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Abstract
Background: Solon (2019) introduced genetic bandwagoning in a very general sense: A variant sequentially 1)
evaluates its holder’s quality and 2) induces its holder to relinquish resources if the holder’s quality is low. Here, I
introduce a more complex form of bandwagoning in order to account for a series of phenomena considered
“paradoxical” by scientists specializing in their literatures: a) depression, b) differential nurturing, c) honest
signaling of quality, d) reproductive suppression, e) stress-induced anthocyanins, and f) hormesis.
These literatures are characterized by the following findings:
1) Low-quality individuals incur a cost against reproductive success compared to higher-quality individuals.
2) Individuals not (yet) identified as low-quality incur a cost against their ability to survive predators and/or
parasites compared to individuals that have already been identified as low-quality.
3) Females incur a cost against reproductive success compared to males.
4) Males incur a cost against their ability to survive predators and/or parasites compared to females.
5) If conditions are challenging, individuals gain in both reproductive success and their ability to survive predators
and/or parasites compared to less challenging conditions; however, too-challenging conditions detract from both.
For each literature, at least one of these findings is unaccommodated by existing theory when considered in the
context of that literature. Despite existing theory, these patterns are remarkably persistent.
Question: Can paradoxes fitting these patterns be explained by genetic bandwagoning theory?
Conclusion: Here, reservation is introduced as a form of bandwagoning in which a bandwagoning variant induces
its holder to reserve from (i.e., withhold) some of its ability to survive parasites or predators. Reservation would
occur for the purpose of assessing a holder’s quality when conditions are sufficiently unchallenging that few
individuals are chronically stressed, so it is otherwise difficult to evaluate a holder’s quality. If the holder is
subsequently killed, wounded, or infected, then it is identified as lacking the quality that would allow its descendants
to survive more challenging conditions. The holder loses some or all of its resources as a direct consequence of the
very death, wounding, or infection that identified its low quality. That is, in reservation, the two steps of
bandwagoning are accomplished simultaneously. (This way of bandwagoning is distinguished from when the two
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steps are accomplished sequentially, which is termed resonation.) Reservation shares numerous premises with
Zahavi’s handicap principle.
If conditions are challenging, individuals would downregulate reservation and also be less likely to forego
resources through resonation (which accounts for (5)). Additionally, a bandwagoning variant would likely evolve to
vary the reservation it induces from holder to holder as a hedge against the possibility that conditions suddenly turn
severe before it can adjust the reservation. Individuals already identified as low-quality would downregulate
reservation (which accounts for (2) above) and would instead forego resources through resonation (which accounts
for (1)). Additionally, females would downregulate reservation (which accounts for (4)) and, as a consequence,
surviving females are more likely than surviving males to forego resources through resonation (which accounts for
(3)).
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1. Introduction
Solon (2019) introduced the concept of genetic bandwagoning. Genetic bandwagoning occurs when a variant (e.g.,
allele, epigenetic mark, or some combination thereof): a) evaluates the quality1 of its holder and b) induces the
holder to relinquish reproductive opportunities and other resources if the holder’s quality is low.
In Solon (2019), genetic bandwagoning was introduced in a very general sense. Here, I argue that a more
specific form of genetic bandwagoning corresponds to a set of findings in numerous literatures (see sections 3
through 8).
The literatures are consistently characterized by the following findings:
(1) Lower-quality individuals incur a cost in obtaining reproductive success.
(2) Individuals that have not been identified as lower-quality incur a burden in surviving parasites and/or predators.
(3) Males incur a burden in surviving parasites and/or predators.
(4) Females incur a cost in obtaining reproductive success.
(5) In response to indications that conditions2 are challenging, individuals improve in surviving parasites and/or
predators.
(6) In response to indications that conditions are challenging, individuals improve in reproductive success.
In addition, at least one of these findings in each literature is considered paradoxical by at least some
biologists specializing in it because it cannot be reconciled with prevailing theory.
In section 2, I review how indications of an organism’s low quality are distinguishable from indications of
challenging conditions. In sections 3 to 8, these literatures are reviewed, with a focus on the six patterns listed
above. In sections 9 and 10, I explain how genetic bandwagoning theory can account for these findings.
2. Stress: Due to lower quality or challenging conditions?

Quality is used here in the same “good genes” sense as in Solon (2019): the degree to which an individual has heritable traits
that offer it advantages in obtaining prey, territory, and mates and in surviving predators and parasites.
2
See section 2 regarding what is meant by challenging conditions.
1
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The degree to which an organism has experienced stress is an important indicator of its quality, so that makes it a
topic of focus here. Stress can be experienced physically and/or psychologically and encompasses a broad class of
phenomena. Virtually every indicator that an organism is low-quality is a form of stress3. However, not every form
of stress is an indicator of low quality. This is because an organism’s stress levels are contingent upon both
individual phenotypic variation and spatiotemporal environmental variation (Ram and Hadany, 2016). That is, some
potential sources would afflict only individuals that lack the advantageous variants that would allow them to manage
these sources, while other potential sources of stress would afflict nearly every individual in a population that is
exposed to them. Stress due to the former sources indicates the individual is lower-quality compared to
conspecifics. Stress due to the latter sources does not because most or all individuals would be stressed if exposed.
Rather, stress due to the latter sources is more of an indication that conditions facing the organism are challenging at
that location and time.
Certain psychological stressors are more of an indication that an individual is low-quality compared to
conspecifics. For example, an individual is indicated to be low-quality if it becomes rejected by a parent or potential
mate or if it is bullied by a dominant individual (Georgiev et al., 2015). These are situations in which an individual
experiences psychological stressors in response to being lower quality than other individuals.
On the other end of the spectrum are some physical stressors such as an organism’s response to predator
odor and physical exercise. Both of these stressors are suggestive of a predator threat in the vicinity. (Physical
exercise can simulate predator evasion, as physical activity can be both a cause and an effect of an increased
predator threat; Sih et al., 2004). In the absence of wounding, both of these stressors indicate more challenging
conditions rather than the stressed organism’s lower quality because it would have been unusual in evolutionary
time for organisms to have genes enabling them to avoid the stressor—that is, avoid a predator without sensing it or
engaging in physical activity.
However, most physical stressors can indicate either the organism’s low quality compared to conspecifics
or challenging conditions, depending upon context. For example, stressors such as hunger, infection, and wounding
are caused by natural enemies (respectively, prey, parasites, and predators) that can rapidly evolve, so there is often

3

There are exceptions, such as those considered in Solon (2019): High chronological age and low genetic heterozygosity are both
indicators of lower quality.
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genetic variation in a population for traits used against these natural enemies. Consequently, hunger, infection, or
wounding can indicate lower quality. However, such indications are dependent upon the context in which it occurs.
If honest signaling (Andersson, 1994) or other observation suggests that neighbors are also afflicted, this would be more
indicative of challenging conditions. However, the degree of exposure to parasites and predators can vary from one
location to another. Therefore, an evaluation of an individual’s quality is also modulated by indications about the
magnitude of parasite or predator exposure it has experienced: the higher the exposure, the higher the individual’s
quality.
3. Depression
3.1 Background
Chronic bouts of stress lead, in many species, to anhedonia; diminished libido; and sadness, self-loathing, and selfneglect (Seligman, 1975; Weiss, J. et al., 1982; Sapolsky, 1998; Austin et al., 2001; Franklin et al., 2012; Anders et al., 2013; Sun et al., 2013).
These symptom clusters indicate depression in humans (Austin et al., 2001; Anders et al., 2013; Sun et al., 2013) and learned
helplessness in other species, including cats, dogs, rats, fish, primates, and insects (Seligman, 1975; Weiss, J. et al., 1982;
Sapolsky, 1998; Franklin et al., 2012).

In humans, these symptoms often carry considerable costs, including disability and

risk of suicide and other causes of mortality (Caspi et al., 2003; Hagen, 2003; Nestler, 2012). Depression is also associated
with increased physiological resistance against parasites (Kinney and Tanaka, 2009; Anders et al., 2013; Raison and Miller, 2013).
3.2 Paradox
There probably were mutations in evolutionary time that allowed organisms to avoid the evidently-costly depressive
moods in response to stress. However, depression is prevalent, even during ages at which natural selection is strong
(Medawar, 1952).

Consequently, depression has long been considered an evolutionary paradox (Hagen, 2003; Nettle, 2004;

Kinney and Tanaka, 2009; Varga, 2012; Raison and Miller, 2013).

In an additional paradox, females are consistently found to experience depression at higher rates (Hopcroft
and Bradley, 2007).

de Catanzaro’s (1981, 1984) theory of depression holds that depression, with the associated suicidal ideations,
occurs to increase inclusive fitness by offering a person’s resources to more productive kin. His work was discussed
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in Solon (2019) as consistent with genetic bandwagoning in a very general sense. However, de Catanzaro’s theory
does not account for the enhanced parasite resistance that is associated with depression.
A set of recently-advanced hypotheses holds that depression was selected in conjunction with the
prevention of infection by parasites and pathogens, in order to encourage energy preservation and solitude during
times of high parasite risk (Kinney and Tanaka, 2009; Anders et al., 2013; Raison and Miller, 2013). Such a view dates to at least
Hart (1988), but has become popular more recently due to evidence suggesting genetic and physiological links
between parasite resistance and depression (Anders et al., 2013; Raison and Miller, 2013). However, while many causes of
depression might have, historically, suggested an increased infection risk, other common ones (e.g., the death of kin
or the loss of a mate without combat) may not have imposed enough of an infection risk to make depression
beneficial to the organism or to kin, especially since kin can be adversely affected by a person’s depression
(Ramchandani et al., 2005; Shen et al., 2016).

