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Environment

Geography

Emerald and Sylvan lakes are located in Newaygo County, in the western portion of the lower peninsula of Michigan (Figure 1).  These lakes are part of the Lake Michigan, Muskegon River, and Penoyer Creek watersheds.  Emerald and Sylvan lakes, along with Kimball and Pickerel lakes, form the headwaters of Penoyer Creek which discharges into the Muskegon River in the Village of Newaygo.  Peck Lake, Ford Lake, Mud Lake, and Ryerson Lake drain into Kimball Lake through Ryerson Lake outlet.  Public access to all four of the lakes in this chain is gained through the Michigan Department of Natural Resources (MDNR) boat launch on Pickerel Lake. 

Land Use

The area around Emerald and Sylvan lakes was heavily logged during the mid to late 1800s (O'Neal 1997).  Historical photos of this area showed few, if any, trees were left standing after the logging operations.  A survey of the lake in 1954 indicated the shoreline areas were wooded so some degree of shoreline cover in second growth forest was restored by that time.  

Information on dwelling densities along the shoreline was available for Sylvan Lake in 1966 and 2004, and for Emerald Lake in 1947, 1966 and 2004.  Dwelling densities for both Sylvan Lake and Emerald Lake in 2004 were similar and relatively high when compared to other lakes in Michigan (Figure 2).  Both lakes show an increasing trend in dwelling densities with time.  

The percentage of shoreline with artificial armor (rocks and seawall) was determined for Emerald and Sylvan lakes in 2004.  Artificial shore armor was moderate to low when compared to other lakes in Michigan (Figure 3).  

Submerged tree densities, in the littoral zone, were determined for Emerald and Sylvan lakes in 2004.  Submerged tree densities, for both lakes, were very low when compared to other lakes in Michigan (Figure 4).

Lake Morphology

Emerald and Sylvan Lakes are joined through a relatively narrow channel and are managed as a single lake system.  The lakes drain into Penoyer Creek through a channel at the southeast end of Emerald Lake.  A dam in Penoyer Creek has regulated lake levels in this system since at least the early 1950s.  The dam is approximately 4.5 ft in height and the Newaygo County Drain Commissioner presently regulates water levels between the elevations of 760.0 ft during summer and 759.5 ft during winter.  The depths of theses two lakes were mapped and general physical features inventoried between 1946 and 1954 (Figures 5 & 6).  Sylvan Lake had a maximum depth of 60 ft and a surface area of approximately 113 acres.  Emerald Lake had a maximum depth of 49 ft and a surface area of approximately 83 acres.  

Water Temperature and Chemical Features

Alkalinity, chlorophyll-a, water transparency, water temperature, and dissolved oxygen measurements were acquired during surveys in 1941, 1947, 1954, and 2004, although not all parameters were acquired during all  years.  Alkalinity was measured in 1941, 1947, and 1954 in Emerald Lake and none were collected in Sylvan Lake.  Alkalinity values were moderate to very high during this period when compared to other lakes in Michigan, indicating relatively good biological productivity in Emerald Lake (Figure 7, Table 1).  This is consistent with descriptions of extensive marl deposits in Emerald and Sylvan Lake from the 1954 inventory.  The presence of significant marl (CaCO3) tends to reduce biological productivity in lakes due to effects on carbon and nutrient availability.

Chlorophyll-a concentrations were measured in Emerald and Sylvan lakes in 2004.  Chlorophyll-a concentrations were similar in both lakes and were relatively low when compared to other lakes in Michigan (Figure 8, Table 1).  The levels of Chlorophyll-a indicate borderline mesotrophic-oligotrophic conditions and low biological productivity.

Water transparency (Secchi disc) was measured in Sylvan Lake during 2004 and in Emerald Lake during 1941, 1947, 1954, and 2004.  Water transparency was somewhat lower in 2004 than in previous years and about average when compared to other Michigan lakes (Figure 9, Table 1). The lower water transparency values found in recent years may indicate increased nutrient enrichment in these lakes.

