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Introduction

The Pere Marquette River is part of the Lake Michigan watershed and is located in the west, central portion of Michigan (Figure 1).  Most of the streams in this watershed are classified coldwater or coolwater.  The mainstem, Little South Branch, Middle Branch and Baldwin have good populations of brown trout, rainbow trout (steelhead), coho salmon and Chinook salmon.  The Big South Branch of the Pere Marquette River is a coolwater stream that supports stocked brown trout and steelhead, and has a moderate self-sustaining Chinook salmon population.

Presently there are five sections of the Pere Marquette River that are not managed with Type 1 trout and salmon regulations (standard seasons and gears).  These include the Little South Branch of the Pere Marquette River from 16 mile Road to Foreman Road (5.7 miles – Type 2), the Pere Marquette River from M-37 to Gleason’s Landing (8.5 miles – Type 7),  the Pere Marquette River from Gleason’s Landing to Reek Road (31.3 miles – Type 4), the Pere Marquette River from Reek Road to old US-31 (20 miles – Type 3), and the entire mainstem of the Big South Branch of the Pere Marquette River (Type 4).  The Type 2, 3, 4, and 7 regulation sections encompass the majority of the mainstem of the Pere Marquette River watershed (Figure 1). 

Quality trout and salmon regulations were implemented in the M-37 to Gleason’s Landing river segment in1970. Quality regulations were imposed for the purpose of protecting small trout with the expectation of increasing the number of larger trout in the stream. These regulations included a creel limit of five fish with standard size limits, a flies-only tackle restriction from June 1 through October 15, but no special restrictions were in force from April 25 to May 30 (Table 1).  Special regulations gradually became more restrictive in this river segment.  Significant changes occurred in 1978 when a flies-only tackle regulation was implemented throughout the year and the regular season possession limit was reduced in 1990 and 1999.  The extended season harvest limits were gradually reduced and the minimum size limits were increased in 1990.  In 2000, the Type 7 regulation was implemented which included all year fishing with artificial flies and catch and release only.  The Type 2, 3, and 4 regulations were also implemented in 2000.

Twenty-three years of trout and salmon population estimates were collected at one station during the period from 1973 through 2009.  This station (historically known as “Zimmy’s” is located adjacent to the mouth of the Baldwin River which is within the M-37 to Gleason’s Landing river segment managed with Type 7 regulations.  The purposes of these surveys were to evaluate fish population and habitat characteristics, document population trends, and make comparisons to other Michigan streams.  

Several sand trapping projects have been conducted on the Pere Marquette River since the mid-1980s.  The purpose for conducting the sand trapping projects was to improve fisheries habitat by reducing sand sediment bedload.  The Forks Sand Trap was located in the Little South Branch near the confluence with the Middle Branch from about 1985 through 1992.  This trap was abandoned for the Bell Sand Trap located where Merrillville Road crosses the Little South Branch.  The Bell Sand Trap was operated from about 1992 through 2009.  The Turk Sand Trap in the Middle Branch of the Pere Marquette River was operated from 1996 through 2009.  This trap was located just downstream of King’s Highway.  A sand trap was operated on the Baldwin River at the Public Access Site below Baldwin Dam from the mid to late 1980s.  Another sand trap in the Baldwin River was operated from 2006 through 2009.  This trap was located just below the confluence with Cole Creek.

In 2009, The Pere Marquette Watershed Council requested an evaluation of the need for sediment traps in the watershed.  A mix of data including sediment bedload, water discharge, and sand trap dimensions were measured at the Bell and Turk sand traps to help evaluate their effectiveness.  The fish population and sediment bedload information will be summarized in this report and compared to other streams to help provide management direction for fishery resources in the watershed.   
Methods

Beginning in 1973, annual fish population estimates were made as often as possible at the Zimmy’s station, beginning at the mouth of the Baldwin River and extending upstream 1,047 ft.  In 2002, this 1.3 acre site was established as a Fixed Status and Trends (FST) station and has been sampled on a rotational 3-year on and 3-year off schedule ever since. All collections were made with a stream electro-fishing unit; fish were marked one day with a fin clip and a second sample was usually collected the following day or shortly thereafter.  Population estimates were made using the Chapman modification of the Peterson estimate and all population estimates in the Fisheries Division Fish Collection System were updated in 2010 for this report.

Complete habitat surveys including large woody material counts and substrate observations were made at the FST station in 2002 and 2009.  Discharge and bedload sediment samples were collected at 2 ft intervals across the width of the river just upstream of the Bell Sand Trap on October 22, 2009.  Discharge was determined using standard Fisheries Division protocols.    Sediment bedload samples were collected with a Helly-Smith (Helly and Smith 1971) bedload sampler with a 3.22 expansion ratio.  A 250 µm nylon mesh bag was attached to the rear of the 7.62 cm sampler orifice to capture bed sediments.  Each point was sampled for 60 s.