That many forms of chronic stress precipitate a costly depressive response

tailored to parasite resistance seems very inefficient, which contrasts with the precision associated with other aspects
of the stress response (Sapolsky, 1998). Indeed, depression is caused by numerous non-infectious diseases, even if the
person is unaware that he or she is diseased (Yirmiya et al., 1999; Dowlati et al., 2010; Irving and Lloyd-Williams, 2010; Parker, G.
and Brotchie, 2017; Pryce and Fontana, 2017).

Additionally, depression would be a costly way of exerting a preference for

solitude. As non-depressed people can exhibit a preference for solitude (Burger, 1995), there probably could have been
mutations over evolutionary time scales that would have led a sick person to prefer solitude without requiring that
person to incur the costs of self-loathing.
3.3 Lower-quality individuals incur a cost in obtaining reproductive success
Depression appears to be a cost against reproductive success that occurs in response to stress. However, not all
stressors cause depression. For example, physical exercise does not (Craft and Perna, 2004; Stathopoulou et al., 2006; Cooney,
G. et al., 2013; Schuch et al., 2016; but see Krogh et al., 2017).

Physical exercise is a stressor that is more indicative of

challenging conditions (see section 2). The stressors that commonly cause depression include rejection by a parent,
bullying by a conspecific, rejection by a mate, infectious or noninfectious disease, and a parent’s depression from
the same sources (Yirmiya et al., 1999; Widom et al., 2007; Dowlati et al., 2010; Kaltiala-Heino and Frojd, 2011; Anders et al., 2013; Raison
and Miller, 2013; Nestler, 2014).

section 2).

These stressors are generally indicative of the stressed individual’s low quality (see
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3.4 Individuals that are not identified as lower-quality incur a burden in surviving parasites and/or predators
Depression is a response to stressors that indicate lower quality (section 3.3). Since individuals that are not
identified as lower-quality experience depression less, they also have less of the physiological resistance to parasites
that is associated with depression (see section 3.1).
3.5 Males incur a burden in surviving parasites and/or predators
Males are significantly less likely to develop depression than females (Nolen-Hoeksema, 1990; Hopcroft and Bradley, 2007;
Andrews and Thomson, 2009; Seedat et al., 2009).

Therefore, males have less of the physiological resistance to parasites that

is associated with depression, which helps explain why males have significantly higher parasite loads than females
(Folstad and Karter, 1992; Klein, 2000).

3.6 Females incur a cost in obtaining reproductive success
The female incidence of depression is higher than males (see section 3.5). This is a paradox in consideration of
theories holding that depressive mood occurs to promote isolation in order to prevent infection (Kinney and Tanaka,
2009; Anders et al., 2013; Raison and Miller, 2013).

These latter theories would predict males to be more susceptible to

depression than females, since, in evolutionary time, they were more likely to participate in hunting, escaping
predators, and fighting conspecifics—activities implicated by Raison and Miller (2013) in imposing infection risk.
3.7 In response to indications that conditions are challenging, individuals improve in surviving parasites and/or
predators
Physical exercise simulates challenging conditions (see section 2) and moderate physical exercise is found in
multiple species to raise resistance to infection (Davison et al., 2014; Bortolini et al., 2016), though exercise that is too
strenuous increases susceptibility to infection (Brenner et al., 1994; Nieman, 1998; Shephard, R., et al., 1999).
3.8 In response to indications that conditions are challenging, individuals improve in reproductive success
Numerous meta-analyses have found that physical exercise reduces depression incidence (Craft and Perna, 2004;
Stathopoulou et al., 2006; Cooney, G. et al., 2013; Schuch et al., 2016; but see Krogh et al., 2017) .

The diminished depression that

occurs with physical exercise is also more difficult to explain with a theory that depression occurs to reduce the risk
of infection spreading, as it simulates hunting, escaping predators, and fighting conspecifics—all behaviors assumed
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by Raison and Miller (2013) to carry the most significant infection risk. This is another paradoxical finding of this
literature that fits the pattern outlined in section 1.
4 Differential nurturing
4.1 Background
In numerous rodents and primates, higher levels of maternal nurturing (e.g., licking and grooming) lead to more
growth (Denenberg and Karas, 1959; Field, T. et al., 1986; Schanberg, 1995; Field, T., 1998), greater cognitive function and memory
(Field, T., 1998; Korosi and Baram, 2009; Zhang, T.Y. and Meaney, 2010),

higher alertness (Field, T. et al., 1986; Field, T., 1998), greater

behavioral maturity (Field, T. et al., 1986), and lower mortality risk (Denenberg and Karas, 1959; Field, T. et al., 1986).
Alternatively, lower levels of maternal nurturing lead to a depressed-like phenotype, which includes depression
(Franklin et al., 2010, 2011; Weiss, I. et al., 2011),

anxiety (reviewed in Korosi and Baram, 2009; Weiss, I. et al., 2011), and greater

tendencies to resign to stressful sources (Nestler, 2012). Despite the costs incurred by offspring that are nurtured less
than others, mothers that are chronically stressed reduce nurturing across the aggregate of their offspring (Bosch et al.,
2007; Zhang, T.Y. and Meaney, 2010; Heiming et al., 2011; Mansuy et al., 2013).

A mother’s nurturing practices tend to remain

consistent through her lifetime and her offspring are likely to impart the same levels of nurturing to their offspring
that they received from their mother—within-lineage consistency of maternal nurturing which is mediated
epigenetically (Meaney, 2001; Zhang, T.Y. and Meaney, 2010; Mansuy et al., 2013; Drury et al., 2016).
4.2 Paradox
The leading evolutionary explanation for reduced nurturing by stressed mothers is that it acts as a signal to offspring
regarding the level of vigilance required in the environment, particularly versus predators (Champagne et al., 2003; Pittet et
al., 2012; Drury et al., 2016).

However, maternal effects (e.g., licking, grooming) are dependent upon the father’s

experiences, even if the offspring share the same mother (and evidently the same formative environment). Even in
the postpartum absence of fathers, offspring of fathers subjected to social defeat stress are induced via maternal
effects to exhibit a depressed-like phenotype (Dietz et al., 2011; Dietz and Nestler, 2012), while offspring of enriched-reared
fathers are nurtured more than other offspring (Mashoodh et al., 2012). Additionally, exposure to predator odor during
gestation or postnatally has often been found to stimulate postpartum maternal affection (McLeod et al., 2007; Coutellier
and Wurbel, 2009; Mashoodh et al., 2009; Ayers et al., 2016; St-Cyr et al., 2018; but see St-Cyr and McGowan, 2015 for less nurturing by
predator-odor-exposed mothers and see St-Cyr et al., 2017 for no differences in nurturing).

These empirical findings are the opposite
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of what would be expected if reduced nurturing were solely intended to increase vigilance toward predators (Dickins
and Rahman, 2012).

Furthermore, the cooccurrence of hypotheses holding that depression is solely to prevent the

transmission of infections (section 3) and hypotheses holding that a depressed-like phenotype is solely to maintain
vigilance against predators (this section) lends credibility to the notion that these behaviors are not tailored to either
purpose.
Work by Sapolsky (1998) and Suomi (1997) suggests that reduced maternal nurturing results in offspring that
become subordinates in groups and, therefore, achieve lower reproductive success. They independently documented
what they considered inefficient stress responses in, respectively, baboons and rhesus monkeys. This condition,
which Sapolsky (1998) and Suomi (1997) each considered maladaptive, is both a cause and an effect of reduced
maternal nurturing.
4.3 Lower-quality individuals incur a cost in obtaining reproductive success
The costs associated with lowered nurturing include less growth, lowered cognitive function, more depression, and
higher mortality risk. In experiments, the types of chronic stress inflicted upon parents that have caused diminished
nurturing to offspring have typically been bullying or restraint stress (Smith et al., 2004; Champagne and Meaney, 2006; Bosch
et al., 2007).

While restraint stress does not have a close analogue to wild conditions, stress from bullying can indicate

the bullied organism’s lower quality (Georgiev et al., 2015). Experimental stressors that indicate low parental quality
also suggest low offspring quality because quality is, by definition, heritable.
4.4 Individuals that are not identified as lower-quality incur a burden in surviving parasites and/or predators
Well-nurtured individuals are less vigilant to predators (Champagne et al., 2003). Additionally, restraint stress causes
increased resistance to parasites (Iwakabe et al., 1998), which is consistent with the interpretation that organisms not
experiencing restraint stress do not resist parasites as well.
4.5 Males incur a burden in surviving parasites and/or predators
In rodents such as rats and mice, male offspring are nurtured more than female offspring (Moore and Morelli, 1979; Moore
and Chadwick-Dias, 1986; Moore and Power, 1986; Alleva et al., 1989; Moore, 1995; Hao et al., 2011; Van Hasselt et al., 2012) .

