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Tso = Sperm half life

TEM = Time-exposure¢ 10tomicrography

VAP = Ave :paths -m velocity

VCL = Curvilinear spc 1 velocity

VHS = Video Home S em

VSL = Stra” it-line s;  n velocity

WOB = Wobble, side to side movement of spermr  zad
B = Fertilization rate constant

Bo = Collisic rate constant
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Video 2.1.

Video 3.1.

List Videos

An example of sperm circul movement in a two

dimensional plane.

An example of sperm move nt with homospecific

egg presence.
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Appendix 1.

t of Appendices

An example of sperm tr ¢ reconstruction and real-time
radius, VCL, VAP and  :le change rate calculation in
Microsoft Excel using raw coordinates obtained from
Image-J. (Parameter detail and equation can be viewed by

reading the  :sforea column).

CD attached
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Fig. 2.3. Schematic d n illustrating the calculation of ew descriptive

parameters for sperm moveme































































presence of homospecific eggs compared to the control and hetero ecific treatment
groups. How this sperm activation effect directly influences fertiliz ion success
remains unknown. Nevertheless, this effect does not act as a reproductive isolating
barrier favouring homospecific over heterospecific fertilizations. H vever,
species-specific sperm activation in M. edulis may provide a comp tive advantage
when there is competition among sperm in populations with mixtures of M. edulis, M.

trossulus and hybrids.
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CONTROL EGG AT TOP EGG AT BOTTOM

DEPTH1 ——

DEPTH2 —

DEPTH3 —

DEPTH4 —

DEPTHS5 — | |

Fig. 3.1. Schematic diagram of experimental setup to study the effect of egg

presence on the direction of s m movement.
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Table 3.4: ANOVA of sperm concent. ion at different depths with

homospecific or heterospecific eggs a ie top or at the bottom.

Response: Relative sperm concentration

in the experiment of hybrid sperm

6l

Sperm genotype Df SumSq MeanSq F value Pr(>F)
Mytilus edulis
Treatment' 2 1.567e-32 7.834e-33  4.703e-30 1.0000
Group® 1 1.064e-31 1.064e-31  6.386¢-29 1.0000
Depth 4 0.027411 0.006853  4.1143 0.0049’
Treatment*Group 1 4.049¢-32 4.049e-32  2.431e-29 1.0000
Treatment*Depth 8 0.030276 0.003785  2.2722 0.0329
Group*Depth 4 0.010 0.002621  1.5737 0.1919
Treatment*Group*Depth 4 0.001467 0.000367  0.2202 0.9262
Residuals 65 0.108263 0.001666
Mytilus trossulus
Treatment 2 1.164¢-3 5.824¢-4 0.0683 0.9342
Group 1 1.477e-3 1.477e-3 0.1733 0.6809
Depth 4 0.047156 0.011789  1.3830 0.2695
Treatment*Group 1 1.396e-3 1.396e-3 0.1638 0.6893
Treatment*Depth 8 0.021981 0.002748  0.3223 0.9494
Group*Depth 001 5 0.004389  0.5149 0.7255
Treatment*Group*Depth 3 0.004125 0.001375  0.1613 0.9213
Residuals 02 78 0.008524
Hybrids4

Treatment 2 4.543¢-32 2.271e-32  3.376e-30 1.0000
Depth 4 0.046246 0.011562  1.7186 0.1649
Treatment*Depth 8 003 8 0.004594  0.6828 0.7038
Residuals 40 0.269090 0.006727

1. Treatment including control. e top and egg at bottom

2. Group including homospecific or heterospecific egg

3. p<0.01

4. Hybrids included both F; and backcross hybrids. No egg from homospecific  div  al was used













































4.5 Summary

No significant differences in imete output were detected an  1g M. edulis, M.
trossulus and hybrids of various sizes and ages induced to spawn in the laboratory.
However, significant differences in sperm velocity were observed . iong M. edulis,
M. trossulus, F, hybrids and backcross hybrids, sperm from F, hybrids having the
lowest velocity, suggesting a lower sperm-egg collision rate and consequently a
lower fertilization success. These results suggest that the fertilizati.  success of
hybrids may be lower than that of each parent species, which may  ntribute to
reproductive isolation at the post- iwning prezygotic level. Most 'the variation in
sperm velocity (>60%) was wi in individuals, which might be ca.  d by differences
in stage of maturity of sperm.' 1erally, in nature F; hybrids produce fewer. slower
swimming sperm than do parental species, which may lead to reproductive isolation
through sperm competition and partially explain the genetic structi : of the blue

mussel hybrid zone in Newfoundland.
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Table 4.2: Mean sperm velocity in Mytilus edulis, M. trossulus.