Sand trap dimensions were measured with a hand tape.  The Bell Sand Trap had dimensions of 385 ft long, 85 ft wide and 6 ft deep when empty.  The Turk Sand Trap had dimensions of 122 ft long, 27 ft wide and 6 ft deep.

Results and Comparisons
The total number per acre of all trout and salmon during the 23 years sampled varied substantially between years (Figure 2, Tables 2-6).  Steelhead were the most abundant species during all years followed by brown trout during most other years.  Abundance of coho and Chinook salmon also was quite variable on a relative scale.  Steelhead (rainbow trout), coho salmon, and Chinook salmon were predominantly juveniles (1-8 in) during all years.

Brown trout dominated fish population biomass in all years except 1988, 1989, and 1999, when steelhead had higher biomass (Figure 2, Tables 2-6).  Steelhead accounted for a substantial portion of total biomass during most years.    

Total biomass of trout and salmon averaged 113.8 lbs/acre and there appeared to be no obvious trend during the 37 year period (Figure 3).  Steelhead biomass averaged 39.8 lbs/acre (Figure 4) and was relatively stable with the exception of two very high years.  A period of somewhat higher steelhead abundance may have occurred from 1997 through 2003.  Brown trout biomass averaged 72.7 lbs/acre (Figure 4).  Brown trout biomass appeared to be high during the period from 1973 through 1982, and then declined until the mid to late 1990s and gradually returned to relatively high levels by 2008. 

Growth rates of brown trout in the Pere Marquette River were relatively high when compared to other trout streams in Michigan.  Mean length at age was near the 75th percentile of other Michigan FST streams at all ages except age-6 (Figure 5).  

Mean total biomass of trout and salmon was above the 75th percentile when compared to 50 other FST streams in Michigan (Figure 6).  This was true for both the more recent period from 2000 through 2003 and the long term period from 1973 through 2009.  Mean brown trout biomass was near the 75th percentile when compared to 38 other FST streams in Michigan (Figure 6).   Brown trout biomass was not significantly different from the Baldwin River, Bigelow Creek, Hersey River or the Middle Branch River fixed sites (Figure 7).  These other four streams in the Central Lake Michigan Management Area are managed with Type 1 regulations.

The density of brown trout (≥ 8 in) in the Pere Marquette River displayed a decreasing trend from 1973 through 1990, and then appeared to stabilize (Figure 8).  The Baldwin River appeared to have similar densities of ≥ 8 in and larger brown trout while the Hersey River had lower densities and Bigelow Creek and the Middle Branch River had higher densities (Figure 8).  

The density of brown trout (≥ 13 in) in the Pere Marquette River displayed a decreasing trend from 1973 through 1990, then gradually increased to relatively high densities by 2003 (Figure 9). The Pere Marquette River appeared to have higher densities of brown trout ≥ 13 in than the Middle Branch River, somewhat higher densities than the Baldwin River and Hersey River, and lower densities than Bigelow Creek (Figure 9).

The percentage of log cover in the Pere Marquette River was average when compared to other FST streams in Michigan (Figure 10).  The Baldwin River, Hersey River, and Bigelow Creek also had average log cover but the Middle Branch River had a relatively high percentage of this habitat component.  The Pere Marquette River had a relatively high percentage of stream area covered by wood-cobble structure, as did Bigelow Creek, the Hersey River and the Middle Branch River (Figure 10).  The Baldwin River had an average percentage of stream area covered by wood-cobble structure.  Bigelow Creek had a high percentage of area covered by sand substrate while the other four streams, including the Pere Marquette River, had average percentages of sand substrate when compared to other FST streams in Michigan (Figure 11).

The Bell Sand Trap on the Little South Branch of the Pere Marquette is 385 ft long.  Hydrologic model flow estimates (DNRE Hydrologic Unit) for this site were 59 cfs for mean annual flow, 42 cfs for the 90% exceedence flow, 54 cfs for the 50% exceedence flow, and 82 cfs for the 10% exceedence flow. Based on these flows, the Bell Sand Trap has sufficient length to be 99% efficient at removing sand (≥ 0.125 mm particles) from the Pere Marquette River at both high and low flows (Figure 12).  The smaller clay and silt particles are not collected efficiently with this trap.

