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 Lakes found within the high elevations of the Rocky Mountains are typically nutrient poor in nature. They are stunning places to fish. However, the low primary productivity dictates that the fish densities typically need to be low for there to be enough food per capita to grow large trout.



  Lake Productivity and Patterns in Temperature


  Lakes and reservoirs are complex environments with communities of organisms that have adapted to carve out often narrow ecological niches in the broader aquascape. No two stillwaters are identical in the conditions they provide for organisms to live in. Each stillwater is constrained by a host of abiotic (physical and not biologic) factors, which dramatically affect the aquatic community within and the fishery that results.


  Trophic States and Their Relationship to Fishery Productivity and Type


  While no two stillwaters are identical, scientists can broadly categorize each by its potential productivity based on measuring certain variables. Freshwater scientists (limnologists) often refer to the end findings of these measurements as the trophic state index (Carlson 1977; Carlson and Simpson 1996). Stillwaters are generally classified in terms of trophic index scale based on techniques that describe the water chemistry, the biomass in the water, and the overall physical shape of the lake or reservoir. As a result of the geology of the watershed and the impacts of human land use, each stillwater will have a different level of dissolved nutrients and minerals. Waters with more nutrients are inherently capable of supporting more biomass, or the mass of organisms per volume of water. Each water body will also have a range of pH values based on the buffering capacity of the surrounding rock. Nutrient-poor waters are also often slightly acidic (6 to < 7 pH), and nutrient-rich waters are often slightly alkaline (> 7 to 8.5 pH).


  Stillwaters that are low in nutrients and primary productivity are labeled oligotrophic. Many of the stillwaters that support trout fall into this category. Unfortunately, because they are low in primary productivity, they cannot support a large biomass of trout per volume or surface area of water. Therefore, an oligotrophic stillwater can support a large number of fish, but they will usually be small. A lot of alpine lakes reflect this scenario in the western United States, where high numbers of stunted trout will come to most flies with ease. Similarly, many of the large lochs and loughs of Scotland and Ireland would also be considered oligotrophic. These stillwaters are still famous for their large, wild rising brown trout, but these fish occur in relatively low densities that match the lower primary productivity of their native stillwaters.


  Many oligotrophic stillwaters that are easily accessible, and therefore receive high angling pressure, are stocked with catchable trout and managed as put and take fisheries. This is because fish in these types of stillwaters rarely have the time to grow to a decent size before they are harvested. These types of lakes can be fun at times and help developing stillwater anglers gain confidence in their abilities, but they rarely become famous in fly-angling circles.


  Not all oligotrophic waters are resigned to being dominated by small fish, however. These stillwaters can grow very large fish, but those fish will not be abundant. One example of this situation is the large lochs in Scotland, which grow wild brown trout (locally referred to as ferox trout) up to 30 pounds in some waters. Another example is some reservoirs in the western United States, which grow lake trout (mackinaw) between 30 and 50 pounds. Both of these examples exist because these types of water bodies have cold, deep water where the trout/char can have long life spans due to low metabolic rates. Though they typically grow slowly, this long life span still allows the fish to grow large in small increments over time. In fact, Scottish ferox trout have been aged up to 23 years old, and lake trout in the United States have been aged at over 50 years old.


  The next category along the scale of trophic state indices is mesotrophic. Many of the famous stillwaters that grow trophy-size trout in relative abundance would likely be considered mesotrophic. Some
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 One of my favorite large reservoirs to fish is a typical mesotrophic water. Though it is large and deep, the geology of the watershed and the long water residence time create a water chemistry that is more productive than many high-elevation stillwaters. The littoral rim around the lake hosts good weed growth and solid food production for trout. The pelagic zone also produces good densities of phytoplankton and zooplankton. The combination of food production and access to cold, deep water in the summer makes this reservoir a trout factory.
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 In this photo, my Fly Fishing Team USA mates and I are scouting Loch Awe during practice for my first world fly-fishing championship in 2009. After the event, there was a very interesting presentation on a catch-and-release mark and recapture study of ferox trout in Loch Awe and other surrounding lochs. It turns out there were some rather large and old brown trout swimming underneath our boats that day.
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  This beefy rainbow trout came from a small spring-fed reservoir in Colorado. The reservoir is a perfect example of a stillwater that straddles the line between a mesotrophic and eutrophic state. The spring water input provides the ideal water chemistry for macrophyte and phytoplankton growth but also provides enough cool, oxygenated water to keep the trout alive during the hot summer.
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 Penstock Lagoon in the central highlands of Tasmania is one of the more well-known stillwaters on an island famous for good stillwater trout fishing. It is exceptionally shallow and weedy and grows a lot of trout food as a result. It has great mayfly hatches in late December through January, and anglers come to drift its shallows and cast dun patterns at splashy rises.




  well-known examples among fly fishers in the western United States are Henry’s Lake in Idaho, Hebgen Lake in Montana, and Crane Prairie Reservoir in Oregon. As the prefix indicates, mesotrophic waters are intermediate in terms of productivity. They have enough nutrients to support more primary producers than do oligotrophic waters, and support more biomass throughout the food web as a result.