Since

nurturing causes offspring to become less capable of evading predators and resisting parasites (see section 4.4), this
finding is consistent with the interpretation that males do not evade predators or resist parasites as well as females.
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4.6 Females incur a cost in obtaining reproductive success
Female offspring are nurtured less than male offspring (see section 4.5). Less-nurtured offspring incur reproductive
costs (see section 4.1). These findings, taken together, suggest that females incur more reproductive costs from
lowered nurturing.
4.7 In response to indications that conditions are challenging, individuals improve in surviving parasites and/or
predators
Predator odor is suggestive of more challenging conditions. Predator odor exposure increases vigilance to predators
in rodents (reviewed in Takahashi et al., 2005). Additionally, offspring exposed to predator odor during pregnancy exhibit
higher levels of vigilance to predators (St-Cyr and McGowan, 2015; St-Cyr et al., 2018).
4.8 In response to indications that conditions are challenging, individuals improve in reproductive success
As predator odor is suggestive of a stronger predator presence, it indicates more challenging conditions (see section
2). Exposure to predator odor during gestation or postnatally has been found to stimulate postpartum maternal
affection (see section 4.2). This means that when conditions are challenging, an offspring is less likely to receive
low nurturing and its associated costs. Interestingly, postnatal exposure to predator odor enhances the offspring’s
spatial learning (Hacquemand et al., 2012), perhaps through higher levels of licking and grooming (Liu et al., 2000; Bredy et
al., 2003; Bredy et al., 2004).

5 Honest signaling and the susceptibility to parasites associated with sexually-selected characteristics
5.1 Background
In mammals, birds, lizards, fish, and other taxa, androgens (e.g., testosterone) are evidently responsible for an
association between an organism’s quality and that organism’s sexually-selected characteristics (e.g., strength,
aggression, ornaments, songs, displays). Higher quality leads to more androgen production, which leads to more
advantageous sexually-selected characteristics (Nelson et al., 1989; Folstad and Karter, 1992; Johnstone, 1995; Dong et al., 2004;
Muehlenbein and Bribiescas, 2005; McGraw and Blount, 2009; Ritschard et al., 2011; Lynn et al., 2015; Fedurek et al., 2016; Weaver et al.,
2017).

The production of androgens also appears to cause susceptibility to parasites in many species (Roberts et al.,

2004; Habig and Archie, 2015).

Numerous biologists have hypothesized that these phenomena owe to a tradeoff between

sexually-selected characteristics and immunity, with higher-quality organisms investing more in sex because they
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can better afford to sacrifice immunity (Folstad and Karter, 1992; Groothuis et al., 2005; Muehlenbein and Bribiescas, 2005). The
tradeoff suspected is typically energetic (Groothuis et al., 2005), though other resources have been suggested (Muehlenbein
and Bribiescas, 2005).

5.2 Paradoxes
In particular, two paradoxes in the literature on sexually-selected characteristics apply.
1) Why do some sexually-selected exhibitions honestly reflect quality despite the potential for mutations to evolve
that would allow dishonestly advantageous exhibitions?
Many ornaments and other signals do not appear at all costly to produce ( Husak and Swallow, 2011; Emlen et al.,
2012; Simons et al., 2015),

which raises the question: Why are they not faked? That is, why are sexually-selected

characteristics not decoupled from the androgen production, which would allow the advantageous characteristics to
be exhibited even if the organism downregulates androgen production?
For example, in birds and fish, carotenoid ornaments reliably reflect quality (through testosterone: McGraw and
Blount, 2009; Weaver et al., 2017),
Simons et al., 2014).

even though carotenoids are evidently not limiting (Hill, 2006, 2014; McGraw and Blount, 2009;

Simons et al. (2015) have proposed mutations that would allow an organism to cheat with a

dishonestly advantageous ornament that would cost the cheater less than the cost imposed by honesty. The absence
of these mutations in natural populations— and the prevalence of honest carotenoid ornaments— is difficult to
explain.
Additionally, the well-studied zebra finches use song as an honest signal of quality, as song reliably
indicates testosterone levels in development (Ritschard et al., 2011; Fedurek et al., 2016), even though: 1) song is
metabolically cheap (Ritschard et al., 2010; Zollinger et al., 2011); 2) stressed birds incur song deficits even after a song
allotment that is adequate for exact copying in other birds (Brumm et al., 2009); and 3) some nutritionally-stressed
populations of wild zebra finches have more complex songs than populations with greater food availability (Zann and
Cash, 2008). All of

these findings indicate that zebra finches could have evolved the ability to learn complex song

irrespective of nutritional stress. The maintenance of zebra finch song as a reliable indicator of quality is, therefore,
perplexing.
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2) Why are sexually-selected characteristics associated with a higher susceptibility to parasites, even though the
susceptibility is not well-explained in terms of an energetic tradeoff?
In a meta-analysis, Roberts et al. (2004) found no effect of androgens upon direct measures of immunity, but they did
find androgens to increase ectoparasite abundance in several studies. In a larger, more recent meta-analysis, Habig
and Archie (2015) replicated the finding that dominant males are consistently more susceptible to a breadth of
parasites, but found that result “puzzling,” since they could find no significant differences between the immune
responses of dominant and subordinate males. They suggested that dominant males may suppress antibody
production in response to antigens, which is an aspect of the less energetically costly Th-2 mediated immunity –
contrary to how organisms reducing immunity to save energy would be predicted to operate (Lee, K., 2006).
Consequently, Habig and Archie (2015) concluded that their results do not support the hypothesis that dominant
organisms sacrifice immune function for greater reproductive effort. Relatedly, Kankova et al. (2014) found that
when Japanese quail offspring were subjected to moderate caloric restriction during development, the offspring with
high egg testosterone content retained their growth advantage and did not suffer an immunity disadvantage. They
concluded that their results contradict a hypothesized tradeoff between growth and immunity. Interestingly,
subordinate organisms do not exhibit stronger immunity responses or even greater resistance to infections in general,
though they exhibit heightened antibody responses to antigens that are representative of the immune challenges that
would occur in a natural environment (Cavigelli and Chaudhry, 2012).
5.3 Lower-quality individuals incur a cost in obtaining reproductive success
The first paradoxical finding—the honest signaling of quality despite an apparent opportunity to cheat—represents a
cost against reproductive success that is incurred by low-quality individuals. When quality is signaled honestly, the
favorability of the signal is determined by the signaler’s quality, which means low-quality organisms signal less
favorably. By signaling less favorably, low-quality organisms lose fitness, since mates, as well as food and territory,
are more likely to go to organisms with better signals (Folstad and Karter, 1992; Hauser, 1997; Groothuis et al., 2005).
5.4 Individuals that are not identified as lower-quality incur a burden in surviving parasites and/or predators
The second paradoxical finding—susceptibility to parasites incurred by higher-quality organisms—represents a
burden in surviving natural enemies that is incurred more by individuals that are not identified as low-quality. This
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explanation for the susceptibility to parasites of higher-quality organisms is supported by patterns of maternal
investment of carotenoids, which help fight infections, in offspring. Findings of an inverse relationship between
parental quality and maternal investment of carotenoids (Saino et al., 2002; Navara et al., 2006; Safran et al., 2008; Bolund et al.,
2009) are

contrary to theory (Safran et al., 2008) and contrary in a manner consistent with the pattern in section 1, since

offspring quality correlates with parental quality.
5.5 Males incur a burden in surviving parasites and/or predators
In numerous species, males are more susceptible to infection than females, which is attributable to both
physiological and genetic differences that cause them to be more susceptible to infection even if the settings are
controlled (Klein, 2000). Male parasite susceptibility owes to their suppression of Th-2 (humoral) immunity (Zuk, 1990),
which is contrary to how organisms reducing immunity to save energy would be expected to act (Lee, K., 2006) but is
consistent with the pattern in section 1.
5.6 Females incur a cost in obtaining reproductive success
In many species, males exhibit more prominent and conspicuous signals of quality than females (Andersson, 1994).
This is explained by current sexual selection theory (Bateman, 1948; Trivers, 1972) and is also consistent with the pattern
in section 1.
5.7 In response to indications that conditions are challenging, individuals improve in surviving parasites and/or
predators
Exposure to higher levels of infection is indicative of more challenging conditions. Higher doses of infection have
been found to increase antibody production in numerous species, including guinea pigs, sheep, and mice (Salvin, 1958;
Wortis et al., 1966; Parish, 1972; Lagrange et al., 1974; Hernandez-Pando et al., 1997).

