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Supplementary Material 1

Fecundity assay

A total of 210 uninfected individual female Aedes aegypti across nine laboratory populations and two
recently established populations from Yorkeys Knob and Gordonvale were isolated into 150 mL
plastic cylindrical fly vials (2.85 cm diameter). These females were isolated around 7-10 days old
from mass rearing cages straight after blood-feeding. The vials were filled with about 5 mL water
with a small cone shape filter paper placed on the water. Eggs were collected for four days, once daily
starting from the day after placing females in the fly vials. Filter paper with eggs was kept wet for
three days and then partially dried (moist to touch) to initiate egg quiescence as part of hatch rate
assessment (not described here). Drying eggs was not necessary for fecundity assessment, but drying
was initiated as part of some unpublished experiments. The eggs were then counted under the
microscope if there were few eggs (<50) or by taking photographs and doing the counting in ImageJ
manually by placing landmarks on each eggs. Counts were not approximated. Fecundity ranged from
2to 111 eggs, with a mean of 59.61 and standard deviation of 20.99 eggs. When testing for normality
assumption of the fecundity numbers distribution using the Shapiro-Wilks Test, we found no
significant evidence of deviation from normality, p > 0.4. The 95% Confidence Interval (CI) of the
fecundity of uninfected females assuming normal distribution is (56.78, 62.45).

In a second pilot experiment with single individual females, we tested whether mating with
Wolbachia-infected males affected uninfected female fecundity. This was a necessary to avoid bias in
the estimate of non-random mating parameter, S due to greater/fewer eggs produced by the uninfected
female when mated to males of different infection status. Approximately 41 females crossed to
uninfected males and 28 females crossed to infected males. These females were then subjected to the
say protocol as the previous fecundity assay (see above). Fecundity of females mated to uninfected
males had a 95% CI of (67.57, 79.11) and 95% CI of females mated to infected males was (60.52,
73.27). There was no significant evidence of difference in female fecundity when mated to males of
different infection status (Welch Two Sample, # = 1.4699, df = 61.524, p > 0.073). Any effects of non-
random mating or sperm competition were not attributed to differences in female fecundity mated to

males of different infection status.
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30  Table S2.1 Simulated quantiles (0, 5, 80, 85, 90, 95 and 100%) for sample sizes 100, 120, 130, 150, 180, 200

n 100 120 130
p q0 q0.05 q0.80 q0.85 q0.90 q0.95 ql q0 q0.05 q0.80 q0.85 q0.90 q0.95 ql q0 q0.05 q0.80 q0.85 q0.90 q0.95 ql

0.05 0.000 0.017 0.067 0.073 0.077 0.086 0.127 0.005 0.020 0.065 0.070 0.076 0.083 0.121 0.000 0.020 0.065 0.069 0.075 0.084 0.117
0.10 0.023 0.052 0.123 0.131 0.139 0.150 0.239 0.019 0.055 0.121 0.128 0.137 0.148 0.197 0.027 0.057 0.122 0.127 0.134 0.147 0217
0.15 0.056 0.091 0.180 0.188 0.198 0.214 0.277 0.054 0.09 0.176 0.182 0.191 0.206 0.269 0.058 0.098 0.176 0.183 0.191 0.206 0.267
020 0.077 0.134 0234 0243 0253 0270 0.346 0.104 0.141 0232 0239 0249 0266 0319 0.091 0.141 0231 0237 0246 0262 0315
025 0.121 0.179 0286 0.295 0.307 0.324 0.405 0.143 0.184 0283 0.290 0.299 0316 0.363 0.126  0.187 0282 0.292 0303 0315 0.360
030 0.160 0225 0336 0347 0361 0380 0438 0.180 0228 0335 0341 0353 0367 0.434 0.149 0230 0333 0340 0351 0368 0424
035 0216 0269 0391 0401 0412 0433 0.486 0220 0275 0386 0394 0404 0419 0483 0.198 0276 0385 0393 0403 0421 0452
040 0253 0316 0443 0452 0464 0488 0.580 0263 0323 0437 0445 0458 0474 0539 0240 0325 0435 0445 0460 0476 0.528
045 0286 0364 0493 0504 0517 0.539 0.650 0310 0367 0.486 0496 0507 0.528 0.584 0272 0374 0485 049 0508 0528 0.621
050 0344 0412 0545 0555 0569 0587  0.671 0356 0.420 0539 0547 0559 0579 0.655 0349 0423 0537 0548 0558 0578 0.652
0.55 0370 0463 0597 0.607 0.617 0.634 0.727 0411 0470 0591 0.600 0.609 0.625 0.690 0.370 0476 0588 0597 0.605 0.623 0.697
0.60 0422 0509 0.644 0.652 0.667 0.682 0.745 0.434 0520 0.638 0.646 0.659 0.676 0.723 0450 0523 0.638 0.646 0.657 0.675 0.749
0.65 0480 0565 0.692 0700 0.715 0.730 0.795 0488 0577 0.689 0.696 0.707 0.724 0.774 0488 0577 0.689 0.697 0.707 0.721 0.779
0.70 0557 0.616 0.744 0.753 0.762 0.778 0.850 0.551 0.625 0.737 0.744 0.753 0.769 0.831 0.527 0.625 0.738 0.746 0.755 0.767 0.811
0.75 0.604 0.673 0.790 0.799 0.807 0.824 0.885 0.629 0.682 0.784 0.790 0.800 0.815 0.889 0.620 0.684 0.785 0.792 0.801 0.812 0.868
080 0.656 0.729 0.839 0.845 0.854 0.866 0913 0.693 0.740 0.833 0.840 0.850 0.860 0.905 0.701 0.740 0.832 0.838 0.847 0.858 0917
0.85 0.721 0.788 0.882 0.889 0.897 0.909 0.962 0752 0.795 0.879 0.885 0.894 0.903 0.944 0.731 0.797 0.878 0.883 0.892 0902 0.952
090 0.753 0.849 0926 0931 0938 0948 0.984 0811 0853 0925 0929 0936 0943 0.981 0.798 0.855 0924 0929 0935 0944 0.965
095 0861 0911 0968 0971 0976 0.983 1.000 0.879 0914 0968 0971 0975 0981 1.000 0.892 0916 0968 0971 0976 0980 1.000

