
  Chapter 1


  Introduction


  March 1996. The snow began to fall well after dark, and finished just after midnight. It was a light spring snow, moist with the morning’s warm temperatures—perfect for tracking. I woke, stretched, and grabbed a blueberry muffin on my way out the door. I strolled into the woods to assess tracking conditions. Just beyond the yard, I crossed her fresh trail. I knew this red fox very well. She often holed up in the network of cavities to the west, created when stumps were bulldozed to make my driveway. She seemed quite content there, sharing her quarters with numerous cottontails, which also sought cover amid the root tangles and dirt mounds.


  I knew her usual rounds and the limits of her territory, and I knew what she hunted and where. I followed her trails no less than five days a week, constantly sharing in her life since I had moved there the previous October. On this glorious morning, her every track in her eastward trail was perfect. She moved in a direct registering trot, and I envisioned her gliding through the undergrowth, likely heading to the tiny wetland just east of my apartment, where she hunted voles and other small mammals. I decided to follow her for a while, as I was in no hurry to leave for work and her tracks were so fresh. It was as if I’d just missed seeing her outside my window.


  Shortly after I joined her, she slowed to a walk. Any time she switched to another gait, I asked myself why. It was only a few steps really; she moved close to one of her regular stumps and scented. I could smell her pungent, skunky urine before I leaned down. Kneeling, I inhaled deeply; that’s when I felt it.


  Most people have felt someone looking at them across a room, only to turn and catch them in the act. That’s what I felt—the gut feeling of being watched. I searched the surrounding woodlands for prying eyes. I thought the couple who rented us our place might be in the yard, or worse, their dog—which loved to accompany me into the woods. No one, nothing. I stood and looked around again. Still nothing. I decided to continue on.


  She trotted on and in short order circled the nearby wetland, just as I had predicted. She hunted some, but there was no evidence of successful kills and she quickly looped back toward my apartment. I followed her into a tight, young hemlock stand, where I was forced to a crawl. Eventually I arrived at a spot where she had sat down. I knelt beside the spot, envisioning her as best I could, and tried to guess where she was looking. Strange, I thought to myself, as she seemed to be looking in the direction from which she’d just come, and where I’d just been.


  Following her farther, she trotted right up to my recent boot prints, now just twenty minutes old. She followed my trail for several yards, finally selecting one of my knee prints in which to squat and urinate. Several more steps and she squatted again, leaving a brown, disgusting ooze in another boot track. Then she galloped off into the deep woods. It wasn’t glamorous, I thought to myself, but I couldn’t deny that I’d developed a real relationship with a wild neighbor.


  
    To interpret tracks and signs trackers must project themselves into the position of the animal in order to create a hypothetical explanation of what the animal was doing. Tracking is not strictly empirical, since it also involves the tracker’s imagination.


    —LOUIS LIEBENBERG, THE ART OF TRACKING: THE ORIGIN OF SCIENCE

  


  Wildlife tracking is about finding animals—it is the sum skills of identifying and interpreting the physical signs that animals leave in their wake. Tracking reveals the presence of wildlife. It allows us to follow animals across varied terrain and to consciously interact with wildlife in natural habitats. Through tracking, we engage in real relationships with real animals in a real world.


  Tracking is also field ecology. I know of no better way to see and experience the relationships between wildlife species, flora and fauna, and the biotic and abiotic components of ecosystems than by studying tracks and other signs. Tracking grounds us in the natural history of a place while simultaneously highlighting the individual personalities and tendencies of different animals. In many ways the practice of tracking wildlife encourages asking questions, creative thinking, and developing curiosity in everything. I find that tracking is a natural bridge to science, and that tracking in the field continues to drive my own research questions as a working wildlife biologist.
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  Figure 1.1: A moose walked in the direction of the camera in the forefront of the spectacular Teton Range, Grand Teton National Park. (WY)


  The competent tracker is both scientist and storyteller. We must critically observe our surroundings, collect good data (e.g., notice the shape of toes as evidence of a fisher, the claw marks on a tree as evidence that a bear foraged above), and avoid rash conclusions. We must also use our imagination to interpret the signs we’ve discovered. Storytelling is the interpretation of the scientific evidence with our logical minds and imaginations—it is the reporting phase of science. Storytelling is also a means by which trackers share their findings in the field with the larger community, whether that be family, friends, researchers, or conservation managers. Articulating evidence is an essential skill of the tracker. Describing the details of tracks and signs provides clear reasoning for a particular interpretation, and simultaneously requires that you have a viable working knowledge of important details to look for in the first place.
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  Figure 1.2: An absolutely stunning left front coyote track, photographed on the floor of Death Valley National Park. (CA)


  Personal and Professional Applications for Tracking Skills


  Wildlife tracking skills are real and can be learned by anyone with patience and persistence. Consider this example: Stander (1997) and colleagues observed a zebra dying of anthrax (blood sampling confirmed the cause) and, over the next several days, a lion pride, hyenas, and vultures feeding and disassembling the carcass. Three days after the zebra had died, they brought a team of four Ju/’Hoan trackers (Bushman people in Namibia) to the area and asked them to reconstruct what had happened. The trackers investigated the area for two hours before coming to an agreement as to what had occurred. They correctly pointed out the spoor of the zebra, and said that the animal was sick and had died from that sickness. They correctly identified all the scavengers and the order in which they fed. They also correctly estimated the relative age of events, including the death of the zebra. You too can achieve this level of tracking, given enough persistence and practice.
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  Figure 1.3: A pika’s lush haypile of collected herbaceous plants, tucked under red rock in the Gros Ventre Range. (WY)


  
    Maine’s Lynx Project: An Example of Tracking in Research


    I volunteered for a short period with Maine’s Department of Inland Fisheries and Wildlife in the North Woods, where they had established a long-term research effort on Canada lynx. Backtracking collared animals in snow was just one component of the project, but one that allowed for tremendous learning. Below is the data on the route I recorded using a GPS unit while following L25, a two-year-old female, for one day during the mating season. The waypoints in the picture correspond with the numbers below.


