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Dedication


To my Mom




FOREWORD


What is sex? In terms of its biological definition, sex is the meeting of sex cells from males and females in order to create offspring. However, the process of sex is so much more than the mere meeting of sperm and egg. There are few aspects of life that remain unaffected by it – even for humans. Day-to-day functions like eating, sleeping and avoiding death are relevant only because they facilitate sex. In the biological world it means nothing to survive if you have not reproduced. But sex doesn’t simply happen. You have to look long and hard to find the perfect partner. You have to make sure that you are as attractive to them as they are to you. Timing is critical, as your preferred partner may or may not be available for your sexual conquests at the exact moment you desire. What if your lover happens to want a kind of sex that doesn’t interest you? Do you comply, or do you turn your attentions to other possible companions? What if they don’t let you go? Sex and death are intimately linked and the desires of sexual colleagues are rarely aligned.


Is sex about companionship? Love? Passion? Procreation? The answer is all of the above and none of the above, depending on a plethora of biological and ecological factors. One thing is abundantly clear: sex is a critical part of the existence of any and all organisms on planet Earth. For humans, sex is comfort, fun, food, life. It can be both immensely pleasurable and immensely painful. We are lucky, because for us it’s mainly pleasurable. For most other organisms it’s predominantly the latter. As we explore the nitty-gritty of the diverse sex lives of animals, keep in mind the themes of biology and evolution. It may comfort you through what is frequently a pretty dark journey.


People often ask me, ‘How did you become an animal sex biologist?’ After all, it’s not as though many small children daydream about becoming a leading expert on how animals get it on. The whole process was very organic for me; looking back it seems the fit was there long before I became aware of it. I defended my PhD while eight months pregnant with my second child, and she arrived soon after. At home with two little ones (which eventually became three, then four) I turned to writing and blogging to keep sane. I missed biology, I missed academic thought, and I was feeling tremendously isolated in our small Canadian town. I’m not sure what I would have done without the immense power of the Internet and social media, as my entire career has been borne from the ease with which people could find my work. I began by writing about a multitude of topics, always likening some form of human behaviour to the animal examples I talked about. However, one thing became abundantly clear: when sex was part of the story, people were always a little more interested (in some cases a lot more interested). I received a greater number of comments, questions and feedback when any aspect of sex, genitalia or mate selection was involved. The more gruesome the stories, the greater the reaction from the audience.


It seems people just love to hear about sex. We are all titillated on some level by the mere notion of sex, and chances are the majority of us spend a good portion of our free time either having sex or thinking about it. It’s only natural for us to be curious about how the process takes place in other creatures. On the whole, human sex is straightforward and rather uneventful when compared to many other mammals and most definitely compared to the invertebrates. For us, the whole ‘insert part A into slot B’ is a fairly accurate description of what has to happen in order for successful (i.e. procreative) sex to take place. This might be the case for many other animals if it weren’t for the notion of biological fitness. Scientists generally assume that all animals behave in such a manner so as to maximize their genetic representation in future generations (i.e. their biological fitness). From fruit flies to blue whales, organisms successfully navigate the costs and benefits of survival and reproduction in order to ensure that their own genetic blueprints are maintained in the population. This does not necessarily mean having as many offspring as their bodies will physically allow, because many aspects of ecology (i.e. predation pressure, environmental conditions, resource availability) vary through time and space. One of the most significant aspects of biological fitness when it comes to sex is that there is a huge discrepancy in the investments of females versus males.


Let’s start at the beginning. Females have expensive sexual cells (gametes), the eggs. Think about it for a second with respect to humans. We ovulate once per month (with some given exceptions), and if the egg that we drop happens to become fertilized, we are out of reproductive commission for at least another nine months. However, our male counterparts produce an average of 180 million sperms per ejaculate (which could be viewed as a colossal waste, seeing as only one of them will be the successful fertilizer). In addition to the possibility of siring an offspring with the contents of a single ejaculate, most males are capable of ejaculating more than once in a 24-hour period, and are still ready to go again the next day. The bottom line is that sperm is abundant and cheap. Eggs are rare and expensive. These dichotomous standpoints between males and females often have repercussions on the level of sexual behaviour because it naturally means that females are choosier when it comes to selecting a mate. If a female has the ability to store sperm and has already received enough it makes much more sense for her to spend her time engaged in other biologically relevant activities, such as taking care of offspring, finding food or avoiding predators. This is, of course, bad news for any males who have yet to make a deposit into her sperm bank. Individual males would rather that females always accept their sperm donations, regardless of who has come before (pun intended), which sets the scene for some pretty drastic strategies for successful reproduction.


Although the ‘love is a battlefield’ theme is prevalent in the majority of organisms on the planet, we also see instances where sexual activities and the choice of partners are mutual decisions. When the level of parental care required is high from both sexes, males are expected to put a little more thought into where they are laying down their genetic blueprints (i.e. the quality of the female). In addition to the more conjunctive decisions made by some animals (such as some socially monogamous birds/mammals/primates) with respect to sexual partners, there are also cases where sex is actually enjoyable! Imagine that: recreational sex for the mere purpose of enjoyment and/or relaxation. Although it’s relatively rare, it is certainly possible for organisms other than humans to engage in sex for indulgence and gratification.


The process of sex in the animal kingdom can be divided into three distinct categories. Before you even get a chance to mix gametes, you’ve got to find a partner. Perhaps humans take it for granted that we can quite easily come into contact with potential partners through our complex social practices. Most of us are blissfully unaware that for many organisms even coming into contact with a member of the opposite sex may be a challenge. The first part of this book will outline a small sample of the myriad ways in which merely finding a mate can be daunting and complicated.


Assuming you’ve successfully managed to find a partner, the next step is the act of copulation itself. There seem to be countless means of accomplishing successful fertilization of eggs. As I mention above, sometimes there is cooperation between parties, but all too often there is not. How do you successfully fertilize a partner who’s not interested in being fertilized? The second section will outline the innumerable ways that this could take place, and we will also touch on examples where this conflict may be at its most intense: in organisms that are both male and female at the same time (hermaphrodites).