  Stillwaters that surpass mesotrophic waters on the trophic state index are considered eutrophic. Eutrophic waters are generally warm and shallow, and they have high primary productivity. This can be a natural state, which all stillwaters progress to over geologic time periods, or it can be a result of nutrient pollution based on human land-use practices. Either way, many eutrophic waters do not support trout and are typically the realm of carp, bass, panfish, and other species that are tolerant of warm temperatures and low dissolved oxygen. If the dissolved oxygen gets near or below 4 mg/L, trout will suffer mortality. Productive stillwaters can become hypoxic below the thermocline in summer, or even in shallow weedy stillwaters at night when there is no photosyn-thesis. Trout must find water with a greater dissolved oxygen content than 4 mg/L to survive. Lakes that straddle the line between mesotrophy and eutrophy often create some of the most famous trout stillwaters as long as their summer temperature regime does not get too warm to support trout.
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 This figure depicts the classic zones within a stillwater. The pelagic zone is the open water away from the shoreline. The littoral zone is the area near the shore where the sun reaches the bottom and where rooted plants grow. The photic zone is anywhere within the stillwater where sunlight penetrates. The profundal zone is below the compensation depth where the oxygen produced by photosynthesis equals that consumed by the respiration of organisms. As a result, the profundal zone can be oxygen depleted and unsuitable for trout, especially in more productive lakes with more decomposing organic matter.




  Lake Morphology (Shape) and Mixing


  Beyond nutrient availability, the shape of a lake has a drastic impact on its trophic state and productivity as a fishery. If you can think back to your first lessons on biology from elementary school, most of the energy that supports life on earth originates from the sun. Plants use energy from the sun to convert carbon dioxide and water into sugar and oxygen through the process of photosynthesis. This means that easy access to sunlight is critical for plants to produce energy and facilitate growth. However, sunlight attenuates rapidly in water, and deep-water zones are devoid of sunlight. Therefore, plant and phytoplankton growth are restricted to the photic zone, which is simply the depths of the water column where sunlight can penetrate.


  Building on the concept of the photic zone, there are distinct zones that limnologists designate in a lake based on sunlight penetration and depth. The littoral zone is defined as areas within a stillwater where the bottom is shallower than the compensation point, which is simply the deepest extent of the photic zone. In simpler terms, the littoral zone is any part of a stillwater where the sun can penetrate and reach the bottom substrate. The littoral zone is the region where all macrophytes (rooted weeds) are found. Macrophyte beds are usually home to many insects and other macroinvertebrates, which are critical food sources for trout. Damselflies, dragonflies, scuds, Callibaetis mayflies, caddis, many chironomids, leeches, and other go-to food sources for trout are generally produced in the littoral zone.
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The author scanning for “nervous water” near sunset on a Tasmanian lagoon. The water in this lagoon is very shallow and might only reach 5 to 6 feet in depth. The entire lagoon is a littoral zone. As a result, it produces a lot of food and some large brown trout given its low density of fish. Hunting trout becomes the most reliable way to catch them, and they are just as hard to capture as trophies elsewhere. PHOTO BY GREGOIRE JUGLARET




  The next zone associated with the lake bottom is the profundal zone, or hypolimnion. This zone is water that is associated with the lake bottom but is deeper than the compensation depth. Here the rate of oxygen produced by photosynthesis is less than or equal to the rate of oxygen consumed by respiration. Because of the lack of sunlight, the profundal zone is cold and dark and dominated by organisms that feed on decomposing matter deposited from the water column above. Most of the larger organisms found in the profundal are oligochaete worms and chironomid larvae with adaptations for living in deep water (Brönmark and Hansson 2018). Because there is little to no photosynthesis occurring in the profundal zone, the water there can become anoxic (devoid of dissolved oxygen) and unsuitable for trout or other fish. The profundal zone only remains habitable for fish in oligotrophic waters where there is not much plant matter decomposing and where lake mixing may sustain sufficient levels of dissolved oxygen.


  The last broad zone within a stillwater is the pelagic zone, or epilmnion. This zone is the layer of water above the profundal zone, which is within the photic zone. Most of us would just refer to the pelagic zone as open water. The organisms within the pelagic zone are usually phytoplankton, zooplankton, and fish. The pelagic zone is often overlooked by fly anglers, but many trout fisheries are supported mainly by zooplankton, and open water can be profitable to fish at times.


  Patterns of Temperature and Mixing Throughout the Year


  Because of the physical properties of water, its density changes with temperature. The density of water is lowest when it is warm and progressively gets higher as it gets colder. This means that water can stratify into layers of different temperatures if an outside force does not induce mixing of the layers. This becomes an important property of water in stillwaters, as we will see below.
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  There is a lot of pelagic water in this photo. In fact, all the boats you can see trolling in this bay are over pelagic water. Given the clarity of the water, the photic zone likely extends to around 25 feet of depth. With the gradient that rims the shoreline, any water more than 100 feet from shore could be considered pelagic water, which is not supported by growth within the littoral zone. That does not mean it will not support life or trout, however. At times, it hosts dense pods of cruising trout foraging for zooplankton.




  Winter


  Thankfully, when water nears the freezing point, it begins to form crystals, which arrange in a somewhat orderly fashion due to hydrogen bonding. This spreads the water molecules apart a bit more and reduces the density of water once it is frozen or near freezing. This lower density means that ice floats instead of sinks. Imagine a world without ice that floats. Simply put, this property of water is fundamental to life on earth.


  As the ice layer builds in the winter, this eliminates mixing of the layers below. It also insulates the water underneath from the freezing temperatures above, and the heat transfer from the underlying substrate keeps the water from freezing. Water is most dense at 4°C (39°F), so the water near the bottom stays around this temperature. Water that is near to the ice surface layer will get progressively colder with proximity to the surface.


