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Preface


The Upper Midwest is lake country, and every summer weekend thousands of cars filled with residents from the cities and large towns drive up north to spend a few days at the lake. People come to the lake for different reasons—fishing, boating, swimming or just general relaxation. Regardless of the reason, many of those who spend time at a lake, whether just a few days or an entire season, are interested in finding out more about how their lake is put together and how it functions.

I count myself among those curious individuals, but in my case the curiosity is connected with many years of close observation and a scientific background. Having begun my professional life as a fish biologist before spending the next 45 years in biomedical research, I have been studying a particular lake, Ten Mile Lake in Cass County, Minnesota, since the mid-1950s. Much of this has been observational study incidental to fishing, but an equal amount has involved direct observations of the plants and animals both above and below the surface of the lake. Over the years, I have gotten many questions from cabin owners about unusual things that they have seen or experienced at the lake.

All of the above stimulated me to write a new book. Fifteen years ago, I wrote a book on Ten Mile Lake (Beneath the Surface [2007], Minnesota Historical Society Press) that focused mostly on the biology of the animals inhabiting the lake. This one, also based on the same lake, is quite different from the previous one. It covers the natural history of the lake, both above and below the surface of the lake, as it changes throughout the seasons. It begins with the break-up of the winter’s ice in the early spring and continues throughout the year until the next winter. The natural history above the water includes the land, especially the wetlands, near the lake, as well as the activities of those animals that actually swim on the surface of the water. Below the surface, the book covers activities in both the deep main part of the lake and in the shallow bays, which often act like separate small lakes. Over the years, I have taken hundreds of hours of underwater videos of the lake. These underwater videos have opened up to me a new and very different view of the goings-on within a lake. Much of what I have seen is a surprise to fish biologists and is totally unknown to most non-biologists. The overall approach is not only to describe the natural history of the lake, but to explain in understandable language the scientific basis underlying many of these events.

A new feature of this book is the inclusion of actual videos along with the text. This has been routine for many years in several editions of my human embryology textbook, but the small publishers who would typically handle a book of this sort, normally haven’t had the capacity to support a text containing videos. This book has been made possible because of a cooperative effort between a new publishing company (The Woodtick Press) that I formed and the Ten Mile Lake Association (TMLA), which maintains an active Website (www.tenmilelake.org) and will sell electronic copies of the book through their Website.

    Although I have written many books, doing one of this sort has been a new adventure. This would not have been possible without the help of my son, Jim Carlson, who got me set up to be able to record underwater videos and who has provided me with technological hand-holding throughout this project. Providing photographs for this book has become a community effort. Over a dozen people have contributed their photos, which have greatly enriched the text. The efforts of Don and Heidi Hoppe, along with a crew of local birders made possible the Appendix, which lists all birds found on the lake and within the roads that ring it. Many thanks to my wife, Jean, for her eagle-eyed editing of the text and to the others who have commented on various parts of the text. Original artwork was provided by Alex Webber, who has illustrated a number of my scientific books over the past 20 years. Finally, thanks to the TMLA, which has worked so well with me to produce this book and to Lindsay Lake, who has done a great job designing the book and shepherding it through the production and printing process. Thanks also to Chloe Johnson, who edited the conversion of the paper text to its eBook form.

As always, I invite feedback on my books, especially if it points out errors that can be corrected. Please contact me at brcarl@umich.edu. In closing, I hope that you will enjoy this way of presenting new information about an endlessly fascinating lake.

Bruce M. Carlson
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Ten Mile Lake, Cass County, Minnesota







Introduction


The rhythms of Nature do not always follow the same pattern in different locations even though, overall, they follow a similar course. For this reason, I decided to focus on a particular lake and its environs for this book rather than to provide a more general treatment of seasonal changes. In addition, the lake that I selected is one that I know intimately. Because a number of readers will not be familiar with that lake, this brief introduction will outline essential features of the lake that will place specific references in the text into a broader context.

Ten Mile Lake, located near Hackensack, MN, is a medium-size lake (~5,000 acres) by Minnesota standards. Its most distinguishing feature is its considerable depth (209 feet), which makes it the third deepest lake in the state. The lake is spring-fed, with no inlet stream, and its outlet is a small slow-moving stream (the Boy River) that is presently blocked by a couple of beaver dams and much vegetation. The lake consists of a large main basin and five bays, each of which has different characteristics (see map opposite). The lake also has a small (~8,000 acres) and heavily forested watershed. Relatively few external influences beyond the watershed exert major effects on the lake.

Two main features determine the overall character of Ten Mile Lake. On an overall basis, Ten Mile is considered to be on the borderline between an infertile lake and a moderately fertile lake, with a tilt toward the infertile side. Because of this, the water is very clear, but yet the lake supports abundant plant growth. In fact, due to the variety of ecological niches in the bays, the number of plant species far exceeds that in most Minnesota lakes.

Biologically, the lake supports two types of fish populations—those that inhabit cool to warm water (walleyes, bass and panfish) and those that require cold water (whitefish and ciscoes). In addition, two species, northern pike and suckers, inhabit both cool and cold water at different stages of their lives. Unique to Ten Mile Lake is an enormous population, estimated to be 5 to 7 million, of dwarf ciscoes (tullibees), which rarely exceed five inches in length. These fish, which normally spend their time 60–90 feet below the surface in 46° water, have an outsize influence on the habits of the larger game fish in the lake, which rely upon them as a prime source of food. The lake also supports a large population of whitefish, which are rarely encountered by anglers or lake residents.

Of the bays, both Robinson Bay and Long Bay are about 40 feet deep and are the size of many typical small Minnesota lakes. Overall, they function much like independent lakes because they are well separated from the main lake. Especially in the springtime, however, they warm up more quickly than the main lake. As a result, many fish, attracted by the warmer water, migrate from the main lake into these bays. Lundstrom and Kenfield Bays are much smaller and shallower. Lundstrom Bay, in particular, attracts a large number of game fish (and anglers) in the springtime because of both the spawning habitat that it provides and an abundant food supply. Flowerpot Bay is very shallow (less than nine feet) and is filled with bulrushes and other vegetation. Although it has a wide entrance to the main lake, it is essentially cut off from it by a rocky ridge, no deeper than two to three feet, that crosses the entire entrance to the bay.

Because at many times of the year the main lake and the bays operate on different schedules, they will be treated like almost separate entities in this text. In general, the bays respond much more quickly to seasonal changes, both in the spring and the fall, than does the main lake. As a result, some of the traffic patterns of both fish and birds are more accentuated in Ten Mile than in many other lakes. Nevertheless, what happens in Ten Mile Lake throughout the seasons mirrors the same event in many other north country lakes.
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    1.1  An oak leaf, sinking into the snow.
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Awakening
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Winter up north only reluctantly releases its grip on the lake. For five months, the lake has been encased in a 2–3-foot layer of ice, covered by an additional foot of snow. By mid-March, things begin to change. It starts with the sun.

Throughout the dark winter months, the sun rises far to the southeast late in the morning and sets far to the southwest late in the afternoon. More importantly, its arc over the heavens is so low that it seems to hug the tree line, with the result that during the dead of winter, its heating rays have little effect on the composition of the snow. By the vernal equinox, the noontime sun is much higher in the sky. As the biting north winds give way to the more moderate southern breezes, the warmer air temperatures plus the direct action of the late winter sun begin to eat away at the blanket of snow that covers the ice.

Snowmelt begins at the edges of the lake, around exposed rocks, leaves or sticks. A single oak leaf, brittle and brown, softens and sinks into the snow (Fig. 1.1), and dark rocks begin to emerge from their snow cover. Because they are darker than snow, they absorb heat from the sun, causing the snow around them to melt into characteristic ringlike depressions. A very similar phenomenon causes melt rings around the bases of trees as winter wanes.

Over the main surface of the lake, snowmelt is much more gradual. When snow first falls in the winter, it is pure white and has what scientists call a high albedo (the Latin word for white color), meaning that it strongly reflects the sun’s rays from its surface, rather than absorbing them. As winter wears on, dust from the atmosphere settles upon the snow. These minute particles reduce the albedo of the snow, and instead of reflecting the sun’s rays (especially the infrared rays), they absorb them, slightly increasing the temperature of the surface layer of the snow. As an example of how important dark surfaces are for the absorption of heat from the sun, I vividly remember one -20° day when I touched the dark brown metal door to our unheated guest cabin that had been exposed to the sun. The surface of the door was almost uncomfortably hot to my bare fingers.

The combination of air temperature approaching or exceeding the freezing point and the microenvironment provided by the heated dust particles on the snow begins the melting process over the main part of the lake. Melting begins from the top, and the meltwater trickles through the snow pack, only to freeze when the temperature drops off at night. If the next day is cold, nothing further happens. If, however, the next day is warm and windy, melting accelerates, further compacting the snow. An early rainstorm greatly hastens the melting process until the melting snow is reduced to puddles on the surface of the ice.

Ice melt must await the melting of the overlying snow because even a thin layer of snow reflects or absorbs the sun’s rays, thus protecting the ice. With the snow gone, melting of the lake’s ice cover can begin. Like snow, ice has a characteristic way of melting. Unlike snow, which melts from the top, lake ice melts from the bottom.

Clear ice functions much like the glass in a greenhouse. Heat from the sun accumulates on the bottom, rather than at the upper surface of the ice, and warms the underlying water. The warming water then begins to melt the overlying ice layer. As an aside, a similar phenomenon occurs on city sidewalks and streets. After a warm day or two, the edges of patches of ice that have been tightly adherent to the pavement look whiteish, and there is space between the whiteish ice and the pavement. In this case, the absorption of the sun’s rays by the dark pavement, especially if asphalt, warms the bottom of the ice patch, causing melting. The melted water then flows away, leaving a space between the crunchy edge of the ice and the pavement.

After the ice has melted to a thickness of between 4 and 12 inches, its structure begins to change. The remaining ice becomes reorganized to form long vertical crystals, called ice candles (Fig. 1.2). The formation of ice candles alters many properties of ice. Most noticeable is graying of the ice, a stage that is often called rotten ice. Another important change is its carrying capacity. The vertical ice candles greatly reduce the strength of the ice so that it can support much less of a load than newly formed ice. Whereas four inches of early winter ice can support a man’s weight, a person stepping on the same thickness of rotten ice would likely fall through.
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    1.2  Ice candles, the crystalline form of melting ice.
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    1.3  Ice melting at the edge of the lake from the warming of the afternoon’s sun.



Ice melt is not uniform throughout the lake. The first signs of open water occur at the mouth of an inflowing stream, at the outlet of an outflowing stream or along the shoreline. The open water at the inlet of a stream is due to both the action of the current and the warmth of the stream water relative to that of the water in the lake. Melting at the lake’s edge is due to absorption of the sun’s heat by the darker bottom material at the shallow edge of the lake (Fig. 1.3). Melting occurs during the day, only to be replaced by a skim of new ice that forms during the colder night. Cycles of repeated melting and re-freezing of shoreline water may continue for days or even weeks as winter gives way to spring. Shallow bays exhibit the same phenomenon as the melting of shoreline ice because their dark bottom sediments absorb the heat of the sun during the day and lose heat at night. This is why shallow lakes, in general, lose their ice more quickly than do deep lakes.

Opening of the lake is usually a gradual event. Early in the process, an ever-expanding area of open water becomes even larger when a brisk wind blows waves against the ice and erodes its fragile crystalline edges. Over the course of days, the open water area expands, but the entire ice covering can shift if the direction of the wind changes. In one classic example, on the opening day of fishing season, the lake was still mostly ice-covered, but a stretch of open water existed between the public access and a very popular early season fishing bay. A number of boats took advantage of the open space and headed into the bay in order to pursue some early season walleyes. By the end of the day, however, the wind had shifted and a mile wide stretch of solid ice had moved into the space between the bay and the landing, much to the discomfiture of the already chilled anglers.

Complete ice-out can take several different forms. Sometimes the entire remaining ice cover disappears quickly without a trace. At other times, the ice breaks up into blocks ranging from several feet to hundreds of yards in diameter. One of the magic times of the year for me is to canoe among the ice blocks during this brief window (Fig. 1.4). From a canoe one can see vividly the candle structure of the ice blocks, especially on a sunny day. Another ethereal experience is walking along the shoreline when a moderate wind has disintegrated the ice blocks into individual candles that then accumulate along the shore. The aggregated candles lapping in the waves produce an otherworldly tinkling sound that is like no other. On the negative side, a strong wind during the time of ice break-up can force the ice cakes into large piles onto the windward shore. In large lakes, such as Lake Mille Lacs in Minnesota, ice piles can reach a height of up to 30 feet and push over a hundred feet onto the shoreline, causing severe damage to cabins.
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    1.4  Ice-out, as seen from a canoe on a calm day.



While the ice is going out, the pace of life both in and around the lake quickens. Above the lake, eagles soar over the shorelines, looking for dead fish that have floated onto the shore. A vivid memory from several decades back is canoeing with my son on an ice-free bay while the main lake was still covered with ice. An osprey had managed to grab onto a two-pound fish, probably a whitefish, and was flying away with it. When the osprey was several hundred feet in the air, an eagle attacked it, causing the osprey to drop the fish. The eagle then abruptly turned, caught the fish as it was falling through the air and flew away with its dinner. I have seen this only one other time, but on that occasion the eagle missed catching the fish, which then fell into the water with an unbelievable story to tell its compatriots.

The day after ice-out, loons magically appear in many bays and immediately begin diving for fish. Sometimes they can even be seen resting on the edge of an ice block before slipping off and diving into the icy water. Distinct blotches of pure white on the distant shore of the bay are not persisting piles of snow, but a pair of trumpeter swans that are among the earliest arrivals at the lake. Their distinct ooh-ooh call, as they fly in, announces their approach. Great blue herons are also among the earliest birds to show up and can often be seen standing on the edge of the ice or in the shallows with their sharp eyes peeled for the sight of an unwary small fish that has ventured into the shallows from the dark waters beneath the ice (Fig. 1.5). When it gets close enough, a lightning-fast extension of its neck lets its long, sharp beak strike the unfortunate fish. Some lakes contain significant numbers of northern pike with deeply pitted scars on their backs. Such scars are souvenirs of earlier attacks by herons, and these scarred fish are veterans of successful escapes from their daggerlike strike.
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    1.5  Great blue heron. Courtesy of Michael Schwartz.



For someone with hands and feet sensitive to cold, I have often marveled at how aquatic birds can tolerate standing or paddling around in icy cold water. They can do so because in their skinny legs is a remarkable physiological adaptation, called a countercurrent mechanism, that removes heat from arterial blood flowing from the body down the legs and transfers that heat to venous blood flowing into the body through veins running right alongside the arteries. This heat-saving adaptation prevents the birds from becoming hypothermic. A similar countercurrent mechanism also exists in human males, where the transfer of heat between the arteries leading to the testes and the veins leading from them reduces the temperature of the testes by a couple degrees. Without such a cooling mechanism, developing sperm would largely be infertile.

The shoreline water opened by the receding ice becomes a magnet for fish. On sunny days, groups of small sunfish and the occasional northern pike bask in the shallow water that has warmed to a temperature several degrees higher than that of the deeper water beneath the ice. These fish are exceptionally wary because they are appealing targets for ospreys or kingfishers. The smallest move by a human passer-by sends them scurrying into their deep-water refuges. Other occupants of the newly liberated shallow water are the occasional dead frogs that had failed to survive the rigors of a winter while semi-buried in the silt or muck just beneath the shoreline ice. Their well-preserved carcasses may remain in place for several days before being picked up by some scavenger and recycled back into living tissue.

In the immediate aftermath of ice-out, two completely different lakes exist within the single body of water. The shallow bays, which have been ice-free for many days before ice finally leaves the main lake, are now teeming with activity. The main lake basin, on the other hand, is just awakening from its long winter slumber.

For the first time in months, beavers can exit their lakeside lodges and swim on the quiet surface of the water rather than under a continuous layer of ice (Fig. 1.6). Similarly, muskrats emerge from their smaller winter quarters and can be seen slowly swimming along the surface with the help of their long tails. Much less common is the occasional otter, which patrols the shoreline with it graceful swimming.
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    1.6  A beaver poking its head through a hole in the melting ice.



Beneath the surface, the first major burst of activity in the bays belongs to the northern pike. Just as the ice is going out, they make their way to the grassy edges of the bay. The males arrive at the spawning areas first and are soon followed by the much larger females. Courtship begins when one to five smaller males swim alongside a female with a belly swollen with eggs. Soon the female pike begins to release her eggs over the stems of the dead vegetation, and the males simultaneously broadcast their milt over the eggs. Upon completion of the spawning ritual, the pike leave the immediate spawning area and move farther out into the still shallow water to recuperate and then begin feeding.

Even though the water in the bays is still mighty cold, the water temperature is commonly up to 6–8° F warmer than that of the water in the main lake. Fish are very sensitive to even small changes in water temperature, and after ice-out, many head to the bays for an early spring warm-up. Among these fish are walleyes, panfish and largemouth bass. One seemingly anomalous visitor to shallow early springtime bays is the whitefish, usually a denizen of the cold deep water in the main lake basin. Until the water temperature in the bays reaches the mid- to upper 50s, they prowl the shallow water, sometimes in small groups, looking for insect larvae and small fish to eat (Fig. 1.7).
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    1.7  A whitefish looking for food in Lundstrom Bay early in the spring.
 
    VIDEO: https://archive.org/details/ancltts-fig-1-7



Meanwhile, the response of the main lake to liberation from its icy jacket is excruciatingly slow. Scenes of the lake bottom resemble Nature’s equivalent of a carpet-bombed German city at the end of World War II. Essentially all of the aquatic vegetation has died, and the remains lie in tumbled heaps throughout the bottom (Fig. 1.8). Yet, in the ice-cold deep water, schools of perch patrol the piles of dead plant matter in search of both food and places to spawn (Fig. 1.9). Smallmouth bass remain in a state of suspended animation in their deep-water (up to 40 feet) refuge areas. Least affected are the dwarf ciscoes, which school in immense numbers (estimated total population between five and seven million in Ten Mile Lake) 60–90 feet below the surface of the main lake basin. Near sandy or gravelly shores, suckers are congregating as a prelude to their early springtime spawning activity. If an inflowing stream is present, suckers prefer to swim up into the stream and spawn there, but if this is not an option, they will choose a lakeshore.
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    1.8  The remains of last year’s aquatic plants, lying on the bottom of the lake. A few small perch are swimming past in the video.

    VIDEO: https://archive.org/details/ancltts-fig-1-8
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    1.9  Perch, many of them swollen with eggs, swimming among the decaying plants.

VIDEO: https://archive.org/details/ancltts-fig-1-9



Another way of appreciating the activity in a lake is an indirect one, used mainly by fisheries biologists. That is trap netting. A trap net is designed to capture shallow water fish without harming them. Although trap netting is normally used to estimate populations of various fish species, it can also provide an indirect window into the goings-on within a lake.

A trap net consists of a large open-mouthed mesh-covered box with a lead net about 30 feet long that guides fish to the mouth of the box (Fig. 1.10). When a fish enters the box, it gravitates toward into an inverted cone with an opening in the narrow end of the cone. A fish that swims through the cone finds itself in a mesh bag that may contain another open-ended cone. Once inside the bag, the fish is unlikely to find the small opening of the cone and escape via the way it entered the net. The very end of the bag consists of a large opening that is tied closed by a cord. When the net is brought into the boat, the cord at the end of the bag is opened, and the fish are emptied into a large tub of water.

In the early 2000s, I was involved in a 10-year study of the growth of northern pike in a nearby lake. In order to obtain accurate population estimates, it was necessary to capture as many pike as possible during their short spawning season. This meant setting trap nets in the icy water, starting as soon as the ice had receded several hundred feet from shore. Even writing about this brings back memories of breaking through up to an inch of newly formed ice in ten-degree weather in order to reach the nets that had been set the previous day.
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    1.10  A trap net, showing the lead with white floats connecting the box to the shore. Fish entering the rectangular box continue until they reach the round-shaped bag with the tie at the end. Courtesy of Minnesota DNR, Walker office.



Despite the miseries of immersing hands in ice-cold water all morning, the excitement of seeing what showed up in our nets made, in retrospect, the numb fingers seem like worthwhile trade-offs. Each time we emptied a net, we were treated to a sample of what had been swimming in the less than three feet of water along the shoreline where the net had been set.

Sometime a net would be empty, but at the other extreme, it would be crammed with dozens of pike, panfish and other critters. I can just imagine what it must be like for a six-inch sunfish to find itself enclosed for hours in a small space that also contains several 10–20-pound pike along with a batch of smaller pike! Fortunately for the sunfish, a trapped pike seems to lose its appetite.

Some areas, such as a heavily vegetated creek mouth, are magnets for pike whereas other sites that to a human look like very attractive spawning areas are devoid of fish. In addition to pike, large numbers of brightly colored sunfish and crappies, along with an occasional largemouth bass, are caught in early spring trap nets. These fish are not yet ready to spawn, so their patrolling the shorelines for insects or small fish likely led them into the net.

Trap nets catch not only fish, but other creatures, as well. Among the most common are turtles. All winter, turtles remain semi-embedded in the bottom sediments of the lake. Their metabolism is so slowed down by the cold that they need only minimal amounts of oxygen to get through the winter. Even as the water warms up to the low 40s, the turtles are slowly aroused from their long winter’s slumber and begin to slowly move around in the shallow water, where they encounter the lead into the trap net. Most common are the Western painted turtles, whose brightly patterned reddish undersides offer a sharp contrast to their dark carapace. Less common, but more memorable, are the large moss-and leech-covered snapping turtles that, probably attracted by the fish inside, find their way into the nets. Although they still move very slowly because of the cold, they nevertheless open their dangerous mouths and hiss to express their displeasure at being carefully removed from the net. I vividly remember one occasion when we caught six snapping turtles in a single net. Not wanting to return them to the same water where were placing our nets, we kept them in the bottom of the boat while emptying the rest of the bag, before moving the turtles to another location. The scene of three biologists and six unhappy snapping turtles sharing a 16-foot boat was a sight to behold!

Not only turtles, but other non-fishy creatures also occasionally find their way into the trap nets. The biggest pests are muskrats, which actively swim in shoreline waters as soon as the ice begins to recede from the shore. They frequently swim into the nets, and when they realize that they are enclosed, they chew a hole through the netting that allows not only the muskrat, but also many of the captured fish to escape. The sight of a muskrat hole in a net usually elicits a volley of expletives from the trap netter, who must then engage in some unwanted on-the-water net mending.

Much more rare is the beaver or otter that finds its way into a net. If the water is sufficiently shallow, these animals survive and have to be gingerly released from the net. If the net is too deep, a beaver occasionally drowns because, despite its impressive teeth, it is not able to chew through the netting as does a muskrat. I once saw a dead beaver that was absolutely crawling with hundreds of yellowish lice that had been living in its lush fur pelt. One can only imagine what the lice must be like on the inside of a beaver lodge, where a number of beavers are confined to close quarters throughout a long northern winter. I still remember a time when I was 5–6 years old, and I had climbed an apple tree in my grandparents’ back yard. In the tree was a robin’s nest, which I inspected closely. That inspection gave me a healthy dose of bird lice, and for the only time in my childhood, I asked my mother if I could get my hair washed.

Probably the most interesting visitor to our nets was a loon that somehow managed to swim through the various barriers. When we approached the net, we could see and hear a godawful fussing in the net. The captive loon was not a happy camper. Being very wary of its long dagger-like beak, my partner, Dallas Hudson, gingerly released the angry bird from its bonds. All the time while the unfortunate bird was in the process of becoming disentangled from the net, I was wondering if it would suffer permanent psychological damage from the experience. Those fears were soon dispelled. Within 30 seconds of its release, the loon was placidly swimming in the nearby water and had dived to try to capture a fish.

Above the surface, the open water has already attracted not only loons, but the first wave of diving ducks—buffleheads, mergansers and scaups, which are returning to their nesting grounds in northern Canada. Other early migrants are Bonaparte’s gulls, also summertime residents of the far north. These gentle birds are among the few gulls and terns that show little fear of boats. Next to the loons, the most distinctive above-the-water sound is the rat-a tat-tat of the newly arrived kingfishers as they fly from their perch on a branch overhanging the water.

Evenings and early mornings bring about an outburst of insect life, mainly in the form of midges. These tiny non-biting insects rise above the shoreline waters in dense clouds. (There is a lake in Iceland, called Midge Lake in English, where the clouds of midges are so large and dense that they can be easily seen from a passing car more than a hundred yards away.) Their rapidly beating wings produce a high-pitched humming sound that on a calm evening can be heard as far as 75 feet from the water’s edge. One morning I looked out at the lake and saw our dock covered with over two dozen Bonaparte’s gulls, which were busily pecking at the wooden planks. When I went down to inspect, it turned out that the gulls were feasting on the bodies of spent midges, which almost formed a blanket on the dock. Given the tiny size of the midges and the energy required to catch and eat a single midge, the numbers had to be immense to make the effort of the gulls worthwhile.

Surprisingly, midge swarming has attracted the attention of a number of top-notch biophysicists who are trying to understand the basis for the collective behavior of a number of different animals, from insects to birds. If you look at a flock of flying blackbirds in the fall, all the members of the flock seem to mark sharp turns at an instant and in seeming perfect synchrony. In the case of birds, the behavior of individual birds closely mirrors that of the entire flock. With midges, the swarm moves as a single independent unit, but the individuals within the swarm seem to do their own thing, while yet maintaining the cohesiveness of the swarm.

Midges swarm as part of their reproductive ritual. When the adults emerge from their larval phase in the sediments of the lake bottom, they do not eat and live only a few days, just long enough to reproduce. As the light is changing, either at dawn or twilight, males, which have long antennae and short wings, collect in the air over some object, for example a rock or stump. When several hundred, or even thousands, of them come together, they form a tight-knit swarm. Their collective wingbeats produce a humming sound that attracts females to the area. The female midges have longer wings and produce a different sound. As the males are swarming, individual females dive into the swarm and connect with a single male via the sound of their wing beats, at which point they go off to mate. Like mayflies, the reproductive act drains their energy, and soon after the eggs are laid, the females die.

Although the swarm of males remains generally focused around a single landmark, it rises and swerves as a unit. Yet, in contrast to flocking birds, the individual male midges within the swarm don’t fly in synchrony. Their collective behavior has been described as having viscoelastic properties by scientists, but at some point, the swarm even acts as a solid. Researchers have studied midge swarms in the laboratory by using side-by-side pieces of black felt as a landmark. As expected, the midges swarmed in the air over the felt. The researchers then began to slowly pull apart the two pieces of felt. When these pieces became separated to a certain degree, the midge swarm suddenly pulled apart and formed two separate smaller swarms. Why this happens is still a matter of debate, but one popular theory is that when a swarm becomes deformed to a certain critical point, an almost instantaneous change of behavior causes a major change in the shape of the swarm. Such swarming behavior is not unique to midges. Certain small fish also swarm in vertical schools directly above some object on a lake bottom. Why this happens, whether for midges or fish, is a question that remains to be answered.

In the immediate aftermath of ice-out and for several weeks thereafter, rocks and sticks at the very edge of the lake are sometimes adorned with a bright green fringe of filamentous algae. Because this sort of algae is often an indication of local pollution, cabin owners are sometimes concerned. The usual basis for this springtime phenomenon is a burst of phosphorus released from the bottom sediments and decaying vegetation during the rapid change of seasons. Typically, these algal growths disappear after a few weeks.

Nighttime sees a major change in animal sounds. The occasional howls of the local wolf pack give way to the plaintive wailing of the newly arrived loons, which are already beginning to stake out their nesting territories. At this time of the year, the loons often call to each other all night. One of the real joys of early spring at the lake is listening to the loons and the hooting of the occasional great horned owl through the newly opened cabin windows while falling asleep.

The rapidly increasing day length is an important stimulus for reproductive activity and growth. The extra daylight gives newly emerging leaves of plants more time to photosynthesize, and it promotes their growth. Animals unconsciously sense the increasing length of day, and it stimulates hormonal activity, which causes major physiological and behavioral changes. Certain birds change their song patterns as spring develops and actually form new nerve cells in areas of their brain that direct their spring song pattern. The growth of antlers in deer is also light-based, and by changing the duration of light, deer can be stimulated to grow new antlers far earlier than normal. The development of reproductive organs in fish and in many other animals is closely tied to light. All of this rushes the northland into full springtime activity.
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    2.1  A tom turkey puffing up to impress a potential mate.
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Spring Unfolding
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Up north, Nature is in a hurry as warm weather sets in. Within days of ice-out, both the lake and its immediate surroundings become a beehive of biological activity, often involving reproduction. With the brief warm weather season, it is important for animals to give their newborn young the chance to grow and mature during their first summer so that they have the strength and stamina to survive the coming winter. Birds are intent upon breeding activities, and many of the beautiful bird songs are either directed at potential mates or potential rivals as warnings to stay away from the singer’s territory. Hormonally stimulated tom turkeys seem to puff up at the slightest provocation (Fig. 2.1). Plants must have sufficient time to be able to produce seeds that can overwinter and sprout a new generation the following spring.

Nowhere is this activity more evident than in the wetlands adjoining the lake. As the bright springtime days turn into dusk, even within days of snow-melt, the air becomes filled with the almost deafening, but hypnotic, chorus of tree frogs and wood frogs, which quickly converge on those often-temporary water-soaked low spots (Fig. 2.2). Frogs of several species emit their own characteristic call as these tiny creatures vie with one another for mating privilege. With dozens or even hundreds of frogs in the same wetland, early evening sometimes begins with the call of a single, often dominant male frog. This is quickly followed by a succession of calls from other frogs, producing a chorus. In fact, one species of small frog is called a chorus frog. A prominent bubble just below the lower jaw expands and vibrates along with the vocal cords as a frog is calling (Fig. 2.3). Females are attracted to the calls from the male frogs. A very brief courtship period is followed by laying eggs encased in a thick gelatinous coating. The fertilized eggs must develop rapidly to produce tadpoles, which must also mature rapidly so that they can metamorphose into mature frogs before the wetland dries up.
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    2.2  A wetland near the lake in early spring, with a pussy willow in full bloom at the right and the air saturated with the calls of several species of tree frogs.

VIDEO WITH AUDIO: https://archive.org/details/ancltts-fig-2-2



After a warm day, the mating chorus continues throughout the night, but as the temperature drops and night progresses, the intensity of the mating chorus decreases until just before dawn it reduced to a relatively few diehards, much like the survivors of an all-night drinking party. Probably because of the reduced temperature, the early morning frog calls are somewhat slower than those of the evening. As sunrise approaches, the remaining frog calls become melded with the chirping of the early-rising birds (Fig. 2.4). Once the sun has risen past the horizon, the frogs become silent for the remainder of the day, and the early morning burst of bird song falls to more normal daytime levels. The tree frog chorus lasts two to three weeks after the snow has disappeared. Only later does the continuous trill of toads (Fig. 2.5), often heard during the day, fill the auditory vacuum. The reason for the delay in toad calling is that tree frogs spend the winter semi-frozen and close to the surface of the ground (see chapter 10), whereas toads burrow deeply into the ground. Not until the ground has warmed do toads come to the surface and think about reproducing.

Frogs are not the only animals that gravitate to the springtime wetlands. Several species of salamanders also migrate from their underground burrows to these waters to lay their eggs. These shy creatures also have an aquatic larval phase in their life cycle. The young salamanders have bushy external gills that allow them to breathe in the water. Their gills are lost when they metamorphose into adults. After a heavy snow melt or an unusually rainy spring, pairs of showy green-headed male mallard ducks and the more somber colored females can be both seen and heard paddling about in the open water among the tussocks of still brown vegetation. A real treat is a pair of wood ducks—the ornately decorated male and the typically drab female—swimming in similar habitat (Fig. 2.6).
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    2.3  A frog calling at the edge of a wetland. The bubble beneath its throat serves as a resonating chamber for its call. Still image, courtesy of Linnea Dietrich.

VIDEO WITH AUDIO, courtesy of Bob Boisture, https://archive.org/details/ancltts-fig-2-3
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    2.4  Early morning in the same wetland as that in figure 2.2. The few remaining calling frogs are obscured by the chirps of birds, which are staking out their nesting territories. Note the chickadee flitting about on the right.

VIDEO WITH AUDIO: https://archive.org/details/ancltts-fig-2-4



The amphibian activity in the wetlands takes place well before leaves appear on the trees. The white flowers of pussy willows punctuate the dark brown background of the bushes at the edges of the wetlands, and on drier ground, the poplars and later, the maples, are in full flower. The lack of leaves makes it easier to spot the early migratory bird arrivals, especially the warblers, which are heading toward their breeding grounds farther north. A brightly colored scarlet tanager adds a nice touch of color to the bushes at the edge of the lake. One of the surest signs of spring is the return of the redwing blackbirds to the marshes adjacent to the lake. From its perch on a cattail, one of its favorite landing sites, the male redwing, with its bright red and yellow wing patches and distinctive shrill call, lets the entire neighborhood know that spring is coming.
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    2.5  Breeding toads in full voice—with bubble under throat. Courtesy of Mary Margaret Pipkin.

VIDEO WITH AUDIO: https://archive.org/details/ancltts-fig-2-5
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    2.6  A pair of wood ducks swimming in a marsh in the early spring, with redwing blackbirds and other birds chirping in the background.

VIDEO WITH AUDIO: https://archive.org/details/ancltts-fig-2-6
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    2.7  A sphagnum bog with hummocks covered by a thick layer of sphagnum moss and punctuated by mostly dead spruce trees.



A sphagnum bog near a lake is one of the most exotic wetlands. Often filled with water from snow melt in the early spring, the bog dries out over the course of the summer, but it is always very damp because of the ability of sphagnum moss to retain water. Even today, sphagnum moss is used as a packing material for animals (such as fishing worms) or other material that must remain damp during transit. Sphagnum moss creates its own ecosystem and eliminates much competition from other plants because it creates its own waterlogged, acidic and nutrient-poor environment. Only a few plants (usually very small) are able to take advantage of this environment. Some sphagnum bogs are located under a canopy of white cedar trees, which thrive under the same conditions that are favorable for sphagnum moss itself. Other such bogs form in areas containing white spruce trees, which normally prefer drier conditions. These trees often die from too much exposure to water, leaving their stark skeletons standing over the bog.

Walking through such a bog transports one into another world. Looking very scraggly at eye level because of the abundance of small dead spruce trees, the bog takes on a completely different character when one looks down (Fig. 2.7). The ground is carpeted with a thick and irregular layer of spongy sphagnum moss that jiggles when one walks over it. Most of the plant life within the bog is very delicate and miniaturized, with unusual plants, such as club moss, breaking the uniformity of the mossy substrate (Fig. 2.8). Club mosses (Lycopodium) are primitive plants that were among the first plants to appear on land about 400 million years ago. At one point, their ancestors even grew to tree-size. They reproduce by spores, not seeds, an indication of their ancient origin.

Even the numerous frogs are miniaturized (Fig. 2.9). Surprisingly, many tiny oak and spruce trees find the moss a good medium in which to sprout, but the conditions of the bog do not support their survival for more than a couple of years. Such bogs are also home to several varieties of orchids, including the beautiful showy lady slippers (Fig. 2.10), but unfortunately the most beautiful orchids in many bogs have been dug up and transplanted into gardens, a practice now illegal. Many varieties of colorful mushrooms adorn the mossy substrate (Fig. 2.11). Although in many respects bogs appear to be idyllic places, the tranquility to the human visitor is often disrupted by hordes of mosquitoes, especially in the springtime. As summer wears on and the water in the bog begins to dry, the number of insect pests is dramatically reduced.
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    2.8  A stand of club moss protruding from the sphagnum moss.



These bogs are also home to several insect-eating plants, most notably pitcher plants and sundews. Pitcher plants are the most prominent, but even these are easy to miss unless they are flowering (Fig. 2.12). Pitcher plants get their name from their leaves, which are shaped like cone-shaped cups that can contain as much as 30 ml of water in the bottom of the cone. Because the bogs in which they grow are very nutrient-poor, pitcher plants have evolved their carnivorous habits to provide extra nutrition, especially inorganic substances, such as nitrogen and phosphorus.
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    2.9  A young spring peeper resting upon a bed of sphagnum moss. This species is called Hyla crucifer, the last name due to its bearing a faint cross (X)-shaped mark on its back.



Imagine an ant, one of the most common insect victims of pitcher plants. As it is crawling around the base of the plant, it is attracted to an odor coming from the top of a leaf (the pitcher). Once at the top, it detects the presence of a sweet nectar around the inner surface of the leaf. In its exploration of the source of the nectar, the ant crawls a bit farther down the leaf, which is somewhat slippery. The ant slips and falls farther down toward the base of the pitcher. It tries to crawl out, but it encounters lots of downward-pointing hairs on the inner surface of the pitcher, which prevent it from crawling out. The ant finally tires and falls into the water at the base of the pitcher. After considerable struggle, it finally dies in the water. A dead insect just doesn’t decompose on its own. Its decay may be accelerated by being partially eaten by some invertebrates that actually live in the fluid at the base of the pitcher. In addition, digestive enzymes produced by as many as 30 species of bacteria also help to break down the carcass of the ant. Some species of pitcher plants, but probably not the one most common in Minnesota, produce their own digestive enzymes. The invertebrates and bacteria live in a convenient symbiotic relationship with the pitcher plant, which gives them a home and nutrition while at the same time providing the pitcher plant with leftovers (nitrogen and phosphorus), which are important for the well-being of the pitcher plant.
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    2.10  A showy lady slipper. Courtesy of Joni Kumpula.
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    2.11  Some of the mushrooms found in a bog.
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    2.12  Left: Pitcher plant leaves containing water. Right: Pitcher plant flower. Courtesy of Linnea Dietrich.



Sundews, the other major insect-eating plant found in in Minnesota bogs, use a different strategy. Their tiny leaves are fringed with long hairlike structures (Fig. 2.13). This plant gets its name from droplets that it secretes onto the upper surfaces of its leaves. These droplets attract insects because of their nectar-like qualities, but once the insect alights on the droplet, it finds itself stuck because of an adhesive quality of the droplet. The leaf quickly senses the presence of the insect and begins to curl up around it. The fringes around the leaf interlock when the leaf is closed to prevent the escape of the victim. This process can take from minutes to hours, depending upon the size of the insect and how much it struggles. Then digestive enzymes, another component of the fluid, quickly begin to break down the tissues of the victim and supply the needed nutrients to the plant.
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    2.13  Sundew leaves against a background of sphagnum moss. Courtesy of Linnea Dietrich.



Within the lake, early spring and a water temperature in the high 40s sees spawning by walleyes and suckers. Even though both species now mainly inhabit lakes, their forebears were principally river fish. Some ingrained sense of this evolutionary past persists because, when given the opportunity, both species prefer to enter streams flowing into lakes in order to spawn. If flowing water is not available, both walleyes and suckers are content to spawn in the lake itself. They choose shallow windswept areas with a gravel or rocky bottom because the eggs falling among the stones have a better chance of being oxygenated and producing live young. Because most spawning activity takes place at night and few boats are on the lake before the fishing opener, spawning by both species is rarely noticed. Spawning walleyes, however, betray their presence by their eyes. One way to detect spawning walleyes is by slowly cruising along potential spawning areas and shining a bright light into the water. If the beam of light hits a walleye, a prominent orange reflection bounces back from its eyes due to a special adaptation behind its retina (the tapetum lucidum), which allows more acute night vision (see p. 203).

Several common nocturnal mammals also possess a tapetum lucidum. Good examples are deer, cats and raccoons. When passing a deer by the side of the road at night, the bright reflection from its eyes is due to the light from the car’s headlights being reflected off the tapetum lucidum in the deer’s eye. Interestingly, the strategy of evolving a reflecting layer for better light collection in dim light is not confined to animals.

Tropical rain forests are perpetually bathed in twilight conditions because of the dense canopy of leaves at the crowns of the tallest trees. Plants living in the dim understory are in danger of not getting enough light to support photosynthesis. Some of these plants have evolved a shiny layer on the undersides of their leaves that, much like the tapetum lucidum in the animal eye, reflects light back onto the chloroplasts, the tiny subcellular structures in the leaves of plants that conduct photosynthesis.