The third and final section of the book concerns the aftermath of what took place in the second one. After all, your attempts to maximize biological fitness could well be jeopardized if the offspring fail to thrive. Organisms may accomplish this through a massive parental investment into a low number of offspring, or they may conversely create a huge number of offspring in the anticipation that few of them will survive. Although certain kinds of animals may exhibit common strategies, there are often decisions at the level of the individual that can change the course of parental investment. For example, how should one behave if a better reproductive partner suddenly comes available? What happens to the offspring sired of poor-quality parents?


Putting together the three parts of this book (Meet, Sex and Aftermath) has given me a new appreciation for the enormous complexity that is involved each step of the way. The notion of normal when it comes to sex is completely impossible to define, which is an important point to keep in mind. There is really no regular way that sex can or should happen. The human-derived notion of what happens ‘naturally’ is about to get blown out of the water, because if we are going to label ‘natural’ as all the things that happen in nature, we’ve got to grasp that natural could mean stabbing one’s partner in their forehead with a razor-sharp penis, or fertilizing juvenile females before their eggs are even mature. Horrifying? Yes. Natural? Yes. Although it may seem to be a near impossibility at times, the biodiversity on our planet should serve as a reminder that all animals are capable of successful reproduction. It may not be easy, but generally speaking, the deed gets done. The ways in which it gets done reverberate all the way through the various levels of individual, partner, family and population organization.


Sex has the power to influence every aspect of animal society because it requires males and females to behave in specific, characteristic ways towards each other. Communities where males predominantly coerce (rape) females have entirely different social stratification than societies where sex is either consensual or recreational. In societies where males cannot or do not coerce females, we may see a complete domination of the female sex in the social hierarchy. In addition to the act itself, sex plays a major indirect role in behaviours both between and within the genders. Strategic partnerships are created and reinforced by both the kind of sex and the specific individuals involved. Having a particular sexual partner can have effects that ripple up (or down) the social ladder. The same rings true in our own species: human sexual partners are brought into tribes or social classes that directly impact all aspects of future life – from the amount of money on the table to the context of indirect social interactions with non-sexual partners or the potential for resource acquisition and employment (or lack thereof). Sex is far from being an act that is in isolation from sociality, for humans or any other species. However, humans are exclusive in our disregard for the notion of biological fitness.


Our cognitive capabilities outside of the reproductive sphere have resulted in the near ubiquitous dismissal of the notion of passing on our genetic blueprints. Homo sapiens has developed a suite of ways in which not to create offspring so that we can free our lives to be busy with tasks other than those directly related to procreation while maintaining the ability to engage in sex. We actively seek partners that are willing to utilize some form of contraception to prevent the exact thing that every other animal on the planet is aiming to do. This is a fascinating example of where our species diverges from all others, although the extent to which we ignore our basic biology varies with culture and place. Despite the fact that we’ve taken the reproduction part out of the equation, the sex is still happening! Unfortunately, it’s happening rather quickly, and in rather bland fashion when compared to the rest of the animal kingdom. To put it bluntly: human sex is downright boring. Male and female genitalia fit neatly into each other (for the most part) and the average time for males from insertion to ejaculation is generally less than ten minutes. Most human sex takes place in a horizontal position, on a bed or some other fairly comfortable structure, and is done in relative cooperation between partners. Compare this to a male that affixes his genitals to those of his female partner for days on end, requiring her to drag him around like some kind of deadweight sex toy. Or to females that are forced to comply with courtship and sexual intercourse while healing from predator-inflicted wounds or inhospitable environmental conditions? What about the male who has to rip off his own penis and spear it into a female’s genital opening before she rips his head off? Folks, it’s a tough world out there. Sit back and get ready for the titillating, exhilarating, horrifying, disgusting, alluring and wonderful world that is The Nature of Sex.




SECTION ONE


THE MEET


Generally speaking, it takes two to tango in the animal kingdom. But have you ever wondered how it is that we manage to pair up so effectively? How do we put ourselves into situations that facilitate meeting that ‘special someone’? In truth, it’s often more exhausting to meet an appropriate partner than it is to have sex with them. There are millions of single people in the human world: over 44 per cent of Americans over the age of eighteen are unattached. Not to mention those that were once attached and are no longer – divorce rates in the Western world are exceedingly high, up to 70 per cent in some countries. For humans, the decision of who to mate with is critically important, given that we generally have far fewer offspring than our bodies will physically allow, and we usually keep the same partner for all of them. So making the choice about the mate with whom we share our biological identity is massive. Do you take the plunge and pour your heart out in an online dating profile? Do you depend on the choices of friends or co-workers who set you up? The sheer number of ways in which human couples meet and pair off is huge, yet our options pale in comparison to the kinds of meet-up scenarios that occur in the rest of the animal kingdom. After all, there is no wild sex on the agenda for one that has not found at least one willing partner …




Call me maybe


Human females are certainly influenced by the crooning abilities of our male counterparts. A sexy radio voice or a beautiful song can seduce us even without a visual signal to match it. Like many other sexual characteristics across a wide range of species, a male’s vocalizations are a means by which to gain access to females. Many females rely on a male’s song to gain information about his biological fitness, and they may be doing so without laying eyes on him. As with any kind of sexual ornament, a song has both easy and difficult aspects to its production and it is the difficult aspects that separate the men from the boys. In other words, anyone can tweet out ‘Row-Row-Row Your Boat’, but what about a stunning rendition of Beethoven’s Fifth? Songbird females can judge a male on the length, dialect, repertoire and complexity of his songs. Even the consistency in the reproduction of similar notes, or a song’s trill (where a single syllable is repeated in quick succession) is up for adjudication. Bachelor-birds generally sing different songs than those already paired with a female (you can insert your own joke here about the sad song of a ‘saddled-down guy’). This makes a lot of sense because a male who has yet to find a mate has a completely different set of signalling priorities than one who is presently spoken for. Presently is the key word, because in most socially monogamous bird species, extra-pair copulations are the rule rather than the exception. This means that males of several bird species are constantly changing their tune depending on whether they are at home with the ‘old lady’ or whether they are out looking for a one-night stand.