31



n 150 180 200

p q0 q0.05 q0.80 q0.85 q0.90 q0.95 ql q0 q0.05 q0.80 q0.85 q0.90 q0.95 ql q0 q0.05 q0.80 q0.85 q0.90 q0.95 ql

0.05 0.005 0.022 0.065 0.068 0.073 0.079 0.115 0.007 0.024 0.063 0.066 0.071 0.076 0.127 0.004 0.025 0.062 0.065 0.069 0.079 0.105
0.10 0.035 0.060 0.120 0.124 0.131 0.142 0.192 0.039 0.064 0.118 0.122 0.128 0.137 0.203 0.038 0.065 0.117 0.122 0.128 0.136  0.209
0.15 0.070 0.100 0.175 0.181 0.188 0.201 0.251 0.071 0.104 0.172 0.177 0.185 0.199 0.253 0.083 0.112 0.170 0.176  0.183 0.194 0.251
020 0.105 0.144 0.228 0.235 0243 0255 0.306 0.125 0.150 0.224 0231 0240 0250 0.294 0.124 0.156 0.223 0230 0236 0248 0.295
025 0.I51 0.192 0279 0287 0295 0310 0374 0.152  0.197 0.277 0283 0291 0.305 0.365 0.157 0.202 0.275 0.281 0289 0300 0.344
030 0.18 0236 0331 0339 0349 0363 0417 0.198 0242 0327 0334 0343 0356 0.392 0211 0.247 0327 0333 0342 0352 0.391
035 0224 0.283 0382 038 0399 0414 0461 0235 0.289 0379 0385 0395 0410 0.460 0252 0.295 0377 0385 0395 0405 0439
040 0271 0333 0435 0443 0452 0468 0.529 0296 0.337 0429 0438 0447 0463 0518 0.303 0340 0429 0435 0444 0458 0.503
045 0330 0382 0486 0494 0503 0519 0.592 0324 0387 0479 0489 0500 0513  0.569 0344 0.388 0480 0486 0495 0.508 0.579
050 0379 0428 0537 0545 0556 0570 0.634 0.388 0435 0531 0539 0549 0564 0.614 0.388 0439 0531 0537 0546 0558 0.618
055 0406 0478 0585 0592 0.603 0.619 0.682 0424 0488 0.580 0.587 0597 0.612 0.668 0414 0487 0581 0588 0.597 0.607 0.673
0.60 0470 0.531 0.635 0.642 0.651 0.668 0.724 0480 0.537 0.629 0.635 0.644 0.658 0.701 0474 0541 0.629 0.636 0.646 0.660 0.714
0.65 0513 0582 068 0.694 0702 0717 0.774 0.531 0.588 0.679 0.687 0.694 0.706 0.746 0.531 0591 0.679 0.686 0.695 0.705 0.755
0.70 0563 0.634 0.733 0.739 0.747 0.762 0.813 0.575 0.638 0.730 0.735 0.743 0.755 0.798 0.585 0.644 0.728 0.734 0.742 0.754 0.815
0.75 0.627 0.687 0.781 0.786 0.795 0.808 0.863 0.643 0.692 0.777 0.783 0.790 0.801 0.844 0.651 0.694 0.776 0.782 0.789 0.800 0.840
080 0.693 0.744 0828 0835 0.844 0.856 0.903 0.710 0.749 0.826 0.831 0.839 0.850 0.886 0.706 0.750 0.826 0.832 0.838 0.848 0.882
085 0.766 0.801 0.876 0.883 0.890 0.899 0.933 0.768 0.804 0.873 0.878 0.885 0.895 0.921 0.774 0.811 0.874 0.878 0.885 0.892 0.930
090 0.823 0.857 0920 0925 0932 0940 0973 0816 0.861 0919 0925 0931 0938 0.964 0.809 0.864 0.920 0924 0929 0934 0.954
095 0.885 0918 0966 0969 0972 0978 0.99%4 0.886 0920 0.964 0967 0971 0977 0.997 0.889 0921 0964 0966 0970 0.975 1.000

