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The Mio Dam to Alcona Pond backwaters reach of the Au Sable River is located in the west half of Oscoda County and the southeast corner of Alcona County between the towns of Mio and Glennie (Figure 1).  This 23.9-mile reach flows through glacial moraines creating a scenic river valley with forested banks of second growth mixed hardwoods and conifers with impressive stands of white and red pine.  Most land along this stretch of river is public access land composed of ownership by National Forest, State of Michigan and Consumers Energy lending a very "wild", undeveloped character.  Private ownership is limited to less than 1.5 miles of this river reach, with most riverside structures used only seasonally.  The entire reach is designated as a State Natural River and as a Federal Wild and Scenic River.  Both of the designations impose various restrictions on riparian development to protect the environment and its aesthetic quality.

This stretch of river drains a 1,361 square mile watershed catchment.  Mean annual discharge at the Mio Dam is 988 cubic feet per second (cfs) (Blumer et al, 2006).  Other attributes of this reach include an average width of 164.7 feet (Lawler, Matusky and Skelly, 1991), 90% of the river depths less than 3 feet with a maximum depth of 14 feet (Affiliated Researchers, 2005), a total surface area of 477.1 acres (MDNR unpublished data) and an average gradient of 4.7 feet per mile (Zorn and Sendek, 2001).  There are twelve tributaries that enter the river within this reach including Wolf Creek*, Cherry Creek, Loud Creek*, Perry Creek*, Cauchy Creek*, Comins Creek *, Glennie Creek*, Nine Mile Creek*, O'Brien Lake outlet, Blockhouse Creek*, Penoyer Creek*, and Lost Creek ("*" denotes a state designated trout stream).  These tributaries in addition to ground water inputs contribute an additional 120 cfs (annual mean discharge) before exiting Alcona Dam.  

The geology of this region is of glacial origin with major deposits of outwash sand and gravel, fine textured end moraine and coarse textured end moraine.  These soils along with the "hilly" nature of the area provide an excellent source of ground water.  This ground water provides the river a very stable flow regime when it is not influenced by dams.  Upstream of Mio Pond at Parmalee Bridge, the 10 percent exceedence flow (high flow) of 1200 cfs is only 2.1 times higher than the 90 percent exceedence flow (base flow) of 554cfs (USGS data).  These geological formations and the fact that Mio Dam interrupts the sediment transport of the stream results in a stream bed consisting largely of cobble and gravel.  Sand and clay deposits are also present due to the glacial geology of the region.

This segment of the Au Sable River is located between Mio and Alcona Dams, which are owned and operated by Consumers Energy Company.  Mio Dam was constructed in 1917 and produces a maximum pond head of 29 feet and a surface area of 860 acres.  The location and structural design of Mio Dam and Alcona Dam significantly alter the riverine environment through fragmentation of habitats.  Dams prevent migration between important habitat types, such as spawning sites, thermal refuges and wintering areas.  These dams also affect water quality, temperature regimes, natural flow patterns, sediment transport, and woody debris transport.  The impoundments provide habitats for organisms that might not otherwise be present in the system (Zorn and Sendek, 2001).  Past peaking operations at Mio Dam (prior to 1966) caused extreme daily flood and drought conditions with daily flows ranging from 400 cfs to 1,500 cfs (MDNR unpublished data).  At night when the demand for electrical power was low, water flow through the dam was greatly reduced to store water in Mio Pond for electrical generation.  Large volumes of water were then released in the morning when electrical demand was higher.  This peaking mode of operation caused environmental damage downstream including accelerated stream bed scour, dewatering of riffles and bank erosion.   These flow fluctuations had adverse effects on biotic communities including plants, larval and juvenile fishes, and invertebrates.  

In 1966 the Michigan Department of Conservation (Michigan Department of Natural Resources) and Consumers Power made a verbal agreement to change the operation of Mio Dam from peaking mode to run-of-river mode.  Run-of-river mode means that instantaneous inflow of water into Mio impoundment is equal to instantaneous outflow of water.  This mode of operation is intended to mimic the natural flow regime of the river. The agreement was followed for the most part but periods of unnatural flows were still observed (MDNR, unpublished data).   Run of river was formally established in 1994 as part of the Federal Energy Regulatory Commission licensing of the Consumer Power Company Au Sable River hydroelectric projects through a settlement agreement between Consumers Power Company (Consumers Energy), Michigan Department of Natural Resources, Michigan State Historic Preservation Officer, United States Department of Interior - Fish and Wildlife Service, United States Department of Interior - National Parks Service, and United States Department of Agriculture - Forest Service.

The Au Sable River is a cold water stream but Mio Dam significantly alters the water temperature regime of the river below the dam.  The structural design of the dam only allows water from the upper 2/3 of the water column (above the thermocline) to be discharged downstream.  Mean monthly water temperatures are about 2 degrees Celsius warmer downstream of the dam compared to riverine temperatures several miles upstream of the impoundment near Red Oak (Table 1a).  In addition water downstream of the dam cools down only about 1.2 degrees C at night whereas unimpounded water upstream of the dam cools down an average of 2.2 degrees C.  Unimpounded streams in Michigan typically cool down substantially during summer nights, thereby reducing thermal stress on coldwater species such as trout.  The dam also delays spring warm-up and fall cool-down.  Elliot (1994) reported an upper thermal limit for brown trout growth at about 67.1 degrees F with an upper incipient lethal temperature, i.e. the temperature beyond which death occurs, of 76.5 degrees F (24.7 degrees C).  Affiliated Researchers (2005) found that 89.3% of the river reach between Mio Dam and 4001 bridge from June through September had water temperatures at or above 70 degrees F (21.1 degrees C), which are stressful temperatures for brown trout and rainbow trout. Maximum daily water temperatures below the Mio dam reach or exceed 24 degrees C in many years and during very hot periods even minimum daily water temperatures are higher than 24 degrees C (Figure 3).  The highest maximum daily water temperatures observed below Mio between 1997 and 2006 have ranged from 22.5 degrees C in 2000 up to 26 degrees C in 2001.  Further downstream at McKinley maximum daily water temperatures as high 26 degrees C also occur but nighttime cooling is substantially greater (Figure 4).  Abundance of trout in Michigan streams is generally quite low when average July water temperatures exceed 20 degreesC (68 degrees F) (Figure 2).  Mean monthly July temperatures downstream of the Mio Dam exceeded 20 degrees C in 8 of 10 years from 1997 to 2006 (Table 1b).  Mean August temperatures also often exceed this level so the time that trout must endure stressfully high temperatures can be quite long in some years (Figures 3 and 4).

Abdella (2001) found that total number of young-of-year rainbow and brown trout in this reach of the Au Sable River decreased significantly from June through August.  High water temperatures are a plausible explanation for the high mortality rates for young trout.  Woldt and Rutherford (2002) reported that only 1.7% of young-of-year steelhead present in early July in the Manistee River below Tippy Dam survived to late July due to stressful high temperatures (mean = 20.3 degrees C).   The warmer water temperatures downstream of Mio Dam also create an environment suitable to other species such as walleye and smallmouth bass that prey on brown and rainbow trout (DePhilip 2001).  Walleye inhabit both the impoundment backwaters and the river, and are known to feed on stocked trout.  McRae and Diana (2005) hypothesized that low levels of emergent vegetation, high water temperatures, and decreased daily fluctuation in water temperature limited densities of young-of-year trout in the Au Sable River downstream of the Mio dam. 

