37 5 Vol. 37, No.5
2013 9 ACTA HYDROBIOLOGICA SINICA Sep., 2013

2k doi: 10.7541/2013.121

x| %

( , 310058)

REVIEW OF FERTILIZATION KINETICS MODEL IN MARINE INVERTEBRATES:
INVESTIGATING METHODOLOGY AND APPLICATION

LIU Guang-Xu
(College of Animal Sciences, Zhejiang University, Hangzhou 310029, China)

Key words: Fertilization kinetics model; Marine invertebrates; Sperm velocity; Sperm longevity; Effective egg size
RES%ES: Q132.1 XEkFRIRAD: A XEHE: 1000-3207(2013)05-0938-07

(Fitness)
5 5 (ﬂo)
) , B) e
(Sexual selection), B, Po)
[1,2]
, (Free-spawning) ,
, [8] ,
B (ﬁo) 5
B Bl ,
(Bo) )] ,
[1,2]
Levitan 1996 Nature s

(evolutionarily stable strategies, ESS)
[4]

(Sperm competition) (Sperm limitation)

s >

Y BEA: 2012-05-08; &7 HHA: 2013-03-17
E€WAE: (31001119);

(J2012002)
BIEEE: (1978—), ; ;

E-mail: guangxu_liu@zju.edu.cn



5 939
) . (Half—life, T50)
1 ( 100 : 1)
(Sperm age)
L1 [11, 33, 34]
9] [10, 11 [12] [13]
4, 7]
(Passage counting) ’
[14—16] >
[35, 36]
[16—19]. P
’ [37, 38]
[20,21] , ()
, Vi=Vye™, Vi t
) » Vo , a
[39]
(Microcinematography)®?!], )
: . Vielative =€ ', Voo
(Timed-exposure photomicrography, relative — © relative (
: t
TEM) 122, (Multi-exposure photography, ) . s
MEP)[ZS]a (Videomicrography)[”’ 23] (t) > relative — VY- (
0,
(Computer aided sperm analy- 50%) (
sis, CASA) 6729 Tso) ,
CASA
) (Curvilinear 1.3
velocity, VCL) (Straight line velocity, VSL) ’
(Average path velocity, VAP) >
(Linearity, LIN) (Straightness, STR) >
(Wobble, WOB)  [13¢] ,
’ [30]
CASA Image-J [30, 31])
1.2 ’
(Sperm lifespan)!**! 140, 41]

[3,30]



940 37
100
80
X L
2
S 60
bl @ g
2 2 £z
5 Refrective” = Regg B S 40
2 = F
+Rhelical ( Reffective Regg Rhelical = A
() 20 |-
)[3] B
*
9 0 [
Liu, ef al P VAT "I
s u, et al. 101 10%1 10":1 10%:1 101 10*1
Image-J , (Mytilus edulis, M. I U1 L5 Sperm:egg ratio
trossulus) , r
2.0F *
(R) () - ®
1.5F
5 = L *
~ O
§ 2 10
& N r
1.4 X E 0.5F 2
% O L
, 2% oof ¢ B
[42, 43] k) L
-0.5F
-1.0r @
, . L o L L L 1 L L L 1 )
Dilution effect ! 0 l ? ’ 4
1lution eriec
( ) log (kg UP EL ) log(sperm:egg ratio)
[44—46] , 1
Fig. 1 Schema of quantitative analysis methods for fertilization rate
[47, 48] A. S Fso; B.
’ Fso
b A. Fsy obtained from the sigmoid curve between sperm:egg ratio and
10*1 : fertilization rate; B. Fso obtained from the logit transformed linear
’ model
1 10°:1 10':1 10°:1 10°:1 10*:1
S B-S
— 0 —BoEor
cow—l—exr){—(l—e )}
( 1A ) Fso( Po-Eg
509 (491 S :
A) ) s P s SO EO
’ Fol 1B ; f (mn’/s) ,
)[50,51]
; Bo (mm¥s)
5 TSO s
’ Bo
v 0y (0'0 :TCRZ, R
[49] )
, v
(TSO) (Regg) (Reffective)
[50] s
1.5
1982  Vogel (Paracentrotus lividus) >

[32]




° 941

Harper Hart 2005 [8] ’

(Asterias forbesi, A. ruben) [5013
Liu, et al. (M. edulis, M. trossulus) ,

[39]
2
(Sinonovacula
21 constricat) (2]
( )
’ > , Krause

(Depolarization of egg membrane)

(Formation of fertilization membrane)

[52]
b ( )
1—3s
Batemen [53],
( )
Dong, et al.
[54]
Levitan
(Sperm competition) s
(Sperm limitation) s
[5—7]
B,
B

2.2

(Strongylocentrotus purpuratus) (53]

[56, 57]
2.3
(Reproductive isolation mechanism)
[58]
[6, 11]
( ),
[59]
o [49—s51]
Fsog  Fy( 50% 20% )
W Fa P
B
(Gamete compatibility) Liu, et
al.