  The challenge in winter is maintaining dissolved oxygen content. When ice and snow build on the surface of a lake, this layer blocks much of the light from penetrating to deeper layers. The deeper this layer, the more the light is blocked until it can be nearly dark in lakes that have many feet of snow and ice on their surface. Without sufficient light entering a lake, photosynthesis crawls to a halt and oxygen is not produced by aquatic plants. Also, oxygen cannot be dissolved through diffusion from the air because of the ice layer above. Therefore, the only source of oxygen in lakes with a deep snow and ice layer is from external sources of water entering the lake, such as springs or rivers.
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 It was a balmy –4°F when I took this picture. Luckily for the trout in this large valley reservoir, the wind and periodic warm spells keep the snow from accumulating too much depth over most winters. This allows a bit of photosynthesis to still take place under the ice, and winterkill is not an issue. However, alpine lakes can often be covered under many feet of snow for months at a time through the winter. The under-ice world in these environs is incredibly dark. If a high lake is shallow and has minimal water exchange, the conditions can be ripe for winterkill, especially in heavy snow years.




  Respiration of the organisms within a lake still occurs through the winter. This means that dissolved oxygen is still in demand. That demand can be especially high in productive lakes where a lot of plant matter is decomposing. If that demand is not offset sufficiently by inlets, the dissolved oxygen content goes into a deficit and can eventually be depleted to below levels where trout can survive (typically about 4 mg/L). When trout mortality occurs during this situation, it is simply called winterkill. Winterkill is most common in shallow productive lakes or high-altitude lakes, and can be a common problem where I live in the western United States.


  Spring


  Once the ice breaks up in spring, the surface layers begin to warm. At a certain point the stillwater becomes isothermal. In other words, the lake is close to the same temperature throughout the column. When the temperature is isothermal, the density of the water is also the same throughout the column. This allows the full column of water to mix from wind. A large vertical eddy forms from windblown currents, which drive surface water downward on the windward shore and simultaneously draw water up from the depths on the lee shore. This mixing is referred to as turnover, and it happens when the temperature of the stillwater approaches 4°C (39°F). Within a week or two of the onset of turnover, surface layers warm, differences in water density begin to occur, and stratification begins, as we will see below.
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 The water often turns turbid during turnover. In this photo, my dad and I were fishing a small reservoir that was in the process of spring turnover and the water had become a gray-green soup. The fishing was poor that day. During spring turnover, the low visibility, low water temperature, and low dissolved oxygen can create poor fishing conditions. I tend to stick to rivers when my local stillwaters are experiencing spring turnover. Once the water clears and begins to warm, spring chironomid hatches begin and the fishing gets progressively better.




  Turnover is a very important process biologically for a stillwater. Organisms that die within the upper layer of the column tend to sink to the bottom where they decompose. When water and sediments from the bottom are mixed during turnover, nutrients deposited in the substrate from prior seasons are redistributed throughout the column again. These nutrients are critical for primary producers to continue their role in the food web within the photic zone. In essence, turnover allows a natural process of nutrient recycling to occur in a stillwater.


  Fishing can be difficult during spring turnover. Because the column is mixing, sediments from the bottom often become entrained in the column and create turbid water. Dissolved oxygen levels can also dive, leading to the trout experiencing stress. Combining low visibility with low water temperatures is a recipe for difficult fishing, in my experience. There are still strategies that can reliably produce fish during turnover, but I often stick to rivers for the first month after ice off and then switch to fishing lakes after the water temperatures, clarity, insect hatches, and general fish happiness improve later in the spring.
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  Water circulates with different patterns depending on the season and associated temperatures. During spring, the full column circulates and “turns over” with wind-driven currents when the temperature warms to 4°C after ice-out. During summer, the water separates into three layers with a mixed layer near the surface (the epilimnion), a thermocline in the middle, and the hypolimnion below. The thermocline is a layer where the temperature changes rapidly with depth. The hypolimnion can vary in different stillwaters, but it stays colder than the water above because it does not mix with the water above the thermocline. In autumn, the stillwater “turns over” again once the epilimnion cools to the same temperature of the hypolimnion and they become isothermal. In winter, the stillwater stratifies again with a cold layer of water just below the ice, a thermocline between, and a hypolimnion around 4°C below.




  Not all stillwaters experience a full turnover. Large stillwaters, often with complex shapes, may not fully mix, given prevailing winds and the currents they generate. In these cases, isolated bays or arms of a stillwater may mix and turn over separately from the rest of the water body. Likewise, exceptionally deep areas of certain stillwaters may not mix entirely because the wind-driven currents cannot penetrate deep enough to cause sufficient circulation. Therefore, if I do find myself fishing during spring turnover, I will often move until I can find areas with clearer water where the visibility and higher dissolved oxygen may provide better fishing.


  Summer


  When light enters a stillwater, most of the incoming energy is converted to heat. The water, suspended material, and dissolved particles absorb light energy exponentially with depth. As a result, the surface of a stillwater absorbs the vast majority of heat as well as light. Wind churns the water and spreads the heat, but the mixing of light-heated water only goes so deep.


  Remember that the density of water gets higher as water gets colder, and this generally creates two thermally stratified layers of water during the warmer months of the year. As the surface layer warms, it also becomes less dense. This layer is called the epilimnion, and it mixes continually with wind. The deeper layer is colder and denser and isolated from the mixing effects of wind-driven currents. It is referred to as the hypolimnion. In between the epilimnion and the hypolimnion is a narrow band of water where the temperature rapidly drops. This is referred to as the thermocline. When I was doing my graduate degree research, we identified the thermocline as the depth where the temperature of the water dropped 1°C or more within a meter of depth change. If you were to swim through a thermocline, you would rapidly feel a decrease in temperature.