Water transparency, chlorophyll-a, and total phosphorous were measured through the Department of Environmental Quality Cooperative Lakes Monitoring Program during 1998, 2004, and 2008 (Table 2).  These parameters generally indicated mesotrophic conditions with more oligotrophic conditions indicated by total phosphorous in 2004, and more eutrophic conditions indicated by water transparency in 1998 and total phosphorous in 2008.  These results were similar to surveys conducted by the MDNR as slight variations can occur annually or seasonally in Michigan lakes. 

Water temperature profiles related to depth were collected in Sylvan Lake during 2004 and in Emerald Lake during 1941, 1947, 1954, and 2004.  Water temperature profiles in Emerald and Sylvan lakes in 2004 were similar and exhibited a strong thermocline between depths of 17-35 ft (Figure 10).  Similar water temperature profiles were found in Emerald Lake during 1947 and 1954, but a less significant thermocline was found in 1941 (Figure 11).

Dissolved oxygen profiles related to depth were collected in Sylvan Lake during 2004 and in Emerald Lake during 1941, 1947, 1954, and 2004.   Dissolved oxygen profiles in Emerald and Sylvan lakes in 2004 were similar and exhibited a strong peak between depths of 18-23 ft (Figure 12).  Oxygen levels remained greater than 5 mg/l to a depth of 25 ft in Emerald Lake and 29 ft in Sylvan Lake.  Similar dissolved oxygen profiles were found in Emerald Lake during 1941 and 1954, and one measurement at the 30 ft depth in 1947 indicated oxygen levels were probably similar that year (Figure 13).     

Both Emerald and Sylvan lakes have a cool (? 69ºF) layer of water with dissolved oxygen levels greater than 5 mg/l.  This segment of water exists within the thermocline at depths of about 17 ft to 25-30 ft. The oxygenated thermocline layer was present in all years evaluated.    

Biological Features

Zooplankton samples were collected from Emerald and Sylvan lakes in 2004.  Mean zooplankton size was very high for both lakes when compared to other lakes in Michigan (Figure 14, Table 1).  The mean size of zooplankton was well above the statewide 75th percentile.

Aquatic plants were inventoried in Emerald and Sylvan lakes during 1954.  Submerged, floating-leaved, and emergent aquatic plants were found throughout the littoral zone of both lakes (Figures 5 & 6).  Species composition and general abundance records were available for Emerald Lake and it is likely similar plants were present in Sylvan Lake (Table 3).  The macro-algae Chara spp. was found at moderate to dense levels throughout the lake.   Yellow pond-lily and arrowhead were present at medium to sparse abundances.  The abundance of the other plants were sparse and included waterweed, native water-milfoil, five species of pondweeds, two species of bulrush, sweet-scented waterlily and buttercup.  Bladderwort (Utricularia spp.) and cat-tails (Typha spp.) were other plants reported in a 1926 survey, and coontail (Ceratophyllum demersum) was reported in the 1947 survey.

Chemicals that have consistently been used to kill algae and aquatic macrophytes in Emerald and Sylvan lakes since 1998 include copper products, Reward (diquate dibromide), 2,4-D, and Renovate (triclopyr; Table 4). Renovate is a systemic that is used for controlling Eurasian water-milfoil but also kills native water-milfoil, yellow pond-lily, pickerelweed, sweet-scented waterlily, and watershield.  When used at normal levels, the 2,4-D products kill Eurasian water-milfoil, native milfoils and water stargrass.  At higher concentrations they can kill bladderwort, sweet scented waterlily, yellow pond-lily, watershield and coontail. Reward is a contact herbicide that is used to target and can kill most macrophytes.  Copper products are generally used to control algae (filamentous and planktonic) as well as macroalgae (Chara). Hydrothol 191 (endothall) was proposed for use in 1998 and can also be used to kill algae, as well as coontail, pondweeds, waterweed, milfoil, naiad, and water celery.  Aquathol-K (endothall) was proposed for use in 1998 and is similar to Hydrothol 191 except it is generally not used to target algae, waterweed or wild celery.  Rodeo was proposed for use in 1998 and was used in 2003.  Rodeo is used to kill emergent macrophytes.  

Another factor affecting native plants was dredging activities in these lakes, especially in the northwest bay of Emerald Lake where an extensive dredging project was recently proposed.  Proper use of 2,4-D and Renovate can achieve relatively selective control of the invasive Eurasian water-milfoil and this can be a beneficial program.  However, chemical treatments continue to target removal of native plants in Emerald and Sylvan lakes.  Removal of native plants is not recommended because they provide the primary habitat for food, reproduction, and shelter for fish and wildlife in these lakes.  Removing native plants also promotes the spread of invasive plants in Michigan lakes.

