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ABSTRACT

Sperm motility is an important factor used to assess sperm
quality. Sperm motility is influenced by many factors.
Temperature plays an influential role in sperm motility. In the
present study, an attempt has been made to review the
available literature & research articles on the influence of
temperature on sperm motility in fishes. The study reveals
that sperm motility, fertilizing ability, velocity and the

duration of the motility period, depends on the temperature.
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INTRODUCTION

The success of fertilization in breeding programs in fishes is dependent on the quality of
sperm. The quality of sperm is affected by various endogenous and exogenous factors.
Primary factors such as the paternal genetic heritage (Simmons, 2005), the spermiation period
and sperm storage conditions in the testes, as well as the favorable environmental conditions
during motility activation (Billard, 1986), affects the quality of sperm. The main prerequisite
for evaluating the quality and fertilizing ability of semen is sperm motility (Billard, 1978;
Stoss, 1983).

Sperm motility is the most evaluated criteria for sperm quality assessment in fish due to its

correlation with fertility (Rurangwa et al., 2001).

Sperm motility is affected by several parameters like temperature, pH, ions and their
concentrations, osmolality and dilution (Stoss, 1983; Billard et al., 1995a; Cosson et al.,
1999; Morisawa 1999; Cosson, 2004; Alavi 2011). Temperature is one of the most significant
environmental factors influencing aquatic life and processes. Seasonal variations in this
parameter and the photoperiod signal can regulate the sexual maturation process (Dorts et al.,
2012, Kraak and Pankhurst 1997). Too much low, as well as too much high temperature
affect sperm motility (Lahnsteiner and Mansour 2012).

In this context, an attempt has been made to review the available literature & research articles

on the influence of temperature on sperm motility in fishes.
Effect of temperature

The duration of motility, fertilizing capacity and velocity of spermatozoa is affected by the
temperature of the activation medium (Ginzburg, 1968; Stoss, 1983; Billard et al., 1995a) and
of that of the brood stock holding tank (Williot et al., 2000). Since the energetic resources of
fish spermatozoa are very limited, the rise in temperature may result in increase in velocity
but leads to a shorter duration of motility, and conversely, lowering the temperature results in
a greater motility duration and reduced cell velocity (Schlenk and Kahmann, 1938; Ginzburg,
1968; Stoss, 1983).
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Salmon & Trout

Temperature plays a significant role in total duration and period of progressive movement in
fishes. In the sperm of salmonids, temperature affects the sperm beat frequency (Cosson et
al., 1985). In trout, greater the temperature greater was the beat frequency and but lower was
the duration of forward movement (Billard and Cosson, 1992). In try out lower, the

temperature greater was the duration of sperm movement (Van Look, 2001).

At temperatures of 12.5°C and 16°C, the forward motion of spermatozoa 4 seconds after
their activation by water in Salmo trutta m. fario was 160- 164/ u /sec. After 8 seconds it
reduced to 85-91 / p /sec, after 16 seconds it further slowed down to 24-33 / u /sec and after
26 seconds to 2-5/ u /sec. The forward motion ceased within 29 seconds after activation of

the sperm by water (Schlenk and Kahmann, 1938).

In lake trout Salvelinus namaycush forward movement stopped completely within 29 sec at
12.5-16°C and within 56 sec at 2.25°C. However, the total distance covered by the
spermatozoa hardly changes, 2.3 mm on the average, varying from 2 .0 mm at highest
temperatures to 2 .6 mm at 2. 25°C and 6.0°C (Schlenk and Kahmann, 1938).

The flagellar beat frequency of spermatozoa rainbow trout was measured at different
temperatures (Billard and Cosson, 1988, 1992). The beating frequency was low at 5 °C,
remained stable up to 10 °C, followed by a rapid rise at about 14 °C and further stabilized at

values above 21 °C.