The river corridor between Mio Dam and Alcona Dam is a very popular destination for many forms of recreational use including fishing, canoeing, kayaking, hunting, trapping, horseback riding, hiking and bird watching.  At times the river can be very congested, with summer watercraft use on this reach estimated at 11,503, with a mean of 114 watercraft per day (Johnson and Nelson 1996).  Three canoe liveries operate primarily on the reach with several other liveries having incidental use.    Developed access to the river is provided through four sites, two of which are operated by the State of Michigan (M-33 and Comins Flats) and two by the U.S. Forest Service (McKinley and U.S. Forest Service Road 4001) (Figure 1).  Walk in access is available throughout the entire reach.  The Michigan Shore to Shore Hiking and Horseback Riding Trail parallels the entire reach with various access points.  The U.S. Forest Service maintains several primitive campsites along this reach.

In 1995, during a routine monitoring of the groundwater flowing beneath the Hoskins Manufacturing Plant northeast of Mio, investigators found ground water contamination in the form of tetrachloroethylene (PCE), chromium and nickel.  Hoskins manufactured thermoelectric nickel and chromium alloys in the form of wire, strip and ribbon.  Further investigations have found this groundwater contamination plume has traveled over ½ mile to the east and is upwelling into Perry Creek.  Hoskins Manufacturing went out of business in 2002, deferring all clean up to the Federal Government and the State of Michigan.  On site clean-up is presently occurring with removal of contaminated sediments and building materials.  The extent of the ground water contaminations is not fully delineated at this time.  It is unknown what the potential impact will be to Perry Creek or the Au sable River, but studies are planned to evaluate this potential threat.

History

Early fisheries management within this river reach began in 1938 with the stocking of 27,400 fall fingerling brown trout into Comins Creek, Glennie Creek, Perry Creek and Wolf Creek (Table 2).  Through 2006, a total of 1,132,987 brown trout, 1,119,183 rainbow trout, 53,827 arctic grayling and 1,850 brook trout have been stocked in the Au Sable River between Mio Dam and Alcona Pond and its tributaries (Table 2).  This stocking program has been successful in establishing and maintaining a very popular fishery for brown trout and rainbow trout.  Stocking of fingerling walleye in adjacent Mio and Alcona Ponds has augmented a small population of walleye in the river.

The first fisheries survey of the Au Sable River watershed was conducted in 1924 by Dr. Carl L. Hubbs and Professor Thomas Langlois both from the University of Michigan.  This survey was part of a statewide effort to identify and document the fish communities throughout the state and to recommend fisheries management actions to improve these fisheries. This survey was conducted shortly after the construction of the six hydroelectric dams on the mainstream Au Sable River which blocked the seasonal migration of fish from Lake Huron into the upper reaches of the river.  Two of the sample sites in this survey were located within the Mio to Alcona reach, the first below Mio Dam and the second at Comins Landing.  Fish were collected by the use of various seines ranging in size from 4-foot common minnow seines to 50- foot bag seines. Seventeen species of fish were captured and identified (Table 3) with the fish species comprised mostly of cool and warm water types.  Virtually no game fish were captured.  Game species collected were rainbow trout (1 fish), northern pike (2 fish), and rock bass (2 fish).  Common shiner, longnose dace, mottled sculpin, white sucker, and hog sucker were the most common species found.

A survey of returns of tagged brown trout to the angler creel was conducted during 1948.  Approximately 5,000 jaw-tagged brown trout ranging from 7.0 to 12.8 inches were stocked in the reach between Mio Dam and McKinley Bridge.  A creel census clerk checked for tags in angler-harvested fish on one weekend day throughout the 1948 trout season and voluntary reports of tagged fish were reported verbally and by mail.  Recoveries of a total of 2.6% of tagged brown trout were reported by this survey (Shetter 1962).  About 70% of reported tag recoveries were made during 1948 but a few tagged fish were recovered four years later.

The next formal survey of this reach was conducted in September 1962 by Buddy L. Jacob, Michigan Department of Conservation.  This survey was conducted during a scheduled repair of Mio Dam when the river flow downstream was greatly reduced.  These low water levels in the river allowed wading crews to conduct mark and recapture population estimates at 13 stations.  At 11 of these sites the sampling was conducted with the use of tow-barge DC electrofishing gear, and at the other two sites the fish were marked after capture with electrofishing gear and recaptured by a rotenone treatment.    Each sampling site was approximately 1,100 feet long.  Over-all, 27 species of fish were captured and identified (Table 3).   At the 11 electrofishing sample sites, the average number of brown trout over 7 inches in length was estimated at 198 per mile.  At two additional stations estimates of all species of fish were made by collecting for marking with electrofishing gear and recapture with rotenone.  Twenty six species were identified with an average 2,352 fish per acre and an average of 38.37 lbs per acre (Table 4).  Brown trout standing crop was 2.17 lbs per acre at the Davis Landing site and 6.38 lbs acre at the Cherry Creek site.  Rainbow trout were 2.01 lbs per ac at Davis Landing site and 0.51 lbs per ac at the Cherry Creek site.  The most abundant species at the Cherry Creek site based on biomass was round whitefish (10.7 lbs per ac) and suckers (10.5 lbs per ac of white sucker and hog sucker combined)(Table 4).

During the summer of 1962, prior to the electrofishing survey, 4,950 legal-sized rainbow trout and 1,200 legal-sized brown trout were marked by fin-clipping and stocked in the 10 miles of river immediately below Mio Dam.  Two hundred-fifty nine brown trout were captured during the shocking effort of which 13 (5%) retained recognizable marks.  Eleven rainbow trout were also captured with 5 (45%) having fin clips.  Thus in 1962 the trout population was supported principally by natural recruitment of yearlings from tributary streams and hatchery stockings appeared to contribute little to the trout population.  There was little natural reproduction in the mainstream study area.   

In 1972, J.Scott Richards conducted a follow-up survey to the 1924 effort conducted by Hubbs and Langlois.  This study was part of a watershed wide investigation into the effects of human use and development on the biology of the Au Sable River (Coopes et al. 1974).  The goal of this survey was to determine the overall effect on the distribution of fish species resulting from the increased use and development in the watershed since the 1920's; i.e. do changes in fish distribution and abundance indicate substantial habitat change and in particular, have conditions for trout changed, and if so, in what way? 

To validate comparisons, an attempt was made to duplicate as closely as possible the 1924 collection efforts of Hubbs and Langlois, with collections conducted with similar seines and during the same time period.  Richards collected 23 species of fish as compared to 17 species of fish collected by Hubbs and Langlois at the same sites (Table 3).  Most fish species were representative of cool or warm water fish communities.  As in the 1924 survey few game fish were captured.  Gamefish in the collection included brook trout (2), brown trout (3), rock bass (1), bluegill (1) and smallmouth bass (2).  The most common species included common shiner, mimic shiner, white sucker, blacknose dace and blackside darter.  Richards reported that species diversity was slightly higher immediately below Mio dam in 1972 compared to 1924.  At Comins Landing species diversity was slightly lower in 1972 compared to 1924.

Michigan DNR personnel used a 17 foot outboard power boom shocker using pulsed DC current to collect fish during electro-fishing surveys in 1987, 1988 and, 1989.  The surveys conducted in November 1987 and June 1988 were made to determine if any yearling Arctic grayling (Thymallus arcticus) stocked in 1987 and 1988 had survived.  The August 1989 survey was conducted to gather fisheries data in response to reports of poor angler catches and to collect fish community information in preparation of the Federal Energy Regulatory Commission process to re-license the six Consumers Power Company hydro-electric projects located on the Au Sable River.  Boom shocking was conducting during November 1987 and June 1988 by making one pass in a downstream direction throughout the entire reach of the Au Sable River between the Mio Dam and McKinley Bridge.  Electrofishers attempted to capture all fish observed.  During August 1989 sampling extended from Mio Dam to Alcona Pond and took place over 3 days of shocking.  Only one Arctic grayling was captured during the November 1987 survey.  Most Arctic grayling stocked disappeared within 6 months, with downstream migration from stocking sites, competition from other fish species, and predation listed as possible causes of the failure of the Arctic grayling reintroduction (Nuhfer 1991).