, (M. edulis, M. trossulus)

b

[39]



Sinica, 2011, 35(6): 1043—1048 [ , , ,

942 37
3 .
,2011, 35(6): 1043—1048]
[13] Gage M J G, Macfarlane C P. Spermatozoal traits and sperm
> competition in Atlantic salmon: relative sperm velocity is the
primary determinant of fertilization success [J]. Current Bio-
s logy, 2004, 14: 44—47
[14] Bartak V. Sperm velocity and morphology in 1927 ejaculates
, with normal sperm count [J]. International Journal of Ferti-
lity, 1973, 18: 116—118
[15] Hynie J. A quick calculation of the velocity of spermatozoa
[J]. International Journal of Fertility, 1962, 7: 345—346
[16] Levin R M, Hypolite J A, Wein A J. Clinical use of the tur-
[1] Bishop J D, Pemberton A J. The third way: spermcast mating bidimetric analysis of sperm motility: an update [J]. An-
in sessile marine invertebrates [J]. Integrative and Compara- drologia, 1984, 16: 434—438
tive Biology, 2006, 46(4): 398—406 [17] Halangk W, Bohnensack R. Quantification of sperm motility
[2] Levitan D R. Gamete traits influence the variance in repro- by a turbidimetric assay correlation to cellular respiration [J].
ductive success, the intensity of sexual selection, and the Biomedica Biochimica Acta, 1986, 45: 331—341
outcome of sexual conflict among congeneric sea urchins [J]. [18] Sokoloski J E, Blasco L, Storey B T, et al. Turbidimetric
Evolution, 2008, 62: 1305—1316 analysis of human sperm motility [J]. Fertility and Sterility,
[3] Farley G S. Helical nature of sperm swimming affects the fit 1977, 28: 1337—1341
of fertilization kinetics models to empirical data [J]. Bio- [19] Saha S, Paul D, Mukherjee A, et al. A computerized spec-
logical Bulletin, 2002, 203: 51—57 trophotometric instrumental system to determine the ““ver-
[4] Levitan D R. Effects of gamete traits on fertilization in the tical velocity”” of sperm cells: a novel concept [J]. Cytometry,
sea and the evolution of sexual dimorphism [J]. Nature, 1996, 2007, 71A: 308—316
382: 153—155 [20] Jouannet P, Volochine B, Deguent P, et al. Light scattering
[5] Levitan D R, Irvine S D. Fertilization selection on egg jelly determination of various characteristic paramenters of sper-
coat size in the sand dollar Dendraster excentricus [1]. Evo- matozoa motility in a serie of human sperm [J]. Andrologia,
lution, 2001, 55: 2479—2483 1977, 9: 36—49
[6] Levitan D R. Theory and empirical evidence for the role of [21] Mortimer D, Aitken R J, Mortimer S T, et al. Workshop re-
egg size on fertilization success in marine invertebrates [J]. port: clinical CASA: the quest for consensus [J]. Reproduc-
Integrative and Comparative Biology, 2004, 44: 592—592 tion Fertility and Development, 1995, 7: 951—959
[71 Levitan D R. The relationship between egg size and fertiliza- [22] Chan S'Y W, Zhang G H, Lo T, et al. Comparison of mea-
tion success in broadcast spawning marine invertebrates [J]. surements of human sperm motility characteristics by the
Integrative and Comparative Biology, 2006, 46: 298—311 automated cellsoft system and time-exposure photomicrog-
[8] Riffell J A, Zimmer R K. Sex and flow: the consequences of raphy [J]. International Journal of Andrology, 1991, 14:
fluid shear for sperm egg interactions [J]. Journal of Ex- 149—158
perimental Biology, 2007, 210: 3644—3660 [23] Oliva A, Santillan M G, Caille A, ef al. Sperm motility
[9] Kupriyanova E, Havenhand J N. Variation in sperm swim- analysis using multi-exposure photography (MEP): validity
ming behaviour and its effect on fertilization success in the of the method with normal and abnormal patterns [J]. An-
serpulid polychaete Galeolaria caespitosa [J]. Invertebrate drologia, 1993, 25: 189—193
Reproduction and Development, 2002, 41: 21—26 [24] Gottlieb C, Bygdeman M, Thyberg P, et al. Dynamic la-
[10] Shiba K, Tagata T, Ohmuro J, et al. Peptide-induced hyper- ser-light scattering compared with video micrography for
activation-like vigorous flagellar movement in starfish sperm analysis of sperm velocity and sperm head rotation [J]. An-
[J1. Zygote, 2006, 14: 23—32 drologia, 1991, 23: 1—5
[11] Levitan D R. Sperm velocity and longevity trade off each [25] Tessler S, Olds-Clarke P. Linear and nonlinear mouse sperm
other and influence fertilization in the sea urchin Lytechinus motility patterns [J]. Journal of Andrology, 1985, 6: 35—44
variegates [J]. Proceedings of the Royal Society of London, [26] Betancourt M, Resendiz A, Casas E, et al. Effect of two
2000, 267B: 531—534 insecticides and two herbicides on the porcine sperm motility
[12] Liu G X, Wu H X, Chai X L, et al. Toxic effect of copper, patterns using computer-assisted semen analysis (CASA) in
zinc, lead and cadmium on sperm of razor clam (Si- vitro [J]. Reproductive Toxicology, 2006, 22: 508—512
nonovacula constricat Canarck) [J]. Acta Hydrobiologica [27] King L M, Holsberger D R, Donoghue A M. Correlation of