Temperature also influenced the beat frequency of de-membrane and ATP reactivated
spermatozoa. The initial frequencies increased with temperature. The recorded frequencies
were 25 Hz at 5 °C, 45 Hz at 15 °C and more than 80 Hz at 25 °C (Billard and Cosson, 1988).
These values were same in live spermatozoa between 5 and 20 °C, but at 25 °C, the beat
frequency in live spermatozoa was 50 Hz, while it was 80 Hz in de-membrane sperm
reactivated in the presence of 1 mM ATP. These studies point out the negative consequences
of ambient temperature (Billard and Cosson, 1988, 1992; Cosson et al., 1991). Cosson et al.,
(1985) also studied the effect of temperature on the rate of decline in beat frequency as a

function of time after activation.

In Salmo irideus at temperatures of 13 °C the duration of motility was 60-105 s while the

duration of energetic movement was 20-45 s (Dorier, 1951).
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Cyprinids

The maximum duration of motility in carp spermatozoa was obtained at 10°C (Lal 1996).
After post-activation, the total duration of motility of spermatozoa of Cyprinus carpio at 20-
21°C was 70-80s (Jezierska and Witeska 1999) and as 120s by Elster and Mann (1952). The
duration of motility of spermatozoa of grass carp was shorter than the common carp (Belova,
1981; Jezierska and Witeska, 1999). Spermatozoa exhibited longer motility at 20°C than at
26 or 30°C in both common and grass carps (Jezierska and Witeska, 1999). Billard and
Cosson (1989) reported that the total motility duration in carp was longer than in trout. In
carps, the beat frequency of the majority of spermatozoa also declined progressively after
activation within 80-90s (Billard and Cosson, 1992; Billard et al., 1995b).). Studies also point
out that motility of spermatozoa of Cyprinus carpio stored at 2 or 5°C is much longer than at
22°C (Ravinder et al., 1997). Longer duration of motility was also reported at low
temperatures other cyprinids also, Puntius filamentosus at 10°C and Amblypharyngodon mola
at 20°C (Paul and Jayaprakas, 1996). Maximum motility duration was recorded at 5°C for
Puntius sarana and 10°C for Labeo fimbriatus (Bindu 1999). In Barbus conchonius rise in
temperature increased the sperm motility and viability. 34°C was the optimum and it recorded
viability of 556s and after which motility and viability declined (Thamizhselvi 2014).

Osphronemus, Etroplus, Anabas and Catfish

Bindu (1999) reported that in  Osphronemus goramy, the mean duration of motility at 5°C
was 60.76s. Maximum duration of motility 74.76s was recorded at 15°C, thereafter a gradual
reduction in motility was seen. Minimum duration of motility was recorded at 35°C (11.56 s).
Etroplus suratensis exhibited longer duration of motility of spermatozoa at low temperatures.
Maximum motility duration was recorded at 5°C (Bindu 1999). In Anabas testudineus
maximum duration of motility was observed at 4°C (Sheeja 1994 and Sammud et al., 2011).
Low temperature of (4°C) extended the motility and viability of spermatozoa compared to the

culture temperature (25°C) in African catfish (Mansour et al., 2002).
Sturgeon

In Huso huso, the deceleration was very slow. The maximum speed of spermatozoa was
lower than in trout. During the first seconds after activation by water, the speed recorded was
100/ p /sec at 16.2°C. Two minutes after water was added, many spermatozoa still moved at a

speed of 72/ u /sec. But after 5 minutes the speed was reduced to 16/ p /sec, after 7-13
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minutes only a few spermatozoa moved at no more than 10/ u /sec, and finally, all movement
stopped within 14-15 minutes (Ginzburg, 1959).

In cultured Siberian sturgeon Acipenser baeri Brandt, the spermatozoon motility decreased
from 65% to 40% with increasing water temperature during hormonal treatment, with a
considerable depressive effect at 17.5°C when compared to 10°C (Williot et al., 2000)

In Russian sturgeon (Acipenser gueldenstaedtii Brandt), the motility and viability ratio of
sperm decreased depending on increasing temperature. Motility was seen to progress at the
14°C which is close to incubation degree of sturgeon eggs until 28 minutes and viability ratio
recorded as 1-5% at that time. Sperm was kept at +4°C maintained their viability well into the
40-50 minute. After 28™ minute, the motility slowed and forward movements were not
observed between 33 and 43 minutes but kept shake of tail (Aydin et al., 2012).