Once the walleyes’ spawning ritual has been completed and several hundred thousand eggs per female have been deposited onto the bottom, the newly fertilized eggs develop rapidly. Within 12–18 days, depending upon water temperature, embryonic walleyes hatch into free-swimming fry. For several days, the walleye fry subsist on the remains of the yolk that filled most of the egg. By the time their yolk has been used up, the walleye fry (~1/2 inch long) are capable of feeding on their own. Their first food consists of the tiny animals, called zooplankton, which are suspended in the water.

The early post-hatching period is a perilous one for young walleyes. They are at the mercy of both the elements and other predators. If the early spring weather turns cold, large numbers of walleye fry die. Overall, only about one in a thousand newly hatched walleyes will survive its first year, and this doesn’t include the huge numbers that never hatch from the eggs. Most of the first year’s mortality occurs during the immediate post-hatching period. Because of the perils of early life, walleye populations are often characterized by good or bad year-classes. Not uncommonly, favorable conditions producing a good year-class need to tide the overall walleye population over several bad year-classes when the water may have become too cold immediately after the hatching period or some other environmental disaster wiped out most of the newly hatched walleye fry from a year’s spawning.

After several weeks, the walleye fry have grown to about an inch in length, and they are ready to graduate from eating plankton to the next stage in their feeding cycle. Over the years, Nature has organized a sequence of birth and growth that maintains continuity throughout the web of life. If all goes well, some form of food is available to the animals higher in the food chain, no matter what their size.

Nowhere has the importance of an adequate natural food supply been more apparent to me than one spring many years ago when I was collecting tiger salamander larvae as subjects for my thesis research. Catching the larval salamanders was the easy part. Next, they had to be fed. In the pond where the salamander larvae were caught, their main food in the days post-hatching was Daphnia (water fleas), tiny crustaceans that are one of the major components of the zooplankton population of a pond or small lake. As a small part of Nature’s grand plan, just after the salamander larvae hatched, the population of Daphnia in the pond exploded, providing an abundant food supply for the ever-hungry salamander larvae. For the next week, I waded through the pond and was able to catch enough Daphnia with a fine-mesh net to keep my captive salamanders well fed. At the end of that week, however, the Daphnia population of the pond had peaked, and the rapidly growing salamanders remaining in the pond were ready to move up to the next phase of their diet, namely insect larvae, small tadpoles or fish. I couldn’t catch enough Daphnia to satisfy the appetites of my captive salamander larvae, nor could I catch the small fish. One evening, I put about 8–10 tiger salamander larvae in a large container prior to taking them to my laboratory the next day. That next morning, I checked the container, and much to my amazement the only inhabitant was one giant salamander larva. It had eaten all of its compatriots and literally overnight had at least quintupled its original size.

Walleyes are piscivorous fish, and once they have become too large to subsist on plankton, they begin to hunt tiny fish for their food. Fortunately for newly hatched walleyes, perch spawn several weeks later than walleyes. In a typical year, the young walleyes reach the fish-eating stage at just the time when the millions of perch fry begin to emerge from their eggs. The sharp-toothed walleyes have mouths just large enough to ingest a newly hatched perch, which they do with enthusiasm. The predator-prey relationship between walleyes and perch continues throughout their lives. Regardless of their size, walleyes can almost always find a perch of a size that makes a good meal. If perch or other fish aren’t available, however, even a smaller walleye is fair game.

Cannibalism among predatory fishes is anything but rare, but some species practice it more than do others. One of the most consistent cannibals is the northern pike. The preferred prey of a pike is a long, narrow fish, and few fish are longer and narrower than small northern pike. At any size, a pike is a potential prey for a larger pike. Pike in their first summer spend much of their time hiding in the vegetation in order to avoid being eaten by year-old pike, but throughout their lives pike live in danger of becoming the meal of an even larger pike. On more than one occasion while fishing, I have brought a medium-size pike up to the boat when from the depths a much larger pike has vaulted up and grabbed the defenseless fish at the end of my line. Sometimes, the large cannibal is so engrossed in its potential meal that it refuses to let go and ends up being netted along with the fish that was originally caught. In one famous case, widely viewed on the Internet, a man in an unidentified lake was bringing in a 36” pike (probably around 12–15 pounds) when an absolutely enormous pike grabbed onto it. The glutton, who refused to give up its meal, was brought into the boat, where it almost dwarfed the man who was holding it.

Cannibal fish are not always known for their restraint. Every year there are reports of a pike that has died because it has tried to swallow another pike larger than itself. My personal experience with such a greedy fish involves largemouth bass—also happy to eat smaller bass, if available. Early one spring right after ice-out, I noticed what seemed to be a huge dead fish on the shore of a small lake where I lived. Upon inspection, the monster fish turned out to be a 20” largemouth bass that had tried to swallow a 21” bass, with the result that both died. On another occasion, I saw a largemouth bass repeatedly jumping from the water. Sticking out from its mouth was the tail end of another bass that had gotten caught in its throat, and the predator bass was desperately trying to dislodge it.

Fish grow continuously throughout their lives, but growth in length is more rapid when they are young and slows down as they get older. In northern waters, fish put on most of their growth during the open water period and very little during the winter. These periods of fast and slow growth are reflected in the structure of hard parts of the fish, such as their scales or bones, which grow in proportion to the overall growth of the fish. Almost like counting tree rings, but much more difficult, fish biologists can both age a fish and estimate its former growth pattern be examining the rings in its scales, certain bones or its ear bones (otoliths).

Both within and above the lake, the kinds and amounts of early springtime activity vary considerably, depending upon location. The air warms up much more rapidly than either the water or the land, and on an early spring day the air temperature can be 80°while a thick layer of frost still remains in the ground. Within the lake, the water temperature in shallow bays can be in the upper 50s whereas that in the main lake basin remains mired in the 40s. Such temperature differences greatly affect the pace and kinds of activity of animals and the growth of plants.

Most of the action during early spring takes place in the shallow warmer bays. A magnet for such activity is shallow reedbeds. In smaller bays, the brown bulrush stems remaining from the previous year project above the water, making them readily recognizable even from a distance. In larger bays or the open lake, bulrushes are typically clipped off just below the surface. The reason for this is that ice forms around the dead stems. As the ice is going out, any movement of the ice carries with it the upper parts of the stems, and the weakest part of the old stem, usually the thinnest, breaks due to the power of the shifting ice.
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    2.14  Numerous snails on the stems of bulrushes.

VIDEO: https://archive.org/details/ancltts-fig-2-14



In the bays, bulrush beds teem with activity. Much of this activity is based on animal life present on the decaying stems of the last year’s bulrushes. Called periphyton (meaning around the plant) by scientists, much of this animal life consists of very small invertebrates. These tiny life forms attract both insect larvae and small fish. A common sight is that of a snail making its way up the stem and ingesting debris as it goes (Fig. 2.14).

Panfish, attracted by both the food and cover, abound in early springtime bulrush beds. They are not segregated by species, and large numbers of sunfish (both bluegills and pumpkinseeds) intermingle with crappies, rock bass and largemouth bass (Fig. 2.15). Because of this, bulrush beds are favorite spots for early springtime anglers. Success, however, is not assured. The day after I had shot the video from which figure 2.15 was taken, I saw a boat with five anglers anchored within a couple feet of where I had seen huge numbers of panfish the previous day. Watching them for about 20 minutes, I didn’t see a single person pull in a fish.
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    2.15  An aggregate of fish (bluegills, pumpkinseeds, crappies, rock bass and largemouth bass) swimming among dead bulrush stems. Early in the video, a banded mystery snail (an invasive) is seen on a broken bulrush stem. The black spots seen on some of the sunfish are the encysted form of a parasite (Neascus), which is not dangerous to humans.

VIDEO: https://archive.org/details/ancltts-fig-2-15



Unknown to many anglers, large northern pike also frequent the early springtime shallows, especially on warm sunny days. They lie motionless on the bottom in as little as 2½ to 3 feet of water, soaking up the warmth of the sun’s rays. Despite their large size, these pike are just as skittish as small fish, if not more so, when approached by a boat. Although not really necessary for such large fish, such wariness is probably an instinct left over from their earlier years, and it might be a reason why they survived to grow large.

Because of the concentration of fish, loons also patrol the shallows in search of a meal. At this time of the year, it is not uncommon to see loons swimming in only a couple feet of water. This presents a good opportunity to see a loon swimming underwater because sometimes they will approach or even swim under one’s boat. Although startling if unexpected, the sight of a large loon rapidly paddling with its broad feet just beneath the surface in not easily forgotten. Newly arrived Caspian terns also patrol the shallows in search of unwary small fish, and high above them an osprey can be seen circling the bay. When it spots a fish, it makes a cannonball dive into the water and often emerges with a struggling fish in its talons. Rarely a flock of pelicans, with black wing tips contrasting to their otherwise white bodies, flies over and may even land on a bay (Fig. 2.16). When flying, they always conjure up to me the image of a group of sergeants lined up in military precision as they make their way across the sky.
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    2.16  Springtime pelicans. The one seen flying away midway through the video had a nuptial tubercle on top of its beak. Still photo courtesy of Michael Schwartz.

VIDEO WITH AUDIO: https://archive.org/details/ancltts-fig-2-16



Springtime pelicans have a peculiar hump on the top of their bills (see Fig. 2.16 video). Technically called a nuptial tubercle, the hump is a fibrous structure that forms before the breeding season and is thought to signify fertility, but its function is unknown. After the eggs have been laid, the hump falls off and looks like a huge toenail.

A pelican’s nest is not much to look at—a shallow scooped-out cavity in the ground or a low mix of vegetation and soil. The female lays from one to three eggs, which hatch in about a month. The young are naked when they hatch and don’t become covered with down until 10 days after hatching. Like all young birds, newborn pelicans are voracious eaters and feed upon half-digested fish regurgitated by a parent. According to one estimate, it takes up to 150 pounds of fish to nurture a young pelican to the point of independence. If more than one egg hatches, usually only the strongest of the baby pelicans survives because it out-competes it nestmates for food, and the weaker ones starve.

Adult pelicans use their huge pouch, which can hold from 2 ½ to 5 gallons of water, to catch fish. In contrast to brown ocean pelicans, which dive to catch fish, white pelicans scoop up water and fish while swimming on the surface. They then lift up their heads to let the water drain from the sides of their beak and then swallow any fish that remain. A pelican eats up to three pounds of fish a day. Sometimes pelicans will line up and herd fish into the shallows. When these fish are more concentrated, the pelicans then swallow whatever fish they can. The pouch also has another function. When the weather gets hot, a pelican can overheat because of its large body mass (up to 25–30 pounds). Blood vessels in its pouch allow the pelican to dissipate heat through the pouch.

Turtles are much more evident once the water in the bays warms up to the 50s. Painted turtles are often seen slowly paddling toward or just under the surface (Fig. 2.17). Every once in a while a boater looks down and sees the menacing greenish outline of the algae-covered shell of a large snapping turtle ascending from the depths or, at a distance, the sharp snout of such a turtle that has come up for air (Fig. 2.18).
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    2.17  A western painted turtle swimming in shallow water.
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    2.18  A very algae-covered common snapping turtle.



The deeper water in the bays also hosts its share of fish, but of somewhat different sorts. The bottom is still blanketed with dead vegetation, but it is punctuated by the bright green shoots of coontail emerging from the tips of stems that have broken off in the previous fall (Fig. 2.19). Chief among the fish inhabiting this area are walleyes, which seek out warmer water to begin feeding and recovering from the stress of their spawning activities. They are joined by pike, panfish and largemouth bass in varying numbers and sizes (Fig. 2.20). During a very cold night that drops the shallow water temperature to an uncomfortable level, many of the fish that feed in the shallows retreat to the deeper and somewhat warmer water until the next day’s sunshine again brings the temperature of the shallow water back to comfortable levels. In the early spring, the water in the bays still remains cool enough to be within the comfort level of whitefish, which scour the bottom looking for snails and insect larvae (Fig. 2.21 see also Fig. 1.7).
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    2.19  Green shoots of coontail emerging from the debris of the previous year’s vegetation. At the far right, a perch rests over the plant debris.

VIDEO: https://archive.org/details/ancltts-fig-2-19
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    2.20  An early spring pike resting on the bottom amidst the dead vegetation.

VIDEO: https://archive.org/details/ancltts-fig-2-20



On shore and in the water, beaver and muskrat activity is heightened, but since much of it occurs at night, it is invisible to most observers. Also invisible are litters of newborn beavers and muskrats that first enter the world within the houses (constructed of sticks in the case of beavers [see Fig. 5.34] and of grass, for muskrats) where the parents have spent the winter. They remain in the houses until they have developed the capacity to swim and withstand the cool water temperatures.
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    2.21  A whitefish still patrolling the shallow waters of a bay in the spring.

VIDEO: https://archive.org/details/ancltts-fig-2-21



After establishing their territory and driving out all competitors, a pair of loons takes over a small bay, and they begin to build a nest at water’s edge. Clearing out the competition, often an unattached male, is the job of the male, who begins with much yodeling and aggressive posturing. If that doesn’t scare off the intruder, a pitched battle may ensue. If the resident male is dominant, the interloper slinks away either intact or with a severe puncture wound inflicted by beak of the winner.

A loon’s nest is not a beautiful sight to behold, but it is practical (Fig. 2.22). Made of grass and reeds, it is purposefully inconspicuous; close to water, preferably deep enough so that it can be approached underwater; and ideally camouflaged from raccoons and other predators. Loons’ nests are camouflaged enough that I often have trouble spotting them from the water even though I know their approximate location. A major problem with a loon’s nest is attackers from above. Ravens like to eat loon eggs, and the local eagle watches the nest with its eagle eye after the young have hatched (Fig. 2.23). If the nest is briefly left unguarded, it swoops down and carries off the helpless loonlet. At other times, the eagle will battle the parent loon for the prize of its young. Loons are among the most popular inhabitants of many north country lakes, and in some lakes cabin owners place small rafts in shallow waters as nesting sites for loons. Having a nest on a raft serves as protection from land-based predators, but it can make the nest even more conspicuous to marauding eagles (Fig. 2.24). In the never-ending battle to keep young loons from being attacked by eagles, some rafts have been built with canopies to protect the loon nests from the eagles (Fig. 2.25).
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    2.22  A natural loon’s nest. Courtesy of Steve Adams.
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    2.23  Eagles on the watch. Courtesy of Michael Schwartz.



A loon usually lays one to two eggs, and the incubation period is slightly less than four weeks. During that time, the female spends most of her time sitting on the nest, which has to be a miserable occupation. While on the nest, a female loon is often unmercifully attacked by a species of black fly that seems to be attracted mainly to loons, more specifically to the oily secretion that they spread over their feathers. Sometimes the black fly attacks are severe enough to cause the loon to abandon its nest, leaving the eggs to the elements.
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    2.24  A loon sitting on a nest on an artificial platform. Courtesy of Ten Mile Loon Committee.
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    2.25  A loon’s nest (with two eggs) on a covered artificial platform. Courtesy of Ten Mile Loon Committee.



The pace of springtime change is much more gradual in the main lake. Because of its great depth, Ten Mile Lake warms up much more slowly than almost any other lake in the area. While the bays are buzzing with springtime activity and the poplar and birch trees around the lake are in full bloom (Fig. 2.26), life in the main lake is just slowly gearing up to a more active mode. In mid-May, surface water temperatures in the main body of the lake are usually in the upper 40s to about 50, and at 30 feet they remain in the lower 40s.

One of the most significant changes in the main lake involves people. Most docks and boat lifts are put back into the water by mid- to late May. This is a portent of future boating activity, which in some lakes can have a major effect on the biological activities in the lake.
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    2.26  A birch tree in flower.

VIDEO WITH AUDIO: https://archive.org/details/ancltts-fig-2-26



Animal and plant life in the main lake responds to both the increasing amount of daylight and to the increasing temperature of the water. For some fish, especially smallmouth bass, early spring sees them still remaining in their winter torpor. During the winter, smallmouth bass come together in tight groups, often in 30–50 feet of water. Although they don’t actually hibernate, their movements are minimal during the winter. Ice-out doesn’t change their situation a lot in the week or two after ice-out, but an occasional smallmouth bass can be seen slowly moving about in water as deep as 40 feet. In early spring, even the underwater rocks are covered with what on videos looks like a thick layer of gray dust, which is a mixture of algal growth and other organic debris (Fig. 2.27).

For cold water fish—whitefish and especially ciscoes—ice-out and early spring is not a major event. The dwarf ciscoes in Ten Mile Lake remain suspended at 60–90 feet, and although we know almost nothing about their behavior, there is little evidence that their lifestyle has changed because the ice cover has been removed. Whitefish can be found all over the lake because their temperature preference allows them to roam anywhere from the great depths of the main lake basin to the shallow bays at this time of the year. The northern pike, especially larger ones, is another cold/cool water fish. Although many, as noted above, gravitate to the shallow bays to spawn and recover from the winter, some of them seem to either remain in the deeper waters throughout the winter or return to deep water soon after spawning season. My guess is that some of the larger pike do not spawn in a given year and remain in deep water throughout the winter and spring. I have seen large pike in 30–40 feet of water far from shore in mid- to late May.
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    2.27  Underwater rocks covered with a layer of wintertime “dust.”



The most prominent early springtime activity in the lake, among fish at least, is seen in the perch community. Numerous perch can be found swimming around at depths from 10–30 feet. Some of this activity involves feeding, but much of it is also directed toward spawning, which occurs in mid-to late May. Perch spawn at night, and they lay their eggs over the decaying vegetation from the previous summer. A single female perch lays several tens of thousands of eggs, and the eggs are encased in a white accordion-like covering that can sometimes extend several feet into the water (Fig. 2.28). After a week to 10 days, the young perch hatch. For the first five days or so, they live near the bottom on stored yolk. After that time, their swimming ability has improved, and they move into the open water, where they begin feeding upon floating zooplankton. On the down side, they then become prey to young-of-the-year walleyes, which occupy the same open water habitat.


[image: ]

    2.28  Yellow perch after spawning. The perch eggs are enclosed in the white accordion-like structure in the middle of the video.

VIDEO: https://archive.org/details/ancltts-fig-2-28



In addition to fish, early springtime sees a burst of insect activity. Midges and mosquitoes are most noticeable to humans. Midge larvae, usually about a half inch in length, live in the bottom sediments, often in very deep water. Their numbers in the sediments mirror the density of the swarms of flying midges that appear over the lake in the evening. Larval densities of several thousand per square foot are common in a northern lake. What stimulates the midge larvae, which are embedded in silt in ice-cold, deep water, to metamorphose into adults soon after the ice leaves the lake remains a mystery. Large clouds of non-biting midges continue to appear along the edges of the lake during early spring, especially in the evening.

Midge larvae serve as prime food for many bottom-feeding fish, especially whitefish and suckers. Both of these fish have mouths that are well adapted for this form of feeding. Their mouth is sharply underturned (Fig. 2.29), and their lips are tough. There is no need for teeth because midge and other insect larvae are usually quite soft. When feeding on midges, these fish slowly cruise just above the bottom. Periodically they sharply plunge their head into the bottom, sending up a cloud of sediment. At the same time, they suck up whatever insect larvae are living in the sediment. Each dive leaves in its wake a shallow depression in the lake bottom. In the absence of wave action or strong currents, these depressions remain, and over a long time they accumulate (see Fig. 5.25). Both the number and density of these depressions serves as a good indicator of an area rich in food for these fish.

Other than being small and flying, mosquitoes differ from midges in most other respects. First of all, they “bite,” even though the bite really consists of the mosquito’s piercing the skin by its long and thin proboscis. Mosquito larvae do live in the water, but instead of inhabiting the bottom sediments of lakes, they are found at the surface of small ponds or even temporary puddles of water. Mosquitoes are diurnal, meaning that their major activity takes place in the late evening or early morning. What remains a mystery to me is how one can be a mile from shore and still be relentlessly attacked by mosquitoes just as it gets dark.
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    2.29  A sucker, with a downturned mouth adapted for feeding on the bottom.

VIDEO: https://archive.org/details/ancltts-fig-2-29



On an early spring evening, the air over the lake is often filled with insects, many of which die overnight and fall to the surface of the water. The next morning, it is common to see several floating dead insects per square foot. If the winds and currents are just right, the dead insects, along with any other surface debris, become concentrated in aquatic windrows. Early one morning years ago, I saw an unusual sight along one of these windrows. The surface of the water was periodically broken by small projections that had to be somehow connected to fish. After seeing this phenomenon a couple more times, it dawned on me that what I was seeing was the pelvic (side) fins of whitefish. These fish were feeding upon dead insects on the surface, but because of their downturned snout, they couldn’t just swim up to the insects and suck them from the surface. Instead, just like sharks, which also have an undercut mouth, the whitefish need to turn on their sides to pick up food from the surface. This accounts for seeing an exposed pelvic fin as an indication that a whitefish is surface feeding. Whitefish continue this pattern of surface feeding until the upper water layer warms beyond their comfort level.

Whitefish often travel in small schools, and they are constantly moving. One can easily track the movement of a surface-feeding school of whitefish by looking at the pattern of protruding pelvic fins for a couple of minutes. When in this mode of feeding, whitefish can actually be caught with a fly rod and dry flies, but because the schools move so rapidly, it is necessary to anticipate where they will be a few seconds after the last appearance of their pelvic fins. It is piscatorial equivalent of a duck hunter’s having to lead an incoming duck with his shotgun pellets.

Without passing any boundaries, early springtime merges into late. The pace of activity, both in and above the lake, increases perceptibly. Such activity includes that of humans, who can exert a significant influence on a lake.
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    3.1  Marsh marigolds.
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Spring in Full Bloom
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Sometime between the fishing opener and Memorial Day, spring up north bursts forth in all its splendor. There is no definite date, but one can feel it in the air. This doesn’t mean that the cold is over. I distinctly remember one Memorial Day when I had to chip ice from my outboard motor. Old-timers always say to never plant your tomatoes outside until after Memorial Day. Nevertheless, everybody and everything now knows that winter is past, and we can look forward to a few months, even though fewer than most people want, of delightful warm weather.

Spring is advertised by both sight and sound. Swampy areas near or at the edge of the lake are punctuated by clusters of bright yellow marsh marigolds (Fig. 3.1), and on higher ground the green of the forest floor is studded with the white flowers of trilliums and other ground plants. The forest at the edge of the lake is a patchwork of various shades of green, ranging from the almost silver undersides of the big-tooth aspen and the bright green of newly emerging quaking aspen (poplar) leaves to the somber dark greens of the evergreens (Fig. 3.2).
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    3.2  A stand of newly leafed-out poplars in front of some mature white pines.



Two reproductive events of forest trees have a significant impact on the lake itself. One is the release of white seeds from catkins (clusters of seed capsules) of the poplar trees (Fig. 3.3). Entwined in a white fluff, each seed effortlessly floats in the air and is carried wherever the wind takes it. At times the air is so filled with them that the sight is reminiscent of snow flurries. Many of these seeds fall onto the surface of the lake (Fig. 3.4) where they exasperate anglers by becoming entangled in their fishing lines.

The other major springtime reproductive event is the shedding of pollen by the pine trees. Pine pollen is produced by the small male cones, which are clustered at the tips of the branches (Fig. 3.5). Yellowish in color, newly released pine pollen can form a dense cloud if a strong gust of wind hits the tree at just the right time. At this time, the surface of the water also becomes a patchwork of yellow pollen clumps, and if wavy, the shallow water near shore takes on the color of pea soup (Fig. 3.6). Pine pollen is also a bane for cabin owners who live in areas rich in pine trees. Exposed surfaces, such as porches, take on a distinct yellow hue. Only after the puffed oat-sized male cones fall from the pines in huge numbers can one assume that porch furniture will not again soon become yellow after a cleaning. Along the lakeshore, the occasional mountain ash tree is peppered with clusters of white berries, the precursors of the bright orange berries that characterize them in the fall.
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    3.3  A group of poplar catkins ready to release their seeds. To its right is a single catkin that is surrounded by newly released white seeds.
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    3.4  The calm surface of the lake covered with white poplar seeds in early June.
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    3.5  A cluster of male cones at the end of the branch of a Norway pine. The tan spike-like structures in the middle of the cones are the buds of the present year’s needles. Courtesy of Jim Carlson.
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    3.6  The edge of the lake beneath a clump of Norway pines that have released their pollen.
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    3.7  Great horned owl. Courtesy of Julie Howard.



Starting well before sunrise, the hooting of great horned owls (Fig. 3.7) gives way to the songs of other birds, which are establishing their nesting territory. The sporadic calls of the loons, which continue all night at this time of the year, persist during the day. A more intrusive sound is that of the occasional outboard motor or jet ski as the day progresses. Evening sees a distinct change in amphibian calls. Gone now is the nightly chorus of tree frogs, but in its place is the clicking call of the breeding mink frog, which can be heard for long distances across the water. The much quieter and lower-pitched clucking of the leopard or grass frog punctuates the evening after the songbirds have gone to sleep for the night. A most characteristic sound of late spring is the drawn-out trill of toads (see Fig. 2.5), which now occupy the breeding habitat that was filled with smaller frogs earlier in the spring.

Not everything is delightful about spring, for both humans and their mammalian compatriots in the forest. If the spring has been wet, the few mosquitoes that survived the brutal winter have been able to reproduce in the wetlands and springtime puddles and have produced a new crop of hungry offspring that, especially in the early morning and late evening, relentlessly attack any warm-blooded creature that they encounter.

How does a mosquito (always a female because the males don’t bite) hunt down its victim, especially after dark? Unfortunately for us, mosquitoes have lots of tools. Imagine that you are walking through the woods on a calm night. If you are walking, you are breathing, and about 5% of your exhaled air consists of carbon dioxide. Mosquitoes have special receptors in their head that can detect carbon dioxide as much as 30 to over 100 feet from our intrepid walker. The mosquito then follows the plume of CO2, which becomes more concentrated the closer it gets to you. As it approaches you, another sense comes into play. Special cells on the mosquito’s antennae pick up odors from human sweat and skin, especially lactic acid from sweat and carboxylic acid from skin, which guide the mosquito even closer to its victim. At that point, vision, which is not highly developed in a mosquito, comes into play. The mosquito can detect a general shape, especially if it is a dark color (Hint, wear light colored clothes). When it gets to about a meter from you, another receptor in the head picks up your body heat and guides it to an exposed landing spot on the skin. Once it has landed, still other receptors on the feet let it locate the best place to bite. Then its proboscis becomes important. Like a sharp awl, its proboscis punctures the skin, while at the same time it injects saliva, containing an anticoagulant, into the wound. Assuming that it still hasn’t been swatted, the female mosquito sucks up as much as three times its body weight of your blood. Now engorged with blood, the mosquito flies off and uses the nutrients from its blood meal to form a batch of eggs and a new crop of mosquitoes.

Different people seem to have different susceptibilities to mosquito (and other insect) bites. Two people can be walking side-by-side, and one gets repeatedly bitten while her walking partner isn’t bothered at all. Because everybody breathes out CO2 and everybody radiates body heat, these aren’t likely to be differentiating factors. On the other hand, sweat might be the culprit. Sweat contains a complex mixture of chemicals, many of which are volatile. Subtle differences in the composition of sweat from one person to another or molecules found on the skin could easily account for why one person is very attractive to a horde of hungry mosquitoes and another person is ignored. At a purely anecdotal level, for most of my life I didn’t sweat, even after prolonged heavy exercise, and I could spend an entire summer in the woods without getting a mosquito bite. Only in recent years have I occasionally gotten bitten, and it coincides with my having begun to sweat as I have aged. Another reason for mosquitoes attacking one person more than another is that the person wearing the lighter colored clothes is less likely to be bothered.

Nobody likes the swelling and itching of a mosquito bite. The reason why this happens is that many people’s bodies are allergic to some substances in the saliva that the mosquito injects into their skin. This sets off a local immune reaction that causes the release of histamine, which is the cause of the itching and the swelling.

Even less delightful are ticks. Not only are they generally repulsive to most people, but they can also be dangerous carriers of disease, especially Lyme disease and Rocky Mountain spotted fever. The Upper Midwest hosts about twelve species of ticks, which are generally, but inaccurately lumped together as wood ticks. Two species are most prominent and potentially most dangerous. They are the wood tick, sometimes called dog tick, and the black-legged tick, or deer tick. A third, but less prominent species is the lone star tick.

Of these three species, adult wood ticks are the largest, a bit over ¼ inch from front to back. They are chocolate brown in color and have eight legs. Deer ticks are about half that size (with a body about the size of a sesame seed) and are characterized by having very dark brown legs and a lighter brown abdomen. Lone star ticks are intermediate in size and, as their name implies, they have a white star-shaped spot on the top of their abdomen.

Ticks, in general, have a similar life cycle, but that of the deer tick is representative. Eggs hatch in the spring to produce tiny (about one mm in length) larvae, which crawl about the forest floor. During its first summer or fall, a tick larva searches for a source of its first blood meal, usually a mouse or a bird. If a mouse is infected with the Lyme disease bacterium (Borrelia burgdorferi), the bacteria can be transmitted to the tick larva as it drinks the blood of the mouse. Sated with its first blood, the tick larva then molts and becomes transformed into a nymph, which looks much a small adult. It then overwinters, but is not completely inactive. On warm winter days, ticks can be seen slowly crawling on the forest floor. By the next May or June, the worst time of the year for ticks, the year-old nymph is on the prowl for its second blood meal, normally a deer, but any large mammal, including a human, will do. A tick is slow-moving and cannot jump onto its prey. Instead, it crawls out onto the tip of a branch of a tall plant or low shrub. Extending its front legs, it waits for an animal to walk by. When the prey brushes against the branch, the tick quickly grabs onto the animal and then crawls around, looking for a suitable spot to bite. It then painlessly burrows its head into the skin and begins to suck up the blood of its victim. While doing so, the tick’s body swells greatly. Full of blood, the tick drops off from its host and usually doesn’t eat more. It then molts for a second time and becomes an adult. Sometime during the summer or fall, a female finds a male and mates. After the next winter (its second), the female tick lays its eggs in the spring to complete its life cycle.

Wood ticks have a life cycle very similar to that of a deer tick, but because of their larger size, they are much more noticed than are deer ticks. Someone who has experienced many ticks is likely to feel a gentle crawling over the skin, but very often, especially with deer ticks, one doesn’t feel them either crawling or biting. Sometimes a person may experience some itching or a mild rash after a tick bite, but frequently an embedded tick is not detected until its body has begun to swell.

A person bitten by an infected deer tick may develop a classical bull’s eye target rash around the bite, but this is not always the case. A tick must be embedded for 24–48 hours before it transmits a dangerous number of Lyme disease bacteria. Lyme disease is nothing to fool with, and if you think you have been bitten by an infected tick, go to a doctor. If diagnosed early and appropriately treated, the often-punishing long-term effects of Lyme disease can be nipped in the bud. The longer one waits, the more difficult it is to control the infection. Lyme disease can cause a bewildering variety of symptoms. If you are in an area where Lyme disease is prevalent, doctors are aware of the problem and are usually very good at diagnosing the disease. If you travel to an area where Lyme disease is not a problem but are concerned about possible exposure, be sure to alert your physician to that possibility.

Every few years, the lakeside forest sees an invasion of what are often called army worms or tent caterpillars. (In northern Minnesota, these critters are technically called forest tent caterpillars.) To us humans, it begins when we see dark, somewhat fuzzy caterpillars about two inches long, with a row of yellow spots down their backs and bright blue lines running along each side, crawling across roads or other hard surfaces (Fig. 3.8). In a bad year, their numbers increase dramatically over just a few days until many surfaces just seem to be crawling with them. Then one begins to see fragments of chewed leaves scattered about the ground beneath certain types of broad-leaved trees, especially aspens, birch and basswoods. Closer inspection of such sites shows that interspersed among the leaf fragments are innumerable peppercorn-sized dark brown spheres, which are fecal pellets dropped from the thousands of these worms happily munching on the leaves overhead. If you are staying in a room with a metal roof, the sound of these pellets hitting the roof can be mistaken for a gentle rain.

Major outbreaks of forest tent caterpillars occur about every 10–16 years, and they may last for two to four years. An outbreak begins when the young caterpillars emerge from eggs in the trees around mid-May. They then go on a feeding binge for about 5–6 weeks before covering themselves in a small cocoon of silk. In mid-July small tan moths emerge from these cocoons. The moths live about five days, during which time they mate and then die. Before dying, the females deposit a few hundred eggs in cylindrical masses around small twigs. The eggs overwinter and hatch the next spring.
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    3.8  A forest tent caterpillar. From Wikipedia.



In a year with a bad outbreak, stands of aspens can be almost completely denuded of leaves. Fortunately, they can produce a second set of leaves that will get them through the summer. The main consequence in a single year is considerably slowed growth of the trees for that year. Two or three consecutive years of such invasions, however, can severely stress the trees, and if a significant drought follows such an invasion cycle, many affected trees can die.

One insect explosion that is definitely positive is the first major hatch of dragonflies in June. After spending a year or two as large carnivorous larvae in the water, some environmental signal causes the larvae to leave the lake and metamorphose into adult dragonflies (Fig. 3.9). It is not uncommon to see the discarded exoskeletons (outer coverings) of the larvae attached to screens of cabins over 50 feet from the water. The first big wave of red-bodied dragonflies in early June is large enough that they form clouds over nearby roads, with the unfortunate consequence that many are killed by cars. Nevertheless, the numerous survivors eat large numbers of mosquitoes, making them a welcome addition to the insect population associated with the lake.

The most visible late springtime activity within the lake is spawning by bass and panfish, all members of the same family of fish. As the surface water in the main lake warms to the mid 50s, smallmouth bass begin to leave their deep-water wintertime haunts and move into shallow water—first to feed and then to reproduce. Smallmouth bass have a strong preference for bottoms consisting of a mix of sand and small to medium size rocks. One important reason for this is that a favorite food of these fish is crayfish, which thrive in this sort of habitat. The springtime shallows are also home to many schools of minnows, another important source of food.

By late May, a careful observer can see two- to four-foot circular areas, usually in water less than six feet deep, where pebbles of 1–2” in diameter have been exposed. An even more careful observer might see the dark back of a fish—a male smallmouth bass—slowly swimming around the exposed area. This fish is in the process of constructing a nest. The male bass clears away the silt and sand overlying the pebbles by fanning the area with its tail and fins. Splits in the tails of male bass are testimony to such fanning activity (Fig. 3.10). By the time a nest is finished, it stands out prominently from the surrounding sand, and in Ten Mile Lake, at least, the nest appears a prominent gray-green-blue color as seen at a distance from a boat (Fig. 3.11). Upon completion of the nest, a female joins the male, and after a courtship ritual, the female lays many thousand eggs over the pebbles in the nest. The female then leaves and the male takes over as guardian of the nest.
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    3.9  A dragonfly emerging from its larval exoskeleton. Courtesy of Michael Schwartz.
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    3.10  A male smallmouth bass with a split in its tail, likely caused by its nest-making activities.

VIDEO: https://archive.org/details/ancltts-fig-3-10
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    3.11  A smallmouth bass nest with newly hatched black fry swimming around it.

VIDEO: https://archive.org/details/ancltts-fig-3-11
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    3.12  A male smallmouth bass patrolling its nest and the newly hatched fry.

VIDEO: https://archive.org/details/ancltts-fig-3-12



The male smallmouth aggressively guards the nest against all potential predators, especially sunfish, some minnows and aquatic insects, all of which love to eat fish eggs. If an intruder enters the nesting space, the male bass swims up to it and either pushes it away or carries it from the nest in its mouth. After the young are born, the male continues to patrol the nest, chasing away predators and generally rounding up the young until they are mature enough to fend for themselves (Fig. 3.12).

Both the exposed position of the nests and their aggressive behavior make the nest-guarding males very susceptible to angling. During the height of spawning season, well-known smallmouth lakes are inundated with boats that cruise the shallows and target nesting bass. Such fishing is controversial, with some anglers considering it to be unsportsmanlike not only because it is so easy, but also it can be very disruptive to the overall spawning success of the bass. When a nest-guarding bass is hooked and in the process of getting caught, other predatory fish often move in and eat either the eggs or the fry. Most smallmouth bass fishing these days is catch-and-release, and if the caught fish is promptly returned to the water, it usually makes its way back to the nest. Unfortunately, many fishing tournaments involve keeping caught fish and then releasing them into the water at some central point after having been weighed, often long distances from the nests of the bass that have been caught. In this case, the nests are essentially left untended, and survival of the eggs or young is greatly compromised.

Just a few days after smallmouth bass begin nesting, their smaller cousins, the rock bass, also begin nesting in the same areas. Rock bass nests are much smaller and are not readily discernible to most boaters. Breeding male rock bass have quite distinctive jet-black fringes on their fins (Fig. 3.13). Within a few weeks after the spawning season, the black fringe disappears until the next year. Special seasonal breeding coloration is common among males of a number of species of fish, especially darters, tiny members of the perch family.
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    3.13  A male rock bass with black breeding coloration on the edges of its pelvic and anal (bottom) fins.



With the lake water temperatures still rather cool during the breeding period for smallmouth bass, the shallows still host occasional schools of whitefish, which early in the morning cruise the surface for fallen insects. As always, these schools are constantly on the move, but they betray their presence by their fins protruding from the surface of the water as they turn to capture their meal.

One of the most prominent insects at this time of the year is a medium-sized mayfly, known to fly fishermen as brown drakes (Fig. 3.14). These appear in large masses several times during June. After their brief time (a couple days) as actual flying insects, they die and fall to the surface where they are an easy meal for all sorts of fish. During such hatches, smallmouth bass can be seen dimpling the surface as they suck in these tasty morsels. This is a very good time to catch smallmouths on flies, but as so often happens during a hatch of a certain type of insect, they can be very fussy about the type of fly that they go after. Because the surface water is still relatively cool during brown drake hatches, whitefish also devour them in great numbers.

The deeper water in the lake is still quite cold during mid-spring, and many of the game fish are found in the shallows where the water temperature is more to the liking of both them and the food that they pursue. The deepest water in Ten Mile Lake is still home to the enormous cisco population, but as the water is warming, they make their presence known about an hour before sunset. At this time, they swim from their usual depth at 60–90 feet toward the surface in pursuit of the zooplankton that they feed upon. Ciscoes are close relatives of whitefish, but instead of a downturned mouth that is adapted for bottom feeding, their mouth points straight forward (see Fig. 5.32). This makes it easier for them to catch tiny zooplankton, which they individually target with their eyes. Each evening the zooplankton migrate toward the surface, and the ciscoes follow. If the wind is calm, one can see schools of a few to several dozen dwarf ciscoes jumping above the surface. Why they do so remains a mystery. Often in the ocean, small baitfish jump because they are being pursued by predatory fish, but there is little evidence that this is the case in Ten Mile. This does not mean that the ciscoes are not pursued by predators, because these highly nutritious fish are a favorite food of both walleyes and northern pike. A common fishing technique in Ten Mile is to troll in the evening in water over 100 feet deep, but with the bait within the top 15 feet of water. Dwarf ciscoes are almost exactly the size of a No. 13 Rapala, which is an excellent bait for open water walleyes and northern pike.
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    3.14  A brown drake mayfly. Courtesy of Eric Kanits.



Dwarf ciscoes are also not immune to predation from above. Loons chase them in depths from near the surface to many tens of feet below. Sometimes flocks of terns hover over surfacing schools of ciscoes and dive into them. If it is lucky, a tern then flies off with its evening meal in its beak. The ever-present gulls are much less likely to capture swimming ciscoes, but they keep a close watch for dead ciscoes or larger fish that float to the surface. Larger dead fish are most likely to be casualties of botched catch and release fishing practices. When a dead fish first floats to the surface and catches the attention of a gull, the bird commonly first attacks the eyes and then proceeds to try to get access to other vulnerable parts of the fish’s anatomy.

