hand, the use of cryopreserved sperm also provides flexibility in breeding
programmes, especially in producing hybrids with favourable characteristics for culturing
such as higher viability, intensive growth rate, adaptive flexibility, early sexual maturation etc.
(FAO, 1971). Hybridization in fish culture becomes feasible and more manageable with the
utilization of cryopreserved semen. For example, in a breeding programme of H. wetmorei
carried out in our laboratory, H. wetmorei was cross-bred with the Javanese barb, B. gonionotus
successfully via the use of cryopreserved sperm and surrogate egg from B. gonionotus. Such
breeding procedure was needed because mature female of H. wetmorei was not available
during the induced breeding programme of the species. Therefore, it is no doubt that the use
of cryopreserved sperm provides greater control in breeding programmes.

7. Challenges to the gene banking of fish gamete via cryopreservation
7.1 Procedure optimization

The principle and process behind semen cryopreservation sound rather simple, i.e. the storage
of semen samples in ultra-low temperatures and liquid nitrogen (-196°C) is normally used. In
avian species (such as chicken, fowl, turkey, goose and duck) and mammal livestock species
(such as cattle, horse, boar, sheep and goat), protocols for their semen cryopreservation are
well developed and established (Hammerstedt & Graham, 1992; Curry, 2000; Donoghue &
Wishart, 2000; Woelders et al., 2003). In fish however, there are no standard protocols that are
applicable to all species. Unlike terrestrial animals, it is more difficult to standardize the semen
cryopreservation protocols in fish (Tiersch, 2000). This is because different fish species
exhibited different responses to the same extenders and cryoprotectants. For an example, the
protocol or diluents formulation which served optimal to P. jullieni may not be necessarily
suitable and served optimum in other species. As such, developing the species-specific and
reproducible sperm cryopreservation procedure is thus required for this purpose. These
include the choice of the type of extender solution and cryoprotectant, the rates of freezing and
thawing etc. In general, the optimization of cryopreservation protocol for a species involved a
series of complex interactions among various factors in each step.

7.2 Maintenance and proper recording

It is less costly to maintain a semen cryobank in a long run compared to in situ conservation
approach such as live genebank. However, some costs need to be allocated for replenishing
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and topping up of liquid nitrogen in the storage dewars on periodically basis. Obtaining
adequate funding and financial support to maintain the semen cryobank is part of the
challenges to the institutions owned a semen cryobank. The monitoring of the viability of
cryopreserved semen samples is also required from time to time to ensure the viability of
stored samples is maintained. Post-thaw sperm motility was assessed for each batch of
semen samples a week after cryo-storage and prior to be used for egg fertilization. The
viability of the cryopreserved sperm was also evaluated from time to time through egg
fertilization tests. A database that is able to provide good records of storage and
withdrawals of samples from the semen cryobank is also a long term challenge in
genebanking via cryopreservation (Kincaid, 2000). Proper record is essential for ease of
samples retrieval in future.

7.3 Technical limitations

There are technical limitations to use cryopreserved semen in fish breeding as it requires
involvement of skilled personnels. Therefore, training of operators or technicians in the
related discipline is seen required in the technology extension programme. The small
volume sample in straws (0.25 mL and 0.5 mL) is sufficient to be used in egg fertilization in
laboratory based experiments and in genetic improvement programme of the targeted
species. However, it is less practical to use cryopreserved semen for mass production of fry
in aquaculture. Adaptation of the current developed protocols for practical application is
thus important. The use of bigger straws volume or cryovials (5 mL or 10 mL) should be
considered instead.

7.4 Difficulties in obtaining semen samples from wild populations

Difficulties in getting wild stocks are the main constraints in fish semen cryobanking of the
indigenous species with threatened or endangered status and those species with high
market demand. These limitations have caused difficulties in obtaining the effective
population size (Ne), which is very crucial in future restoration efforts for the species. High
quality seed is essential to support aquaculture. For many species especially of those
riverine species, which their induced breeding method is still not established, their source of
seed supply is still depend on the wild caught stocks. In Malaysia, it is also difficult to
obtain fry and broodstock from hatchery because the lack of well organised hatchery
operation. Each hatchery tends to maintain their own breeders, which is always limited in
numbers. As the consequences, this resulted in high inbreeding rates among the hatchery
stocks.

In Malaysia, it is now increasingly difficult for fish breeders to locate and collect genetic
materials from healthy or relatively undisturbed populations in the wild. The loss of genetic
material in fish species can hinder the development of the aquaculture industries, especially
fish farms and hatcheries. Many hatcheries often rely on too few breeders to reproduce,
resulting in lower production, susceptibility to diseases and poor survival rates in the wild.
As wild fish stocks disappear, it becomes even more difficult for hatcheries to find new
breeders. At the same time breeding within small populations with limited genetic diversity
results in inbreeding depression, i.e. genetic drift, producing small or stunted fish stocks.
Therefore, fish genetic resources must be conserved and utilized sustainably because they
are the key to maintaining the viability of cultured and natural fish populations. They
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enable species to adapt to environmental change and also provide the opportunity for
genetic improvement programme in aquaculture.

It is observed that large species that breed later in life are more vulnerable to fishing and
changes in the environment, particularly in terms of fragmentation of their normal habitats.
Indeed, most of the world’s largest freshwater fish are at risk according to the IUCN Red
List, and over exploitation contributes in a number of these cases. The dragon fish,
Scleropages formosus is a well known case of over-exploitation. Therefore, giant indigenous
species such as freshwater siluroids (Wallago leeri,), cyprinids (Tor spp., Probarbus jullieni),
pangasiids (Helicophagus waandersii) etc. can be promoted as ‘flagship species’ or ecosystem
ambassadors. At the same time, in terms of preserving biodiversity, by reducing the
negative impacts of the continued spread of exotic fish species in the aquatic environment,
efforts need to develop indigenous species for use in aquaculture. Those indigenous species
that showed good adaptation to pond environment, resistance to handling, possess high
growth rate and ability to reach sexually maturity in captivity are worth to be considered
and developed as aquaculture species. To achieve the goal, we must safeguard indigenous
fish resources both quantitatively and qualitatively from now before it is too late.

8. Conclusion

An overview of the current status of semen cryopreservation of Malaysian freshwater fishes
is presented in this chapter. The role of semen cryobank is also discussed. Obviously, semen
cryopreservation offers potential applications in ex situ conservation and sustainable
management of the fisheries genetic resources in Malaysia, especially for those species with
rare, vulnerable, threatened or endangered status, those protandry species with sex-
changing characteristic over their life time, and also the potential candidates and genetic
improved strains for aquaculture development. The successes in semen cryopreservation are
very much relied on factors such as having ample knowledge on the biology and
reproductive biology of the particular species of interest, trained personnels in various
aspects such as gamete cryopreservation, breeding methods, broodstock management and
husbandry and larva rearing and nursing of the targeted species.
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