Suckers and redhorse were the most common fishes collected from the Au Sable River during the electrofishing surveys made each year from 1987-89 (Table 5). The three most common sucker species were white sucker, northern hog sucker and greater redhorse.   Greater redhorse had not been noted in any significant numbers in previous surveys.  The brown trout catch per hour was much higher in November 1987 (38.7/hour) compared to the June 1988 survey (8.4/hour) and the August 1989 survey (11.7/hour).  Brown trout ranging from 4.3 inches to 25.6 inches long were captured.  The catch per hour for rainbow trout was very low ranging from 0.5 to 2.9 fish per hour with the size ranging from 5.8 inches to 20.5 inches.  Brown trout were 2.0 inches larger than the state average mean length at age.  Rainbow trout were over 3 inches longer than the state average mean length at age.  Walleye were also captured in significant numbers (9.2 to 11.6 fish per hour) and were much more common than in previous surveys.  These fish most likely originated from fingerling walleye plantings in the Mio impoundment upstream and Alcona Pond located downstream. Round whitefish abundance appeared low compared to Jacob's 1962 survey but direct comparisons were not possible between his population estimates and boom shocking CPE data.  

Consumers Power Company conducted a fisheries survey in 1990 (Lawler, Matusky and Skelly Engineers 1991) with the specific objective to collect fish in selected riverine areas both upstream and downstream of the projects including species composition and relative abundance, to provide population estimates of fisheries resources in each area, and to document the presence of any threatened or endangered fish species.  Two stream stretches were sampled, the first approximately 4.5 miles below Mio Dam at Meadow springs, and the other approximately ½ mile upstream of U.S.F.S. road 4001 bridge at Gabions (Figure 1).  Fish population estimates were obtained through three pass depletion electrofishing from two boom shocker boats.  Supplemental sampling was also conducted to better estimate species composition and abundance.

At the upstream site near Meadow Springs, 23 fish species were captured during the survey (Table 3). Total fish biomass for this site was 183 lbs per acre (Table 4). Game fish captured included black crappie, brook trout, brown trout, largemouth bass, rainbow trout, rock bass, smallmouth bass, and walleye.  These game fish represented slightly more than 4% of the total catch by number and slightly more than 1% of the total biomass.  The mean population estimate for brown trout was 6.8 per acre or 119 per mile, with a biomass estimate of 1.77 lbs per acre (Table 4).  The most abundant species by number were hog sucker, white sucker, common shiner, blackside darter, and creek chub.  The most abundant species by weight were white sucker, hog sucker and greater redhorse.  These three species comprised 97% of total biomass at this site.

At Gabions, the downstream site, 19 fish species were captured (Table 3).  Total fish biomass for this site was nearly 30 lbs per acre (Table 4).  Low numbers of game fish were captured, including brown trout, largemouth bass, rock bass, and smallmouth bass.  These game fish represented less than 0.3% of the total number and less than 3% of the total biomass.  The mean population estimate for brown trout was less than 0.7 fish per acre or 12 fish per mile, with a biomass of 0.78 lbs per acre.  The most common species by number in descending order of abundance were creek chub, log perch, blacknose dace, longnose dace, and blackside darter.  The most abundant species by weight were hog sucker, creek chub, and white sucker.  These three species comprised 72% of total biomass at this site.

Summary of historic surveys (1924-1990)

All fisheries community surveys conducted  in the Mio to Alcona reach of the Au Sable River between 1924 and 1990 revealed a diverse fish community comprised of from 17 to 23 species (Table 3).  Catostomidae species were the predominant species based on biomass.  This river reach is too cold to support significant populations of warmwater gamefish species (Centrarchidae).  Numbers of coolwater gamefish species such as northern pike and walleye captured in surveys were generally quite low.  Walleye over winter in Alcona Pond before moving upstream into the river in the spring and some remain there throughout the summer where they occupy habitats similar to those used by brown trout (DePhilip 2001).  The overlap in habitats used by trout and walleye during spring and summer poses a potentially high risk of mortality for stocked trout (Abdella 2001; DePhilip 2001).

Brown trout and rainbow trout standing crops estimated in 1962 and 1990 surveys were very low with the highest total biomass occurring near Cherry Creek (6.9 lbs per acre) (Table 4).  All historic surveys indicate that few young-of-year trout in the mainstem Au Sable River below Mio survive from hatching to late summer.  However, this river reach has consistently produced trophy-sized trout and a popular angling fishery.  If trout were not stocked here there would be no significant angling fishery for other gamefish species.

MDNR has never surveyed fish populations in coldwater tributaries to the mainstem between Mio and Alcona with electrofishing gear to determine if they provide refuge from warm water temperatures in the mainstem or have potential to provide significant recruitment to the mainstem.  However, their small size and discharge indicates low habitat suitability for large trout (Table 6).  A June 26, 2007 survey to estimate the discharge of the 12 named tributaries to the Au Sable between Mio and Alcona Dams revealed that 8 of the 12 were either not flowing or were discharging less than 1 cfs.  With the possible exception of Perry Creek (flow 6.5 cfs) none of these tributaries were large enough to provide thermal refugia for large fish.  Total discharge of the 12 named tributaries was less than 15 cfs on June 26, 2007.  This is only about 1.5% of the flow of the mainstem Au Sable River so it is obvious that these tributaries do not have the potential to provide significant cooling to the mainstem even though July and August water temperatures measured in six of the "larger" tributaries were colder than the mainstem Au Sable River (Table 6).  A radio telemetry study of large brown trout in this reach conducted in 1996 and 1997 did not detect movement into tributaries during hot periods of the summer (DePhillip 2001).  It is likely that some young-of-year trout emigrate from tributaries into the mainstem but the extremely low numbers of young-of-year trout captured in late summer or fall surveys suggests that few of them survive.  Abdella (2001) reported that young of year abundance in the river declined steadily each month over the summer as river temperatures increased.  

History of angling quality and regulations

Angler perceptions of angling quality for trophy-sized trout have varied over time.  This river reach has always produced some large trophy-sized trout catches but the fact that regulations were modified seven times between 1965 and 1979 indicates that anglers were not always satisfied with the quality of the fishery.  Prior to 1965, general statewide trout regulations were applied to this reach.  These regulations allowed use of bait, minimum size limits were low, and creel limits were relatively high.  After the 1962 fisheries survey (Table 4) fisheries unit manager Buddy Jacob recommended higher minimum size limits, a reduced creel limit, and no bait angling.  At this time some anglers believed that this river reach provided the best trophy trout fishing in the eastern U.S.  It was hypothesized that restrictive regulations would produce even more trophy-sized trout because growth rates were high compared to many other streams.  Gary Schnicke, who succeeded Buddy Jacob, recommended even more restrictive regulations because he believed that angler harvest was responsible for declines in the number and average of size of trout.  A summary of trout regulations applied to the reach from the power line downstream of M33 and McKinley Bridge is shown in Table 7.  

The desires of anglers who wished to fish with bait and harvest smaller fish were accommodated by applying general statewide stream angling regulations to the remainder of the reach between Mio Dam and 4001 bridge near the upstream end of Alcona Pond.  Thus, a 0.3-mile river reach from Mio Dam to the power line and a 7.5-mile reach from McKinley Bridge to 4001 Bridge was regulated under general trout angling rules until 2000.