32 Asan example, at sample size = 100, if the test frequency is 0.75 and the true effective reduction is 0.6, observing a value below 0.673 would imply that the
33 true effective reduction had only a 5% (a) chance of being 0.75. 0.673 is within 90-95% (power, ) interval 0.6 (see ¢90 and ¢95). Both values highlighted in

34 red.
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Table S3.1 Probability rejecting the null hypothesis that f = 1 under three different scenarios

Probability rejecting null hypothesis

B 1 2 3
20  1.0000 0.9985 0.5020
1.0 0.6038 0.0339 0.0424
09 09739 0.4526 0.1336
08  0.9999 0.9604 0.3586
07  1.0000 1.0000 0.6743
06  1.0000 1.0000 0.9218
0.5  1.0000 1.0000 0.9933

1 — 25 uninfected females per treatment and replicate, with three replicates of each control (0 and
100% infected male), seven replicates of the 50% and 60% infected male treatment and eight
replicates of the 20%, 30%, 40%, 70%, 80% and 90% infected male treatment. P-value of the

regression test has a cutoff of 0.05. There is a high Type 1 error if using unadjusted p-value

2 — 25 uninfected females per treatment and replicate, with three replicates of each control (0 and
100% infected male), seven replicates of the 50% and 60% infected male treatment and eight
replicates of the 20%, 30%, 40%, 70%, 80% and 90% infected male treatment. P-value of the

regression test has a cutoff of 5 x 107. Adjusted p-value has Type 1 error rate of 0.0339.

2 — 25 uninfected females per treatment and replicate, with three replicates of each control (0 and
100% infected male), with only one treatment; eight replicates of the 50% infected male treatment. P-

value of the regression test has a cutoff of 5 x 10?



49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

Supplementary Material 4

Here, we show (rather than prove) that both the non-random mating due to difference in male fitness

model and the non-random mating due to assortative mating will converge when the unstable

equilibrium is 0.5 for arbitrary values of sy and sj.

From equation 11,

05 = o
. Sf + .Bnr(sh - Sf),

s+ ,Bnr(sh - sf) = 2sy,
s
_ f
.Bnr - (Sh _ Sf)'

From equation 12,

_ .Bamsf +1- .Bam
- 2(1 - ﬁam) + sf(lgam - 1) + :Bamsh’

0.5

2(1 = Bam) + Sf(ﬂam — 1D+ BamSh = 2.Bamsf +2 - 2Bam,

Sf.Bam —sgt+ BamSn = Zﬁamsf:

Bam(sn = Sf) =5

s
f
ﬂam = ¥
(sn—=s7)
Hence at p = 0.5 for arbitrary values of sy and s.
Bam = Bnr

(SHOWN)
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Supplementary Material 5

We demonstrate that we can transform the unstable equilibrium directly, except when there is
maternal transmission leakage (see Supplementary Material 6). For the model with random mating
and no sperm competition, assuming no maternal transmission leakage:

s
==
Sh
Applying this to equation 6:

5
Sh

5 3y
ot Bur(1= 3D

D=

Sr

_ Sh
Sy + ﬁnr(sh — Sf)’

Sh

_ i
Sr + ﬁnr(sh - Sf)

= Equation 11.

It should be apparent that since this transformation works for the non-random mating due to
difference in male fitness model (NR), it should not work for the assortative mating model (AM).

Applying to equation 7:

Multiply by sx:

ﬁSC ﬁSC
5 svom = 25w (5 755) |+ (50 = [svm = 250m (7755 ) - o = 0
p <shpm ShPm B + 1 +D\|Sh — |ShDPm — 2ShPm B + 1 S¢

152 (ﬂscshpm + Spbm — Zshpmﬁsc> + ﬁ <S _ [lgscshpm + SpPm — Zﬁscshpm]> —
Bsc +1 " Bsc +1

p° (Shpm (%gii)) +p (Sh + ShPm (fﬁ_—;:)) —sp = 0.

This is the same as equation 13 (SHOWN).