    1. Coordinates from flyover the previous day


    2. Two day beds, 5 feet apart; second in denser cover—disturbed by flyover?


    3. Scent marking—squat


    4. Scent marking–raised leg


    5. Scat—uncovered and no scrape


    6. Hunting lay


    7. Scent marking—backward squirt


    8. Scent marking—backward squirt


    9. Scat—uncovered and no scrape


    10. Road crossing


    11. Hunting lay


    12. Hardwood under and over story


    13. Hunting lay


    14. Scat—uncovered and no scrape


    15. Scent marking—backward squirt/Unsuccessful snowshoe hare chase


    16. Scent marking—backward squirt


    17. Road crossing


    18. Unsuccessful snowshoe hare chase


    19. Traveling with male—he separates from her at this point


    20. Mating


    21. Male walking separate


    22. Mating


    23. Short-term bed


    24. Moving in a tight spruce grove


    25. Romp—mating?
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    26. Romp—mating?


    27. Scent marking—backward squirt


    28. Hunting lay


    29. Romp and final coordinate


    30. Same couple crossing wood road

  


  Tracking skills are tools wielded for some purpose, rather than as an end in and of themselves. Hunting for meat, hunting for photographs, search and rescue, education, wildlife monitoring, wildlife research, and wildlife conservation are but some of its varied applications. The potential applications to tracking are only limited by our creativity. Science and conservation that relies upon wildlife tracking skills to inform their findings and management decisions, are only as good as the observers employed to do the work (Evans et al. 2009; De Angelo et al. 2010; Liebenberg et al. 2010). Unfortunately, numerous studies have and continue to employ observers without the prerequisite tracking skills to record accurate data (Anderson 2001; Karanth et al. 2003; Evans et al. 2009). Conservation efforts built upon poor data are often counterproductive and misleading (Anderson 2001; Galloway et al. 2006; Nerbonne and Nelson 2008; De Angelo et al. 2010, Elbroch et al. 2011, Morin et al. 2016).


  Getting Started


  Interpreting wildlife tracks and signs is challenging detective work; it is an engaging exercise in clear thinking and deductive reasoning. We make the following recommendations to help you develop your skills quickly. To begin, we strongly recommend several additional resources to complement what is included in this guide. First is a guide to North American mammals that depicts their geographic distributions. This is essential to identifying species using what at first seems signs that are impossible to disentangle. For example, prairie dog species create tracks and trails so similar to each other they would challenge the most observant naturalist. Thankfully, these species live in isolation from each other, and knowing which species lives in the area you are tracking makes things much easier. The same can be said for differentiating among chipmunks, marmots, pikas, ground squirrels, voles, and many more. Geography limits the list of potential animals substantially.
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  Figure 1.5: Extensive digging by raccoons foraging on beetle grubs—generally young European chafer or Japanese beetles—that are feeding on the roots of grasses in a manicured lawn. Compare this image with Figure 6.59 of striped skunk sign foraging for the same larvae. Tracking can help solve all sorts of wildlife mysteries, including those close to home. (WA) PHOTOGRAPH COURTESY OF THE WASHINGTON DEPARTMENT OF FISH AND WILDLIFE.


  The second resource we suggest you acquire is one to mammal behavior, and in fact we’d recommend you collect as many resources on behavior as you can. The more you know about wildlife, the easier it is to identify and interpret their signs. Peterson’s Reference Guide to the Behavior of North American Mammals (Elbroch and Rinehart 2011) is one such resource, but it is not exhaustive. I’d also recommend the Mammalian Species Accounts published by the American Society of Mammalogists, which are freely available online.


  We would also emphasize that the most reliable tools at our disposal to solve the natural mysteries encountered in the field are typically animal tracks and scats. Whenever we find something new, something we’ve never seen before, we fall back on associated tracks and scats to begin to build our interpretation of the evidence. A detailed knowledge of tracks and scats will aid you in interpreting most natural mysteries you encounter.
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  Figure 1.6: A red fox scat composed of apple placed strategically on a rock in the trail (NH). Apple: 5/16–3/4 in. (0.8–1.9 cm) diameter, 3–6 in. (7.6–15.2 cm) long.
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  Figure 1.7: A brown bear scat is best interpreted within a larger ecosystem—it is a brown bear scat because of the vast valley in which you find it, and the pea vine roots within it. (AK)
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  Figure 1.8: Tupelo seeds opened by deermice. Part of this interpretation came from finding them tucked within a rock pile, where the mice retreated to feel safe while eating. (MA)


  The material in this book also includes numerous citations of work completed by others. They may at first seem obstacles to easy reading, but they serve two powerful purposes: (1) They are evidence that tracking has forever been integral to wildlife research and monitoring; and (2) they are additional resources for you, the reader, to follow up and seek out should a specific topic grab your interest.


  Lastly, we would emphasize context. The details of the characteristics of specific tracks and other signs are filled with clues that help identify the mammal responsible, but so is the context in which you find these tracks and signs. In fact, there may be more useful information surrounding the sign in question than in the sign itself. Do not become stuck staring at the ground. Keep looking around, as there is so much information around you that can aid in the interpretation of tracks and signs as well.


  Humility


  
    Even the professional naturalist, if he is honest, however, will freely say that sometimes he is stumped by what he finds.


    —OLAUS MURIE, A FIELD GUIDE TO ANIMAL TRACKS

  


  Tracking is the interpretation of indirect signs, meaning that we are attempting to re-create what an animal did in the field without ever having seen it. Scientists who employ trackers must be aware of these inherent limitations, and those trackers who work for others must communicate their limitations coherently.


  
    Etiquette


    We must be respectful while out tracking and exploring because, unfortunately, our natural resources are a limited commodity. Below, I propose some ideas for trackers to contemplate while in the field.


    • Respect wildlife and do not stress or harass them unnecessarily.


    • Respect active dens, rendezvous sites, display areas, and important foraging sites.


    • Promote conservation and the protection of important wildlife habitat.


    • Respect the interests, rights, and skills of fellow naturalists, hunters, recreationists, and all people participating in other legitimate outdoor activities.


    • Support beginning trackers, and share your knowledge and experience.


    • Consider stepping next to, rather than on, the track or trail so that others may enjoy what you have found as well.


    • Be honest, recording in detail what you find in the field. Acknowledge when you cannot interpret what you’ve found.


    • Speak well of others who work in the field. We are a newly emerging science.
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    Figure 1.10: A red fox den in late spring snow, with trails radiating out like spokes of a wheel betraying its presence. Also note the well-used bed adjacent the entrance. (MA)

  


  It is detective work, and sometimes we are wrong. That’s right—wrong—and it’s no big deal unless we cling to our first interpretation rather than be willing to adapt as new information presents itself. We can only make the best guess with the evidence at hand, and if new evidence points in a new direction, we should throw out our old ideas and make new, better-informed ones.


  The paramount skill of the tracker, and indeed of any field scientist, is humility. Know your limits. You will always find sign that you will be unable to interpret—become comfortable with saying, “I don’t know.” Regardless of your increasing experience, you will continue to make mistakes. Take comfort in the fact that the best trackers in the world make mistakes with regularity. The best trackers in the world are also the first to admit that they made a mistake, and to correct themselves.
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  Figure 1.9: The beautiful trail of a loping fisher in just a dusting of snow on frozen water. Can you visualize its massive tail swishing behind, leaving the subtle snaking line? (NH)


  What follows is an incredibly visual presentation of the tracks and signs of most North American mammals. Together with Bird Tracks and Sign (Elbroch and Marks 2001), Tracks and Signs of Insects and Other Invertebrates (Eiseman and Charney 2010), and Tracks and Signs of Reptiles and Amphibians (Tkaczyk 2015), Stackpole Books has committed to provide the researcher, educator, hunter, and naturalist with the most comprehensive study of tracks and signs to date. For those readers interested in the skills of following animal tracks across varied terrain, we recommend Practical Tracking: A Guide to Following Footprints and Finding Animals (Liebenberg et al. 2010).