CASA velocity and linearity parameters with sperm mobility



943

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

(37]

[38]

[39]

(40]

[41]

phenotype in turkeys [J]. Journal of Andrology, 2000, 21:
65—71

Mortimer S T. CASA: practical aspects [J]. Journal of An-
drology, 2000, 21: 515—524

Toth G P, Christ S A, McCarthy H W, et al. Com-
puter-assisted motion analysis of sperm from the common
carp [J]. Journal of Fish Biology, 1995, 47: 986—1003

Liu G X, Innes D J, Thompson R J. Quantitative analysis of
sperm plane circular movement in the blue mussels Mytilus
edulis, Mytilus trossulus and their hybrids [J]. Journal of
Experimental Zoology, 2011, 315(5): 280—290

Liu G X. Application of open software Image-J in micro-
scopic movement tracking: movement track reconstruction
and parameter algorithms [J]. Applied mechanics and Mate-
rials, 2011, 66—68: 827—832

Vogel H, Czihak G, Chang P, et al. Fertilization kinetics of
sea urchin eggs [J]. Mathematical Biosciences, 1982, 58:
189—216

Bolton T F, Havenhand J N. Chemical mediation of sperm
activity and longevity in the solitary ascidians Ciona intesti-
nalis and Ascidiella aspersa [J]. Biological Bulletin, 1996,
190: 329—335

Johnson S L, Yund P O. Remarkable longevity of dilute
sperm in a free-spawning colonial ascidian [J]. Biological
Bulletin, 2004, 206:144—151

Malo A F, Garde J J, Soler A J, et al. Male fertility in natural
populations of red deer is determined by sperm velocity and
the proportion of normal spermatozoa [J]. Biology of Repro-
duction, 2005, 72: 822—829

Moore H D M, Akhondi M A. Fertilizing capacity of rat
spermatozoa is correlated with decline in straight-line velo-
city measured by continuous computer-aided sperm analysis:
epididymal rat spermatozoa from the proximal cauda have a
greater fertilizing capacity in vitro than those from the distal
cauda or vas deferens [J]. Journal of Andrology, 1996, 17:
50—60

Naud M J, Havenhand J N. Sperm motility and longevity in
the giant cuttlefish, Sepia apama (Mollusca, Cephalopoda)
[J]. Marine Biology, 2006, 148: 559—566

Elofsson H, Van Look K, Borg B, ef al. Influence of salinity
and ovarian fluid on sperm motility in the fifteen-spined stick-
leback [J]. Journal of Fish Biology, 2003, 63: 1429—1438

Liu G X. Gamete compatibility, gamete trait variation and
their effect on fertilization success in a Northwest Atlantic
blue mussel (Mytilus edulis L. and Mytilus trossulus Gould)
hybrid zone [D]. Thesis for phD of philosophy, Biology De-
partment of Memorial University of Newfoundland, St
John’s, Canada. 2009

Eisenbach M. Sperm chemotaxis [J]. Reviews of Reproduc-
tion, 1999, 4: 56—66

Eisenbach M. Towards understanding the molecular mecha-

nism of sperm chemotaxis [J]. Journal of General Physio-

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

logy, 2004, 124: 105—108

Grubert M A, Mundy C N, Ritar A J. The effects of sperm
density and gamete contact time on the fertilization success
of blacklip (Haliotis rubra, Leach, 1814) and greenlip (H.
laevigata, Donovan, 1808) abalone [J]. Journal of Shellfish
Research, 2005, 24: 407—413

McCartney M A, Lessios H A. Quantitative analysis of ga-
metic incompatibility between closely related species of
neotropical sea urchins [J]. Biological Bulletin, 2002, 202:
166—181