5.8 In response to indications that conditions are challenging, individuals improve in reproductive success
In addition to finding that infections sometimes diminish signals, biologists have documented that infections
sometimes augment signals (reviewed in Duffield et al., 2017). The former findings are consistent with the idea that
certain signals are honest indicators of quality (see section 5.1); the latter findings are typically explained in terms of
the terminal investment hypothesis (Williams, 1966; Clutton-Brock, 1984). Evidence in favor of the terminal investment
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hypothesis is equivocal according to Duffield et al. (2017), who observed that organisms exposed to low levels of
infection tend to reduce reproductive investment, whereas organisms exposed to higher levels tend to increase
reproductive investment. Insofar as higher doses of infection indicate challenging conditions more than low quality,
the improvements in signaling that occur in response to higher doses of infection (see Duffield et al., 2017) are consistent
with the pattern in section 1.
6 Reproductive suppression
6.1 Background
Reproductive suppression (which has also been called “socially induced suppression,” “physiological suppression,”
and “social contraception”) occurs when subordinate organisms exhibit a diminished physiological capacity for,
and/or interest in, reproduction. This has been documented in mammals, birds, fish, and invertebrates (Saltzman et al.,
2009) and

sometimes occurs even though subordinates show comparable body condition to dominants and overlap

dominants substantially in age (Saltzman et al., 2009; Clutton-Brock et al., 2010; Harrison et al., 2013). In some species, a group’s
subordinates are completely incapable of reproduction; however, their fertility and libido quickly return if the
dominant group members depart the group (Sapolsky, 2001).
6.2 Paradox
Despite well-established theory about how organisms in a group are expected to divide reproduction (Vehrencamp,
1983), multiple

large reviews have determined that theory is not matched well by experimental and observational

results (Field, J. et al., 1998; Nonacs and Hager, 2011). Indeed, a review by Nonacs and Hager (2011) reported (pg., 295) that
“some individuals appear to behave suboptimally and lose fitness by either joining disadvantageous groups or not
leaving them.” Subordinates’ reproductive suppression is considered an evolutionary paradox (Johnstone, 2000; Saltzman
et al., 2009; Clutton-Brock et al., 2010).

6.3 Lower-quality individuals incur a cost in obtaining reproductive success
Insofar as a subordinate status indicates lower quality (as Georgiev et al., 2015 suggested), a subordinate’s inhibition of
reproduction and associated fitness loss is consistent with the pattern outlined in section 1.
6.4 Individuals that are not identified as lower-quality incur a burden in surviving parasites and/or predators
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Higher quality can be indicated by a dominant status (Georgiev et al., 2015). Dominant organisms consistently have
higher parasite loads across a variety of taxa (Habig and Archie, 2015).
6.5 Males incur a burden in surviving parasites and/or predators
Males in numerous species are more susceptible to infection than females, which is attributable to both physiological
and genetic differences that cause them to be more susceptible to infection even if the settings are controlled (Klein,
2000).

6.6 Females incur a cost in obtaining reproductive success
In groups characterized by reproductive suppression, biologists have found support for a hypothesis that
reproductive suppression is stronger in females (Hauber and Lacey, 2005; Rubenstein and Lovette, 2009; Young and Bennett, 2013;
Yamamoto et al., 2014; Chak et al., 2015).

6.7 In response to indications that conditions are challenging, individuals improve in surviving parasites and/or
predators
Higher doses of infection are consistent with more challenging conditions. Higher doses of infection also increase
antibody production in numerous species, including guinea pigs, sheep, and mice (Salvin, 1958; Wortis et al., 1966; Parish,
1972; Lagrange et al., 1974; Hernandez-Pando et al., 1997).

6.8 In response to indications that conditions are challenging, individuals improve in reproductive success
Outside of the reproductive suppression literature, the hormesis literature (Calabrese, E. and Baldwin, 2001; Calabrese, E.,
2005; Calabrese, E. and Blain, 2011; Calabrese, E., 2013a; Calabrese, E., 2013b)
(Gowaty et al., 2007; Gowaty, 2008; Ratikainen and Kokko, 2010) both

and the reproductive compensation literature

document that certain stressors can increase an

organism’s fecundity, though too-high dosages of the same stressors can reduce it. In particular, the hormesis
literature documents that physical stressors such as insecticide, ethanol, and radiation can increase an organism’s
reproductive success (e.g., Ayyanath et al., 2013, 2014; Shephard, A. et al., 2018) and strengthen antibody responses (Calabrese,
E., 2005),

in conjunction, apparently, with overall fitness gains. Hormesis is further discussed in section 8.
7 Stress-induced anthocyanin production
7.1 Background
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Plants of many species respond to a wide variety of stressors (strong light, UV-B radiation, temperature extremes, drought,
nutrient deficiencies, bacterial and fungal infections, wounding, herbivory, herbicides, and various pollutants; Gould et al., 2009) by 1)

producing anthocyanins, which imposes a photosynthetic cost (Manetas, 2006; Karageorgou et al., 2008; Gould et al., 2009), and
2) increasing production of defensive compounds against parasites. The phenomenon is biochemically wellexplained. Defensive compounds against parasites (e.g., phenols, tannins; Schaefer and Rolshausen, 2006) are produced in a
common biosynthetic pathway with anthocyanins, causing plants to produce both defensive compounds and
anthocyanins in response to stressors.
7.2 Paradox
An increase in defense compounds in response to stress should be possible without suffering a photosynthetic cost.
That is, mutations could have decoupled the production of defensive compounds from the photosynthetic cost.
Consequently, the production of anthocyanins during stress is an evolutionary paradox (Manetas, 2006; Gould et al., 2009;
Cooney, L. et al., 2012; Kovinich et al., 2014; Menzies et al., 2016).

Manetas (2006, pg. 173) echoed Haberlandt (1914) who wrote

that “the general physiological and ecological significance for the presence of anthocyanins in vegetative organs is
still very obscure.” The paradox is reinforced by an apparent evolutionary convergence. Plants of the order
Caryophyllales do not produce anthocyanins. However, they produce betalains, which are produced by very
different biosynthetic pathways, but which are considered to be a substitute for anthocyanins. Like anthocyanins,
betalains evidently: 1) are produced in response to many sources of stress (e.g., UV light, drought stress, salt stress,
cold temperatures, and pathogens); 2) reduce the light available for photosynthesis; and 3) participate in defense
against herbivory (Steyn et al., 2002; Berardi et al., 2013; Hatlestad and Lloyd, 2015; Jain and Gould, 2015; Miguel, 2018; Polturak and
Aharoni, 2018).

7.3 Lower-quality individuals incur a cost in obtaining reproductive success
Compared to animal populations, much is unknown about dynamics in plant populations. This creates obstacles for
observers in determining a plant’s quality. For example, unlike animals, it is difficult to ascertain whether a plant is,
for example, subjected to bullying and social defeat stress; well-nurtured by parents; well-received by potential
mates; or dominant or subordinate. All of these occurrences have been discussed in this manuscript as potential
indicators of quality.
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Insofar as the stressors inducing anthocyanin production occur in contexts that indicate low quality (see
section 2), the anthocyanin production is consistent with the pattern in section 1: The photosynthetic cost associated
with anthocyanin production reduces reproductive success (Obeso, 2002).
7.4 Individuals that are not identified as lower-quality incur a burden in surviving parasites and/or predators
Insofar as stressors that induce anthocyanin production occur in contexts that indicate lower quality (see section 2),
the lesser production of defensive compounds by unstressed plants is consistent with this pattern.
7.5 Males incur a burden in surviving parasites and/or predators
In dioecious plant species, male plants exhibit significantly lower concentrations of defense compounds and are
consistently subjected to more herbivore damage, than female plants, which may cause the female-biased sex ratios
in natural populations (Agren, 1999; Cornelissen and Stilling, 2005). Moreover, the male stamen tends to have lower
concentrations of defense compounds than female reproductive parts of the same plant (Sadikoglu and Cevahir, 2004;
Serrano-Diaz et al., 2012; Davis et al., 2014).

Sex differences involving parts of the same plant are particularly difficult to

reconcile with tradeoff hypotheses. Findings suggest that monoecious plants invest more in defense compounds for
female reproductive parts (Sadikoglu and Cevahir, 2004; Serrano-Diaz et al., 2012), even though this greater investment is
contrary to theory holding that the greater investment should be in the rarer sex (Fisher, 1930) and contrary in a manner
consistent with the pattern outlined in section 1.
7.6 Females incur a cost in obtaining reproductive success
Andromonoecious plants with higher numbers of staminate (male) flowers produce more seeds (Vallejo-Marin and
Rausher, 2007).

Additionally, pollen from male flowers produce more seeds than pollen from perfect flowers (Zhang, T.

and Tan, 2009).

7.7 In response to indications that conditions are challenging, individuals improve in surviving parasites and/or
predators
A plant actively recruits plant growth promoting bacteria and fungi when it is subjected to stressors, such as
parasites or drought (Yang, J., et al., 2011; Berendsen et al., 2012; Lee, B., et al., 2012; Kim et al., 2016; Kong et al., 2016; Naylor and
Coleman-Derr, 2017).