  The temperature and the oxygen available within each layer during the summer can determine the suitability of a stillwater as a trout fishery. The hypolimnion shares much of the same water as the profundal zone. Because it is below the photic zone, it can become anoxic when organic matter sinks from the epilimnion and decomposes in the hypolimnion. However, the epilimnion can also become too warm for trout. In this case, the trout have no access to cool water in the epilimnion and too little oxygen in the hypolimnion where cool water is available.
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 This figure shows the relationship between depth and water temperature during July of 2012 near the Dillon Reservoir Dam in Colorado. The data was taken during fieldwork for my master’s degree. In the top 9 meters (30 feet) of depth, the epilimnion can be seen where the water was mixing and the temperature was just under 17°C. Between 9 and 10 meters (33 feet), the thermocline was reached and the temperature rapidly began to change. The temperature cooled from 16.7°C to 11.7°C between 9 and 13 meters (43 feet) of depth. This was the thermocline (where the temperature changed rapidly), and the density change prevented the water from mixing between the hypolimnion below and the epilimnion above. Given the depth of the thermocline in Dillon Reservoir (around 10 meters), it was nearly impossible to reach the fish below that depth with fly-fishing equipment. Thankfully the surface temperature (about 17°C/63°F) was within the comfort range of trout, and they were usually catchable near the surface through the summer.
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 This figure shows the onset of mixing among layers as a stillwater cools in the autumn. The red line is the same July temperature versus depth profile at Dillon Reservoir Dam as from the previous figure. The black line is another temperature versus depth profile from the same location but taken two months later in mid-September. As the air temperature cooled, the epilimnion also cooled, to around 15°C. The thermocline dropped to around 17 meters. By late October, temperature stratification would have been eliminated in Dillon Reservoir, and the water column would have been close to isothermal.




Autumn


In autumn, surface waters lose heat due to evaporation, continually lowering sun angles, and decreasing air temperatures. As the surface cools and the temperature nears the point of being isothermal, the density of the water through the column once again becomes the same. When windy days prevail, the stillwater will once again turn over. However, the temperature of fall turnover can be a bit warmer than the typical 4°C (39°F), where spring turnover occurs, if the hypolimnion has warmed during the summer.


  Spatial Temperature Patterns Across a Stillwater


  During periods of temperature change, not all areas of a stillwater will change at an equal rate. If you remember from high school science class, water has a very high specific heat compared to many other substances. This simply means that it takes a lot of heat gain or loss to change the temperature of a given volume of water. The higher the volume of water, the more heat energy flux is required to change the temperature. How does this apply to fly fishing, you ask? One way is that shallow water will warm and cool more quickly than deep water.


  In shallow water, a higher proportion of the volume of the water will be exposed to air and sun. Exposure to air allows heat exchange and evaporation. The conversion of liquid water to gas requires a lot of heat and is another source of cooling for a stillwater. Conversely, in deep water only a small proportion of the water is in contact with the air, and much of the water will also be below the reach of the sun’s radiant energy. Therefore, the temperature of shallow water will fluctuate more easily than deep water where a large volume of water will require a lot of heat energy to warm it in the spring and a lot of heat loss to cool it in the fall. Let me provide a quick real-life example below.
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 Shallow littoral zones warm and cool quicker than pelagic zones. In the spring and fall the littoral zone will often start cooler than the pelagic zone in the morning. However, with the warming sun, this shallow water may warm 3 to 5°F by the afternoon while the pelagic zone may only warm 1 to 2°F. You may be able to best focus your efforts on which area to target by following temperature patterns throughout the day.




  One of my home stillwaters is Utah’s Strawberry Reservoir. It is a large reservoir, with a significant portion of the reservoir being quite deep. However, there are a few bays (some large and a few small) that harbor extended littoral zones with water that is less than 20 feet deep. These areas display different seasonal and diel (within a day) temperature fluctuations.


  In the spring, the shallows may start at or below the temperature of the main lake early in the morning, but on a sunny day they will warm more quickly than the deep pelagic sections of the lake. The surface temperature swing in the shallows could be 3 to 5°F within a day while the pelagic zone surface temperature may only change 1 to 2°F from morning to afternoon. In addition to the diel fluctuation, the average temperature of shallow bays in Strawberry becomes warmer faster in the late spring and summer. The pelagic zone will usually lag behind the warming of the littoral zone by several degrees. In the fall, the reverse pattern happens, and the littoral zone begins to cool quicker than the pelagic areas of the lake. I pay attention to these seasonal and diel patterns of temperature because they inform decisions on where to focus my fishing efforts.
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 If consistent prevailing winds occur on a stillwater, these winds will form temperature gradients in the epilimnion determined by whether the air is colder or warmer than the water. When the air is warmer than the water, the surface of the water is warmed, and that heated water is blown downwind. Water on the lee side of the stillwater will circulate upward from the depths, which leads to cooler water on the lee side of the stillwater. When the air is colder than the water, the pattern will reverse, and colder water will be blown downwind while warmer water is drawn from the depths on the lee side of the stillwater.




  Winds can form some interesting temperature patterns in larger stillwaters as well. When I was in graduate school, I used to fish Horsetooth Reservoir, which is close to our home in Fort Collins. This reservoir is 6.5 miles long and very narrow compared to its length. It is nestled in the foothills of Colorado’s Front Range, and its length lies in a north to south direction. One spring I fished there several days in April during a period of sustained winds coming from the north. The weather was seasonably warm, and the sun worked its wonders warming the surface of the lake. Because of the prevailing north wind, the warming surface layers were consistently blown toward the southern end of the lake. This also formed a vertical eddy current, which brought up cooler water from the depths on the northern end of the lake.


  The first day I fished the reservoir that spring, I targeted the southern end. There I found a temperature of 60°F. While I caught a few trout, most of the fish I caught that day were smallmouth bass and walleye. A couple of days later, I fished the northern end of the reservoir. On this side of the reservoir the temperature was a whopping 12 degrees cooler at 48°F. In the cooler temperatures I only caught trout, even though I fished similar shorelines and habitat.


