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Gut microbiomes of humans carry a complex symbiotic assemblage of microorgan-
isms. As in all mammals, the special mode of feeding newborn infants through
milk from the mammary gland enhances the opportunity for vertical transmission
of elements of this microbiome. This has potential benefits, but it also brings with
it some hazards for the host. We point out here that vertical transmission from
both parents would allow host populations to be invaded by elements that are dele-
terious. In contrast, vertical transmission, when restricted to one parent, acts as
a sieve preventing the spread of such elements. Because some transmission from
mother to infant is unavoidable in placental mammals, uniparental transmission of
symbionts, if it were to be selected, would require some separation of the father
from the newborn infant. This paper therefore puts forward the hypothesis that
the asymmetry in roles of mother and father, together with the hazards that come
with biparental transmission, generate a selection pressure against male lactation
in humans, and in mammals in general.
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The absence of male lactation in mammals is a puzzle—there appears to be
no obvious reason why it should not happen. Maynard Smith (1977) pointed out
that paternal care which incorporates such feeding would be evolutionarily stable in
monogamous mammals. There have been over 200 My for male lactation to evolve
(Lefèvre et al., 2010). Genetic control of the mammary gland is widely distributed
across mammalian chromosomes (Lemay et al., 2009). Male mammals including
humans have the potential to lactate (Francis et al., 1994; Reisman and Goldstein,
2018; García-Acosta et al., 2019). This requires a sufficently high level of the hor-
mone prolactin, which is normally down-regulated in males, preventing lactation
from happening (O’Hara et al., 2015). It seems there are selection pressures which
keep male lactation firmly switched off.

A well-known answer to the puzzle, building on the work of Trivers (1972, 2017),
is that a bias against paternal care is to be expected when there is uncertainty
as to who the father is (Kokko and Jennions, 2008). The drawback to this ex-
planation is that there are many socially monogamous mammals (Kleiman, 1977;
Maynard Smith, 1977; Lukas and Clutton-Brock, 2013), and high rates of genetic
monogamy amongst these species (Clutton-Brock and Isvaran, 2006). Since other
forms of paternal care have evolved in such species (Kvarnemo, 2018), why has
male lactation not followed suit? Daly (1979) suggested female lactation might not
limit reproductive success, but this is questionable because the reproductive cycle
would restart sooner if the period of female lactation was shorter (Kunz and Hosken,
2009). The levels of prolactin needed for lactation do impair male activity (Kunz
and Hosken, 2009), and include loss of fertility in human males (Carani et al., 1996;
Hair et al., 2002). However, this is reversible on the restoration of normal prolactin
levels (Ufearo and Orisakwe, 1995). Why should a temporary reduction in male fer-
tility not be evolutionarily sustainable in monogamous mammals? The suppression
of lactation in male mammals in general, and male humans in particular remains
an open question (Kunz and Hosken, 2009).

We suggest here that vertical transmission of elements of the gut microbiome,
near the time at which mammals are born, provides a possible explanation. There
is a basic, general problem about biparental transmission of symbionts, seen in its
strongest form when a rare symbiont first colonises a host population (i.e. when most
matings by carriers of the symbiont are with uninfected hosts). When transmission
is biparental, a symbiont carried by the father is passed on to the offspring, just
as it would be from the mother. The number of hosts with the symbiont in the
next host generation is then double that under maternal transmission (Fig. 1). The
problem for the host population is that this gives the symbionts a reproductive
boost, enabling them to invade, even if they are harmful. Uniparental transmission
provides an elegant natural solution to this problem, removing the boost and leaving
the frequency of vertically transmitted symbionts unchanged when hosts reproduce.

The advantage to the host of restricting symbiont transmission to one rather
than both parents can be made precise with a little algebra, previously used for
investigating the evolution of anisogamy (Law and Hutson, 1992). Consider a host’s
symbiont community comprising a set of microbial taxa, labelled s. Suppose an
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Figure 1: Biparental transmission in a host population gives a reproductive boost
to symbionts. This is at its greatest when symbionts are rare in the host popu-
lation, and infected hosts mate mostly with uninfected ones, as shown here. The
boost is prevented by uniparental transmission, assumed here to be maternal.

additional element appears and changes the set of symbionts, the new set being
labelled S. (We treat the new symbiont as an independent addition to a resident
set of symbionts. Interactions with the resident microbiome are important (Foster
et al., 2017), but would not help in understanding the simple effect of uniparental
transmission.) The frequency of matings under random mating, and the symbiont
sets associated with them, are as follows:

Table 1: Mating classes.

mother × father frequency P (S) P (s)
s × s q2 0 1
S × s pq α 1− α
s × S pq β 1− β
S × S p2 α + β − αβ (1− α)(1− β)

In this scheme, the frequency of symbiont set S (respectively s) in the parental host
generation is p (respectively q = 1−p). For generality, we write the probability that
a female (respectively male) passes S on to the next generation as α (respectively β).
Thus, under biparental transmission α = 1, β = 1, and under maternal transmission
α = 1, β = 0. P (S) is the probability with which the offspring of each host mating
carry the symbiont set S, and P (s) is the probability with which the offspring carry
the symbiont set s.

The frequency of hosts carrying S in the next generation, p′, is given by the
frequency of matings that pass S on, multiplied by the fitness w of hosts carrying
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S relative to those that do not:

p′ =
(
pqα + pqβ + p2(α + β − αβ)

) w
w̄
. (1)

Here the mean fitness of the population, w̄, normalises the frequencies in the next
generation so that they sum to 1. The change in frequency of hosts carrying S is
then

∆p = p′ − p

=
pw

w̄
(α + β − pαβ)− p

=
p

w̄
(γ(p+ wq)− 1) , (2)

where γ = α + β − αβp.

The condition for the symbiont set S to increase in the host population from one
generation to the next is ∆p > 0. From Eq. (2), the condition is (p + wq) > 1/γ.
When the new symbiont set S first appears in the host population, p ≈ 0 and q ≈ 1,
so S invades if w > 1/γ. Fully biparental transmission of symbionts (α = 1, β = 1)
implies γ = 2, so S invades if it gives a host fitness w > 1/2 relative to s. This
demonstrates the reproductive boost that allows it to invade even if it reduces host
fitness. In contrast, fully maternal transmission of the symbionts (α = 1, β = 0)
implies γ = 1, so S can only invade if it gives a host fitness w > 1, i.e. a fitness
greater than that of s. Symbionts with w < 1/2, would not invade at all in this
scheme, whether transmission is uniparental or biparental.

A similar argument could be constructed to show that transmission of sym-
bionts through the father (α = 0, β = 1) rather than the mother, would be just as
advantageous. However, the process of birth makes some transmission of microor-
ganisms from the mother to infant unavoidable in placental mammals. Evidence for
this includes differences observed in the gut microbiomes of infants born naturally,
and those delivered by Caesarian section (Stewart et al., 2018), which implies some
transfer of symbionts occurs during a natural birth (Funkhouser and Bordenstein,
2013). There are also indications that bacteria can reach the uterus through the
blood stream of the mother in mice (Jiménez et al., 2008), although the longstand-
ing paradigm of the sterile womb still has support in humans (Perez-Muñoz et al.,
2017; de Goffau et al., 2019). Given this basic asymmetry between the roles of
mother and father in placental mammals, uniparental transmission of symbionts
would be expected to operate through the mother.

In effect, maternal transmission acts as a first line of defense for hosts in the
face of an unruly mob of microorganisms. It operates at the start of life as a
“symbiont sieve”, separating those that are beneficial to the host from those that
are deleterious, and preventing the deleterious ones from spreading in the host
population.

Fig. 2 illustrates the sieve in action. This shows the ultimate fate of symbionts
with different effects w on host fitness, under biparental and maternal transmission.
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Figure 2: A numerical experiment to demonstrate maternal transmission operat-
ing as a symbiont sieve. (a) A frequency distribution from which to draw random
values of w, the effect of symbionts on host fitness; w < 1: harmful; w > 1: bene-
ficial. (b) Frequency distribution of w in symbionts that successfully invade under
biparental transmission: invasion can occur whether the symbiont is beneficial
or harmful to the host. (c) Corresponding frequency distribution under maternal
transmission: this sieves out harmful symbionts, only allowing invasion by sym-
bionts beneficial to their hosts.