Oliver J, Babcock R. Aspects of the fertilization ecology of
broadcast spawning corals: sperm dilution effects and insitu
measurements of fertilization [J]. Biological Bulletin, 1992,
183: 409—417

Powell D K, Tyler P A, Peck L S. Effect of sperm concentra-
tion and sperm ageing on fertilisation success in the Antarc-
tic soft-shelled clam Laternula elliptica and the Antarctic
limpet Nacella concinna [J]. Marine Ecology Progress Series,
2001, 215: 191—200

Benzie J A H, Dixon P. The effects of sperm concentration,
sperm-egg ratio, and gamete age on fertilization success in
crown-of-thorns starfish (Acanthaster planci) in the labora-
tory [J]. Biological Bulletin, 1994, 186: 139—152

Levitan D R, terHorst C P, Fogarty N D. The risk of poly-
spermy in three congeneric sea urchins and its implications
for gametic incompatibility and reproductive isolation [J].
Evolution, 2007, 61: 2007—2014

Styan C A. Polyspermy, egg size, and the fertilization kinet-
ics of free-spawning marine invertebrates [J]. American
Naturalist, 1998, 152: 290—297

Rawson P D, Slaughter C, Yund P O. Patterns of gamete
incompatibility between the blue mussels Mytilus edulis and
M. trossulus [J]. Marine Biology, 2003, 143: 317—325
Harper F M, Hart M W. Gamete compatibility and sperm
competition affect paternity and hybridization between sym-
patric Asterias sea stars [J]. Biological Bulletin, 2005, 209:
113—126

Slaughter C, McCartney M A, Yund P O. Comparison of
gamete compatibility between two blue mussel species in
sympatry and in allopatry [J]. Biological Bulletin, 2008, 214:
57—66

Togo T, Osanai K, Morisawa M. Existence of three mecha-
nisms for blocking polyspermy in oocytes of the mussel
Mytilus edulis [J]. Biological Bulletin, 1995, 189: 330—339
Levitan D R. Does Bateman’s principle apply to broad-
cast-spawning organisms? Egg traits influence in situ fertili-
zation rates among congeneric sea urchins [J]. Evolution,
1998, 52: 1043—1056

Dong Y H, Yao H H, Lin Z H, et al. The effects of sperm-egg
ratios on polyspermy in the blood clam, Tegillarca granosa
[J]. Aquaculture Research, 2011, 42(4): 1—9

Krause P R. Effects of an oil production effluent on gameto-



944

37

genesis and gamete performance in the purple sea urchin
(Strongylocentrotus purpuratus stimpson) [J]. Environmental
Toxicology and Chemistry, 1994, 13(7): 1153—1161

increases sperm limitation and risk of polyspermy in the red

sea urchin Strongylocentrotus franciscanus [J]. Global

Change Biology, 2011, 17(1): 163—171

[58] Nei M, Maruyama T, Wu C 1. Models of evolution of repro-

ductive isolation [J]. Genetics, 1983, 103: 557—579

[59] Hay M. Synchronous spawning-When timing is everything

[J]. Science, 1997, 275: 1080—1081

[56] Marshall D J. Reliably estimating the effect of toxicants on
fertilization success in marine broadcast spawners [J]. Ma-
rine Pollution Bulletin, 2006, 52(7): 734—738
[57] Reuter K E, Lotterhos K E, Crim R N, et al. Elevated pCO»
F %4  Chief Editor GUI Jian-Fang
BlE4  Associate Editor XIE Shou-Qi
Z 5 Members ( )

#WEEAR

(KEEMFR) REZRS
EDITORIAL BOARD OF ACTA HYDROBIOLOGICA SINICA

CAI Qing-Hua
CHEN lJia-Kuan
GAO Kun-Shan
HU Zheng-Yu
LIN Hao-Ran
MAI Kang-Sen
SONG Li-Rong
WU Zao-He
XIAO Wei
XIONG Bang-Xi
YANG Xian-Le
YOU Li

Harald Rosenthal ( )

Editorial office

DU Xin-Zheng

CAO Wen-Xuan
CHEN Yi-Yu
HE Shun-Ping
LI Wen-Xin
LIU Jian-Kang
NIE Pin

TANG Qi-Sheng
WU Zhen-Bin
XIE Ping
XIONG Si-Yue
YU Dan
ZHANG Qi-Ya

WANG Qin

CHANG Jian-Bo
CHEN Yi-Feng
HONG Yun-Han
LI Zhong-Jie
LIU Yong-Ding
QU Jiu-Hui
WANG Ding
XTANG Jian-Hai
XIE Xiao-Jun
XU Xu-Dong
YU Qi-Xing
ZHU Zuo-Yan

YU Xi