Sf—O,
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When there is maternal transmission leakage, the unstable equilibrium frequency under the random mating and no sperm competition model is

Sp+Sp — J(sh + sf)z —4sy, (1 - ,u(l - sf)) (sf + ,u(l - sf))

2sp (1 - u(l - sf))

p":

)

while under the NR model, the unstable equilibrium can be obtained by solving the equation for the smaller positive value:

ﬁz (.Bnrsh (1 - [1(1 - Sf)) + Sf(l - ﬁnr)) + ﬁ (.Bnrsh + Sf(z - ﬁnr) + ﬂ(l - Sf)(.Bnr - 1)) + Sr + .u(l - Sf) =0.
We prove by contradiction that the transformation of the unstable equilibrium does not give an accurate estimate of the unstable equilibrium due to non-

random mating due to male (NR) and sperm competition (SC).

Suppose the transformation using equation 6 in the main text holds, then we have:

Sp+ Sp — \/(sh + sf)z — 4sp, (1 - u(l - sf)) (sf + ;1(1 - sf))
25y (1 - ,u(l - sf)) .
1= Bur) <sh + 55 — \/(sh + sf)z — 4s), (1 —u(1- sf)) (sf +u(1- sf))> + Br (25h (1 —u(1- sf)))

25y (1 - u(l - sf))

p":

Say fnr=0:

Sp+Sp— J(sh + sf)z —4sy (1 - ,u(l - sf)) (sf + ,u(l - sf))

<Sh + 5y _\/(Sh 57)” sy (1-n(1 = 1)) (s + (1 - sf))>
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Now from the actual derivation, if Sy = O:
p%(sf) + (ZSf —u(1- sf)) +sp+u(l1—s;) =0.
If we pluginp = 1, we get
4sf =0,

implying that p = 1 is not a solution to the actual derivation unless sy = 0, hence a contradiction.
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We show that for any fixed value of s, and sz, the non-random mating due to fitness differences in the NR male mating model will always lead to greater

change in the unstable equilibrium frequency than the sperm competition model (SC). Recall from equation 13:

}32 (shpm (1 ; §22)> +p (sh — ShPm (1 ; §22)> — s =0.

Recall that when there is no sperm competition, S, = 1, the unstable equilibrium is s¢/s;. Also, p,,» = O the unstable equilibrium is s/sp, i.e. no change, since

sperm competition requires females to be able to multiply mate. Otherwise:

2

25 — _(1 + .Bsc) +l+ sh(ﬁsc +1- pm(l - ﬁsc)) + 4sfpm(1 - ﬁscz)
me(l - ﬁsc) 2 4pm25h(1 - ﬁsc)z -

Note that, by taking the limit of S = 1 on the above equation and applying L’Hopital’s Rule, we can also obtain the unstable equilibrium of s¢/sx.

Firstly notice that when s,=sy; the unstable equilibrium will simplify to:

N _(1 + .Bsc) 1 (1 + ﬁsc) + pm(l - ﬁsc) _ 1 _
p_zpm(l_.gsc)-{_zi me(l_ﬁsc) _Eii_oorl-
When s.>sy,
_(1 + ﬁsc) + Sh(,Bsc +1- pm(1 - ,Bsc))z + 45f'pm(1 - ﬁscz) > 1
me(l - 1856) 4pm25h(1 - IBSC)Z 2
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The unstable equilibrium is between 0 and 1 since the square root portion of the unstable equilibrium is decreasing (i.e. making the positive value smaller, or
negative value larger). This is because, as we can see above, the red portion of the square root is constant since s, cancels out while the blue portion decreases

since s;, 1s in the denominator.

However, when s;.<sy, it will be increasing giving rise to invalid values of the unstable equilibrium. Hence, s;>s; must be fulfilled else the system will always
crash for any infection frequency less than 1 since the unstable equilibrium has to be one. It is unlikely that there are two unstable equilibria. Realistically
speaking, it is biologically unreasonable that as s,=> sp+ the unstable equilibrium will be zero, since it should become more difficult for the Wolbachia
infection to spread to fixation as the cytoplasmic incompatibility effect is weakening. By this rationale, when S < 1, the unstable equilibrium must take the

positive value of the square root:

25 — _(1 + ,Bsc) + 1 + \/sh(ﬁsc +1- pm(l - ﬁsc))z + 4'Sfpm(1 - ﬁscz)

me(l - ﬁsc) E 4pm25h(1 - ﬁsc)z '

while when g > 1, the unstable equilibrium must be computed with the negative value of the square root:

A (1 + ,Bsc) 1 \/sh(ﬁsc +1+ pm(ﬁsc - 1))2 - 4'Sfpm(ﬁsc2 - 1)
p= + E - .

me(ﬁsc - 1) 4pm25h(ﬂsc - 1)2
The unstable equilibrium is monotonic with respect to the remating frequency, p.., under specific conditions
We also find that for any value of p,, for S, < 1, the unstable equilibrium is monotonically increasing with respect to p,, but for S, > 1, the unstable

equilibrium is monotonically decreasing (see below). To show this we have to assess the (partial) derivative of the unstable equilibrium with respect to p,.. If