As spring proceeds, a major development in the temperature and oxygen content of the lake water begins to take place. In the early spring, there is very little difference in water temperature from the surface to the greatest depths—over 200 feet in the case of Ten Mile Lake. By the time smallmouth bass are in the midst of spawning and the surface temperature is in the low to mid-60s, the water temperature does not change much for the first 20–25 feet. Then, within the space of 6–10 feet, the temperature may drop as much as 10° F. Below that, the temperature is in the upper 40s and only drops to the mid 40s at the greatest depths. The zone in which the water temperature drops the most is called the thermocline (see Chapter 4) by those who study lakes, and it becomes increasingly significant as summer wears on.

Cold water holds a lot of oxygen. During early spring, lake water is highly oxygenated from top to bottom. Even as the thermocline is first developing, there is little change in the amount of dissolved oxygen although in some lakes the dissolved oxygen concentration begins to decline below the thermocline. As summer progresses, the amount of dissolved oxygen in the water plays a highly significant role in how the lake operates. More will be said about thermoclines and dissolved oxygen in subsequent chapters.

During spring, the shallow bays see different types and levels of activity from those in the main lake. Because of the warmer water, aquatic plant growth in the bays is far ahead of that in the main lake. Most visible are the pancake-shaped leaves of water lilies (Fig. 3.15). Water lilies, both yellow and white, are found in shallow water with very soft bottoms and are anchored by massive root systems, called rhizomes (Fig. 3.16). Rhizomes are sometimes found floating on the surface, and many boaters don’t know what they are. The dark triangular spots on the rhizomes are scars of stem attachments from previous years. A common reason for their being found on the surface of the water is that they are a favorite food of beavers, which dig them up, but don’t consume all of what they have unearthed. Water lily leaves provide a great deal of shade, which makes them excellent cover for fish, especially largemouth bass and sunfish (Fig. 3.17). In addition, many species of insects and snails make their homes in or on water lilies. A lily pad is a good place to spot a mink frog. In some lakes it is common to see small shore birds hopping from one water lily leaf to another in search of insect food.
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    3.15  Top: Yellow water lilies. Bottom: White water lilies. Courtesy of Michael Schwartz.
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    3.16  A water lily rhizome. The brown blotches are scars where stems of the leaves had been attached.
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    3.17  A school of small bluegills in 2 ½ feet of water under a bed of lily pad leaves interspersed with bulrushes.

VIDEO: https://archive.org/details/ancltts-fig-3-17
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    3.18  A bed of water shield leaves.



One of the interesting floating leaf plants in many northern Minnesota lakes is the water shield (Fig. 3.18). They look like miniature oval water lily leaves, but with the stem attached to the middle of the leaf. What makes them distinctive, however, is a thick layer of a clear jellylike material that covers the underside of the leaf and the stem. The function of this jelly has not been clearly determined, but it has been claimed to have antibacterial and anti-algae properties, as well as serving as a deterrent to snails.

Emergent and floating plants are structural and physiological hybrids that share some characteristics of both terrestrial and aquatic plants. Like other land plants, they are adapted to photosynthesizing through the green part of the plant. Emergent plants, such as cattails and bulrushes, must have strong cell walls in order to support the parts of the plant that are above water, but their roots are completely submerged. Having submerged roots would kill most plants from lack of oxygen, but emergent and floating plants have solved this problem by possessing a meshwork of air-filled channels, called aerenchyma (Fig. 3.19), that funnel atmospheric oxygen down to the roots. Similar channels in floating leafed plants act like the air-filled spaces in life preservers and allow the leaves to rest on the surface of the water. Floating leafed plants, such as water lilies and some pondweeds, have another adaptation that allows them to get air and oxygen. The under surfaces of leaves of terrestrial plants have small pores, called stomata, through which air can enter the inner tissues of the plant. The leaves of floating plants also have stomata, which serve the same purpose, but in this case the stomata are located on the upper side of the leaf, the only part of the plant that is exposed to air.

    Cattail beds in the springtime are punctuated by the scruffy whitish remains of the previous year’s brown “cattails” (Fig. 3.20), but hidden among the new stems are the precursors of the familiar brown “hot dogs” that are so visible in the late summer and fall. At the ends of newly emerging stems are two slight enlargements (the equivalent of flowers), separated by a narrow waist (Fig 3.21). The enlargement closest to the end of the stem is the male component, which produces a yellowish pollen. Beneath the waist is another enlargement, the female component of the flower, which will ultimately form the familiar brown cattail. Cattails are wind-pollinated, and the pollen released from the male enlargement fertilizes the eggs in the ovaries.
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    3.19  Cross section through the stem of an emergent aquatic plant. The hollow spaces are channels (aerenchyma) that transport oxygen from the air down to the roots. From Wikipedia.
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    3.20  The remnant of a cattail from the previous year.
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    3.21  A flowering cattail, with the male component (light tan) located at the end of the stem and separated from the brown female component by an inch of stem.



While the reproductive parts of the cattail plants are maturing, another reproductive process is taking place farther down in the leaves and stems. Redwing blackbirds make their small nests of dried grass deep within the clusters of leaves at the base of cattail plants. There, the female lays from three to a half dozen eggs. A couple weeks later, the young hatch (Fig. 3.22), and soon thereafter the young have developed to the point where they can leave the nest. At first, their main locomotion can best be described as enhanced hopping, but soon they are able to fly enough to take refuge in low branches of trees, if necessary, to escape the attention of potential or actual predators.
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    3.22  Left: Redwing blackbirds hatching from eggs. Courtesy of Bob Boisture. Right: Two-day-old redwing blackbirds cowering at the bottom of their nest.
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    3.23  A stand of nearly mature wild rice.



One of the most important emergent plants in Minnesota is wild rice (Fig. 3.23), which is actually a grass, rather than a member of the rice family. Wild rice thrives on soft bottoms in still or very slow-moving water, and it serves as a major source of food for ducks and some other birds. In early springtime, the grasslike leaves of newly emerging wild rice lie flat on the surface of the water.

The bottoms of the bays are covered with thick stands of a large variety of submerged plants that are the equivalent of underwater forests to the animal life of the bays (Fig. 3.24). These plants are vital components of the underwater ecology of a lake. Submerged plants provide excellent habitat for many small animals that constitute the bottom layers of the food pyramid in a lake. Biologists have actually counted such animals. Milfoil, for example, may harbor over 140 invertebrates per foot of stem, but some simple plants near shore may support less than 50 for the same length of stem.

Submerged plants provide habitat for small fish. These plants not only serve to concentrate the invertebrates that these fish eat, but they also serve to protect the small fish from predation by larger fish. Very few fish actually eat aquatic plants, but in shallow lakes, certain plants make up a significant part of the diet of a number of species of ducks.
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    3.24  A variety of submerged plants, along with a small perch and a small bluegill, at the bottom of a shallow bay.

VIDEO: https://archive.org/details/ancltts-fig-3-24



A rare aquatic plant in Ten Mile actually does the reverse. It eats animals. This is the bladderwort (Fig. 3.25), a bushy plant with numerous tiny brown bladders attached to its stems. These bladders are ultrafast traps for small aquatic invertebrates, such as water fleas. When one brushes against the sensitive hairs at the closed door of the bladder, the door suddenly opens up and negative pressure caused earlier by removal of the water from the inside of the bladder sucks up the unfortunate victim within a millisecond—probably the fastest trap in the world! The door then closes and digestive enzymes produced by the inner wall of the bladder quickly reduce the water flea to nutrients for the plant.
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    3.25  Bladderwort. The dark structures are the bladders that trap and digest tiny animals.



At an unseen level, aquatic plants are major players in the overall chemistry of a lake. Like other plants, they take in carbon dioxide (or bicarbonate from the water) and ultimately release oxygen. This depends upon photosynthesis. At night or on very cloudy days, aquatic plants actually use more oxygen than they produce because, like other living things, they respire, a process that consumes oxygen. These plants take up nutrients from the lake bottom and then release them into the water when they die.

Over 80% of submerged aquatic plants have evolved from terrestrial plants that have secondarily entered the water, much like whales and porpoises, which are descended from land mammals. Yet, despite having adapted to conditions of aquatic life, many of these species still retain evidence of their terrestrial ancestry, mainly when it comes to sexual reproduction.

Making the evolutionary transition from land to water has its pluses and minuses for a plant. On the plus side, it doesn’t have to worry about drying out or resisting the pull of gravity because it is supported by the buoyancy of water. On the minus side, gas exchange is much more difficult in water; there is less light for photosynthesis; and there are many barriers to sexual reproduction.

Submerged plants have dealt with the freedom from the constraints of gravity by effectively ditching the adaptation (lignin in cell walls) that makes the stems of terrestrial plants stiff. Their floppy stems and leaves are well supported by water, so they don’t need anything more. Most aquatic plants also don’t need a robust a root system unless they are in flowing water. The most important function of the roots of aquatic plants is absorption of phosphorus and other minerals from the bottom sediments.

Major differences are seen in leaves. Because of the constraints on gas exchange, leaves of submerged plants are designed to maximize their surface area. This is done in two common ways. One is to have long, thin leaves. A second is to break up the leaves into many small parts. Good examples of the latter strategy are seen in the leaves of milfoil or coontail (Fig. 3.26). The leaves of submerged plants are also lacking in waxy cuticles, which in land plants prevent them from drying out.

Because reduced light is an issue with submerged plants, maintaining an adequate amount of photosynthesis is a major problem. One way of dealing with this is to have their chloroplasts (the photosynthetic organelles) distributed as widely as possible—to the point where even the stems may contain chloroplasts. Other submerged plants have also adapted to the use of different wavelengths of light for photosynthesis. Although chlorophyll absorbs light at both red and blue wavelengths, some plants are more efficient at using blue wavelengths, which allows them to live at greater depths than others (see Chapter 4 for more details about the absorption of light in water).

Reproduction has provided one of the greatest challenges for submerged plants. Many submerged plants, especially the pondweeds and milfoil, betray their terrestrial ancestry by growing toward the surface and then producing floating leaves, as well as small flowers. The floating leaves, which also aid in photosynthesis, have a much different form from the submerged leaves. Their emergent stems are reinforced so that they can withstand gravity, since they are above water. Flowers of such plants can be pollinated by either wind action or by insects, but in general, their sexual reproduction is quite inefficient. Coontail has adopted a unique way of reproduction. These plants produce small male flowers, which break free and float to the surface, releasing pollen on the way. The pollen then sinks and fertilizes female flowers that remain on the stems. Nevertheless, its main mode of reproduction is a form of asexual budding.
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    3.26  Top: Coontail. Bottom: Northern milfoil, showing the complex structure of their leaves.



The most common modes of reproduction are through fragmentation, where pieces of adult plants are carried through the water and take root after they fall to the bottom. Other plants spread by extension through their roots (stolons). A common example is a small pondweed that lives in shallow water near shore in the main lake and produces tiny surface flowers in August. If you look carefully at these plants, you can often see them strung out in almost straight lines, which correspond to the extended stolons that sprout new plants.

In mid-to late spring, largemouth bass, crappies and sunfish all spawn near shore in the bays. Even though all are nest builders, the nesting areas tend to be more sandy or silty than those used in the main lake by smallmouth bass and rock bass. Whereas bass are territorial and their nests are usually built some distance from each other, sunfish nests are often so crowded together that only a thin rim of sand or silt forms a boundary between two nests. Such minor differences aside, in all members of the sunfish and bass family a similar principle applies. Nests are built and guarded by a male, who keeps intruders away from the eggs or young (Fig. 3.27).

Mid- to late spring is also the time when turtles nest. After mating in the water, the female turtles climb onto shore and may travel over land for several hundred feet looking for a sandy area in which to lay their eggs. This is the time of year when female turtles are seen on the road because often the sandy areas or gravel alongside the pavement seem like ideal nesting sites. Female turtles dig out a hole in the sand with their hind legs, often at night but sometimes also in daytime, and then deposit several dozen eggs into the hole. Within minutes after laying her eggs, the female covers them with the sand that she had scooped out and then returns to the water. Turtle eggs are covered with a leathery shell. Those of snapping turtles are spherical and about ping pong ball size, whereas those of painted turtles are much smaller (a bit longer than the diameter of a quarter) and are oval in shape.
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    3.27  A sunfish nest, being guarded by a male. Some smaller fish hover around the periphery of the nest.

VIDEO: https://archive.org/details/ancltts-fig-3-27



Turtle eggs develop very slowly (2–3 months for painted turtles and 3–5 months for snapping turtles), and development time depends upon temperature. Warmer weather leads to faster development. Newly hatched painted turtles are small, no larger than a half dollar coin. Upon hatching, they must first dig their way out of the nest, leaving the white remnants of their shells lying on the ground around the nest (Fig. 3.28). Some poorly understood instinct leads these delicate creatures to head for the nearest body of water. Like all newborn turtles, they are very vulnerable to predation by a variety of birds and mammals before they reach the water. A major threat to turtles of all sizes is automobiles. Turtles don’t move very fast, and they are very susceptible to being squashed by a passing car.

Unseen within the beaver lodges scattered among the bays is a family drama. The young are born late in the spring, but the batch of young beavers from the previous year is still living in the lodge. Around this time of year, the mother kicks out the adolescents, and they have to deal with life on their own. It is not uncommon to see beavers swimming around the lake and occasionally felling shoreline trees and bushes during the wandering period before they settle down into a new more permanent location. Occasionally, one can also see an otter family swimming along the edge of a bay. They are quite distinctive because of the way they stick their long necks high into the air. Otters are famous for their play habits, and for anyone who has seen a group of small otters, it is evident that they are having a great time as they accompany their mother.
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    3.28  A painted turtle nest, with the remains of the white shells scattered about the opening where the young turtles dug themselves out of the ground.



Late spring brings to an end most reproductive activity both above and below the water. Above the water, rearing young becomes the highest priority for most mammals and birds. Small spotted fawns can now be seen accompanying their protective mothers in open spaces in the woods. Newly hatched songbirds spend a few weeks in the nest crying mightily for food brought to them by their parents. Competition within the nest is often fierce for food, and the dominant baby birds thrive at the expense of the weaker members of the clutch. Most songbird nests are well camouflaged from predators. Those that are not are in constant danger. A most vivid example of the danger occurred one morning when my wife and I were in the yard behind our cabin. We heard a swoosh and looked up to see a hawk swooping down upon a robin’s nest perched on a light over our garage door. The hawk didn’t bother to pick out individual baby robins, but rather picked up the entire nest and flew away with it and its occupants in the company of the mightily distressed parent robins, which flew alongside emitting anguished cries.

Closer to the water, a loon’s nest will produce one or two newly hatched birds. They are still in great danger of being picked off by the ever-watchful eagles. During the early days after hatching, baby loons stay close to the nest as they test their swimming ability, but they rarely actually return to the nest. They eat voraciously and are dependent upon their parents for food for several weeks (Fig. 3.29). Then the parents encourage the young loons to dive in the shallows for their own food, such as crayfish and insects.
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    3.29  A loon presenting a captured fish (a dwarf cisco) to its young. Courtesy of Michael Schwartz.



The battle between the eagles and loons does not end at the nest. A remarkable set of photos chronicles an on-water encounter between an eagle and a loon family (Figs. 3.30–3.33). Although eagles are much larger than loons, the swimming ability of the latter puts them at an advantage when an eagle attacks in open water. The hooked beak of the eagle is a lethal weapon, but the rapier-like bill of a loon is also nothing to fool with. In or on the water, the sharp talons of the eagle lose their effectiveness. Figure 3.30 shows the typical aggressive/defense posture of a threatened loon. The ability of an eagle to navigate (see Figs. 3.31–3.33) on water is less appreciated.

Early on a June morning, it is not uncommon to hear the unmistakable honking of Canada geese in the distance (Fig. 3.34). These are not the sounds of local geese, but rather they signify large V’s of as many as 100 birds coming over the trees and often flying very close to the water. According to some naturalists, these are unattached males, which are flying as far north as Hudson’s Bay. Such flights can be seen and heard throughout the month of June.

Below the water, animal life in the bays has already transitioned to summertime modes of existence because by mid- to late spring, the relatively shallow water has already reached summertime temperatures. Long gone are the whitefish, which can no longer tolerate water temperatures higher than the low 60s. Similarly, most of the walleyes have left the shallow bays by mid-June. Many smaller northern pike remain in the weedy bays, but the larger ones have mostly headed for the deeper, cooler waters of the main lake. The fish that remain in the bays are largely warm water species, sunfish and largemouth bass, which thrive in water in the mid-to high 70s.

Back in the main lake, by late June the surface water is often in the low 70s, and swimming has begun in earnest. One of the banes of swimmers in many lakes is swimmer’s itch. Swimmer’s itch is the highly uncomfortable result of an infection by a tiny parasite that normally lives in ducks, especially mergansers (Fig. 3.35). The swimmer’s itch parasite belongs to a group called schistosomes. Like many parasites, this one has a complex life cycle. The adults live in the intestinal tract of ducks or some aquatic mammals. They then lay eggs, which are released into the water and settle to the bottom. The eggs produce an intermediate form which enters the bodies of several species of native snails. A second intermediate form develops within the snails. When this intermediate form of the parasite is released into the water it looks for a suitable host, preferably a duck, in which to settle down. If it happens to encounter a human swimmer instead of a duck, it adheres to the person’s skin. As the water on the skin begins to dry after the swimmer leaves the water, the parasites burrow into the skin of the swimmer. In many, but not all humans, this causes an allergic reaction and produces nasty welts over the exposed area. These are very itchy and uncomfortable and in severe cases, can lead to hospitalization.
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    3.30  A female loon with two chicks, aroused by approaching eagle. Courtesy of Lisa Giebler.
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    3.31  The eagle approaching the obviously distressed loon. Courtesy of Lisa Giebler.
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    3.32  At the height of the battle. Courtesy of Lisa Giebler.
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    3.33  Aftermath of the battle. Courtesy of Lisa Giebler.
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    3.34  A flight of Canada geese heading for Canada.

VIDEO WITH AUDIO: https://archive.org/details/ancltts-fig-3-34
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    3.35  A group of mergansers, vectors of the swimmer’s itch parasite. Courtesy of Michael Schwartz.



The free-swimming stage of this parasite is easily carried by waves, and they often accumulate along windswept shores, where they can make life miserable for small children who play in the shallow water along shore. If one is swimming or otherwise in the water in an area where swimmer’s itch is suspected, it is important to dry off very quickly after leaving the water or take a shower as soon as possible after swimming. The intensity of swimmer’s itch usually peaks around the Fourth of July and then gradually declines throughout the rest of the summer.

By late June, spring slides imperceptibly into summer, a period of relative stability. With reproduction pretty much out of the way, the plant and animals associated with the lake now concentrate upon growth, maturation and early preparation for the coming winter.





4

The Dynamics of a Summertime Lake
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Early summer ushers in a period of relative stability for a lake. Even though subtle changes occur every day, the casual observer experiences a prolonged period of warm weather and warm water. Underlying the lake that most summer vacationers see, however, is a complex system in which all living beings, whether plant or animal, take their cues from physical characteristics of the lake as a basis for their own complex web of interactions. Recognition of these dynamics is vital to a real understanding of how a lake functions. This chapter is intended to introduce the reader to enough of the basic elements of lake dynamics to be able to appreciate what underlies many of the seemingly unconnected events that can be encountered at different times of the year.

The best place to start is water itself. For such a simple molecule (H2O), water has a number of very unusual properties, without which our lakes would be much different from what they are now. One of the most unusual is water’s density in relation to temperature. Water is most dense at 39° F (4°C). This means that with each degree that water warms above 39°, it becomes less dense. What makes water so different from most molecules is that for every degree below 39°, it also becomes less dense until it freezes at 32°F (0°C). Even ice is 9% less dense than cold water. Were it not for this property of water, lakes could not function the way they do.

Let’s look at a typical north country lake. As any swimmer can tell you, in summer the water the water at the surface might be quite comfortable, but 5–6 feet below it can be noticeably colder. The deeper one goes, the colder the water, because of the increased density of the colder water. In very deep lakes the water temperature at the bottom may remain as cold as 39°, the temperature at which water is the densest. (In most lakes, however, the deepest water is warmer than 39° because the temperature of ground water and the ground itself at the same depth is usually warmer—often in the high 40s or low 50s—and the temperature of the deep water matches that of the ground.)

Wintertime sees just the reverse. When the surface of the lake is covered with ice, the water just beneath the ice is 32°. Then, as one goes toward the bottom, the water temperature actually becomes warmer until at the very bottom it is 39°, again the temperature at which water is the densest. Between summer and winter and between winter and the next summer, there is a brief period when the surface water has cooled (fall) or warmed (spring) to 39°. At this point, called the fall or spring turnover, the water temperature is 39° all the way from top to bottom. In late fall after the turnover, as the surface water continues to cool and eventually freezes over, the warmer, denser water remains deep, whereas in the spring, the warming surface water is less dense and remains above the colder deeper water.

As late spring merges into summer, the water in a lake begins to stratify into three layers according to temperature. The top layer, called the epilimnion, contains warm, well oxygenated water that becomes gradually colder with increasing depth. Just below that is a narrow transitional layer, called the thermocline, where the water temperature rapidly decreases. Below the thermocline the water is very cold, and the temperature drops only slightly between the bottom of the thermocline and the bottom of the lake. This layer is called the hypolimnion. Although dividing a lake into these zones may seem highly artificial, they play a major role in the ecology and overall dynamics of a lake. More will be said about these zones later in this chapter. From the time of the spring turnover, when there is no thermocline, it becomes established over many weeks. In mid-summer, the thermocline is very broad, but as summer wears on, it becomes much narrower (Fig. 4.1).
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    4.1  The shape and depth of the thermocline (dark blue) over the course of a summer—based on 2021 data. During spring, the thermocline gradually takes shape from water that is of almost uniform temperature. Late in the fall, the ever-deepening thermocline dissipates as the fall turnover approaches.



Water has a great ability to absorb and hold heat energy, mainly from the sun. Because of this, the temperature of water changes much more slowly than does that of the surrounding air. In a lake, for example, the temperature of the surface water might drop a couple of degrees during the night while the air temperature would fall by 15–20 degrees. This creates a much more stable environment for the creatures that live in a lake, many of which are cold-blooded and whose body temperatures closely correspond to that of the water.

If the differential between cold air and the warmer water is great enough, localized fog hangs over the water. The fog that you see over shallow bays on a cold morning in early fall (see Fig. 8.2) represents tiny droplets that form when warm water vapor meets colder air. Such fog is a visual indication of heat being lost from the much warmer lake water.

Interactions between light and water play major roles in how a lake operates. One that is very visible, but of lesser importance unless you are fishing with a spear or a bow and arrow, is the phenomenon of refraction. Refraction is more easily visualized than explained. Just look at a straight branch or pole that is sticking out of the water at some angle. If you look at the part of the branch that is submerged, you see that it appears to be bent just beneath the surface of the water. This is due to the bending of light rays as they hit the denser water. Imagine being a great blue heron or a kingfisher. These birds have to automatically adjust for refraction or they would miss their targets and go hungry.

Far more important for a lake is the absorption of any light that hits the surface. When sunlight hits the water at noon on an early summer day, most of the light rays penetrate into the water. On the other hand, when rays of the sun hit the water at an angle less than 90°, especially early in the morning or in the evening, many of the light rays are reflected from the surface and never enter the water. Those light rays that do become weakened as the depth in the water increases.

A valuable tool for measuring water clarity and, indirectly, light penetration into water is the Secchi (pronounced Sekki) disk, a white metal disk about 8” in diameter. Attached to a measured cord, a Secchi disk is lowered into the water on a bright sunny day. The depth at which one can no longer see the disk is recorded and is usually called the Secchi disk reading. In a clear-water lake like Ten Mile, Secchi disk readings are usually 20–22 feet in early summer whereas many lakes around the Twin Cities have Secchi disk readings of three feet or less. At the other extreme, readings in Lake Superior may top 60 feet.

As will be described later, light penetration is critical in a lake. When the intensity of light in the water is less than about 1% of that at the surface, it is insufficient for the growth of most aquatic plants. Similarly, the amount of light in the water has major effects on how fish and other aquatic animals go about their daily business. In clear lake water with a Secchi reading of 20 feet, the intensity of light decreases by 50% for about every five feet in depth. This means that 30–35 feet marks the lower limit for most plant growth because at that depth the intensity of light has diminished to the 1% level. In this dim environment, aquatic animals begin to use other senses to supplement vision.

Water also affects the color of light. The spectrum of colors in a rainbow is based on light of different wavelengths. On the red end, the wavelengths of light are long, whereas on the violet end they are much shorter. Water filters out long wavelengths of light to a greater extent than short ones. This means that as light penetrates past the surface of the lake, red begins to disappear with increasing depth, so that after 10–15 feet a red object in the water begins to look gray or blackish. Next to go is orange (between 20–30 feet), followed by yellow, green, blue and violet in that order. In addition to being dim, the deep water in many clear lakes takes on a gray-green tone.

This sequence of absorption of different wavelengths of light is of special importance to plants. All green plants contain a variety of chlorophyll called chlorophyll a, which must absorb light in order to for photosynthesis to proceed. Chlorophyll a strongly absorbs reddish wavelengths of light, which is fine for aquatic plants in shallow water. However, when the water is deep enough to have absorbed essentially all red light, green plants could not exist without being able to take advantage of some other wavelengths of light. Fortunately, chlorophyll a also has another major absorption peak in the blue range, which allows aquatic plants to photosynthesize even when they are rooted at depths where red light cannot penetrate. In fact, chlorophyll a is more sensitive to blue than to red light, which is a real benefit to those plants that live at depths where the overall light levels are very low. Other types of chlorophyll, along with yellow/orange pigments, are also present in the leaves of many aquatic plants. These can play minor roles in assisting photosynthesis, but the major player is certainly chlorophyll a. One of these accessory chlorophylls found in some plants is chlorophyll b, which strongly absorbs blue light and would be very helpful for deep-dwelling plants.

Water contains dissolved gases. Of these, oxygen and carbon dioxide are the most important. Nitrogen is also present in lake water, but in a more complicated form. An adequate supply of dissolved oxygen is essential for animal life in a lake, and plants require both oxygen and carbon dioxide in order to survive. In addition to gases, lake water also contains a number of other dissolved substances, all of which are vital to life in a lake. Most critical is phosphorus, which is the major determinant of the overall fertility of a lake, but other components, such as calcium and trace metals, play lesser, but nevertheless important roles. All of these components, in addition to temperature and light, work in concert to determine the overall character of a lake and the nature of the plant and animal life that live in it.

In the broadest sense, the general character of a lake is largely determined by its nutrient supply. The crystal-clear waters of many northern lakes reflect their overall infertility, or lack of nutrients. Such lakes (called oligotrophic, meaning few nutrients) are often deep and have very rocky bottoms. Especially in Minnesota’s Arrowhead country, their watersheds are also very rocky and infertile, with the result that relatively small amounts of nutrients enter the water from run-off or via streams entering the lake. At the other extreme are many lakes in southern Minnesota, which have greenish water and Secchi disk readings as low as a foot. These lakes (eutrophic) are highly fertile, and they get their nutrients largely from agricultural fertilizers applied to the surrounding land. Between these extremes are most lakes in central Minnesota (mesotrophic lakes), with reasonably clear water and Secchi disk readings in the 8–12-foot range.

It is important to note that color alone can sometimes be deceiving as an indicator of a lake’s trophic status. The waters of some northern lakes are dark brown in color. Such color is usually the result of tannins (pigments) leaching into the water from peat bogs or from surrounding trees, especially conifers. Even though such lakes may be highly infertile, the dark color of their water considerably reduces light penetration. Green water, on the other hand, is almost always due to the presence of microscopic algae and suggests a highly nutritive environment.

Now that individual elements of lake water have been introduced, we can put them all together for a basic understanding of how a typical north country lake operates. A good place to begin is at the bottom of the food chain, and in a lake, it is usually phosphorus. The overall fertility of a body of water is often measured in pounds (of living material) per acre, and this number in lakes is typically limited by the amount of phosphorus in the water. Every living cell is built upon a backbone of molecules containing carbon, oxygen, hydrogen, nitrogen and phosphorus. Of these, the first four are present in such abundance in lakes that availability is normally not a problem. Phosphorus, on the other hand, is present in lesser quantities in lakes, and when the supply of phosphorus runs out, either growth or the production of new organisms has to slow down and finally, stop. The role of phosphorus in fertilizing a lake is not that much different from the use of a fertilizer on your lawn or in your garden. Very simply, fertilizer makes plants grow better. In a lake, the more dissolved phosphorus, the greater growth of single-celled algae, as well as the larger plants that one sees in the water. All of the animal life in a lake ultimately depends upon microalgae (called phytoplankton) as the base of the food chain (see Fig. 4.2).
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    4.2  A schematic representation of the food web in the main part of Ten Mile Lake. Arrows indicate the direction toward higher levels in the food pyramid.



Phosphorus enters the water in several ways, depending upon the nature of the lake and also the season. External sources of phosphorus are run-off from surrounding land, especially fertilized lawns or fields, and input from any incoming streams. The bottom sediment in a lake contains varying amounts of decaying organic matter (dead plants or dead animals), and phosphorus is released from the disintegrating cells during the decay process. Some of the phosphorus becomes dissolved in the water, and the rest becomes chemically bound to metal ions, such as iron, and is trapped in the lake bottom. In its iron-bound form, the phosphorus remains sequestered in the bottom sediments until something triggers its release.

Tiny single-celled plants, which float in the water and which constitute the bulk of the phytoplankton, are able to take up dissolved phosphorus from the water and use it to produce living material. They can only do it, however, by using the energy created by photosynthesis. This means that the phytoplankton must live in the upper layer of water above the 1% threshold of light penetration that permits photosynthesis to occur. The more the phytoplankton, the greater reduction in water clarity—a major reason why water clarity declines in proportion to the fertility of a lake.

After the conversion of phosphorus from its dissolved form in water into plant material, a second conversion turns that plant phosphorus into animal material when tiny animals, called zooplankton, eat phytoplankton. Zooplankton, in turn, are eaten by very small fish and invertebrates, for example, clams, which filter the zooplankton from the water. In a simplified version of what ecologists call the food web, middle size fish eat small fish, and top of the line predators, such as northern pike and walleyes, eat perch and other middle-sized fish (Fig. 4.2). Above that top, people catch and eat larger fish. All the time, phosphorus is transferred to successively larger animals. Phosphorus returns to the water from the various aquatic animals in the form of feces or their decaying bodies after they die. Similarly, larger aquatic plants take up phosphorus from the water when they grow and release it when they die in the late fall.

Some of the phosphorus released from feces slowly drops in the water and is taken up again by zooplankton and is recycled before it reaches the bottom. Much of the phosphorus, however, finds its way into the hypolimnion in the form of dead plant and animal material and settles to the bottom. As this material decays, phosphorus is released and enters the bottom sediments where much of it forms a chemical complex with iron.

All the above tends to concentrate phosphorus in the bottom layer of the lake, and there is very little exchange between that layer (the hypolimnion) and the epilimnion during the summer. At the time of the fall turnover, the mixing of water throughout the lake redistributes phosphorus to the upper part of the lake, and the increase in phosphorus in the upper water acts as a fertilizer and can produce a fall algae bloom.

Another fertilizing event occurs when the dissolved oxygen in the water falls to a low level (below ~2 parts per million). Over the course of the summer, the concentration of oxygen in deep water gradually decreases because the decaying material that settles to the lake bottom uses up oxygen and there is no plant life in the deep water to replenish the oxygen in the water through photosynthesis. Under these conditions of low oxygen, phosphorus is released from its chemical bonds with iron and enters the water.

All of the interactions, which were briefly summarized above, belong to a very complex food web where a huge variety of interactions among aquatic plants and animals intersect with physical features of the lake water (e.g., temperature, oxygen, clarity, light) in different ways throughout the year. How these affect the lake that you might experience throughout the year will be discussed in later chapters.





5

Getting to Know the Lake

    [image: ]


If you want to develop a real understanding of a lake and how it functions throughout the seasons, it is important to learn about how the lake is put together and how the various parts of the lake differ from one another. Think about driving a car. It is easy to turn on a key and then take off for a nice drive in the country. You have a very pleasant experience, but have no idea about how a car works. Yet, for a variety of reasons, knowing something about your car would enrich your driving experience, especially if something doesn’t seem quite right with the car. Something very similar can be said for a lake. You can take a spin around a lake in a boat on a beautiful summer day and have a wonderful boat ride without knowing anything about the lake, but I can guarantee that the experience would be much more interesting and meaningful if you understood more about that lake.

The previous chapter dealt with many physical aspects of water and lakes. This chapter will focus more on the lake’s ecological zones, with the recognition that many of the characteristics of these zones are determined by the physical factors that were covered in chapter 4. The main part of Ten Mile Lake contains all of the ecological zones usually described by lake biologists. We will start with the shoreline of the main lake and then work our way down to the deepest waters. The shallow bays (Lundstrom, Kenfield and Flowerpot) are so different from the main lake that they will be treated separately. The two largest bays—Long and Robinson—are hybrid between the main lake and the shallow bays.


The Main Lake

The shoreline waters of the main lake provide several unique environments. Most of the shoreline around the main lake consists of sandy soil with scattered embedded rocks and pebbles. Several long beaches of almost pure sand break up the uniformity of the overall shoreline. The main lake shores are strongly wave-swept, and because of the wave action they have a unique character. The bays, on the other hand, are not subject to strong wave action, and their water’s edge is much more swampy and is choked with various types of vegetation.

Because it is periodically buffeted by significant wave action, the entire shoreline of the main lake is a biologically and geologically unstable environment. On the geological side, instability is evidenced short-term by shoreline erosion and long-term by the presence of pressure ridges along many areas of the shore.

Pressure ridges can be found in a number of locations around the lake (Fig. 5.1). These are caused by the horizontal expansion of warming lake ice upon steep shorelines. According to one source, the ice on a lake one mile across expands 32” when the temperature rises from 14–32°. The force of expanding ice is such that it pushes up the soil and anything attached to it. About 15 years ago, in front of our cabin, expanding spring ice pushed up an already existing ice pressure ridge, which housed mature spruce and pine trees, about another three feet. This was evident when looking at the roots of a spruce tree, which were vertically displaced by that amount (see Fig. 5.1). Some ice pressure ridges are ancient, certainly hundreds, if not several thousand years old, and they can tell much about the geological history of the lake. In some areas, two or three parallel ridges, separated by varying distances of level ground, indicate where the lake shore used to be many years ago.
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    5.1  An old pressure ridge that had been recently elevated another three feet by expanding ice. Note a large sharply downturned root toward the left of the photo. This gives an indication of the amount of elevation caused by the most recent ice event.



On a much more short-term basis, wave-based erosion is another feature of the shoreline. Many stretches of shore are characterized by a narrow strip of small rocks between water’s edge and a bottom of pure sand beginning perhaps 20 feet from the shoreline. The likely origin of these rocks is shoreline erosion, which washes away sand from vertical shoreline banks. Any rocks embedded in that soil fall into the lake and line the shore, whereas the sand is moved around, depending upon waves and water currents. A spectacular example of this phenomenon is the Moeraki boulders in New Zealand (Fig. 5.2). These spherical 5–7-foot diameter boulders are embedded in high vertical sand banks along one stretch of shore along the South Island. During great storms, huge waves washing these banks erode enough surrounding sand to cause the occasional boulder to drop to the level of the otherwise sandy beach.
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    5.2  The Moeraki boulders in the South Island of New Zealand. These boulders had been embedded in steep sand banks and fell to the shore after the surrounding sand had been eroded by large waves.



Not only rocks, but also trees periodically drop into the water because of erosion. Scattered along the shoreline are pine trees that are leaning over the water at various angles. In a very slow-motion movie that can take decades to play out, the removal of soil from the roots of these trees renders their base unstable and causes them to lean slightly toward the lake. Once their center of gravity is tipped from the purely vertical, these trees fall victim to an inexorable battle between the force of gravity wanting them to fall and the strength of their roots, which are attempting to hold them in place. Even though their roots respond to the mechanical forces bent upon pulling the trees down by strengthening their grip on the remaining soil, gravity invariably wins, and the tree topples into the water.

The common response to a downed tree in the water is to remove it so that it doesn’t spoil the contours of the shoreline. Yet, downed trees are a fundamental component of the life of a lake. Although the tree is dead, its drowned skeleton now provides a home for many aquatic creatures, rather than creatures of the air. The importance of trees and sticks in the water was shown by a study on a lake in Wisconsin. This pristine lake is divided into two parts by a very narrow neck. Researchers removed all of the sticks and tree trunks from the shoreline waters in one of the parts of the lake and left the other part untouched. After a few years, they sampled the perch populations of the lakes and found that the manicured part of the lake contained far fewer perch than did the natural part.

On Ten Mile, it is not uncommon for a given area of beach to be rocky one year and completely covered by sand the next. Sand is inherently unstable, and it is constantly shifting. Off the west coast of Florida, the barrier islands, which are composed completely of sand, are constantly in motion, mainly due to the force of ocean currents, but the wave action of hurricanes can cut semi-permanent channels right through the middle of these islands. On a lake, if a large tree falls into the water on a sandy beach, soon a deposit of sand becomes deposited on the downwind side of the tree trunk because the trunk breaks up the action of the waves and allows the grains of sand that are picked up by the waves to settle (Fig. 5.3).

Because of wave action and ice gouging, few plants grow right near shore in most areas of the main lake, but the shallow waters are not devoid of life. If one turns over larger stones or sticks from these shoreline waters, it is common to find the small elongated cases that form the homes to caddis fly larvae (Fig. 5.4). Caddis fly larvae make their cases from whatever material is locally available. On mostly sandy bottoms, their cases are made of glued-together grains of sand, whereas if the bottom is made up of organic detritus, the cases are formed from tiny bits of wood or leaves. In calmer areas, insects that live on the surface, such as water striders and whirligig beetles, very actively skim along the top of the water, thanks to the surface tension of water. Beneath the surface, schools of tiny minnows or the young of game fish swim along parallel to the shore.
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    5.3  The effect of downed tree trunks on sand deposition along the shore.



Submerged vegetation in the shoreline zone is minimal. Most common is a wimpy pondweed that spreads out in a linear fashion in late summer. The reason for the linearity is that the individual plants are interconnected by single roots or runners (called stolons by botanists). These plants are home to some of the tiny invertebrates that provide food for the minnows and young fish that inhabit this area.

Another prominent resident of the shallow beach regions is the freshwater clam (technically a mussel). Their irregular tracks are often seen on the sandy bottom (Fig. 5.5), and sometimes at the end of such a track is the clam itself with its partially opened shell. Closer examination of the opening would reveal its incurrent siphon (mouth equivalent) that draws in lake water from which nourishing plankton are filtered out.

Occasionally when the light is low, one can see a large (5–8”) olive colored leech slowly undulating through the shallow water. Many Ten Mile residents have asked me about them. Although ugly, these leeches pose no threat to humans. Instead of sucking blood, they get their nutrition from eating insect larvae, other leeches, snails or scavenging organic debris from the lake bottom. They are sometimes called horse leeches, but technically that term is reserved for another species of leech. The only name I could find for them is the scientific one, Haemopis grandis. Surprisingly, very little seems to be known about them. Leech biology is not among the most sexy aspects of biological research, and much of what I have learned about them comes from a publication written in 1912.
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    5.4  Caddis fly and several forms of larval cases. From B. Carlson Beneath the Surface (2007).



An interesting sidelight to the leech story is how they are preserved for study. When put into the normal preservatives, leeches curl up tightly onto a hard and brittle ball and are almost impossible to deal with. Someone over a century ago found that if a leech is placed into Coca Cola, it becomes totally relaxed and remains in that stretched out position when later preserved. I don’t want to think about how this was discovered or what this means about Coca Cola, but it reminds me of a story in my professional field of experimental embryology. For almost 80 years and one Nobel prize later, embryologists were trying to figure out how one part of an embryo talks to another in order to get it to form the right structure. To do so, they would take two different pieces of tissues from frog embryos and artificially place them next to each other in vitro to try to figure out what kinds of signals were passed between the two tissues. A major breakthrough in the field occurred when it was discovered that even tissues preserved in alcohol could pass along the appropriate signals. It turned out that a famous German embryologist would have a glass of schnapps next to him while he was working. One day, he accidentally dipped an embryonic tissue into his glass of schnapps instead of the glass of saline that was sitting next to it. Exposure to schnapps and killing the cells did not at all interfere with the signal-calling of the embryonic tissue in question, and this mistake greatly simplified research in that field.
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    5.5  The track of a freshwater clam, with the clam at the end. The dark material is organic detritus deposited by waves.