  This Horsetooth Reservoir example is still the widest spread I have seen in temperatures from one side of a stillwater to another. However, it is very common on larger stillwaters to see temperature gradients of three to six degrees from one side to another when there is a prevailing wind. When the air temperature is warmer than the water, the windward side of the lake will be warmer than the lee side of the lake. When the air temperature is cooler than the water, the opposite pattern will occur. Factoring wind-driven temperature patterns into where you choose to fish can result in fish that are more or less active, which can obviously affect your success.
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 Temperature is one of the most critical variables affecting trout feeding behavior because it directly affects their metabolic rate. Trout metabolic rates follow a left-skewed bell curve. The shape of the curve is similar between different species, but the specific temperature where changes occur can differ by a few degrees. In general, trout metabolic rates are fairly low between freezing and around 50°F where the rate starts increasing rapidly. Depending on species, trout are running on all metabolic cylinders between 55 to 65°F. Their metabolic rate descends quickly as stress increases once the water becomes too warm for their optimal functioning.




  Trout Temperature and Metabolic Rates


  Why have I focused so much on temperature in the preceding paragraphs? The reason is simple and wonderfully predictive for the trout angler. There may not be a single environmental variable that affects trout more than water temperature. I can often predict how successful a day of fishing is likely to be, what depths I should target fish in, and how fast I can and should move my flies during a retrieve by paying attention to water temperature. Because trout are ectothermic (cold-blooded), their metabolism is ruled by the temperature of their surroundings. As the temperature rises and falls, enzymes that control the speed of metabolic reactions undergo conformational changes that result in corresponding accelerations and decelerations of a trout’s metabolic rate. As their metabolic rate changes, their need for food responds accordingly.


  The effects of temperature on trout and char became very clear during my fisheries research in graduate school. As part of my thesis, I used a bioenergetics program to estimate the consumptive demand (i.e., metabolic rate) of the Arctic char I was studying. The model was based on their growth and water temperature in addition to other factors. From their basal metabolic rate to their peak rate, which occurs between 53 and 59°F, their need for food nearly quadrupled.


  [image: chpt_fig_017]

  
     
  When water temperatures are in the mid-50s to 60s, trout are at peak metabolic rates. Trout are often willing to chase flies quickly under a chop at these temperatures. These two trout simultaneously fell to the top dropper and point fly of my rig on an autumn afternoon with perfect temperatures and conditions. There is no better time to be on a stillwater.




  The typical metabolic curve for trout is a left-skewed bell curve. Their lowest metabolic rate will be at near freezing temperatures. This rate will gradually increase until reaching an inflection point where their metabolic rate rises rapidly to an apex and then rapidly descends as the temperatures reach stress and lethality. The upward inflection point is typically around 48 to 50°F. Depending on the species, most trout and char have maximum metabolic rates between 55 to 65°F. Once temperatures reach 68 to 70°F, most trout enter stress mode, and their consumptive demand decreases drastically.


  What does this temperature physiology mean for stillwater anglers? I form two important parts of my strategy when fishing a lake based on temperature.


  1. Trout are generally willing to move farther and faster for food items when the water is near prime temperatures. Therefore, if the water is cold, I will typically try much slower retrieves (see chapter 5), which stall the flies near trout for as long as possible. I also try rigs with weighted flies or washing line rigs on sinking lines that allow me to spread my flies through the water column. This strategy assumes at least one fly will be in close proximity to a fish and reduces the distance required for it to move to the fly. However, if the water temperatures are over 50°F, I often find that fast retrieves will incite aggressive takes from trout that have not reacted to more realistic slower speed retrieves.


  2. I try to find water temperatures that are as close to peak metabolic temperatures as possible. Even a one- to three-degree change in temperature toward or away from peak metabolic rate can make a huge difference in trout activity. Generally, the more active the trout are, the easier they are to catch.


  When I arrive at a stillwater, one of the first observations I make is surface temperature. I use the temperature patterns described in the preceding pages to make some educated guesses of where the temperature is likely to be most suitable. For example, on a windy spring or fall day with water temperatures in the mid-40s to 50°F, I would search areas on the wind-ward side of the lake if the air temperature is warmer than the water. This is because water that has warmed from mixing with the air and soaking up sun will be blown to the far side of the lake, and colder water will well up from the depths on the lee side of the lake. However, if the water temperature is warmer than the air temperature, the opposite pattern will occur, and the water upwelling from the depths will be warmer than water blown to the windward side of the lake. In that situation I would avoid the windward side of the lake and focus on the lee side where the temperature is warmer and more optimal for trout.


  On a still day in the spring or fall, there may not be a gradient of temperature from one side of a lake to another. Instead, the gradient may be from near surface waters in the littoral zone versus those in the pelagic zone. If the previous night was cold, the littoral zone may be a bit colder than the pelagic zone early in the morning, but it will warm up more quickly than pelagic waters. In this case, I will usually motor my boat between an extended littoral zone and open pelagic waters while looking at the thermometer on my sonar. If I see that the temperature is several degrees closer to prime (55 to 65°F) in the pelagic zone, then I may start fishing there. However, if temperatures are similar or better in the littoral zone, then I will focus my efforts there to start, as the fish are generally in the littoral zone to feed.





  CHAPTER 2
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 Who’s eating who? This rainbow trout was coughed up by a big brown trout while I was landing it. It is helpful to tap into the revolving cycle of predators and prey for consistent success on stillwaters.




  Stillwater Food Webs


  Most fly fishers are taught to “match the hatch” early in their pursuit. When there is a hatch to match, that can be a useful skill. However, in stillwaters I think a better goal is to learn where to find food. If you can find a concentration of food, then you can usually find trout. To help in your attempts at finding food and feeding trout, let us first investigate a stillwater food web and learn how a bit of food web knowledge can lead you to more fish.