10



133 the derivative is positive across all values of p,,, the unstable equilibrium is monotonically increasing; if negative, it is monotonically decreasing. However, if

134 itis a mix of positive and negative then the system is not monotonic. Assuming all other parameters except the unstable equilibrium and p,, are constants, let

2
135 u= Sh(ﬁsc +1- pm(l - ﬁsc)) + 4sfpm(1 - ﬁscz)r
136 v = 4pm25h(1 - lgsc)zr
du 2 ) 2
137 W = _Zsh(l - BSC - pm(l - :Bsc) ) + 4sf(1 - BSC )'
m

dv )

138 E = 8pmsp(1 — Bsc)?,
1 du  dv
130 dp _ (A+B) 1 B Udpy “dpn
dpm mez(l - ,Bsc) 2\ v?
140  Now we have the strict condition that s,>s;. When s,=srand S < 1:
2
141 u= Sf(.Bsc +1+ pm(l - ﬁsc)) ’
142 v = 4py2sp(1 = Bsc)?,
du
143 W = Zsf(l - ﬁsc2 + (1 — ﬁsc)z):
m

dv )

144 E = 8pmsf(1 - ﬁsc) ’

145

11



146

147

148

149

150

151

152

153

154

155

156

dp _ (4B
dpm mez(l - ﬁsc)

E (1 + ﬁsc) + pm(l - .Bsc) 16pm45f2(1 - .856)4

— (1 + ﬁsc) + 1( (me(l - :Bsc)) ) <_(ﬁsc + 1)((1 + ﬁsc) + pm(l - ﬁsc))
mez(l - ﬁsc) 2 (1 + :Bsc) + pm(l - :Bsc) me3(1 - :Bsc)z

__ A+ (4B
mez(l - :Bsc) mez(l - ﬁsc) .

We know that

(1 + Bsc)
mez(l - :Bsc) >0

and if we let s;, to increase from s,

1 /4 du —u dv
1+ .Bsc) 1 (u)_7 dpm dpm

mez(l — Bsc) * E ; v?

> 0.

To show this, for some real number, &, we let s, = ksy< 1, for k > 1:

_1
1(&)‘% _1 ksp(Bsc +1—ppm(1— ,BSC))Z + 4srpm (1 — ﬁscz) 2
2\v B 2 4pm2ksf(1 - ﬁsc)z ’

1

_ 1 ksf(ﬁsc +1- pm(l - .Bsc))z + 4'Sfpm(1 - ﬁscz) 2
B E 4pm2ksf(1 - IBSC)Z ’

12

1 < (me(l - .Bsc)) ) <8pmsf2(1 - ﬁsc)z(pm(l - IBSCZ) + me(l - ﬁsc)z - (ﬁsc + 1)2 - me(l - IBSCZ) - me(l - :Bsc)z)

)

)



157  and by completing the squares:

1
2 2
(ﬁsc 1+ Kpa- ﬁsc>> + () pw2 - oy

4pm2 (1 - ﬁsc)z

> 0.

N =

158 Next:

v du —u dv
dpm  ~dpm

159 -

4pm2ksf(1 - ﬁsc)z (_stf(1 - ﬁsc2 - pm(l - ﬁsc)z) + 4Sf(1 - ﬁscz)) - 8pmksf(1 - ﬁsc)z (ksf(ﬁsc +1- pm(l - lgsc))z + 4Sfpm(1 - ﬁscz))

160 16pp*k?se2(1 — Bsc)* ,
2

8pm2k25f2(1 - ﬁsc)z (# (1 - ﬁscz) + pm(l - .Bsc)z) - 8pmk25f2(1 - 'BSC)Z (('BSC +1+ %pm(l - 'BSC)> + (4kk; 4) pmz(l B 'BSC)2>
161 = 16pp*k?se2(1 — Bsc)* ,
162

2
(_2 ; kpm(l - ,Bscz) +pm*(1 = .Bsc)z) - ((ﬁsc +1+ #pm(l B 'BSC)> + (4]{](—;4) pm® (1= ﬁsc}Z)

163 = '

me3 (1 - ﬁsc)z

13



—k
—(ﬁsc+1><(1+ﬁsc>+( ) pm (1 - ﬁsc>> (B + D+ i) + (1~ 1)
me3(1_ﬁsc)2 me3(1 ﬁsc)z

164 Hence:

2
v | (ﬁsc+1+¥pm(1—ﬁsc)> + (N pe2a - ﬁsc)Z\ (ﬁsc+1><(1+ﬁsc>+( 2 1 - ﬁsc>>
_fm  7PEm =E|\

(-
65 2(%)° 21— B / |\ 20> (1 — fsc)?