The Turk Sand Trap on the Middle Branch of the Pere Marquette River is 122 ft long.  Hydrologic model flow estimates (DNRE Hydrologic Unit) for this site were 19 cfs for mean annual flow, 14 cfs for the 90% exceedence flow, 18 cfs for the 50% exceedence flow, and 26 cfs for the 10% exceedence flow. Based on these flows, the Bell Sand Trap has sufficient length to be 95% efficient at removing sand (≥ 0.125 mm particles) from the Pere Marquette River at both high and low flows (Figure 13).  The smaller clay and silt particles are not collected efficiently with this trap.

The measured discharge of the Little South Branch of the Pere Marquette River on October 22, 2009 was 63.7 cfs (1.80 cms).  Total stream width was 39.5 ft and total bedload sediment discharged was 2514.7 g.  The concentration of bedload sediment was 1.2 mg/l and total bedload discharge was estimated at 0.19 Mg/d.  Ladewig (2006) measured bedload sediment in the Muskegon River and several tributaries.  The sediment bedload measured in the Little South Branch of the Pere Marquette River was similar to those measured in the Muskegon River watershed (Figure 14).  

Discussion and Conclusions
Twenty-three years of trout and salmon population estimates were collected at one station on the Pere Marquette River during a 37 year period from 1973 through 2009.  This long term data set provides valuable information available for only a few other streams in Michigan.  There was no significant trend in combined population biomass of steelhead, brown trout, Chinook salmon and coho salmon during the 37 year period.  Abundance of all trout and salmon also displayed no significant trend, but there were substantial annual variations in abundance, especially for steelhead.  Nearly all steelhead collected were juveniles and it is common for juvenile steelhead populations to vary annually in Michigan streams (Alexander and Hansen 1983; Seelbach 1986).   Brown trout accounted for the greatest portion of biomass due to the much larger sizes of brown trout collected in comparison to the other three species.  Steelhead accounted for a substantial portion of biomass during most years.  

All coho salmon and Chinook salmon collected were small juveniles and composed a small portion of the total fish population abundance and biomass.  It should be noted that population information for Chinook and coho salmon was not reported prior to 1997, although juveniles of these two species were present in the Pere Marquette River as early as 1976.  Carl (1980) reported Chinook salmon as common to abundant in the Pere Marquette River (similar location as the FST sampling site) and noted the presence of coho salmon from 1976 through 1978.  Zaft (1992) reported out-migrations of abundant Chinook salmon smolts and a few coho salmon smolts in the Pere Marquette River during 1988, 1989, and 1990. 
Brown trout biomass appeared to be high during the period from 1973 through 1982, and then declined until the mid to late 1990s and gradually returned to relatively high levels by 2008.  Growth of brown trout was relatively high when compared to other FST streams in Michigan.  

The total biomass of trout and salmon in the Pere Marquette River is relatively high when compared to other FST stream sites in Michigan.  This is not only the result of a large brown trout population but also because of the substantial juvenile steelhead population present in the stream.  Brown trout biomass also ranks near the 75th percentile of FST stream in Michigan.  

Natural reproduction of trout and salmon in the mainstem of the Pere Marquette River near the mouth of the Baldwin River is very good.  All stream segments upstream of this location also have very good natural reproduction of trout and salmon, including the Little South Branch of the Pere Marquette River, the Middle Branch of the Pere Marquette River and the Baldwin River.  Stocking of trout and salmon in these sections of river is not recommended.  Presently, the mainstem is stocked with brown trout from Carr Road (Bowman Bridge) to Reek Road (near the mouth of the Big South Branch of the Pere Marquette River).  This area should continue to be stocked until adequate evaluations of fish populations and water temperatures are completed.  The Big South Branch of the Pere Marquette River is a coolwater stream that is stocked with steelhead and brown trout between Washington Road and Walhalla Road.  There is little, if any, natural reproduction of trout in the Big South Branch of the Pere Marquette River and stocking brown trout and steelhead should continue.  Some natural reproduction of Chinook salmon occurs in this tributary stream.

Brown trout population characteristics were compared to four other FST streams in the Central Lake Michigan Management Unit that are managed with Type 1 regulations.  These included the Baldwin River (a tributary of the Pere Marquette River), and the Middle Branch River, Hersey River and Bigelow Creek that are all tributaries of the Muskegon River.  The Baldwin River, Hersey River and Middle Branch River had similar brown trout biomass compared to the Pere Marquette River while Bigelow Creek appeared to have higher biomass levels.  