The motility duration of the spermatozoa of in paddlefish, Polyodon spathula, was up to 4.4
min (Mims 1991) but only 1-5% of spermatozoa are motile at 6 min according to Linhart et
al., (1995). In Acipenser persicus at temperatures between 15-20 °C the duration of motility

was 1.5-5 min while the duration of energetic movement was 5-20 min (Alavi et al., 2004).
Croaker

In Larimichthys polyactis the highest and lowest spermatozoa motile parameters were
observed at temperatures of 10 and 40°C respectively. After dilution, no significant
differences were observed in terms of movable ratio and velocity at 10 and 20°C. However,
the duration of motility showed significant differences at 10 and 20°C. Therefore 10°C was

the ideal temperature for spermatozoa motility (Le et al., 2011).
Curimbata

The Sperm motility duration in relation to the temperature of the activating solution exhibited
a quadratic behavior in curimbata, Prochilodus lineatus. A temperature of 17.3°C promoted a

sperm motility duration of 21.36s (Romagosa et al., 2010).

The water temperature affected the spermatozoa motility duration in Rhinelepis aspera, It
showed an inversely proportional linear trend. The high water temperature resulted in
lowered duration of sperm motility. In temperatures lower than 5°C longer was the time of

spermatozoa activation (Bombardelli et al., 2013).
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Solea, Stickleback and Catfishes

In Solea senegalensis, the activation solution set at 20°C showed better total motility
throughout time, and improved sperm velocity in the first seconds, compared to 16°C.
Temperature affected the total and progressive motile cells, as well as velocities. In all post-

activation times, higher temperatures improved sperm motility significantly (Diogo 2010).

The sperm velocity was significantly influenced by temperatures in Gasterosteus aculeatus.
An increased sperm swimming speed was recorded at higher temperatures. However, the
percentage of motile sperm significantly declined with elevated test temperatures (Mehlis and
Bakker 2014).

Coregonus and Bream

Smeshlivaya and Semenchenko (2016) studied the duration of motility in four whitefish
species Coregonus tugun, Coregonus peled, Coregonus lavaretus pidschian, Coregonus
nasus. There was an inversely proportional dependence between water temperature and
duration of sperm motility. In temperatures 0.1-5.0°C the average duration of motility was
331 + 107 s and average duration of forward movement was 149 + 44s. In temperatures
above 7.1°C the average values were 190 + 47 and 86 + 15s respectively. The total duration
of motility and duration of forward movement in Coregonus tugun was 201 and 108 s
respectively at 0.7°C. On increasing the temperature to 13.4, these parameters declined 1.2

and 1.1 times.

In Yellowfin bream Acanthopagrus australis (Gunther) motility half-life of activated sperm
was higher at 4°C than at 20-23°C (5.13:22.8 min) Thorogood and Blackshaw (2008).

Coral Reef and Ornamental Fishes

In coral reef fishes Zebrasoma scopas (Acanthuridae), Abudefduf sexfasciatus, and Dascyllus
trimaculatus (Pomacentridae) after sperm activation more than 50% of spermatozoa exhibited
progressive movements at 25°C for 3-20, 5-11, and 6-9 min, respectively ( Pavlov and
Yanova 2006).

In freshwater ornamental fishes, the spermatozoa exhibited longer duration of motility at
lower temperatures. In Rasbora daniconius, Puntius filamentosus, Parambassis dayi and

Hyporhamphus xanthopterus, the spermatozoa showed maximum motility duration at 18°C.
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The duration of motility was 3.4, 94.2, 42.8, 36.2 seconds in R.daniconius, P.filamentosus, P.

dayi and H. xanthopterus (Joseph et al., 2015).
CONCLUSION

To conclude, sperm motility performance is greatly influenced by temperature. The

correlation between sperm motility and temperature is species dependent.
Acknowledgements

The first author wishes to acknowledge the University Grants Commission for the Teacher
Fellowship under the Faculty Development Program XII Plan, Department of Zoology, St
Albert’s College, Ernakulam and Department of Zoology St Xavier’s College for Women,

Aluva for the necessary support.