History

The first surveys of these lakes were conducted by the Michigan Fish Commission and provided notes on surrounding geography, general drawings of the lake, water depth measurements, fish collections, and some observations of invertebrate organisms.  Sylvan Lake was surveyed in 1892 and was called Big Marl Lake at that time (Table 5).  The gill net survey collected northern pike, largemouth bass, bluegill, and yellow perch.  The fish were noted to be in good condition and food was plentiful in the form of larvae, crustaceans, minnows, and crayfish.  Bottom materials were noted as mostly clay-marl with some mud (organic material).  Emerald Lake was surveyed in 1891 and was called Little Marl Lake at that time.  Bottom materials and food organisms were similar to Sylvan Lake.  A net survey was not conducted, although the survey indicated rock bass were also reported in the lake by anglers.

Other surveys were conducted by the Michigan Department of Natural Resources in 1926, 1941, 1947, 1948, 1954, and 2004 (Table 5).  Notes from the 1949 survey indicated the lake had heavy marl deposits and a lake level control structure (5 ft high) was present about 1,000 ft downstream of the outlet.  The 1954 survey indicated marl had been dredged from the lake in the past.  Commercial wiggler harvest was reported on these lakes in 1949.  Approximately 90 brush shelters were installed around the lake in 1955, at depths of 10-15 ft.  A sewer system was installed in 2002 which provides service to most of the residences on Sylvan, Emerald, Pickerel, and Kimball lakes.  A fish kill was reported in 2007 that was determined to be the result of natural winter-spring mortalities due to overwinter and spawning stress.  

Fish stocking has been very limited in Emerald and Sylvan lakes (Table 6).  In the early 1930s, some bluegill, sunfish, largemouth bass, and yellow perch were stocked.  Adult walleye were stocked from the Muskegon River (Newaygo Transfer) for a period in the 1930s and 1940s.  Brook trout were stocked in 1965 and one private stocking of fingerling walleye occurred in 1988.

Current Status

A fishery survey was conducted on Emerald and Sylvan lakes in 2004.  Information from this survey will be used to summarize the current fish community conditions in these lakes and make comparisons to historical fish community composition information. 

Thirteen species of fish and five species of turtles were collected during the 2004 survey (Table 7).  The prevalent fish species collected, for both biomass and numbers, were bluegill, largemouth bass, northern pike, black crappie, pumpkinseed, rock bass, and yellow perch.  These same species were the dominant species of fish collected in the 1954 and 1891-92 surveys.  Spottail shiner was the only forage species collected in 2004.  Spottail shiners were not collected in 1954, but blacknose shiner, bluntnose minnow, Iowa darter, johnny darter, and western banded killifish were collected.  It is uncertain, although possible, that there have been changes in the forage fish in these lakes.  Both the 1954 and 2004 surveys appeared to have sufficient effort with seines or electrofishing to sample small fish effectively.

The size distributions of the prevalent fish species collected in the 2004 survey were similar between Emerald and Sylvan lakes (Table 8).  Relatively good numbers of large fish were collected for black crappie, largemouth bass, rock bass, and yellow perch.  A smaller percentage of larger bluegill, pumpkinseed and northern pike were present in the catch. 

Trap net catch rates of northern pike, pumpkinseed, and rock bass were similar between the two lakes, but bluegill catch rates were lower in Sylvan Lake (Figure15).  Gill net catch rates of northern pike and yellow perch were similar between the two lakes (Figure 16).  Electrofishing catch rates were similar for bluegill and yellow perch between the two lakes, but were lower for largemouth bass in Sylvan Lake (Figure 17).  Although catch rates in Sylvan Lake were lower for bluegill in trap nets and largemouth bass in electrofishing, these discrepancies are not likely significant because the catches were relatively high and catch rates were similar for other methods.