Generally, special regulations like the flies only and no-kill regulations presently used on the Pere Marquette River are targeted at increasing biomass and the size structure of resident brown trout populations.  When compared to the Pere Marquette River, the Baldwin River had similar log cover, lower total structure, similar sand substrate, similar densities of ≥ 8 in brown trout and somewhat lower densities of ≥ 13 in brown trout.  The Hersey River was similar in all three habitat characteristics to the Pere Marquette River but had lower densities of ≥ 8 in brown trout and somewhat lower densities of ≥ 13 in brown trout. The Middle Branch River had similar instream structure and sand substrate to the Pere Marquette River, a higher percentage of log cover, higher densities of ≥ 8 in brown trout and lower densities of ≥ 13 in brown trout. Bigelow Creek had a similar percentage of log cover to the Pere Marquette River, higher levels of instream structure and sand substrate, somewhat higher densities of ≥ 8 in brown trout and higher densities of ≥ 13 in brown trout.  All of the streams had a least one component of wood cover at a relatively high percentage level and this could be a factor in the similarity of brown trout biomass among the streams, although it would not explain the brown trout size structure differences, especially for the Middle Branch River which had high percentages of both log cover and instream structure. Bigelow Creek had the highest percentage of sand substrate and also the greatest biomass of brown trout and brown trout ≥ 13 in.  Overall, brown trout biomass and size structure of the Type 1 regulation streams is comparable to the Type 7 regulation section of the Pere Marquette River.  Based on the long period of decline and recovery occurring over a 37 year period, brown trout biomass did not appear to be related to implementation of special regulations on the Pere Marquette River in 1973.

Both the Bell Sand Trap on the Little South Branch of the Pere Marquette River and the Turk Sand Trap on the Middle Branch of the Pere Marquette River have adequate length to efficiently collect sand sediment bedload at both low and high flows.  Neither of the sand traps is efficient at collecting the smaller clay and silt particles, but sand traps are usually not designed to do so (Hansen et al. 1983).

The sediment bedload of the Little South Branch of the Pere Marquette River was similar to Muskegon River tributaries at a comparable discharge.  Ladewig (2006) found that the Muskegon River clearly falls within the range of sediment transport for North American rivers, in general, and Midwestern rivers in particular.  In comparison to several well-studied rivers across the country, the lower Muskegon River sediment transport relationships are anything but extreme.  This indicates that bedload sediment transport in the Pere Marquette River is comparable to other Midwestern rivers at low flows.  This does not mean sediment transport is not somewhat above natural levels, just similar to other rivers in the Midwest.  Due to the variable nature of sediment transport in streams over time, it would be best to have sediment transport information over a wide range of flows for an extended period of time on the Pere Marquette River to determine if sediment control is appropriate on this system. 

Two studies relating sand sediment levels to trout population characteristics have been completed in Michigan.  Alexander and Hansen (1983) evaluated trout population characteristics in Poplar Creek (Pine-Manistee River watershed) by removing sand from the stream using sediment traps.  Sand bedload was decreased from an average of 56 mg/l in a control section to 7 mg/l (long term estimates) in the treatment section.  Statistically significant changes in brown trout occurred primarily for age-0 and age-1 fish.  Statistically significant changes in rainbow trout occurred only for age-0 fish. Growth of fish did not change.  Overall, there was about a 29% increase in trout abundance with the principal improvements occurring for juvenile brown and rainbow trout.

Alexander and Hansen (1986) evaluated brook trout population characteristics after adding sand to Hunt Creek which is part of the Thunder Bay River watershed.  Enough sand was added to Hunt Creek to increase the natural sand bedload from an average of 20 mg/l to 80 mg/l. The brook trout population declined by 51% after addition of the sand and all sizes of fish were affected.  Benthic invertebrates declined by more than 50% but trout growth did not change.  The major effect on the trout population from increasing the sediment bedload was reduced survival of eggs and fry due to degradation of microhabitats.  However, if eggs and fry had not decreased, the authors felt similar affects on the trout population would have occurred due to the reduced carrying capacity of the stream.  This study indicates that increasing sand sediment concentrations by 4-5 times normal levels in brook trout streams most likely will have negative effects on the trout population.  But, naturally sandy streams can support good brook trout populations.  The substrate of Cedar Creek, Muskegon County, is predominantly sand, yet this stream has one of the highest biomass levels of brook trout in Michigan (O’Neal 2007, in press).

Another consideration with removing natural sand bedload from Michigan streams is the potential for increasing bed and bank erosion (Hansen 1971; Hansen et al. 1983).  These types of effects may not be visible for many years after sediment removal begins.  For example, Croton Dam was constructed on the Muskegon River in 1907.  By 1991, the river had widened by an average of 21 percent in the 2.4 miles just downstream from Croton Dam due to removal of sediment by the dam (Ladewig 2006).   The issue of increased bank erosion becomes even more of a concern considering the extensive artificial bank stabilization that has occurred in the Pere Marquette River over the past 25 years. Bank stabilization using rip-rap or similar hard materials is not recommended because it changes natural shoreline characteristics.  Bank erosion is a natural river process and should be viewed from that perspective.  The Baldwin River provides a good example of where sediment control is highly questionable.  Nearly the entire Baldwin River watershed is contained within a large, relatively inaccessible swamp system, with little development and very few road crossings.