REFERENCES

1. Alavi S. M. H., Cosson J., Karami M., Abdoulhay H., Mojazi Amiri B. 2004. Chemical composition and
osmolality of seminal plasma of Acipenser persicus, their physiological relationship with sperm motility.
Aquacult Res; 35:1238-43.

2. Alavi S. M. H., Gela D., Rodina M. 2011.Roles of osmolality, calcium-potassium antagonist and calcium in
activation and flagellar beating pattern of sturgeon sperm. Comp. Biochem. physiol, Part-A: 160,166-174.

3. Ani Joseph, Boban V. L & Jayaprakas V .2015. Factors affecting motility, viability, short & long term
preservation of four species of indigenous ornamental fishes. International Journal of Research in Applied,
Natural and Social Sciences Vol. 3, Issue 3,33-44.

4. Ayad Gluma Ayad Sammud, Anuar Bin Hassan and Mithun Sukumaran.2011. Study on cryopreservation of
climbing perch Anabas testudineus (Bloch 1972) spermatozoa. UMTAS.160.

5. Belova N. V. 1981. Ecological and physiological characteristics of sperm of pond Cyprinid fishes. Vopr
Ichtiol;21:525-36 [In Russian]

6. Billard R, Cosson MP.1989. Measurement of sperm motility in trout and carp. In: De Pauw N, Jaspers E,
Ackefors H, Wilkins N, editors. Aquaculture, a biotechnology in progress. Bredene, Belgium: European
Aquaculture Society; p. 499-503.

7. Billard R. 1978. Changes in structure and fertilizing ability of marine and freshwater fish spermatozoa diluted
in media of various salinities. Aquaculture.14:187-98.

8. Billard R., 1986. Spermatogenesis and spermatology of some teleost fish species. Reprod. Nutr. Develop. 26,
877-920.

9. Billard R., Cosson J. 1992. Some problems related to the assessment of sperm motility in freshwater fish. J.
Exp. Zool. 261, 122 — 131.

10.Billard R., Cosson J., Crim L. W., Suquet M. 1995a. Sperm physiology and quality. In: Bromage NR,
Roberts RJ, editors. Brood stock management and egg and larval quality. Blackwell Science. 25-52.

11.Billard R., Cosson J., Perchec G., Linhart 0.1995b. Biology of sperm and artificial reproduction in carp.
Aquaculture; 124:95-112.

12.Billard R., Cosson M. P. 1988. Sperm motility in Rainbow trout, Parasalmo gairdneri; effects of pH and
temperature. In: Breton B, Zohar Y, editors. Reproduction in fish basic and applied aspects in endocrinology
and genetics. Paris: INRA; 161-7.

13.Bimal Lal T. S. 1993. Studies on certain aspects on the motility and viability of spermatozoa of four species
of carps. M. Phil Thesis. University of Kerala. 109.

Citation: Revathy.S et al. Ijsrm.Human, 2016; Vol. 5 (2): 81-89.



www.ijsrm.humanjournals.com

14.Bindu, L. 1999. Studies on certain factors influencing the preservation of spermatozoa of four species of
fishes. Ph.D. Thesis, University of Kerala, Thiruvananthapuram.

15.Cosson J., Billard R., Cibert C., Dreanno C., Suquet M.1999. lonic factors regulating the motility of fish
sperm. In: Gagnon C, editor. The male gamete: from basic to clinical applications. Cache Rive Press.161-86.

16.Cosson J.2004.The ionic and osmotic factors controlling motility of fish spermatozoa. Aquacult Int.12:69-
85.

17.Cosson M. P., Billard R., Gatti J. L., Christen R. 1985. Rapid and qualitative assessment of trout sperm
motility using stroboscopy. Aquaculture 46, 71 — 75.