_(.Bsc + 1) <(1 + ﬁsc) + ( pm(l ﬁsc)

166 =

mez(l - Bsc)\/(ﬁsc +1+ #pm(l ﬁsc)) (4kk2 4) 2(1 ﬁsc)
167 — . —(Bsc + 1) :

!(.Bsc +1 + k pm(l ﬁsc)) (4kk—;4) pmz(l - ﬁsc)z
mez(l - .Bsc) !
\ ((1 8 + () pma - ﬁsa)
168 — _(ﬁsc + 1)
(%) me(l - IBSC)Z

mez(l - :Bsc) 1+ 2
((1 80 + (B pm1 - ﬁsc>>

14
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169  As kincreases, the fraction containing k will increase in the numerator but decrease in the denominator, hence the magnitude of the whole expression will
170  decrease (becoming less negative).

171 Recall that when k =1 or s;=sg;,

1/ du u dv
1 U\ 1+
172 (%) —fen__dPn —__Uthd)
2\ v me (1 _ﬁsc)
173 Hence for k >1, or s> sy
1 [, du . dv
174 l(z)_f dpm dpm _ _(,Bsc + 1) _ (1 + ﬁsc)
2\v v2 4k — 4 ) ) mez(l - ﬁsc).
2 ( k2 )pm (1 _.Bsc)
me (1 - .Bsc) 1+ ) K 2
((1 + ﬁsc) + (T) pm(l - ﬁsc))
175  This implies that:
1/ du u dv
176 (1 + ﬁsc) l(z)_f dpm dpm _ (1 + :Bsc) _(ﬁsc + 1)
mez(l - ﬁsc) 2\ v? mez(l - :Bsc) 4k — 4 ) )
2 (T) Pm (1 - ﬁsc)
me (1 - ﬁsc) 1+ ) K 2
<(1 + :Bsc) + (T) pm(l - Bsc))
77 (1 + Bsc) 1+ Bse) 0.

mez(l - .Bsc) - mez(l - ﬁsc) B

178  (SHOWN)

15



179 Hence when s;,> sy; foc < 1:

180 > 0.

ap.
dpm
181  The unstable equilibrium is monotonic increasing with increasing p,.

182

183  Next, while f> 1

184 ﬁ _ (1 + ,Bsc) + 1 . \}Sh(ﬁsc +1+ pm(.Bsc - 1))2 - 4'Sfpm(.Bscz - 1).

me(ﬁsc - 1) E 4pm25h(lgsc - 1)2

185  Assuming all other parameters except the unstable equilibrium and p,, are constants, let

2
186 u= sh(lgsc +1+ pm(ﬁsc - 1)) - 4Sfpm(ﬁ562 - 1)
187 v = 4pm25h(ﬁsc - 1)2

du 2 2 2
188 = Zsh(ﬁsc —1+pp(Bsc— 1) ) - 4Sf('BSC - 1)
dpm
dv 2

189 o 8DmSn(Bsc — 1)

1 [, du Ay
190 dp _ —(Bsct D) _1(5)_7 Vdpy " dpm

dom  20m*(Bsc—1) 2\ v2 .

191  When s,=syand f,. < 1:

16



192

193

194

195

196

197

198

199

We let sp=ks;<1,fork>1

v du —u dv
dpm  ~dpm
172

_1
1, u\—2 _ 1 ka(,BSC +1+ pm(ﬁsc - 1))2 - 4Sfpm(ﬁscz - 1) ?
( ) - E 4pm2ksf(.85c - 1)2

2
k) P )) F (N 21|
|

|/
m sc 2
\ 4pm*(Bsc — 1) /

4pm2ksf(ﬁsc - 1)2 (stf(lgscz -1+ pm(ﬂsc - 1)2) - 4sf(ﬁscz - 1)) - 8pmksf(ﬁsc - 1)2 (ksf(lgsc +1+ pm(ﬁsc - 1))2 - 4sfpm(ﬁscz - 1))

(#pm(ﬁwz - 1) + pmz(ﬁsc - 1)2) - ((ﬁsc +1+ (

16pm4k25f2(1 - .856)4

4k — 4

2
ko 2) pm(ﬁsc )) + (T) pmz(ﬂsc - 1)2>

<ﬁsc+1)<(1+ﬂsc)+( 2) P (Boc — ))

me3 (IBSC - 1)2

(ﬁSC + 1)((1 + ﬁSC) + pm(ﬁsc ))

me (ﬁsc - 1) me3(1 ﬁsc)

17



200

201

202

203

204

205

206

207

208

Hence:

For k> 1, or si>sy;

1u\—2 dpm dpm
:G) |

Hence:

This implies that:

B+ ((1 B) + (52) b B — 1 ))

_ (Bse + D(A + Bse) + pm(Bsc — 1))
me (ﬁsc - 1) .