The growth rates of fish collected in the 2004 survey were similar for Emerald and Sylvan Lake (Table 9).  Black crappie, pumpkinseed, and rock bass had average or slightly above average growth rates compared to state averages.  Bluegill and yellow perch had average or slightly below average growth rates compared to state averages.  Largemouth bass growth rates were about one inch below state average and northern pike were growing very slowly at over four inches below state average.

Bluegill growth and size structure was used to classify the population in Emerald and Sylvan lakes using methods provided by Schneider (1990).  The bluegill populations of both lakes were ranked as poor to acceptable using electrofishing and net collections (Table 10).  Even though there were a fair number of bluegills in the 6-8 in size range, smaller bluegill were proportionally very abundant and growth was somewhat low.  

Schneider (2002) provided methods for assessing lake habitat quality based on fish, limnological parameters, aquatic plants, and alteration of the shoreline.  Emerald and Sylvan lakes scored 41.5 out of a possible 50-53 (Table 11).  This score indicates some degradation of habitat in these lakes.  Factors indicating degradation of habitat include the presence of the invasive common carp, low dissolved oxygen in the hypolimnion, productivity enrichment, presence of lake-level control, and heavy shoreline development.

Analysis and Discussion

Emerald and Sylvan lakes have similar aquatic habitat conditions, similar fish communities, and have free movement of fish between lakes.  These two lakes should be managed as one system.  

Bass and panfish dominate the fish community which is typical of warmwater lakes in Michigan.   The size structure of the catch indicated favorable fishing conditions for black crappie, pumpkinseed, rock bass, and yellow perch.  These fishes also had relatively high growth rates.  Largemouth bass growth rates were low, but collections indicated relatively good numbers of large bass present in the population.  A few large northern pike were present, but growth rates were very low.  The bluegill population was growing below state average and size structure was rated only poor to acceptable.  Comparisons of the fish community composition between 1954 and 2004 indicated prevalent game species have not changed, but changes in forage fish composition may have occurred.

Alkalinity levels in these lakes indicate there should be moderate to high biological productivity, but the presence of marl likely is affecting productivity by limiting the availability of carbon and nutrients.  Both the chlorophyll-a level and water transparency presently indicate mesotrophic conditions. Water transparency indicates increased nutrient enrichment since the 1940s and 1950s.  Both lakes are relatively deep and have a cool, well oxygenated thermocline layer at depths of 17 ft to 25-30 ft.  An oxygenated thermocline was present in all surveys conducted in the 1940s, 1950s, and in 2004.  An oxygenated hypolimnion was not indicated in any surveys.  Overall, Emerald and Sylvan lakes appear to be deep, mesotrophic lakes that have a cool, oxygen rich thermocline during summer.

The lake habitat quality index indicated degraded habitat conditions related to various parameters including lake productivity and heavy shoreline development.  This is consistent with high levels of dwelling densities, partially armored shoreline, lake-level control, very low submerged tree densities, chemical killing of plants, and the dredging of the littoral zone one these lakes. These alterations in habitat components can significantly affect fish populations. 

Christiansen (1966) found that deadwood was significantly greater in undeveloped than in developed lakes in northern Wisconsin and Michigan. He found that deadwood within the lake was positively correlated with levels of riparian tree density and negatively correlated with dwelling density.  This information is consistent with both Emerald and Sylvan lakes that have high dwelling densities and very low submerged wood densities.  Saas et al. (2006) found that yellow perch were reduced to extremely low densities and largemouth bass growth rates decreased after wood habitat was removed from a lake.  Schindler et al. (2000) found that on average, annual growth rates for bluegill were 2.6 times lower and bluegill populations were approximately 2.3 times less productive in highly developed lakes than in undeveloped lakes.  Largemouth bass growth rates are low and bluegill and yellow perch growth rates are moderately low in Sylvan and Emerald lakes.  In addition, the presence of large zooplankton generally indicates good growth potential for bluegill in Sylvan and Emerald lakes. 

Radomski and Geoman (2001) found that developed shorelines had substantially less emergent and floating-leaf vegetation than undeveloped shorelines in Minnesota lakes.  Significant aquatic vegetation losses were visible at dwelling densities of 6.0/km. Bryan and Scarnecchia (1992) found that species richness and total fish abundance were consistently greater in naturally vegetated sites compared to developed sites in both nearshore (0-1m) and intermediate (1-2m) depth zones.  Dwelling densities in Emerald and Sylvan lakes are presently greater than 24/km, and both littoral zone dredging and chemical removal of vegetation is occurring in these lakes.  It is possible that forage fish composition has changed in these lakes. 