  Chapter 2


  Mammal Tracks and Track Patterns


  Winter 2018. We spotted the Andean condors on the ground along a ridgeline near the road. Dania Goic Mac-Leod had seen them, sharp-eyed as ever. She had taken us out to look for pumas, or mountain lions, on her ranch adjacent Torres del Paine National Park in southern Chile. We scaled the hillside to have a look at the carcass—it was a guanaco, a wild relative to llamas. The kill was fresh, from the previous night. I found the tracks of the puma easily enough in the exposed dirt above the carcass. I followed the tracks upward and found where she’d pounced atop the guanaco to make the kill.


  “Female,” I told Dania, who perked up at the pronouncement. I’d been studying mountain lions for many years and was more comfortable interpreting their sign than many other animals. Dania wanted to know how I could tell, so I showed her the useful features in the shapes of toes and pads (see below in this chapter for detailed discussion). Then I followed the puma tracks up and down and back and forth; she’d come and gone several times in the night—and then I found out why. On one of her return trips, she was accompanied by a tiny kitten, maybe two; I wasn’t sure at first, given all the comings and goings. Ten to twelve weeks old, I guessed. Dania shared that they didn’t know of any females with tiny kittens in the area at the time. I could tell she was skeptical, so I showed her some clear footprints in soft earth.
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  Figure 2.1: A perfect front, right fisher track shows the claws, toe pads, ample fur, the metacarpal region, and an additional heel pad at the posterior edge of the track. (MA)


  “It must be a female we don’t know,” she said excitedly. She wanted to see the animal for herself and she asked what direction I thought we should go. I suggested up. I expected them to be above us, resting on the exposed rocks where the snow had already melted. I doubted they’d drop down and cross into an area where there was full snow coverage when they had dry bedding so close. So up we went.


  We crossed her trail atop the ridge and then the tracks of another puma as well. We looped up and around to the highest ridge behind the first we climbed, which was bare after several days of glorious sun. This is where we found them, resting on a flat bed of rock. They looked a bit like boulders themselves when they weren’t moving. The female allowed us to approach to about 80 meters before standing and trotting off, disappearing over a ridge with her single tiny kitten loping and galloping to keep pace.


  To better visualize and understand tracks on the ground, we must study whole animals, starting with their feet. Feet make footprints, and footprints are the building blocks of track patterns. I have organized this chapter as follows: First we study the morphology of mammal feet, second the morphology of mammal tracks, third how mammals move, and fourth the science of interpreting mammalian track patterns on the ground.


  The Morphology of Mammalian Feet


  Bones


  The skeletal structure of the forefeet consists of the carpal bones, metacarpal bones, and phalanges while that of the hind feet consists of the tarsal bones, metatarsal bones, and phalanges. The original mammals were plantigrade, meaning they were supported by all the bones of their feet while moving. Since that time, mammals have diversified in structure and function. Bears and humans are examples of extant (living) plantigrade species. Digitigrade species, such as felids (members of the cat family, Felidae) and canids (members of the dog family, Canidae), support themselves on the distal points of the metacarpal bones and the phalanges of the forefeet, and the distal points of the metatarsals and phalanges of the hind feet. Even-toed unguligrade species, such as deer and bison, and odd-toed unguligrade mammals, such as horses, walk on the distal phalanges of the third and fourth toes, the equivalent of the tips of our fingers and toenails.
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  Figure 2.2: Mule deer feet.


  Millions of years ago the first mammals had five toes on each foot (Hildebrand and Goslow 2001). Over great lengths of time, through evolution and specialization, mammal feet and legs evolved and became more varied. Researchers believe that modern shrews have a similar foot structure to those of the first mammals.


  In animals with five well-developed toes (or digits), the toes are numbered from one to five beginning with the innermost toe, which corresponds with the human thumb (Figures 2.2–2.4). The third toe in most mammals is the longest and largest, followed in order of size by the fourth, second, fifth, and first. In some mammals the first toe is tiny and only makes a weak impression, or none at all. If all five toes are showing and the shortest toe is on the left side of the footprint, the track was made by a right foot. If only four of the five toes are showing and the shortest toe is on the left side of the track, then it was made by a left foot (look for this in Figure 2.4).
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  Figure 2.3: California ground squirrel feet.
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  Figure 2.4: River otter feet.


  Over time, some species developed structures and gaits that required different foot structures. Bang and Dahlstrom (1972) note that many species, such as deer, began to evolve longer bone structures to aid in running, while at the same time losing toe 1 altogether to become more streamlined. Plantigrade animals generally have relatively short limbs and typically walk because the construction of their feet is not well adapted for jumping or running long distances. In contrast, long-distance runners have long limbs, and the area of feet in contact with the ground is smaller. In order to obtain a firm grip on the ground, the foot must exert the greatest possible pressure to dig into the ground. Since pressure is equal to force per area, the contact area must be as small as possible to ensure the greatest possible pressure. For example, in deer the second and fifth toe are reduced to form dewclaws, and their weight is supported on the third and fourth toes; they have long legs and small feet relative to their size. This gives them the tools to burst into rapid motion.


  Feet


  If the front end of an animal is larger and heavier, the forefeet will be larger and broader than those of the hind feet. The forefeet support the head, chest cavity, and forequarters of the body, which are often heavier than the hindquarters. Some mammals, such as bears, rodents, and otters, have larger hind feet and more massive hindquarters than forequarters. Mammals with larger hind feet are also generally better at “standing” upright (picture a prairie dog surveying for danger), and more easily support their entire bodyweight on their hind feet (picture a raccoon standing and reaching for something above its head). Animals with larger forefeet, like canids and felids, rarely stand on their hind feet.


  The forefeet are generally rounder in shape than the narrower hind feet because the forelegs are almost perpendicular to the ground, while the hind legs are at an angle to the ground. A cylinder that is perpendicular to a plane has a circular cross section, while a cylinder that meets a plane at an angle has a larger, elliptical cross section (Figure 2.6).
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  Figure 2.5: Male bighorn sheep feet.
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  Figure 2.6: Male mountain lion feet.


  Evolutionary adaptations of feet reflect specific types of locomotion and/or tools or weapons. Predators have soft pads for stealth, and some have sharp claws to hold their prey. Other predators have short, blunt claws that aid in traction while running. Some animals have claws used as tools for digging; others have claws adapted for grooming. Feet adapted for soft, muddy ground require a large contact area for support. In soft, sandy terrain, hooves that are sharp and pointed can dig into the sand to obtain a firm grip, while on firm ground hooves need to be rounder. Aquatic mammals often have webbed toes (Figure 2.4) or a stiff fringe of hair (see Common Muskrat in Chapter 10) to increase the surface area of their feet and, therefore, the resistance with which they can push themselves through the water. Animals adapted to arboreal environments usually have sharp claws to dig into the bark of trees, or opposable joints or toes to grasp branches.