me3(1 ﬁSC)

-1
2

2
1 /(.Bsc +1 + k pm(.Bsc 1)) + (4kk—;4) pmz(ﬁsc - 1)2\ /_(.Bsc + 1) <(1 + ﬁsc) + (k k 2) pm(ﬁsc ))\
B El\ 4pm (ﬁsc - 1)2 /l l\ meg(.gsc - 1) /l
— _(ﬁsc + 1) _ (.Bsc + 1)
> —
(4kk; 4) b 2(B., — 1)2 2pm*(Bsc — 1)

mez(lgsc - 1) 1+ 2
1+ B5) + () o B — 1 ))

(Bsc +1)
mez(.Bsc - 1).

Bsc + 1)

(4kk; 4) pmz(ﬁsc - 1)2

mez(ﬁsc_l) 1+ 2
1+ 85 + (72) P B - ))

18



1 du dv
_(lgsc +1) +l(z)_7 vm B um _ _(ﬁsc +1) (lgsc +1)
mez(ﬂsc - 1) 2\ v? mez(ﬁsc - 1) (4_k — 4) 2(’8 _ 1)2
20m? (B — 1) |1+ gz )P e

2
<(1 + :Bsc) + (%) pm(lgsc - 1))

209

210 < _(1 + ﬂsc) + (1 + ﬁsc) = 0.

mez(ﬁsc - 1) mez(.gsc - 1)

211  Since the square root value will always greater than 1, for any k > 1.

212 Hence when s,> s7; fsc > 1:

213 —<0.

214 The unstable equilibrium is monotonic decreasing with increasing pin.

215

216  Proving that the NR model transforms the unstable equilibrium more than the SC model

217  Since all the unstable equilibria for any given value of p,, converge to a single sy/s; when S, =1, the largest value of p., i.e. 1, will give rise to the greatest

218  change in unstable equilibrium for all values of f. This is because the unstable equilibrium increases the most at p,, = 1, when S, < 1, and decreases the most

219  atp, =1, when S, > 1. Thus the unstable equilibrium for the sperm competition model with maximum two male mates evaluated at p,, = 1, when S, < 1, is

-1+ 1 Sp—S 245
220 s _ f)’sc)+_+J(h £)Bsc” + sf

Pse = 2(1 - .Bsc) 2 Sh(l - .Bsc)z
221 OR when s,=ks;< 1, fork>1

19



R \]:8562 + (%) (1 - ﬁscz) - ﬁsc
Psc =

222 )
(1 - ﬁsc)
223 while for S, > 1
2, (1 2
ﬁsc - \/ﬁsc + (E) (1 - BSC )
224 Do = .
Pse (ﬁsc - 1)
225 Recall that the non-random mating due to difference in male fitness model, NR, that the unstable equilibrium is:
S
R f
226 Dnr = )
" Sp 4 Bur(sn — Sp)
227 Doy = !
P Z T B (k= 1)

228  Both models converge at ff, =f,-= 1 and when k = 1 or k>o. To show that the NR model always change the unstable equilibrium at a higher rate than the

229 SC, we need to show that:

230 1) when g =f, =<1
231 DPnr > Pscs
232 2) while when Sy =f.-=f> 1

233 Pnr < Psc-

20



234 Here, we show a partial proof for the above. Knowing that the unstable equilibrium of both models only converge at one estimate of 8, we proceed to show
235  that both unstable equilibrium expressions are monotonic with increasing . We then evaluate the unstable equilibrium at two particular values of § that are

236  less than 1 and more than 1 respectively, to demonstrate the above statements to be true:

dpnr -k
dﬁnr 1+ .Bnr(k - 1)

237 0.

238  Since k > 0, the unstable equilibrium under the NR model is monotonically decreasing with increasing values of .

239 For S, < 1,

1
240 dﬁsc _ -1 1 / ﬁsc + E(l - .Bsc) \

b, (1= p) * (1= Bsc)? \\/,Bscz +%(1 _ ﬁscz)/.

241  Multiply the equation with S/ S and add 1/k — 1/k to the RH most numerator:

242 Z?C:B (1_—1/3 R (11/3 )2 A 01 + 16— D ,
e Bl PR BB TR oo v l1-p0) (B 42 (- 5)
dpse -1 1 , 1 5 %(ﬁsc—l)
243 ABoc ~ Brel—Bo)? | Bocll— Bor)? jﬁ“ rp=h)+

\/BscZ + E (1 - ﬁscz)
244 Note that for all values of k > 1, the red part of the equation will always be less than 1, while the blue portion will always be less than zero, since S < 1,

245  hence the expression in the large bracket will always be less than 1 implying that:

21



dPsc -1 1

o T Gy Al N Ry R
247  Thus the SC model is monotonically decreasing with increasing values of § for f < 1.
248  We can easily show the same for Sy > 1:

dpse -1 1 Bsc +%(1 — Bsc)

249 <0.