To do this, we constructed a continuous-time, stochastic, birth-death process with
logistic density-dependence, to describe host population dynamics, controlling for
vertical transmission of the symbiont (see Methods). The effect on host fitness w
was taken to be a random variable drawn from a normal distribution centred on
w = 1, the point of neutrality where symbionts have no effect on host fitness (Fig.
2a). For argument’s sake, the symbiont acted on the host death rate d as as a factor
d/w, so symbionts with w > 1 were beneficial, and those with w < 1 deleterious.
We carried out 5000 independent trials of this experiment for each mode of vertical
transmission. Each trial started with a host population close to the equilibrium
population size (1000 hosts), 10 of which carried symbiont, and the population was
tracked over time to see whether the symbiont was ultimately present in all or none
of the hosts. In a total of 10000 trials, only four cases remained undecided after
after 200 time units had elapsed; these were under maternal transmission with w
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Figure 3: Example time-series of host population size, starting with 1000 indi-
viduals of which 100 carried the symbiont (i.e. a starting frequency of 0.1). In
column 1 transmission of the symbiont is biparental; in column 2 it is maternal.
Rows show different values of w (the effect on host fitness), from the top where
symbionts are harmful, to the bottom where they are beneficial. Maternal trans-
mission protects host populations from invasion by deleterious symbionts which
can occur under biparental transmission.

close to neutrality.

Fig. 2b shows that the strong boost from biparental transmission allows invasion
by deleterious symbionts, as long as they no more than double the death rate
of hosts. In other words, the lower limit for invasion of the symbiont is w =
1/2, as in the simpler algebraic model above. In contrast, maternal transmission
(Fig. 2c) operates as a sieve, preventing invasion by deleterious symbionts (w <
1), while still allowing the beneficial ones to invade (w > 1), as in the algebraic
model above. Near the point of neutrality under maternal transmission (w = 1),
demographic stochasticity is likely to lead to extinction of the symbiont before it
can get established. So the probability of invasion tends to zero, as w → 1 from
above.

Fig. 3 gives some examples of time series on which Fig. 2 is based, taking spe-
cific values of w to show how the outcomes differ under biparental and maternal
transmission. The threshold for invasion by a symbiont is w0 = 1/2 for biparental
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and w0 = 1 for maternal transmission (see Methods). Thus Fig. 3a, b with w = 0.2
show the symbiont being rapidly eliminated from the host population, irrespective
of the mode of transmission. However, the outcomes are quite different at w = 0.6
because the symbiont can invade under biparental but not under maternal trans-
mission (Fig. 3c, d). At w = 1, where the symbiont has no effect on host fitness,
the reproductive boost from biparental transmission still allows rapid invasion by
the symbiont, whereas its fate is the outcome of an unbiased random walk under
maternal transmission (Fig. 3e, f). It is only above both invasion thresholds that
the symbiont can eventually spread to all hosts (i.e. symbiont frequency = 1) un-
der both modes of transmission (Fig. 3g, h). Notice though that the protection
afforded by maternal transmission comes with the cost that the symbiont spreads
more slowly than it would under biparental transmission.

The prospects for taxa with biparental transmission are potentially still worse
than is evident here. There are two threshold values of w to consider: w0 at
which the symbiont can invade, and w1 at which the host population size is zero
at equilibrium, once the symbiont is present in all hosts (see Methods). With the
parameter values used here, w1 = w0 under biparental transmission. However, this
depends on the biology of how the symbiont affects the host, and it would also be
possible to have w1 > w0. This would mean a deleterious symbiont could invade
and then drive the host population to extinction. Maternal transmission prevents
this lethal outcome by ensuring that only beneficial symbionts can invade.

How host genetic systems evolve and maintain maternal transmission of sym-
bionts is a separate and interesting matter. As a deleterious symbiont is spreading
under biparental transmission (Fig. 3c), it is present in some hosts and absent in
others. If neither mother nor father carry the symbiont, host fitness is unaffected
by the mode of transmission. The same applies if both mother and father already
carry the symbiont. However, if the father carries the symbiont and the mother
does not, a gene that stops transmission from the father gains an advantage, as we
show in Fig. 4.