In addition to creating mating calls alone, some bird species engage in a calling behaviour termed ‘duetting’. This generally takes place in socially monogamous species, and is thought to function in demonstrating pair commitment. Duetting couples use distinct song codes to signal exclusively to each other, perhaps akin to the pet names or words that human couples share. It makes sense that such a couple-specific signal would serve to strengthen the pair bond in duetting birds, although there remains much debate about its biological significance, especially in light of the high incidence of extra-pair copulations that I mentioned above.


Birds are not the only organisms to utilize the sexual power of song. In fact the sheer complexity of songs utilized by organisms like amphibians and insects is astonishing. Male Emei music frogs (Babina daunchina) build small burrows at the edges of ponds where the female lays her eggs. The male tends to the fertilized eggs until they are tadpoles, and this again takes place within his burrow. Just how does a male attract a potential female partner? With song. Males produce courtship songs from both inside and outside of their burrows, although females have been shown to prefer calls that emanate from within. This is probably due to the fact that important information about the burrow can be gained from the acoustic properties of the songs. It’s crucial for a female to evaluate both the male himself and the kinds of resources he’s bringing to the table, including the area and depth of the burrow where she will make her ever-important genetic deposit. Male tree-hole frogs exhibit a similar level of acoustic prowess. They demonstrate the power of song by exploiting the properties of the tree-trunk cavities in which they nest. The cavities tend to be partially filled with water, which creates variation in the acoustics that result from a certain call frequency. Males will begin calling to potential female mates with a ranging pitch, but once they hit the frequency that results in maximum amplitude of their signal, they keep their calls steady. In this way, they maximize their chances of attracting a mate.




A little chemical help


A great number of organisms across the animal kingdom can be thankful for the chemical processes that bring them reproductive success. The power of olfaction (smell) is extremely important for a multitude of biological processes including predation, resource collection and of course finding a mate. Minute changes in the chemical signatures of various secretions can transform their ecological meanings. Although we Homo sapiens are not without natural signals of sexual chemistry (pheromones), we unfortunately spend a lot of time and effort clearing them away. Humans are under the incorrect impression that our natural scents are somehow dirty and unwelcome. We scrub our bodies with soaps and shampoos, and we use deodorants and perfumes and other unnatural chemicals to hide away what comes naturally. What people neglect to realize is that chemical cues are widespread, used by creatures from massive mammals to microscopic invertebrates, and for the most part they serve to bring receptive parties to the sexual arena. Many courtship pheromones have evolved for maximum efficiencies in both energy expenditure and gamete allocation. In other words, the chemical signals emitted by bachelorette #1 may be superior to those of bachelorette #2, resulting in a greater sperm allocation to the former. Imagine if you could identify an appropriate mate by simply smelling them.


The sheer diversity in the strategies of sexual chemistry is mind-blowing. There is a wide spectrum of approaches to sex via chemical help, from organisms who broadcast spawn (and therefore use chemical signals to ensure that their gametes are going to reach those of other members of their own species) to those that use a suite of chemical cues to maximize reproductive selfishness or to lure unsuspecting sexual victims.


We can generalize that male animals secrete chemical pheromones to attract females (and vice versa). This happens in many different scenarios and environments, both terrestrial and aquatic. A key issue for any particular male attempting to lure a female is that he’d prefer it if said female was only interested in his sperm. If a female is lured by the scent of a particular male, what’s stopping her from being lured by the next, then the next, and so on? Evolution has dealt males a few distinct methods to deal with the problems that could arise in such a scenario. Not only do many males produce pheromonal cues to attract females (virgin females in many cases), they also produce chemical cues that cause a reduced or completely diminished response in the female once they have made their genetic deposit. Properties of oral secretions or ejaculates in diverse creatures show that anti-aphrodisiac pheromones often serve the purpose of redirecting a female’s attention after mating. Essentially, such pheromones serve to enforce monogamy and to ensure paternity of resulting offspring. There are cases where this makes evolutionary sense for both males and females, such as when females receive all the sperm that they require from one sexual encounter and they can then turn their energetic attentions elsewhere. Males also produce and transfer pheromones to females that serve to decrease her attractiveness to other males. Again, this could be advantageous to females that aim to avoid harassment from unwelcome suitors, but this is certainly not always the case.


What happens when females are interested in additional copulations for increased genetic diversity in their offspring? What if she has been coerced into mating by a low-quality male? In these scenarios it does not make sense for a female to be put out of reproductive action by an anti-aphrodisiac or a pheromone that makes her ‘ugly’ to other males. Indeed, in many invertebrate species there is evidence for chemical ‘arms races’ where females have evolved resistance to male-generated anti-aphrodisiacs, which then evolve to compensate for these physiological changes and so on. Such biochemical warfare is complicated and extremely difficult to decipher.


There is more bad news for males utilizing the power of anti-aphrodisiac pheromones to increase their biological fitness. Several species of parasitic wasps, deadly parasites that infect larvae of many butterflies and moths, have evolved to take advantage of the chemical structure of these pheromones. For example, in a perfect world, a male cabbage white butterfly (Pieris rapae) transfers his ejaculate to a virgin female, and the anti-aphrodisiac chemicals contained therein put a stop to any further sexual behaviour on her part. She flies off in search of a suitable place to lay her eggs (oviposition) where she will deposit a clutch of approximately 20–50. This is where things go horribly wrong for both the male and the female butterfly. Trichogramma parasitic wasps have evolved a sensitivity for benzyl cyanide (the active ingredient in the butterfly’s anti-aphrodisiac) so that when it is detected in a mated female, they hitchhike along with her to the oviposition site and deposit their larvae directly into her eggs. This means bon appétit for the parasite eggs, and nighty night to those of the cabbage butterfly. Since there are several species of parasitic wasp that can identify anti-aphrodisiacs in several species of butterfly, there should be strong selection on this trait in both parasites and hosts. In other words, since there is potential for colossal damage to the butterflies, there will be an enormous selective advantage for those with the genetic ability to withstand the wasp attacks. These ‘protected’ butterflies will go on to rear the most offspring and become abundant in the population such that most of the population becomes resistant to the wasps. There will then be some individual wasps with a more effective detection system to the ‘resistant’ butterflies, and these will be the most successful at rearing offspring – and so on.