These plant growth promoters increase a plant’s photosynthetic capacity and its production of
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leaf phenols (Mucciarelli et al., 2003; Barka et al., 2006; Singh et al., 2015). Insofar as the stressors that lead to a plant to recruit
these promoters occur in contexts indicative of challenging conditions (see section 2), the consequential production
of leaf phenols is consistent with the pattern in section 1.
7.8 In response to indications that conditions are challenging, individuals improve in reproductive success
Insofar as the stressors that lead a plant to recruit plant growth promoting bacteria and fungi (Yang, J., et al., 2011;
Berendsen et al., 2012; Lee, B., et al., 2012; Kim et al., 2016; Kong et al., 2016; Naylor and Coleman-Derr, 2017)

occur in contexts

indicative of challenging conditions (see section 2), the consequential increase in photosynthetic capacity (Mucciarelli
et al., 2003; Barka et al., 2006; Singh et al., 2015) is

consistent with the pattern in section 1.
8 Hormesis
8.1 Background

Hormesis (Calabrese, E. and Baldwin, 2001; Calabrese, E. and Blain, 2011; Calabrese, E., 2013a; Calabrese, E., 2013b) is sometimes
defined rather generally as a biphasic response to a stimulant. However, the controversy about hormesis (Calabrese, E.
and Baldwin, 2000; Forbes, 2000; Thayer et al., 2005; Cook and Calabrese, 2006; Mushak, 2009; Jager et al., 2013; LeBourg and Rattan, 2014;
McClure et al., 2014) and

the chief significance of hormesis to the current paper, owes to a prevalence of studies that

have suggested (or concluded after experimentation) that stressors can cause the fitness of stressed organisms to be
higher than controls. Numerous stressors (e.g., ethanol, radiation, insecticide, herbicide, caloric restriction, and
temperature stress) have been cited (Mattson, 2008a; Rattan, 2008; Costantini et al., 2010; Rattan and Demirovic, 2010; Haddi et al.,
2016; Vargas-Hernandez et al., 2017) for

apparently increasing fitness in a wide variety of taxa (e.g., plants, insects,

invertebrates, vertebrates, humans), with the commonality being that the response is biphasic so that low doses of
the stressor cause increases in fitness compared to controls and high doses of the stressor cause decreases.
8.2 Paradox
Many of the findings cited in section 8.1 were classified under the umbrella “paradoxical effects” before the term
“hormesis” became commonly used (Calabrese, E., 2010). The “confusion and controversy” (Jager et al., 2013, pg., 263)
about hormesis arises because, as McClure et al. (2014, pg., 2225) wrote, “Studies identifying beneficial influences of
stress on fitness would challenge our understanding of evolution because it would imply that life histories are
generally suboptimal.” The most popular explanation among skeptics is that while one or more life history
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parameters may gain in response to stress, this occurs at the expense of one or more life history parameters and,
therefore, does not increase Darwinian fitness. However, suggestions that stress-induced increases in reproduction
come at the expense of longevity or immunity (McClure et al., 2014) are discredited by reports that both reproduction
and longevity can increase in response to stress (Costantini, 2014, pgs., 26-27), as well as both reproduction and immunity
(Calabrese, E., 2005; Rattan, 2008; Costantini et al., 2010; Yang, G. et al., 2016; Cui et al., 2017) .

Most saliently, physicians encourage

physical exercise, fruits, and vegetables because they improve longevity, immunity, and overall health (Lampe, 1999;
Gleeson, 2007; Rattan, 2008; Leitzmann, 2016).

Physical exercise is a stressor and fruits and vegetables are thought to exert

much of their favorable influences by invoking stress response pathways (Mattson, 2008a; Mattson, 2008b; Rattan, 2008;
Calabrese, V. et al., 2012).

8.3 Hormesis is associated with improvements in both reproductive success and surviving parasites and/or
predators in response to challenging conditions
The findings in sections 3.7, 5.8, and 6.8 can all be considered examples of hormesis because they are biphasic
responses to stress. While many kinds of physical stressors have been found to increase fitness, it is notable that, to
my knowledge, psychological stressors4 such as bullying and rejection have not been found to result in hormetic
fitness gains (see, for example, Van der Vegt et al., 2009), even though psychological stressors can have physiological
ramifications (Sapolsky, 1998). These sorts of psychological stressors are the kinds of stressors that are most often
indicative of lower quality (see section 2).
In another example of hormesis, many authors have reported increases in a plant’s reproductive output in
response to grazing by herbivores or clipping by humans (Belsky, 1986; Paige and Whitham, 1987; Paige, 1999; Agrawal, 2000).
This result is called overcompensation and is considered a paradox (Belsky et al., 1993; Lennartsson et al., 1997; Juenger and
Bergelson, 2000; Banta et al., 2010).

A particular peculiarity is the recent finding that, in response to damage, plants can

both augment chemical defenses and produce more seeds, which contradicts theory that predicts a tradeoff between
resistance and fitness compensation (Mesa et al., 2017). Overcompensation reportedly occurs in a biphasic manner by

4

There are some difficulties in assessing whether psychological stressors such as bullying and rejection have a favorable effect
on fitness, since there is often no scholarly effort to distinguish between these stressors and other psychological stressors that are
more suggestive of challenging conditions, such as how often a child was left home alone and how often a child’s basic needs
were not accommodated.
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which low levels of herbivory cause productivity increases, while extreme herbivory reduces herbivory (Dyer et al.,
1993).

Therefore, it can be categorized as another example of hormesis.
9 Bandwagoning can explain these six patterns

Sections 3-8 consistently reveal six findings:
1) Lower-quality individuals incur a cost in obtaining reproductive success.
2) Individuals that are not identified as lower-quality incur a burden in surviving parasites and/or predators.
3) Males incur a burden in surviving parasites and/or predators.
4) Females incur a cost in obtaining reproductive success.
5) In response to indications that conditions are challenging, individuals improve in surviving parasites and/or
predators.
6) In response to indications that conditions are challenging, individuals improve in reproductive success.
The reviewed literatures have stubbornly cascaded into these six patterns, even though, for each literature, some or
all of these findings do not make sense when viewed through the lens of prevailing theory; therefore, they are
considered paradoxes by biologists specializing in that literature.
Here, I introduce a specific form of genetic bandwagoning and explain how these six findings are
consistent with predictions that would be made about this specific form of bandwagoning. In Solon’s (2019) model
and examples, the two steps of bandwagoning occur sequentially: First, the variant evaluates its holder’s quality;
second, the variant induces a low-quality holder to relinquish resources. Let us call sequential bandwagoning
resonation5 to distinguish it from the form of bandwagoning called reservation, which is introduced below and
enables the two steps of bandwagoning—the evaluation and the relinquishment—to occur simultaneously.

5

We call sequential bandwagoning “resonation” because the effect of the relinquishment of resources upon a holder’s lineage
fitness resonates with what the evaluation suggested about the holder’s lineage fitness outlook prior to the relinquishment: First,
a holder is identified as having a low lineage fitness outlook (which is suggested by the holder’s low quality) and then this
outlook is lowered further.
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While bandwagoning can be done with resonation alone (see the examples in Solon, 2019), I focus below upon a
form of bandwagoning that incorporates both resonation and reservation and that varies reservation by the
conditions, sex of the holder, and indications about the holder’s quality. It is this form that enables predictions (see
section 9.8) that correspond with the six findings listed above.
9.1 The purpose of reservation
The best way to understand reservation is probably to think of the Red Queen depiction (Van Valen, 1973; Hartung, 1981;
Ridley, 1993; Liow et al., 2011; Brockhurst et al., 2014)