  The more massive ungulates, such as American bison, have broad, round hooves, while lighter deer have slender, narrow hooves. Very sharp, pointed hooves are an adaptation for speed, especially in soft, sandy substrate, and act like spikes to prevent slipping. Pronghorn, which prefer open terrain, have to rely on speed to escape being captured and therefore have sharp, pointed hooves. While habitat specialization results in foot structures with certain advantages, it also places the same animal at a disadvantage in alternative habitats. For example, the large, webbed feet of beavers are ideal tools for aquatic living, but cumbersome obstacles when negotiating dry land at speed.


  Pads


  Tough, horny layers of skin cover elastic masses of connective tissue that protect bones and other foot structures from rough ground. In most mammals these pads are naked (rabbits are an exception), and the spaces between these pads are filled with fur (though some species have completely naked feet, like striped skunks). The thick toe and metacarpal/metatarsal pads that compose the “palms” of each track are covered in sweat glands and deposit scent with each step (Figures 2.3, 2.4).


  The pads at the tips of the toes are called the digital pads. The pads that form the “palms” of footprints are called the metacarpal pads on the front feet and the metatarsal pads on the hind feet, and they correspond to the respective bones they protect. In many animals, such as bobcats and coyotes, the metacarpal/metatarsal pads are fused to form one large pad. In addition, some animals have one or two additional pads to the posterior. The larger pad on the front feet is the carpal pad and covers the carpal bone. When there is a second, it is another metacarpal pad linked with a reduced and sometimes redundant inner digit (Figure 2.3). Carpal pads are only found on the forefeet of mammals.


  Hooves


  Hooved animals are also called ungulates. Hooves are unique feet composed of three distinct parts: the hoof wall, the subunguinis, and the soft pad (Figure 2.7). The hoof wall is the hard outer layer we see when looking at a deer standing before us. The subunguinis is a flexible but hard layer that connects the hoof wall to the soft pad. The pad itself is like the pad on any animal—generally soft and pliable. The proportion of each of these parts on the foot varies by species and is useful in species identification. For example, moose and deer exhibit very little subunguinis (Figures 2.7, 2.8), whereas elk exhibit a large subunguinis that fills a good proportion of their footprint.
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  Figure 2.7: Moose foot.
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  Figure 2.8: Front and hind moose tracks in mud. Note the hoof wall and line delineating the soft pad portion of the foot. (AK)


  Track Morphology


  Most mammal tracks are composed of claws, digital pads, metacarpal/metatarsal pads (the palms), carpal pads and other heel structures, and the negative space in between these structures (Figure 2.9). We recommend you begin by looking for beautiful, complete footprints in damp, slightly muddy earth, wet sand, a thin layer of loose dust on a firm substrate, or a thin layer of fresh snow. An individual animal’s footprint varies according to its age, mass, sex, condition, and the substrate into which it steps, and these nuances can only be recognized once you have enough experience with a species to know what a “normal” track looks like.


  The specific details of track morphology for different species are provided in the species accounts in Chapter 10. Here we provide eight questions to consider when identifying tracks in the field, and some examples of why asking these questions might be useful:


  1. How asymmetrical is the track? Track symmetry is the comparison of the right and left sides of the track. In a perfectly symmetrical track, you could fold the track in half along the center line and the two halves would match and align completely; they are mirror images of each other. However, nearly every mammal track is asymmetrical to some degree, and it is the degree of asymmetry that is useful. For example, the front tracks of felids are often much more asymmetrical than their hind tracks (Figure 2.11). The opposite is true for river otters, where the front track often appears more symmetrical than the hind track (Figure 2.9).


  2. How many toes can you see in the track, and are they all on the same plane? Shrew tracks have five toes on both front and hind feet, and they all tend to register in footprints. Hares have five toes on their front feet (the innermost toe is tiny, easily overlooked, or does not register at all) and four toes on their hind feet (Figure 2.10). Canid and felid tracks tend to register four distinct toes, even though they have five toes on their front feet; digit 1 on each front foot sits on a higher plane on the inside of the leg.
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  Figure 2.9: Front and hind river otter tracks. Otter feet are found in Figure 2.4.
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  Figure 2.10: Perfect desert cottontail tracks showing their furry soles. Note toe 1 in the front left footprint, on the right side of the photograph. Paired hind tracks to the left are from an animal moving in the opposite direction. (CA)


  3. What is the shape of the digital pads? Teardrop-shaped toes are characteristic in the tracks of felids, especially females, as well as the digits in mink and smaller weasel tracks. In fisher tracks the bulbous toe pads are separate from the metacarpal/metatarsal pads, while in raccoon tracks the cigar-shaped toes tend to be connected to the metacarpal/metatarsal pads.
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  Figure 2.11: A comparison of the size of the metacarpal/metatarsal regions (also called the “palms”) in the footprints of canids versus felids. In the left top corner, is the front right footprint of a young mountain lion. In the exact center of the photograph is the footprint of a coyote, actually two as it’s a hind track directly atop a front. On the right edge of the photo are two mountain lion tracks: the right hind track of the adult female sits above the coyote track in the upper right corner and the right front track of the same female sits below the coyote in the lower right corner. (CO)


  4. Can you see nails? Look closely, as sometimes nails register as tiny pricks in the ground (e.g., gray foxes); in other instances they are massive and difficult to miss (e.g., American beavers). Are they sharp or blunt? Do they register in front of the toes, or do they curve in a different direction from the tip of the toe? In deep snow, bobcat tracks often show claws—which register in the wall of snow in front of the track on a plane higher than the digits. Domestic dog tracks tend to have large, blunt nails in comparison with the sharp, thin nails of coyotes. The outer nails of toes 2 and 5 in coyotes also often register so close to the inner toes that they are overlooked (Figure 1.2).
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  Figures 2.12, 2.13, 2.14: A comparison of the shapes of the negative space in three species of animals.


  5. What is the overall shape of the metacarpal/metatarsal pads (palms)? In some animals, including canids and felids, the metacarpal pads have fused together to form one palm pad. Felid tracks tend to exhibit two lobes on the anterior (leading) edge, called bilobate, and a posterior edge with three lobes (Figure 2.11). The palm pads of felid tracks also tend to fill the overall track, meaning in terms of area they make up a larger proportion of the track than the palms of canids. In both canids and felids, the palm pads are much larger on the front feet than on the hind.


  6. Can you make out a heel in the track? All mammals in the order Rodentia, from mice to beavers (except the porcupine), register two round pads behind their metacarpal pads in their front tracks. One is a carpal pad on the heel and the other a modified metacarpal pad. In the front tracks of weasels, ringtails, and bears, a carpal pad generally registers (Figure 2.1), and in some mammals the heels of the hind feet register quite reliably.