18.Cosson M. P., Cosson J., Billard R. 1991. cAMP dependence of movement initiation in intact and
demembraned trout spermatozoa. In: Scott AP, Sumpter JP, Kime DE, Rolfe MS, editors. Proceedings of
fourth international symposium on reproductive physiology of fish. University of East Anglia, Norwich, UK;
262-4,

19.Dorier A. 1951. Conservation de la vitalite et du pouvoir fecondant des spermatozoidesde Truite arc-en-ciel.
Trav Labor Hydrob Piscic Grenoble Annees; 75-85.

20.Dorts J., Grenacillet G., Douxfils J., Mandiki S.N.M., Milla S., Silvestre F., Kestemont P. 2012. Evidence
that elevated water temperature affects the reproductive physiology of the European bullhead Cottus gobio.
Fish Physiol Biochem, 38(2), 389-399.

21.Elster J., Mann H.1952. Weitere untersuchungen uber die physiologie der befruchtung und die zuordnug der
gameten bei fischen. Arch Hydrobiol Suppl 1;20:267-76.

22.Ginzburg A. S. Fertilization of fishes and the problem of polyspermy. 1968. Moscow. New York: Academy
of Science USSR; Translation: NOOAA and National Science Foundation; 354.

23.Gizsburg A. S. 1959. Oplodotvorenie u osetrovykh ryb. 1. Soedinenie garnet (FertilizationinAcipenserids.l.
GameticAssociation).—Tsitologiya, | (5):110-526.

24.Jezierska B, Witeska M.1999. The effect of time and temperature on motility of spermatozoa of common and
grass carp. Elec J Polish Agricult Univers; 2:1-8.
25. Lahnsteiner F., Mansour N. 2012. The effect of temperature on sperm motility and enzymatic activity in
brown trout, Salmotrutta, burbot, Lotalota and grayling, Thymallus thymallus. J Fish Biol, 81(1), 197-209.
26.Linhart O., Mims S.D., Shelton W.L.1995. Motility of spermatozoa from Shovelnose sturgeon,
Scaphirhynchus platorynchus, and Paddlefish, Polyodon spathula. J Fish Biol; 47:902-9.

27.Mansour N., Lahnsteiner F., Patzner R.A. 2002. The spermatozoon of the African catfish: fine structure,
motility, viability and its behavior in seminal vesicle secretion. J. Fish Biol. 60, 545 — 560.

28.Marion Mehlis, Theo C. M. Bakker. 2014. The influence of ambient water temperature on sperm
performance and fertilization success in three-spined sticklebacks (Gasterosteus aculeatus) Evol Ecol
28:655-667.

29.Mims SD.1991. Evaluation of activator solutions, motility duration and short-term storage of paddlefish
spermatozoa. J World Aquacult Soc; 22:224-9.

30.Minh Hoang Le., Han Kyu Lim., Byung Hwa Min., Mi Seon Park., Maeng-Hyun Son., Jung Uie Lee.,
Young Jin Chang. 2011. Effects of varying dilutions, pH, temperature and cations on spermatozoa motility in
fish Larimichthys polyactis. J. Environ. Biol.32, 271-276.

31.Morisawa M., Oda S., Yoshida M., Takai H.1999.Transmembrane signal transduction for the regulation of
sperm motility in fishes and a scidians. In: Gagnon C, The male gamete: From basic to clinical applications.
Cache Rive Press, Vienna Il. 149-160.

32.Patricia Alexandra Cavaleiro Diogo. 2010. Sperm motility in Solea senegalensis: effect of temperature,
salinity, pH and ovarian fluid. Dissertation submitted for the degree of Master of Aquaculture and Fisheries
specializing in Aquaculture. Faculty of Science and Technology. University of Algarve. 31-32.

33.Paul C.E and Jayaprakas.VV.1996. Some factors affecting spermatozoan motility of two freshwater fishes,
Puntius filamentosus and Amblypharyngodon mola. Fish.Technol. 33:91-95.

34.Paviov D. A, Emel’yanova. N. G.2006. Sperm motility in three coral reef fish species. Journal of
Ichthyology, 46:465.