of how a population and its natural enemies coevolve: A population

must evolve just to survive. Consider a focus population that has a natural enemy population, which may be
predators or parasites. Suppose that in generation t0, numerous organisms in the focus population can survive to
reproductive age with little difficulty; however, in generation t1, few (if any) of their offspring are able to survive.
This may be because there were predators or parasites well-adapted against the focus population in t0 but they
gained frequency from t0 to t1, so organisms in generation t1 are more exposed to well-adapted natural enemies.
Additionally, it may be because predators or parasites nearly well-adapted to the focus population in t0 have evolved
from t0 to t1 to become better-adapted to the focus population. (Some combination of these two reasons is probable.)
Either way, it would be advantageous for a bandwagoning variant held by organisms in the focus
population to identify in generation t0 which of its holders has genes suited for surviving any well-adapted or nearly
well-adapted natural enemies and which do not. This would enable the variant to induce its holder to perish in t0 if it
is not well-adapted, which would make more resources available to the better-adapted holders; consequently, the
better-adapted holders in generation t0 would produce more offspring than otherwise. This would improve the
bandwagoning variant’s chances of being held by at least one organism in generation t1 that can survive: The betteradapted holders in t0 are, being better-adapted, perhaps only a few mutations away from survival in generation t1—
fewer than the other individuals. The more offspring these holders can produce, the more likely it is that at least one
has the germline mutations allowing it to survive in generation t1. The variant may, therefore, gain fixation, as many
individuals are killed by natural enemies in t1.
However, in this scenario, it is difficult to identify the better-adapted holders in t0 because few have
difficulty surviving: Any natural enemies well-adapted to the focus population are at low frequency in t0. What a
bandwagoning variant can do is induce its holders in t0 to reserve from (i.e., withhold) some of their ability to
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survive the natural enemy, whether the natural enemy is a predator or a parasite. To reserve against a predator, the
variant can induce its holders to, for example, exhibit bright colors; move around conspicuously; or don weighty
ornaments. To reserve against a parasite, the variant can, for example, induce its holders to underproduce
antibodies. By doing reservation, a holder becomes exposed to more predators and/or parasites and also becomes
more susceptible to wounding, infection, or death from the predators and/or parasites to which it is exposed. This
way, if there are natural enemies nearly well-adapted to an individual or well-adapted but at low frequency, it is
more likely that the individual is killed as a consequence of undertaking reservation. More offspring are then
produced by better-adapted holders.
Natural selection would shape the degree and character of reservation so that if a holder is genetically welladapted, it can survive in spite of reservation and if it is not, it becomes sick, wounded, or killed. This very
sickness, wounding, or death both identifies the holder as poorly-adapted and also serves to cause the holder to be
unable to use at least some of the resources for reproduction that it could have used. Consequently, reservation
enables both steps of genetic bandwagoning to be accomplished simultaneously.
A bandwagoning variant can evolve to follow reservation with resonation. For example, if a holder
undertakes reservation and subsequently becomes infected or wounded, that holder is consequently evaluated to be
low-quality and also, as a consequence of the infection or wounding, becomes unable to use some of the resources it
might have. However, that holder may remain alive and capable of using some resources. Since the holder’s quality
has been evaluated to be low, a bandwagoning variant may induce the holder to forego resources (which would be
an example of resonation). In resonation, the holder would relinquish more resources in addition to those lost as a
direct result of the infection or wounding.
Reservation can theoretically evolve to occur in multiple ways by the same organism simultaneously. For
example, an organism might undertake reservation from ability to avoid predators by exhibiting a bright or weighty
ornament and simultaneously undertake reservation from ability to resist parasites by reducing its quantities of
antibodies. The bandwagoning variant would evolve to allow an individual to reproduce only if it were able to
survive the effects of both ways of reservation.
Reservation is intended to be conditional. Indeed, it would not be practiced to the same degree at all times
by all holders. If it were, holders would reserve not just when better-adapted natural enemies are at low frequency,
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but also when they are at high frequency. If that were to occur, there would be few (if any) holders remaining alive
to utilize the resources foregone by individuals killed by the natural enemies. Sections 9.3 to 9.6 discuss how the
degree of reservation practiced may vary based upon, respectively, the conditions; the holder’s quality; and the sex
of the holder.
9.2 Reservation relies upon a premise of differential costliness
Reservation relies upon the premise that an organism’s adaptedness against a natural enemy population can be
demonstrated by imposing a burden that is costlier to ill-adapted organisms than to well-adapted organisms.
Reservation works because ill-adapted organisms that reserve suffer from infection, wounding or death, which helps
identify them in comparison to well-adapted organisms that reserve and do not suffer similarly.
In this reliance upon a criterion of differential costliness, the concept of reservation is similar to the
handicap principle (Zahavi, 1975; Grafen, 1990). Zahavi (1975) introduced the handicap principle, but it was unpopular
among evolutionary biologists for a decade and a half. Then Grafen (1990) emphasized a criterion of differential
costliness, holding that in order for a signal to reliably indicate quality to organisms with conflicting interests, it has
to be costlier6 to maintain for lower-quality organisms. Additionally, Grafen (1990) included a model showing how
this criterion might be satisfied. His work instantly transformed the biological community’s view of the handicap
principle (per Grose, 2011) some fifteen years after Zahavi (1975). Though the concept of reservation is distinct from
Grafen’s version of the handicap principle, they both rely upon this criterion of differential costliness; therefore, the
biological community’s acceptance of the idea that this criterion can be satisfied confers credibility to the notion that
bandwagoning in the form of reservation can evolve. (See also section 9.7 for similarities and differences between
the concept of reservation and the handicap principle.)
9.3 When conditions are more challenging, a bandwagoning variant does less reservation and less resonation
The severity of conditions can vary by place and time. One cause of changing conditions has been
mentioned above (section 9.1): the spread of well-adapted natural enemies. However, there are other factors that

6

Subsequently, Getty (1998, 2006) demonstrated that signaling can reliably reflect quality even if the costs of signaling are not
higher for lower-quality organisms, provided that higher-quality organisms receive a benefit from the signaling that sufficiently
exceeds the benefit that lower-quality organisms would receive. However, reservation depends upon a differential costliness
criterion because it is used by organisms to identify their own quality.
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can make survival and reproduction easier or more challenging for the average individual in a particular location at a
particular time. These include the quantity of suitable prey and territory and the environmental conditions (e.g.,
weather).
If conditions are more challenging, a bandwagoning variant should induce less reservation than it otherwise
would. This is true whether or not the main source of the challenging conditions is the natural enemy against which
the reserved abilities are used. That is, whether the challenging conditions are because predators are prevalent or
because virulent parasites are prevalent, an organism should both undertake less reservation from ability used to
avoid predators than otherwise and less reservation from ability used to resist parasites than otherwise. This is
because if conditions are challenging, the quantity of bandwagoning variant holders that survive to any particular
age figures to be lower than usual. Since the pool of holders is smaller, the number of holders that can survive
reservation of any particular degree is also smaller. If no holders can survive the reservation, there are no holders
remaining to use the resources foregone by individuals that are killed. Therefore, holders would be expected to
undertake less reservation when conditions are challenging.
Additionally, if other indicators of quality are constant, the more challenging the conditions faced by an
organism, the higher the quality that organism is indicated to be. For example, whether an organism has
experienced a bout with hunger or eaten amply, that organism’s quality is indicated to be higher-quality if a drought
has occurred than if food in the area is plentiful. Since an organism’s quality is indicated to be higher if conditions
are more challenging (when other quality indicators are constant), a bandwagoning variant is also less likely to
induce that organism to relinquish resources through resonation under the same circumstances.
Resonation and reservation both temporarily reduce the quantity (but increase the mean quality) of
bandwagoning variant holders. As discussed above, they both occur more when conditions are easy and there are
likely numerous surviving holders and less when conditions are severe and there are likely far fewer surviving
holders. This smooths the variance across time of the offspring produced by holders, in accordance with theory that
holds that long-term natural selection favors a genotype with a lower net variance of offspring produced across time
(Schreiber, 2015).

9.4 Varying the degree of reservation from organism to organism
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As discussed in section 9.3, reservation is expected to be dialed back when conditions become more challenging.
However, conditions can change suddenly. For example, well-adapted predators or parasites can rapidly proliferate
via the spread of a mutation that is advantageous to them. Therefore, a bandwagoning variant that induces all of its
holders to engage in reservation at the same time and to the same degree runs the risk of leading to the death of all of
its holders if the predator or parasite threat to the population suddenly intensifies. If this were to occur, there would
be no bandwagoning variant holders left to utilize the resources forfeited by the perished organisms. Consequently,
a bandwagoning variant would likely evolve to hedge against the potential that conditions rapidly intensify by
varying the timing and/or degree of the reservation it induces its holders to undertake. In doing so, a bandwagoning
variant reduces the correlation of offspring produced between its holders during the same generation, in accordance
with theory that holds that long-term natural selection favors a genotype with a lower correlation of offspring
produced between two-randomly selected holders from the same generation (Schreiber, 2015).
9.5 Varying reservation based upon quality indications so far
One way to vary reservation is based on the degree to which the holder’s quality has been indicated to be low so far,
so that holders evaluated as low-quality so far reserve less (or not at all) than holders not (yet) evaluated as lowquality. Indeed, Solon (2019, section 5) discussed how evaluating a holder’s quality is a continuous process: If, so far,
a holder’s quality is evaluated to be low but this evaluation of its quality and lineage fitness outlook is more likely to
change, then the variant is more likely to allow the holder to remain alive and induce only a partial relinquishment of
the holder’s resources; if change is unlikely, a variant is more likely to induce suicide.
One key way a holder’s quality and outlook for lineage fitness might change is if the conditions turn more
severe, which would elevate these evaluations for any surviving organisms. As long as conditions remain modest, a
holder evaluated to be low-quality will likely be induced to engage in resonation even if it survives, so reservation is
unnecessary. Alternatively, if conditions become more severe, reservation is dialed down (section 9.3).
Consequently, there is little purpose to reservation by individuals evaluated to be low-quality so far. A
bandwagoning variant would, therefore, likely evolve to induce less reservation (or none at all) by holders that have
so far been evaluated to be low-quality.
9.6 Varying reservation based upon sex
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In addition to inducing less reservation by holders identified so far as low-quality, another means of varying
reservation is to vary it by the sex of the holder. A bandwagoning variant might induce less reservation by holders
of the sex that undertakes more reproductive investment (typically, females). This pattern of variation would cooccur with variation by quality, such that males not already identified as low quality might reserve the most and
females already identified as low quality might reserve the least. Doing so would further reduce the correlation of
offspring produced between its holders during the same generation, in line with theory (Schreiber, 2015).
A bandwagoning variant would evolve to induce less reservation by females than males rather than the
other way around because the purpose of varying reservation from holder to holder is to hedge against the possibility
of a sudden proliferation of well-adapted predators or parasites. A proliferation of well-adapted predators and/or
parasites can suddenly kill many organisms, which would tend to drive the population far below its carrying
capacity, leaving a surplus of food and territory resources available due to the large quantity of perished organisms.
If the population is below carrying capacity, it is beneficial to the bandwagoning variant for numerous
females to be alive, since fecundity is typically limited by this sex (Lively, 2011). (This is a departure from more
ordinary circumstances, in which food or territory resources might not be sufficient to support high fecundity.)
Therefore, a bandwagoning variant would vary the reservation it induces in a manner that spares the sex engaging in
greater reproductive investment if conditions turn severe: Under normal conditions, it would induce less reservation
by females than by males to ensure that females, in particular, are spared if conditions suddenly intensify.
If males reserve more than females, they are more susceptible to predators and parasites, so fewer males
would reach reproductive age. Presuming no difference in mean quality between male and female holders at birth,
the male holders that survive would have higher mean quality than female survivors because the male holders had to
survive more reservation, leading more males to die if they are not high-quality. Consequently, resonation would
occur less in males than in females.
Findings of higher male fecundity and greater male susceptibility to natural enemies are also compatible
with prevailing theory, which holds that 1) males are more sexually indiscriminate due to their lower reproductive
costs (Bateman, 1948; Trivers, 1972) and that male susceptibility to natural enemies may result 2) from tradeoffs
associated with higher investment in male-male competition (Bateman, 1948; Trivers, 1972) and/or 3) from handicaps they
incur against natural enemies in order to impress females (Zahavi, 1975; Grafen, 1990). The first two of these
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assumptions have been challenged recently on theoretical and empirical grounds (Snyder and Gowaty, 2007; Gowaty et al.,
2012; Tang-Martinez, 2016),