  7. Can you see hair in the track, and if so, where? Rabbits lack naked pads and have completely furred feet. Red foxes have very small toe pads surrounded by lots of hair, and striped skunks have no hair at all in between their toes.


  8. What is the shape in between the toes and palm pads, here called the negative space? Look for an X, H, or C shape in felid and canid tracks (Figures 2.12-2.14). The wide front tracks of gray foxes and many domestic dogs tend to show an H, while those of red foxes and coyotes show an X. The negative space in the narrower hind tracks of species like gray foxes and domestic dogs, however, may appear more like an X, so differentiating between fronts and hinds is important. Look for a C in the front tracks of cats.


  The Effects of Substrate


  Substrate is a catchall word for what an animal has stepped in, whether sand, mud, snow, or grass. The depth of substrate, which is reflected in the depth of the print, has an enormous influence on the appearance, size, and shape of the track, as well as on how the animal moves. In shallow substrates like moist, hard sand, animals move easily and therefore tend toward their normal gaits. In deep or slippery substrates, animals tend to slow down. The conditions of different substrates in which an animal may step are infinite and thus create great challenges for the tracker. For example, compare the bobcat tracks in Figures 2.15–2.17.
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  Figure 2.15: Right front and right hind (above) tracks of a bobcat in deep dust, which blur the sharp lines delineating the toes and other pads. (CA)
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  Figure 2.16: Clean lines in bobcat tracks made in mud, in which the bilobate anterior edge of the metacarpal region is clear, as well as the teardrop-shaped toes. (TX)
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  Figure 2.17: Splayed right front (below) and right hind tracks of a bobcat in soft mud. The hind feet of cats can splay to large dimensions, and at times appear larger than front tracks. Note, however, the larger proportion of the metacarpal region in the front track compared to the metatarsal region in the hind track. The animal has also unsheathed its claws, another sign of discomfort at moving across this substrate. (CA)


  The shape of a footprint varies considerably depending upon the substrate. For instance, cats walking in soft mud or wet snow splay their feet and leave tracks nearly twice as large as when on firm ground. The toes of padded feet are rounded on soft ground but will spread out on firm ground, even while pads on hard ground generally exhibit a smaller surface area in contact with the ground. On very hard ground only the tips or edges of hooves may show, or only the claws of padded feet. Movement and activities also change the shape of tracks. The feet may slip and give the impression of elongated toes. Twisting and dragging of the feet may partially obliterate track features. The forefeet and hind feet may also be superimposed, so that the toes of one foot may be confused with those of another. Running animals may also splay their feet.


  When loose, windblown sand or snow has accumulated in a footprint, it is sometimes possible to carefully blow away the loose sand or snow to reveal the features of the footprint underneath. Footprints in mud may in fact be preserved for quite a long time underneath a layer of loose sand or leaf litter, as well as survive rains that submerge them completely and then drain away again to expose them. When leaves are covering the track, or even when the animal has stepped on top of leaves, they can be carefully removed to reveal the track underneath.


  What Else Can Tracks Tell Us?


  Our first objective is generally to identify what species of animal made a footprint, but there also exists variations within a species that provide additional information. These variations make it possible for an expert tracker to determine the sex as well as an approximate estimation of the animal’s age, size, and mass. A tracker may also be able to identify a specific individual by its footprint. For example, Stander (1997) tested these abilities in four Ju/’Hoan San trackers in Namibia, and they correctly answered 557 of 569 questions. The Ju/’Hoan team correctly identified the species that made the track in 100 percent of tests. They correctly identified the relative age of cheetahs and leopards (e.g., cub, juvenile, young adult, adult) 100 percent of the time in 30 tests, but the relative age of African lions only 34 out of 39 times (87 percent); their mistakes were all in calling a subadult animal a full adult. They correctly identified the sex of lions in 39 of 39 tests, cheetahs in 12 of 13 tests, and leopards in 16 of 17 tests.


  In some cases it is also possible to identify an individual animal from its track. Sometimes injuries or deformities make individual identification relatively straightforward, and sometimes photographic and statistical analyses reveal more subtle, but reliable, differences between individuals (Alibhai et al. 2017). An animal may also have a unique way of walking or a particular habit that distinguishes it from other individuals. The Ju/’Hoan trackers mentioned above correctly identified the individual lion, leopard, or cheetah by its tracks in 30 of 32 tests (96.4 percent).


  Determining the Sex of an Animal


  Many mammal species show characteristic sexual dimorphism, meaning one sex is significantly larger and heavier than the other. In the case of most mammals, it is the male that is larger. Sexual dimorphism is especially prevalent and blatant in carnivore and ungulate species, including canids, felids, pinnepeds, bears, bighorn sheep, bison, and elk. In species where dimorphism is especially pronounced, such as mountain lions and fishers, the tracks and trails of adult males and females can quite easily be differentiated (e.g., fisher in Figure 2.18). In other species, such as river otters and skunks, sexual dimorphism is minor, and therefore track size alone is not as reliable in differentiating males from females.
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  Figure 2.18: The trails of a larger male fisher on the left and a smaller female fisher on the right illustrate sexual dimorphism that in some species makes distinguishing the signs of males and females relatively straightforward. (NH)


  What follows are some useful track characters to consider in determining the sex of select carnivore species. With considerable aid from numerous African trackers who have determined how to sex leopard and lion tracks, I developed this list to aid researchers in identifying the sex of mountain lions from their tracks. Use the following characters to build a case for a particular gender—meaning see how many characters indicate female and how many male. Sometimes a track yields conflicting evidence and the gender cannot be determined with certainty.


  • Tracks of adult males are larger than those of adult females, and the area of the metacarpal and metatarsal pads is also larger. Measure the width of the metatarsal pads (palm) in the hind track and use a cutoff of 50 mm (2 in.) to determine sex. This is a very reliable tool in determining the sex of mountain lions, especially when the other characters described here provide conflicting evidence. This method has also been used by other researchers (Shaw 1979; García et al. 2010). Only the odd female will approach this cutoff, but adult male palm pads typically start at 53 mm (2.1 in.) wide and can be much larger. García et al. (2010) also report that in the captive mountain lions they used to study tracks, the pad in males is proportionately more concave in the middle than tracks of females.


  • The toes of males in both front and hind tracks are blockier than females; the toes of females are more slender and more teardrop shaped.


  • The front tracks of males are almost always wider than long, or at least as wide as long; the front tracks of females are often narrower than long, or as wide as long.


  • There is a smaller area of negative space between the metacarpal pads and the toes in the front tracks of males than of females—it is as if the palm fills the track more in male tracks than in female tracks.


  • The negative space between the metatarsal pads and the toes in the hind tracks of males is much smaller than that found in hind tracks of females. Typically male palm pads nearly touch the toes; in females there is a significant gap between the toes and pad, shaped like a rectangle.