hybrid individuals.

| hybrid and backcross

Variable Individual  Total sperm  MeantS.E.
identity m er (Ns)
VCL (um sec™)
M. edulis
1 20 191.41+10.01
2 20 351.50+7.76
3 20 317.72+10.07
4 20 228.54+9.80
5 20 331.86+9.77
20 328.25+8.08
7 248.18+7.07
8 9 193.48+17.27
9 20 237.1146.77
10 17 255.64+3.63
11 19 238.35+6.75
12 17 330.05+14.51
13 9 114.78+8.48
14 3 270.52+14.13
15 355.3249.75
374.10+20.81
17 10 295.59+13.65
18 3 352.04+14.23
19 19 251.03+12.60
20 9 230.83+6.49
21 21 242.87+5.60
22 20 306.76+10.08
23 19 399.60+14.80
M. trossulus
1 15 206.21+7.54
2 6 200.20+7.17
3 146.68+9.73
4 20 226.45+4.23
5 9 83.49+6.98
20 499.80+17.18
7 17 414.26+10.98
8 18 407.37+23.63
9 9 589.07+19.52
n 7 189.59+21.68
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F| hybrids

11
12
13

15
16

1
2
3
4
5

Backcross hybrids

VAP (um sec™)
M. edulis
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110.31£11.59
213.60+7.47
310.97+8.13
173.12422.22
176.59+18.46
320.18+16.10

142.85+12.04
99.27+16.25
209.28+8.70
382.49+20.55
292.44

236.3615.42
3.0913.68
209.31+12.20
251.90+6.59
373.97+10.73
291.83£31.19
465.58+19.19
233.06+7.48
169.13£10.35
250.59+4.72
280.69+7.15
119.70+8.08
81.30+5.69
211.76£5.52
453.05+30.83
14.00+0.22
176.04+17.12
454.48+25.23

135.4147.25
258.38+6.35
192.72+7.41
155.81+4.09
132.68+5.57
111.25+4.58
169.09+7.25
141.41+13.10
185 44+5.36




M. trossulus

F hybrids

10
11
12
13
14
15
16
17
18
19
20
21

23
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10
11
12
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14
15
16

1
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182.43+5.39
173.45+7.09
157.15+5.30
158.69+14.11
191.26+4.86
172.34+8.81
180.3319.45
197.59+13.62
162.98+5.62
162.49+7.25
109.3245.26
140.87+6.87
126.13+7.42
117.72+10.87

164.69+10.07
169.44+8.35
84.02+13.49
147.54+6.48
41.04+3.11
112.36+6.98
129.3546.91
96.68+8.63
93.52+7.20
151.56+16.76
78.69+6.89
164.52+43.75
154.06+3.97
145.41+17.51
149.51+16.27
6.35+7.89

86.42+12.22
38.19+8.08
137.97+7.32
105.90+8.52
61.57

183.07+4.26
161.66+2.91
159.64+10.79
174.74+6.40
151.0349.55
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o N WD
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12
13
14
15
16

F, hybrids

W bW N —

Backcross hybrids
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20
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17
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16

20
20
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11

0.06+0.01
0.26+0.02
0.3340.02
0.2140.10
0.19+0.02
0.39+0.05
0.18+0.05
0.43+0.03
0.42+0.02
0.29+0.04
0.47+0.08
0.67+0.02

0.19+0.03
0.06+0.02
0.34+0.02
0.2340.03
0.11

0.50+0.03
0.45+0.02
0.41+0.05
0.50+0.03
0.4140.03
0.5610.07
0.17+0.01
0.50+0.05
0.5140.03
0.5340.02
0.46+0.03
0.34+0.03
0.27+0.03
0.52+0.04
0.3240.04
0.52+0.02
0.33+0.02
0.24+0.03







Table 4.5: Nested analysis of vari ce for angle change rate ‘our genotype
groups: M. edulis, M. trossulus, F hybrid and backcross hybrid).