In 2000, MDNR Fisheries Division revised the statewide trout regulations in an attempt to match the biological potential of this stream to one of seven angling regulation types.  The general regulation sections from Mio to the power line and McKinley Bridge to 4001 Bridge were converted to Type 2 regulations, which increased the minimum size limit for brown trout and rainbow trout from 8 inches to 12 inches.  The creel limit was reduced from 10 to 5 fish per day with no more than 3 larger than 15 inches.  Bait angling was permitted.  

The river reach from the power line to McKinley, had regulations different from any of the seven classification types.  Proposals to place this section into any one of the seven classification types received strong public reaction as there were diverse opinions on what regulations should be placed on this section.  It was decided that the best method to address this issue was to maintain the present regulation until additional biological and social information could be collected to better guide the decision-making process as to the most appropriate regulation classification.

Recent stocking history

During the mid 1990s anglers perceived a decline in the trout population and its associated fishery.   Hypotheses for reduced survival of the stocked trout included possible increases in stream temperatures, low fitness of hatchery trout strains, and increased predation from walleye.  A walleye fingerling stocking program was initiated in 1985 in Mio Pond and in 1988 in Alcona Pond.  MDNR is subject to a circuit court agreement to stock walleye in the ponds to provide additional angling opportunities.  The amount of trout mortality attributable to walleye predation is unknown but believed to be relatively low.  A large amount of electrofishing effort was required to locate the large walleye implanted with radio transmitters for the DePhilip (2001) study.  

Trout stocking rates in the river were increased dramatically beginning in 1995 in an attempt to improve the trout fishery.  Past experiences with increasing the stocking rate on the Muskegon River below Croton Dam to 200 yearlings per acre per year significantly improved total trout numbers in the stream.  A new stocking proposal was prescribed which increased the stocking rate of brown trout and rainbow trout to 66 yearlings per acre per species in 1995-96 and then to 100 yearlings per acre per species beginning in 1998 (Table 2).  An average of 49,000 yearling brown trout and 51,000 yearling rainbow trout were stocked per year between 1998 and 2006.

Current Status

The Au Sable River between Mio Dam and Alcona Pond is commonly referred to as the "Mio Trophy Waters" due to its reputation of holding a significant population of large brown trout. Anglers fish the river from shore, wading, from float tubes, and from canoes and boats.  Fishing is presently regulated under three categories of angling regulations.  Type 2 trout angling regulations are presently in place from Mio Dam downstream to the power line at (T26N, R2W, Sec.4) and from McKinley Bridge downstream to U.S. Forest Service Road 4001 Bridge (Figure 1).  In Type 2 waters anglers may fish from the last Saturday in April through September 30 of each year with bait, artificial lures and flies.  Minimum size limits are 12 inches for brown trout and rainbow trout and 10 inches for brook trout.  Daily possession limit is 5 trout in combination with no more the 3 fish 15 inches or larger.  Prior to 2000, these two reaches were managed under general statewide trout stream regulations (8-inch minimum size limit on all trout species, bait permitted, and creel limit of 10 trout with no more than 3 over 16 inches long).  The second regulation category is from the power line at (T26N, R2W, Sec. 4) to McKinley Bridge and is classified as the "Au Sable River Research Area".  The regulations include an open season from the last Saturday in April through September 30; artificial lures or flies only, a minimum size limit 15 inches for brown trout, and 12 inches for all other trout, and a possession limit of 2 trout (Table 7).  The third category is the reach between 4001 bridge and Alcona Pond which is not classified as a designated trout stream.  Thus, this reach is open to fishing all year with an 8-inch minimum size limit and a 5 fish possession limit, no more than three of which may be 15 inches or longer.

The reach of river from Mio Dam to Alcona Pond is very popular with anglers using artificial flies, artificial lures and bait.  A creel survey was conducted in 1999 and 2000 between M-33 Bridge and U.S.F.S. Bridge 4001 during the trout fishing season (Table 8).  The census work shifts covered the period from 6:00 am to midnight.  The total fishing pressure over the entire reach was estimated at 30,595 angler hours and 9,656 angler trips in 1999 and 34,734 angler hours over 9,127 trips in 2000.  Rainbow trout were caught more frequently than brown trout.  In 1999 anglers harvested 2,400 rainbow trout and released nearly 17,000.  Anglers harvested 463 brown trout in 1999 and released an additional 7,300.  In 2000, anglers harvested 955 brown trout and 335 rainbow trout.  The large decline in rainbow trout harvest was primarily due to the higher minimum size limit applied to rainbow trout when regulations changed to Type 2 in the reaches from M-33 to the power line and downstream from McKinley Bridge.  Other species in the catch were walleye, smallmouth bass, rock bass, brook trout, largemouth bass, northern pike and suckers.  Detailed information on monthly harvest and release of all fish species is provided in the appendices to this report.  Total harvest of brown trout averaged over 1999-2000 represents only about 1.5% of the average number of brown trout stocked annually into the Mio to Alcona reach.  For rainbow trout the analogous percentage was 5%.  However, after the minimum size limit on rainbow trout increased to 12 inches in the upstream and downstream zones in 2000 the total of 335 fish harvested represented only 0.7% of the average annual number of rainbow trout stocked.

Angling pressure was highest in the 0.3-mile stretch between M-33 and the power line based on effort per mile (26,829 angler hours per mile) (Table 9).  About 41% of angling effort occurred in the two zones with more liberal regulations.  Angling pressure per mile was over 10 times lower in all three reaches downstream of the power line (Table 9).  Anglers fishing the quality regulation water (designated as "Au Sable River Mainstream, Research Area" in 2000) harvested 101 brown trout (6.9 per mile) in 1999 and in 2000 they harvested 841 brown trout (57 per mile).  Rainbow trout in the quality regulation water were harvested at a rate of 31 per mile in 1999 and 10 per mile in 2000.  Catch and release rates in the quality regulations water were 148 brown trout per mile and 769 rainbow trout per mile in 1999.  Numbers of brown trout and rainbow trout released per mile in 2000 were 259 and 572, respectively.  Anglers generally released about 90% or more of the trout they caught in all zones (Table 10).  The ration of the cost of stocking trout in this reach compared to estimated value of the fishery generated is very favorable.  MDNR Fisheries Division estimates the cost of stocking the 100,000 yearling brown and rainbow trout at $73,000 ($0.73 each) per year.  Average expenditures by Michigan anglers per trip, not including expenditures for equipment and other expenses, has been estimated at $27 per trip (USFWS and USCB 2002).  Thus, the annual trip expenditures alone of anglers fishing the Au Sable River below Mio exceed $250,000 (Average of 9,391 angler days x $27) so the total economic value generated by the fishery is certainly substantially higher.

A series of 5 trout population estimates were conducted in early November of 1999, 2000, 2001, 2002 and 2005 to evaluate the results of the increased trout stocking rates.  A 4.75-mile stretch of river from the M33 access site to Meadow Springs (Figure 1) with an estimated area of 95 acres was sampled each year by electrofishing.  Sampling was done with the use of two jet drive electrofishing boats, with one chase boat to assist in processing fish captured.  Sampling was conducted over two days with the first day the marking run and the second day the recapture run.  Brown trout, rainbow trout and brook trout populations were estimated by the Chapman-Peterson formula and fish ages were obtained through scale analysis.   Due to the limitations of the survey equipment and the size, depth and current velocity of the Au Sable River below Mio Dam, the trout population was most likely under-sampled.  However, the data obtained in this survey are still very useful and provide a basis for management decisions. 