To illustrate evolution of maternal transmission, Fig. 4 uses the numerical model
in the Methods, with two alternative genes {M+,M−} to control vertical transmis-
sion by males in the host population, during an invasion by a deleterious symbiont
(w = 0.6). (Transmission through females is always present.) For simplicity, we
assumed the genes were at a locus on the Y chromosome. M+ allows transmission
from males, making vertical transmission biparental, whereas M− prevents trans-
mission from males, making vertical transmission maternal. Starting with a low
frequency of M−, a deleterious symbiont can invade the host population, because
vertical transmission is predominantly biparental (Fig. 4a). But M− increases in
frequency, because it becomes associated with hosts lacking the symbiont which are
fitter than those carrying the symbiont. This association can be measured by a co-
efficient of disequilibrium D (see Methods), which becomes positive (Fig. 4b). The
association drives the host population towards maternal transmission, and eventu-
ally M− reaches a frequency great enough to turn the tables against the symbiont.
M− goes to fixation, making vertical transmission fully maternal, and the deleteri-
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Figure 4: A harmful symbiont (w = 0.6) drives evolution of maternal transmis-
sion. (a) Here a host population starts mostly with biparental transmission (high
frequency of host gene M+, low frequency of M−), and a low frequency of the
symbiont in the population. This allows the symbiont to spread. The symbiont
generates a selective advantage for the M− gene which prevents male transmis-
sion. The host population then becomes dominated by maternal transmission
M−, and under these conditions the symbiont cannot persist. (b) The gene M−

gains its advantage by becoming associated with male hosts that lack the sym-
biont, as measured by the coefficient of disequilibrium D.

ous symbiont is then eliminated from the host population. The outcome is a host
population both with maternal transmission, and also with protection from this and
other harmful symbionts.

This outcome would not necessarily be achieved in a single step, as it depends
on initial conditions and stochastic events. So a sequence of deleterious symbionts
might be required to drive the host population to a state of complete maternal
transmission (i.e. frequency of gene M− = 1). The role of continuing immigration
pressure by symbionts on the evolution of vertical transmission is an open research
question for modellers. New arrivals are more likely to be harmful than beneficial
to the host, but a beneficial symbiont would spread faster under biparental trans-
mission than under maternal transmission, so there are conditions under which
biparental transmission could be selected. The balance between these opposing se-
lection pressures needs investigation – our preliminary checks suggest selection for
biparental transmission is relatively weak. Maternal transmission has the advan-
tage that it both allows invasion by beneficial symbionts, and also protects the host
population from harmful symbionts, which biparental transmission cannot do. An-
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other matter for future research are the consequences of partial controls on vertical
transmission (i.e. values of α and β other than 0 or 1), which could be quite feasible
in open systems like gut microbiomes.

There are many ways in which hosts can limit vertical transmission of microor-
ganisms from the father, through physiology, behaviour and social structure. Hu-
man breast milk nicely illustrates of one of them. Breast milk contains a large
microbiome (Hunt et al., 2011; Stinson et al., 2020). This becomes a major feature
in the composition of the infant’s gut microbiome (Stewart et al., 2018), and there
is little doubt that some vertical transmission of the microbiome is taking place.
The source of the microbiome is a subject of current research. But at least some el-
ements appear to come from the maternal gut, possibly reaching the breast through
an entero-mammary pathway (Oikonomou et al., 2020), and are transmitted from
mother to infant via breast milk (Jost et al., 2014). As shown above, deleterious
elements would spread through host populations if both parents took part in breast
feeding. In practice, the hormone prolactin is down-regulated in males to a level
low enough to stop lactation. This has the immediate effect of greatly restricting
the contribution fathers can make to the gut microbiome of newborn infants.

We cannot prove that the danger of invasion by deleterious elements in the gut
microbiome is the reason why there is no male lactation. So this argument is put
forward as a hypothesis. However, milk production for feeding infants is a defining
property of mammals and lactation by males is almost invariably switched off in
them. The symbiont sieve thus offers a novel solution to this longstanding puzzle,
and points to an important mechanism by which mammals exert some control over
the composition of their gut microbiomes during transmission of microorganisms
from one generation to the next.

The hypothesis offers a new perspective on several lines of research. First, it
is testable. Widespread deleterious symbionts propagating solely through vertical
transmission in breast milk of humans and other mammals would be inconsistent
with the hypothesis. This is not to claim that there are no maternally transmitted
pathogens, which is clearly incorrect, but such symbionts would need additional
mechanisms to spread, such as direct horizontal infection from host to host. Sec-
ondly it leads to the question as to what beneficial roles are played by maternally
transmitted symbionts in gut microbiomes. These are open systems colonized within
host generations by a diverse set of microorganisms, and of remarkable complex-
ity (Foster et al., 2017). The order in which these systems are assembled leaves a
lasting impact on the structure of the microbiome in mice (Martínez et al., 2018),
suggesting a key role for those present near the time of birth. For example, Bifi-
dobacterium, which occurs in breast milk, is known to inhibit the growth pathogenic
bacteria and aid digestion of the milk (Arboleya et al., 2016)