The pheromonal cues utilized by males do not always have anti-aphrodisiac properties. Sometimes they are there to signal being attractive – or having something attractive. Male gift-giving spiders will provide females with a trinket (usually a prey item) wrapped up in silk. It’s not just regular silk either, it’s special silk anointed with sex pheromones reserved specifically for this purpose. The chemicals on the silk cause the female to accept the gift, and assume a courtship posture, hence initiating the copulation process. She grabs the gift, he grabs her. The neotropical spiders that make these pheromone-soaked gifts have the choice of making either ‘sex silk’ or web silk, as silk extracted from anesthetized males and artificially wrapped around gifts does not elicit an acceptance response from females.


Not all females are so unabashedly materialistic. In many animal species it is the dominance rank of a male that has everything to do with his reproductive success. Sometimes, chemical signals make a male seem more attractive to a female – especially if he’s unable to win her heart in the ‘old-fashioned way’. Female Australian field crickets (Teleogryllus oceanicus), for example, prefer dominant males to subordinates. So what’s an inferior male going to do? He’s going to alter his chemical scent to make himself seem more attractive. Unattractive males can increase the concentration of a number of cuticular compounds (cuticular hydrocarbons or CHCs) that are associated with increased mating success. It is a little like wearing extra-special cologne to make oneself appear more attractive – although it’s a physiologically derived cologne, not some kind of impostor designer-perfume.


Male orchid bees (tribe Euglossini, subfamily Apinae) provide another fascinating example of male-created perfumes. They create their own signature scents by gathering substances from a wide variety of sources, including flowers, fungi, wet leaf litter, old logs, resins, rotting fruits or even faeces. They store the scent pot-pourri in special pouches on their hind legs, and it is hypothesized that females (who mate only once with one male) judge the males based on the result. These complicated mixtures are not comprised simply of the most abundant components in the environment: males are careful to include a wide variety of things that are rare or difficult to find. For these reasons, the bouquet of a male is believed to be a reliable indicator of his genetic quality. This is unfortunate news for males who are unable to produce scents as deliciously sweet as their direct competition, and researchers have observed males attacking each other – even removing hind legs of direct competitors – in order to steal their scents away.


Competition between males for female partners is extremely common and often involves direct deception. As with the bee example, one male’s loss can be another’s direct gain. Red-sided garter snakes (Thamnophis sirtalis parietalis) hibernate in large groups (tens of thousands) over cold Canadian winters. Upon waking, the snakes rapidly move into reproduction mode, and their massive squiggly orgies are quite a tourist draw for many small towns in the province of Manitoba. When the snakes first emerge from their chilly slumber, they are stiff and cold, and therefore more susceptible to avian predators like crows. Males will emit female pheromones to draw in some snuggle-time from other (already warmed) males and so speed their warming process. This kind of homosexual foolery has direct benefits to the males that receive the warming; they quickly stop emitting the pheromones once their body temperatures are appropriate for courting the ladies. Researchers have been able to induce pheromone emission from males by experimentally lowering their body temperatures, meaning that the trickery is confined to the early stages of emergence from hibernation. However, it’s not all good news for the deceiving males. Courtship by several would-be suitors can negatively affect respiration rate, and in extreme cases males may be faced with forced copulation or death by suffocation.


I’ve done a lot of talking about the various chemical cues used by males to increase their reproductive success. What about those produced by females? In the majority of cases a female produces pheromonal cues as a means of communicating to prospective partners that she is sexually mature. For many invertebrates where prospective partners have to signal to each other from substantial distances, it’s often the pheromonal cues produced by the female that are most instrumental. In addition, the scent markings of virgin females are markedly different from those that have already mated. This is important information for prospective male partners, who most often prefer a virgin female to one that’s carrying the sperm of another suitor (or several). Perhaps the most drastic example of when a male should be picky about whether a female is a virgin is with sexual cannibalism. For males of many sexually cannibalistic species there is only one chance (or sometimes two) to be reproductively successful prior to getting munched. Therefore, it makes more biological sense to hold out for a female that has not yet mated. The primary way for a male to recognize such an important characteristic is through pheromonal cues. Indeed, for some orb-weaving spiders a male’s exposure to female pheromones is the main factor involved in his willingness to be cannibalized. When exposed to mated females, males attempt to escape much more often than those exposed to virgins. The latter show a tendency to self-sacrifice in the name of biological fitness. This sharply tuned ability to detect changes in the pheromonal profiles of the opposite sex is a far cry from the human practice of washing them all away.




What’s your sign?


When one thinks about the sexual displays used by animals (including humans) to impress each other, tangible things like physical appearance come to mind. For visually oriented species like ourselves what initially draws us to a potential partner is how they look on the outside. We might like to stress that other aspects such as personality, intelligence or sense of humour are also important, but the initial draw is usually physical attraction. This can be a tricky business for our species in particular, given that we utilize all sorts of unnatural beautification techniques to enhance our looks. For most other organisms physical appearance is an honest and reliable representation of overall health and genetic potential. However, it is becoming increasingly obvious that animals also rely on aspects of ‘personality’ when it comes to mate choice. A discerning female may not always be drawn to the brightest, shiniest, or most vocal male; she may choose a mate for his disposition rather than his physique.


A growing number of studies on the ecology of ‘animal personalities’ show that there are distinctive behavioural types within species, and these variations affect the amount of sexual action received – regardless of other aspects of physicality. In the past, such individual differences in behaviour have been dismissed as ‘noise’ around a general mean. As data accumulates, though, it has emerged that distinctive animal personalities form the basis of many aspects of behaviour, including reproduction. They are incorporated into populations because of distinct preferences (i.e. non-random mate choice) exhibited by both males and females within a species.