A prominent summertime feature of the shoreline zone is docks and boat lifts. Although thoroughly artificial, these structures provide shade and shelter for a surprising number of fish (mainly rock bass and largemouth and smallmouth bass) in the early summer before the surface water becomes too warm for comfort. These structures not only provide shade, but also serve as habitat for snails and other small creatures that are important components of the local ecological community.

The shoreline zone is inherently unstable. In the late winter, it is subject to scouring by moving ice, and during the open water season strong wave action not only stirs up the bottom sediments, but concentrates floating debris and microinvertebrates. Among the concentrated microinvertebrates, unfortunately, are the carriers of swimmer’s itch. In June, when pine pollen is shed, the water and shoreline sand take on the appearance of pea soup. On the beach after a wavy day, a line of stranded debris forms the basis for another minor ecological community, dominated by small insects.

Beyond the immediate shoreline zone is an intermediate region from ~3–10 feet deep that is little vegetated in most areas. When the bottom is sand, it seems almost devoid of life on superficial examination, although numerous insect larvae live in the uppermost layer of sand. Occasional fish, especially minnows, smallmouth bass and, in the early spring, whitefish, can be seen slowly cruising these waters. Rocky or partially rocky areas are home to much greater quantities and kinds of life (Fig. 5.6). Stretches with sandy bottoms liberally punctuated by rocks and small plants are favored by smallmouth bass and rock bass both during and after the spawning season. Many adult smallmouth bass continue to hunt there for prey (mostly minnows and crayfish) until the water temperature exceeds their comfort level (low 70s). Very rocky areas concentrate food even more, and they are home to schools of small rock bass, sunfish and smallmouth bass, especially if the rocks form a hump on the bottom (Fig. 5.7).


[image: ]

    5.6  A shallow-water scene in the main lake. A smallmouth bass inspects the camera.

VIDEO: https://archive.org/details/ancltts-fig-5-6
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    5.7  An aggregation of rock bass and a few small smallmouth bass around a rock formation.

VIDEO: https://archive.org/details/ancltts-fig-5-7



Overall, the region from shore to the deepest water inhabited by green plants is called the littoral zone by lake biologists. When the water depth is in the 10–15-foot range, the bottom becomes covered by vegetation, with large boulders or sunken logs occasionally breaking the monotony (Fig. 5.8).

The lake bottom between 10 and 25 feet supports the most luxurious plant growth in the main lake. Areas characterized by silty bottoms are typically carpeted with a dense growth of an alga called Chara, or stinkweed, because of its musky odor (Fig. 5.9). Chara is a vital part of the underwater landscape because it provides shelter, and consequently food, for a large variety of invertebrates and fish. Only in recent years was Chara determined to be the main substrate upon which spawning muskies in Leech Lake deposit their eggs. In contrast to most underwater plants, Chara feels quite firm and, sometimes, even brittle. The latter is due to thin deposits of calcium carbonate upon its stems. Chara is characteristic of the shallower end of the mid-depth water. Once the water becomes deeper than 20–25 feet, Chara is replaced by another macroalga, called Nitella. Nitella (stonewort) is much more delicate than Chara (Fig. 5.10), and when a batch of it comes up entangled on a troller’s artificial bait, it is very limp and much more threadlike than is Chara. Nitella can be found in water as deep as 35–40 feet.
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    5.8  A typical mid-depth scene throughout much of the lake. The grayish plants are the algae, Chara. The plants with larger leaves are a type of pondweed, commonly called cabbage by anglers.

VIDEO: https://archive.org/details/ancltts-fig-5-8
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    5.9  Examples of Chara, the alga that carpets much of the lake bottom between 11 and 20 feet.

VIDEO: https://archive.org/details/ancltts-fig-5-9



Emerging from the beds of Chara and Nitella are a number of taller aquatic plants. Because of the much lower temperature and reduced light in the deeper water of the main lake in early summer, these plants are much less mature than are members of the same species in the bays. One of the most prominent is coontail (Fig. 5.11), which thrives in depths from 10–25 feet and is found in loose beds often arranged as strips. Coontail beds attract a variety of fish, especially sunfish, rock bass and largemouth bass, but often walleyes and northern pike can also be caught near coontail. Growing in shallower water than coontail is northern milfoil (not to be confused with the invasive Eurasian milfoil), a plant that, like coontail, extends whorls of feathery leaves from a vertical stem (Fig. 5.12). Milfoil is not a particularly attractive plant for larger fish, but large numbers of tiny invertebrates, snails and insect larvae inhabit the stems and leaves of milfoil and serve as food for small fish and insect larvae. Other aquatic plants that protrude above the Chara beds are Canadian waterweed (Elodea to aquarium owners) and several varieties of pondweeds (Fig. 5.13). These plants are described in greater detail in chapter 3. Another feature of the lake bottom is the occasional sunken log, a leftover from the logging days of the early 1900s (Fig. 5.14). Most of these logs are from one to three feet in diameter and are remarkably well preserved. They are especially numerous in areas that are known to have been the sites of old logging camps.
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    5.10  Nitella, the more delicate alga that carpets the lake bottom from 20-37 feet. In the video of deep Nitella, note the minnows and northern pike, fish often associated with Nitella.

VIDEO: https://archive.org/details/ancltts-fig-5-10
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    5.11  Coontail, a large plant that thrives in depths from 10–25 feet in the main lake.

VIDEO: https://archive.org/details/ancltts-fig-5-11
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    5.12  Northern milfoil, another large plant found in the mid-depths.

VIDEO: https://archive.org/details/ancltts-fig-5-12
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    5.13  Elodea (Canadian waterweed), a common aquarium plant and one favored by fish.

VIDEO: https://archive.org/details/ancltts-fig-5-13



By about 30–35 feet, most aquatic vegetation has thinned out greatly, with only small clumps of Nitella and the occasional coontail that have probably taken root from broken-off fragments that have dropped to the bottom from other locations. This boundary coincides with the bottom of the thermocline and marks the beginning of the cold-water region of the hypolimnion.

The middle depths of the littoral zone (15–25 feet) contain the greatest numbers and varieties of game fish. These fish relate to one another in ways unique to their own species. Sunfish and rock bass are usually found in schools, especially around tall plants (Fig. 5.15). Although largemouth bass are typically considered to be dwellers of bulrushes, lily pads and weedy bays, in general, by far the largest numbers in the summertime are found in the mid-depth waters of the main lake. There they swim, either singly or in small groups, among the plants, especially coontail, several feet above the bottom (Fig. 5.16). Despite their reputation as rock lovers, it is not uncommon to see smallmouth bass in these same areas. In early and mid-summer, small schools of walleyes also roam the mid-depths (20–25 feet), even on sunny days (Fig. 5.17). These walleyes are usually on the smaller side (less than two pounds). By far, the most numerous fish in the mid-depths are small perch, which swim in large and densely packed schools in these waters during the daytime (Fig. 5.18). Smaller to medium size pike also inhabit these same waters. Pike are almost always found alone, probably because they don’t trust each other. These highly aggressive fish have no compunctions about trying to eat one of their brethren, even if it is the same size as the aggressor.
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    5.14  A pine log that has been lying on the lake bottom for more than a century.

VIDEO: https://archive.org/details/ancltts-fig-5-14
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    5.15  Panfish swimming among coontail plants at mid-depths of the littoral zone.

VIDEO: https://archive.org/details/ancltts-fig-5-15
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    5.16  A school of largemouth bass in the mid-depths.

VIDEO: https://archive.org/details/ancltts-fig-5-16
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    5.17  A small smallmouth bass and a school of walleyes swimming near the bottom of the littoral zone.

VIDEO: https://archive.org/details/ancltts-fig-5-17
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    5.18  A school of small perch milling about over a bed of Nitella.

VIDEO: https://archive.org/details/ancltts-fig-5-18



In the early summer, the deepest waters of the littoral zone (~25–30+ feet) contain fewer of the above-mentioned fish because the water at that depth is still a bit cold for their comfort level. One exception is larger pike and walleyes, which are more tolerant of cold water. Early in the summer, before the water gets too warm, whitefish still inhabit this zone. This is the time of year when people trolling for walleyes occasionally catch a hard-fighting fish that they can’t identify. Almost every year I get a call from someone who has caught a whitefish and wonders what it is that he has caught. At least once, a whitefish has been identified as a silver walleye.

One of the characteristic features of Ten Mile Lake is the presence of a surprisingly large number of underwater islands that top off anywhere from 8–55 feet below the surface. These islands are of two types. One consists almost entirely of rocks and supports no aquatic vegetation. The other is topped off with silt and supports a heavy growth of plants. These two types of islands are characterized by strikingly different animal communities.

Most underwater islands rise up from deep water, often in the 60–80-foot range. Their sides are typically very steep. In most cases, the bases of the slopes are covered with sand or silt, but often farther up the slopes, the silt gives way to scattered rocks and, finally, an almost entirely rocky surface until the level top of the “island” is reached. Those islands with rocky tops tend to be surrounded by steep slopes lined by rocks of various sizes. Those that are weed-topped often have rocky slopes at their pointed ends and silty or less rocky slopes along the long axis of the islands. Only rarely, however, are the slopes not steep.

The silty, weed-topped islands mirror much of the mid-depth shoreline in the plant and animal life that they support. Their 10–15-foot deep tops are covered with carpets of Chara with protruding clumps of milfoil, pondweeds and Elodea scattered about. The underlying silt is home to numerous midge larvae, as well as freshwater clams. The usual insect larvae and snails populate the leaves and stems of the plants, and crayfish are also found. With such an abundant supply of food, smaller fish of a variety of species populate the tops of these islands during the day. These juvenile fish include both largemouth and smallmouth bass, walleyes, small pike, rock bass and sunfish, along with occasional schools of small perch (Fig. 5.19). Larger fish are extremely rare during the daytime.

One silty, weed-covered island is different. Its top is deeper (25–32 feet) than those mentioned above, and probably because of the greater depth it supports a different fish community. Covered with Nitella instead of Chara, its fish population varies depending upon the time of year. In the spring and early summer, the water over this island is so cold that only northern pike and the occasional sucker are typically present. As summer wears on and the water above the thermocline warms, groups of mature walleyes and scattered largemouth bass begin to populate the island even during the day, and suckers and the occasional large rock bass are also commonly seen. Pike are always present. One reason for its popularity among these game fish is the presence of large schools of perch and minnows (shiners) swimming above the Nitella.
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    5.19  The top of a silty, plant-covered underwater island, featuring largemouth bass and schools of panfish.

VIDEO: https://archive.org/details/ancltts-fig-5-19



The rocky islands present a completely different scene, more like a moonscape. Such islands usually top off at a greater depth (15–30 feet), and regardless of depth, plants are almost never seen. These rocks are home to large populations of crayfish, and in the occasional patches of sand, clams can be seen. During the day, the most prominent fish on these islands is the smallmouth bass, ranging from 5“-long juveniles to mature individuals (Fig. 5.20). Occasional rock bass are present, but not in large numbers. Northern pike are rare. Walleyes are not commonly seen on the tops of the shallow rocky islands on sunny days, probably because of the high light levels, but groups of daytime walleyes are often present on top of the deeper islands once the water temperature warms to their liking.
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    5.20  The top of a rocky underwater island, with no vegetation, numerous clams and crayfish, along with smallmouth bass of various sizes.

VIDEO: https://archive.org/details/ancltts-fig-5-20



The slopes of most of these islands are very similar—piles of medium size to large rocks with very little vegetation (Fig. 5.21). The slopes act as barriers that concentrate schools of minnows and small fish, and probably because of that, walleyes can be found suspended off the slopes during the day. Along most islands, the rocky sides of the slopes give way to sand and silt with increasing depth, and at depths where the water becomes much colder, whitefish commonly cruise these slopes looking for insect larvae and small fish (Fig. 5.22).

Many of the rocky islands in Ten Mile are elongated in a roughly north-south direction. How these islands formed in the first place remains a mystery, but my guess is that they represent the bases of receding glacial waterfalls, which dropped rocks embedded in the glacial ice as the glaciers melted. It is always humbling to me to realize that when I see these massive piles of rocks, I am looking at a scene that has remained undisturbed for almost 10,000 years.
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    5.21  The slope of a deep underwater rocky island.

VIDEO: https://archive.org/details/ancltts-fig-5-21
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    5.22  A whitefish looking for food along the deep slope of an underwater island. The tiny specks floating in the water are zooplankton.

VIDEO: https://archive.org/details/ancltts-fig-5-22



As one goes deeper into the lake, the terrain changes dramatically, as does the water temperature. By 35 feet, we have hit the bottom of the littoral zone, where most of the green aquatic plants cease to thrive because the light levels are too low to support ordinary photosynthesis. This level also represents the bottom of the thermocline, where the water temperature has rapidly dropped to the upper 50s. In this area (the hypolimnion) the light, even on a sunny day, is quite dim. Overall, the landscape is quite otherworldly.

Much of the deep lake bottom consists of sand or silt, which has been continuously deposited in small amounts since the glacial origins of the lake. The surface of the silt is often bare, but many areas are covered with patches of moss—very small plants that can survive at depths where the light level is too low for normal photosynthesis. Lake moss remains poorly understood even by botanists, but it has been found as deep as 473 feet in an Oregon lake, and it seems to be able to utilize ultraviolet light to support its metabolic functions. Ten Mile contains two main forms of lake moss—one almost like a poorly tended lawn (Fig. 5.23) and another that looks like scattered spikes (Fig. 5.24). The latter form of moss can be seen as isolated spikes in water as deep as 60–70 feet. The deep silt is home to huge numbers of insect larvae, especially midges, which in some lakes can be found in water several hundred feet deep. These larvae burrow into the silt and subsist largely on organic detritus, which settles down from the upper waters. Occasional areas of deep lake bottom consist of beds of rocks, much like those that make up the underwater islands.

These deep waters are home to cold water-loving fish. Most prominent are the whitefish, which prefer water temperatures of 58° or less. Whitefish are bottom dwellers and feed on insect larvae buried in the silt or small bottom-dwelling fish, such as johnny darters. This eating habit is supported by their downturned mouth, which makes it very awkward for them to eat surface insects in the early spring (see p. 52).
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    5.23  The most common form of deep-water moss in Ten Mile.

VIDEO: https://archive.org/details/ancltts-fig-5-23
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    5.24  The spike-like form of deep-water moss. This is usually found in deeper water than the other variety of moss. The moss in this video was found in about 45 feet of water.

VIDEO: https://archive.org/details/ancltts-fig-5-24
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    5.25  Pits in the bottom silt, which whitefish or suckers have formed when looking for food buried in the bottom silt.

VIDEO: https://archive.org/details/ancltts-fig-5-25



When I first began taking underwater videos, I was puzzled by seeing large areas of lake bottom that were punctuated by numerous shallow pits, much like the divots in the turf of a golf course (Fig. 5.25). It wasn’t until several years later that it dawned upon me that each pit represents a place where a bottom-feeding fish has plunged its head down sharply into the sediment to dislodge small food items from the silt. This was later confirmed by videos of both whitefish (Fig. 5.26) and suckers (Fig. 5.27) diving their heads into the silt and raising a cloud of suspended debris in the process. Heavily pocked lake bottoms seem to represent areas with a high concentration of midge and mayfly larvae, and several of these regions correspond to areas where mayfly hatches are especially dense. The soft lips of both whitefish and suckers are very leathery to prevent abrasion of their mouth from this form of feeding activity.
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    5.26  A whitefish feeding.

VIDEO: https://archive.org/details/ancltts-fig-5-26
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    5.27  A sucker feeding.

VIDEO: https://archive.org/details/ancltts-fig-5-27



In addition to tough lips, whitefish have a thick gizzard-like stomach, which is obviously specialized for grinding. Every whitefish stomach that I have examined has contained at least one pebble—sometimes so large that I wonder how the fish was able to suck it in. My assumption is that the pebbles and the muscular wall of the stomach work in concert to grind the stomach contents.

In the early summer, most whitefish are found in water 30–40 feet deep, and as summer moves on, they head deeper so that by August, they are found at 50–55 feet. Their depth range, however, is much greater, and I have recorded them as deep as 110 feet (see Fig. 5.30). Whitefish seem to prefer slopes, and it is easy to locate them on the deep slopes of underwater islands or drop-offs from underwater points. They are seen in small schools or as single individuals (Fig. 5.28). Whitefish are always in motion, but is not known if they patrol a relatively small territory or if they range more widely. One area, where I have often caught as many as 30–50 whitefish per hour, is no larger than a living room floor. For over 25 years I have found them concentrated in this single spot, but numerous underwater videos have provided no clues as to why this spot is so attractive to them.
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    5.28  A deep-water whitefish.

VIDEO: https://archive.org/details/ancltts-fig-5-28



Whitefish can be readily caught if you can find them. The traditional way to catch them is by still-fishing with crappie minnows, but they are just as easily caught with artificial jigging-type baits, such as those used to catch walleyes or crappies while ice-fishing. Whitefish can also be caught on flies. In the early spring, when they are feeding on surface insects, one can catch them on dry flies. Catching surface-feeding whitefish is tricky. One first has to locate a surface-feeding school and then place your fly where you guess the school is going to be in the next 10–20 seconds. This is not easy, though, because the schools often make sharp, unexpected turns. Whitefish can also be caught on streamer flies in the early summer, but it is necessary to use a fast-sinking line to get your fly to the depth (30+ feet) where the whitefish are swimming.
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    5.29  A large group of suckers congregating about a pile of deep boulders. The white spots in the early seconds of the video represent a dense aggregation of zooplankton.

VIDEO: https://archive.org/details/ancltts-fig-5-29



It took me years to recognize that suckers are also cold-water fish. For decades I had mentally associated suckers with warm, weedy water. In reality, they prefer to inhabit the cold water (upper 50s) just beneath the bottom of the thermocline. Suckers are commonly found in schools, sometimes lying in dense aggregates directly on a relatively smooth bottom and at other times congregating around piles of large boulders (Fig. 5.29). More than any other fish, suckers rest literally belly-to-bottom when they are not actively swimming. It appears that suckers spread out and feed over soft bottoms and then come together in large groups and relax among the rocks.

The dense aggregations of deep-water suckers make them perfect targets for the other major denizen of the cold water, namely large northern pike or, in some lakes, muskies. Like several other species of fish, pike become less tolerant of warm water as they grow larger, but with pike the change in temperature preference is more extreme. Large pike become cold-water, rather than cool-water fish, and in deep lakes like Ten Mile, they spend most of their time in water that is in the high 50s, which means that they live beneath the thermocline. Summertime anglers often complain that their lake no longer contains large pike. Sometimes this is probably true, due to over-fishing; in other lakes it means that the pike anglers are fishing in shallow, weedy waters, which have lots of small pike. The large pike in these lakes are swimming in the deep water, safely out of the reach of the anglers’ lures. This also explains why in many lakes large pike are readily caught by ice anglers or by spear-fishing in shallow water during the winter, but rarely during the summer.
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    5.30  A deep-water whitefish with a prominent scar, probably inflicted by a large northern pike, near its tail.

VIDEO: https://archive.org/details/ancltts-fig-5-30



Large pike like large meals, and a mature sucker or whitefish fits the bill perfectly. A 10–20-pound pike would have no difficulty gulping down a two-pound fish. Once in a while one of these fish escapes the mouth of a pike, but it then carries around a scar that shows the site of the attack (Fig. 5.30). In cold water, fish metabolize slowly, and it seems that large pike often go 2–3 weeks between meals.

One deepwater fish that is surprisingly missing from Ten Mile is the eelpout (burbot). Relatives of codfish, these fish are inhabitants of the deepest and coldest water in a lake, e.g., Walker Bay in Leech Lake, and they are most active in the winter when they are often caught by ice fishermen who are targeting walleyes.

Another important area in a large lake is the open water in the middle. This is called the pelagic zone, and its inhabitants relate to open water, rather than to the bottom. If you cruise the open water very slowly on a calm day, you would notice numerous 10–20-foot-wide circles where the surface is dimpled by dense school of tiny fish (either minnows or young-of-the-year of larger fish, which swim just beneath the surface. (By the way, a true minnow is a member of a family [Cyprinidae] of usually very small fish although, ironically, carp are also technically minnows. Other small fish are not really minnows even though in popular parlance any small fish is referred to as a minnow.) Certain species of minnows, such as the lake emerald shiner, prefer to live in open-water schools, where they feed upon plankton or the countless tiny insects that land on the surface of the water. The number of dead insects that can be found on the surface can be mind-boggling. Not infrequently, there are several dead insects per square foot. If we assume just one per square foot, that would come out to about 218 million insects spread over the lake at a given moment. That is a lot of fish food!

Throughout the epilimnion are countless numbers of both phytoplankton and zooplankton, which constitute the base of the food web. The phytoplankton are limited to the epilimnion because of their need for sunlight to support photosynthesis, and the zooplankton, which feed upon phytoplankton, stay close to or somewhat below their source of food. Within the epilimnion, however, there is considerable mixing of the water due to wave action, so the plankton get passively swept up and down from the top to the deeper levels of the epilimnion along with the water currents. Zooplankton are also able to move independently, and in the evening they migrate toward the surface and then drop down to deeper levels at night.

Zooplankton represent a very diverse group of animals, and it is difficult to make generalizations about their behavior. Overall, three main factors seem to determine where they will be found. These are protection from excessive exposure to ultraviolet light, the presence of an abundant food source and avoidance from being eaten by plankton-eating fish. For the herbivorous zooplankton species that graze upon phytoplankton, proximity to food is a major determinant of their location. Larger, carnivorous zooplankton may find it safer to spend the day in deeper water to escape both ultraviolet rays of the sun and the dwarf ciscoes. Then they rise toward the surface in the evening, where they can find food but have a better chance of becoming a meal themselves in the dim light. During the day, it is not uncommon to see dense clouds of zooplankton close to the bottom in moderately deep water (Fig. 5.31).

Many small fish use plankton as their main source of food. Chief among these in Ten Mile are the dwarf ciscoes, which subsist almost entirely on plankton. These tiny fish—4–5 inches long and weighing less than 2/3 oz—are well designed for capturing plankton. In contrast to their cousins, the whitefish, which have a downturned mouth adapted for bottom feeding, the mouth of a cisco, a close relative of whitefish, is forward-facing (Fig. 5.32). In contrast to many fish and even some types of whales, which gulp in large amounts of water and strain out the plankton, ciscoes actually target individual zooplankton with their eyes and then capture them in much the same way as a larger fish grabbing a smaller fish.
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    5.31  Large numbers of zooplankton, looking like dust particles in the water. See also the beginning seconds of the video in figure 5.29.

VIDEO: https://archive.org/details/ancltts-fig-5-31
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    5.32  A dwarf cisco. The video shows the only dwarf ciscoes that I have been able to capture on video.

VIDEO: https://archive.org/details/ancltts-fig-5-32



A major mystery in Ten Mile is why the dwarf ciscoes are so small. Most ciscoes (also called tullibees), even in neighboring lakes, are much larger, often weighing up to one or two pounds. We know that if transplanted to another lake, Ten Mile ciscoes can grow to almost double their length and about eight times their weight. So why don’t they get bigger in Ten Mile? The most popular theory is that their small size is a by-product of their desire to avoid being eaten by larger fish.

During the entire open-water season, Ten Mile ciscoes live in immense schools in open water 60–90 feet below the surface. The water temperature at that depth is about 46°. Such water is too cold for the game fish in the lake, so by living in these depths, the ciscoes are safe from predation. The price that they pay for such thermal protection is a highly reduced metabolism, which prevents them from fulfilling their full genetic capacity for growth. This ecological strategy seems to have been highly successful because the Ten Mile cisco population has been estimated to be as high as five to seven million.

Ciscoes do need to eat, however, and in the evening many of them make an upward migration toward the surface waters, where they connect with the zooplankton, which are also making their upward evening migration. This is the reason why one can see schools of dwarf ciscoes breaking the surface in spring and early summer evenings when the surface water is still cool. Unfortunately, their upward evening migration places them in water warm enough to be frequented by larger game fish, for which nothing is as tasty and nutritious as a stomachful of dwarf ciscoes.

The gamefish instinctively understand that an evening meal awaits them in the middle of the lake. Walleyes and northern pike move into areas where cisco evening migrations occur and feast upon these small defenseless fish. Every year I catch evening walleyes in the middle of the lake that spit up ciscoes that have been so recently eaten that they are still quivering. Walleyes and pike are not the only predators of evening ciscoes. I have occasionally caught both largemouth and smallmouth bass near the surface in water 150 feet deep and far from shore. How often bass target ciscoes in the summer is not known, but I suspect that such behavior is exceptional, rather than usual.

It is not only fish that target evening ciscoes. When the cisco schools are breaking the surface, they can be attacked by groups of Caspian terns, which dive into them and occasionally fly off with a prize cisco. Loons (Fig. 5.33) are another of the usual predators of ciscoes. I have never seen one with a cisco in its mouth because loons normally swallow small fish that they catch while still under water.
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    5.33  A loon. Courtesy of Michael Schwartz.



I first got glimpses of the evening habits of Ten Mile ciscoes in 1962, when I was experimenting with a Rapala bait that I had bought in Finland the year before. Because the bait was too light to cast decently, I began trolling with it. Surprisingly, I started catching walleyes within a foot or two of the surface, even though I was trolling in 100+ feet of water and going at a high speed. At the time, conventional wisdom dictated that one must troll slowly and on the bottom in order to catch walleyes. Over several years, it became clear that such catches of walleyes near the surface were no accident, and I continued to refine that technique. For almost 20 years I was the only person who fished the middle of the lake at a high speed, and a number of people thought I was nuts. Because this type of surface trolling required that the baits be dragged a long way behind the boat (~100 yards) to keep from scaring the fish, on more than one occasion my line was clipped by propellers of passing boats, which probably had no idea that they were crossing a fishing line.

This pattern of fishing continued until 1985, when I wrote an article on surface fishing for walleyes and sent it to In-Fisherman magazine. They didn’t believe it and rejected the article, but then the editor came up to Ten Mile and I took him fishing. He then asked me to write an article on ciscoes and walleyes, which I did. This began a long writing relationship with them.

Starting about 30 minutes after sunset, the cisco schools drop down into deeper water and ultimately settle down to the bottom, usually at depths over 100 feet. Such behavior is the opposite of ciscoes in Lake Superior and many other lakes, where the ciscoes become active at night. In Ten Mile, the ciscoes remain deep until dawn when they again move up to their usual 60–90-foot zone in the water column.

None of the ecological regions of the lake are separated from the others by distinct boundaries, and there is always some overlap between regions. Nevertheless, they are useful as reference points when certain aspects of the lake are discussed later in the book.



The Shallow Bays

The prototypical shallow bays are Lundstrom and Kenfield, along with the unnamed newly formed bay bounded by the island and the causeway leading to it. Flowerpot Bay is different in that it has a very wide mouth that is partially separated from the main lake by a very shallow rock bar (less than three feet) that traverses the entire mouth of the bay. Over the years, this rock bar has been responsible for a large number of replacement propellers of unwary boats.

By early summer, the water in the shallow bays is usually quite warm—in the mid-to upper 70s, and because of both the warmer water and the greater amount of light, the aquatic vegetation in these bays is much more mature than it is in the main lake at the same time. By this time, the bays have turned into warm water habitat, in contrast to the main lake, which continues to provide habitat for cold and cool water animals.

In the overall evolution of the lake, these bays are on their way to becoming wetlands or swamps, but that stage is still hundreds of years in the future. Nevertheless, much of the shoreline of the bays is swampy, with wetland plants growing right to the edge of the bay. The absence of significant wave action allows soft dead organic matter and sticks to accumulate alongside the shore. Over time, wetland plants take root in such debris and form more stable hummocks, which are markers of wetlands.

Beaver activity, in particular, can sculpt the shoreline in a bay. In addition to the lodge itself, beavers betray their presence by felling trees, which sometimes topple into the water. If left alone, such downed trees provide excellent habitat for small fish and aquatic insect larvae. The entrance to the lodge is often characterized by a scattering of sticks—some fresh and others bare, with all the bark chewed off (Fig. 5.34). If the underwater entrance to the beaver lodge is deep enough, it forms a perfect hangout for crappies, which love to congregate among submerged sticks. In many southern lakes, crappie fishermen place piles of weighted brush onto the ice. Then when the ice melts, the brush sinks. Soon a new “crappie hole” forms for the enterprising fishermen. Long water-filled canals connecting nearby wetlands to the bay are also the work of beavers, which use them as highways (Fig. 5.35). In creeks and streams, beavers build dams of various sizes (Fig. 5.36). In addition to providing more water for the activities and protection of the beaver family, the pond forming upstream from the dam creates habitat for many aquatic animals. Ultimately, however, beaver ponds often become filled with silt and at that point serve as much less desirable habitat for the species that originally thrived in the beaver ponds.
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    5.34  A typical beaver lodge. Courtesy of Jim Carlson.
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    5.35  A channel made by beavers in a wetland near the water.



Muskrats are, in general, much less obtrusive, but their low houses, built of plant stems rather than sticks, can be easily seen rising a foot or two above the surrounding marshland. Much to the annoyance of many cabin owners, muskrats also burrow into the soft shoreline soil of the bays.

A very inconspicuous shoreline feature in a bay is a loon’s nest. Basically, just a thick pad of vegetation that the loon has pulled together, a natural loon’s nest is very difficult to spot even when you know where it is and even if the female is still sitting on her eggs (see Fig. 2.22).


[image: ]

    5.36  A small beaver dam crossing the outlet stream from Ten Mile Lake. Courtesy of Jim Carlson.



By early summer, baby loons are hatching from the month-long residence within their eggs. With the emergence of the young loons begins the battle between the mother and the resident eagles, which like nothing better than an appetizer of young loon. Unfortunately, a high percentage of loons lose this battle. Those loonlets that do survive remain under the close care of the mother for several weeks, during which they can often be seen riding on her back, possibly to protect them from the cold water during the early summer (Fig. 5.37). As a protective measure, they also swim beneath the outspread wing of the mother. Once they are hatched, young loons rarely return to land. Initially looking like small dark puffballs, they learn to swim and practice diving close to shore. For the first few weeks, they are fed by the parents, but as their diving skills improve, they begin to capture crayfish, insects and small fish in the shallow waters of the bays. As they mature, the young loons venture into deeper water and concentrate on diving to catch fish as the main part of their diet.
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    5.37  A baby loon taking a ride on the back of its mother. Courtesy of Michael Schwartz.



Loons are wonderfully adapted for diving. They swim underwater mainly by paddling with their large webbed feet, rather than flapping their wings, as do penguins. It always comes as a shock to me when a loon swims underwater alongside or under my boat. An underwater loon looks awfully big. A loon’s legs are located far back in its body—terrible for walking, but great for swimming. Loons can dive as deep as 100 feet, but normally their dives are much shallower—in the 10–20-foot range. Their bones are much denser than those of most birds, and their ribs are organized in a manner to resist the great pressures of deep water. When they dive, they keep their wings tight to the body, and their feathers are also compressed. All of this leads to a very efficient underwater fish-catching machine. Loons usually eat smaller fish, such as ciscoes and perch, and swallow them underwater. Only when one captures a larger fish does it return to the surface and juggle the fish in its mouth while trying to swallow it.

The edges of the bays are rimmed with patches of water lilies—both white and yellow. Beneath their broad leaves, large numbers of small fish, as well as largemouth bass, seek shade from the bright summer sun. The top sides of the pads are home to another community of terrestrial insects and the birds and frogs that feed upon them (Fig. 5.38). The frog that enters the water among the lily pads is in considerable danger of being sucked up by a hungry bass, whereas if it remains above the water, it is in equal danger of being picked off by an ever-watchful great blue heron.

One object sometimes found floating or submerged along lily pad beds is a 2–3-foot long, pale colored, sausage-shaped structure regularly pock-marked with somewhat triangular brownish impressions (see Fig. 3.16). A mystery to many, these are water lily roots—a favorite summertime food of beavers, who dig them up and gnaw on them. The brown pock-marks are scars where old stems of the pads have detached themselves from the root (actually called a rhizome).
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    5.38  A water lily with abundant insects (dark gray splotches) on its flower and leaves.
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    5.39  Bulrushes. Courtesy of Michael Schwartz.



Beyond the water lilies are patches of bulrushes (Fig. 5.39). At all times of the year, bulrushes provide habitat for a wide variety of fish, ranging from minnows to large pike when the water is colder. Their stems are populated by snails and numerous tiny invertebrates.

The shallow water (up to three feet) near shore is much more likely to be covered by plant growth than water of similar depth in the main lake. Often during the heat of a summer day, it is inhabited by few fish, but early in the morning largemouth bass prowl these shallow flats in search of a breakfast of an unwary fish, frog or even the occasional mouse or snake that has fallen into the water. In the shallows, though, these hunters can also become the hunted. In clear shallow water, their silhouettes stand out sharply against the bottom, and they can be easy prey for an osprey circling overhead. The sight of an osprey cannonballing down into the water from a hundred feet and then emerging with a flopping fish impaled in its sharp talons is something to behold. Smaller fish have less to fear from ospreys, but if a kingfisher, emitting its characteristic rat-a-tat call flies overhead, they had better be well camouflaged if they don’t want to become a tasty meal for the kingfisher.

Painted turtles love to sun themselves on protruding logs or stones during the heat of the day (Fig. 5.40), but much of the time they slowly swim through the water looking for food. The small head of a painted turtle protruding above the water is a common sight in the bays. More sinister looking is the occasional greenish moss-backed snapping turtle that sometimes rises up from the bottom of the bay. The dark triangular snout that emerges from the water when the turtle rises to take a breath, is usually quickly withdrawn beneath the surface is a boat comes near.
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    5.40  Painted turtles sunning themselves on a log. Courtesy of Aaron Doucett.
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    5.41  Bowfin. Note the prominent eyespot at the base of its tail. Courtesy of the Minnesota Department of Natural Resources.



By July, the shallow bays have become classical warm water habitat, which is defined by water temperatures 75° and above. Such water temperatures are tolerated, and often preferred, by several species of fish, especially sunfish and largemouth bass. These fish thrive in heavy weed cover, which not only protects them from potential predators, but also from the direct rays of the sun. Most freshwater fish prefer shade, I suspect due to the sensitivity of their eyes to bright light. A common sight in shallow water with little cover is one or several fish lined up beneath the thin shadow of an overhanging stick. If you don’t look carefully, it is easy to miss them if you are looking from above. In the main lake, this accounts for the presence of rock bass and smallmouth bass under docks until the water temperature gets too warm. It also accounts for the presence of fishermen who, often to the annoyance of cabin owners, cruise along the shore pitching their baits at the edges of docks.

The bays are summertime homes to not only largemouth bass and sunfish, but also to several kinds of fish that are rarely seen or caught. One of the most unique is the bowfin, or dogfish, a very primitive warmwater fish. Bowfins are the sole evolutionary survivors of a group of fish that arose over 250 million years ago, and like gars, they retain a number of characteristics of primitive fish. A typical adult Minnesota bowfin is about 2 feet long and weighs from 2–5 pounds (Fig. 5.41). They are olive colored and, typical of predatory fish, have a long and thin shape. Highly characteristic is a very long dorsal (top) fin and a rounded tail with an eyespot (ocellus) at its base. A number of fish and other animals, such as butterflies and moths, have such eyespots at the back end of their bodies. These eyespots are assumed to confuse potential predators, which would have trouble deciding which direction the animal would be heading if taking off quickly from a stop. They are also assumed to direct a predator toward a less vulnerable part of the animal with the eyespot. In some parts of Africa, local farmers actually paint large eyes on the rumps of cattle (Fig. 5.42), and a serious scientific experiment showed that this practice considerably reduced predation by lions and leopards.


[image: ]

    5.42  Eyespots painted on the rump of an African cow to deter predation by lions. From Wikipedia.



A very important characteristic of bowfins is their ability to breathe air if conditions in the water get bad. They are able to do this because they have a connection between their throat and swim bladder that allows them to gulp air and use their swim bladder almost like a lung. I have never caught a bowfin, but on a number of summer evenings I have seen a bowfin slowly swimming with its entire head protruding above the surface for as long as 20–30 feet.

Like pike and largemouth bass, bowfins are ambush predators, which hide in vegetation and then dart out to capture fish, crayfish or insects with their numerous long, sharp teeth. Because they occupy the same habitat, bowfins are occasionally caught by bass anglers. They put up a hard fight, but once one is in the boat one has to look out for its sharp teeth.

Another interesting feature of bowfins is their spawning habits. The males build nests from exposed roots and other vegetation. After a brief courtship, the female lays her eggs in the nest and then exits the scene, leaving care of the eggs and newly hatched young to the male—very similar to the habits of bass and sunfish. For the first week or so, the bowfin fry remain in the nest, attached to vegetation through a sticky spot while still getting their nutrition from their yolk sac. They then venture from the nest and are still protected by the male for the next few weeks.

At the other end of the size spectrum is another fish that most folks have never seen. This is the stickleback, a 2–3” fish that gets its name from several strong spines (a modified dorsal fin) sticking up from its back (Fig. 5.43). These spines act as a strong deterrent to any fish that would want to eat them. In bays, these fish spend most of their lives near the bottom, where they feed. Like the bowfin, sticklebacks make nests in the late spring, but their nests are unique. Male sticklebacks gather up a small ball of algae and other plant material and glue it all together with a secretion from their kidneys, called spiggin (from the Swedish word for stickleback). The male then burrows an entrance into the ball. Soon, a female lays eggs inside the nest. Because the nest is made of decaying vegetation, the water on the inside can becomes deprived of oxygen. This would kill the eggs. In order to prevent this, the male stations himself just outside the entrance to the nest and fans the water with its pectoral (side) fins 24 hours per day for the week or so that it takes for the eggs to develop. This creates water currents that bring oxygenated water into the nest. Like the bowfin, the male stickleback acts as a baby sitter for the young to keep them together until they are old enough to feed themselves. If a young stickleback strays too far from the group, the male sucks it into its mouth and then spits it out into the middle of the group.
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    5.43  A stickleback.



Another small denizen in the shallow waters of bays is the mudminnow, a fish that nobody except a fish biologist has likely ever seen (Fig. 5.44). Usually about 3” long, these little creatures are tough as nails. They live in the shallow waters of swamps, bogs and bays and eat snails, insect larvae and smaller fish. As their name indicates, they like a soft bottom into which they burrow if pursued. They can live in very acid water, such as is common in bogs, and can also survive extended periods without oxygen in the water because, like the bowfin, they can gulp air. In addition, mudminnows are tolerant of very cold water, and one of their close relatives can even tolerate freezing. Occasionally they are caught for bait because they can survive for a long time when impaled with a hook. Surprisingly, their closest relative is the northern pike.
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    5.44  A mudminnow.



The bays are home to the largest numbers of invasive mystery snails, of which there are two kinds—Chinese and banded (Fig. 5.45). These snails, which were first detected in Ten Mile Lake around 2010, were first brought to San Francisco in 1891 as food for the many Chinese immigrants who were flooding into California. They were next found in Massachusetts in 1917 and by now have spread to many parts of the country. One of the most common means of their spread is release by aquarium owners. Either that or release from bait buckets is probably how they got into Ten Mile.
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    5.45  Shells of Chinese (left) and banded (right) mystery snails. Courtesy of Jim Carlson.



Chinese mystery snails are about the largest snails found in northern lakes. Their shells are dark olive to brown and can be up to 2 ½” in diameter. They are detritivores (meaning that they eat whatever falls to the lake bottom), and this habit makes them good for cleaning aquariums. In the summer, they live in shallow silty water near plants. Their numbers can be astounding—up to 40/square yard (Fig. 5.46). Banded mystery snails are considerably smaller, but their habits are quite similar. Fortunately, for invasive species, mystery snails are relatively innocuous except for their large numbers. Dead ones can smell when they are washed up on beaches, and their shells can cut bare feet.