Ladewig’s (2006) sediment study was part of a much broader ecological evaluation (Mega-model study) of the Muskegon River watershed.  The results of the Mega-model studies indicate that under any future landscape development scenario substantial increases in channel erosion will occur (http://148.61.56.211/report.html).  This is the result of changes in landscape vegetation cover that will release less of the rain back into the atmosphere.  Less evapotranspiration from trees results in increasing overall river flows and long term reshaping of the channel to accommodate these flows.  Rivers will naturally balance flow energy, sediment transport, and channel size and shape until these factors reach equilibrium.  Basically, a river erodes until it has adequate size and shape to carry its typical sediment load.   Conclusions from the Mega-model studies are that land management choices, (1) especially the reduction of urban sprawl, (2) the promotion of forest cover, and (3) the establishment of rigorous riparian setback rules are the only really efficient ways to reduce the effects of systemic erosion.  These management objectives require long term planning on a watershed scale.  Other factors that are important in regard to land management include the control of water and sediment runoff from all artificial drains (including agriculture, urban and road drains) and road stream crossings, along with any other type of artificial drainage.

Mike Wiley (Mega-model coordinator) provided information on the increase in natural sediment bedload under present hydrologic conditions in the Muskegon River watershed.  These estimates were highly dependent on changes in the level of forest cover and development in each subwatershed.  Typical increases in sediment transport between 1830 and 1998 in the Muskegon River and tributaries ranged from 1-19% (Table 7).   The Pere Marquette River watershed has lost about 37.9% of forest cover and gained 21.2% of agriculture and urban land cover between 1830 and 1998.  Based on this information, instream sediment increases resulting from development should be less than 20% in the Pere Marquette watershed.  This indicates that 80% or more of the sediment collected in the sand traps is natural bedload. 

There does not appear to be a relationship between brown trout biomass and sediment removal in the Pere Marquette River.   Although brown populations gradually increased after sand trapping operations began in the mid-1980s, they had been at high levels prior to implementation of the sediment control programs.  Juvenile steelhead did not appear to display a strong increasing trend after implementation of sediment control programs.  Based on the results of the two sediment studies in Michigan, there was the potential for increased steelhead abundance following the sediment control program.    

Considering the uncertain benefits of the sediment control program in the Pere Marquette River watershed and the potential for increased channel destabilization, this program should be discontinued.  Any future sediment control should be based on thorough analyses of hydrologic and sediment data collected from the Pere Marquette River watershed.  Sediment control programs are very expensive, generally provide relatively short term benefits, and should address the specific underlying hydrologic and landscape issues of the Pere Marquette River watershed if they are needed.   Habitat management activities should consider a broad range of landscape issues including protecting and increasing forest cover, controlling urban sprawl, increasing riparian setbacks, and reducing artificial drainage.  Channel work should be focused on preservation of natural river characteristics, restoring wood structure, removal of dams and evaluation of other artificial alterations. These recommendations are consistent with the Michigan Natural Rivers Designation of the Pere Marquette River.
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Figure 1.  Watershed map of the Pere Marquette River. Sand trap locations and river sections with specific fishing type regulations are indicated.
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Figure 2.  Density (upper graph) and biomass (lower graph) of trout and salmon in the Pere Marquette River from 1973 through 2009.
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Figure 3.  Biomass of all trout and salmon in the Pere Marquette River from 1973 through 2009.  The graph indicates mean values with 95% confidence intervals.
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Figure 4.  Biomass of steelhead (upper graph) and brown trout (lower graph) in the Pere Marquette River.  The graphs indicate mean values with 95% confidence intervals.  
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Figure 5.  Growth of brown trout in the Pere Marquette River.  The dashed lines indicate the 25th and 75th percentiles of 39 FST streams containing brown trout in Michigan. 
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Figure 6.  Biomass of all trout and salmon (upper figure) and brown trout (lower figure) of Fixed Status and Trends streams in Michigan.  The horizontal lines represent the 25th and 75th percentiles for Michigan streams.
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Figure 7.  Biomass of brown trout in five Fixed Status and Trends streams in Michigan.  The graphs indicate mean values with 95% confidence intervals.
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Figure 8.  Density of ≥ 8 in brown trout in the Pere Marquette River (upper figure) and comparison of ≥ 8 in brown trout densities in five Fixed Status and Trends streams in Michigan.  The graphs indicate mean values with 95% confidence intervals.
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Figure 9.  Density of ≥ 13 in brown trout in the Pere Marquette River (upper figure) and comparison of ≥ 13 in brown trout densities in five Fixed Status and Trends streams in Michigan.  The graphs indicate mean values with 95% confidence intervals.
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Figure 10.  The percentage of stream length containing logs (upper figure) and the percentage of area containing wood and rip-rap structure (lower figure) in five Fixed Status and Trends streams in Michigan. The horizontal lines indicate the 25th and 75th percentiles for Fixed Status and Trends streams in Michigan.
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Figure 11.  The percentage of area containing sand substrate in five Fixed Status and Trends streams in Michigan. The horizontal lines indicate the 25th and 75th percentiles for Fixed Status and Trends streams in Michigan.
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Figure 12.  Collection efficiencies of the Bell Sand Trap on the Little South Branch of the Pere Marquette River for sand (≥ 0.125 mm particles - upper figure), and silts and clay (≥ 0.31 mm particles - middle graph, ≥ 0.008 mm particles – lower figure) particles.
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Figure 13.  Collection efficiencies of the Turk Sand Trap on the Middle Branch of the Pere Marquette River for sand (≥ 0.125 mm particles - upper figure), and silts and clay (≥ 0.31 mm particles - middle graph, ≥ 0.008 mm particles – lower figure) particles.
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Figure 14.  Scatter plot of sediment bedload vs. discharge for the Muskegon River and tributaries, and the Little South Branch of the Pere Marquette River near Merriville Road.  Muskegon River data from Ladewig (2006).