  • There is less space between the toes in the hind tracks in males than in females.


  • The hind track of males is generally narrower than long, but not to the degree of the hind track of females.


  • Strides, measured on one side of the body (e.g., left hind track to left hind track) are about 36 inches for females and 40 or more for males (Boone Smith, pers. comm.).


  • The width of walking trails is much wider in males than in females.
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  Figure 2.19 (left): Female mountain lion tracks, characterized by long, slender, teardrop-shaped toes, a narrower front track, and larger space between the toes and palm pads. (Chile)
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  Figure 2.20: The direct register walk of a female mountain lion in snow. (WY)
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  Figure 2.21: The wider straddle of a walking male mountain lion in similar snow. (WY)
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  Figure 2.22: Male mountain lion tracks, characterized by blockier, oval toes, a front track wider than long, and less negative space between the toes and palm pads. (Chile)
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  Figure 2.23: These are front and hind footprints of two ringtails along the Sacramento River in California in late winter, when courtship may have been occurring. The footprints show all the characteristics I associate with males versus females—dimorphism in size, as well as toe shapes, overall footprint shapes, negative space between toes and palms, and more. Ringtails do show dimorphism in size, males being larger and heavier, but it is little studied, and I cannot confirm whether indeed these were footprints representing males and females. But I share the image because it seems likely. The ruler is in centimeters. (CA)
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  Figure 2.24: The front and hind footprints of a bighorn sheep ram illustrating the incredible difference in size between the front and hind feet. This is a male characteristic, as the front ends of males need to support head ornaments and larger necks and chests. The front and hind footprints of ewes share more similar dimensions (see Figure 10.205 for comparison). (WY)


  We have applied these same characters to other species, including gray foxes, ringtails, bobcats, mink, and fishers, and preliminary results are very positive, yet not sufficient enough to say with certainty that they work all the time. We encourage you to start gathering the data needed to develop these skills further, using the track and trail measurements from known-sex animals so that we can begin to compile useful parameters for species in North America.


  In hoofed species the relative weight difference between an individual animal’s front and hind ends is proportional to the discrepancy in size between their front and hind tracks. In bighorn sheep, mule deer, and other ungulates in which males are adorned with large horns or antlers, their front ends are much larger than their hind ends to support this additional weight (Figure 2.24); their feet and footprints reflect this discrepancy, and their front tracks are much larger than their hinds. The females of bighorn sheep and mule deer also have larger front tracks than hind tracks, but only slightly larger; their front and hind tracks are much more similar in size. Females of both species carry their weight more evenly distributed between their front and hind ends than do their male counterparts. It is the larger difference between the length, and more often the width, of front and hind tracks of males that help trackers determine a hoofed animal’s sex. That difference in size between front and hind tracks of females is much smaller.


  The sexes may also be distinguished by other behaviors, such as scent marking or association with young animals (Figure 2.25). The track of an adult in close association with a juvenile is probably that of a female with her young. Nursery herds may be identified by the presence of several young, and the absence of young may indicate a bachelor herd. When a species is gregarious, a solitary individual will probably be an adult male. Scent marking can also be useful if males or females are prone to exhibiting specific behaviors, or the position of a urine mark relative to the hind legs (Figure 2.26; discussed further in Chapter 4). In mountain lions and many other mammals, for example, females pee well behind their hind tracks, whereas in males the urine may land between or forward of the hind feet.
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  Figure 2.25: The trail of a female mountain lion and her three kittens, one of which is filled with energy and loping while exploring the surrounding sagebrush. Accompanying young are a sure sign of female footprints in many mammals. (ID)


  [image: image]


  Figure 2.26: The footprints of a squatting female mountain lion, and the associated pee mark in the snow, which falls well behind the hind feet in female carnivores. (WY)


  Determining the Relative Age of a Mammal


  The relative age of an animal may be indicated by the size of the feet. Some animals have specific breeding and birthing seasons. If you know what time of the year an animal is born and the relative growth rates for the species, a reasonably accurate estimate of a young animal’s age can be made from the size of the track. The hooves of young deer will have sharper edges, while older individuals may have blunted hooves with chipped edges. Among mammals with padded feet, like mountain lions and wolves, juveniles tend to leave rounder tracks with more rounded digital pads as well.


  Gaits and Track Patterns


  Interpreting mammals’ gaits from their track patterns is one of the most gratifying aspects of good tracking. This skill, which comes readily with a little practice, allows the tracks that we encounter to unfold in our minds-eyes as vivid, real-life stories of the animals that made them. A gait describes the way in which an animal is moving; it is not a description of a specific track pattern. There will be numerous track patterns for each gait, depending upon the speed and behavior of the animal, as well as the anatomy and morphology of the species.
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  Figure 2.27: A black bear trail frozen into a beaver pond’s surface. After a near fall, this sow slowly moves off the slippery ice in an understep walk. (NH)


  We must also be aware of the complications carried by language—trackers around the globe use different words to describe the same thing. Some people prefer words that describe track patterns on the ground, while others prefer terminology that describes the way an animal is moving (the gait). This book presents the vocabulary most widely accepted by trackers across the globe, and which was used by Eadweard Muybridge (1957) in his pictorial presentation of Animals in Motion. This vocabulary provides visual information about how an animal is moving—which is crucial in envisioning and becoming that animal in advanced levels of tracking (Liebenberg 1990). But please understand, we do not think one terminology is better than another. What’s important when communicating with others about gaits and trails is that you are all envisioning the same movements in your imaginations.


  Here we separate gaits into three categories:


  • Walks and trots, in which the front feet fall at consistent, rhythmic distances from each other (created by keeping the spine straight and allowing the momentum to be driven by motion in the legs)


  • Lopes, gallops, hops, and bounds, in which the front feet land in alternating short and long distances from each other (created by stretching and contracting the spine, in addition to moving the legs)


  • Bipedal gaits, in which animals move on only their hind legs


  Walks and Trots


  Walking


  Walking is a slow gait, in which each foot moves independently, and at no point during a cycle of footfalls does the animal lose contact with the ground. We shall arbitrarily begin with the right hind foot in our example. The right hind leg moves forward, and just before touching down, the right front lifts up and moves forward. For a moment, two feet are off the ground, and then the right hind touches down. The right front continues forward and then touches down. The left hind moves forward, and just before it touches down, the left front picks up and moves forward. For a second time in the cycle of footfalls, there are only two feet in contact with the ground, and then the left hind touches down. The left front continues forward and then touches down. Immediately the cycle begins again, and the right hind picks up and moves forward. Musically, this would sound like “1, 2, 3, 4; 1, 2, 3, 4; 1, 2 . . .,” where each number is an independent footfall. Note that the rhythm is continuous, meaning without breaks or pauses. For a good portion of time during each cycle of footfalls, only one leg is lifted from the ground, which allows for three feet to support the animal while in motion. These three legs act similarly to the legs of a tripod, which is a sturdy arrangement that efficiently balances heavy objects, including wide animals with short legs.
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  Figure 2.28: Polar bear walking.