Total trout biomass in this 4.75-mile stretch averaged 23.7 lbs/acre with 16.2 lbs/acre of brown trout and 7.5 lbs/acre of rainbow trout.  Brown trout comprised the largest portion of the trout population with a 5 year average population estimate of 2,992 for an average of 630 brown trout per mile.  Brown trout total length ranged from 3 inches to 25 inches.  All age classes up to age 7 were present in the population with age 1 fish being the most numerous (Table 11).  The length-frequency histogram shown in Figure 5 shows that brown trout less than 12 inches long predominate in the population.  The histogram does not include fish less than 8 inches long because there were very few trout less than 8 inches long by November.  

Brown trout total annual survival rate estimates computed from the survey data and scale samples collected from 1999 to 2002 were determined to be biased due to several factors.  The average estimated annual survival of age-1 brown trout to age 2 was 72% (Table 12).  Information collected from many other Michigan rivers indicates that this estimate is greatly inflated, probably due primarily by upstream emigration of age-2 brown trout into the sampling reach.  The median annual survival rate of age-1 brown trout at Michigan's fixed Stream Status and Trends Program (SSTP) sites (35 sites) is only about 30% (T. C. Wills, MI Department of Natural Resources, personal communication).  The SSTP sampling sites are located on Michigan's better trout streams throughout the state so it is not credible that survival of brown trout in the thermally-stressful waters of the Au Sable could be surviving nearly 2.5 times better.  Moreover, past studies conducted in MI and elsewhere have clearly demonstrated that stocked hatchery brown trout stocked into streams and rivers do not survive as well as their wild counterparts (Berg and Jørgensen 1991; Weiss and Schmutz 1999; Avery et al. 2001) particularly during the first year after stocking (Alexander and Peterson 1983).  Brown trout survival from age 2 to age 3 (November to November) averaged 23%, which is about half the median survival rate observed at SSTP sites.  The most plausible reasons for lower-than-median survival rate estimates for age-2 fish include thermal stress as well as aging error due to formation of false annuli during hot periods when growth ceases.  Most of these fish were too small to be legally harvested by anglers so presumably mortality was due to predation and other factors.  Average survival from age 3 to age 4 was high in 1999 and 2000, 54% compared to a median of 30% at SSTP sites.  The fact that most of these fish were larger than the 15-inch size limit over an entire fishing season indicates that angling mortality was low.  This conclusion is supported by angler census data collected in 1999 and 2000 (Table 8).  Age-3-and-older brown trout in the Au Sable River below Mio are larger than the preferred prey size for most predators so it is not surprising that their survival rates are relatively high.  Age 4 and age 5 brown trout also survived well from 1999 and 2000 to the subsequent year.  Survival of trout that were 3 years old or older was substantially lower in 2001, possibly because summer water temperatures were substantially higher in both 2001 and 2002 compared to 1999 and 2000 (See Figure 3 and Figure 4).

Brown trout in the Au Sable below Mio are larger at a given age than the average size of trout in Michigan streams where the fishery is supported primarily by natural reproduction (Table 13).  Part of this size difference is due to the larger size of yearling trout reared in the hatchery compared to those hatched and reared in the wild.  However, annual growth increments (inches a trout grows per year) for brown trout were also generally well above the state average (Table 14) (Schneider 2000).  Brown trout growing at a state average rate grow about 3 inches per year in streams.  Data in Table 14 shows growth rates for each stocked cohort from 1999 to 2001.  From 1999 to 2001 age-1 brown trout annual growth increments ranged from 1.7 to 4.0 inches; age-2 brown trout growth increments ranged from 3.6 to 5.5 inches; and age-3 brown trout grew 4.8 inches.  Formation of false annuli during thermally stressful periods may again have caused some errors in age determination that could have contributed to this large variation in apparent growth rates.  The yearlings stocked in 1999 and 2000 generally grew much faster than an average of 3 inches per year for several years after planting (Table 14).  Slow growth of the cohort stocked in 2001 was a notable exception to the overall pattern.  These fish grew 1.3 inches less than a state-average increment.  The extremely warm water conditions that prevailed from late June 2002 through the first 3 weeks of August 2002 may account for the slow growth rate (Figures 3 and 4).  Our data support the hypothesis that warm summer water temperatures below Mio Dam have a limiting and negative effect on both growth rates and survival (See discussion of survival above).

However, the present stocking rates combined with relatively high survival rates for older brown trout and higher-than-average mean length at age generates more trophy-sized brown trout per mile than are found in upstream reaches of the mainstem Au Sable River that are more thermally suitable for trout.  Panel A of Figure 6 illustrates that substantially more brown trout 15 inches or longer per mile were present below Mio on the Au Sable than at Stephan Bridge during four years when population estimates were available at both sites for the same years.  However, on a per acre basis density of brown trout over 15 inches long are very similar (Figure 6 Panel B).

The rainbow trout population in the Mio to Meadow Springs reach averaged 1,379 individuals and 290 rainbow trout per mile (Table 15).  Rainbow trout sizes ranged from 4 inches to 24 inches with the majority of the fish in the 9 to 12 inch range (Figure 7).  Most of the population was composed of age-1 with a moderate number of age-2 and very few age-3 fish present (Table 15).  Only about 2% of rainbow trout survive to the fall at age-3 (Table 12).  It is most likely that this poor survival is mostly attributed to natural mortality or emigration.  The highest estimate of angler harvest (2,400 in 1999 before regulation changes) represents only 5% of the annual number of rainbow trout planted in this reach (See Tables 2 and 8).  In 2000, estimated rainbow trout harvest was only 0.7% of average annual plantings.  

Rainbow trout total annual survival rate estimates computed from the survey data and scale samples collected from 1999 to 2002 were determined to be biased for the same reasons discussed above for brown trout.  Computed estimates of annual survival of rainbow trout from age 1 to age 2 were very high in 2000 and 2001, averaging 75% (Table 12).  It is certain that these high survival estimates reflect immigration of age 2 fish into the sampling reach as well as aging error due to formation of false annuli formed when fish are stressed by warm water.  For example, annual survival of age-1 rainbow trout in the mainstem Au Sable at Stephan Bridge managed under a no-kill flies-only regulation has averaged only about 25% over the past decade.  Estimated survival from age 2 to 3 in the Au Sable River below Mio averaged only about 2%.  We could not compute a valid estimate of average survival from age 3 to 4 because only one age-4 rainbow trout was captured during the four annual surveys used to estimate survival.  The paucity of rainbow trout longer than 12 inches clearly demonstrates that overall survival of rainbow trout is very low.

Rainbow trout growth rates (annual increments) were much lower than those for brown trout even though the mean growth index in November 2005 was +2.7 inches above state mean length at age (Table 13).  Hatchery-reared yearling rainbow trout planted in the spring are about 2.5 - 4 inches longer than their wild counterparts (depending upon the year) and hence they remain larger than the state average, which is based on naturally reproduced fish, even if they grow relatively slowly.  Rainbow trout in streams growing at a Michigan state-average rate grow about 3 inches a year.  Rainbow trout stocked in 1999 grew from 1.4 to 2.2 inches a year over their lifetime (Table 14).  However, age-2 rainbow trout captured in November 2001 were an average of 0.1 inches shorter than age-1 rainbow trout captured in November 2000.  This clearly indicates that false annuli laid down during stressfully warm water periods resulted in aging errors and hence errors in estimates of mean length at age.  Mortality due to angler harvest was negligible (0.7 % of the numbers of rainbow trout planted annually) after new regulations were adopted in 2000 (Table 8) so angler cropping of fish over the minimum size limit of 12.0 inches can not account for the slow growth estimate.  High summer temperatures during the summers of 2001 and 2002 again appear to be the most likely cause of the "apparent" lack of growth of fish stocked in 2000 and 2001.  A negative association between high summer temperatures and abundance of rainbow trout over 12 inches long has also been observed in the Manistee River downstream of the Hodenpyl impoundment (Tonello and Nuhfer 2004).