Table 1.  General summary of special regulations in the M-37 to Gleason’s Landing segment of the Pere Marquette River. Regular season refers to the period from the last Saturday in April through September 30 and the extended season generally was all or part of the rest of the year.  Abbreviations refer to brook trout (BKT), rainbow trout (RBT), Chinook Salmon (CHS), and Coho salmon (COH).

	Year
	Regular season
	Extended season
	Other

	
	Minimum
	Possession
	Minimum
	Possession
	

	
	size
	limit
	size
	limit
	

	
	
	
	
	
	

	1970
	BKT-7 in

Others- 10 in
	5
	BKT-7 in

Others- 10 in
	5
	Flies only tackle from June 1 – October 16

	1978
	BKT-7 in

Others- 10 in
	5
	BKT-7 in

Others- 10 in
	2 RBT, CHS, or COH
	Flies only tackle

	1981
	BKT-8 in

Others- 10 in
	5
	BKT-8 in

Others- 10 in
	2 RBT and 3 CHS or COH
	Flies only tackle

	1982
	All trout & salmon-10 in
	5
	All trout & salmon-10 in
	2 RBT and 3 CHS or COH
	Flies only tackle

	1983
	All trout & salmon-10 in
	5
	All trout & salmon-10 in
	1 RBT and 3 CHS or COH
	Flies only tackle

	1990
	All trout & salmon-10 in
	3/1≥16 in
	All trout & salmon-16 in
	3 RBT, CHS, or COH
	Flies only tackle

	1999
	All trout & salmon-16 in
	1
	All trout & salmon-16 in
	1 RBT, CHS or COH
	Flies only tackle

	2000
	
	0
	
	0
	Flies only tackle


Table 2.  Combined population estimates for brown trout, rainbow trout, Chinook salmon, and Coho salmon for the Pere Marquette River.  Note that C.I. indicates confidence interval.