  When an animal is walking, its hind foot may land in any relation to the front track made by the front foot on the same side of the body. Remember that the right front foot picks up and moves forward before the right hind foot touches down. For this reason the hind foot may land exactly where the front foot had been placed (meaning atop the track made by the front foot), which is called a direct register (Figures 2.20, 2.21), or even touch down beyond the front track, called an overstep. Where the hind foot falls relative to the front foot depends upon the length of the animal’s legs, the length of the animal from shoulders to hips, and the behavior of the mammal at the time (Figure 2.29).


  Walking is common among almost all mammals. For many wide-bodied mammals such as beavers, porcupines, and bears, it is their most common method of moving. It is also the common gait for deer, elk, antelope, and all members of the cat family. Other species walk when foraging, investigating scents and sounds, or while traveling in deep substrates, like snow, to save energy.


  A variation of the walk is the stalk. In the stalk, only one limb moves at a time, but the order in which the feet move is the same as for the walk. The right hind foot moves forward and touches down. The right front moves forward and touches down, then the left hind, followed by the left front. The resulting trail is an understep walk, which means the hind tracks in each pair register behind the front tracks.
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  Figure 2.29: Walking track patterns.
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  Figure 2.31: Raccoon walking.


  There are numerous variables to consider when interpreting speed from a series of tracks in a trail, but a general rule holds true for walking gaits. As an animal walks faster, its hind track will move over and beyond the front track in each pair. Therefore an understep, where the hind track lies behind the front track, is probably a slower gait than a direct registering walk, where the hind lies on top of the front, and both are likely slower than an overstep walk, where the hind registers beyond the front track. A fast walk is also called an amble.
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  Figure 2.30: The overstep walk of a female mountain lion. (Chile)


  Keep in mind, however, that understep walks are uncommon in animals that typically direct register or overstep when they walk; an understep in these species is usually associated with a stuttering, investigative gait or a stalk, and is generally not a traveling gait. Understep walks are far more common in animals with short legs, like ringtails and opossums, and in these animals, are not necessarily slow. Remember there are other variables to consider as well, such as depth of substrate and the anatomy and morphology of the specific animal you are tracking. But as a general rule, speed can be inferred up to a point by considering the placement of the hind track in relation to the front, for an animal can only walk so fast before it must change gaits to increase speed further.
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  Figure 2.32: The distinctive paired tracks of a walking raccoon. Each pair is a front and hind footprint from opposite sides of the body. (CO)


  Raccoons and 2x2 walks: Raccoons walk in a distinctive fashion. The front and hind legs on each side of the body move nearly simultaneously (called a pace), and they really stretch forward with their front limbs. The resulting track pattern is one where tracks are paired, and where each pair consists of a front track from one side of the body and a hind track made by the other side of the body. This means that if in one pair you see a left front track and a right hind, then in the very next pair you will see the right front track and the left hind (see Figures 2.31 and 2.32).
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  Figure 2.33: The raccoon-like walk of a brown bear leaves a similarly distinctive pattern. We do not think black bears move in this way. (AK)


  This variation of the walk can also be altered by adding or subtracting speed. Look to each pair of tracks and note where in relation to the front track the hind track registers. When raccoons walk slowly, the hind track in each pair falls behind the front track, and when they walk quickly, the hind track falls beyond the front track in each pair. The distinctive fast walk of the raccoon is trot-like in speed and unique to this species.


  Trotting


  Faster trots are easily differentiated from slower walks, as the front and hind leg on opposing sides move together, as if joined by a cable. Rather than each foot moving independently, two legs move simultaneously, and there is a moment during each cycle of footfalls when the animal becomes airborne, completely losing contact with the ground. This vertical component is easily seen in any canid, from foxes to domestic dogs—there is a little bounce in their common gait. This means that as the right hind (RH) foot shifts forward in the air, so does the left front (LF) foot. Just before the RH and LF are placed down, the left hind (LH) and right front (RF) feet push off, maintaining forward momentum. Then just before the LH and RF touch down, the animal pushes off with the RH and LF. The cycle begins all over again. Musically, the beat is a continuous, unbroken 1, 2; 1, 2; 1 . . ., where each number is two diagonally placed feet landing simultaneously.
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  Figure 2.34: Wolf trotting.
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  Figure 2.35: A crisp trail of a trotting gray wolf crosses an open expanse of frozen water in winter. (WY)
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  Figure 2.36: Trotting track patterns.
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  Figure 2.37: Dog side-trotting.
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  Figure 2.38: The trail of a side-trotting red fox. (NH)


  The common gait of canids and many voles is the trot. Many other species also use trots as a travel gait, including badgers, mule deer, black bears, and members of the cat family. Bighorn sheep tend to trot on flat ground, where they are at greater risk of predation.


  Direct register trots, in which hind tracks are superimposed on front tracks of the same side of the animal, are common in many species. Hind feet land exactly upon the recently made front tracks, as the front foot and opposite hind pick up just before the alternate pair touches down. The forward momentum of the animal carries the hind foot directly over the track just made by the exiting front foot on the same side of the body.


  As with walking, speed estimates can be inferred by the position of the hind track in relation to the front track. Direct register trots are theoretically slower than overstep trots, in which the hind track in a given pair registers beyond the front. Overstep trots are achieved by species in different ways. The hind foot can only move forward so far before it collides with the front foot of the same side. Animals typically overcome this obstacle in two ways. Canids tend to use the side trot, or crab, and trot with their entire body at an angle; they kick out their rear end to one side. In this way the hind feet pass to one side of the front feet in order to move at a faster pace. When an animal is using a side trot, all the front tracks appear on one side of the trail and all the hind tracks on the other side; the hind tracks are also slightly forward of each front track in each pairing (Figure 2.36). This unique gait and track pattern is easy to find along coyote, wolf, and red fox trails (gray foxes very rarely side-trot).
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  Figure 2.39: Caribou straddle-trotting.
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  Figure 2.40: The trail of a red fox exhibiting a straddle trot. (MN)


  Another option is to kick each hind leg out to either side of the front—this is called a straddle trot (Figure 2.39). All the canids use this gait, but typically only for short sections of trail; most often it is a transition from a direct registering trot to a side trot. However, gray foxes use this gait often, as do mule deer, caribou, and several shrew species.


  The final option to successfully overstep trot involves a longer air time, allowing the hind feet to glide over the front tracks with forward momentum, as seen in lizards and occasionally other animals. This last option is rare in mammals but is sometimes incorporated into dominance displays and aggressive interactions. One example is the mule deer’s graceful yet exaggerated high-stepping trot, or prance as it’s sometimes called, a gait that communicates health and vigor to potential competitors and predators.