Other management actions undertaken in the Au Sable River between Mio Dam and Alcona Pond have included the placement of large woody debris (LWD) under U.S. Forest Service administration and, stabilization of eroding banks and other actions to reduce erosion into the tributaries at poorly designed road/stream crossings.  The Au Sable River Watershed Restoration Committee was formed in 1987 to oversee those activities.  Huron Pines RC&D administers the Partnership Agreement, which to date has been signed by 27 private, public and governmental organizations (Brad Jensen, Huron Pines RC & D, personal communication).  Under this direction, a strategy to inventory erosion sites with in this reach was initiated in 1987 with the identification of 71 erosion sites.  Classification of these sites includes 2 severe, 28 moderate and 41 minor.  In addition several road/ stream crossings have been upgraded through efforts of the U.S. Forest Service and Oscoda and Alcona County Road Commissions.

Beginning in 1998 a medium lift helicopter was used to transport and place whole trees (large woody debris, LWD) into the river channel to restore structure and function to this riparian ecosystem.  Historically, the Au Sable River channel was complex, with a variety of depths, velocities, and substrates, and abundant cover provided by large wood in the river.  Large woody debris in the river channel has been identified as lacking as a result of historic logging practices and Mio Dam which halts downstream movement of LWD (Zorn and Sendek 2001).  The first helicopter lift demonstration project was conducted in 1998 where approximately 100 whole trees were placed in 6 miles of river downstream from Mio Dam at a cost of $30,000.  This project was a partnership between Huron Pines (RC&D council), Michigan Department of Natural Resources, and the U.S. Forest Service.  All trees lifted into the river remained in place two years later and blended in with the natural surroundings of the river.  GIS-based photo-monitoring was done to evaluate the success of this restoration (Jennings et al. 2005).  Approximately 80% of the trees have remained in place.  Tree complexes were less likely to be moved downstream than individual trees.  However, it's important to note that those trees that have moved from their original locations remain in the system.  Thus, helicopter placement of whole trees remains a viable approach to restoring aquatic habitat within forested ecosystems in the upper Midwest.  It was determined to be cost effective (comparable to traditional techniques), mimics natural disturbance processes, and introduces an efficiency of operation whereby large-scale restoration can be done across the landscape (river system) (Robert Stuber, USFS Fisheries Biologist, personal communication).  

This large-scale landscape level project is felt to be integral to aquatic ecosystem restoration in Northern Michigan (Stuber et al., 2004).  It is consistent with Michigan DNR management direction for riparian zones and trout streams (Tonello et. al., 2004) and with the management options listed in Zorn and Sendek's (2001) Au Sable River Watershed Assessment ("Improve channel diversity by adding woody debris …in reaches where channel diversity is low, or in reaches where natural contributions of LWD have been reduced.") and Sendek's (2004) Au Sable River Watershed Management Plan.  Even though site-specific fish population response to the treatment is inconclusive (Klungle and Hayes, 2004), there is a plethora of information regarding the importance of large wood in riverine ecosystems (Gregory et. al., 2000).  From 1998 through 2006, a total of 948 whole trees were placed in 12.5 miles of river between the power line and McKinley (Table 16).  Funding has been provided by Consumers Energy licensing settlement funds and the U.S. Forest Service.  Additional placements of LWD are planned.

This reach of river has exceptional water quality with regard to high volumes of clean-clear water, but the stream is thermally challenging for cold water species management due to the operation of Mio Dam.  These water temperatures push the thermal tolerance limits for cold water species and are the major factor limiting trout survival and growth.  Stream temperature monitoring has shown that during June, July and August, Mio Dam is in violation of its licensing operation agreement as the waters released downstream of the dam during those months are warmer than allowed.  Fisheries data have shown that very slight changes in water temperature near the lethal upper limit for salmonids can have dramatic effects on species composition and biomass.  

Investigations into the potential to pass cold water into the tailwater from Mio Pond are ongoing.  Data are being collected during the summer of 2007, including air and water temperatures.  This information will be used in a model to predict the potential cooling effects on downstream water temperatures by passing cold water from the upstream pond.  Model results should be available in 2009.  As part of the 1994 FERC/Consumers Energy Settlement Agreement, Consumers Energy has agreed to maintain certain water quality standards including water temperatures.  One million-seven hundred thousand dollars (in 1994 dollars) has been set aside to address water quality violations of the agreement for all ten of Consumer's Energy projects on the Au Sable, Manistee and Muskegon Rivers.  Modifications to the discharge configurations of the projects may be incorporated if the action results in a significant water temperature improvement and the modification fits into the budget constraints in the agreement.

Analysis and Discussion

The Mio Dam to Alcona Pond section of the Au Sable River is a very unique and rare resource in the state in that it is a large river with some of the most seasonally stable stream flows in the nation, with high volumes of  water and nearly all riparian lands in public ownership.  Historic logging practices inflicted severe environmental degradation, but for the most part have healed or are in the process of healing.  The presence of hydro electrical generating dams both above and below this river reach fragments the biological communities from other communities upstream and downstream; provides environmental conditions that allow other aquatic species to exist and in some situations, thrive where they would not have under normal conditions; alters natural stream temperature patterns; and interferes with the natural transport of sediment, nutrients and large woody debris.

The fish community has remained relatively stable through time with some changes in species composition and biomass that are most likely results of subtle changes in stream temperatures and fish stocking practices.  This stream reach is relatively productive with moderate species diversity.  If trout species were not stocked here the fish community would consist primarily of cool and warm water fish species.  Numerically, a majority of fish are small-bodied members of the families Cyprinidae, Percidae, and Cottidae species (Table 3).  Catostomidae species compose most of the biomass of fishes in this reach.  Fish collections made after 1962 suggest that round whitefish abundance has declined, perhaps indicating that contemporary water temperatures are warmer (See Tables 4 and 5).  High summer water temperatures are also the probable reason that few naturally reproduced trout, which are fairly abundant in late spring and early summer; survive to the fall.

Brown trout and rainbow trout populations have varied through time both in size structure and density.  Prior to 1997, trout stocking rates were low ranging from 8 to 15 yearlings per acre for brown trout and 2 to 40 per acre for rainbow trout.  In 1962 naturally reproduced trout were common in fish collections although density in terms of both numbers and biomass were low (Table 4).  Average brown trout biomass was estimated at approximately 5 lbs per acre out of a total average biomass of 38 lbs per acre.  Fish collections made in the late 1980's captured few naturally reproduced trout and electrofishing CPE's indicated that trout densities were quite low (Table 5).  In 1998, trout stocking densities were increased to 200 yearlings per acre in an attempt to increase trout populations and improve fishing.  Trout population surveys conducted in 1999, 2000, 2001, 2002 and 2005 estimated that average trout biomass was substantially higher than found in previous population surveys (Table 4).

There were no historic estimates of survival but recent estimates indicate that brown trout survival is reasonably high while rainbow trout survival is very low.  A few age-7 and age-8 brown trout were sampled in the population resulting in some brown trout in the population exceeding 25 inches in length.  Poor survival of rainbow trout results in a population composed primarily of age-1 fish that range up to 13 inches long (Figure 7).

Brown trout growth rates are faster than state average growth rates for older fish.  Trout growing at an average Michigan rate grow approximately 3 inches per year.  The average of growth increment for yearling brown trout from 1999 to 2001 was 2.7 inches (Table 14).  Annual growth increments were very large for age 2 brown trout (4.5 inches) and age-3 brown trout (4.8 inches) (Table 14).  Yearling brown trout typically are planted at a larger size than wild fish of the same age.  This size advantage coupled with fast growth of age 2 and older fish results in older brown trout being considerably larger than Michigan state average lengths at age (Table 13).  Most brown trout grow to a size where they may be legally harvested in type-2 regulation waters (12 inches) when they are 3 years old or about 2 years after they are stocked.  In the quality regulation water brown trout grow to legal harvest size (15 inches) when they are 4 years old or about 3 years after they are stocked.