In addition to invasive mystery snails, the bays are home to large numbers of small native snails, which are commonly seen making their way along the stems of aquatic plants (see Fig. 2.14). These slow-moving creatures subsist on the organic film and the associated small creatures that live within or on that film.
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    5.46  A dense concentration of Chinese mystery snails on the lake bottom close to the outlet from Ten Mile Lake.

VIDEO: https://archive.org/details/ancltts-fig-5-46



The air above the bays is sometimes alive with several species of dragonflies and damsel flies. Dragonflies, like cockroaches, have persisted almost unchanged from their ancestors, which were first seen in the Carboniferous Period about 325 million years ago (Fig. 5.47). Only their size has changed. Some of their earliest ancestors were the size of model airplanes, with a maximum wingspread of 30 inches. Modern dragonflies can’t grow that large because of the inefficient design of their respiratory system, but prehistoric dragonflies lived in an environment that was much richer in oxygen. It is likely that as the concentration of oxygen in the atmosphere lessened over time, the dragonflies adapted to this condition by becoming smaller. Damsel flies, which are much more delicate than dragonflies, are readily recognizable because at rest they keep their wings folded up vertically over their back, rather than spread out as do dragonflies (Fig. 5.48).
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    5.47  Dragonfly. Courtesy of Linnea Dietrich.



Dragonflies are carnivorous throughout life. They start as large and rather ugly larvae that live among the plants and sticks of the shallow water of the bays. The larvae, which can live in the water for up to five years, aggressively feed upon insect larvae and sometimes small fish or tadpoles before transforming into adults that capture in the air flying mosquitoes, midges and other insects. They are among the most successful hunters, with an over 85% success rate in their captures. This success is due to both their exceptional vision and their precise aerodynamics. The eyes of dragonflies are huge and cover most of their head. Like all insects, their eyes are compound eyes, made up of facets much like a mosaic. Each eye can possess over 20,000 facets. In contrast to mayflies and caddisflies, adult dragonflies are long-lived by insect standards.
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    5.48  A damsel fly at rest. Courtesy of Michelle Gordon.



Even though the bays seem almost like separate entities, they are vital to the overall functioning of the lake. Especially in the spring, their fast-warming waters give fish from the main lake a chance to begin actively feeding and spawning weeks before this would be possible in the cold water of the main lake. Later in the year, they also serve as wonderful nursery areas by providing both protection and an abundant food supply for large numbers of small fish. As the water in the bays cools during the fall, a number of fish begin to return to the bays in anticipation of the coming spring.
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    6.1  Summer daisies.







6

The Lake on an Early Summer Day
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Late spring merges seamlessly into summertime in and around the lake, with one exception—human activity. With warmer weather, warmer water and the end of the school year, the human presence on the lake increases dramatically. Motor boats, jet skis and a variety of other forms of boats, often pulling skiers or boarders, dot the surface, especially on weekends. Less intrusive are swimmers or folks sunning themselves on their docks. Despite the overlay of human activity, most of the daily rhythms of life in and on the lake continue unchanged.

On the shore, most plants and trees are now fully leafed, but the new year’s growth projects from the ends of the branches of pine and spruce trees. Meadows and the roadsides are graced with clumps of daisies with their brilliant white petals and yellow centers (Fig. 6.1). Deer flies are now starting to make their presence felt.

Daytime begins early at the end of June. The sun rises around 5:30 AM, but as early as 3:30–4:00 AM, the first faint hints of light can be seen over the northeastern horizon. On most summer days, the wind has calmed down by the end of the night, and the lake is often glass calm. The pre-dawn bird calls are less frenetic than they were earlier in the spring, but the occasional conversation between distant owls can still be heard as they are bedding down for the day. Another early morning sound that carries into the lake is the loud rat-a-tatting of woodpeckers, as they find a resonant tree or some other structure to transmit their territorial calls to their compatriots. One of the loudest is the pileated woodpecker, the largest of the Minnesota woodpeckers, whose massive beak can shatter a tree trunk into axe-size wood chips as it searches for carpenter ants and other insects living in the wood (Fig. 6.2). As the day dawns, these sounds are replaced by the raucous shrieks and chatters of the local gull and tern community. Early morning loon calls are still widely heard, but with the nesting season coming to a close, the intense territorial calling that characterized the earlier springtime weeks is reduced.
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    6.2  The results of pileated woodpecker activity around a dead tree trunk.



In the dim pre-dawn light, beavers are shutting down their nightly activity and are heading for their dens or lodges, where they spend the day. During the early summer, single beavers are often seen in parts of a lake where their presence would not normally be expected. These are often young beavers, typically two years old, that have been kicked out of a lodge by the mother, who wants to make room for the present year’s brood of young, as well as members of the previous year’s brood. Other wandering beavers may be refugees from drying ponds during periods of severe drought. These displaced beavers do not build lodges, but spend the day in burrows near the shore, often beneath the roots of large trees that have been exposed by shoreline erosion. During the night, these beavers cut down poplars or alder bushes near shore and then proceed to chew off branches for food.

Early one morning I was able to stand within three feet of a young beaver that was having breakfast. The beaver grasped a two-foot-long branch in both of its front paws and proceeded to peel off the bark with its teeth. Much as we would attack an ear of corn, the beaver gnawed off the bark from one end of the stick to the other. When it reached the end, it simply rotated the stick slightly and then proceeded to work its way back to the other end. The beaver continued this pattern of eating until after only a couple of minutes all that was left was a classic “beaver stick” with glistening pale wood devoid of bark and the characteristic pattern of beaver chew marks at either end. After its breakfast was over, the young beaver finally saw me and loudly slapped its tail onto the water and swam underwater for a hundred feet or so before surfacing. A swimming beaver commonly shows only the top of its head, with its nose and small ears visible. This is quite different from a swimming muskrat, which shows much of its back while swimming. In addition, the thin tail of a muskrat swishes from side to side when it swims, leaving a characteristic trail.

Another delightful early morning sight can be a family of otters cruising around near the shoreline of a protected bay. With their leads lifted high above the water the young otters, usually three or four, seem to slither over lily pads or other obstacles before re-entering the water. Otters are among the most playful animals, and whenever I see them as a group, they seem to be having a wonderful time as they cruise around.

The bays are very active in the morning dawn. Largemouth bass voraciously chase down anything that will fit into their capacious mouths, including fish, frogs or even the stray mouse that happens to fall into the water near shore. Brightly colored sunfish, as well, are actively pursuing their insect food as the sun is rising.

In the air above the bays, tree swallows skim the surface, snapping up flying insects with amazing precision. (As an aside, just a few days before writing this, I spent an hour at the Croatian Krka River watching swallows swooping down on a hatch of insects as a moderate rain was falling. How a swallow, flying at 25–30 mph, can distinguish a tiny insect from a raindrop is a mystery to me.) As the morning light clears the water, fish-eating birds begin their quest for unwary prey. Among the earliest risers is the great blue heron, which has flown to the lake from its nighttime perch on a branch of a tree in a heron rookery in some nearby wetland. If suitable habitat exists for a rookery, a group of herons comes together to build loose nests of sticks in the branches of drowned trees. There the newly hatched herons can remain in relative safety until they are old enough to fly and hunt on their own. I vividly remember one of my college days when working on an isolated island off the coast of Georgia. Some ornithologists asked me if I would like to join them on a heron and egret banding expedition. Little did I know beforehand that my job was to climb the trees and pull young birds out of their nests and hand them to the bird-banders, all the time being attacked by the angry mother birds. From that experience, I can personally attest to the sharpness of their beaks.

Once on the lake, the heron, like a ghostly shadow, stands on its long legs near the shoreline waiting for a fish or frog to pass its way (see Fig. 1.5). When it spies a silhouette slowly moving through the water, a lightening-like extension of it long curved neck propels its head and dagger-shaped beak into the water. If it is lucky, the heron has speared the first course of its breakfast. It quickly swallows it prey and then continues stalking the shallows for more food.

High above the water, an early morning eagle, either a white-headed adult or a dark brown immature bird, patrols the shoreline for a dead fish that might have floated ashore during the night. When the morning light becomes a bit stronger, ospreys and kingfishers begin their day’s hunt. The eagles and ospreys are not just hunting for themselves, but also for their still-flightless offspring, which are sequestered in nests high above the ground. Although these days some of the nests are built on artificial platforms, many are still constructed on natural sites. For eagles, a natural nest is often situated near the top of an old white pine, whereas ospreys will often nest in a dead tree. An eagle’s nest is huge, weighing as much as a ton and be 8–10 feet in diameter (Fig. 6.3). The nest itself consists of surprisingly large sticks. An osprey’s nest is a somewhat scaled down version of an eagle’s nest. Both birds use the same nest year after year, and the nests tend to get larger with the passing years, as improvements are made with each successive nesting season. Ultimately the dead tree falls or a massive wind dislodges the nest, forcing the parents to start from scratch in a new location. Over the course of almost ten years, I watched the evolution and ultimate demise of an osprey nest on a very exposed dead tree until a derecho knocked down the tree, the nest and its inhabitants. I never did find the location of the next season’s nest.

Another common early morning sight is a mother merganser swimming out from shore with a brood of up to 35 tiny ducklets that at first look like swimming tennis balls (Fig. 6.4). Not all of these are originally hers, but these fish-eating ducks tend to aggregate different broods into a gigantic flotilla of brownish puffballs. Mergansers are far from the most popular ducks on the lake because they serve as vectors for the parasite that causes swimmer’s itch. With the progression of summer, the young mergansers grow larger, but are fewer in number as predation by fish—mainly large pike—and snapping turtles, as well as other natural causes, take their toll on the flock. The usual gaggles of local gulls and terns become activated early in the day, and by late July, an occasional Bonaparte’s gull serves as a vanguard of the greater numbers that will be arriving from the far north later in the summer.
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    6.3  An eagle about to land on its nest. Courtesy of Richard Lee.
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    6.4  A female merganser with her young brood on her back and trailing behind.



Farther out on the lake, occasional pairs of grebes, with their characteristic straight necks and crested heads, can be seen slowly paddling around. Grebes are unusual birds. Like loons, they are evolutionarily quite ancient, and despite their superficial appearance, they are not ducks. They have a thick, but pointed bill, and their feet are not webbed. Instead, each digit on their feet is adorned with several fleshy lobes that help them to swim. One of their most unusual characteristics is their ability to slowly sink in the water so that only the head is seen. Grebes do this by trapping water in their feathers, thus controlling their buoyancy. Speaking of feathers, grebes eat their own feathers, and sometimes up to 50% of their stomach contents consist of their feathers. Why they do this remains a mystery. One guess is that the feathers act like a sieve that protect their intestines from becoming punctured by fish bones. Grebes build nests of floating vegetation in shallow water, often near cattails. When the young hatch they, like baby loons, ride on the back of their mother. Like other diving birds, grebes eat fish, crustaceans and aquatic insects.

Within the main lake itself, dawn is characterized by a burst of feeding activity, most noticeable among fishes. Many smallmouth bass remain in the shallow waters until the water temperature reaches the low 70s (Fig. 6.5). If there has been an insect hatch the previous night, one can see scattered dimples where the smallmouths have sucked up a dead or dying mayfly or caddis fly from the surface. The surface waters are now too warm for whitefish, so their characteristic surface feeding behavior of the early spring is no longer evident. Because the lake is now divided by temperature into two zones—a warm zone in the epilimnion above the thermocline and a cold zone in the hypolimnion below the thermocline, fish that prefer warm or cool water (e.g., bass, panfish, perch, walleyes and smaller northern pike) are concentrated in the epilimnion, whereas those that require cold water (whitefish, ciscoes, suckers and large northern pike) are confined to the hypolimnion.

Large schools (up to 15 feet high) of small perch, which have been sleeping or resting near the bottom all night, become reconstituted very early in the morning. As they cruise around looking for food, the schools are often closely followed by occasional northern pike or walleyes which, when the time is right, dive into the schools and gobble up a few of the unlucky perch. Most of the time, however, these predators simply lurk near the bottom side of a perch school. Surprisingly, their presence doesn’t seem to panic the perch. What stimulates them to decide to eat some of the perch is still unknown.
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    6.5  Smallmouth bass in the shallows.

VIDEO: https://archive.org/details/ancltts-fig-6-5



Some fish don’t seem to care when they eat, and they can be caught any time of the day or night. Most prominent among them are the rock bass, of which Ten Mile Lake has an exceptionally abundant supply. Rock bass, sometimes called redeyes by local anglers, are members of the sunfish/bass family. As their name implies, they like to live among rocks, but they can be found in almost any habitat and depth of water. A classic early summer location is a shallow rock pile, where smaller rock bass school along with sunfish and small smallmouth bass (Fig. 6.6). Rock bass will eat almost anything that will fit in their mouths, and they will attack much larger objects. I can’t count the number of times when I have caught rock bass on artificial baits that were longer than the fish biting them. Because of their large numbers and aggressive biting, they are the bane of anglers who fish for walleyes with leeches or nightcrawlers. As summer wears on, rock bass, especially the larger ones, tend to occupy deeper water, but until the water temperature becomes excessively high, they can still be found in relatively shallow water. Only once, in many decades of fishing, have I seen that rock bass had abandoned some of their favorite boulder-strewn haunts in 15–20 feet of water because it was too warm.
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    6.6  Rock bass and small smallmouth bass on top of a shallow rock pile.

VIDEO: https://archive.org/details/ancltts-fig-6-6
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    6.7  A small smallmouth bass and a school of walleyes hovering around an underwater island.

VIDEO: https://archive.org/details/ancltts-fig-6-7



A number of other varieties of fish are making the transition from the main lake shallows to the mid-depths as summer gets into full swing. Prominent among them are walleyes, which are setting up on the tops and upper edges of underwater islands and along long bars (Fig. 6.7). In these habitats, vegetation is often scarce, but food, especially crayfish and minnows, is plentiful. As the summer progresses, increasing numbers of smallmouth bass begin to occupy the same habitat, and it is common to see both walleyes and smallmouths swimming very close to one another (Fig. 6.8). I have not noticed as intense an early morning feeding spree in those deeper fish as in those that have remained in shallow water. Actually, many of the early morning shallow water feeders retreat to deeper water as morning progresses.

Smallmouth bass in Ten Mile and many other Minnesota lakes are relative newcomers. I hadn’t seen a smallmouth in Ten Mile until the early 2000’s when I saw under a dock a two-inch fish that looked like a smallmouth. I questioned my identification, however, because Ten Mile was not known to contain smallmouth bass. Later that summer, I caught a 9” smallmouth in deep water while fishing for whitefish, and the next spring, while taking my wife on a cruise around the lake, I saw many smallmouth nests in one area. How smallmouth got into Ten Mile Lake in the first place is a matter of conjecture. One possibility is that there was always a small population of them in the lake and that conditions suddenly favored a population explosion. A second possibility is that they were unofficially planted into the lake from a nearby lake by anglers who wanted to increase the places where smallmouths could be caught. These same two possibilities exist for many other northern Minnesota lakes, and it is unlikely that we will ever know what really happened. Regardless, smallmouth bass not only exist, but are thriving in many new lakes, including Ten Mile. In fact, ecologically, Ten Mile represents ideal habitat for smallmouth bass. Smallmouths prefer areas with rocks interspersed with open bottom, especially for spawning, but one of their favorite foods is crayfish, which live in abundance in rock bottom areas.
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    6.8  Walleyes and smallmouth bass occupying the same ecological niche.

VIDEO: https://archive.org/details/ancltts-fig-6-8



Over the past 20 years, smallmouth have spread to all areas of the lake and can be found in almost all types of habitat from rocks to weeds to bare bottom. A major question in many lakes is whether the presence of increased numbers of smallmouth bass is detrimental to the walleye population. In most cases, the answer is still elusive. Many anglers are convinced that their success in catching walleyes has gone down with the increase in numbers of smallmouth bass and that the bass might be squeezing out the walleyes. It may well be that angling success for walleyes is decreased because smallmouths are usually more aggressive than walleyes, and they may outcompete the walleyes for an angler’s bait. The most important question is whether or not smallmouth outcompete walleyes for food, in general. That depends upon the abundance of food in a given lake. Based on my underwater observations in Ten Mile, I would be surprised if competition for food is a factor limiting the size of the walleye population.

There is no question that smallmouth bass are in the lake to stay, much to the delight of bass anglers, who line the shoreline with boats during the shallow water season for bass. The number of bass anglers decreases noticeably as summer wears on because most of the fish have migrated to deeper water and aren’t so readily caught by typical bait casting methods. For those willing to adapt to deep-water techniques, a tremendous smallmouth bass fishery exists.

Early summer walleyes reduce their feeding activity as dawn turns into morning. Small ones can often be found swimming alone in weedy areas 15–20 feet deep (Fig. 6.9), whereas larger ones tend to concentrate in somewhat deeper areas near the ends of underwater bars or by underwater islands. It is unknown how many walleyes swim in schools suspended in the open waters of the lake during the daytime.

In the mid-1990s, I implanted transmitters into the bellies of several Ten Mile walleyes and followed their daily movements for almost two years until the batteries in the transmitters died. The big lesson learned was that walleyes seldom stay in one place very long and will often cross the lake in just a few hours. Even though the sample was small, it seemed that a brisk south wind, in particular, stimulated cross-lake migrations. One thing that is clear from underwater videos is that walleyes are almost constantly in motion. Even though fishing articles often refer to walleyes being “belly to bottom”, especially after the passage of a cold front, only once out of hundreds of walleyes that I have videoed was a walleye actually resting on the bottom. Instead, they cruise slowly and silently, much like submarines, a couple of feet off the bottom (Fig. 6.10). Most of the time they are found in small groups, and their presence doesn’t seem to disturb smaller fish swimming in the vicinity.
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    6.9  A small walleye swimming over a weedy area.

VIDEO: https://archive.org/details/ancltts-fig-6-9
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    6.10  Walleyes cruising over the lake bottom.

VIDEO: https://archive.org/details/ancltts-fig-6-10



Every once in a while, the situation changes, and walleyes throughout the lake begin to feed actively. As any serious walleye angler is aware, it is most common to catch walleyes in short spurts, with long periods of dead fishing time in between. In some lakes, especially infertile ones, the “dead” fishing times can be long indeed. I still remember a time in the 1950s when, working for the Minnesota Conservation Department (now the DNR), we visited Caribou Lake on the north shore of Lake Superior. This lake had one of the highest concentrations of walleyes of any lake in the state. An ongoing creel census had shown that no walleyes had been caught for several days until late one sunny morning everybody on the lake, regardless of their angling skills, caught their limits of walleyes within an hour or so. What causes feeding binges has long remained mysterious to both anglers and fish biologists.

One morning in my early days of taking underwater videos, I noticed many perch swimming helter-skelter along the bottom. Only when I raised the camera a few feet did I understand why. Above the perch was a large school of walleyes that was obviously scaring the daylights out of the perch, and probably eating a bunch of them, as well.

My most dramatic personal experience with a feeding frenzy occurred one September morning when I was bass fishing in a small lake off our house in Michigan. For a couple of hours, I was catching them at the usual rate of about 4–5 per hour when suddenly the lake went wild. In the next hour, I caught 50 bass and lost many others. Interestingly, the only time in my life I have caught a “double”—two fish on the same lure—was during that hour when this happened four times. I have absolutely no idea what might have precipitated this feeding frenzy. After the end of that hour, one would have guessed that the lake was fishless.

Although we don’t understand specifically what stimulates a feeding spree, we do know that an approaching thunderstorm or severe weather (Fig. 6.11) can initiate a brief period of intense feeding activity. Even in this case, there are more theories than proven facts. What we do know is that a summer storm, especially a violent one, can produce a fairly predictable pattern of activity in all sorts of animals.

For fishermen, like myself, one of the most productive times to be on the water is, unfortunately, just before a thunderstorm rolls in, until it becomes too dangerous to remain on the water (Fig. 6.12). As an aside, if you are near or on the water and your hair stands up, get ashore as quickly as you can. Your standing hair is a sign that you have turned into a lightning rod due to a buildup of static electricity. Northern pike are especially responsive to oncoming storms, and when they go crazy, it is impossible to reel in or troll a bait too fast. One June, my dad and I were on the other side of the lake, and I began reeling in some of the biggest pike I have ever caught. It was a sunny day, with some threatening looking clouds on the horizon, and we decided to return to the cabin. By the time our 3 hp motor got us to the dock, a full-blown storm was just arriving. We made it to our metal boathouse, but almost immediately the wind moved it back about 6” on its foundations and also blew our neighbor’s canoe onto their cabin roof. On another more recent occasion I was fishing for walleyes on a calm night when there was lightning in the distance. Around 1:30 AM the walleyes really started biting, but I decided that an 80-year-old should exercise some caution when alone in a small boat at night, so I headed back to the cabin. By the time I got to the dock and had turned off the motor, I heard what sounded like a train approaching from across the lake. Less than two minutes later, an 80–100 mph derecho wind hit and knocked over a 2 ½-foot pine tree onto our neighbor’s cabin, as well as downing many trees all around the lake.
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    6.11  An approaching storm. Courtesy of Jim Carlson.
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    6.12  A thunder cloud over Ten Mile, with a small tornado at its base.



Violent storms are infrequent, but normal occurrences up north. Although some trees become uprooted or snap during strong winds, most do not. The architecture of their root systems plays a major role in allowing them to remain upright. Our two major types of pine trees illustrate two different strategies. White pines have a shallow root system that sends roots out quite a distance horizontally. Norway (red) pines, on the other hand, send roots deeper into the ground. After a strong wind, Norway pines usually remain standing, whereas some white pines have literally been pulled out by their roots, which can be readily seen as a 15–20-foot circle of soil now standing vertically at the base of the downed trunk (Fig. 6.13). The character of the wood also determines its response to high wind. White pine wood is relatively soft, and it is not uncommon to see a large white pine snapped off 30–40 feet above the ground or many large white pine branches lying on the ground beneath an otherwise intact tree. One rarely sees large broken branches of Norway pines because their wood is so much tougher. Other trees literally shatter when blown down (Fig. 6.14).
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    6.13  A downed white pine—a victim of a derecho wind.




[image: ]

    6.14  A shattered tree trunk, blown down by the same wind as that in figure 6.13.



Thunderstorms are not the only weather events that stimulate animal activity. In another weather event in the early 1980s, I was trolling for walleyes along with a half-dozen other boats on deep water near the island on a beautiful absolutely calm evening when suddenly everyone began catching walleyes at the same time. Five to ten minutes later, a strong east wind hit like a ton of bricks out of a clear evening sky, and within 20 seconds the lake was frothing with once-in-a-decade waves.

Probably the most famous event of this sort in Minnesota occurred on Armistice Day in 1940. It was a beautiful fall day, and the many holiday duck hunters said that they had never had such good shooting. Then out of nowhere, a severe blizzard struck, and 144 hunters died, either from being thrown into the cold water from capsized boats or from freezing.

These tales represent the sharpest tips of behavioral icebergs that have a biological basis that we do not at all understand. Determining the biological basis for such feeding frenzies along with the more regular cycles of feeding periods has to date totally eluded scientists’ analytical ability. One of the most unusual features of these bursts of feeding activity is that they occur all over the lake at the same time, not just in single schools of fish. In addition, they are not confined to underwater activity. In the hot muggy period before a storm system rolls through, insect activity, especially biting flies, increases greatly. Birds are also able to sense very accurately the timing of an approaching storm. Two of the best indicators in my experience are nighthawks flying and crying during the daytime and also robins. I have found almost without exception that robins sing their characteristic evening song almost exactly 15–20 minutes before a heavy rain begins to fall. Some of this avian activity relates to light levels, but I suspect that more than just light is involved.

The aftermath of a summer rainstorm is equally striking and equally inexplicable. Especially after a severe storm, most game fish seem to have their mouths sewn shut. Since 1955, I have yet to catch a walleye on Ten Mile in the early morning after a severe nighttime thunderstorm. Bass tend to react the same way, but probably because of their aggressive nature, they can be teased to bite, often with quite small lures fished slowly. The “lockjaw” faced by post-thunderstorm (cold front) anglers has often been attributed to the bright blue cold front sky, but such negative biting behavior is more complex than just bright light levels because fish sometimes bite very well under cloudless skies during different weather conditions. Another hypothesis involves the fish responding to changes in atmospheric pressure both before and after a storm. To me, this makes little sense because a fish would have to move only a short distance up or down the water column to counterbalance any changes in atmospheric pressure by a corresponding change in water pressure. As a fisheries biologist colleague of mine once said, “It is nice that we don’t have answers to everything because that would take away the ‘art’ component of fishing.”

Not all summer days are punctuated by storms. Most days are characterized by stable weather. On such days, animal activity often slows down especially among larger animals, both above and below the surface of the lake as the day progresses. Plants, on the other hand, photosynthesize in proportion to the intensity of the sunlight, and in the daytime they produce more oxygen through photosynthesis than they use for their own metabolism. The excess oxygen enters the water and keeps the environment of the epilimnion a healthy one for fish. In the deep hypolimnion however, oxygen isn’t produced because of the lack of plant life, and oxygen utilization by decaying organic matter sinking from the water above or in the upper layer of the bottom sediments gradually depletes the dissolved oxygen in the deep water as summer wears on.

The rhythm of Nature, however, doesn’t usually allow for generalities. Instead of progressing in straight lines, biological activity proceeds in fits and starts. Activity of many animals, especially larger ones, is characterized by relatively long periods of rest, punctuated by much briefer periods of feeding activity. There is considerable debate among both sportsmen and scientists about the nature and timing of such periods. This all got started in 1942, when John Alden Knight, an avid trout fisherman, wrote a book, entitled “Moon Up—Moon Down.” In it, he introduced to the sporting world the concept that much biological activity is rhythmic and is based on the relative positions of the sun and moon. The unquestioned example of rhythmic activity is the ebb and flow of the tides, which can reach 40 feet in some ocean bays, but is measured in inches in the Great Lakes. On that basis, Knight constructed a series of solunar (solar + lunar) tables, which each day are purported to predict within minutes periods of major and minor feeding activity and daily variations in the intensity of each. These, or similar, tables are still regularly published in fishing and hunting magazines and newspapers. Whether or not these tables are of more value than your daily horoscope is a matter of personal taste.

As any serious sportsperson can attest, periods of greater and lesser feeding activity definitely occur, but there is debate about their regularity. I have found that live bait anglers place more stock on regular timing than do those who fish with artificial baits. Periods of increased activity are especially noticeable on land. When normally diurnal animals, such as deer and especially woodchucks, are seen feeding alongside a highway during the heat of the day, you can be pretty sure that the fish will be biting well at the same time.

One cannot talk about summertime activity in lakes without taking into account that of humans. Early in the day, only a few folks around the lake may be on their docks enjoying the sunrise and the general calm around the lake. As the day heats up, more and more lakeside dwellers dive into the lake to cool off, and especially on weekends, and motorboat activity increases greatly. Swimmers disturb a lake relatively little as long as they don’t introduce soap suds or shampoo into the water. These can be lethal to lots of the creatures that inhabit the shallow shoreline water. Motorboats, especially wakeboats, are a different story. If driven too fast and too close to shore, the waves that they create will significantly erode soft shorelines. On Ten Mile, the most definitive evidence of the effects of boat traffic is in areas where boats pass through stands of bulrushes to get into bays, especially Lundstrom and Kenfield. Whereas 50 or 60 years ago such bulrush beds were continuous, now they have wide channels devoid of bulrushes. In these channels, the scars left by propeller activity in the shallow water are very obvious.

Intense boat activity does affect fish behavior. In heavily trafficked lakes, many of the fish head to deeper water because they are disturbed by the boats passing overhead. In some very active lakes, daytime fishing is not practical, as well as being unproductive, and anglers must get up early in the morning or wait until night in order to find biting fish.

One issue that has affected Ten Mile less than many other lakes is the removal of aquatic vegetation from swimming areas. Part of the reason for this is that most of the wave-swept shores in the main lake do not support much plant growth. Another reason is an ethic that is more finely attuned to environmental protection than is the case for many lakes.

Another effect of human activity is the removal of shoreline vegetation, which is an essential environmental buffer keeping phosphorus and other pollutants from entering the lake. Especially on the sandy beaches, the rim of horsetails (Fig. 6.15), relic plants that arose hundreds of millions of years ago and survive in much the same form as their ancestors, blueberries (Fig. 6.16) and other low shrubs has been removed over the decades. Relatively few cabins have lawns extending directly down to the waterfront, and in recent years a number of cabin owners have begun to create shoreline buffer zones of naturally occurring plants in an effort to maintain the excellent quality of the lake water.


[image: ]

    6.15  Horsetails (Equisetum) along the lakeshore.
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    6.16  Blueberries. Courtesy of Jim Carlson.



Although human activity on the lake continues and even increases until suppertime, mid- to late afternoon marks a biological doldrums period when inactivity prevails. An exception must be made for flies, especially deer flies, which are the bane of walkers and anyone who is outside near wooded areas. One of their few positive features is that they are relatively easier to swat than are most other kinds of flies. Like mosquitoes, it is the female deer flies that bite us because they need a blood meal to produce viable eggs. They use much the same cues as mosquitoes (CO2, odors, body heat and vision) to locate their human prey. They are especially attracted to the head and neck and use their scissor-like mouth parts to cut a hole in the skin. Once that has been done, an anticoagulant keeps the blood flowing. The females lay their eggs on the undersides of leaves near wet areas. A few days later, the larvae hatch and drop off into wet soil or the sediment under the water of wetlands. Regarding insect pests, old-timers often say that a wet and cold spring brings on more mosquitoes, but fewer flies, and the reduced numbers of mosquitoes after a hot, dry spring are more than compensated for by the later clouds of deerflies.

As the arc of the sun begins to seriously bend toward the western horizon, the intensity of the sunlight rapidly diminishes, not only due to the angle of the sun, but also to increased exposure to atmospheric dust and haze, which accentuates red light. This is why the sun looks bright orange in the evening when the atmosphere is thick with smoke from distant forest fires. With the diminishing light, activity both within and around the lake begins to stir. I have taken great delight at reminding individuals or groups who extol the meditative aspects of sunset that, in nature, evening is the time when everybody is gearing up either to eat somebody or to prevent themselves from being eaten!

The burst of evening activity is most noticeable to anglers, who renew their quest to capture a walleye or two as the fish wake up from their afternoon’s lethargy and begin to feed much more actively. Although they can be caught more regularly during the day, pike and bass also go on the prowl for food and are more readily caught. Crappies, which spend much of the daytime suspended in schools at mid-depth in 30 feet of water, swim up into the shallows, especially the bulrush beds, for an evening feeding binge. At this time, they can be caught on flies fished on or near the surface.

Mid-evening is the time when flies disappear from the air and mosquitoes magically seem to appear. I still have no idea how mosquitoes can show up over a mile from shore so quickly once daylight begins to fade.

One of the major biological events in early July is the annual hatch of large mayflies (called Hexagenia by biologists, Hex by trout anglers, and fish flies by most others). Some mysterious stimulus incites huge numbers of mayfly larvae to emerge from the silt of the lake bottom and quickly transform into flying adults. (The life cycle of mayflies is presented in considerable detail in my book, Beneath the Surface, and won’t be repeated here.) Hexagenia (Fig. 6.17) are the largest of all mayflies and represent a serious source of protein for all sorts of animals. The Hex hatch invariably precipitates a major feeding frenzy for fish below the water and for birds and bats above. For many nutritionally-poor lakes, the annual engorgement of mayflies, even by fish as large as walleyes, represents one of their main sources of summertime food. Even though the mayfly hatch can be a mess for humans on land (In some well-lit areas they must be literally shoveled away), they are nevertheless one of the best indicators of good water quality. After their intense, but brief evening mating dance, the exhausted mayflies fall onto the water where they quickly die or are eaten by fish. This is one time when whitefish rise into the warm summertime water to feast on mayflies. Most fish will happily endure a brief exposure to water of an uncomfortable temperature, either too warm or too cold, for a good meal.
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    6.17  A newly transformed Hex (Hexagenia) mayfly resting on a leaf while further maturing.



In the middle of the lake, a somewhat subdued version of the evening cisco migration still takes place throughout the summer. The upper waters, however, are by now too warm for comfort, so the schools of these little fish breaking the surface with frenzied jumps become rare to extinct as summer wears on. Nevertheless, some ciscoes do penetrate into the lower levels of the epilimnion, where they continue to be met by hungry walleyes and pike. In order to take advantage of the summer cisco connection, those fishing for walleyes need to troll at greater depths (down to 30 feet) than was the case earlier in the summer. Yet there are other small fish, mainly schools of minnows, that populate the upper epilimnion, so trolling shallower can still produce some fish.

Above the water, loons are represented in larger numbers than before. With some individuals arriving from neighboring bodies of water, they commonly aggregate into groups of a dozen or more each evening both to socialize and to fish. Sometimes, when in a fishing mode, they spread out in a line and slowly cruise across the lake. How a loon knows that there are fish worth diving for beneath them remains a mystery to me. I have often wondered if there are sense receptors in their webbed feet that can pick up the subtle water movements created by a dense school of small fish.

As the sun drops closer to the horizon, the gulls and terns congregate in large groups over the deep water, where they spend the night. These birds are quite skittish, and even when a slowly trolling boat approaches, a few birds at the periphery of the flock show signs of nervousness before flying off to a new and quieter location. Soon the nervousness spreads, and the entire flock takes off. Loons, on the other hand, are unperturbed by the approach of a slowly moving boat. They will slowly swim off to the side a bit to avoid being hit, but their almost preternatural calm concerning boats is at odds with the rest of the local sea birds.

Meanwhile, far from the center of the lake, nighthawks fill the air over Lundstrom Bay with their characteristic cries as they chase down flying insects that have congregated over the bay. At water’s edge one might see a deer coming down for an evening’s drink, and beavers are heading out from their lodge on their way for a night’s work. The herons have left the lake for tree branches, where they spend the night. With the frequent calming of the wind and songbirds bedding down for the night, the bays become quite peaceful.

The setting of the sun, whether seen from a boat or from shore, is always a treat, and what a contrast between the point on the lake shore where it disappears behind the trees in midsummer vs. that in the winter. From late June through the first few days of July, when evenings are the longest, the sun sets in the northwest, whereas in the darkest days of the winter, it sets closer to the south (Fig. 6.18).
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    6.18  Locations of the setting sun on June 21 and December 21, as seen from a vantage point on the eastern shore. Courtesy of Jim Carlson.



It is always hard to predict in advance the visual quality of a sunset other than on a perfectly clear day. Many of the beautiful shades, ranging from yellow to deep salmon pink, depend upon the exact height and placement of clouds (Fig. 6.19). Some of the most beautiful sunsets can actually be seen by looking east. One type occurs when a continuous layer of low gray clouds breaks up on the western horizon just at sunset. Then the reflections of sunlight off the clouds paint the eastern shore with an almost blinding golden hue. Another spectacular eastern sunset view occurs when the setting sun shines upon the enormous cumulonimbus clouds of a retreating thunderstorm, turning the clouds into rosy pink marshmallows (Fig. 6.20).
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    6.19  Sunset. Courtesy of Jim Carlson.



Well after sunset, when the far western sky reveals only a trace of orange, day merges into night. A thin crescent moon setting in the west may be flanked by the bright light of Venus punctuating the late evening sky. Farther to the east, the first bright stars begin twinkling in the almost dark sky. A few loud croaks of a mink frog or two signal the transition of day into night. With the close of a summer’s day, nighttime introduces a new set of characters, which become dominant in the darkness.
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    6.20  The setting sun reflected off storm clouds to the east. Courtesy of Michael Schwartz.







7

The Lake on a Summer Night

    [image: ]


Sunset closes off one familiar window to the world, but it opens another, which is quite foreign to most folks who live by lakes. For me, nighttime on the lake in a small boat is both otherworldly and familiar. With the rapidly increasing darkness, the world closes in on oneself. Unless there is a bright moon, sight takes on a different character, and sound and touch become magnified. For myself as a human, touch is mostly mediated by my fishing rod, which serves as an antenna that receives all sorts of cues about the environment at the other end of my fishing line. Another feature of the night is a sense of aloneness. After midnight, it is rare to encounter any human life on the lake.

In the northern summer, the boundary between late evening and early night is indistinct, at best. It begins with a prolonged sunset, with the sun sliding beneath the northwestern horizon at a shallow angle, rather than dropping perpendicularly as it does in the tropics. Thus, even when the sun itself is no longer visible, one can for a while trace its northward path by the faint dusky hue of the otherwise dark sky. This phenomenon was most vividly impressed on me the summer I lived in Helsinki, where through the entire night a thin dark red glow on the northern horizon marked the passage of the sun during its transition from the northwest to the northeast before it began to poke above the trees a bit after 1:30 AM.

By the time all red has been erased from the sunset, the stars have begun to appear in their full glory—first in the darker eastern sky and then proceeding toward the west as the last vestiges of the sunset are swallowed up by blackness. The big dipper stands out in stark relief to anyone whose eyes are turned to the west. On a clear night, when it becomes really dark, the milky way traces a broad path from south to north in the eastern segment of the sky. A close examination of the sky reveals the faint glow of one of the increasing numbers of satellites encircling the earth. A bright streak marking the fall of an incendiary meteor occasionally punctuates the sky.

At several locations around the lake, boats with two or three fishermen are likely to be anchored over some of the underwater islands. In anticipation of a future walleye fish fry, the anglers hook up a leech or a nightcrawler to a fishing rig equipped with a lighted slip bobber that allows one to drop the bait to the desired depth. Then the wait begins. On most evenings, the first bites come not from fish, but from mosquitoes. Some nights are almost entirely bug-free, whereas others can be totally miserable, with both mosquitoes and non-biting caddis flies and midges that seem to materialize out of nowhere and are attracted to the bow and stern lights of the boat. At some point, the reverie of a bugless evening or the misery of a buggy one is interrupted by the sight of a lighted bobber being pulled beneath the surface. This is the moment that the fisherman has been waiting for. After a few seconds he sets the hook and the battle is on. If luck is with him, a nice walleye is attached to the other end of the line, and the orange reflection of its eye greets the beam of light that helps guide the fish to the net. If an orange eye is not visible, chances are that a smallmouth bass or rock bass is on the other end of the line. Walleyes seem to arrive on the islands in waves. It is very typical to wait for an extended period with no bites, and then to catch two or three within just a few minutes. Walleye fishing requires a lot of patience. According to earlier creel census data for Ten Mile, it takes about eight hours of fishing during the daytime to catch a single walleye; at night the time is reduced to about 2½ hours per fish.

Nighttime brings about the largest hatches of aquatic insects. Flying insects are especially attracted to the white stern lights of boats. Increasingly, people who aren’t fond of insects flying round their lights at night are turning to the use of yellow lights, which only minimally attract bugs. The reason for this is that most flying insects lack the capacity to detect light of longer wavelengths, especially between the yellow and red components of the color spectrum. Red is invisible, and yellow, in general, fails to attract most insects. I normally clean walleyes around 3:00 AM, and for years was bothered by swarms of insects flying around my head. Once I switched to a yellow bulb, the bug problem almost completely disappeared. On exception is mosquitoes, which are attracted by the heat given off by an incandescent light bulb more than its color. On the other side of the visual spectrum, insects are attracted to blue and violet light, which is why most bug zappers emit blue light. Flying insects are especially attracted to ultraviolet wavelengths. Many flowers look completely different under UV light, so when an insect zeroes in on a flower it is likely detecting something completely different from what our human eyes are seeing.

For several years, my only nighttime companion has been a cute tree frog (actually, several generations of different tree frogs), which spends its days hiding under my boat seat. Then at night when I go out fishing, it emerges from its resting place and hops onto one of the gunnels of the boat, gradually making its way toward the red and green bow light (Figure 7.1). Once properly situated on the green side of the bow light, the frog is able to feast upon the multitude of flying insects that are attracted to the green light. Instead of rapidly projecting its tongue, as some species of frogs do, a tree frog quickly jumps forward with its mouth open and engulfs the insect. On one recent occasion, I saw the frog capture a dozen insects within two minutes. By the time the main insect hatch had begun, the frog was so sated that even when caddis flies landed next to its nose the frog ignored them. After several weeks of such treats, the 2022 frog is by far the fattest frog that I have ever seen!