For example, male Siamese fighting fish (also referred to in pet stores as ‘Bettas’, after their species name: Betta splendens), adopt one of three distinctive behavioural types when they encounter a male and female together. They are lovers, fighters or dividers. Lovers direct all their attention to the female, fighters direct all theirs to the males, and dividers do a little of both. Females overwhelmingly choose to mate with lovers over fighters and dividers, probably due to the fact that over-aggressive males are liable to injure females during courtship. Why choose a mate who is going to take his overabundance of testosterone out on you? Similarly, female Japanese quail (Coturnix japonica) tend to choose less aggressive males – those that have lost fights with larger males prior to courtship. These ‘loser’ males may not have access to all of the resources that the ‘bullies’ do, but again, they are not as aggressive towards their female partners. In these birds, courtship tends to consist of males chasing a target female, continuously pecking her on the head and body, dragging her around by the feathers and repeatedly jumping on her back, so it comes as no surprise that females prefer the affections of a somewhat gentler suitor.


Mature male Coho salmon (Oncorhynchus kisutch) take personality differences to another level. They come in two distinct morphologies with two distinct personality types: jacks are small, and adopt a sneaky strategy when it comes to finding a mate. Hooknoses are large and aggressive, and tend to adopt a coercion sexual strategy towards females. Hooknoses have been observed to attack or even kill jacks if they come too close to a spawning female. They use their size and strength to mate with females – and often do so with great success. However, as we’ve seen with the examples above, it’s not always brawn and machismo that win a female over. Female Coho show a distinct preference to mate with jacks over hooknoses, spending a greater time digging nests and in oviposition posture when jacks are the sole males present. (Both of these actions contribute to greater fertilization success for the jacks.) It’s possible that females mate with hooknoses purely to avoid the high cost of coercion (biting, chasing, dragging), but they do what they can to increase the chances of fertilization to cooperative jacks.


Animal personalities are not simply a matter of aggressive versus non-aggressive types. There is substantial diversity in the kinds of behaviours that define a temperament, and attractiveness need not be associated with being tough or being weak. Female zebra finches (Taeniopygia guttata) appear to choose partners based on their level of exploratory behaviour, as do male great tits (Parus major). Both these bird species are bi-parental and socially monogamous, meaning there is careful selection by both males and females for potential partners. In this case it is not just about the personality of a potential mate but about the personality of the choosing party as well. Female finches and male great tits that are more exploratory themselves often choose mates from within their behavioural type – much as humans seek out like-minded individuals for adventurous activities like skydiving or river-rafting. A similar pattern has been observed in bridge spiders, where more aggressive males tend to mate with more aggressive females and vice versa. Bridge spiders are a non-sexually-cannibalistic species where males and females are of similar size.


So, do opposites ever attract? Indeed they do. When females and males both display distinctive behavioural types, like-minded individuals do not always make for perfect matches. In the tangle web spider (Anelosimus studiosus) aggressive males can easily beat out more docile males in male:male contests. However, such combative males are much more likely to be cannibalized by aggressive females, whereas docile males are likely to successfully reproduce with aggressive females, perhaps due to their ability to ‘quietly’ sneak in and copulate with minimum disturbance. On the other hand, aggressive males have a greater reproductive success than docile males when mating with docile females. This could be explained by the fact that aggressive males have no trouble out-competing their docile counterparts for females that are not threatening to them. In this way, such behavioural variation in populations is self-promoting.


Male orangutans (Pongo species) can be extremely coercive and violent towards sexually receptive females, so it makes a lot of sense for a female to do her homework and investigate the personality type of a particular male prior to mating. They do this by engaging in food-sharing with potential mates; or not so much ‘food-sharing’ as ‘food-taking’. Females will attempt to get some food that is already in possession of a male, by grabbing it from his hands, feet or mouth. We’re not talking about high-quality food items either; the kind of things she is apt to take are easy to find. In the human world the equivalent would be sneaking a few fries from a potential mate’s plate. The female is not concerned about the items in question. In fact, for the most part she’s not even hungry. She is taking the food merely to gauge the male’s reaction – investigating aspects of his personality that indicate whether he will be an appropriate mate and/or father. The beauty is in the simplicity of the action – it’s as if she’s saying, ‘I could easily get some of my own, but I’m going to help myself to yours instead. Deal with it.’ In this way she’s able to gain information that will help her select a mate. Males show a range of reactions to females engaging in this kind of behaviour, from simple tolerance to violent re-taking of the food, or even taking food from other nearby females. This kind of behavioural assessment goes a long way to helping a female select her ideal mate – although with orangutans (as well as with the Coho salmon and Japanese quail examples discussed above), coercive males often get a sizeable share of mating opportunities irrespective of female choice. The big tough guys are always going to be reproductively successful to a certain extent, but females of diverse species have evolved strategies to mitigate their dominance.




Plastic partners


As well as being required to make reliable assessments about sexual partners based on their physical and behavioural characteristics, animals (humans included) need to have the ability to revise these assessments based on any number of confounding environmental variables. Plasticity refers to both variability in ecological or biological factors, and variability in behavioural or physiological reactions that animals exhibit. For example, if anyone asks me about the most comfortable bed I’ve ever slept in, the answer is easy. After a long (long) day of hiking on a small island in Greece, I ended up in Corfu at around 1 a.m. – exhausted, dirty, and with nowhere to sleep. The hostels were closed for the night, and, being a twenty-year-old backpacker, I was on a very tight budget. Fortunately, my parents had provided me with a credit card to use in the event of a travel ‘emergency’, and when I weighed the options of either snoozing on a patch of grass in a park or finding a hotel, the latter won out. I can tell you without a shadow of a doubt that the bed in that hotel room was the most comfortable bed I’ve ever experienced. However, I’m fairly certain that if I were magically transported back to that bed today, I would realize that it was a middle-to-low-class mattress in a two-star hotel. This illustrates the extremely important concept of context dependence, and the same principles apply to plasticity in mate selection.