	Year
	Numbers/acre
	Pounds/acre

	
	95% C.I high
	95% C.I. low
	Mean
	95% C.I high
	95% C.I. low
	Mean

	1973
	2389.3
	219.8
	1304.6
	204.1
	53.2
	128.6

	1981
	9305.4
	221.0
	4763.2
	200.8
	80.5
	140.6

	1982
	921.3
	267.5
	594.4
	187.9
	66.6
	127.3

	1983
	1170.9
	382.0
	776.4
	131.5
	44.2
	87.9

	1984
	560.1
	101.4
	330.8
	116.5
	32.8
	74.6

	1988
	2666.3
	1247.6
	1956.9
	204.2
	93.1
	148.6

	1989
	2192.3
	1084.5
	1638.4
	144.8
	79.2
	112.0

	1990
	1352.6
	257.1
	804.9
	83.4
	29.9
	56.7

	1991
	1419.7
	208.1
	813.9
	132.3
	26.4
	79.4

	1992
	3325.0
	1017.9
	2171.4
	163.9
	53.3
	108.6

	1994
	2100.6
	585.3
	1342.9
	92.1
	42.4
	67.3

	1995
	3446.9
	1361.1
	2404.0
	98.8
	56.9
	77.8

	1996
	1700.4
	613.8
	1157.1
	126.1
	59.7
	92.9

	1997
	5232.6
	1884.7
	3558.7
	164.6
	67.0
	115.8

	1998
	4263.5
	1206.5
	2735.0
	146.7
	47.5
	97.1

	1999
	5879.1
	3563.0
	4721.0
	235.8
	152.3
	194.1

	2000
	2840.5
	1467.9
	2154.2
	145.2
	83.9
	114.6

	2001
	2652.8
	1647.8
	2150.3
	205.0
	78.3
	141.7

	2002
	5478.7
	1444.4
	3461.6
	154.6
	75.5
	115.0

	2003
	3683.7
	2530.1
	3106.9
	173.5
	112.9
	143.2

	2004
	1492.6
	818.0
	1155.3
	134.9
	81.1
	108.0

	2008
	2320.9
	1426.5
	1873.7
	162.8
	121.1
	141.9

	2009
	1994.9
	1289.1
	1642.0
	169.5
	118.0
	143.8

	Average
	2973.5
	1080.2
	2026.9
	155.6
	72.0
	113.8


Table 3.  Brown trout population estimates for the Pere Marquette River.  Note that C.I. indicates confidence interval.

	Year
	Numbers/acre
	Pounds/acre

	
	95% C.I high
	95% C.I. low
	Mean
	95% C.I high
	95% C.I. low
	Mean

	1973
	963.6
	52.7
	508.1
	177.0
	51.4
	114.2

	1981
	533.0
	124.5
	328.8
	130.5
	76.4
	103.4

	1982
	366.2
	92.4
	229.3
	151.5
	58.1
	104.8

	1983
	209.6
	64.5
	137.1
	101.6
	43.1
	72.4

	1984
	141.5
	34.8
	88.2
	90.2
	31.1
	60.6

	1988
	91.4
	41.3
	66.3
	51.9
	38.5
	45.2

	1989
	119.1
	71.3
	95.2
	62.9
	35.3
	49.1

	1990
	101.9
	50.3
	76.1
	43.3
	27.7
	35.5

	1991
	251.0
	53.6
	152.3
	91.6
	23.6
	57.6

	1992
	270.8
	114.6
	192.7
	77.9
	47.0
	62.5

	1994
	205.6
	80.4
	143.0
	62.8
	37.0
	49.9

	1995
	168.7
	73.9
	121.3
	55.5
	39.7
	47.6

	1996
	149.2
	79.8
	114.5
	79.9
	47.9
	63.9

	1997
	251.4
	57.0
	154.2
	91.1
	41.8
	66.5

	1998
	280.5
	60.2
	170.3
	75.8
	25.3
	50.6

	1999
	214.2
	141.5
	177.8
	100.3
	71.6
	86.0

	2000
	170.6
	108.5
	139.5
	73.5
	48.9
	61.2

	2001
	234.3
	118.5
	176.4
	134.0
	44.4
	89.2

	2002
	174.2
	94.8
	134.5
	87.9
	43.4
	65.6

	2003
	274.1
	169.2
	221.7
	116.3
	75.9
	96.1

	2004
	230.9
	126.5
	178.7
	94.0
	60.7
	77.4

	2008
	287.9
	205.6
	246.7
	108.8
	94.1
	101.5

	2009
	351.4
	208.3
	279.8
	126.2
	96.7
	111.5

	Average
	262.6
	96.7
	179.7
	95.0
	50.4
	72.7


Table 4.  Rainbow trout population estimates for the Pere Marquette River.  Note that C.I. indicates confidence interval.