[image: ]

    7.1  “Phred”, the 2022 resident tree frog in my fishing boat. Courtesy of Jim Carlson.



My other, but less proximate, nighttime companions are bats, which can be briefly seen as they flit past the front of the boat in their quest for an insect meal. Bats have a remarkable sense of echolocation that allows them to zero in on tiny flying insects in complete darkness while flying at a high speed. It is amazing that they can catch enough to keep body and soul together, but according to some estimates, a single bat needs to eat between one-third and its entire body weight in insects per night. Although one widely quoted estimate suggests that a single bat can eat up to a couple thousand mosquitoes per night, in reality much of what they catch are larger caddis flies and moths. Mosquitoes make up a relatively small amount of their diet.

I encountered an interesting phenomenon the first summer when I first began trolling with braided, rather than monofilament fishing line. Braided “super lines” were touted to be much more sensitive than monofilament lines because the inherent stretch of monofilament line buffers the touch of one’s bait on weeds, rocks or fish bites. When fishing at night, I frequently felt very faint pinging sensations from the braided line, and I assumed that these were signs of lightly biting fish or that my line was gently ticking weeds or the bottom. Then one bright moonlit night I noticed the ticking feel just when a bat would cross the part of my line that was above the water. It soon became apparent that the mysterious ticks were “bat bites” caused when the echolocation apparatus of the bat confused my line with an insect. This did not happen with monofilament lines. Somehow the character of a braided line versus that of monofilament seems to register “insect” on a bat’s radar.

Bats emerge from their daytime refuges, often in hollow trees or behind shutters or inside the walls of cabins, with the gathering dark and remain active much of the night. When they are not actually flying, they cling motionless to some object in a dark place during the daylight. At rest, their normally high metabolism becomes much reduced, and in cold temperatures they seem to almost semi-hibernate. Years ago, I had an academic colleague who studied bat physiology. He stored his bats in a 40° cold room next to my laboratory, where they often remained inactive for days or weeks. One day when giving a seminar on his research, he took one of his bats out of the cold room and handed it to a member of the audience, who was told to pass it on to the next person in the row. Only after the bat had passed through about 25 sets of hands did the bat show enough signs of life to make the owner of the next set of hands nervous enough to request removal of the bat.

Unfortunately, bats across the country have been dying by the millions due to a fungal disease, called white nose syndrome, which covers the face and sides of hibernating bats with a white fuzz and ultimately kills them. One of the main hibernating sites for Minnesota’s bats is the Soudan Underground Mine, and in the past ten years well over 90% of the bats resting there have died from this disease. The decrease in bat activity over Ten Mile has been very noticeable over recent years, but I still see the occasional bat flying past my boat. Experts feel that it could take generations before the normal bat populations are restored.

More than 150 million years ago mammals evolved as small relatively insignificant creatures that adopted nocturnal habits in order to avoid being eaten or stepped upon by dinosaurs or other predatory reptiles, which were dominant at the time. Many contemporary mammals have retained this preference for nighttime activity. If and when we see them during the day, we are experiencing only a sliver of their overall life.

Beavers are classical nocturnal mammals. Unless you are seriously studying their biology, you are only likely to see them in the late evening when they are heading off to work, so to speak, or at dawn, when they are heading back to their lodge or den. The phrase “busy as a beaver” didn’t come from nowhere. Beavers spend much of the night cutting down trees, building or repairing their dam or lodge, or gathering food. Their vision is poor, but keen senses of smell and hearing compensate for their less than acute vision. More than one cabin owner has awakened to the sight of a favorite tree lying on the ground amid a symmetrical pile of wood chips and the conical stump that betrays the beaver’s work that night (Fig. 7.2).

Another creature of the night is the raccoon, whose major activities these days seem to be raiding garbage cans and bird feeders. Yet, their nocturnal activities bring them to the edges of the lake, where they will hunt for and wash their food. It is not uncommon to see wet raccoon tracks coming from the water and onto a dock if one ventures out late at night.
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    7.2  A tree felled by a beaver.



Probably the cutest nighttime creature is one that few people ever see—the flying squirrel (Fig. 7.3). Although not strictly “lake” creatures, I see them close enough to the water that they deserve mention. Not infrequently, when I am returning from a late-night fishing expedition, I notice that our hanging bird feeder is swinging, even on a calm night. Less frequently, I look up with my headlamp and see a small furry head with very large eyes staring at me from the trunk of a large Norway pine. One year for several days in a row a flying squirrel stayed on the bird feeder, and we looked at each other a couple feet apart for several minutes before parting ways.

Flying squirrels don’t actually fly, but they can glide for considerable distances on thin flaps of skin that extend between their front and back legs. Although very cute, flying squirrels can also be pests because they can enter cabins through extremely narrow spaces and then cause a lot of damage. I became well acquainted with them one night when I was staying at a very high-end conference center in the Michigan woods. My room had a 15–20-foot ceiling, and late one night I heard a rustling of the shades at the top of the room. I initially thought that the noise was due to the wind, but then realized that all of the windows were shut. I then turned on the light and looked up to see a couple of big red eyes staring at me from the top of the room. They were soon joined by another pair of eyes, and by then I could see the shapes of the squirrels. I watched them for several minutes when one of them gracefully glided down past me and onto the floor. It then scrambled back to the top of the room. I figured that the room was large enough for the flying squirrels and me to co-exist, so I turned off the bed light and fell asleep only to be awakened at 3:00 AM when one ran across my face. At that point I opened the door, hoping that the squirrels would leave before the bats flew in. The next morning, I reported the incident to the building manager, who called in some pest control folks. They set some live traps and caught five flying squirrels within 45 minutes.
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    7.3  Flying squirrel. Note the large eyes, which are adapted for night vision, and the squiggly dark line between its two legs. This is the edge of the membrane that allows it to glide so effectively.



In contrast to mammals, most birds bed down for the night, the main exception being owls, which are supremely adapted for hunting small mammals in the darkness. Their unbelievably sensitive ears can pick up the rustle of a mouse scurrying over dead grass under several inches of snow. Great horned owls are happy to catch and eat skunks, and often a faint skunk odor betrays not the presence of an actual skunk, but that of a great horned owl that has tangled with a skunk. A characteristic sound over the lake on a calm night is the hoot-hoot-hooting between a pair of owls in the nearby woods.

By midsummer, the nighttime calling of the loons is considerably reduced, and they spend much of the night floating on the water far from shore. Although loons are mostly unperturbed by boats during the day, when a slowly moving boat gets with 30–40 feet of a loon at night, it emits a nervous soft hoot, indicating its discomfiture. If a boat approaches a flock of sleeping gulls at night, they all take off and fly a couple hundred yards to a less busy location.

The nighttime water can be the scene of intense activity, especially among the insects. Most of the massive hatches take place in the late evening and at night. Mayfly hatches, which begin in the evening, continue after dark, and the beam of a bright light is filled with dancing mayflies above the water and the bodies of spent mayflies littering the surface. A light shined into the water from a slowly moving boat can sometimes pick up the outlines of fish, often whitefish, that are feasting on mayflies. One advantage of late-night fishing is that the hordes of mosquitoes and caddis flies that bedevil evening fishermen pretty much disappear after midnight.

Not all invertebrate life becomes dormant after midnight. The time of day is less critical to filter-feeding clams because they don’t have to visually locate their prey. Crayfish, in general, are more active at night, which renders them more susceptible to predation by fish. Many invertebrates, as well as fish, spawn at night. An unusual encounter occurred many decades ago when around 3:00 AM I was walking off a dock that extended from a pure sand beach. When I shined my light onto the water’s edge, I saw dozens of very large horse leeches, which were lined up side-to-side at the very edge of the water. I can only assume that what I saw was the spawning ritual of these creatures.

Deep in the water, the aquatic plants have ceased photosynthesis by late evening, and instead of producing oxygen at night, they continue to consume oxygen to support their metabolism. Yet, I wonder if they are not giving off bubbles of oxygen at night. The reason for this suspicion is that when I look at depth finder tracings at night, tiny specks pepper the water from top to bottom, especially over vegetated areas. These spots are not present during the day. In the old days of paper graphs, I could easily tell whether the recording had been made during the day or night because of the presence of these spots. Another tip-off was the absence of traces of the schools of perch that were dominant in daytime recordings.

The previous chapter discussed the possible influence of the moon on animal behavior during the day. At night, the lunar influence is greatly magnified, but in this case, it is directly related to the intensity of the moonlight. In the days leading up to a full moon, activity both within (animals) and on top (fishermen) of the lake noticeably increases, and it wanes with the waning moon. Whereas a rising full moon raises romantic or meditative thoughts in most people, it is a clarion call to action for the small coterie of night fishermen.

Like the sun, the moon has both short- and long-term rhythms. The moon rises in the east and sets in the west, and because of its 29-day orbit around the earth, it rises approximately an hour later every day before repeating the cycle. Because we see only the shiny half of the moon that is facing the sun and reflecting its light, its appearance to us varies daily, depending upon the position of the moon as it relates to both the horizon and the sun. When the moon first appears as a thin crescent in the western evening sky, its bright convex side shows just the edge of its bright side that faces the setting sun (Fig. 7.4). From that point, as the moon rises an hour later each night, we see a bit more of its shiny face until by the time of the full moon, the moon rising in the east is directly opposite to the setting sun in the west. Then we see the full face of the bright side of the moon. As its monthly cycle progresses and the moon continues to rise later in the night, a bit of its bright side gets shaved off until by the end of its cycle, the rising moon, as seen by early morning walkers, is only a thin crescent, with its convex side facing the sun in the east.
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    7.4  A setting crescent moon. Courtesy of Jim Carlson.



Less apparent to most folks is the annual cycle of the moon, which is almost opposite to that of the sun. Whereas the June sun rises early in the northeast, sets late in the northwest and is directly overhead at noon, the June moon rises late, sets early and makes a low arc across the southern sky about midway between vertical and horizontal. In December, it is just the opposite. In contrast to the short time between sunrise and sunset and the very low arc of the winter sun, the December moon rises early, sets late and is directly overhead in mid-arc. The farther north, the greater the differences in the arcs of both the sun and moon. This is very advantageous to those living in the far north, especially above the Arctic Circle. There, the long winter darkness due to the absence of the sun is partially compensated by a much longer period of moonlight.

If there happen to be puffy clouds in the sky at the time of a full moon, they turn a silvery color from the reflected moonlight. Sometimes such clouds develop further into towering thunderclouds and begin generating lightning. Lightning at night provides a fascinating show—beautiful at a distance, but dangerous close by. Because of the great height of thunderclouds, the lightning that they produce can be seen great distances away. More than once I have checked out the radar location of lightning that I have seen on the horizon to find out that the storm was up to 60 miles away. More unsettling are the times of unstable weather when moonlit clouds appear to tear apart due to wind. This often leads me to hum the famous lines from Gilbert and Sullivan’s Ruddigore, “When the night wind howls … and black dogs bay at the moon.”

Probably the most magical nighttime moments are those rare occasions when one looks toward the northern sky and sees a faint greenish band stretching from east to west. Sometimes the band simply disappears; at other times the band changes shape and sharp fingers of light dance across the band. This marks the appearance of a northern lights (aurora borealis) display that takes shape when radiations from active solar storms interact with gaseous ions in the van Allen belt in the upper earth’s atmosphere. Since time immemorial, the aurora borealis has excited the imagination of northern people and elicited spiritual sensations of fear or awe. Unfortunately, in north central Minnesota the northern lights are almost never seen in their full glory, but a strong display may last a couple of hours, usually peaking somewhat after midnight. The stronger the display, the brighter the color, with the addition of red to the green, and a more complex pattern of light (Fig. 7.5). Very rarely, a Minnesotan sees the undulating patterns that are commonplace in the far north. I vividly remember one late July night when the northern lights covered almost the entire sky and seemed to emanate pinkish explosions from a central point almost directly overhead. A typical northern lights display ends with a whimper, with the dancing rays becoming smaller and less frequent and the greenish band imperceptibly fading into the nighttime blackness. Both the frequency and intensity of the northern lights depend upon sun spot activity, which itself follows an 11-year-long cycle that is broken down into what are called Maunder minima and maxima. As of this writing, we are breaking out of a long minimum phase and are entering a phase with considerably greater sunspot activity.
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    7.5  A nice display of the aurora borealis over Ten Mile Lake. Courtesy of Emily Clay.



I must admit that the main reason why I am on the lake so much at night is that the walleye fishing is far better than it is during the day. Night fishermen are subdivided into two types—those who park themselves over underwater islands and still-fish with a leech or nightcrawler suspended beneath a lighted slip bobber and those who troll. I am among those who do mainly the latter.

For many, along with losing sleep and being bothered by bugs, fishing at night is intimidating because it is easy to lose one’s orientation in the dark. In addition, simple things that can go wrong, but are easily fixed during the day, can morph into incredible messes at night. Thanks to modern technology, overall orientation at night is much less of a problem, and the GPS function in most contemporary fish finders can provide one’s precise location at all times. I still supplement this with using other cues—mainly the red lights of TV and cell phone towers and bright lights around the lake. Even though walleyes do bite better at night, great precision is still required for the most effective presentation of one’s lures.

It is important to recognize the sometime considerable differences in the behavior of many fish between day and night. The two dominant prey fish during the day—perch and ciscoes—both drop to the bottom and become inactive after it becomes dark. Perch are mostly found in large, slowly moving, compact schools 10 to 15 feet in height during the day, but these schools disappear around sunset as the perch, which have poor nighttime vision, sink to the bottom and try to become as inconspicuous as possible. Similarly, dwarf ciscoes also sink to the bottom, mostly at depths of 100 feet or more, which places them far from the reach of predators. Years ago, I documented this with continuous depth finder recordings and found that the ciscoes’ descent from their relatively high evening feeding locations to the lake bottom occurs over a roughly 45-minute span. In contrast to perch and ciscoes, many schools of minnows remain active at night. In the main lake, they often approach the underwater islands, where they attract the attention of walleyes.

Of all the fish in the lake, walleyes are the ones most supremely adapted for feeding in the dark. The most obvious adaptation is their eyes, which are large and which shine a vivid orange color at night when a light is shined on them. Large eyes are characteristic of many nocturnal animals, and the orange reflection is due to the light’s bouncing back from the tapetum lucidum, a reflecting layer behind the retina that acts to concentrate more of the available light onto the light receptor cells in the retina by reflecting the light waves back onto the retina for a second time. (Details about the structure and physiology of the retina and many other ways that fish sense their environment are given in my book Beneath the Surface and won’t be repeated here.)

For a sense of perspective, we should place ourselves in the environment of a nighttime walleye—let’s say swimming 30 feet below the surface. If we then realize that on a moonless night the intensity of the light at the surface of the water is about one millionth of that on a bright summer’s day, we can calculate that a fish at 30 feet is operating in an environment where the light intensity is about 1/100th of that millionth. In other words, it is mighty dark down there!

Even for fish as well visually adapted as walleyes, other senses have to come into play in order for them to be functional at night. Chief among these are sound, vibration and odor. Sound and vibration are by far the most important cues that can guide a predator to prey or prey away from a predator, but odor can also play an important role, not only for locating food, but for avoiding predators. It is well known that the strong smell of a northern pike warns many smaller fish to get out of the way. In addition, a number of injured fish, especially minnows, give off a distinctive odor given the German name Schreckstoff (scary stuff) that warns their neighbors that there is trouble in the neighborhood. Odor is a more short-range phenomenon that is especially important in reproduction, which often occurs at night, but it can also alert a fish to some tasty morsel in the immediate vicinity, as well as warning it about the presence of danger.

Imagine a fish looking for food at night. Even with the best dark-adapted eyes, vision is greatly reduced as it slowly cruises along a rocky bottom. A subtle clicking noise might alert it to the presence of a nearby crayfish that has ventured out from a crevice between a couple of rocks. Or, special cells in its lateral line could detect the subtle waves created by a school of minnows passing by. The fish is able to integrate input from all of its senses into some sort of image that allows it to decide if there is a potential meal nearby. It is then able to locate its prey and strike at it, although with reduced accuracy.

Anglers using artificial baits often find that in the daytime, fish show distinct preference for one color over another. This seems to be particularly true for bass fishing. I still remember a time when for many days largemouth bass would eagerly go after a solid bright blue bait between 8:00 and 9:00 AM. Before and after that time I couldn’t buy a strike with that bait.

During the day, different types of cone cells in the retina of an animal are sensitive to different wavelengths of light, and various combinations allow us (or fish) to distinguish specific colors. As evening progresses and the light intensity diminishes, the function of the cone cells in the retina decreases, and another cell type in the retina, rod cells, takes over for vision in the dark. Except for a few animals, most night vision is basically black and white. Yet in my own fishing experience I have noticed that some colors, especially blue, seem to be more effective than others in low light. This was especially puzzling for walleyes because they lack the type of cone cell that is most effective at picking up blue wavelengths of light. It wasn’t until recently that I realized that rod cells are most sensitive to blue wavelengths. Thus, a blue object is more clearly seen in low light, when rod cells are dominant, even though what we or a walleye sees is still basically perceived as various shades of gray. It seems that in late evening or at night a fish can best focus on a bait that is blackish or blue on top, and in bright moonlight, a very light-colored side for contrast is a major help. (I really like the G-finishes that were popular on artificial lures 20–30 years ago. This finish reflects light extremely well.) While still writing in a fishing mode, I should mention that adding a small leech or part of a nightcrawler to the back hook of some lures really helps to increase their performance at night.

Walleyes can be found and caught almost anywhere in a lake at night, from just a few feet of water near shore down to the level of the thermocline. At night they are hunting for food, and potential food is available in many parts of the lake. They definitely show a preference for the sides and tops of bars and rocky underwater islands. They appear to follow schools of minnows, which are also attracted to these areas at night. These minnows are often very small (1–2” long), so the schools have to be tightly packed for it to be worthwhile for a walleye to expend energy pursuing such small quarries. Yet I regularly catch nighttime walleyes that spit up in the boat large numbers of minnows that size. Even though the ciscoes have dropped to the bottom, suspended walleyes can still be caught over deep water in the middle of the lake. In fact, I have often caught my largest mid-lake walleyes a half hour past the time when the ciscoes have already bedded down for the night. Virtually nothing is known about who is swimming in that part of the lake at night other than the indirect evidence offered by anglers’ catches.

Even though walleyes feed preferentially after dark and are obviously well adapted for it, a surprising number of other game fish actively feed at night, as well as during the day. Especially on a moonlit night, largemouth bass patrol the shallow shoreline waters looking for unwary prey. In shallow water, visual cues are very important to them, and black baits that stand out on the surface or shiny spinners are very attractive. Yet, largemouths are frequently caught on trolled baits in 20+ feet of water at night. These fish must use sound or vibratory cues to locate the bait, showing the versatility of switching senses at night when different conditions demand.

By mid-summer, smallmouth bass occupy the same habitat on rocky underwater islands as do walleyes (see Fig. 6.8), and both species can be caught at night with the same techniques and baits, whether still fishing or trolling. A major difference is that walleyes will also inhabit some deep grassy islands, whereas it is rare to find a smallmouth bass in such habitat. The difference is probably explained by the abundance of crayfish, a smallmouth’s favorite food, among the rocks.

By far the most ubiquitous fish at night, and the most willing biter, is the rock bass. At night, as well as during the day, rock bass can be found anywhere from 5–35 feet in July, and they are found in essentially all habitats. An exception is a couple of deep underwater islands far from shore. Rock bass do not seem to like to cross open deep water, which probably explains their absence on these islands. Rock bass have often been politely termed “willing biters,” and anyone who has fished Ten Mile would understand why. I don’t think that I own a bait, no matter how large, that hasn’t caught a rock bass at some time. Despite their being a nuisance, catching a rock bass on a very dark night has more than once given me comfort that if a rock bass can find my bait, surely a walleye must also be able to do so. Rock bass undergo a distinct color change at night. Instead of their normal uniform olive/brownish coloration, they become much paler at night and, especially in smaller specimens, their skin becomes quite blotchy at night.

Another cousin of the rock bass, the crappie, is well known to be an active night feeder. Their nighttime habits in large lakes are not well known, but while fishing for other species, I have caught them suspended at mid-depths in water as deep as 50 feet, but also in much shallower weedy water. These nighttime crappies tend to be larger than average, possibly because only larger specimens will attack a walleye bait.

What might be the biggest night-fishing surprise is the northern pike. Pike are ambush feeders that are reported to hunt mainly by sight. Yet pike can almost be pests some nights, especially moonlit ones, because they bite so readily on artificial baits. A good example of their hunting prowess after dark occurred one moonless night when at 1:00 AM I was trolling for walleyes in 35-foot-deep water and caught three smallish pike. With an absolutely negligible amount of light at that depth, the only way that the pike could have connected with my lure would have been through their vibratory sense. Ironically, the largest pike I have caught in Ten Mile have been taken at night. One of my spookiest night fishing experiences occurred when I caught a large rock bass while trolling for walleyes. As I trained my headlamp onto the rock bass, I saw passing slowly below the rock bass a large blue eye. To this day I have no idea who the eye belonged to, but my guess is a very large northern pike. This little recognized capacity of pike to feed actively at night may not be such a surprise when one looks at die-hard muskie fishermen, who will lose many hours of sleep pursuing their elusive quarry at night, often with good results.

Overall, it is generally conceded that the smaller members of a fish species are more likely to feed during the day, and the large ones at night. In my experience, this has certainly been true. My largest walleyes, pike, bass and crappies have all been caught at night. Not long ago I was fishing with my son, Jim, late at night on a spot where about one of every three walleyes caught weighs over seven pounds. He hooked something that he first thought was a log, but it then began slowly moving. After several minutes, he got it up to the boat. Instead of a monster walleye, the log turned out to be a 20-pound pike. Ironically, that fish was caught about 100 feet from the spot where a few years earlier I had caught a 13+ pound walleye—also well after dark.

Quite late at night (after 2:00 AM) the lake is usually very quiet, although the fish are often biting better than earlier. The flying insects and associated bats are mostly gone, and most cabin lights are out. At that point, one really gets the sense of being alone. That sense of aloneness, as well as disorientation, really gets accentuated on the one or two nights per summer when a pervasive fog covers the entire lake. One calm foggy early morning I decided to go from the east to the west side of the lake. After a while, I checked out my GPS and found that I was heading directly east. When I turned on the tracking function, it showed that I had taken a symmetrical U-shaped course and was heading directly for my dock instead of the other side of the lake.

If the night is clear, around 3 AM marks the time when the gigantic constellation Orion begins to show itself over the eastern horizon. This constellation is centered near the equator and can be readily seen from both hemispheres. When we lived in New Zealand, my wife and I could see the entire outline of Orion through a large skylight over our bed.

In late June and early July, the first faint hint of lightening of the northeastern sky begins shortly after 3 AM, but for the next hour, it is still mighty dark. In my experience, if the walleyes have been actively biting earlier, the bite slows down as dawn approaches, but every once in a while a brief burst of activity takes place with the emerging light of dawn. The last hoots of the owls and the first tentative songs of the other birds in the woods mark the closing of another night and the dawning of a new day.
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    8.1  Late summer goldenrods. Courtesy of Jim Carlson.
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Late Summer—Anticipating the Change of Seasons

    [image: ]


For many years, a cold front that would typically arrive around August 7 was the early harbinger of fall. Even for us humans, who are not highly sensitive to environmental fluctuations, there was a subtle change in the air, suggesting that summer had passed its peak. In more recent years, global warming has destabilized the timing of this boundary.

Less subtle than changes in the air are observations that can be made by anyone who takes regular walks. Even though you may not know the names of individual flowers, you would notice that the flowers blooming in late summer are generally more complex than those of spring or early summer. Goldenrod and purple asters are among those flowers that brighten the landscape (Fig. 8.1). It is always a shock to walk or drive past a wetland and see a small maple tree with bright red leaves as early as mid- to late August. The deerflies, which make life miserable for any walker, are becoming less numerous, as are mosquitoes in the evening hours. On the other hand, the early fall explosion of the wasp population is becoming noticeable. If you are on the lake early on a very cool morning, you will see a cloud of light gray fog hovering over the shallow bays as they begin to give up their accumulated summer heat (Fig. 8.2).

Other changes are less dependent upon weather. One of the most prominent is the progressive shortening of the evening, with the sun setting about 90 seconds earlier each day. The morning sounds of the birds are becoming muted as the need to defend their nesting territories is reduced. On the lake, the rafting behavior of the loons is becoming more apparent, and the vanguard of the migrating juvenile Bonaparte’s gulls has begun to arrive. These gulls are readily recognizable by a dark gray spot behind their eyes. Black-headed Franklin’s gulls and the ever-present ring-billed gulls make up the rest of the normal summertime gull community. The young loons have grown to almost adult size and have graduated to independent feeding. Meanwhile, by mid-August, some adult loons are already showing early signs of the fall molt, with patches of grayish feathers appearing behind their eyes and a slight blurring of the white ring around their neck. The most striking changes, mostly unseen, are taking place within the lake itself, and many of these are related to changes in the shape of the thermocline.
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    8.2  Fog rising over Lundstrom and Robinson Bays on an early cold morning.



By late summer, aquatic plant growth has peaked. In the shallow waters of the bays, milfoil and a number of species of pondweed reveal their terrestrial ancestry by producing flowers that protrude into the air. Even though the dominant mode of reproduction of these plants occurs by spread through their roots or various asexual means, they still cling to airborne pollination as a last vestige of their evolutionary past.

August is a wonderful time for canoeing, kayaking or other boating activities, but in many lakes the pleasure of being on the water is often interrupted by one of the nastiest insects, often called ankle biter flies. Looking like a small house fly, these flies, properly called stable flies, are much faster than house flies and are incredibly persistent in their attempts to get their blood meal from one’s ankles. They rest on the bottom of a boat or canoe and periodically dive at one’s ankles. On land, they go after the ankles of horses or cattle, causing them to stamp their feet. If you are fishing or canoeing, a single fly can follow you for many miles. Not only do their bites hurt, but a female stable fly needs to bite its victim up to four or five times before getting enough blood to support its egg production. The best way to deal with these pests is to cover your ankles with a thick cloth or tuck your pants legs into your shoes. Insect sprays sometimes help.

Late summer fishing success in many lakes drops off considerably, and this period is often called the “dog days.” A time-honored excuse for the poor northern pike fishing at this time of year is that the pike are shedding their teeth and don’t want to bite. In reality, the reason is that in some lakes the fish are under thermal stress and are off their feed; in others, they have changed their habits in ways not understood by most anglers. In both cases, the dynamics involve the thermocline.

The main issue with many shallow lakes is related to oxygen levels below the thermocline. Remember that there is almost no mixing of the water below the thermocline (the hypolimnion) and that above (the epilimnion). As a result, oxygen in the hypolimnion becomes steadily reduced as summer progresses because it is consumed by the decomposition of organic matter on the lake bottom. Since there are no green plants (the source of new oxygen) in the hypolimnion, the oxygen that is removed by this decomposition is not replaced. At some point, the concentration of dissolved oxygen falls below 2.5 parts per million (ppm), which is roughly the lowest level that most fish can tolerate.

The other important element is temperature. By August, the water temperature in the epilimnion is uniformly warm, often in the mid- to upper 70s. Below the thermocline, the water is uncomfortably cold. For warm water fish (largemouth bass and sunfish) this is not a problem, and they are perfectly happy swimming around in the warm waters of the epilimnion. Cool water fish, walleyes and smallmouth bass, manage these conditions by dropping down near the top of the thermocline. The real potential problem lies with cold water fish—ciscoes, whitefish, suckers and large northern pike. For these fish, prolonged exposures to high temperatures can be lethal.

In late summer conditions in a hot year, the cold-water fish in a shallow lake are faced with a real dilemma—one that is crucial for their survival. They can stay in very warm, well-oxygenated water and eventually die from hyperthermia or stay in cold, poorly oxygenated water and die from hypoxia (lack of oxygen). Several studies have shown that their solution is to hover about the very narrow (1–2 feet) thermocline, being able to breathe while swimming in the lethally warm upper end, while cooling off, but not being able to get sufficient oxygen, by descending to the lower edge of the thermocline. This situation results in an interesting mix of large pike and the fish that make up their main food living in a very small slice of the lake water. This same region is likely to host many of the walleyes and smallmouth bass, which however have a bit more flexibility. The concentration of major game fish around the narrow thermocline means that fishing above or below this zone would be much less productive than keeping one’s lures exactly in that fishy zone.

When the upper water gets too warm, a fish kill commonly results. The first to die are usually the ciscoes or whitefish, followed by suckers. A reliable indicator of a fish kill in progress is the presence of an increased numbers of eagles soaring over a lake. A dying fish that has come to the surface makes easy pickings and a nutritious meal for these scavengers.

As global temperatures continue to warm, there is the danger that shallow lakes will lose their small populations of cold-water fish. Fortunately, because of one aspect of fish physiology, one hot summer will likely not do it. Most young fish are more tolerant of high water temperatures than are adults. Because of this, even a major fish kill in a single summer would not be enough to wipe out a population of ciscoes, for example, because surviving young ciscoes could mature and replace those adults that were killed. A potentially bad scenario, however, would be several excessively hot summers in a row that would kill off the reserve population of adults before they could successfully reproduce.

If the concentration of dissolved oxygen in a lake falls even further, another problem arises. When the oxygen concentration is less than 2 ppm, phosphorus becomes released from iron in the bottom sediments. When bound to iron, phosphorus is inactive. However, when released from iron, phosphorus enters the water, at which point it acts as a fertilizer. This stimulates the rapid reproduction and growth of phytoplankton and can result in algae blooms, which are not only smelly and unsightly, but can be dangerous, as well. Some large algae blooms give off toxins that have actually killed dogs that have been swimming in and drinking the lake water.

A deep lake like Ten Mile offers a somewhat different picture. Early to mid-summer is characterized by a broad thermocline, extending from ~20 feet from the surface at its top to about 30 feet at the bottom. As summer progresses, the thickness of the thermocline decreases, and it also slowly drops down in the water column (see Fig. 4.1). By mid-August, the water temperature remains warm, but a bit less than at its peak in July. The water temperature of the eplimnion typically remains constant, varying by as little 0.1° from the surface to the top of the thermocline, which has by then dropped to over 30 feet. Below the bottom of the thermocline, the water of the hypolimnion continues to be cold, and importantly it is still well supplied with oxygen although not as much as earlier. The thermocline itself may be only 3–5 feet thick, and the temperature in this thin layer often drops by 15 degrees.

With these changes in the temperature profile of the lake, many of the fish, especially the larger ones, gravitate down toward the level of the upper thermocline. At this level, which in late summer is down around 35 feet, the fish are swimming in an environment where the vegetation is sparse or non-existent. If the summer has been a hot one, most larger fish have moved off the tops of the underwater bars and islands and are more commonly scattered along the sides (Fig. 8.3). A major gathering spot is a flat area, perhaps 30–35 feet deep, at the base of a drop-off.

The lake’s whitefish have also dropped much deeper in the water and now congregate in water 50–55 feet deep. The dwarf ciscoes continue to live at a level (60–90 feet) where the water temperature (mid 40s) barely changes, and their normal daytime and nighttime locations remain almost unchanged. However, the sharp mid-August thermocline acts as an almost impenetrable temperature barrier to their upward evening migration toward the surface.
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    8.3  Suckers and walleyes swimming along the base of an underwater island.

VIDEO: https://archive.org/details/ancltts-fig-8-3



During the day, schools of walleyes cruise a few feet above the deep lake bottoms (Fig. 8.4). Some smallmouth bass remain on the tops of the rocky islands, but they also can now be found in deep water. Smaller northern pike and perch closely follow the schools of minnows, but larger pike continue their solitary ways in the water below the thermocline where they continue to interact with suckers and whitefish. Late summer suckers are strongly attracted to rocks, where they can sometimes be seen resting directly on top of large boulders (Fig. 8.5).

In early to mid-August, the larger fish remain deep, but by late August, when the water begins to cool from its summer highs, things begin to change. Some game fish, walleyes in particular, begin to change their nighttime habits. When DNR lake survey crews set their trap nets in shallow water toward the end of August, they usually catch at least one 8-pound walleye that had been cruising around in three feet of water or less during the previous night. What brings these giants into the shallows at this time is something of a mystery, but it presages a more regular after-dark incursion of such fish later in the fall, when they are on the prowl for frogs and minnows. Most of the larger game fish remain in deep water near the top of the thermocline, even at night. In that location, they are safe from the attention of most anglers, who are usually fishing too shallow to connect with them.
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    8.4  A deep-water walleye.

VIDEO: https://archive.org/details/ancltts-fig-8-4



Another exception to the “going deeper” movement of game fish occurs toward the end of August when numerous schools of small fish congregate over deep water between the top and 15–20 feet below the surface. Whether these schools consist of true minnows or young of the year ciscoes, which might be more tolerant of warm water, has not been determined. During this relatively brief window, walleyes and even bass can be caught at the same depth as they are chasing the small densely packed minnows. Because the game fish are eating very small fish (2–3 inches), they can be caught on very small baits that imitate the real thing. When these fish are caught, it is not unusual for them to spit up several of these small minnows.


[image: ]

    8.5  Suckers resting on a large deep rock.

VIDEO: https://archive.org/details/ancltts-fig-8-5



Things change once the surface water temperatures begin to drop. At that point, the water of the entire epilimnion is at a comfortable temperature for all species except for the cold-water whitefish and ciscoes, and fish have the option of operating at any depth from the surface down to 35 or 40 feet. Such an increased comfort range can really spread out the fish, making it harder for anglers to locate them. Largemouth bass sometimes betray their habits by their skin color. The usual color of a largemouth bass is a pale dusky green, with a prominent dark gray or almost black line running down each side. When a largemouth spends an extended period of time in deep water, however, the greenish cast fades to a more whiteish hue. If you catch a whiteish bass in shallow water or a greenish one deep, there is a high likelihood that it is a recent arrival to that depth. For other species of fish, depth-related color changes are much more subtle.

As late summer begins to blend into fall, a major transition takes place in the main lake. Over the next few weeks, the water in the epilimnion gradually cools to the lower 60s, and the thickness of the epilimnion increases until by late September it extends to 40 feet or more, with the water temperature at that depth exactly the same (within 0.1 degree) as it is on the surface. Then it abruptly cools, often dropping by 10–12 degrees within three feet until it is in the 50s at the top of the hypolimnion. For reasons that I still don’t understand, these changes coincide with a dramatic change in the behavior of the fish.

Temperature alone is not likely the only reason why game fish go deep in late August. My guess is that it all starts with the behavior of minnows, which congregate in vast schools at the lower end of the epilimnion (Fig. 8.6). A major rule of thumb is that larger fish go where the food is. In this case, the food is the schools of minnows, mostly shiners of various sorts, that have dropped down to these depths. Why the minnows do so isn’t entirely clear, but since minnows mostly eat zooplankton, they are probably down deep chasing their food. Zooplankton are often present in dense grayish clouds just above the bottom (see Fig. 5.31). Little fish attract bigger fish, which attract still bigger fish. The stomachs of a surprising number of large walleyes are full of small minnows in late summer. This seems to be the essence of the story.
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    8.6  A very large school of minnows in deep water late in the summer.

VIDEO: https://archive.org/details/ancltts-fig-8-6



Let’s begin with the topography of the lake bottom in the depth range of 30–40 feet. Overall, it is flat, with relatively few sharp slopes. Much of the bottom is undramatic in appearance, consisting of silt, punctuated by occasional rocks or groups of small pebbles (Fig. 8.7). Between 30 and 36 feet, clumps of Nitella are surprisingly abundant, but the height of the plants decreases until by 36–40 feet, these algae are only a few inches high because of the reduced availability of light (Fig. 8.8). In a few locations, groups of boulder-size rocks are scattered over an area up to a hundred feet in diameter. The boulders are covered with a brownish “fuzz” of somewhat slimy organic material, which is sometimes crowned by small outgrowths of algae or moss. These boulder-strewn areas are magnets for fish, but individuals or small groups of larger game fish can be found anywhere in the 30- to 40-foot-deep waters even over very non-descript bottom structure.
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    8.7  A typical deep lake bottom, consisting mostly of sand and silt.

VIDEO: https://archive.org/details/ancltts-fig-8-7
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    8.8  Deep Nitella.

VIDEO: https://archive.org/details/ancltts-fig-8-8



The dense schools of minnows are almost always accompanied by a scattering of medium-sized perch, which always remind me of sheep dogs hovering around the outer edges of the herd (Fig. 8.9). The perch are large enough to be able to eat some of the smaller minnows when they get hungry. Not infrequently, an occasional walleye or small pike lazily fins itself farther off from the lower edge of the minnow school (Fig. 8.9). The schools of minnows themselves seem to be a mix of several species. Most are unidentifiable from videos, but among them are blackchin shiners and spottail shiners, which can be identified by dark stripes or spots on a silver background.

What has been most surprising to me is both the numbers and kinds of sport fish that congregate in the deep-water flats in the late summer. Of these, the most unexpected is the presence of large numbers of largemouth bass, which I have both regularly seen and caught in water as deep as 42 feet. Both largemouth bass and northern pike occupy the same deep habitat at this time of the year (Fig. 8.10). Even greater numbers of smallmouth bass inhabit the deep flats. These are of all sizes, from six inches to fully mature (Fig. 8.11). Walleyes are also found in the same habitat. Often they are present in small groups, but larger schools occasionally occur (Fig. 8.12). The least well represented of the larger game fish are northern pike, possibly because there is relatively little cover in the deep flats.
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    8.9  Top: Perch accompanying a large deep-water school of minnows. Bottom: A smallmouth bass, a northern pike and a walleye hovering around the periphery of a deep minnow school.

VIDEOS: https://archive.org/details/ancltts-fig-8-9-a https://archive.org/details/ancltts-fig-8-9-b
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    8.10  Deep-water northern pike and largemouth bass swimming together.

VIDEO: https://archive.org/details/ancltts-fig-8-10



In late summer, pockets of boulders almost always contain considerable numbers of fish. Schools of ghostly colored suckers seem to use them for resting areas, and they are usually seen motionless, often side by side, on the bottom (Fig. 8.13). Small smallmouth bass hang out around the boulders (Fig. 8.14), and are rarely seen over the open bottom. Given their chances of being eaten by a larger fish, this is probably a highly useful survival strategy. Larger smallmouths commonly swim around in groups of two or three, and even at these depths, they commonly intermingle with walleyes.
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    8.11  A deep late-summer smallmouth bass.

VIDEO: https://archive.org/details/ancltts-fig-8-11
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    8.12  A large school of walleyes over a deep rock formation.

VIDEO: https://archive.org/details/ancltts-fig-8-12
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    8.13  Suckers resting on the bottom by deep rocks.

VIDEO: https://archive.org/details/ancltts-fig-8-13
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    8.14  A small smallmouth bass near its hangout under a deep rock.

VIDEO: https://archive.org/details/ancltts-fig-8-14



Very few anglers think about fishing this deep, but if the right techniques are used, deep-water trolling is the most effective way to catch a lot of fish in late summer/early fall. The important thing is to present the bait close to the bottom and troll at a slow rate of speed. One problem with catching fish from these depths is that sometimes, especially with walleyes and northern pike, their swim bladder swells as they are brought to the surface because of the rapid reduction in water pressure. Especially with walleyes, one can actually see the swim bladder bulging into its throat. When this happens, it is best to keep the fish for eating, because often they don’t survive if released. Some fish, especially whitefish, have a small duct that connects their swim bladder to their esophagus. This allows the high-pressure air in the swim bladder to escape when the fish quickly swims up into shallow water. It is not uncommon, when catching a whitefish, to see a stream of air bubbles coming from the fish as it is being brought up. Walleyes, on the other hand, don’t have such a duct, so they aren’t able to adjust the amount of air in their swim bladder quickly enough to prevent them from getting into trouble when being brought up from the depths. This is a fish’s equivalent of a deep-sea diver’s getting the bends when rising to the surface too quickly.