As if it weren’t taxing enough for many males in the animal kingdom to produce the vocalizations, dances, physical structures or other mating signals for females to assess, environmental conditions have a bearing on their chances of success. On a warm summer evening at the beach after a picnic and a glass of Chardonnay we may be feeling carefree and indulgent towards members of the opposite sex. Conversely, if it’s raining, our hair is messy and we’re late picking up the kids from football, the exact same advances of the opposite sex may be unwelcome and annoying. Current environmental cues can be just as important as direct sexual signals when it comes to meeting a potential partner. Sometimes it is purely astonishing that any animals manage to get it right.


Male fiddler crabs (Uca species) have one enlarged claw that is used for a waving courtship display. Females prefer males with large claws and fast waves – or so it was thought, most research on the subject having been conducted under controlled conditions that isolated these traits. What happens when sex-selected characteristics are not isolated, and environmental variation comes into play? Fiddler crab vision is specialized to mudflat environments that are flat, clear and lack topographic complexity. However, some males make little mud-mounds upon which they stand to wave and advertise the entrance of their abode to females. This small change in elevation (less than 2 centimetres) has drastic negative effects on a male’s mating success. Females show a marked aversion to males that signal from atop their tiny castles, despite both large claw size and fast waving frequencies. It can be assumed that a female’s vision directs her pickiness towards males who are signalling on ‘her level’. This kind of variation in female preference helps to maintain genetic diversity in male sexual signals because it means that the most physically capable males are not necessarily getting the girl. If waving from atop of a mud mound is so unattractive to females, we might ask the logical question – why do some males do it? It’s possible that higher burrows are deeper and of superior quality such that if a male can lure a female into one she’s more likely to stay. Higher males may also appear larger and be less susceptible to predators and may therefore represent a trade-off between survival and sex.


What happens when the environment is altered in such a way that sexual signals take on a whole new meaning? Phosphate pollution in near shore areas of the Baltic Sea has caused eutrophication – massive overgrowth of filamentous algae – in areas that were once clear with high visibility. These waters are prime breeding grounds for stickleback fish (Gasterosteus aculeatus); in a normal habitat the males build nests – the healthiest obtaining the most desirable territories – and wait for females to come and inspect them before deciding where to deposit their eggs. In a polluted environment, however, all bets are off. Eutrophication makes it difficult for females to find any nest, regardless of the male’s territory or social status. In this thick algal overgrowth, weak and parasitized males can build their nests right alongside those of strong males and not be detected or chased away. Moreover, females tend to mate with the first male that they find. This is another (unfortunate) example where the strongest, fittest males will not necessarily have the greatest reproductive success. Whereas in the case of fiddler crabs such interference maintains genetic diversity, for sticklebacks eutrophication has the potential to direct ‘natural’ selection in entirely the wrong way.


Environmental variation can also wreak havoc on animals that use auditory signals to find mates. Ever tried to carry on a conversation with a potential mate in a noisy nightclub? Have you had much success in legitimate communication with deafening music and background chatter? I didn’t think so. Imagine the struggles faced by animals that depend on communication via mating vocalizations against noisy backdrops. Even the most basic environmental perturbations can have profound effects on the ability of boys to get messages to girls. Indeed, this kind of phenomenon is aptly termed the ‘Cocktail Party Problem’ and has been an area of research in human sociology for many decades.


Several animal species have developed reliable mechanisms to highlight the sexual signal from environmental noise; however, not all sound pollution is created equally. Natural landscapes can be a veritable symphony, although animals have evolved in the context of the natural noises of the ecosystems around them. Anthropogenic (man-made) noise in urban landscapes is a much more recent phenomenon, and it is a major barrier to effective communication. Several species of urban birds change song frequency, volume, timing or duration of their mating songs so that they can reach females against a backdrop of traffic, industry and other kinds of urban buzz. Unfortunately, such adjustments are not always successful. In noisy urban habitats it is not uncommon for more males to remain unpaired during the breeding season – a simple matter of not being able to find an appropriate partner over the commotion of a city habitat. Indeed, there are few species that realize an overall increase in reproductive success in metropolitan areas. Those that are successful experience a completely different set of selective pressures than those in natural habitats, which can ultimately lead to the evolution of new species.


For example, urban-dwelling male great tits produce higher-pitched, faster-paced songs than those in rural areas, making the songs unrecognizable between populations. Similarly, grasshopper males in roadside (noisy) habitats produce different courtship songs to their counterparts in rural areas. They do this so as to be heard over the constant noise of the traffic, and the signals here are composed of a significantly higher frequency maximum than in quieter areas. Interestingly, the physiological mechanisms by which the grasshoppers have changed their tunes suggest that these new songs go a step beyond mere behavioural plasticity. We’re not just talking about changes in tune, rather changes in the biological mechanisms by which sounds are produced. Grasshoppers from environments with different noise levels are on their way to becoming separate species.


It’s far from easy to grab the attention of a potential female mate in a noisy nightclub, but things could be worse. Imagine trying to put your best courtship foot forward while riding a roller coaster. Environmental background noise can take many forms other than sound. Lizards that inhabit (and court females from) their positions on long grasses can find themselves exposed to strong winds that move the vegetation in unpredictable ways, making courtship an exercise in being sexy in conditions that are dangerous and downright nauseating. What’s a head-bobbing, dewlap-inflating lizard bachelor supposed to do to woo a female against a backdrop of dramatic swooping grass? Jacky lizards in Australia (Amphibolurus muricatus) directly respond to changes in wind patterns by increasing the period over which signalling takes place. Anole lizards (Anolis species) increase the speed with which head bobbing occurs in order to enhance signal transmission on windblown vegetation.


If there’s one thing we’ve learned from the preceding discussion, it’s that the environment can do a lot of things to decrease your chances of sexual success. Even if you are a strong biological contender with an honest mating signal, the environment can be your Achilles’ heel when it comes to scoring a mate. However, the environment can also do the exact opposite, if used wisely. In some cases you can increase the impact of your mating signals by grabbing a little help from Mother Nature.