Thirdly, mammalian gut microbiomes are notable for the way in which their
structure mirrors the phylogenetic relationships of their mammalian hosts (phy-
losymbiosis), notwithstanding their species richness. This is thought to be related to
special traits of mammals including viviparous birth, milk production and parental
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care (Mallott and Amato, 2021). The role of physiological filters by hosts on their
symbionts is recognised in this, but not the basic property of maternal transmission
in separating beneficial from harmful symbionts. It could be that positive frequency-
dependent selection between beneficial symbionts and their hosts acts to conserve
microbiome structure, contributing to the signal of host phylogeny. Fourthly are
the exceptions. The Dayak fruit bat is one of the very few mammals in which males
with functional mammary glands have been documented under natural conditions
(Francis et al., 1994). Gut microbiomes of bats are unlike those of other mammals,
being quite unpredictable (as in birds), and lacking clear relationships with host
phylogeny (Song et al., 2020). This could be in part a consequence of adaptations
for flight, including lower body mass, a reduction gut size and shorter retention
times of materials in the gut. This leads to the possibility that dependence on the
gut microbiome is low enough to release the Dayak fruit bat from some selection
pressures for maternal transmission, allowing both parents to contribute to feeding
(Maynard Smith, 1977).

Lastly, we note that maternal transmission of symbionts is a widespread phe-
nomenon in the natural world (Funkhouser and Bordenstein, 2013). It is possible
that maternal transmission has evolved on a number of occasions as a simple mech-
anism that has the effect of sieving beneficial from harmful symbionts.
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Methods

To investigate the dynamics of a host population with vertically transmitted sym-
bionts, we constructed a continuous-time, stochastic, birth-death process with logis-
tic density-dependence. This is more nuanced than the algebraic model in the text,
the density dependence allowing a wider range of outcomes, including extinction
of the host driven by deleterious symbionts. The state of the host population at
time t consisted of the sex {~,|} and the presence or absence {+,−} of an added
symbiont in each host individual i = 1, . . . , n(t), i.e.:

i+~ : female with symbiont set S
i+| : male with symbiont set S
i−~ : female with symbiont set s
i−| : male with symbiont set s.
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We write n+(t) as the number of hosts with set S, and n−(t) with set s. Thus n+(t)
gives a measure of the abundance of the additional symbiont in the host population
at time t, and n+(t)/n(t) is its frequency in the host population.

The probability per unit time of death di of host i contained a logistic component
common to all individuals, and a further dependence on symbiont status:

i+~ : di =
(
d0 + d′n(t)

)
/w

i+| : di =
(
d0 + d′n(t)

)
/w

i−~ : di = d0 + d′n(t)
i−| : di = d0 + d′n(t),

where d0 is an intrinsic death rate and d′ scales the density-dependent component of
death. The death rate was modified by a factor 1/w in hosts carrying the additional
symbiont (symbiont set S). This describes the effect of the symbiont on its host:
w = 1 is neutral, a beneficial symbiont (w > 1) lowers di by a factor 1/w, and a
deleterious symbiont (0 < w < 1) raises di by a factor 1/w.

The per-female probability per unit time of giving birth b0 was set to be inde-
pendent of host population density. The sex of the newborn individual was assigned
with an equal probability 0.5 to be female or male. Thus the probability per unit
time with which a mother gave birth to a daughter, the key measure for host pop-
ulation growth, was b0/2. Whether the symbiont was present (+) or absent (–) in
a newborn host individual depended on the mode of vertical transmission:

biparental: + if mother +, or if father +
− if mother –, and if father –

maternal: + if mother +
− if mother –

Mating was assumed to be at random, so a random father was chosen from the
males present in the population for biparental transmission. This completes the
specification of the stochastic, birth-death process.

We carried out realisations of the stochastic process using the Gillespie algorithm
(Gillespie, 1977). Numerical results were obtained with parameter values: b0= 4,
d0 = 1, d′=0.001. The computations for Fig. 2 used a random value of w drawn
from a normal distribution with mean 1, and standard deviation 0.3. The initial
number of host individuals was 1000, the equilibrium point in the absence of the
symbiont, and the symbiont was introduced to 10 individuals at the start, randomly
distributed between females and males. Realisations were terminated when the
symbionts were present in all hosts, or absent in all hosts, or the run-time had
reached 200 time units. 5000 independent realisations of each mode of vertical
transmission were carried out. In almost all instances the outcome was presence in
all hosts, or absence in all hosts. The four exceptions out of 10000 realisations were
under maternal transmission, with w close to neutrality.