though other authors have argued in their favor (Janicke et al., 2016). The third, the handicap

principle, is discussed in section 9.7 in terms of reservation. Therefore, it is worth noting that bandwagoning theory
is also compatible with sex differences in fecundity and susceptibility to natural enemies.
9.7 Similarities and differences between the concept of reservation and the handicap principle
The concept of reservation is similar to the handicap principle (Zahavi, 1975; Grafen, 1990) in the following respects.
They both hold that there has been natural selection of a variant:
1) that imposes a burden upon its holder
2) for the purpose of helping to identify that holder’s quality
3) and that holder quality can be identified because the burden is costlier to lesser-adapted holders (which is
discussed in section 9.2)
4) and that the burden is incurred conditionally (see section 9.1),
5) so that organisms that are so far identified as low quality incur less of a burden or none at all (see section
9.5) and
6) males incur more of a burden than females (see section 9.6).
A key difference is that according to the handicap principle, this burden is incurred for the purpose of helping to
identify the holder’s quality to other organisms, particularly potential mates (Zahavi, 1975), but also other conspecifics
and natural enemies (Zahavi and Zahavi, 1997); for reservation, this burden is incurred for the purpose of helping to
identify the holder’s quality to the bandwagoning variant that is responsible for the burden. This distinction allows
bandwagoning theory to better account for some findings the handicap principle has been invoked to explain with
limited success, such as burdens incurred in parasite resistance that are not directly verifiable by conspecifics. For
this reason, sections 3 through 8 focus upon examples that involve burdens incurred against parasite resistance.
Another difference is that bandwagoning theory predicts that the burden incurred might vary not just by quality
and by sex, but also by other characteristics, for example, birth order. Bandwagoning theory would predict that
resonation would occur less by individuals that reserve more and survive, for the same reason males are predicted to

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 July 2019

doi:10.20944/preprints201907.0184.v1

26
resonate less (see section 9.6). For example, if individuals of a higher birth order reserve more than first-born
individuals in a population, they would also be predicted to do less resonation.
9.8 Predictions
Here, I summarize the predictions that can be made regarding empirical findings if organisms combine resonation
and reservation as described in this section:
1) resonation by organisms identified as low quality, which would lose reproductive opportunities and other
resources.
2) reservation particularly by organisms not (yet) identified as low-quality, thereby increasing their exposure
and susceptibility to predators and parasites.
3) more reservation by males than females.
4) more resonation by females than males.
5) less reservation in response to indications that conditions are more challenging.
6) less forgoing resources through resonation in response to indications that conditions are more challenging.
These six predictions correspond to the six findings identified in the paradoxical phenomena reviewed in sections 3
to 8.
10 The literatures reviewed in sections 3 to 8 in terms of genetic bandwagoning
10.1 Depression
The reduced libido, self-loathing, and self-neglect associated with depression occur in response to indications of low
quality. These costs allow reproductive opportunities and other resources to be used by higher-quality individuals.
Therefore, these responses are consistent with resonation.
Additionally, the enhanced physiological resistance against infection in depression is consistent with
reservation by individuals that do not have depression—that is, reservation by individuals that are not identified as
low-quality. This occurs when conditions are unchallenging in order to identify individuals that would not be able
to survive a more challenging parasite threat. Those that would not survive likely would have descendants that
would be killed when the parasite threat becomes more challenging; instead, when they undertake reservation, they
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perish or become sick and some or all of their resources go unused, which are then used by higher-quality
individuals—that is, individuals that would be able to survive a more challenging threat.
As a hedge against the possibility that conditions suddenly intensify, females undergo less reservation.
Since more males undertake reservation, more males typically perish. The surviving males have demonstrated,
through their ability to survive in spite of reservation, that they are, on average, higher-quality than the surviving
females; therefore, they are less likely to relinquish resources through resonation. Both the greater male reservation
and the greater female resource forfeitures are consistent with higher rates of depression among females: The
greater male reservation corresponds to the lesser infection resistance among non-depressives and the greater female
resource forfeitures corresponds to the reproductively costly moods associated with depression.
Findings that physical exercise causes a decrease in depressive moods and an increase in infection
resistance are consistent with less forfeitures of resources through resonation and downregulated reservation, both of
which would be expected under more challenging conditions.
Evolutionary explanations that maintain that depression is solely prevent infection fare poorly in explaining
why depression usually results not from a single stressful incidence but from prolonged (i.e., chronic) stress and that
the likelihood of developing depression is higher if the person has a history of it (Ghaziuddin et al., 1990; Kendler et al.,
2000; Solomon et al., 2000; Brilman and Ormel, 2001).