~— 71 _ 2 (1 — 2
dBse - B (- Ps) \/ﬁscz 11-p.7)

250  Since both NR and SC model are monotonically decreasing with increasing values of S = f.r = 5, and since we know that the two models only converge

251  when By = f.-= f =1, we just have to compute the unstable equilibrium of the two models at f < 1 and > 1

252  Letustake f=0:

253 Dnr =1
. 1

254 Dsc = E

255 For k> 1:

256 ﬁnr > ﬁSC'

257 SHOWN

258

259  Nextletf=2:

22



260 Pnr = m,

. 3
261 Pee=2- 4=
262  Whenk=2>1,

R 1 1 A

263 Pnr = m = § < 0.4188612 = p,.
264 SHOWN
265
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278

Supplementary Material 8

To show numerically that if a female has a very large number of male mates and the remating
frequency is 1, then the SC model will appear to converge close to the NR model.

Using the model described in equation 5 of the main text, we simulate for a particular scenario (see
table below). As the number of maximum male mates increase the effective infection frequency in the

SC model, it moves closer towards the NR model.

Table S8.1- Effective infection frequency under non-random mating due to a difference in male
fitness model (NR) vs sperm competition model (SC) at different maximum number of male mates, n,

given the actual infection frequency, p:.

Sperm competition model (SC)

2 n=3 n=>5 n=10 n = 1000

pI NR model n

0.1000 0.0526 0.0700  0.0631 0.0585 0.0554 0.0527

0.2000 0.1111 0.1467 0.1328 0.1232 0.1169 0.1112

0.3000 0.1765 0.2300 0.2097 0.1952 0.1854 0.1766

0.4000 0.2500 0.3200 0.2944 0.2754 0.2622 0.2501

0.5000 0.3333 04167 03875 0.3648 0.3486 0.3335

0.6000 0.4286 0.5200 0.4896 0.4648 0.4464 0.4287

0.7000 0.5385 0.6300 0.6013 0.5767 0.5576 0.5387

0.8000 0.6667 0.7467 0.7232 0.7020 0.6848 0.6669

0.9000 0.8182 0.8700 0.8559 0.8425 0.8310 0.8183

ﬁ =0-57 Pm = 1
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Supplementary Material 9
Based on Turelli !, the asymptotic geometric growth rate of the uninfected female population, 4, can

be expressed in terms of the frequency of infected males:
ATt =y, A% + Fy(1 = spp),

vy At + Fy — Atutt
p =

)

Fysy
where 7y is the length of pre-reproductive females in days, vy is the daily survival rate of uninfected
females, Fy is the expected number of reproductive uninfected females per day, s is the reduction in
hatch rate due to incompatible cross with infected males, and p is the frequency of infected males to
be maintained over long periods to achieve a population decline rate of 1. Because 4 is asymptotic, we
assume that p is maintained as constant over long periods of time (e.g. on-going releases). 1 > 1
implies population growth while 4 < 1 signify population decline, and 4 = 1 implies no growth or
decline. Since p is the infection frequency in males, it can be replaced with p,- and p;. to estimate A

under AM/NR and SC respectively.

An economically relevant way to look at the impact of non-random mating on IIT is by calculating the
relative decrease/increase in time required to achieve the same effective suppression. Let ¢ be time in
days elapsing since release of incompatible males, and r be the relative reduction in uninfected
population size (at time 7) to starting population size (when 7 = 0). Then, r can be quantified as ' = r,
hence the time taken to reduce the uninfected population size by r times is ¢ = log (r) / log (4). If Az is
the percentage increase in time required to achieve reduction in an uninfected population by r times

when there is non-random mating with parameter f relative to random mating:

log(r) log(r)
A Log(A@IB)) log(ApIB = 1))
> log(r) '
log(A(pIB = 1))

log(A(p1B = 1)) )
-1 100% A 1
-(lm@@m» " @) <
+00 : A@qlp) =1
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299

300

301

302

303

304

305

306

307

308

309

If A(p|p) =1, suppression is impossible if the infection is maintained at frequency p, thus Az must be

undefined for A(plf) >1.

The estimate in the text is based on = 0.6410 and release ratio of 20 infected males to 1 (i.e. p =
20/21). We can then estimate the effective infection frequency under the NR model based on equation
4 in the main text for which we get p,, = 0.9276. Using the estimates from Turelli !, of 7y = 19, vy =
0.85, Fu=0.269, s, = 1, we estimate using the first equation in this section the two population growth
rate, 4, when p = 20/21 and p, = 0.9276. This gives A(plf=1)=0.9168 and A(p|f) = 0.9290. Then using

the equation above, the increase in time require to achieve the same level of suppression is 17.91%.
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