Paradoxical as it may seem, another important gathering area for game fish in late summer/early fall is the shallows. Most notable is the smallmouth bass. By the time the water temperatures have dropped to the mid-60s, many smallmouth bass return to shallow, rock-strewn water in the main lake for a fall feeding binge (Fig. 8.15). They often bite very aggressively and are quite likely to go after baits fished on the surface. At the same time, walleyes often move into shallow water in the bays, especially in the late evening and at night. This is one of the best times of the year to catch a trophy walleye by shallow water trolling, but it is not a numbers game, as is the case when one tries to catch a big fish of any species. Not only walleyes, but large crappies also become more active in shallow water at night.
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    8.15  A shallow-water smallmouth bass.

VIDEO: https://archive.org/details/ancltts-fig-8-15



There is no sharp demarcation between this transitional period and fall. Commonly the weather fluctuates considerably, with a week of summertime warmth followed by a series of major cold fronts that bring in several days of very cool, windy weather. The lake water buffers these temperature changes, but overall there is a pronounced downturn in the lake water temperature. Animal life in the deep water is less affected by these short-term fluctuations in weather, but the pace of activity in the shallow waters is noticeably greater during warm weather than is after the passage of a severe cold front.
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Fall—A Season of Change
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Like spring, fall is a highly unpredictable season up north. The same date in September could see a sticky 80-degree day or snow with howling winds (Fig. 9.1). On other occasions, the entire lake takes on a subdued tone when a foggy day envelops the lake with a fine mist (Fig. 9.2).

I still remember a mid-September day in the early 1960s, when I was on the Boy River as it enters Leech Lake. I was in a 10-foot duck boat trolling with a fly rod, but the wind was so strong that it picked my fly line from the water and kept it in the air about eight feet above the water. On top of that, it was snowing and the transom of my boat, which was just nailed in began to pull out, with water pouring into the boat. Fortunately, I was able to pound the transom back with my hands and get back to the bridge where my car was parked. When I returned to Ten Mile, the waves were crashing over our dock, but at the end of the dock was a forlorn-looking white pelican—the first one I had ever seen on the lake. At the other extreme was an Armistice Day, also in the early 1960s, when the temperature was in the mid 60s under a calm bright blue sky. A trip down the Crow Wing River, in the same small boat, was sheer pleasure.
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    9.1  An early fall snowstorm.
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    9.2  A foggy day at the lake. Courtesy of Michael Schwartz.
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    9.3  Bright fall colors around a swamp. Courtesy of Michael Schwartz.



The fall forest is a riot of color, with a mix of yellow, orange and red trees standing out in contrast to the somber dark green of the pines and spruces (Fig. 9.3). In addition to the early swamp maples, some of the earliest red splotches come from the sumacs (Fig. 9.4) and, surprisingly to many, poison ivy. Northern Minnesota doesn’t have large poison ivy vines (our poison ivy is a different species), but in Michigan, where I lived for many years, these vines commonly climb high up (40–50 feet) along tree trunks and are often mistaken for Virginia creeper or woodbine, whose leaves also turn bright red in the fall. Along the lakeshore, clusters of bright orange berries characterize the occasional mountain ash trees (Fig. 9.5). The first hard frost crushes the ferns, which almost immediately turn various shades of dull brown (Fig. 9.6).

The trees have their own rhythm of preparing for winter. Although evergreens are, in fact, evergreen, they still lose needles in the fall. A classic example is the white pine. Each October, the needles formed during the previous year turn brown and fall off (Fig. 9.7), leaving only the current year’s needles on the branches. Among the earliest deciduous trees to lose their leaves are the ash trees, which first become a pale yellow (Fig. 9.8) and then turn a dark purplish-tan before falling, almost before the leaves of some of the other trees begin to turn. The bare ash branches stand out against the sky in stark contrast to the developing color around them. Certainly, the most striking contrasts are seen in areas where the orange-reds of the maples stand out against the yellows of the aspens and birches. Oaks tend to bring up the rear with their modulated rich brown leaves tinged with maroon (Fig. 9.9).
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    9.4  A group of sumacs in full fall color.
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    9.5  A mountain ash tree with ripe berries along the lakeshore.
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    9.6  Ferns dying after the first hard frost.



Why leaves change from green to another color is more often discussed than understood, but we have a good idea of what happens. Leaves are green in the summer because they are constantly making green chlorophyll as the result of photosynthesis. Yet, hidden beneath the green are yellow (xanthophyll) and orange (carotenoid) pigments, which are present in leaves all summer, but are masked by the green.
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    9.7  The end of a white pine branch, with the previous year’s needles turning brown while the present year’s needles remain green.
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    9.8  A bright yellow-green ash tree as it is starting to turn.



The change in color as fall progresses is triggered by shortening day lengths, which reduce the amount of time that the leaves can make chlorophyll. In the summer, the rates of synthesis and degradation of chlorophyll are roughly equal. Therefore, the leaves stay green. The fall demise of a leaf begins when a thin layer of cells (called the abscission layer) at the base of the stem of the leaf changes character and allows less water and minerals to enter the leaf. This reduction in metabolic building materials reduces the amount of chlorophyll being made, with the result that more chlorophyll is broken down than is made. The consequent reduction in green allows the ever-present yellow and orange pigments to show through the green. This begins the process of color change, which progresses until some leaves, such as those of birch, aspen and tamarack trees become a bright yellow or orange-yellow once the green is gone (Fig. 9.10). The cells in the abscission layer continue to weaken the connection between the leaf and the stem until a strong wind or even a strong change in temperature causes the leaf to break off from the stem and flutter to the ground. Once on the ground, the yellowish pigment breaks down, leaving a brown residue, consisting of dead cell walls and tannins.
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    9.9  A young oak in full fall color.



Instead of just turning yellow, many of our northern trees take on bright red or purplish colors. (Fig. 9.11). These colors are due to the formation of another family of pigments, called anthocyanins. In contrast to the yellow and orange pigments, which are present in leaves all summer, the formation of anthocyanins from sugars in the leaves is stimulated by low nighttime temperatures that are above freezing. Combinations of anthocyanins and carotenoids produce bright orange leaves, whereas the mixture of anthocyanins and brown result in the dark maroon to purplish hues of changing ash and oak leaves.

The general consensus is that an early frost reduces the fall colors because the cold destroys the metabolic machinery that produces the anthocyanins. Overall, the best conditions leading to bright fall colors are warm days and cool, but not freezing nights. Scientists are still discussing why fall coloration might be an evolutionary advantage to many trees, but that is not a topic for this book.
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    9.10  A stand of tamaracks in almost full fall color. Courtesy of Don Hoppe.



Starting with hummingbirds, which have already left for warmer climes by mid-September, migrations of many of the common songbirds have begun. The resident loons have mostly completed their fall molt by the end of September. For a loon, molting is a prolonged process. It often starts in late August when, instead of being jet black, the face just behind the bill begins to look gray. The graying, due to the replacement of breeding plumage by winter feathers, spreads over the head and onto the back. Soon the white collar around its neck becomes swallowed up by gray, and its throat becomes white (Fig. 9.12). In most birds, molting involves almost all of their feathers. In the fall molt of loons, however, one set of feathers is temporarily spared. These are the large flight feathers on the wings, which don’t become replaced until the loon lands at its winter getaway spot, namely the Gulf of Mexico in the case of Minnesota loons. Although loons leave the northern lakes in staggered fashion throughout the fall, there are always a few diehards that remain until ice starts to form on the lake. Loons hatched during the summer are often the last to leave.
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    9.11  A mix of red and yellow maple leaves.



One unusual relationship that I see regularly beginning in September is a pairing between a solitary loon and a Bonaparte’s gull. For some reason, which remains completely opaque to me, I often see a Bonaparte’s gull swimming in tandem 3 to 5 feet from a loon. It is not uncommon to see such pairs up to five times per hour when I’m on the lake. Other than proximity, there seems to be no interaction between the birds. The loon seems to ignore the hovering gull because it will dive and re-emerge 50–100 feet away, at which time the gull may swim over to restore the relationship. There seems to be no advantage to the loon, and I have never noticed any actions that would be beneficial to the gull. Because loons swallow whole the fish that they catch, it is difficult to imagine that there would be any residue from feeding that the gull could pick up. Without getting into bird psychology, I still wonder what these birds see in each other. A different phenomenon occurred in 2022. That year, the Bonaparte’s gulls arrived en masse at the lake considerably earlier than usual. Large groups of them (30–60 birds) joined rafts of 20–30 loons. The gulls and loons closely intermingled, with little personal space among them. By the time when I would normally see single pairings of a gull and a loon, most of the gulls had already departed from the lake.
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    9.12  A pair of loons, one of which (light colored head) is almost fully molted and the other has just begun the molting process and still possesses its white neck band. In the video, they are joined by another pair of loons. All are in full voice.

VIDEO WITH AUDIO: https://archive.org/details/ancltts-fig-9-12



October sees small flocks of ducks flying over and sometimes settling onto the lake. A deep lake, like Ten Mile, however is not the most desirable stopping over point for dabbling ducks, such as mallards, because of its small proportion of shallow weedy water and the near absence of wild rice. Small flocks of diving ducks, which feed upon fish, land on the main lake on their way south. More common is the presence of Canada geese, either resident or passing through. Years ago, before the goose population explosion, it was a real treat to both see and hear the V-shaped formation of dozens of geese flying high over the lake on their way to warmer waters. Trumpeter swans often stay up north very late into the fall season and into the winter, as long as they can find some open water.

An interesting forest creature becomes prominent during the fall. This is the woolly bear caterpillar (Fig. 9.13). For centuries, these caterpillars, with their black heads and tails and an orange band in the middle, have been considered to be predictors of the severity of the coming winter. According to folklore, the larger the black bands, the colder and snowier the winter, whereas a broader central brown/orange band foretells a warmer winter. At an even more granular level, some folks believe that a darker head band suggests a colder early winter and a darker tail band, a colder late winter. Even the degree of wooliness of the coat is said to be proportional to the severity of the coming winter. So much are these stories embedded into the popular culture that some cities have woolly bear festivals and even woolly bear races. Sad to say, science has intervened and pretty much debunked these traditions. The banding pattern is actually based upon the age and feeding history of the caterpillar. After a good growing season, the caterpillar is of a larger size and has a relatively narrower orange band in the middle.
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    9.13  A woolly bear caterpillar.



Before these caterpillars become readily visible in the fall, they are feeding upon low-lying plant leaves, such as plantains and dandelions, during the summer. As they are maturing, the caterpillars undergo six molts, with less black and more orange after each molt. By the end of the fall, they are preparing for surviving the winter. They do this by forming glycerol, a natural antifreeze in their bodies. This allows them to survive temperatures as low as -90°F. In fact, these caterpillars have even been frozen in ice cubes and have survived the winter. When it warms up in the spring, the caterpillars change their metabolism, get rid of the glycerol and undergo a several-week feeding period before they form a cocoon and pupate. When the pupa hatches from the cocoon, out emerges a tiger moth (one of ~260 species). A common one is the Isabella tiger moth (Fig. 9.14). These 1 ½– 2-inch moths are seen at night throughout the summer.

Despite the vagaries of the weather above the water, the lake sees a steady decline in water temperature, and the creatures within it are seriously preparing for the upcoming winter. As the surface water cools, the narrow thermocline continues to descend farther from the surface until by late October water temperatures in the 50-degree range extend as deep as 50 feet, and the difference between the temperatures of the epilimnion and hypolimnion is only a few degrees. This allows an intermixing of warm- and cold-water fish that would have been highly unlikely earlier in the year. A good example is figure 9.15, which shows a largemouth bass that had spit up a cisco after it had been caught late in October. According to conventional wisdom, these two species should never be found in the same layers of water.
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    9.14  An Isabella tiger moth. Courtesy of Wikipedia.
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    9.15  Fall largemouth bass with a cisco that it had disgorged. Courtesy of Steve Erickson.



The tendency of animals to move either deeper or shallower continues with the progression of fall. Even the Chinese mystery snails, which in the summer infest the shallow water of the bays, undertake a fall migration into water as deep as 30 feet. Turtles move deeper, in a sense, but in their case it is deeper into the bottom mud, but still in relatively shallow water. Their metabolism slows down to almost nothing, and they can survive for extended periods without surfacing to breathe.

Another spectacular “go deeper” movement involves leopard frogs—the spotted frogs that one commonly sees hopping around in wet grass near water. In early to mid-October, they undertake a mass migration to the lakes, where, like turtles, they spend the winter. In recent decades, frog populations around the world have undergone precipitous declines, and correspondingly these fall mass frog migrations are almost a thing of the past. I have a vivid childhood memory of being on a hill overlooking Medicine Lake near Minneapolis in early October. The grass on that hillside was alive with leopard frogs making their way down toward the water. Any time animals become concentrated in a restricted space, something is waiting to eat them, and migrating frogs are no exception. On land, it is birds, snakes and raccoons. Once the frogs hit the water, hungry bass and walleyes are waiting for them, especially at night. Those frogs that get to the water and are not eaten on the way partially burrow into the bottom mud or silt, where they remain in an essentially hibernated state for the winter.

The bodies of hibernating frogs become well adapted for their winter torpor. A classic example of such an adaptation involves subcellular structures, called mitochondria. Often called the powerhouses of the cell, mitochondria are bean-shaped, and on their inside are closely spaced shelves, called cristae, that are arranged in parallel much like teeth of a comb. Embedded in the “teeth” are the arrays of enzymes that produce the energy that is necessary for life. In the summer, the mitochondria of a frog sport long cristae, but by the time the frogs have entered their winter hibernation period, the cristae have almost disappeared and are represented just by tiny nubbins. If a frog survives the winter, its mitochondria regrow their cristae in time to support the energy needs of their increased springtime activity.

As the water temperatures continue to cool (down to the low 50s by mid-October), most of the aquatic plants begin to die down. Most evident to the casual observer are the cattails and bulrushes, which by mid-October have turned brown (Figs. 9.16 and 9.17), but below the surface the taller underwater plants, especially the pondweeds, are in the process of collapsing. Vegetation decay is not simultaneous throughout the lake. Some patches remain green much later than others. These patches of green vegetation serve as magnets for fish, especially ambush predators such as largemouth bass and northern pike. An angler who can locate such patches is usually rewarded by some spectacular fall fishing. Often the fish that are caught are quite large. By this time, the water in the shallow bays is usually colder than that in the main lake because the massive amount of water in the deep main lake retains its summer heat longer than does shallow water. Because of this temperature reversal, larger northern pike begin to move into the bays, which earlier in the fall were still a bit too warm for their comfort.

The behavior of bass in the fall seems paradoxical. Smallmouth bass are considered to be cool water fish, with a preferred temperature range from about 67–71°. Largemouth bass, on the other hand, are classified as warm water fish, which are perfectly comfortable swimming around in water that is in the upper 70s and lower 80s. Yet, when the water begins to seriously cool in the fall (below 60°), smallmouth bass pretty much disappear, from the perspective of an angler. They head into deep water, where they congregate into tight schools and remain quite inactive throughout the winter. Largemouth bass behave in exactly the opposite fashion. As fall progresses, they often move into the shallows, especially weedy areas, and go on a major feeding binge. In a number of lakes, I have found that largemouth bass fishing often peaks at about the same time when the birch leaves have turned yellow. As many ice fishermen can attest, largemouths feed actively throughout the winter. Spring shows a similar disparity. Almost as soon as the ice goes out in the bays, one can catch large numbers of largemouth bass, especially on fast-moving baits, but smallmouth bass are nowhere to be seen. They begin to emerge from the depths when the rising lake water temperatures approach the mid-50s. All this being said, it appears that smallmouth bass have a much narrower thermal comfort range than do largemouth bass.
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    9.16  A large stand of browning cattails along the Shingobee river.
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    9.17  A bed of brown bulrushes against a background of fall trees.



By late October or early November, the lake water temperatures have cooled to the point where they are basically the same from top to bottom. This ushers in the brief period of the fall turnover when mixing of water occurs throughout all zones of the lake. The fall turnover is not such a dramatic event in Ten Mile because of its great depth, but in shallower lakes, the turnover causes considerable disruption. Many professional fishermen say that the fall turnover is one period when they are flummoxed on devising consistent strategies for catching fish. One sign of the fall turnover in many lakes is the presence of small patches of bottom debris floating on the surface of the water. Of greater impact to a lake, the oxygen levels at the bottom are the lowest just before the fall turnover, and often a burst of phosphorus release occurs, with the result that the water becomes fertilized. When the water, now fertilized with phosphorus, is taken up by plants (especially the microalgae in phytoplankton), they grow exuberantly, and fall algae blooms can result. Fortunately, such blooms are rare in Ten Mile Lake. During the fall turnover mixing of the water occurs from top to bottom, and the deepest waters of the lake become reoxygenated.

While most fish are preparing for the rigors of winter, two species are anticipating their annual sex orgy. These are the ciscoes and whitefish. Both are relatives of trout, many species of which also spawn in the fall. In Ten Mile, the ciscoes spawn in late October or early November. Their spawning takes place at night, and especially if the moon is up, they congregate in immense numbers in very shallow waters with sand or gravel bottoms. Cabin owners who are still at the lake at this time report that they can hear these tiny fish splashing in the shallows during the spawning run. In many aspects of their life, Ten Mile ciscoes behave as contrarians, and spawning is no exception. These tiny fish spawn about a month earlier than do ciscoes in most other lakes, and unusually, the growth of their eggs and ovaries is pretty much complete by September. The eggs of most other fish continue to grow until the time of spawning. Exactly what happens after the eggs are laid is little known, but it seems that the eggs develop very slowly over the winter. In most lakes, actual hatching of cisco eggs doesn’t occur until after ice-out, but an earlier research study suggested that Ten Mile cisco eggs may actually hatch under the ice, maybe because spawning occurs 4 to 6 weeks earlier than is the case for ciscoes in other lakes. Once hatched, the average Ten Mile cisco lives only 2–3 years—less than half the lifespan of most other ciscoes. Why is still anybody’s guess. These little fish that make the lake so distinctive continue to remain enigmatic, even to scientists.

Whitefish spawn a few weeks later than the dwarf ciscoes, but their spawning habits are similar. Leading up to the spawning season, whitefish make a major change in their diet. Instead of insect larvae and small fish, I have been told by a reliable source that by late fall their stomachs are full of small clams and other molluscs. If this is the case, their gizzard-like stomachs would be well adapted for handling this form of diet.

Spawning whitefish congregate at night near the shore, but in rockier areas, where they lay their eggs. Minnesota has had a long-standing tradition of allowing netting for whitefish during their spawning season. Netters are allowed to set a single gill net, which looks like a delicate version of a tennis court net, per day during a netting period from mid-November to mid-December. For many years whitefish netting on Ten Mile was done by a few intrepid folks who braved ice-cold water and miserable air temperatures in the hopes of capturing some of these tasty fish for smoking (Figs. 9.18 and 9.19). As of this writing, I am aware of only one pair of brave souls who are continuing the tradition.
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    9.18  Two whitefish netters preparing to set their gill net in the shallow whitefish spawning area.
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    9.19  A fine netted whitefish. Courtesy of Steve Adams.
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    9.20  Ice stalactites at the edge of the lake.



One potentially major fishing opportunity on Ten Mile remains almost completely unexploited. I am absolutely convinced that, especially during the cisco spawning period, walleyes and northern pike move into the spawning areas and have a major prewinter feast on these nutritious bite-sized morsels. Unfortunately, almost all docks on the lake have been pulled by this time, but casting minnow-shaped baits at night from shore or from shallow water (if one has warm wading boots) into cisco spawning sites could produce some monster walleyes.

By late November, it is dark and cold at the lake, even during the daytime, and there may or may not already be a snow cover on the ground. Even though the surrounding shallower lakes have begun to freeze over, the main lake of Ten Mile remains open until well into December because it takes so long for the lake water to lose its heat. The bays freeze over much before the main lake.

Because of the disparity between air and water temperature, a fascinating phenomenon occurs if there is a strong wind on a very cold day. The water drops bouncing off the waves as they crash into the shore freeze upon hitting branches or other objects near the shoreline. If the wind continues for some time, the icy equivalent of otherworldly stalactites and stalagmites forms along extended stretches of shoreline (Figure 9.20).

Late in the fall, a thin rim of ice will often form along the edges of the lake on cold nights, but these early attempts at freezing are broken up by warm days or windy weather. Winter finally overtakes the lake on a cold calm night when a thin film of ice forms on the surface. If the next day is windy, and the lake is not completely frozen over, the newly formed ice breaks up, and the lake remains open until the next cold, calm night when the entire surface freezes over. Once the lake is completely covered by a thin layer of ice, winter officially arrives, and winter conditions within the lake prevail.
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    10.1  Winter on the lake. Courtesy of Jim Carlson.
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    10.2  A wet winter snowfall.







10

Winter—A Time of Quiet
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Winter ushers in a long period of stillness for the lake (Fig. 10.1). Long gone are the sounds of waves lapping or crashing against the shore, the calls of loons or the drone of motorboats. The vast majority of cabin owners have closed up their places for the season, leaving only a few hardy souls scattered around the lake for the duration of the winter. In many respects, dominant winter themes are isolation and survival.

Winter can begin in a couple of ways. Some years, when very cold temperatures precede snow, the landscape feels harsh, with stark tree trunks and crispy brown leaves dominating one’s senses. The first persisting snowfall softens the visual environment and also dampens many sounds (Fig. 10.2). Some years, the land is covered with snow before the lake freezes over. The presence of snow has major effects both on land and beneath the ice.

On a calm day or night, an overwhelming sense is that of quiet, when even the slightest sound seems magnified. Falling snow can be faintly heard when you are among trees or bushes. A slight breeze makes a soft auditory entrance into one’s senses, whereas a strong wind literally hisses across the snow and through the branches of the bare trees. During a period of rapid temperature change, these sounds may be punctuated by the groaning or booming of the expanding or contracting ice. These sounds are magnified when the ice becomes very cold. A real treat on a moonlit night is the mournful howling of a distant wolf pack.

Nevertheless, life goes on both above and below the ice. Most of the plant life has either died or gone dormant. Many land animals choose to sit out the winter by hibernating. Others remain fully active and are occupied by both trying to keep warm and finding enough food to carry them through the winter months. In many respects, the lake water and its inhabitants are bound by the same constraints that operate during the open water period, but these are heavily modulated by the presence of an ice and snow cover.

How lake ice forms is not always straightforward. It begins at the edge of the lake where the shallow water has lost its heat more quickly than that in the center. Two main influences—temperature and wave action—determine the character of the newly formed ice on a lake. Temperature is pretty straightforward. The colder the temperature below 32°, the quicker ice will form. On a calm, cold night the water crystallizes into hexagonal ice crystals with a vertical orientation that form “ice needles”. (Not only ice crystals, but snowflakes take on a hexagonal form.) These consolidate into a smooth sheet of primary (black) ice, which is the dream of skaters if the ice thickens sufficiently before it becomes covered with snow. Such ice is almost perfectly transparent, and in shallow water it serves as a window to the activities beneath.

A second type of primary ice, sludge ice, forms in turbulent or wavy water (Fig. 10.3). Here, small ice crystals take shape in the open water, forming at first a loose slush, called frazzled ice. The small chunks of frazzled ice ultimately come together to create a continuous sheet of sludge ice. This type of ice is both irregular on the surface and somewhat cloudy because of trapped air bubbles or tiny bits of debris contained within it. Because of its irregular nature, sludge ice is not as strong as is clear primary ice.
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    10.3  Sludge ice on the lake. Courtesy of Jim Carlson.



Once a continuous cover of ice has been established, it becomes thickened quickly if the air temperature is cold. In order for ice to form, water must lose heat, and when there is already an ice cover, the heat from the water must pass through the ice in order to be lost from the lake. The thicker the ice, the harder it is for lake water to lose heat. The practical result is that the thicker the ice, the slower the rate of formation of ice beneath the layer of existing ice. This is why, for a given air temperature, the rate of ice formation is less later in the winter than it is shortly after the ice first forms. Minimum thicknesses of ice that can support various loads are given in table 10.1. Incongruous as it may seem, it isn’t the actual strength of the ice that supports the loads, but the pressure of the water beneath it. This isn’t the venue for getting into the physics behind this assertion, so you’ll have to take my word for it.

    
    Table 10.1

Minimum Ice Thickness for Various Loads
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We can get a bit more specific, however, with respect to the mathematics of ice formation. On the average, it takes 15 degree-days of cold in a 24-hour period for an inch of ice to form. What is a degree-day? Take the average of the high and low temperature (in Fahrenheit) for a day and subtract that number from 32°. The answer is the number of degree days. For example, if the high temperature is 28° and the low is 10° for the day, the average temperature is 19°. 32°–19° = 13 degree-days, almost enough to form an inch of ice that day. On a freezing cold day early in December, if the temperature averages -10°, almost three inches of ice could form on that day. Remember, though, that later in the season when there is already a lot of ice on the lake, this formula doesn’t work as well because the already considerable thickness of ice, plus the overlying snow, acts as an insulator and prevents much heat loss from the underlying lake water.

Once the primary ice cover has been set, secondary ice can form both above and below the primary ice. The secondary ice forming below the first layer of ice (the primary ice) is as clear as the water from which the ice is made. New secondary ice above the primary ice can form from two principal sources. The first is from snow, which if it gets wet, forms real ice when it freezes. Such ice is typically not very clear, mainly because of its air bubble content. A second source of secondary ice comes from lake water seeping onto the surface of the ice from cracks in the ice. Especially, if a major snowfall lands on the ice shortly after its formation, its weight can cause the ice to crack. Lake water then leaks through the cracks and covers the primary ice. If the snow cover is very thick, a layer of water or slush may remain over the primary ice much of the winter, much to the displeasure of ice fishermen, snowmobilers or dog sledders. If, however, it freezes, it forms a new layer of ice over the original ice and under the snow.

Ice would seem to be as solid as a rock, so to speak, but as anybody who has lived at a lake through a winter knows, lake ice is anything but stable. Like almost any solid material, ice contracts when it gets colder and expands when it warms. According to one calculation, with ten degrees of warming, a mile of ice expands 2.75 feet. Similarly, ice contracts when it becomes colder. On a larger lake, contraction results in the cracking of the ice, which is often accompanied by a boom resembling a distant dynamite explosion. Water filling in the cracks then freezes (Fig. 10.4), adding to the horizontal dimension of the overall ice cover. Then when the air warms, the ice expands even more, with a force of about 15 tons per square foot. Sometimes, such expansion causes the ice on the lake to buckle, forming ridges of broken ice that can extend almost across the lake (Fig. 10.5). At the edge of the lake, expanding ice can either override a gently sloping shore or push up the land on a steeply sloping shore, forming a new ice ridge or elevating an already existing one.
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    10.4  A crack in the ice, filled in with newly formed ice. Courtesy of Jim Carlson.
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    10.5  A near-shore ice ridge.



On a nice winter day when the ice is either bare or the overlying snow has been shoveled, an occasional ice skater appears on the lake. My wife and I distinctly remember skating outdoors as kids, and when it got colder than 20° below zero our skates just didn’t work as well as they did when it was warmer. For years we accepted a hundred-year-old theory that the reason why one can glide on skates is that the pressure of the blade melted the underlying ice, thus providing a friction-free surface for forward progress. Over the past couple of decades physicists have examined the problem and have mathematically discounted the pressure theory. They still can’t agree on exactly why a skate glides, but there are two competing theories, which might both be partially correct. One is that the surface of ice has slightly different properties from the rest because the water molecules at its surface aren’t bound by other water molecules. This quasi-liquid layer is extremely thin, perhaps only 1/500,000 mm, but according to some physicists, that may be enough. The second theory is that the friction of the skate blade on the ice is sufficient to cause some melting, thus reducing the drag on the skate blade. Friction is actually important in starting, because a skater must push against ice at a right angle to the blade in order to generate initial momentum. We’ll have to wait for a definitive solution to the conundrum, but scientists do seem to agree that when the temperature is lower then -22° F, some property of ice does change to make it harder to glide on skates.

The presence of ice has a significant impact on a lake, especially the sunlight reaching the water and secondarily, the oxygen content of the water. Clear ice allows considerable sunlight to penetrate into the water, but in most winters, clear ice conditions are fleeting. When the ice becomes covered with snow, the amount of sunlight reaching the water is greatly reduced. A Finnish woman, Elina Kari, actually measured the penetration of light into lake and sea water under various conditions of ice and snow for her doctoral dissertation research. She found that very clear ice actually transmits light almost as well as regular water, but even 4 inches of snow can reduce the amount of light getting to the water below by as much as 20–35 times. This means that it is pretty dark in the water below snow-covered ice.

The major effect of the reduced light is on any remaining green plants and phytoplankton. Most pondweeds have died off by winter, but a few coontail remain green. The less the light, the less photosynthesis, with the result that living plants can’t produce as much oxygen under snowy ice. Yet under the ice, decomposition of dead plants and the metabolic uptake of both living plants and all animals continue to use up any oxygen that is dissolved in the lake water. Over the course of the winter, this reduces the oxygen concentration in the water, sometimes to the point where it isn’t sufficient to sustain the lives of many of the fish living in the lake. This results in a winter fish kill. Fish kills are rare on deeper northern lakes, but they occur with some regularity in shallow highly fertile lakes farther south. Unfortunately, the more desirable game fish are usually the first ones to die from a lack of oxygen. Among the most resistant fish are bullheads, which seem to be able to survive almost any environmental disaster.

Due to the odd properties of water, the warmest water in the lake is now at the bottom, at 39°, because at that temperature the density of water is at its highest. This means that there isn’t much difference in water temperature from the top to the bottom of the water column. As a result, the vertical distribution of fish isn’t as tightly bound as it is during the summertime. Consequently, cold-water fish, like whitefish, can be found in remarkably shallow water beneath the ice. Ciscoes, however, continue to remain deep in the main lake. Why is anybody’s guess because almost nothing is known about the winter habits of these fish. One major change in fish habits concerns large northern pike. With the lake water being cold all over, large pike now gravitate toward the shallow weedy bays, where they can fall prey to spear fishermen. Except for smallmouth bass, all the other game fish, including panfish, remain active, although often at a reduced level, throughout the winter.

As the winter drags on, even in lakes with adequate oxygen, the pace of life gradually diminishes. Any ice fisherman knows that by the end of the season fishing, in general, slows down. Many aquatic plants continue to die although a few manage to remain green all winter. Female fish are very heavy-bodied by late winter because their ovaries are full of tens or often hundreds of thousands of eggs. Those species that prefer to migrate up streams to spawn begin to congregate closer to their spawning sites.

Above the ice, many animals escape the winter by hibernating. Many insects die when the weather becomes cold, but a surprising number manage to survive the winter by hibernating. Those that are able to overwinter use some remarkable biochemical tricks in order to survive. The essence of the strategy is to avoid actually freezing, because the ice crystals that form through freezing can damage their cells and tissues. Many insects avoid freezing by converting the alcohol in their tissues into glycerol, a natural antifreeze. This way they can remain under the bark of trees instead of having to burrow deep enough to spend the winter below the frost line in the soil.

Ticks, which are not insects, burrow under leaves in the winter, but if it becomes really cold, they adopt some of the same strategies as insects to prevent their cells from freezing. If the air temperature rises above freezing, even in the dead of winter, ticks may emerge from their leafy refuges and slowly crawl around looking for a potential host for a blood meal. When ticks are directly exposed to temperatures under 10° for a prolonged period, many of them die.

Amphibians and reptiles are cold-blooded, but they would still die if they froze. Over the years, scientists have finally figured out how most species are able to get through the winter. They use several different strategies, which don’t always work, but they allow enough individuals to survive the cold to be able to reproduce the species.

Most of our turtles and the lake-oriented frogs enter the water and spend the winter under the ice. Their metabolism slows down greatly, but they are still capable of some activity, however slow, beneath the ice. The way that they get oxygen is by breathing through their skin. In the case of frogs, this occurs over any exposed surface of skin. Although frogs take to the mud, they don’t bury themselves completely. In fact, some remain almost immobile just on the surface of the bottom mud. For turtles, there isn’t much exposed skin because of their shell. Turtles reduce their metabolism by as much as 95%, but to support the remaining 5%, they take in oxygen from the water through the skin of their head and neck, and especially through the skin under the tail. This skin is heavily vascularized and can almost act like a primitive lung.

Another strategy, adopted by toads and some snakes, is to burrow deep below the frost line in the ground. Their metabolism greatly slows down, but they are able to avoid actual freezing by their deep burrowing.

A much greater problem is faced by those amphibians and reptiles that spend the winter in locations where the temperatures fall well below freezing. These animals face the same problem as insects, and they have found some very innovative solutions. Let’s begin with frogs. Like insects, these animals must avoid having ice crystals forming in their cells because the crystals damage the cells and essentially kill them.

Tree frogs and wood frogs, common inhabitants of our woodlands near the lake, stay on land throughout the winter. They burrow down into crevices or into the ground, but even so, they may be exposed to temperatures well below freezing—as cold as -4°F. One strategy that they use to avoid becoming solid ice cubes is by supercooling (water remaining liquid below its normal freezing point), which can be done almost instantaneously and works if the ambient temperature drops to a few degrees below freezing.

Their main defense is to produce large amounts of sugar (glucose) in their liver. To do so, in the fall they use up some of their muscle tissue to help provide the raw materials for glucose formation. The liver then ships the newly made glucose out to the rest of the body, where it acts as an antifreeze. Specifically, the glucose gets into the cells and prevents much of the water inside the cells from leaving so that the cells neither dry out nor develop ice crystals when it gets very cold. At least one other frog species mimics insects by forming glycerol, as well as glucose. The kidneys of these frogs also produce high concentrations of urea, which also helps to reduce the freezing point of the water inside the frogs. This follows the same principle as ocean salts lowering the freezing point of salt water to below 32°. Glucose is heavily concentrated in the liver and heart, and these organs do not freeze. The liquid around other tissues of the body actually does freeze solid when it gets cold. Once everything goes into cold storage, so to speak, the frog is able to spend the entire winter without needing to breathe or use any energy. Then in the springtime, when the weather begins to warm, the heart starts to beat and the liver begins to function again before any of the other tissues start to thaw out. Gradual thawing of the internal ice proceeds from inside to outside until the frog is fully functional. Interestingly, if thawing occurred from outside in, the outer tissues would die because the non-beating heart wouldn’t be able to supply these tissues with the oxygen that they need.

Another reptile of the far north (well into Canada) is the garter snake, which can survive remarkably harsh winters. Garter snakes do so by burrowing deep into the soil to a level below the frost line. These snakes get together in large groups of hundreds or even thousands of snakes and essentially form a writhing ball that would put Medusa’s hairpiece to shame. Once as a child in Connecticut, I was poking around in the woods in the late fall and uncovered part of a rotting stump. In the ground beneath was such a snake ball. I am normally not squeamish, but running into this at close range certainly caught my attention.

For years, I have been puzzled why I often see newly hatched, half-dollar-sized painted turtles walking on dry land shortly after the snow has melted in the spring. It turns out that these turtles came from eggs that were laid the previous summer and overwintered in their subterranean nest. These nests are not deep enough to avoid freezing, so in order to survive, besides greatly lowering their metabolism, these tiny turtles had to adopt the supercooling and antifreeze strategies of terrestrial frogs in order to make it through the winter.

Not all mammals hibernate, but many of them, especially the smaller species, do. For those, such as bats, that eat insects, this is a necessary survival strategy. Because small mammals have a relatively large surface to body ratio, hibernation can be a way of protection from the cold. Being warm-blooded, mammals use different strategies to get them through the hibernation period. The basic idea is to reduce their metabolism to the point where they can get by for extended periods on less energy. One strategy is to eat a lot during the late summer and fall and build up a large store of fat reserves that can be drawn upon during the winter months. A second strategy is to stock their burrows with food caches, which they can then tap at various times during the winter. Many mice remain active throughout the winter, but their activity is carried out beneath the snow cover. Their tunnels can be readily seen if the snow cover is a few inches or less (Fig. 10.6). Even snow tunnels don’t fully protect these little creatures because owls are able to detect their scurrying about beneath the snow and capture them quite efficiently.
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    10.6  A mouse tunnel in the snow.



Owls have a unique hearing apparatus. The feather tufts on the heads of several species of owls are not ears, even though they look like ears (see Fig. 3.7). Instead, these are display feathers that are used in courting activity. Their real ears are embedded in their cheek areas and are covered with feathers. Beneath these feathers is a large shallow depression, which acts as a satellite dish, in this case directing the sound waves toward the ear opening. At some low frequencies, an owl’s hearing is far more sensitive than that of a human, and an owl’s brain is well adapted to picking up and localizing the source of such sounds. Their ear canals are somewhat asymmetrically located in their cheeks. This unusual arrangement is key to their being able to precisely locate the source of a sound. Even while flying, an owl turns its head toward the source of the sound and can make in-flight corrections, especially if its prey is moving.

What hibernation consists of depends upon the animal. Larger mammals, such as bears, don’t truly hibernate, but rather go into a state of deep sleep, called torpor. Late in the fall, a bear prepares a den and enters it when the weather becomes cold. When in a state of torpor, the bear’s body temperature drops by as much as ten degrees, and its heart rate and breathing decrease substantially. Nevertheless, a bear can become awakened relatively quickly in an emergency.

Bears really load up on food during the fall and then subsist on their body fat for up to 100 days, during which time they may lose from 15–25% of their body weight. Yet, despite this, they are able to maintain their muscle mass because they have evolved mechanisms for recycling other body proteins and even their urine into maintaining their muscle proteins. Female bears give birth in their dens and provide initial care to the young while sleeping, a trick that might be envied by many sleep-deprived human mothers.

Among the true hibernators, insect-eating bats also survive in their winter caves on stored fat, but they go to metabolic extremes in the process. Their body temperature drops to close to freezing. Along with greatly reduced breathing, their heart rate goes from 400 to about 25 beats per minute. Using these strategies, a bat can live for up to six months on its stored body fat. Another serious hibernator is the woodchuck, which doesn’t wake up at all during its hibernation. Its heart beats at only 4–5 times per minute instead of its normal summertime rate of 80.

Throughout the fall, chipmunks fill their cheeks with seeds (Fig. 10.7), which they bring to their burrows. There they dump the seeds into food caches for use later in the winter. Chipmunks don’t hibernate as deeply as woodchucks or bats. Periodically, they wake up during the winter. Their body temperature rises, and they eat a bit before going back to sleep. Scientists are baffled by why some small animals, such as chipmunks and squirrels, wake up every few weeks during their hibernation. The theories range from resetting their sleep clock to generating immune defenses, but the bottom line is that this habit remains a mystery.
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    10.7  A chipmunk with cheek pouches full of seeds. Courtesy of Michael Schwartz.



The mammals that don’t hibernate often face tough times during the winter. For herbivores, food is a problem. With no green leaves or grass to eat, deer are forced to subsist mainly on certain evergreen trees—white cedar and white pine being favorites—or twigs to get through the winter. According to some estimates, a deer eats between two and five pounds of twigs per winter day. Unfortunately, this dietary practice wreaks havoc on the low-lying shrubs in forest areas where there is an excess of deer. To get water, deer sometimes go to the edge of the lake and push away the snow to access sludge or water that may be present between the top of the ice and the overlying snow (Fig. 10.8). One way that deer survive the very cold temperatures of a northern winter is the insulating properties of their hairs, which are hollow. The hollow center is why dry flies for fishing often have hackles made of deer hair.
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    10.8  A place where a deer pushed aside the snow to get a drink of water just above the ice.



As always, deer have to be on the lookout for predators in the winter. One of the more gruesome scenes in the winter is that of a partially eaten deer carcass on the ice. When the ice is covered with only a small amount of snow, a deer’s hooves do not have as much traction as the feet of either wolves or coyotes. Thus, if a deer being chased by either of these predators runs onto the lake, they can catch up to the deer and kill it. Under these circumstances sometimes even a single large coyote can take down a deer. Such scenes are not uncommon in northern Minnesota (Fig. 10.9).
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    10.9  Eagles scavenging a carcass on the lake ice. Courtesy of Jean Blomme.