  Lopes, Gallops, Hops, and Bounds


  Lopes and Gallops


  Lopes and gallops are very similar gaits, and the fastest gaits for mammals. During lopes and gallops, each foot lands independently of the others, but in rapid succession. During both gaits the animal becomes momentarily airborne just after pushing off with the front legs, but during gallops there is a second point at which the animal is in the air, just after pushing off with the hind legs. It is difficult to catch this second, short flight when watching an animal move, as well as difficult to decipher between lopes and gallops when interpreting track patterns on the ground.
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  Figure 2.41: Caribou lope.
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  Figure 2.42: Bobcat gallop.


  The order in which the feet touch the ground during lopes and gallops may be in one of two ways. If they land in a circular fashion—left front, right front, right hind, left hind—it is called a rotary lope or gallop. If the order does not circle the body, but rather cuts across the body—left front, right front, left hind, right hind—it is called a transverse lope or gallop. Musically there is a three- or four-beat rhythm for these gaits, followed by a pause: 1, 2, 3, 4, pause; 1, 2, 3, 4, pause; 1, 2 . . . This is not a continuous rhythm, as is found in walks and trots. Lopes often sound like three beats rather than four because the middle two feet in a series of four, which are a front and hind foot, strike down simultaneously, or nearly so, and overlap with each other enough to make differentiating independent footfalls difficult.


  When looking at track patterns on the ground (Figure 2.43), a lope typically becomes a gallop when both hind feet land beyond both front feet, but this is not always the case, as it depends upon the shape of an animal and the length of its legs. If the order of tracks on the ground in a single set of four prints is front, hind, front, hind, then it is a lope. If the order is front, front, hind, hind, then it is more likely a gallop.


  Similar to walks and trots, the placement of the hind tracks in relation to the front tracks betrays speed. As the pair of hind tracks moves beyond the pair of front tracks, this indicates a faster lope or gallop. Also note the distance between the groups of four tracks. In general, the longer the distance spanned by four tracks in a series, and the shorter the length in between groups of four tracks, called the stride, the faster the animal is moving. At all-out speeds, some mammals will leave track patterns that casually look like trots—in that tracks are placed regularly and in a straight line. But each mark is a single track, rather than two.
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  Figure 2.43: Lope and gallop track patterns.
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  Figure 2.45: Wolverine loping.
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  Figure 2.44: The loping trail of a river otter. (WA)


  [image: image]


  Figure 2.46: Fisher 2x2 loping.
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  Figure 2.47: Mustelid loping patterns.
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  Figure 2.48: Clean paired tracks left by an American marten exhibiting a 2x2 lope. (WY)


  Two particular lopes are characteristic of the mustelids, or weasel family. They are the 3x4 lope and 2x2 lope. The 3x4 lope is a rotary lope, in which a front and hind on the same side of the body land in the same space, giving the impression of only three tracks in a set, rather than four. Hildebrand and Goslow (2001) showed that weasels still have a front foot on the ground when the first hind foot touches down, and therefore this gait is a true lope.


  The 2x2 lope (Figures 2.46, 2.48) is a transverse lope, although other than the order of footfalls, it is very similar in body mechanics to the 3x4 lope. The same fluid arcing motion is used for both gaits. What is unique about the 2x2 lope is that the front feet pick up and the hind feet land directly on the front tracks—creating a trail of paired tracks where each set of two prints is actually a set of four, the fronts registering first and the hinds registering directly on top of them. Meadow voles and smaller shrews also use this gait in deep snows. Based on Hildebrand’s research on the 3x4 lope, we can assume that if a front foot is still in contact with the ground when the first hind touches down, then this gait is a lope. Should we be wrong, and both front feet lift off before the first hind foot touches down, then this gait would technically be a gallop.
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  Figure 2.49: Arctic hare bounding.


  Hopping and Bounding


  The hopping and bounding gaits of rabbits and many rodents are differentiated from lopes and gallops in that the hind feet land and push off simultaneously, or nearly so. This is evident in the trail, as the hind tracks appear parallel to each other. Any local park should present ample opportunities to study squirrels using these gaits. Hops are similar to lopes, in that there is one moment when the animal is airborne during each cycle of footfalls, just after the hind feet push off. Bounds parallel gallops, in that there are two times when the animal is airborne during each cycle of footfalls, first after the front feet push off and again after the hind feet push off (Figures 2.49, 2.50).
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  Figure 2.50: The bounding trail of a white-tailed jackrabbit. Note that in jackrabbits it is typical for one hind foot to be ahead of the other, so technically they violate the description of “bounding” and might be described as loping instead. (CO)


  The difference between the track patterns of hops and bounds is found in the relationship between hind and front tracks (Figure 2.51). When hopping, the front feet of an animal land in front of the hind feet. Hopping is less common than bounding, but can be observed in large voles, muskrats, flying squirrels, and toads and frogs.


  Hopping and bounding begin in the same way: The front feet either land as a pair (next to each other) or one after the other (one in front of the other), but in bounds the hind feet move forward beyond and to either side of the front feet. The front feet pick up as the hind feet pass to the outside, and there is a moment where the animal loses contact with the ground before the hinds come down and push off again. In bounds, this push-off is followed by a second moment in the air, before the front feet touch down and the cycle begins again. Numerous species bound, including squirrels, chipmunks, and rabbits.
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  Figure 2.51: Hop and bound track patterns.
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  Figure 2.52: Mule deer pronking.
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  Figure 2.53: The trail of a pronking, or stotting, mule deer. Note that this is an excellent gait for navigating obstacles, like this fence. (CO)


  Stott or Pronk


  A distinctive gait used by mule deer, pronghorn, elk, and occasionally other mammals is the stott. In this bouncing gait, an animal pushes off with all four feet at the same time and then lands on all four feet simultaneously, or nearly so. Mammals moving in this way appear to be using pogo sticks. Although not as fast as the gallop, the stott is better suited to traveling quickly over broken terrain; it also allows an animal to respond to external stimuli more quickly and change direction when they hit the ground.


  Bipedal Motion: Gaits on Two Legs


  Bipedal Hopping


  Both hopping and skipping are saltatorial motion in which the front limbs remain elevated off the ground and the resulting track patterns include paired hind footprints (Figure 2.56). In bipedal hopping, both hind feet hit the ground simultaneously. Technically, feet would only truly hit simultaneously if the feet were placed exactly next to each other, or if the animal were coming straight down. However, for our purposes we’ll use the word simultaneously to mean at the same time or nearly so. Few mammals use bipedal motion, humans excluded, and the most common species that do are kangaroo rats and kangaroo mice (Figure 2.54).
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  Figure 2.54: Kangaroo rat bipedal hopping.
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  Figure 2.55: Three trails of Gulf Coast kangaroo rats ascending a dune; the trail of a ghost crab is just to the right of center. (TX)


  Bipedal Skipping


  In skipping trails, tracks are also paired, but each hind foot lands independently of the other. Looking at the trail pattern, a hop becomes a skip when one hind foot
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