We extended the stochastic process to describe evolution of vertical transmis-
sion using two alternative genes at a locus on the Y chromosome. Male hosts were
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classified according to the gene they carried, M+ switching on male transmission,
and M− switching off male transmission. Symbiont transmission from females was
present throughout, so vertical transmission was biparental in crosses with M+

males and maternal in crosses with M− males. There are four classes of males
depending on transmission gene {M+,M−} and symbiont status {+,−}. To mea-
sure the association between transmission gene and symbiont status, we write the
frequency of the classes in males as

p1 : frequency of i−M−

p2 : frequency of i+M−

p3 : frequency of i−M+

p4 : frequency of i+M+ ,

where p1+p2+p3+p4 = 1. The coefficient of disequilibrium, D = p1p4−p2p3, then
measures the association between transmission gene and symbiont status. D is pos-
itive if symbionts are under-represented in M− males and over-represented in M+

males and negative if vice versa. This completes the specification of the stochastic,
birth-death process with evolution of vertical transmission. Computation of Fig. 4
was carried out with parameter values set to be the same as those in Figs 2 and 3.

We note that a system of ordinary differential equations can be constructed for
the mean behaviour of the stochastic process using the associated master equation.
We have used this to check the results of the stochastic realisations (results not
shown), and to gain further understanding of the dynamics. In the absence of
evolution (Figs 2, 3), the associated equations are

dx+

dt
=

b0
2

1

x+ + x−

[
(x+)2(α + β − αβ) + (α + β)x−x+

]
− x+

[
d0 + 2d′V (x+ + x−)

w

]
,

dx−

dt
=

b0
2

1

x+ + x−

[
(x−)2 + (2− α− β)x−x+ + (1− α)(1− β)(x+)2

]
− x− [

d0 + 2d′V (x+ + x−)
]
,

assuming a 1:1 sex ratio to reduce the dimensionality of the system from four to
two. The state variables are the density of female hosts x+ with the symbiont set
S, and the density x− with the symbiont set s. These state variables come from
dividing the number of females with and without the additional symbiont (n+, n−)
by system size V (x+ = n+/V, x− = n−/V ). The mating classes are as defined in
Table 1, the proportion of females (respectively males) passing the symbiont set S
on to the next host generation being α (respectively β).

We used the differential equations to describe the dynamics under biparental
transmission (setting α = 1, β = 1), and under maternal transmission (setting
α = 1, β = 0). The additional symbiont was added close to a boundary equilibrium
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point I of the host population

x̂+
I = 0

x̂−
I =

1

2d′V

(
b0
2
− d0

)
.

The initial per-capita rate of increase of hosts carrying the symbiont at this equi-
librium point is

biparental :
1

x+

dx+

dt

∣∣∣∣
I

= b0

(
1− 1

2w

)
maternal :

1

x+

dx+

dt

∣∣∣∣
I

=
b0
2

(
1− 1

w

)
,

giving a threshold fitness w0 above which invasion of the symbiont happens as
w0 = 1/2 for biparental transmission, and w0 = 1 for maternal transmission. A
second equilibrium point II occurs at

x̂+
II =

1

2d′V

(
wb0
2

− d0

)
x̂−
II = 0,

where every host carries the symbiont. This is unaffected by the mode of trans-
mission, but, unless the symbiont is neutral (w = 1), the symbiont changes the
equilibrium host population size when it is present in all hosts. There is a threshold
fitness w1 at which the symbiont causes extinction of the host population (x̂+

II = 0)
at w1 = 2d0/b0.

With the model, parameter values, and initial conditions used here, the thresh-
olds for invasion by the symbiont w0 and extinction of the host population w1 are
w0 = w1 = 0.5 under biparental transmission, and w0 = 1, w1 = 0.5 under maternal
transmission. Thus maternal transmission protects the host population from extinc-
tion, but biparental transmission could bring the host population size close to zero.
We have found other model implementations in which w0 < w1 under biparental
transmission, which implies such transmission allows invasion by symbionts that
definitely lead to host extinction.
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