Rainbow trout appear to grow rapidly during the year they are stocked (based on length frequency data shown in Figure 7).  This growth presumably occurs primarily during the spring when the waters remain cool and again in the fall when they cool down again.  False annuli laid down when growth stops during hot water periods precludes accurate estimates of mean length at age or annual growth increments for older fish.  Warm summer water temperatures downstream of Mio Dam may also cause high mortality of larger rainbow trout or induces them to emigrate.  A similar paucity of larger rainbow trout has been observed in the Manistee River downstream of Hodenpyl Dam where angling pressure is extremely light (Tonello and Nuhfer 2004).  During warmer summers, rainbow trout larger than 12 inches are rarely caught by either anglers or survey gear downstream of Hodenpyl Dam but during cooler summers the angling fishery for large rainbows is often very productive. 

This fish community in the Au Sable River between Mio Dam and Alcona Pond provides a very popular sport fishery that has received nation-wide acclaim for trophy size brown trout and high catch rates of rainbow trout even though the brown trout and rainbow trout populations are dependent on stocking.  Little game fishing opportunity would exist in this river reach if it was not stocked with trout.  Angler access is found throughout this reach with formal and informal access sites managed by the U.S. Forest Service, State of Michigan and Consumers Energy.  The large size and character of the river allows for anglers to fish from shore, wade riffles and shallows, float-tube, canoe or boat.  Diverse but restrictive angling regulations allow for protection of this unique trophy brown trout population while affording limited harvest of trout and non trout species.  Catch rates are good for most of the angling season but do drop during mid summer, most likely due to high mid-summer stream temperatures (Appendix 1).  In mid summer the high use of recreational watercraft causes conflicts with anglers.  Water temperatures decline in fall and catch rates increase dramatically (see Appendices) but the fishing season ends on September 30.  Because spawning success is low, the closed season serves no biological need and thus unnecessarily reduces the recreational potential of this fishery.

Recent habitat management has focused on placement of whole trees into the river channel to restore river channel diversity and provide cover for fish.  Mio Dam disrupts natural sediment transport by trapping sediment in the impoundment.  This increases the erosive power of the river downstream of the dam resulting in increased scour of the stream bed and banks.  Past peaking flows magnified this erosion.  The Mio impoundment also collects the large woody debris from upstream reaches, causing a lack of large woody debris in the Mio to Alcona reach.  Run-of-river flows have reduced the erosion, and bank stabilization projects at several erosion sites has reduced new sediment inputs into the channel.  Efforts to transport and place whole trees into the river channel are restoring instream channel diversity.
Management Direction

Michigan Department of Natural Resources is committed to the conservation, protection, management, use and enjoyment of the state's natural resources for current and future generations.  Managing the state's resources is based on the principles of ecosystem management where ecosystem management is a process that integrates biological, social and economic factors into a comprehensive strategy aimed at protecting and enhancing sustainability, diversity and productivity of natural resources.  The Mio to Alcona reach of the Au Sable River is a pristine, unique and exceptional riverine resource.  The key value of the Mio to Alcona reach of the Au Sable River lies the quality trout fishing opportunities that the river provides, particularly for trophy-sized brown trout, high catch rates of rainbow trout, and a pristine environment with large tracts in public ownership.  This section of river is nationally renowned for it trout fishing and is ideal for all types of anglers including shore, wading and boating anglers.   Management actions should be directed at maintaining or improving these key values while providing diverse fishing opportunities for the angling public.

Limiting factors

A combination of high mean summer water temperatures coupled with little cooling at night is the most likely factor limiting survival, standing stocks, and natural reproduction of brown trout.  High summer water temperatures are also the most likely factor limiting both survival and growth rates of rainbow trout during mid summer.  Eaton et al. (1995) developed estimates of maximum temperature tolerances for 30 freshwater fish species based on a national dataset of temperature and fish presence.  They defined maximum tolerance as the 95th percentile of the maximum weekly mean temperature where each species was found.  This analysis yielded a maximum weekly temperature tolerance of 24.1  degrees C for brown trout and 24.0 degrees C for rainbow trout.  These temperatures were exceeded in August 2001 below Mio on the Au Sable and weekly mean temperatures approaching these limits are common.  Wehrly et al. (2007) estimated the 7-d upper tolerance level for maximum daily mean temperature for brown trout presence at 23.3 degrees C. Thus, the thermal potential of the Mio to Alcona reach of the Au Sable River to consistently support high densities and biomass is limited (See Figure 2).  Mean daily summer water temperatures below Mio Dam reached or exceeded 22.0 degrees C (71.6 degrees F) for 30 or more summer days during hot years since USGS began collecting temperature data (Table 1c).  Our analysis of flow contributed to the mainstem Au Sable River by small tributaries in this reach conclusively demonstrated that they do not offer any potential for significant cooling. 

Due to extreme downstream water temperatures created by the operation of Mio Dam, the Au Sable River between Mio Dam and Alcona Pond will need to be stocked annually with yearling brown trout and rainbow trout to maintain the trout fishery.  Thus, trout reproduction is not currently a key value of this system and the closed fishing season of the present regulations is unnecessarily reducing the recreational potential of the Mio tailwater.

Studies are presently underway to determine the potential to pass cold water that is present in the upstream impoundment to the tailwater.  All efforts should be taken to comply with the license requirements for discharged water temperatures.  Until a remedy to excessive tailwater temperatures is prescribed, natural reproduction will not be high enough to support a quality trout fishery.  Stocking rates should continue at 100 yearlings per acre each for brown trout and rainbow trout.  Size at stocking is critical with a 6.5-inch minimum average length at stocking in order to assure adequate survival to successive year classes.  Strains of trout should be selected that perform best (survival and growth) in riverine environments that are thermally challenged.  

Angler values have been changing over the past two decades (Sendek 2004).  A growing segment of anglers are willing to reduce or even give up the ability to harvest fish in order to improve the number and size of fish they catch.  Fisheries Division has been receiving an increasing number of requests from these anglers to provide more quality angling opportunities.  Fisheries managers should seek opportunities that can accommodate these new angling interests while still understanding that the majority of the angling public does harvest fish. In addition it is also recommended that habitat restoration efforts be continued, including bank stabilization where appropriate, and restoration of instream channel diversity through addition of large woody debris.

Regulations

We recommend retaining Type 2 trout regulations from Mio Dam to the power line and from McKinley Bridge to 4001 Bridge.  Regulations for the reach from the power line to McKinley Bridge could be converted to one of the standard gear-restricted regulations, i.e. Types 5, 6, or 7.  

The primary purpose of regulations that restrict terminal tackle to artificial lures or flies is to reduce mortality of angler-caught fish that are released.   Both lures and flies have been permitted on this reach of the Au Sable River for both biological and social reasons.  The average mortality of trout released after capture with artificial lures or artificial flies is essentially identical.  Allowing both lures and flies to be fished provides additional angling opportunities.  Wydoski (1977) reviewed many hooking mortality studies of inland trout and reported that the mortality of trout released after capture on barbed artificial flies (average from 17 studies) was 4.02% as compared to 6.1% for trout caught on barbed artificial lures (average from 24 studies).  Hooking mortality tends to be greater at higher water temperatures (Klein 1965; Hunsaker et al. 1970; Dotson 1982; Plumb et al. 1988).  Hence, high water temperatures downstream from Mio dam probably increase hooking mortality to rates higher than the averages reported by Wydoski (1977).  