For many bird species, having genetically programmed gorgeousness is not enough; males use the environment to put their best feather forward. Great bustard (Otis tarda) males augment illumination of their white plumage by pointing it at the sun, which maximizes the contrast of their achromatic (white) feathers against the dark background of their habitat. Iridescent plumage is a common component of sexual signals in many bird species, and such coloration is strongly influenced by ambient light. Basically, iridescent colours change in appearance based on orientation and exposure to the sun, so a male can make himself look much more attractive by posing in direct sunlight. Blue-black grassquit birds (Volatinia jacarina) in Brazil have been shown to instantaneously optimize their sexual signals by increasing display behaviour and vocalizing whilst bathing in direct sunlight. A similar use of the sun’s rays has been demonstrated in male peafowl (peacocks) that display their plumage at a 45-degree angle to the sun during pre-copulatory mating rituals. The iridescent eyespots on the peacock’s feathers are particularly showy when exposed to sunlight in this way, especially to females positioned directly in front of them.


Orienting to sunlight is not exclusive to avian species. Male jumping spiders (family Salticidae) display condition-dependent red faces and green legs to grab the attention of choosy females (who prefer the bright colours). If the male’s red coloration is experimentally blocked, their reproductive success diminishes significantly. In addition, they use the power of the sunlight to enhance the appearance of their coloration and further increase reproductive success. Without this ‘secret weapon’ males are at a distinct reproductive disadvantage. Male guppies (Poecilia species) have been shown to increase their courtship activities in both the early morning and late afternoon, which coincides with light levels that would make them appear most attractive to females while minimizing detectability by predators.


Heat is another important aspect of the sun’s power that can be harnessed to a male’s advantage. In some lizard species, females decide where to live and breed based on information contained in scent markings of suitable bachelors. Access to thermal resources (i.e. a warm spot) is critical to reproductive success in these and other ectothermic (unable to regulate their own body heat) organisms, so a female needs to choose a male with a territory that allows for basking. Females have the ability to detect thermal-induced variation in the chemical composition of male scent markings, which enables them to make choices to maximize their reproductive success. In this way, males are indirectly signalling to females about the quality of their territories.


Predation is another common aspect of life for most members of the animal kingdom. I’m sure we can all agree that it’s difficult to concentrate on wooing a partner when one’s life is at stake; unfortunately, the showy sexual signals of many males have the side effect of making them even more noticeable and attractive to predators. This is a classic evolutionary trade-off between the demands of natural selection versus those of sexual selection. Consider the conundrum of both male and female swordtail fish (Xiphophorus species). The male’s tail (sword) is a sexually selected characteristic. Females prefer males with long tails; however, in the presence of a predator, females associate with short-tailed males instead. This predator-induced plasticity in female choice results from the fact that males with large tails are more conspicuous, making them more susceptible to predation. Not surprisingly, females associating with said males are also at risk of being eaten, so when predators are around it makes more sense for them to choose a mate who’s a less obvious target. Interestingly, this altered preference of females is short-lived. They generally shift their attention back to long-tailed males a few hours after the threat of predation has diminished.


The response of highly decorated males to predation threat can be plastic to a greater degree than the responses of their ‘less showy’ counterparts. Wolf spider males (family Lycosidae) can be either ornamented with large black brushes on their forelegs that are made even more enticing by a vibratory display, or without ornamentation. When faced with a predation threat, both showy and non-showy males cease their locomotory and courtship activities; however, brush-legged (ornamented) males take far longer to initiate courtship subsequent to a predation threat compared to their plainer counterparts. Perhaps not surprisingly, adorned males show a greater response to a predation threat because they have more to lose. If you’ve got expensive assets to protect, it makes sense to have a larger repertoire of responses to protect them. Except that sometimes the opposite seems to be true, as is the case with lesser wax moths.


As with any males in the animal kingdom, wax moths (family Pyralidae) vary in their level of desirability to females. The most alluring individuals have better body condition and attractive songs, which are both honest indicators of their biological fitness. Unfortunately for all male moths (desirable or not), their courtship songs are detectable by predatory bats. This means that an increased risk of predation comes hand in hand with attempts at courtship. According to a hypothesis called the ‘asset protection principle’, high-quality males should signal less often when conditions are risky because they have more to lose in terms of future mating opportunities, and this is what the brush-legged spiders exhibit. The same isn’t true of moths: high-quality males begin signalling to females more quickly after a predation threat than their undesirable counterparts. Why? It’s possible that in this case attractive males are exhibiting a ‘live fast die young’ strategy whereby they exhaust their resources and/or reproductive potential far sooner than less attractive ones. The beauty of biology is that there are exceptions to every rule.


Males of several fish species experience even more of a cramp to their dating style where predation threats are concerned. Adult male Trinidadian guppies (Poecilia reticulata) are brightly coloured, and their patterns of pigmentation are another classic example of a sexually selected trait. As we’ve seen, such conspicuous phenotypes represent a trade-off between the forces of natural and sexual selection – males that are brightly coloured and distinctive are clearly more susceptible to predation. If males are subjected to a predation threat during early development, their colour pattern emergence is both delayed and attenuated. Exposure to a predator during early development completely cramps a male’s later mating opportunities, and masks what could have been an extravagant mating display. Male sticklebacks exhibit a similar attenuation of sexual signals in the presence of a predator. Their bright-red nuptial coloration is significantly reduced when the threat is high. What’s the use of being gorgeous if you’re not going to live long enough to reproduce?




SuperTramps


Biologists (myself included) harp on and on about the generalization that females are choosy and males are promiscuous. While this is a convenient rule of thumb, there are many scenarios where it simply doesn’t hold. Consider polyandry – where a female mates with multiple males. It’s not generally considered politically correct or ladylike in the human world, despite the fact there are many good reasons for females to welcome the affections of several gentlemen in close succession. Bear in mind that there are a few key elements to any sexual interaction. First, there are the behavioural elements, which entail selection and the act of copulation itself. Second, there are the genetic elements, which can involve any number of factors that allow for the successful fertilization of some sperms over others. Now, in species with nuptial gifts (see ‘Trinkets and Tokens’) it might make sense for a female to solicit a few extra copulations to reap the benefits of material goods that come along with them (behavioural). However, there are many species from a wide range of taxonomic groups where females actively solicit extra copulations from males without a nuptial gift in sight.