The presence of wolves and coyotes is much more evident in the winter than in the summer. This may, in part, be due to the great reduction in the number of people around the lakes during the winter. Whatever the reason, their howling or yipping on a cold night is a highly memorable sound.

Beavers spend the winter as families in their lodges and do not hibernate. The sticks and mud walls of the lodge, plus its covering of snow, provide enough insulation that temperature of the inside of a lodge can be as much as 60 degrees higher than that of the outside air. A chimney hole in the top of the lodge enables air circulation within. Steam emanating from the lodge indicates the presence of beavers inside. Their fur becomes thicker in the winter—an added layer of insulation. The collective body heat within the lodge is such that it can actually melt the snow on the top of the lodge. Beavers feed upon the piles of sticks that they have gathered in the water outside the lodge during the summer and fall. They swim out from the lodge and bring a stick inside, where they strip off its bark as food. When not sleeping or eating, beavers also mate in the lodge during the winter.

One of the more interesting mammals active during the winter is the porcupine. These painfully slow-moving creatures do not hibernate. Instead, they use a den as a home base and then make periodic forays into the snow to get food. Actually, for most of the winter they rely upon their own fat reserves, which can make up as much as 50% of their body weight. This fat, along with their body hair and hollow quills, protects them from the harsh winter weather. Even under the most favorable circumstances, the gait of a porcupine is most charitably described as a waddle, but in the winter they often have to act as a snow plow to get from their den to a food source, which is typically the inner bark of a tree. With this eating habit, a porcupine can be very destructive because it will often eat much of the bark of a single tree, causing the tree to die (Fig. 10.10). Porcupines will eat the bark of a variety of deciduous and evergreen trees, and they will even eat the needles of the white spruce, which contain toxic substances. Surprisingly, porcupines can be readily tamed and will happily eat graham crackers from a person’s hand (Fig. 10.11). One of their few enemies is the fisher, which hunts them in the winter.
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    10.10  Two trees with their bark stripped by a porcupine.
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    10.11  A fox and a porcupine, attracted by a graham cracker treat. Courtesy of Steve and Marilyn Erickson.

VIDEO: https://archive.org/details/ancltts-fig-10-11



One of the more active birds in the winter is the raven. They sometimes congregate on the ice either to feast upon the remains of a dead deer or for courtship activities. When they do so, they leave as calling cards very interesting imprints of their wings in the snow (Fig. 10.12). Owls also remain very active during the winter. January is the breeding season for many owls, and the frequency of owl calls during the night is substantially increased. With an exceptionally cold winter, snowy owls or great gray owls fly down from Canada, much to the delight of local bird watchers. Seeing a snowy owl silently flying over the snow on a moonlit night is an unforgettable experience.
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    10.12  A calling card left by a raven’s wings in the snow on the lake.



Early winter is dark, and in late December the sun barely rises above the trees. In fact, one can suffer a severe strobe light effect when driving through a forest on a sunny day because of the alternating light and dark experienced by seeing the sun shining through a series of bare tree trunks. The clear nighttime sky is punctuated by the bright lights of countless stars, and when the moon is full, it follows an arc that brings it almost directly overhead, in contrast to its much lower arc in June. A real treat is the occasional appearance of the aurora borealis. On the occasional calm night when the temperature reaches -35° or colder, the snow seems to take on a different character as one crunches through it, and even ice doesn’t seem as slippery as it does when it is warmer.

By March, winter continues to drag on, with whiteness still serving as background for the dark greens of the evergreens and the stark dark brown of the tree trunks. In some areas, the light tan of the leaves of the small ironwood (also called hophornbeam) trees, which remain on the branches all winter, adds a bit of contrast (Fig. 10.13). Cabin fever among winter residents is common at this time of the winter.

Despite the seemingly glacial slowness of winter’s progression, unseen things are already taking place. One of the first is the running of sap in maple trees. Often by mid-March enterprising residents place taps into maple trees and wait for the sap to flow into containers as the first step in the process of making maple syrup. One of my favorite stories involved a neighbor, a well-known surgeon in southern Minnesota, who had recently bought a cabin. He decided to try to make maple syrup one year but was having trouble getting enough sap to start the process. In some despair, he asked Burton Woock if he would share some of his secrets about the process. Burton came over to look at the doctor’s set up. He then slowly scratched his chin and told the doctor, “Well, we usually start by putting our taps into maple trees!”

As late March and early April roll around, the sun is much higher in the sky, and the daytime temperatures begin to regularly rise above freezing. The snow on some surfaces exposed to the daytime sun begins to crystallize. In the early morning, one hears the occasional bird sounds that were absent much of the winter. The lake is still covered by a thick layer of ice covered by snow, but increasing movements of the ice portend ice-out and the coming of spring.
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    10.13  Ironwood trees, with leaves that persist throughout the winter.
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Epilogue
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Up to now, this book has been about the lake throughout the seasons. In the final chapter, we will look at the lake throughout the centuries. Just imagine being a modern-day Scrooge who is being shown the ghosts of Ten Mile Past, Ten Mile Present and Ten Mile Future.

It all began with a glacier. Around 12,000 years ago, the Superior lobe of the Wisconsin glacier covered the land with ice over a mile deep. Embedded in that ice were boulders, rocks, grains of sand, all of which were passively swept along at “glacial” speed by the inexorable force of the slowly moving mountain of ice. Some of the rocks at the bottom of the ice ground against other stone on the earth’s surface and became smoothened. Others, further up in the ice, didn’t change.

In some areas, the immense mass of the advancing glacier acted like a bulldozer, excavating deep channels or pits in the earth. In other areas, it scraped the surface clean, leaving only ancient bare rock to face the elements. The glacier also carried with it material picked up at its origin, which is why agates characteristic of Lake Superior are often found around Ten Mile Lake.

As the climate changed from cold to warming, the glacial ice began to melt, leading to a several thousand-year retreat of the glacier which, at its furthest extent, reached from the present Lake Superior to mid-Minnesota. During its retreat, the glacier left behind a massive ice block that filled a deep cavity that it had gouged in the earth. This cavity formed the bed of what is now Ten Mile Lake. To the south and west of the lake are low hills, called moraines, which are piles of earth that had been pushed up by the flow of the advancing glacier.

Powerful rivers of water flowing from the melting ice caried with them whatever objects were embedded in the ice. In some places, these rivers dropped piles of rocks and boulders. Other places became covered with vast deposits of alluvial sand. Although we don’t know for sure, it would seem that a number of the underwater islands in Ten Mile Lake, which tend to be long and narrow, represent deposits of rocks dropped by the streams or waterfalls flowing out from the melting glacial ice.

By the time all of the ice had melted, a new body of water was left behind. We do not know how large it was at the time, but present-day wetlands between Ten Mile and nearby Birch Lake suggest that at one time they were one body of water.

It is highly likely that the water of this newly formed lake was a beautiful turquoise blue because of its high content of glacial flour—tiny suspended particulate matter flowing out of the glacier that renders the water cloudy, but reflects blue light. The lake itself was most likely devoid of macroscopic life when it was first formed. The stones on the bottom were pristine, with no coating of organic material.

As they say “Nature abhors a vacuum”, and a newly formed lake doesn’t remain a sterile bathtub for long. We are now aware, especially from recent studies in Antarctica, that glaciers themselves are not lifeless masses of ice. Certain types of bacteria can live and even thrive on or deep under the glacial ice. In order for living communities to evolve in a newly formed body of water, some form of life has to be able to extract nutrients from the ground and, in combination with energy provided by the sun, convert these nutrients into organic matter. In the normal course of the evolution of either a body of water or a newly formed mass of land, plant life must appear and become settled before any animal life is possible. A lake is not an isolated entity, and organic matter, such as pollen or even insects, can be blown into the water by the wind.

It is highly likely that once a robust population of phytoplankton became established in the lake, the next set of inhabitants were zooplankton and also aquatic insects, especially midges, which dropped their eggs into the water. The eggs then developed into larvae, which strained the water for microscopic food.

Because it was very infertile, the early lake probably supported very little growth of macroscopic aquatic plants. In the early post-glacial environment, water was everywhere, and where there is interconnected water, there is an exchange of life forms. Tiny zooplankton are passively carried by currents and waves, but fish can swim almost anywhere. In these icy waters, the fish that thrive are the cold-water species of the trout and whitefish family. Whether or not Ten Mile Lake ever hosted a population of trout is unknown, but the present populations of whitefish and dwarf ciscoes are certainly remnants of the original populations of fish that inhabited the young lake.

A lake evolves along with the land around it, and the two are engaged in a slow dance, where one influences the other. Around newly formed glacial lakes, the surrounding shorelands initially consisted of bare rock or sand. Over a number of years, patches of lichens began to appear on the rocks, almost like scales (Fig. 11.1). A lichen is an interesting and surprisingly complex life form. Although seemingly a single entity, a lichen is actually a community, consisting of a fungal matrix that contains interspersed green algae. The algae, with their chloroplasts providing energy through photosynthesis, depend upon the fungal component of the lichen for both protection from the elements and a source of nutrients, some of which come from the very slow dissolution of the underlying rock. If you closely examine a lichen, you will notice that its outer surface is tough and often somewhat shiny whereas the inner surface facing the rock is looser, blackish and somewhat irregular. It is the inner surface where tiny rootlike structures within the fungal part of the lichen actually dissolve a bit of the surface of the rock under the lichen.
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    11.1  A lichen-covered rock.



In the space between the inner side of a lichen and the rock is a small accumulation of dark organic matter, mixed with some residue of the rock. Over many years, enough of this material settles at the base of the rock to form tiny deposits of soil. These fragile patches of soil ultimately become large enough to support tiny green moss plants, which add both color and texture to the otherwise stark landscape.

After many years organic residue from dying lichens and mosses added enough organic material to the ground to support small numbers of low plants and bushes of what we now call alpine vegetation. The formation of organically rich soil, called humus, is an almost imperceptible process. The best estimates suggest that it takes about a thousand years of leaching of rocks and accumulation of organic debris to form an inch of humus.

In the orderly succession of plant life, low bushes of alders and willows began to take root along the shoreline. These paved the way for the establishment of stunted trees, initially dense stands of black spruce. With the increasing abundance of plant life, pollen and leaves fell into the water and settled onto the bottom, providing the start of a substrate upon which a few aquatic plants could take root. This process of succession took hundreds, if not thousands, of years.

In the meantime, the retreat of the glacier and the general warming of the climate allowed the lake water to warm a bit, to the point where cool-water fish, such as northern pike, could make the lake their home. On land, more conifers, and finally pines, followed the retreating glacier. They slowly spread, largely by their seeds, which landed on the ever-larger patches of moss and grass-covered soil. The seeds sprouted and took root. The first evergreen trees were undoubtedly small and stunted because of both the cold weather and the poor soil, both of which limited growth. Only much later did conditions allow the growth of the massive white and Norway pines that characterized our modern virgin forests. The land, very wet and spongy if not totally underwater, began to slowly dry out or drain through some massive glacial outflow rivers, leaving behind not only the dry land that supported the evergreen forests, but also wetlands in the place of former shallow bays of receding lakes. These wetlands, filled with soft cushions of sphagnum moss or hummocks made of several species of marsh plants and bushes that still characterize our present-day wetlands, supported the growth of large numbers of tamarack trees.

The sodden post-glacial countryside was probably first inhabited by flying insects and then, birds, which were attracted by the lush low vegetation that had progressively covered the deposits of sand and had taken advantage of the patches of new soil formed by the actions of the lichens and mosses.

The first mammals were small mice, voles and lemmings, which found adequate food supplies in the insects, berries and seeds. These were shortly followed by rabbits. With an abundance of small mammals, predators soon moved in. Among the first predators would have been owls and foxes, which feasted upon the abundant prey. These small mammals were followed by larger ones (herbivores, such as moose, deer, caribou and possibly even mammoths and musk oxen) and their predators—wolves, bears and large cats. All of these returned in concert with the succession of post-glacial plant life and existed in a natural equilibrium until the first humans came onto the scene.

The early history of humans in north central Minnesota is poorly preserved and understood, but the first post-glacial inhabitants were almost certainly nomadic hunter-gatherers, who subsisted by fishing, hunting caribou and other large herbivores and by gathering wild rice, along with other local plants. Starting around 500 BC, more stable cultures began to appear, as indicated by the presence of burial mounds, pottery and evidence of the use of bows and arrows. Apparently even techniques for making maple sugar were evolving. These small tribes were still mobile, and their locations changed with the seasons. Except for small local areas, these early Native American tribes had little effect on the aquatic or terrestrial environments.

In later centuries, Dakota and Ojibwe Indians were the dominant inhabitants of North Central Minnesota, but by the late 1600s, the first intrepid French fur traders began to explore the region in birchbark canoes in search of valuable beaver pelts. These traders interacted with both the Dakotas and the Ojibwe until the 1730s when Ojibwe warriors began to push the Dakotas farther to the west. Other than depleting the local beaver populations, the presence of humans had little direct effect upon the lakes themselves in the Mississippi headwaters region. The subsistence hunting and fishing practices interfered only minimally with the overall ecology of these lakes. Tradition has it that the Native American presence around Ten Mile Lake was minimal because the lake had a bad reputation for violent weather and a generally unfavorable spiritual environment.

The golden era of logging, from about 1890 to 1910, saw the destruction of the virgin pine forests that had covered the land for several thousand years. These massive trees dominated the landscape around the lakes and inhibited the growth of most other smaller trees and shrubs because they shielded the understory from adequate sunlight, and the fallen needles made the soil very acidic. The first logging camps were located alongside rivers because the flowing water offered a means of transport for the cut logs. With the development of newer technology, lumbering moved closer to the lakes, and not infrequently the lumber camps were located at water’s edge. Pollution from the camps, including sawdust piles, adversely affected the lake water, and some of the cut logs sank to the bottom of the lake, where they remain to this day (Figure 11.2). Because of its small watershed, Ten Mile Lake was probably less affected by shoreline erosion and other effects of logging than many other nearby lakes.
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    11.2  A submerged left-over from the old logging days.

VIDEO: https://archive.org/details/ancltts-fig-11-2



Of note was the town of Lothrop (Lathrop), a boom town in the lumbering era located near the railroad tracks just north of Long Bay. With the exhaustion of the forests and the extension of the railroad as far north as Walker in 1896, Lothrop quickly disintegrated as a town and has left no present trace of its existence. Upon its demise, some of the former members of Lothrop moved south to populate the newly forming community of Hackensack, which was officially founded in 1903.

The original white settlers around Ten Mile Lake were a group of hardy immigrant homesteaders, mostly from Germany and northern Europe. The newly cleared land proved to be unfavorable for farming, leading the early settlers to turn to supplemental trapping, hunting and fishing to provide for their families. At least one dairy farm was located near the southeastern shore of the lake, and I have been told that the effluent from that farm drained directly into the lake. If so, this would account for the presence of a large patch of bulrushes in a location where such plants would not normally be expected.

The end of World War I brought another major change to Ten Mile and many other lakes in the area. This was the construction of a number of resorts and private cabins at various points around the lake. Because of the poor roads, many visitors arrived at the lake via the train that stopped close to the lake. Travel on the lake was mainly accomplished by rowing flat-bottom wooden boats.

Between the two world wars, some residents attached new outboard motors onto the transoms of their boats. These motors had a flywheel on top, and one wrapped the starting rope around it, pulled the cord and then hoped for the best. When the noisy motors started, it was possible to cross the lake in far less time than by rowing, but almost every motor owner at some time still had to row back to the cabin after the motor failed.

During these early days of tourism, the general mindset was that natural resources were inexhaustible, and little attention was paid to ecology or animal or plant populations. Despite relatively primitive equipment, anglers came back with sufficient large fish for several meals. The mindset at the time was to keep the largest fish and to throw back the smaller ones “to give them a chance to grow.” Only after World War II did it become apparent that anglers were catching fewer 15–20-pound pike than was the case earlier. In succeeding years, catches of walleyes and other game fish were not as easy to come by, and the size of these fish was also smaller. We now know that removal of large fish of any species depletes the gene pool of the larger sizes and that it makes much more biological sense to keep and eat small to medium-sized fish instead of the larger ones. Catch-and-release fishing for a number of species has had a highly beneficial effect on their population structure.

Indoor plumbing was a rarity, and almost all cabins had an outdoor “biffy” located somewhere behind the cabin. It was not uncommon to do the family laundry in the lake (Fig. 11.3), and almost everybody soaped down and often washed their hair in the lake after a swim. Garbage was routinely taken out to the lake by boat and dumped into the water because if it was buried on land, skunks would dig it up. Other seemingly minor practices were common. Boaters took a can of gasoline in the boat so that the motor could be filled when it ran out of gas. Especially when done on wavy water, spillage of some gasoline, which spread a shiny sheen over the water, was almost unavoidable.
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    11.3  Wash day at Ten Mile in the 1920s. Courtesy of Mary and Kathy Hertzman.



“Cleaning out the weeds” by the beach, both above and below the water, was generally accepted without comment. With increasing numbers of cabins being built, greater amounts of shoreline were altered. In that era and until quite recently, when a cabin was put up for sale, realtors typically removed most brush and even trees between the cabin and the shoreline in order to “improve the view” from the cabin. Wetlands were considered a nuisance, and many were filled in to make the land more useful.

Both lakes and oceans were considered to be appropriate dumping grounds for a wide variety of objects, including barrels containing toxic substances because “out of sight, out of mind” was the prevailing mindset at the time. When a fisherman had finished his beer, it was considered only logical to fill the can with water and drop it overboard. Even now, the bottoms of certain hot walleye fishing areas in Ten Mile are liberally laced with old beer cans (Figure 11.4). There are rumors of a couple of pontoon boats that were scuttled in the deep waters of Ten Mile, and in some lakes, such as Leech Lake, it was a common practice to leave an old car or pick-up truck on the ice and then collect bets on when it would fall through the ice during the spring break-up.

The accumulated effects of these practices became only gradually apparent. During the 1950s and 1960s, the water of Ten Mile Lake was a beautiful turquoise color on a sunny day. Unappreciated at the time was the fact that this color was due to the presence of tiny green algae floating in the water.

This period was also the era of DDT and other chemical insecticides. Even after Rachel Carson’s book “Silent Spring” launched an environmental movement, it was slow to catch on in many locations. One year during the 1960s, residents along a long stretch of shore along Ten Mile decided to deal with a bad mosquito year by hiring a company to spray DDT over a large area. Residents soon noticed a near-absence of song birds along that shore, but only a few made the connection. Nevertheless, enough residents became concerned that the DDT spraying was never repeated.
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    11.4  Beer can residue in a popular fishing spot from the 1950s.

VIDEO: https://archive.org/details/ancltts-fig-11-4



The activation of the Ten Mile Lake Association in the early 1970s stimulated several cabin-owners to take a close look at the state of the lake and to take steps to reverse what was perceived as a gradual decline in the quality of the lake water. By this time, many cabins had septic systems, but many were not functioning properly. Lake-wide inspection of all of the septic systems identified those that were non-compliant. In addition, a public relations campaign began to alert cabin owners about the negative effects of introducing phosphates from lawn fertilizers or soaps into the lake water. After many of the septic systems were upgraded and the use of phosphates was reduced, the quality of the lake water, especially its transparency, noticeably improved. One downside to this trend affected the local walleye fishermen. Whereas in earlier years it was possible to catch walleyes throughout the day, with the improvement in water clarity, walleyes became much harder to catch during the day, and evening and night fishing became the norm.

During the late 20th century, environmental awareness even became encoded into our laws, and many destructive practices were banned. As a result, wetlands are now protected, and there are strict county regulations concerning removal of vegetation along shorelines of lakes. Septic systems are also regulated. Sale or improvement on a cabin cannot be done until the septic system meets acceptable standards. Thanks to encouragement by both local officials and lake associations, more cabin residents are installing shoreline buffers of native plants and also rain gardens to accommodate roof run-off in order to reduce the amount of phosphorus and other undesirable substances into the lake.

Despite the adoption of many enlightened practices, other issues remain, and some are increasing due to the greater amount of shoreline development and increased number of more powerful boats. Others take origin far from the lake.

For decades, many northern Minnesota lakes have been subject to warnings about high levels of mercury in fish. Although some of the mercury can be attributed to local sources, much of it is carried through the air from coal-powered power plants. In the form of methyl mercury, this substance makes its way into fish. When large fish eat contaminated smaller fish, the mercury accumulates in their muscle in even greater quantities. Birds, such as loons, ospreys and eagles, which eat large quantities of fish are at risk of mercury toxicity. Depending upon the lake, humans are often advised to eat local fish not more than once a week or once a month.

Mercury contamination is enhanced by acid rain. Acid rain is the product of airborne sulfur dioxide and nitrogen dioxide, which form sulfuric acid and nitric acid when mixed with water. These compounds get into the air through the emissions of fossil-fueled power plants and vehicles. In the years after the mid-1900s, the cumulative effects of the deposition of these substances caused a significant increase in the acidity of the water in many lakes, especially those in some northeastern states. Highly infertile lakes were most affected because their water lacked the buffering capacity of more fertile lakes. The increased acidity in the water reduced the growth and fertility of many fish and caused some to die. Ironically, black fly numbers in some areas affected by acid rain actually increased because of decreased predation on their larvae by small fish, whose feeding capacities were impaired. Fortunately, since the 1990s, acid rain has been greatly reduced because of the provisions of the Clean Air Act, and while not absent, it is nowhere the problem that it was in earlier years.

Another toxic substance is lead. Most fishing sinkers and jig-heads are made of lead, and when these are lost on the lake bottom, they can be eaten by diving birds, especially loons. Lead poisoning of loons is a major problem in many lakes throughout the country. With an increasing awareness of this problem, attempts are being made to supplant lead with other heavy metals, especially tungsten, in terminal fishing tackle, but adoption of this change has been very slow among anglers. Realistically, a significant change in the use of lead will probably require legislation, rather than voluntary change.

Only recently has significant attention turned to the threat of microplastics in the water. These microscopic particles are derived from many sources, including synthetic fabric materials, and they can reach the water in several ways, including through the air. Microplastics accumulate in the digestive tracts of most animal life and can cause growth retardation, behavioral changes and immunological dysfunction in fish. Their effects on humans are receiving increasing scrutiny.

Lakes and rivers are under increasing threat for the introduction of invasive aquatic species (AIS), both plant and animal. Some of these can enter a lake via existing natural aquatic connections, such as rivers and streams, but a significant vector for the spread of AIS is boat traffic from one lake to another. The public access points of many lakes are now staffed by trained AIS inspectors. Such inspections, along with public awareness educational efforts, are undoubtedly playing a significant role in reducing the spread of AIS from one lake to another. It is important to recognize that once an invasive species has been introduced into a lake, it is almost impossible to eradicate it. The expense for control of many of these invasives is very high and often must be borne by the lakeshore dwellers of the affected lake. To date, Ten Mile Lake has significant populations of both Chinese and banded mystery snails, which are found in high density especially in bays. Zebra mussel larvae (veligers) have also been detected in the lake, but adults have not yet been found.

Some other disturbances to the ecology and environment of a lake are just beginning to be recognized. One is light pollution by bright lights kept on all night in increasing numbers of locations around the lakeshore, but the most intense sources of light pollution are commercial establishments and the lights of nearby towns. In addition to interference to star-gazing, significant light pollution can cause behavioral changes in aquatic invertebrates and fish. A much more serious problem is the contamination of ground water from over-fertilization of farmlands and the lowering of the water table from intensive irrigation of farmland. For lakes, such as Ten Mile, which rely heavily upon ground water inflow as a major source of their water, vigilance cannot be over-emphasized.

Another issue becoming more prominently discussed is disturbance of the water by wake boats. Unpublished research suggests that propeller scouring and overall water disturbance can affect the lake bottom as deep as 15 feet. Large waves also cause significant shoreline erosion, and boats producing large waves are recommended to stay more than 500 feet from the shore.

One of the most significant problems facing our lakes today is climate change. Both above and below the water climate change will have significant effects. In the land around the lakes, a warming climate will mimic the cycles of ebb and flow of northern forest that have been occurring for thousands of years. At present, the northern conifer/pine forests are already in a slow northward retreat. In this case, retreat does not mean steady incremental changes. Instead, it usually involves a significant event, such as a forest fire, disease or a prolonged drought that kills off a large proportion of the trees in a local area. If the trees that are killed are spruce or pine, the first trees to take their place are often aspens, but those that succeed the aspens are most likely to be deciduous hardwood, such as maple and oak, rather than evergreens. An excellent example of such a transition has occurred after a forest fire burned hundreds of acres of jack pines near Grayling, Michigan in the early 2000s. Now that same area is densely populated by 10–15-foot high oak trees, with almost no pines in sight.

In lakes, a similar phenomenon is taking place. Those shallower lakes that still contain coldwater fish, such as tullibees, can be subjected to summertime fish kills that effectively wipe out the ciscoes. These lakes then become increasingly populated with bass and panfish, which are more tolerant of warmer water.

What does the future hold in store for the lake? It is usually a mistake to try to predict the future. What we do know is that in the future there will be more people, but there won’t be more lakes. We have been handed a gift of lasting value in our lake. We must take care to pass it on to the next generation in as close to its pristine condition as we are able so that our descendants can experience the same enjoyment that Nature has given to us.





Appendix


This is a list of the birds seen on and around Ten Mile Lake (within the closest ring of roads to the lake) over recent years. Submitted by Don Hoppe.

Species

Alder Flycatcher—Empidonax alnorum

American Black Duck—Anas rubripes

American Coot—Fulica americana

American Crow—Corvus brachyrhynchos

American Goldfinch—Spinus tristis

American Redstart—Setophaga ruticilla

American Robin—Turdus migratorius

American Tree Sparrow—Spizelloides arborea

American White Pelican—Pelecanus erythrorhynchos

Bald Eagle—Haliaeetus leucocephalus

Baltimore Oriole—Icterus galbula

Barn Swallow—Hirundo rustica

Barred Owl—Strix varia

Bay-breasted Warbler—Setophaga castanea

Belted Kingfisher—Megaceryle alcyon

Black Tern—Chlidonias niger

Black-and-white Warbler—Mniotilta varia

Black-billed Cuckoo—Coccyzus erythropthalmus

Blackburnian Warbler—Setophaga fusca

Black-capped Chickadee—Poecile atricapillus

Blackpoll Warbler—Setophaga striata

Black-throated Green Warbler—Setophaga nigrescens

Blue Jay—Cyanocitta cristata

Blue-gray Gnatcatcher—Polioptila caerulea

Blue-winged Teal—Spatula discors

Bohemian Waxwing—Bombycilla garrulus

Bonaparte’s Gull—Chroicocephalus philadelphia

Brewer’s Blackbird—Euphagus cyanocephalus

Broad-winged Hawk—Buteo platypterus

Brown Creeper—Certhia americana

Brown Thrasher—Toxostoma rufum

Brown-headed Cowbird—Molothrus ater

Bufflehead—Bucephala albeola

Canada Goose—Branta canadensis

Canada Warbler—Cardellina canadensis

Cape May Warbler—Setophaga tigrina

Carolina Wren—Thryothorus ludovicianus

Caspian Tern—Hydroprogne caspia

Cedar Waxwing—Bombycilla cedrorum

Chestnut-sided Warbler—Setophaga pensylvanica

Chimney Swift—Chaetura pelagica

Chipping Sparrow—Spizella passerina

Clay-colored Sparrow—Spizella pallida

Common Goldeneye—Bucephala clangula

Common Grackle—Quiscalus quiscula

Common Loon—Gavia immer

Common Merganser—Mergus merganser

Common Nighthawk—Chordeiles minor

Common Raven—Corvus corax

Common Redpoll—Acanthis flammea

Common Tern—Sterna hirundo

Common Yellowthroat—Geothlypis trichas

Cooper’s Hawk—Accipiter cooperii

Dark-eyed Junco—Junco hyemalis

Double-crested Cormorant—Nannopterum auritum

Downy Woodpecker—Dryobates pubescens

Eastern Bluebird—Sialia sialis

Eastern Kingbird—Tyrannus tyrannus

Eastern Phoebe—Sayornis phoebe

Eastern Whip-Poorwill—Antrostomus vociferus

Eastern Wood-Pewee—Contopus virens

European Starling—Sturnus vulgaris

Evening Grosbeak—Coccothraustes vespertinus

Forster’s Tern—Sterna forsteri

Fox Sparrow—Passerella iliaca

Franklin’s Gull—Leucophaeus pipixcan

Gadwall—Mareca strepera

Golden-crowned Kinglet—Regulus satrapa

Golden-winged Warbler—Vermivora chrysoptera

Gray Catbird—Dumetella carolinensis

Gray-cheeked Thrush—Catharus minimus

Great Blue Heron—Ardea herodias

Great Crested Flycatcher—Myiarchus crinitus

Great Grey Owl—Strix nebulosa

Great Horned Owl—Bubo virginianus

Greater Scaup—Aythya marila

Greater Yellowlegs—Tringa melanoleuca

Green Heron—Butorides virescens

Hairy Woodpecker—Dryobates villosus

Harris’s Sparrow—Zonotrichia querula

Hermit Thrush—Catharus guttatus

Herring Gull—Larus argentatus

Hoary Redpoll—Acanthis hornemanni

Hooded Merganser—Lophodytes cucullatus

Horned Grebe—Podiceps auritus

House Finch—Haemorhous mexicanus

House Wren—Troglodytes aedon

Indigo Bunting—Passerina cyanea

Kestrel—Falco sparverius

Killdeer—Charadrius vociferus

Least Flycatcher—Empidonax minimus

Least Sandpiper—Calidris minutilla

Lesser Scaup—Aythya affinis

Lincoln’s Sparrow—Melospiza lincolnii

Magnolia Warbler—Setophaga magnolia

Mallard—Anas platyrhynchos

Merlin—Falco columbarius

Mourning Dove—Zenaida macroura

Mourning Warbler—Geothlypis philadelphia

Nashville Warbler—Leiothlypis ruficapilla

Northern Cardinal—Cardinalis cardinalis

Northern Flicker—Colaptes auratus

Northern Harrier—Circus hudsonius

Northern Parula—Setophaga americana

Northern Rough-winged Swallow—Stelgidopteryx serripennis

Northern Saw-whet Owl—Aegolius acadicus

Northern Shrike—Lanius borealis

Northern Waterthrush—Parkesia noveboracensis

Olive-sided Flycatcher—Contopus cooperi

Orange-crowned Warbler—Leiothlypis celata

Orchard Oriole—Icterus spurius

Osprey—Pandion haliaetus

Ovenbird—Seiurus aurocapilla

Palm Warbler—Setophaga palmarum

Philadelphia Vireo—Vireo philadelphicus

Pied-billed Grebe—Podilymbus podiceps

Pileated Woodpecker—Dryocopus pileatus

Pine Grosbeak—Pinicola enucleator

Pine Siskin—Spinus pinus

Pine Warbler—Setophaga pinus

Purple Finch—Haemorhous purpureus

Purple Martin—Progne subis

Red-bellied Woodpecker—Melanerpes carolinus

Red-breasted Merganser—Mergus serrator

Red-breasted Nuthatch—Sitta canadensis

Red-eyed Vireo—Vireo olivaceus

Red-headed Woodpecker—Melanerpes erythrocephalus

Red-necked Grebe—Podiceps grisegena

Red-tailed Hawk—Buteo jamaicensis

Red-winged Blackbird—Agelaius phoeniceus

Ring-billed Gull—Larus delawarensis

Ring-necked Duck—Aythya collaris

Rose-breasted Grosbeak—Pheucticus ludovicianus

Rough-legged Hawk—Buteo lagopus

Ruby-crowned Kinglet—Corthylio calendula

Ruby-throated Hummingbird—Archilochus colubris

Ruffed Grouse—Bonasa umbellus

Rusty Blackbird—Euphagus carolinus

Sanderling—Calidris alba

Sandhill Crane—Antigone canadensis

Savannah Sparrow—Passerculus sandwichensis

Scarlet Tanager—Piranga olivacea

Sedge Wren—Cistothorus stellaris

Sharp-shinned Hawk—Accipiter striatus

Snow Bunting—Plectrophenax nivalis

Song Sparrow—Melospiza melodia

Sora—Porzana carolina

Spotted Sandpiper—Actitis macularius

Swainson’s Thrush—Catharus ustulatus

Swamp Sparrow—Melospiza georgiana

Tennessee Warbler—Leiothlypis peregrina

Tree Swallow—Tachycineta bicolor

Trumpeter Swan—Cygnus buccinator

Tundra Swan—Cygnus columbianus

Turkey Vulture—Cathartes aura

Veery—Catharus fuscescens

Vesper Sparrow—Pooecetes gramineus

Virginia Rail—Rallus limicola

Warbling Vireo—Vireo gilvus

Western Kingbird—Tyrannus verticalis

Western Meadowlark—Sturnella neglecta

Western Tanager—Piranga ludoviciana

White-breasted Nuthatch—Sitta carolinensis

White-crowned Sparrow—Zonotrichia leucophrys

White-throated Sparrow—Zonotrichia albicollis

White-winged Crossbill—Loxia leucoptera

Wild Turkey—Meleagris gallopavo

Wilson’s Snipe—Gallinago delicata

Wilson’s Warbler—Cardellina pusilla

Wood Duck—Aix sponsa

Yellow Warbler—Setophaga petechia

Yellow-bellied Flycatcher—Empidonax flaviventris

Yellow-bellied Sapsucker—Sphyrapicus varius

Yellow-headed Blackbird—Xanthocephalus xanthocephalus

Yellow-rumped Warbler—Setophaga coronata

Yellow-throated Vireo—Vireo flavifrons





Glossary


Abscission layer—A layer of cells at the base of a leaf that disintegrates in the fall, causing the leaf to drop.

Aerenchyma—A system of air-filled channels that allows atmospheric air to reach the roots of partially submerged plants.

Albedo—A measure of the reflection of solar light from a surface.

Anthocyanins—A name given to a group of deep red, purple or blue pigments in plants.

Asexual budding—A form of reproduction in plants resulting from the dropping-off of buds from aquatic plants, which then go on to form new plants.

Aurora borealis—The technical name for the northern lights.

Carapace—The shell of a turtle.

Carotenoid—A name given to yellow or orange pigments found in plants.

Catkin—A cluster of flowers in a tree

Chlorophyll—The green pigment found in the leaves of plants.

Chloroplast—A tiny structure in the cells of plant leaves that carries out photosynthesis.

Cone cell—A cell in the retina of the eye that is responsible for color vision.

Countercurrent mechanism—An arrangement whereby heat, for instance, is exchanged between an artery and a vein in order to prevent heat loss from an extremity.

Detritivore—An animal that eats detritus, e.g., decaying organic matter.

Diurnal—Twice a day, usually in the early morning or late evening.

Dorsal fin—The top fin of a fish.

Ecosystem—A complex system of interacting biological entities and their physical surroundings.

Epilimnion—The top layer (above the thermocline) of water in a lake.

Eutrophic—Highly fertile, as applied to lake water.

Exoskeleton—The hard covering on the outside of many animals, for example, crayfish, insects or crabs.

Food chain (web)—The complex set of interactions among various animals that involves who eats whom.

Food pyramid—A simpler variant of the food chain, in which larger animals at the top of the pyramid eat smaller ones closer to the base of the pyramid.

Fragmentation—A mode of asexual reproduction in plants whereby bits of a plant break off and then take root to form new plants.

Frazzled ice—Small disorganized bits of ice that form in cold rough water.

Fry—The term given to a newly hatched fish.

Gill net—A net that captures fish by entangling them behind the gills. It often kills the fish.

Glacial flour—Tiny bits of rock ground by a glacier that give water flowing from a glacier a cloudy appearance.

Ground water—Vast amounts of water beneath the surface of the ground that flows in well-defined directions.

Hyperthermia—A higher than normal body temperature that is life-threatening.

Hypolimnion—The bottom layer of lake water located beneath the thermocline.

Hypoxia—A pathological condition in which the body has insufficient oxygen for its normal functions.

Ice candle—Long vertical crystals that form as ice melts.

Ice needle—Long, thin crystals that appear in newly forming ice.

Incurrent siphon—A hollow structure in clams, the equivalent of the mouth, that channels water into the digestive tract of a clam.

In vitro (“In glass”)—A term used for growing cells or tissues in an artificial environment.

Lateral line—In fish, a line of specialized scales containing nerve endings that can pick up vibrations in the water.

Lignin—A material that provides strength for the stems of land plants.

Littoral zone—From a Latin term, meaning shore. In lakes, it refers to the part of the lake from the shoreline to the depth at which plants can no longer grow.

Maunder minimum/maximum—Times in the sunspot cycle when there is least/most activity.

Mesotrophic—A lake of medium fertility.

Milt—A term given to the clouds of sperm emitted from a male fish.

Minnow—Technically, a member of the fish family Cyprinidae. In popular parlance, any small fish.

Mitochondria—Tiny structures within cells that are heavily involved in the production of energy.

Nuptual tubercle—A bump of unknown function on the top of a pelican’s bill during the breeding season.

Nymph—An immature form of an insect.

Ocellus—A spot looking like an eye that is usually located near the tail of an animal.

Oligotrophic—A lake of low fertility.

Otolith—An “ear bone” in a fish. Annual bands in otoliths allow one to age a fish.

Pelvic fin—The set of paired fins in a fish that are the closest to the tail.

Pectoral fin—The set of paired fins in a fish that are the closest to the head.

Pelagic zone—The open water zone in the middle of a lake.

Photosynthesis—The process by which green plants convert sunlight into energy and food.

Phytoplankton—Tiny plants, often single-celled, that float in the water.

Piscivorous—An animal that eats fish.

Plankton—Tiny plants or animals that float around in the water. They serve as the base of the food chain.

Pressure ridge—Lines of upfolded ice caused by its expansion.

Primary ice—The first ice that forms directly on the water.

Proboscis—The long mouthparts of a biting insect that are used to penetrate the skin of its victim.

Profundal zone—The deep-water zone in a lake, below the depth at which plants can grow.

Refraction—The change of direction of light waves as they enter water from the air.

Retina—The layer at the back of the eyeball that contains rod and cone cells, by which we can see objects.

Rod cell—A cell in the retina that enables one to see in black and white under low light conditions.

Schistosomes—A group of parasites, one of which is responsible for swimmer’s itch.

Schreckstoff—Chemicals given off from the injured skin of minnows, which warn other fish of danger.

Secchi disk—A white disk lowered into the water to measure water clarity.

Secondary ice—Ice that forms after the first layer of ice has formed in a lake.

Sense receptor—A cell or structure that can detect light, sound, vibration, etc.

Sludge ice—Rough ice that forms in turbulent water.

Solunar table—A table purporting to indicate periods of major and minor feeding periods of animal during the day.

Spawning—Reproduction in fishes by laying many eggs, which are fertilized after they have been emitted from the female.

Spiggin—The name (Swedish) given to the secretion by sticklebacks that hold the nest together.

Stolon—An elongated root (runner) extending from an aquatic plant and which gives rise to other plants along its length.

Stomata—Tiny pores in the leaves of plants.

Symbiosis—An association of two living beings (plant or animal), from which each member of the pair derives some benefit.

Tannin—A dark brown pigment that originates from bark and other tissues of trees and bushes and that stains water brown.

Tapetum lucidum—A highly reflective layer behind the retina of some nocturnal animals that facilitates night vision.

Thermocline—The middle layer in a lake, in which the temperature falls dramatically.

Torpor—The condition of highly reduced activity that adapts an animal to extreme weather conditions—usually the cold.

Trap net—A boxlike net that captures fish in shallow water, but does not kill them.

Turnover—The intermixing of water among all levels in a lake when the water temperature is the same from top to bottom.

Vernal equinox—The day in the spring when the lengths of day and night are the same.

Viscoelastic—A material (or swarm of insects) that behaves as both a solid and liquid.

Xanthophyll—The yellow pigment in the leaves of plants.

Zooplankton—Tiny animals that are present in large numbers in water and serve as the bottom of the food pyramid for larger animals.
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