Michigan fisheries managers use a formal process to evaluate streams for inclusion in gear-restricted stream regulation Types 5, 6, and 7 (MDNR, Fisheries Division 2003).  Biological and physical factors as well as social considerations are all incorporated into this process.  The flowchart shown in Figure 8 describes how biological criteria are incorporated into the stream selection process.  The following narrative will describe how we followed the flow chart to make the decision that the reach of the Au Sable from the power line to McKinley Bridge is a good candidate for a gear-restricted regulation type.

First the angler fishery is dominated by trout so we proceed down to the next box.  The mean length of age-2 brown trout and rainbow trout are both above the Michigan state average, which leads down the flow chart to the natural mortality rate box.  Natural mortality rates for brown trout are not high (Table 12) so the flowchart was followed to the fishing mortality decision box for brown trout.  Mortality rates for age-1 rainbow trout are high (Figure 7) such that few fish grow larger than 12 inches.  However, social factors such as the popularity of the current fishery again led us to the fishing mortality decision box.  Angler census data indicate that fishing mortality of both brown trout and rainbow trout is low but again, social and political factors point toward the stream segment being a good candidate for further consideration for a gear-restricted type regulation.

Physical considerations incorporated into the decision process are shown in Figure 9.  The stream reach is 14.7 miles long and there is excellent assured public access.  Thus, this reach is clearly a very good candidate for gear-restrictive regulations.

The next stage of the process is to select which of the gear-restricted type regulations, 5, 6, or 7 should be applied.  The following pages of this report list different potential regulation options and their implications for the brown trout and rainbow trout fisheries of the mainstem Au Sable River from the power line to McKinley Bridge.  

We used a population simulation model to make predictions about the probable effects of applying different regulation types on this reach of the Au Sable.  Model inputs included hooking mortality, natural mortality, growth rates, size limits, fishing effort, recruitment, and rates of voluntary release of legal-sized trout.  We based the natural mortality and growth rates used in the model on fishery survey data.  Effects of different regulation types were modeled at four rates of voluntary release of legal-sized trout, no release, 50% release, 75% release, and 100% release (no-kill).  Angling effort inputs to the model were adjusted so that simulated total catches (harvest + catch and release) approximated the catch estimates from the creel census conducted in 1999 and 2000.  

Other assumptions of the model include the following:

· The size distribution of fish within an age group follows a normal distribution.

· An annual time step is reasonable to depict population dynamics (including growth).

· Instantaneous rates are additive.

· No density dependent changes in growth or mortality occur.

· Recruitment is constant (~50,000 yearling brown trout and 50,000 yearling rainbow trout stocked each year).

· Hooking mortality is equal for all sizes of fish.

· The mean size is representative of the time when the bulk of the fishing occurs.

All these assumptions are reasonable based on our knowledge of fisheries dynamics in Michigan rivers including the Au Sable.

Option: Type 6 regulations

Implications:

· Open to angling all year

· Possession limit of 2 trout/day and possession season (Last Saturday in April through September 30) remain the same for brown trout (BNT) but rainbow trout (RBT) can be harvested all year.  

· Artificial lures and flies are the only permissible terminal tackle, i.e. no change from present gear restrictions.

· Minimum size limit for BNT would be reduced from 15 inches to 12 inches.

· Harvest of brown trout would probably increase

· Catches of brown trout over 12 inches long are predicted to decrease from 4 to 13% depending upon the rate of voluntary release of legal-sized fish (Figure 10).

· We believe that the voluntary release rate for legal-sized brown trout is substantially higher than zero.  Hence, catches of 12-inch-or-longer brown trout are expected to be very similar under either Type 6 or Type 5 regulations (Figure 10).

· Catches of brown trout larger than 15 inches might decline from 7 to 23% depending upon the rate of voluntary release of legal-sized fish (Figure 11).

· Again, we believe that the voluntary release rate is substantially higher than zero so the difference in total annual catches of brown trout over 15 inches under Type 6 or Type 5 regulations may be very similar.  

· Minimum size limit for RBT remains the same (12 inches).

· Size limit for RBT in NON-gear restricted waters located upstream and downstream are also 12 inches so Type 6 regulations simplify enforcement of size limits.

· Limited angler harvest of stocked RBT could still occur.  Estimated angler harvest in the gear-restricted reach was 459 RBT in 1999 and 146 in 2000 (Table 8).

· The difference in catches of 12-inch-or-longer rainbow trout (catch + release) under Type 6 regulations are predicted to be very similar to catches under Type 5 or Type 7 regulations because high natural mortality rates rather than angling mortality have the most influence on the population (Figure 12).

· Catches of 15-inch-or-longer rainbow trout under Type 6 regulations is predicted to be lower than under Type 5 regulations if there was no voluntary release of legal-sized fish, but note that the numbers of fish caught of this size is very small so the difference between the regulations would likely be undetectable (Figure 13).  Moreover, if 50% or more of anglers voluntarily release legal-sized fish then the predicted difference in total annual catches of 15 inch or longer rainbow trout under Type 6 versus Type 5 regulations is less than 10 fish (Figure 13).

Option: Type 5 regulations

Implications:

· Open to angling all year 
· Possession limit of 2 trout/day and possession season (Last Saturday in April through September 30) remain the same as the present regulation for brown trout (BNT) but rainbow trout (RBT) may be harvested all year.
· Artificial flies are the only permissible terminal tackle.  
· An opportunity to fish for trophy trout with artificial lures would be lost.
· Recreational use of the reach by anglers may decline due to the loss of the opportunity to fish with artificial lures and reduced opportunities to harvest a few RBT.
· Minimum size limit for BNT would remain at 15 inches.
· Harvest of brown trout would probably remain the same.
· Angler catches of brown trout over 15 inches would probably not change.  
· If voluntary release of legal-sized fish is 50% then predicted angler catches of brown trout over 15 inches long (harvest + catch and release) would be 13% higher than under Type 6 regulations (Figure 11).  
· The minimum size limit for RBT would increase from 12 inches to 15 inches.
· A 15 inch minimum size limit on RBT would eliminate most harvest of RBT because high natural mortality rates preclude most fish from growing this large. 
· Predicted angler catches (harvest + catch and release) of 12 inch and longer RBT would increase slightly from 4% to 13% depending upon what percentage of legal-sized fish are voluntarily released (Figure 12).
· Predicted angler catches of 15 inch and longer RBT would increase from 9% to 31% depending upon voluntary release rates but numerical differences in catch would be very small (Figure 13).  

Option: Type 7 (No Kill) regulations

Implications:

· Open to angling all year 
· No harvest of any trout species
· Artificial flies are the only permissible terminal tackle.  
· An opportunity to fish for trophy trout with artificial lures would be lost.
· Recreational use of the reach by anglers may decline due to the loss of the opportunity to fish with artificial lures and lost opportunities to harvest a few trout.
· The abundance and size structure of RBT populations would not change significantly because high natural mortality rates result in few RBT surviving long enough to grow to a large size.
· Predicted angler catches of RBT 12-inches or longer would be very similar to catches under either Type 5 or Type 6 regulations (See Figures 12 and 13).
· Predicted angler catches of BNT over 15 inches long would increase about 25% compared to catches under Type 6 regulations and by about 15% compared to catches under Type 5 regulations if half of legal-sized BNT are presently being voluntarily released (Figure 11).

· Predicted angler catches of BNT over 15 inches long would increase about 14% compared to catches under Type 6 regulations and by about 8% compared to catches under Type 5 regulations if 75% of legal-sized BNT are voluntarily released (Figure 11).
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