  If you have not been exposed to the concept of a food web, you have likely learned about food chains. Food chains start with primary producers, which are the photosynthetic organisms in a system. The other organisms in a food chain are the consumers. In a traditional food chain model, a primary producer is eaten by a primary consumer, which is eaten by a secondary consumer, which is eaten by a tertiary consumer, and so on. Each of these steps within the food chain is referred to as a trophic level. In stillwaters, alterations to the population density of the organisms within one trophic level can produce an interesting phenomenon known as a trophic cascade, where the levels above or below that organism respond to increased or decreased predation pressure with changes in their own population density.
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  There are generally two sides to most stillwater food webs/food chains. The energy flow within these areas of a stillwater is shown in this simplified diagram. In the littoral zone, the base of the food web begins with primary production from rooted plants (macrophytes) and algae that cover the substrate (periphyton) in the littoral zone. Macroinvertebrates tend to be the littoral primary consumers, and they are consumed by trout and other fish. In the pelagic zone, primary production starts with phytoplankton, which are then consumed by zooplankton. Trout and other fish then consume the zooplankton. Note that there is some crossover of energy flow between the littoral and pelagic zones, so these depicted food chains are not entirely independent. Terrestrial predators consume the fish, and the organisms that are not consumed are scavenged and decomposed when they die, and the energy from their remnants flows back to the base of the food web.




  While some communities have a distinct food chain with neat and tidy trophic levels, most are more of a food web where consumers can eat organisms from multiple trophic levels below. Trout stillwaters certainly exhibit more of a web pattern of connected energy. Let us look at some of the organisms that form key roles within a stillwater food web with respect to trout fishing.


  Primary Producers


  Primary producers use light energy to transform CO2 into large organic compounds. In other words, they photosynthesize. We normally refer to primary producers as plants and recognize them by their green color. That color is produced by chlorophyll, which is a compound that facilitates sunlight energy absorption and is therefore key to photosynthesis.


  Plants in stillwaters can generally be separated into the three broad categories of macrophytes, phytoplankton, and periphytic algae. Macrophytes are large plants that most of us would recognize as the weeds we see growing in the littoral zones of stillwaters. Some macrophytes are emergent (like reeds), some are submerged and do not fully break the surface, and a few others are not rooted (such as duckweed) and are capable of freely moving with currents around a stillwater.
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 Weed beds (essentially a macrophyte forest) are usually a sign of a productive stillwater. They are great locations to search for trout when the temperature is appropriate. Weed beds provide all the comforts of home for trout and the food they eat. If you find trout around weed beds, be ready to fight them aggressively to keep from donating your flies to the fishing gods as a sacrifice.




  Macrophytes are important to the stillwater community for multiple reasons. These roles include but are not limited to 1) producing a large volume of oxygen through photosynthesis, which allows aerobic organisms to live throughout the photic zone; 2) providing direct food to many insects and crustaceans that feed other organisms such as our beloved trout; 3) being hosts to other plants that live on their surfaces (see periphytic algae, below); and 4) providing complex habitats with many places for organisms to hide from predators. The combination of these important roles makes macrophytes hot spots for the insects, macroinvertebrates, and small fish that trout feed on.


  Phytoplankton are the nomadic plants of the stillwater community. The roots of the word plankton mean “wandering” in Greek (Brönmark and Hansson 2018). Most phytoplankton are a microscopic form of algae, but they may occur in such high densities that they form blooms, which can turn entire sections of a stillwater into green mats. Phytoplankton have evolved multiple strategies to provide mobility, but they are largely at the mercy of strong currents.
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 This cutthroat trout was caught over open water in the pelagic zone. Notice the strands of algae suspended in the water around the trout. These algal colonies can create dense algal “blooms” in some productive stillwaters. Generally, they are a sign of a stillwater capable of producing good-size trout. However, in some stillwaters suffering from nutrient pollution, cyanobacteria can also bloom, which leads to toxic conditions for trout in addition to other aquatic organisms.




  Macrophytes are responsible for much of the production in the littoral zone, while phytoplankton and suspended algae are the main photosynthesizers within the pelagic zone. As such, phytoplankton and suspended algae are the base of the pelagic food chain, which contributes to the overall stillwater food web. Trout do not directly consume phytoplankton, at least purposefully, but they are a primary food source for zooplankton, which are an important component in the diet of trout.


  Periphytic algae, or periphyton, are the last main group of primary producers in the stillwater food web. Periphyton are algal species that live on the surface of a substrate. This means they can grow on the surface of macrophytes, rocks, wood, or any other object in the littoral zone. Periphyton are an incredibly important food source for macroinvertebrates. They are also the main primary producers in stillwaters that do not have macrophytes. For example, periphyton can account for up to 80 percent of the primary production in oligotrophic highalpine lakes or reservoirs (Brönmark and Hansson 2018).


  Low-Level Macroinvertebrate Consumers (aka Trout Food)


  Macroinvertebrate consumers form much of the food source for trout. To avoid muddying the discussion with a focus on trophic levels, I will present an overview of some of the main macroinvertebrates that trout rely on in stillwaters without labeling them as primary, secondary, or tertiary consumers, and so on. Common stillwater macroinvertebrate categories include insects, worms, leeches, snails, crustaceans (including zooplankton), and true bugs (water boatmen and backswimmers). Each of these categories can be important food forms for trout, though some of them are nearly impossible to imitate with a fly-fishing presentation.


  Insects


  Insects are the most easily recognized category of trout food for us as anglers. One of the reasons for this is that aquatic insects have a terrestrial form within their life cycle that makes them visible to us above the water while the rest of the macroinvertebrates within the food web largely stay submerged within their aquatic realm. This book is not intended to provide a deep dive into insect entomology, but in this chapter I will provide a broad overview of important categories of insects within the food web. In later chapters I will focus on fishing methods that pertain to insect hatches.