	Year
	Numbers/acre
	Pounds/acre

	
	95% C.I high
	95% C.I. low
	Mean
	95% C.I high
	95% C.I. low
	Mean

	1973
	1425.7
	167.2
	796.4
	27.1
	1.8
	14.4

	1981
	8772.4
	96.5
	4434.4
	70.3
	4.1
	37.2

	1982
	555.2
	175.1
	365.1
	36.4
	8.5
	22.5

	1983
	961.3
	317.4
	639.4
	29.9
	1.1
	15.5

	1984
	418.6
	66.6
	242.6
	26.3
	1.7
	14.0

	1988
	2575.0
	1206.3
	1890.6
	152.3
	54.6
	103.4

	1989
	2073.3
	1013.1
	1543.2
	81.8
	43.9
	62.9

	1990
	1250.7
	206.9
	728.8
	40.1
	2.3
	21.2

	1991
	1168.8
	154.5
	661.6
	40.7
	2.9
	21.8

	1992
	3054.2
	903.3
	1978.7
	86.0
	6.4
	46.2

	1994
	1895.0
	504.9
	1199.9
	29.3
	5.4
	17.4

	1995
	3278.1
	1287.2
	2282.7
	43.3
	17.2
	30.2

	1996
	1551.1
	534.1
	1042.6
	46.2
	11.8
	29.0

	1997
	4081.2
	1938.9
	3010.0
	58.1
	27.1
	42.6

	1998
	3847.5
	1126.6
	2487.0
	68.6
	21.9
	45.3

	1999
	5664.9
	3421.5
	4543.2
	135.5
	80.7
	108.1

	2000
	2436.4
	1329.8
	1883.1
	66.6
	34.4
	50.5

	2001
	2185.4
	1475.6
	1830.5
	66.0
	32.8
	49.4

	2002
	5174.1
	1306.8
	3240.4
	64.4
	31.6
	48.0

	2003
	2896.0
	2192.5
	2544.3
	49.2
	35.1
	42.1

	2004
	1177.9
	653.1
	915.5
	39.3
	19.6
	29.5

	2008
	1613.7
	1117.6
	1365.7
	46.4
	26.3
	36.4

	2009
	1082.6
	729.9
	906.3
	36.7
	17.9
	27.3

	Average
	2571.3
	953.3
	1762.3
	58.3
	21.3
	39.8


Table 5.  Chinook salmon population estimates for the Pere Marquette River.  Note that C.I. indicates confidence interval.

	Year
	Numbers/acre
	Pounds/acre

	
	95% C.I high
	95% C.I. low
	Mean
	95% C.I high
	95% C.I. low
	Mean

	1973
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	1981
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	1982
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	1983
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	1984
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	1988
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	1989
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	1990
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	1991
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	1992
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	1994
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	1995
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	1996
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	1997
	856.9
	-121.1
	367.9
	14.8
	-2.1
	6.4

	1998
	72.1
	0.4
	36.3
	1.4
	0.0
	0.7

	1999
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	2000
	178.5
	9.8
	94.1
	4.3
	0.3
	2.3

	2001
	215.9
	45.5
	130.7
	4.8
	1.0
	2.9

	2002
	38.7
	-2.1
	18.3
	1.1
	-0.1
	0.5

	2003
	310.0
	40.1
	175.1
	5.9
	0.7
	3.3

	2004
	17.6
	17.6
	17.6
	0.5
	0.5
	0.5

	2008
	204.1
	-17.8
	93.1
	5.1
	-0.5
	2.3

	2009
	84.6
	8.0
	46.3
	1.9
	0.1
	1.0

	Average
	86.0
	-0.9
	42.6
	1.7
	0.0
	0.9


Table 6.  Coho salmon population estimates for the Pere Marquette River.  Note that C.I. indicates confidence interval.

	Year
	Numbers/acre
	Pounds/acre

	
	95% C.I high
	95% C.I. low
	Mean
	95% C.I high
	95% C.I. low
	Mean

	1973
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	1981
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	1982
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	1983
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	1984
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	1988
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	1989
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	1990
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	1991
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	1992
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	1994
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	1995
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	1996
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	1997
	43.2
	9.9
	26.5
	0.5
	0.1
	0.3

	1998
	63.5
	19.3
	41.4
	0.8
	0.2
	0.5

	1999
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	2000
	55.0
	19.8
	37.4
	0.8
	0.3
	0.6

	2001
	17.2
	8.2
	12.7
	0.3
	0.1
	0.2

	2002
	91.7
	44.9
	68.3
	1.2
	0.6
	0.9

	2003
	203.6
	128.3
	165.9
	2.1
	1.2
	1.7

	2004
	66.3
	20.8
	43.6
	1.1
	0.3
	0.7

	2008
	215.3
	121.1
	168.2
	2.4
	1.2
	1.8

	2009
	476.3
	342.8
	409.6
	4.7
	3.3
	4.0

	Average
	53.6
	31.1
	42.3
	0.6
	0.3
	0.5


Table 7.  Sediment transport increases between 1830 and 1998 in the Muskegon River and some tributary streams, based on hydrologic and land-use modeling of the watershed (Dr. Mike Wiley, University of Michigan, personal communication, 2009).

	Stream
	Annual sediment transport 1998 (yards3)
	1830 to 1998 sediment transport increase (%)
	Percent watershed cover change from 1830 to 1998

	
	
	
	Forest
	Agriculture & Urban

	
	
	
	
	

	Muskegon River
	109,357
	10
	-19.9
	24.7

	Hersey River
	12,032
	16
	-40.9
	22.3

	Clam River
	9,640
	1
	-21.0
	20.5

	Cedar Creek
	3,302
	6
	-21.5
	31.3

	Middle Branch River
	2,621
	19
	-36.7
	31.3
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