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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.
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