Indeed, a history of stress that has not resulted in an infection would

suggest that further stressful incidents are less likely to be caused by infection. However, in the context of genetic
bandwagoning theory, a history of chronic stress is more indicative than a single instance of stress that the stress was
due not to luck but to the person’s genetic quality. Therefore, a bandwagoning variant would be more likely to
induce its holder to completely forfeit its current resources and the resources it might subsequently obtain (i.e., via
suicide) if the holder has had a history of chronic stress.
10.2 Differential nurturing
The differential nurturing is decided by the mother. However, the mother confers no resources to the offspring
through nurturing. Therefore, biologists generally treat the level of nurturing as a signal, rather than a resource, and
it is presumably a signal that the offspring could abide or not. Consequently, insofar as the results of low nurturing
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are consistent with bandwagoning, I consider the offspring to have undertaken resonation and reservation, not the
mother.
In the bandwagoning interpretation, lower-quality offspring do resonation in the form of the costs
associated with less nurturing, including less growth, lowered cognitive function, more depression, and higher
mortality risk. The lower parasite resistance and predator vigilance by better-nurtured offspring constitute
reservation by individuals not (yet) identified as low-quality.
Females are nurtured less, so they incur more reproductive costs associated with lower nurturing and they
are also better able to avoid predators and resist parasites, as these capacities are also evidently enhanced by lower
nurturing. The relatively lesser male capacities to avoid predators and resist parasites that follow from their having
been nurtured more are consistent with more reservation by males. Since females reserve less, the average quality
of the surviving female is, therefore, lower than the average male that survives reservation. Consequently, the
average female would forego more resources through resonation, which is also consistent with lower nurturing to
females, as lower nurturing causes reproductive costs.
Additionally, predator odor causes both increased vigilance to predators and enhanced nurturing, which is
consistent with, respectively, less reservation and less forfeitures of resources through resonation under challenging
conditions.
I argued in section 9.5 that organisms identified to be low-quality so far would do less reservation in case
conditions suddenly turn severe. Findings suggesting that paternal absence and reduced maternal nurturing induce,
in females, earlier and more indiscriminate sexual interest (Dickins and Rahman, 2012) are consistent with another
phenotypic adjustment made by low-quality organisms in case conditions turn severe: Severe conditions (especially
those caused by predators or parasites) would warrant earlier and more indiscriminate sex. Females that physically
develop faster often do not attain higher reproductive success (Ellis, 2004), which is consistent with the suggestion that
low-nurtured females typically do resonation, while also making phenotypic adjustments in case conditions turn
severe. (The relationship between age of pubertal development and reproductive success is not a simple one from
which to draw conclusions, due to the alteration of pubertal timing by numerous factors besides psychological
stress.)
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10.3 Honest signaling and the susceptibility to parasites associated with sexually-selected characteristics
In the bandwagoning interpretation, the unfavorable signaling by low-quality individuals constitutes their
relinquishment of resources through resonation. The lower parasite resistance and ability to evade predators of
individuals with more favorable signals constitute reservation by individuals that have not (yet) been identified as
low-quality.
The greater male susceptibility to infection is consistent with more reservation by males. The more
prominent signaling of quality by males is consistent with more resonation by females and can also be consistent
with more reservation by males in cases in which signals of quality cause their bearers to have vulnerabilities against
predators.
The increased antibody production and enhanced signaling in response to higher levels of infection are
consistent with downregulations of, respectively, reservation and resonation in response to more challenging
conditions.
Duffield et al. (2017) observed that organisms exposed to low levels of infection tend to reduce reproductive
investment, whereas organisms exposed to higher levels tend to increase reproductive investment. The former
response is consistent with resonation (prediction 1; section 9.8); the latter is consistent with a downregulation of
resonation (prediction 6; section 9.8). In terms of bandwagoning theory, exposure to low levels of infection may be
more consistent with low genetic quality, to which a response of resonation would be predicted, whereas exposure to
higher levels of infection may be more indicative of challenging conditions, to which a response of downregulating
resonation would be predicted. This is explained as follows. A stressor, such as infection, is expected to result in a
downregulation of reservation, whether that stressor is received more as an indicator of low quality (see prediction
2; section 9.8) or more challenging conditions (see prediction 5; section 9.8). With the downregulation of
reservation occurring under either indication, the organism’s susceptibility and likelihood of further exposure to
infection are reduced. If the organism continues to be exposed to infection despite the downregulation of
reservation, it is more suggestive of challenging conditions.
10.4 Reproductive suppression
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In the bandwagoning interpretation, the suppression of reproduction by subordinates constitutes resonation. The
lower parasite resistance of dominants constitutes reservation.
The greater susceptibility of males to infection is consistent with more reservation by males. The stronger
reproductive suppression in females is consistent with more forfeitures of resources through resonation by females.
The antibody production increases and fecundity increases that both occur in response to higher doses of
infection are consistent with, respectively, less reservation and less forfeitures of resources through resonation under
challenging conditions. The fecundity costs associated with the highest dosages of stressors are also consistent with
bandwagoning theory: If the stressors are too challenging, their adverse impacts upon immunity and fecundity
outweigh the favorable effects upon immunity and fecundity resulting from less reservation and less resonation.
In support for the notion that reproductive suppression is an example of resonation rather than an attempt to
avoid bullying by dominants, levels of subordinate submissiveness and reproductive inhibition often vary within a
group. Ovulatory subordinates are less submissive than anovulatory subordinates and individual differences in
aggressiveness and submissiveness reliably predict subsequent social status, supporting the idea that a female’s
suppression of ovulation is determined primarily by that female’s perception of herself as a subordinate, rather than
her receipt of agonistic behaviors (Saltzman et al., 2009).
10.5 Stress-induced anthocyanin production
In the bandwagoning interpretation, the photosynthetic cost incurred by plants producing anthocyanins constitutes
resonation. The lower resistance to infection of plants that do not produce anthocyanins constitutes reservation.
The lesser defensive compounds exhibited by male plants and male reproductive parts are consistent with
more reservation by males. The lower quantities of seeds and pollen produced by plants with lower numbers of
male flowers are consistent with more resonation by females.
The greater photosynthetic capacity and production of leaf phenols under circumstances of parasites or
drought are consistent with downregulations of, respectively, resonation and reservation in response to more
challenging conditions.
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Plants that produce anthocyanins forego the resource of sunlight. Sunlight is different from other resources
(e.g., food, territory, reproductive opportunities) because when it is foregone by low-quality organisms, it is not as
readily used by nearby organisms. If the stress-induced production of anthocyanins is an example of bandwagoning,
I predict that other resources besides light are limiting to photosynthesis and that, in conjunction with incurring the
photosynthetic cost, the stressed plant releases these limiting resources that can be used by neighboring plants.
Consistent with this prediction, plants release numerous kinds of resources to neighboring plants (Teste et al., 2009;
Simard et al., 2012; Gorzelak et al., 2015) and

stress is one factor that causes a plant to release resources (Song et al., 2015). So

why incur the photosynthetic cost? Indeed, the resonation by a stressed plant could be conducted with solely the
release of resources, without incurring the photosynthetic cost. The leaf reddening itself in response to stress may
be explained by the defense indication hypothesis (Schaefer and Rolshausen, 2006), the photoprotection hypothesis (Gould
et al., 2018),

and/or another hypothesis of adaptive function (Strauss and Whittall, 2006; Gould et al., 2009). However,

bandwagoning theory can offer an explanation for why the leaf reddening is done by stressed plants and not by
unstressed plants: Stressed plants have less to lose from incurring a photosynthetic cost because they, in resonation,
are sending to nearby plants resources that limit photosynthesis.
10.6 Hormesis
In the bandwagoning interpretation, the improved reproduction and resistance to infection occurring in response to
stress constitutes a downregulation of resonation and reservation in response to challenging conditions.
In some literatures, a stressor up to a particular threshold is found to offer a benefit to reproductive success
and/or immunity, while a stressor of higher magnitude has a detrimental impact. This is compatible with
bandwagoning theory. If the stressor is severe enough, the positive effect of a downregulation of resonation and
reservation upon, respectively, reproductive success and immunity may be exceeded by the negative effect of the
stressor itself. An inverted-U-shaped relationship between stressor intensity and fitness is, therefore, consistent with
bandwagoning theory.
Males often experience greater benefits from hormesis than females (LeBourg et al., 2000; Sorensen et al., 2007;
Costantini et al., 2010; LeBourg and Rattan, 2014).

This finding is also potentially explained by bandwagoning theory. Males

are expected to engage in more reservation than females (see prediction 3; section 9.8). Therefore, stress that
suggests challenging conditions causes all individuals were to completely refrain from reservation, males would
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have a greater gain7 in ability against natural enemies. The greater hormetic benefits to males have occurred mostly
in the form of longevity. An explanation offered by bandwagoning theory would be that the greater longevity gains
for males come through improvements in resisting natural enemies, particularly parasites. This remains to be
assessed.
11 Discussion
I argued that numerous empirical phenomena that currently await evolutionary explanation can be explained by their
accordance to six predictions about a variant that hedges reservation based on conditions, sex, and indications of
quality already received. However, genetic bandwagoning does not necessarily involve reservation. Indeed, Solon
(2019) offered

a model and examples of genetic bandwagoning that only involve resonation.

The empirical phenomena reviewed mostly involved increases in exposure, and susceptibility, to parasites
that were explained as examples of reservation. Increases in exposure, and susceptibility, to predators can also be
explained in terms of reservation but I did not focus upon such phenomena, since they are not considered
paradoxical: They can also be explained by the handicap principle (see section 9.7). Success for bandwagoning
theory in accounting for the foregoing paradoxes (sections 3 through 8) also gives credibility to the notion that it can
explain phenomena that are typically explained by established theory, such as the handicap principle.
Solon (2019; section 6.2) argued that genetic bandwagoning can accelerate the evolution of adaptations by
directing resources from genotypes associated with a long-term fitness disadvantage to genotypes associated with a
long-term fitness advantage, which accelerates the fixation of the alleles at other loci that are responsible for this
long-term fitness advantage. Both resonation and reservation can have this effect.
Additionally, by increasing exposure and susceptibility to parasites and predators, a bandwagoning variant
may exert a reverse effect upon these natural enemy populations. Just as reservation of ability against predators or
parasites makes it more difficult for reserving organisms to survive against these natural enemies, it also makes the
challenge of predating and parasitizing easier for the predators and parasites. This point is most salient to the
evolution of predator populations. Poorly-adapted organisms of a predator population might have no success at

7

Females would be more likely to engage in resonation (see prediction 4; section 9.8). However, a downregulation of
resonation, which would be expected to lead to greater female fecundity, would typically not be identified in studies as a
“benefit” of hormesis to females compared to males because it would also increase the reproductive success of males.
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capturing prey that do not reserve but might be able to successfully capture prey that reserve from their ability to
survive predators, which would allow those predators to reproduce. Then the adaptations held by the best-adapted
predators would gain frequency more slowly that if reservation had not been undertaken. In this manner, a
bandwagoning variant that induces reservation from ability that is used against a natural enemy population can act to
slow the evolution of adaptations within that natural enemy population.
This may be relevant to a problem that famously baffled Wynne-Edwards (1962): What prevents the
overpopulation of predators in natural populations? When organisms increase their exposure, and susceptibility, to
predators, this accelerates the evolution of the adaptations used to evade predators, while simultaneously slowing the
evolution in the predator populations of adaptations used to pursue prey (the prey being the focus population). This
may help explain cases in which a focus population “stays ahead” of its predators (e.g., Sutrisno et al., 2014), as the
predators stay ahead of their own predators.
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