Source of df MS F P [ cer geof
variation vari. 2 components
Genoty;_)e o 3 2.7241 87.376 <0.0001 20.00
Individual 58 9.4767 21.590 <0.0001 10.00
Sperm
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Table 4.9: Pairwise comparis
Tukey's test.

M. edulis: M. trossulus

M. edulis: Backcross hybrids

M. edulis: F, hybrids

M. trossulus: Backcross hybrids
M. trossulus: F\ hybrids

Backcross hybrids: Fy hybrids

"angle change rate in various genotype groups using

Comparison groups  Difference between

Simultaneous

Significant

IS confidence intervals at 0.01 level
Lower limit ~ Upper limit
) 0.0461 0.13 Yes
0074 -0.0463 0.03 No
0.1814 -0.1427 0.24 Yes
-0.0967 0.1135 -0.0: Yes
0.0921 0.0199 0.1643 Yes
0.1888 0.1190 0.2 Yes

















































Sperm Relative Velocity

0.4
0.3+
0.2 1

0.1+

Data: VCL

0.0 -

Fig 5.1. Example of the calculation of
one Mytilus edulis individual at 8 °C. Solid dots are the relative
data points; solid line is the exponential decay model; dashed line shows

the interpolation of sperm half life.

Model: ExpDect
Equation: y = A1*exp(-x/t1) + y0
Chi*2/DoF 0.00358
R”2 =09 >
- yO  1.68389 +0.86047
A1 -0.684 +0.82487
1 -8.042 +6.80671
. =
A . -
0 1 2 3 4 T50 5
S m ‘Hou
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Sperm Relative Velocity
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Fig 5.3. Effects of s] 6 hot ) and temperature (4, §
sperm velocity (VCI - velocity) in blue mussel genc
Mytilus edulis; Fig 5.3.b: M. trossulus; Fig 5.3.c: F; hybrids.
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results from reduced fertilization success due to both imete incon _ tibility and

gamete trait differences.
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Fig 6.2. Egg diameter (me:  +S.D.)  blue 1ssel species, Mytilus edulis, M.

trossulus and hybrids.
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Log(F20)
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Cross

Fig 6.3. Log (F2) (mean + S.D.) in various blue mussel crosses. E: Mytilus
edulis, T: M. trossulus; H: F;  ‘brids. The first character in crosses stands for
the genotype of the fen e a . the second for the male. For ex. ple, ExT
means the cross M. edulis v x M. trossulus . Log (Fa) differ significantly
among crosses (one way ANOVA. F¢97,=6.74, p<0.01)
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Table 6.5: Effect of different male-female combinations on fertilization success
(estimated by Fsp: the sperm cc  entration required to fertilize 50% of the eggs)
in Mytilus edulis homospec ¢ crosses. Individual ID was rec:  ed as date and
individual number.

Cross No. Female ID Male ID Fso
5) (M. edulis)
1 6.24F1 6.24M1 38.54
2 6.24F2 6.24M1 19.18
3 7.4F1 7.4M2 41.52
4 74F1 7.4M3 38.19
5 7.4F1 7.4M4 4.68
6 702 7.4M2 41.56
7 T2 7.4M3 16.57
8 74F2 7.4M4 44 81
9 7.6F2 7.6M1 57.07
10 7.6F2 7.6M4 253.70
11 7.8F2 7.8M2 22.64
12 7.8F2 7.8M3 7.42
13 13F4 7.13M2 209.89
14 7.13F4 7.13M3 23.87
15 7.14F6 7.14M3 63.29
16 7.14F6 7.14M4 45.30
17 7.14F6 7.14M5 72.02
18 7.25F2 7.25M1 7.02
19 7.25F2 7.25M3 37.98
20 7.26F4 7.26M2 31.02
21 7.26F4 7.26M4 10.12
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Fig 6.5. Effect of contact time on ferti ation success in Mytilus edulis crosses.
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