  MAYFLIES


  If you have come from fly-fishing rivers, there is no doubt that you are familiar with the group of insects known as mayflies (scientific order Ephemeroptera). After all, mayflies are likely the most loved of all insects by fly anglers, as they produce some of the most well-known hatches and dry-fly fishing of any broad group of insects. There is a deep history within our sport that has assigned common names to mayflies based on some of the patterns that have historically been tied to imitate them. That history is not as deep concerning stillwater mayflies, and the variety of commonly important stillwater mayflies is not as wide as those found in rivers.


  Mayflies have a life cycle without a complete metamorphosis. This means that their life cycle lacks the pupal stage between the larval and adult stages. Instead, after mayflies hatch from an egg, they spend 99-plus percent of their life as a nymph/larva that gradually grows bigger. Because their body is encased in an exoskeleton, they occasionally must shed their exoskeleton and replace it with one that is larger and will allow for continued growth. Each of these growth transitions within the nymphal stage is called an instar. When the nymphs are fully mature, they swim to the surface or crawl out on exposed vegetation or to the shore to emerge from the water. After shedding their nymphal shuck during this process, they emerge as an adult mayfly known as a dun or subimago. The transition between the nymph and dun is often referred to by fly anglers as the emerger or emerging stage, and is a time of acute vulnerability, which the trout take advantage of. After hatching, mayflies spend a few hours to several days as a dun before molting one final time into the spinner or imago stage. During the spinner stage they mate. The males die after mating, and the females die after laying their eggs.


  Mayflies can be important to trout—and to the stillwater fly angler—during all three major stages of their life, though they are largely limited to the littoral zone. The nymphs are a year-round food source for trout, but they are most valuable during times just prior to hatching, when they are large and active, or during their vulnerable emergence period.


  Heavy hatches of mayfly duns can bring furious rise activity from trout. Dry flies or nymphs just under the surface can produce exciting fishing during such emergences. One of the most memorable competition sessions I’ve experienced was during a Callibaetis hatch on an Oregon lake during the 2018 US National Fly Fishing Championships. I started the session fishing type three lines with leech/bugger patterns around isolated weed patches in the upper end of the lake. Midway through the session, the trout began to rise and move into the extreme shallows to focus on emerging Callibaetis mayflies. There were so many trout feeding so heavily that few mayflies were able to emerge from the water and hatch into duns. The last half of the session brought some of the most frantic and exciting lake fishing I have experienced, with several instances of two or three fish being on my line simultaneously. I will write more about this session regarding lines in chapter 4 in the “Full Sinking Lines” section.
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  Mayflies exhibit a life cycle that is termed an incomplete metamorphosis. They begin as an egg. The egg hatches to a larva or nymph. The nymph molts through many instars to accommodate its growing body during the nymphal stage. When it is fully grown, depending on the species, the nymph swims to the surface or crawls out on vegetation and hatches into a dun or subimago. Other insects typically transform into pupae during this part of the life cycle, which is why the mayfly’s life cycle is deemed an incomplete metamorphosis. After hatching into the dun, the adult mayfly goes through one final molt to become a spinner or imago. During the spinner stage, the mayfly finds a mate and either returns to lay eggs before dying, in the case of the female, or dies following copulation, in the case of the male.
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  The mayfly spinner stage can also be very important to trout. After females lay their eggs, they typically die and lie flush and unmoving on the water. This makes them easy prey, and spinner falls can produce steady rises from pods of trout. Many anglers travel to Montana each year to fish the rivers. However, some of the most impressive dry-fly fishing Montana has to offer is for “gulpers” on the lakes and reservoirs within the Madison River drainage. Heavy hatches of Callibaetis and Trico (Tricorythodes) mayflies on these stillwaters result in reliable spinner falls. I have experienced these events several times myself, and have fond memories of two dozen or more large trout feeding with nearly synchronous rise forms within a small radius. When the trout transition from focusing on the emergers and duns to focusing on the spinners, they can be nearly impossible to catch without a delicate presentation and a spinner pattern. However, with a properly delicate and quiet approach, you can bring home memories of alligator-size mouths sipping in your dry fly.
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 Callibaetis duns look robust compared to the speckledwing spinners they molt into. The duns can provide good dry-fly fishing, though mainly on calmer days. The duns are blown off the water easily in a chop, but nymphs fished just under the surface can still provide exciting action. PHOTO BY GILBERT ROWLEY




  Given the lack of current in stillwaters compared to rivers, there is less diversity in habitat and, as a consequence, in species of mayflies. Callibaetis, Trico, and Hexagenia mayflies are the most well-known species within North America that regularly feed stillwater trout. Hexagenia and Trico mayflies have a somewhat limited distribution, but Callibaetis have a wide distribution in lakes with weed growth in the littoral zone. I have also encountered heavy hatches of a few different species of mayflies on high alpine lakes, which I have not been able to identify since packing invertebrate jars into the backcountry is not normally high on my list of “must-have” backpacking equipment.


  Callibaetis can be important to the trout angler in the nymph, dun, and spinner stages, so it pays to have a few patterns ready to imitate them when the need arises. I have found a Crossover Nymph (see chapter 9) or hare’s ear nymph to be perfectly serviceable patterns during Callibaetis hatches, but depth and speed are typically more crucial to success when Callibaetis nymphs are moving about.