35.Ravinder K., Nasaruddin K., Majumdar K.C., Shivaji S.1997. Computerized analysis of motility, motility
patterns and motility parameters of spermatozoa of carp following short-term storage of semen. J Fish
Biol.50:1309-28.

Citation: Revathy.S et al. Ijsrm.Human, 2016; Vol. 5 (2): 81-89.


http://link.springer.com/journal/11489
http://link.springer.com/journal/11489

www.ijsrm.humanjournals.com

36.Robie Allan Bombardelli, Eduardo Antdnio Sanches, Diego Mendes Baggio, Renata Marino Sykora, Bruno
Estevao de Souza, Lucélia Tessaro, Pitagoras Augusto Piana. 2013. Effects of the spermatozoa:oocyte ratio,
water volume and water temperature on artificial fertilization and sperm activation of cascudo-preto. R. Bras.
Zootec., Vol.42, No.1,1-6.

37. Romagosa E., Souza B. E, Sanches E. A, Baggio D. M. and Bombardelli R. A. 2010. Sperm motility of
Prochilodus lineatus in relation to dilution rate and temperature of the activating medium. J. Appl. Ichthyol.
26, 678-681.

38.Rurangwa E., Volckaert F., Huyskens G., Kime D., and Ollevier F. 2001.Quality control of refrigerated and
cryopreserved semen using computer-assisted sperm analysis (CASA), viable staining and standardized
fertilization in African catfish (Clarias gariepinus). Theriogenology 55, 751-769.

39.Schlenk W., Kahmann H. 1938. The chemical composition of seminal fluids and their physiological
importance study with trout sperm. Biochem Zool; 295:283-301.

40.Sheeja R. V. 1994. Studies on certain aspects on the motility and viability of spermatozoa of three fishes. M.
Phil Thesis. University of Kerala 60.

41.Simmons L. W., 2005.The Evolution of Polyandry: Sperm Competition, Sperm Selection, and offspring
viability. Rev. Ecol. Evol. 36,125-46.

42.Smeshlivaya N. V. and Semenchenko S. M. 2016. The dependence of the duration of sperm motility in Ob-
Irtysh basin coregonidae on temperature. Inland water biology. 9(2):177-181.

43.Stoss J. 1983.Fish gamete preservation and spermatozoan physiology. In: Hoar WS, Randall DJ, Donaldson
EM, editors. Fish physiology 1X B. New York: Academic Press. p. 305-50.

44. Thamizhselvi N. 2014. Effect of stripping frequency, temperature and dilution of spermatozoa of cyprinid
fish Barbus conchonius. International Journal of Life Sciences Biotechnology and Pharma Research. Vol 3,
No 2.159-165.

45.Thorogood J. and Blackshaw A. 1992. Factors affecting the activation, motility and cryopreservation of the
spermatozoa of yellowfin bream, Acanthopagrus australis Gunther. Aquaculture Research, 23 (3): 337-334.

46.Van Der Kraak G., Pankhurst N. W. 1997. Temperature effects on the reproductive performance of fish. In:
Wood M, Mc Donald DG, and Global warming: implications for freshwater and marine fish. Cambridge
University Press, London. 159-176.

47.Van Look K. J. 2001. The development of sperm motility and morphology techniques for the assessment of
the effects of heavy metals on fish reproduction. Ph.D. thesis. University of Sheffield.

48.Williot P., Kopeika E. F. , Goncharov B. F. 2000. Influence of testis state, temperature and delay in semen
collection on spermatozoa motility in the cultured Siberian sturgeon (Acipenser baeri Brand) Aquaculture
189 .53-61.

49.Ylhan Aydin., Bilal Akbulut., Viktor Chipinov., Erbolat Dzharigazov. 2012. Temperature response to sperm
motility of Russian sturgeon semen during the post-activation period. Yunus Araptyrma Bilteni (2):1-6.

Citation: Revathy.S et al. Ijsrm.Human, 2016; Vol. 5 (2): 81-89.