Biologists have long been perplexed by the existence of polyandry, because of the potential costs to females in terms of increased mating effort, exposure to sexually transmitted infections (STIs), and decreased time and energy for other biologically relevant tasks. So why do they do it? To begin, let’s think about the act of sex itself. A major division between the hypotheses regarding the existence of female polyandry is to be observed in which sex is controlling the act of copulation. There are scenarios for when either females or males are the ones in control of the occurrence and duration of sex. Let’s start with a discussion of the occurrence of polyandry when females are the ones in control.


Mouth-brooding female cichlids (family Cichlidae) are in control of both pre- and post-mating sexual selection. In this highly specialized mating system, females gather up their extruded eggs and brood them in their mouths while soliciting sperm donations from select males. It’s like having several males ejaculate into your mouth in quick succession so that the most competitive sperm fertilizes the eggs. It’s worth noting that this kind of mouth-brooding strategy is markedly different from most other fish that spawn into nests on the ocean floor. In the latter case, the female is not in control of which sperms are contributed for fertilization. Indeed, in many of these systems there are both dominant and sneaker males that have their own strategies for being reproductively successful irrespective of a female’s desires. Subsequent to spawning, female mouth-brooding cichlids continue to solicit sperm donations, including from males that were not present when the eggs were first spawned. This sets the scene for intense sperm competition inside her mouth. She’s effectively ‘sperm shopping’ in order to induce the highest level of competition; clutches can have up to four sires (eggs within a given clutch may be fertilized by different sperms). In addition to sperm shopping and mixing, females prefer specific phenotypic characteristics of males, such as those with elongated pelvic fins and large body length, so in this example it can be seen that females are in direct control of both pre- and post-copulatory sexual selection.


In many anuran (frog and toad) species, females have a sperm-storage organ (a spermatheca) that enables them to keep sperm for long periods of time. This too can allow for the possibility of female choice when it comes to post-copulatory selection of a particular seed. For example, female fire salamanders (Salamandra salamandra) can store sperm for several months, and they collect sperm deposits from many potential suitors during this period. In this scenario, there is a distinct decoupling between the processes of copulation, fertilization and larval deposition. In general, copulation occurs one year before a female gives birth to between thirty and fifty fully developed larvae, which she will deposit in streams and ponds during the spring. Females that collect donations from several males have been shown to have a much higher reproductive success than those that do not, indicating that multiple mating ensures a higher fertilization success. Similar trends have been shown for females of many species that are capable of storing sperm, including the Australian brown antechinus (Antechinus stuartii). In this small marsupial, females that seek the sperms of several male suitors have a three-fold increase in offspring survival over those that do not. It’s clear that polyandry has the potential to increase the biological fitness of females through increased chances of successful fertilization, genetic compatibility and sperm competition.


These examples paint a pretty omnipotent picture of females. They are in control, maximizing their biological fitness by making use of the most eligible bachelors that the conditions afford. Female fallow deer (Dama dama) deliver only a single offspring per year and therefore have limited chances to get it right. They often seek the most dominant eligible bachelors for sperm deposits; however, if too many females have ‘come a-calling’ he’s liable to be sperm-depleted or may provide ejaculates with a more limited supply. With only one offspring per year it’s vital for females to ensure successful fertilization, so they often engage in polyandry as a form of insurance; i.e. just in case the sperm from the first mated (and possibly more desirable) male doesn’t make it into the reproductive tract, best to have a backup rather than lose an entire year of reproductive success.


Far from being choosy about potential suitors, green-veined white butterfly (Pieris napi) females exhibit a complete lack of selectivity, even when it comes to mating with their relatives. This failure to discern siblings from non-siblings prior to doing the deed means that incest is a regular occurrence. Both males and females show the same lack of inbreeding avoidance, which could result in substantial reproductive costs. Experimentally reared inbred larvae experience a 25 per cent lower hatching success and a 30 per cent lower survival rate to adulthood, which proves that mating with your siblings is a bad idea. Interestingly, females significantly decrease their re-mating interval when they’ve ‘accidentally’ copulated with their brothers, indicating that there are postcopulatory mechanisms in place to avoid the high costs of incest (although biologists have yet to determine the intricacies of what they are). So in this instance polyandry serves as a safeguard against having mated with a biologically inappropriate partner.


Polyandry has evolved in many species as a means by which females can obfuscate paternity of their offspring. In many organisms, and most specifically in mammals with a high degree of parental care, it’s not unknown for aggressive males to commit infanticide on offspring that they have not sired. They do this for a number of reasons, the most common being to avoid providing parental care (energy/time) to an infant that is not biologically related, and to bring a maternal female back into oestrus so that he can impregnate her with his own seed. When the potential for such a horrific outcome exists, females actively solicit copulations from several males. Such behaviour has been observed in diverse organisms, including squirrels, primates and wolves, and is especially common in group-living species where males from neighbouring areas can immigrate into a female’s social group and ‘take over’ as the alpha – killing all current offspring. Females attempt to mitigate these kinds of losses by keeping the males guessing as to who is the biological father of their progeny.


Although not as drastic as infanticide, males of many species harass or coerce females into mating. This is the unfortunate ‘rule’ in the animal kingdom, as opposed to the exception (see ‘Sexual Coercion’). Many females have to put up with unwanted attention from their male counterparts, and many have evolved ways to deal with this. One such strategy is termed ‘convenience polyandry’, where females engage in (unwanted) copulations with would-be suitors for the simple reason that they do not want to spend the time or energy trying to avoid them. Convenience polyandry is prevalent where females cannot obtain direct benefits from multiple matings – genetic, material or otherwise.
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