  During the Callibaetis hatch I referenced earlier in the 2018 US National Fly Fishing Championships, my boat partner Brian Kelso started having noticeably more frequent hookups after he switched to a slow intermediate line with a steady retrieve. This rig kept his nymphs only a few inches under the service, moving horizontally. Once I switched to the same line, my takes improved dramatically as well, and we stayed neck and neck for the rest of the session, with me beating him by only one fish. Brian was fishing a generic UK wet fly called a Snatcher, with a bit of flash in the chenille body. I was fishing a brace of Crossover Nymphs. The pattern certainly did not seem to matter nearly as much as the line and retrieve, which is often the case.


  For the emerger and dun stages, simple gray or tan patterns will usually suffice if fished well. Parachute Mayfly, Monster Dry, or shuttlecock patterns are go-to patterns for me in this situation (see chapter 9). If I can easily tell which way a rising fish is traveling, then a dry fly can be a successful and exciting way to fish through a dun hatch. However, I often find that two or three nymphs fished just under the surface will bring more committed takes from trout and can eliminate the need to know a rising trout’s exact location, because multiple nymphs spread across a leader can cover more water than a stationary dry fly.
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 Callibaetis mayflies are often known as “speckled wings” because of the black flecking they have on their light-colored wings. In this photo, a Callibaetis spinner posed for a picture on my pant leg on a sunny day in June. The dry-fly fishing was particularly good that day, with a lot of cutthroat trout falling to CDC shuttlecock patterns during the hatch.




  Stillwater anglers elsewhere in the world are blessed with large mayflies, which can bring memorable fishing. The loughs of Ireland are known for their large hatches of “mayflies” and “olives.” In Tasmania, multiple species of large mayflies create spinner falls of black or red spinners in late December through January. I saw a few of them when I was in Tasmania for the 2019 World Fly Fishing Championships, but sadly the gale force winds during the tournament kept the hatch from materializing for the most part.


  CADDISFLIES


  Caddisflies (Trichoptera order) are an important insect found in lakes, but in my experience they are not as widespread as mayflies or midges. While free living (Rhyacophila) and net building caddis larvae (Hydropsychidae family) are common in running water, most caddis species in stillwaters build cases made of plants, gravel, sand, and detritus. The shapes of the cases are variable and are often used as markers for species identification.


  The most famous stillwater caddis are the large (hook size 6-10) traveling sedges (Banskiola spp.). Traveling sedges typically live in the littoral zones of weedy productive stillwaters. I have also seen some hatching in a few high alpine lakes with low population densities of large trout. Their hatching behavior makes them vulnerable to trout. They hatch over open water and then skitter across the water surface toward the bank until they can climb out of the water. When they skitter, they leave a wake across the water like a water skier behind a boat. This serves as a homing beacon for trout, which greedily take them with heart-stopping rises that look and sound like a flushing toilet.


 [image: chpt_fig_025]


 
    
 When there are traveling sedges about, a high-floating caddis dry that planes across the water like a boat can produce some exciting fishing. The takes look and sound akin to a toilet bowl flushing when a good-size trout engulfs your fly. When cast and retrieved with a hand twist or short twitchy strip, a dry fly like this Sedgehog pattern might just bring you a memory that haunts your dreams.




  I have experienced traveling sedge hatches only four times thus far in my life, but each was a memorable occasion. During these hatches I caught dozens of nice rainbows on a Montana lake, the largest golden trout of my life from another Montana back-country lake, a few brook trout to 20 inches on a high alpine Utah lake, and large browns and rainbows during two competition sessions on a shallow productive reservoir in Wyoming. In each of these cases, the trout were feeding aggressively enough that a match-the-hatch approach was not entirely necessary. Assorted Woolly Bugger and hare’s ear nymphs retrieved quickly on an intermediate line brought takes from fish. However, caddis dry flies provided the most exciting fishing. A Sedgehog pattern fished on a steadily jerking roly poly retrieve produced takes just like those from fish targeting the naturals.


  There are lots of other caddisfly species found in stillwaters as well. I have occasionally found size 12-14 tan caddis pupae in stomach pump samples. I also have had a few exciting evenings when egg-laying caddis brought fish up to the surface on stillwaters. However, I have rarely experienced situations where trout have been solely focused on caddis species other than traveling sedges. As a result, I do not carry many caddis-specific patterns in my stillwater boxes, but I usually carry a river box of dry flies in the boat with me that takes care of any “standard”-size caddis adults I might come across.


  DAMSELS AND DRAGONS


  The order Odonota contains two suborders of insects that are important to stillwater trout. Damselflies (Zygoptera) and dragonflies (Anisoptera) are two of the largest insects that trout are likely to find in stillwaters. As such they can inspire some intense feeding from trout. Damselflies and dragonflies are both abundant in lakes with weed growth. The weeds do not have to be thick though, and I have seen a few dense hatches of damsels and dragons in lakes near 10,000 feet in elevation with shallow muddy bays and marshy shorelines. Both damselflies and dragonflies are predatory and feed on macroinvertebrates, fish larvae, and tadpoles.


  I have witnessed a couple of instances where trout ate damselfly adults readily on the surface, and I have watched large trout leaping from the water to eat dragonflies hovering in the air. If you ever find yourself fishing the lakes and rivers in Patagonia, the trout seem particularly willing to chase down drag-on-fly adults there. However, the nymphs of these insects are most important to trout on a year-round basis, and are much more vulnerable than the adults, which are nimble in the air.


  Damselfly nymphs are slender and can be mistaken for mayfly nymphs when
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  Crustaceans


  

  AMPHIPODS (SCUDS)


  

 [image: chpt_fig_033]


 
    
 



  

  

  

  BRANCHIOPODS (FAIRY SHRIMP)
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  ISOPODS (SOW BUGS)
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  DECAPODS (CRAYFISH)
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  ZOOPLANKTON
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  BUGS (HEMIPTERA)
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  How Do Scientists Map a Trout’s Diet in Stillwaters?
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