Amphibians can also be affected by habitat alterations.  Woodford and Meyer (2003) found that adult green frog populations were significantly lower in lakes with developed shorelines (average dwelling densities = 13.1/km) than lakes with little or no development (average dwelling density = 1.8/km).  Although amphibian evaluations were not conducted on Emerald and Sylvan lakes, the high dwelling densities indicate that the quality and quantity of amphibian habitat may have declined.

Water transparency indicates that increased nutrient enrichment has occurred in Emerald and Sylvan lakes.  Nutrient enrichment can occur from fertilizer applications near shorelines as well as septic tanks.  The sewer system installed in 2002 should help alleviate septic tank enrichment.  A program to improving natural shoreline buffers and restrict fertilizer use should be implemented on these lakes.  Chemical treatments designed to remove aquatic vegetation also increases nutrient cycling in lakes.  This is often evident in planktonic and filamentous algal blooms following chemical treatments and the dying of aquatic macrophytes.  Permits have been granted to apply copper products for control of algal blooms after chemical treatments in these lakes.  Copper also is toxic to invertebrates that support the food chain for fish.    

Lake herring (cisco) may be, or have been, present in Emerald and Sylvan lakes.   Latta (1995) summarized lakes containing lake herring in Michigan and noted that Pickerel Lake contained this species as late as 1984.  Pickerel Lake is connected by a channel to Emerald and Sylvan lakes.  Lakes with a cool, oxygen rich thermocline provide favorable habitat for lake herring.  Pickerel Lake is similar to Emerald and Sylvan lakes in having this habitat component.  Recent evaluations of  lake herring in other Michigan inland lakes indicates it will be necessary to conduct a targeted survey during spawning season to determine if lake herring are still present in this chain of lakes.  Notes from the last survey conducted on Pickerel Lake in 1995 indicated that residents reported a die-off of lake herring after the 1986 flood.  Latta (1995) indicated that reasons for declining lake herring populations in inland lakes included habitat deterioration (especially dissolved oxygen in the thermocline) and competition or predation from introduced fish (i.e., alewife, rainbow smelt, trout, walleye, and muskellunge).   

Management Direction

The following management objectives are based on a full historical review of the information available on fisheries and habitat evaluations of Emerald and Sylvan lakes.  The habitat objectives are consistent with the Conservation Guidelines for Michigan Lakes (O'Neal and Soulliere 2006) and established Fisheries Division Policies.  Generally, individual habitat components should not be altered by more than 25% on a lake-wide scale.  

Objective 1.  Protect water quality and maintain a cool, oxygen rich thermocline in Emerald and Sylvan lakes.  Goals that can help achieve this objective include discontinuing fertilizer use, using non-phosphate fertilizers, maintaining a 35 ft buffer strip along the shoreline, expanding the sewer system where needed, and minimize the destruction of aquatic plants only to control of non-native species when needed.  

Objective 2.  Restore and protect nearshore aquatic vegetation.  Goals that can help accomplish this objective include restore normal lake levels and fluctuations by removing the lake-level control dam, restore hardened shorelines to naturally sloped shorelines, and discontinue removal of native plants from nearshore areas.

Objective 3.    Protect native aquatic plant communities.  This can be accomplished by providing full protection to native plants in the lake, and controlling non-native plants where necessary and with methods that provide adequate protection for native plants. Dredging within the lake should be minimized as much as possible.

Objective 4.  Restore submerged wood habitat in the lake and restore habitat for amphibians, reptiles, and birds.  This can be accomplished by establishing and maintaining a natural buffer strip along the shoreline with a minimum width of 35 feet.  Short term improvement can be accomplished by installation of trees around the lake within the littoral zone.  Discontinue any removal of submerged wood from these lakes. 

Objective 5.  Reduce the use of copper applications.  Minimizing aquatic plant treatments only for necessary control of non-native species will reduce the need for planktonic and filamentous algae treatments.  The native macro-algae Chara spp. should not be chemically removed.  Swimmers itch treatments using copper should be thoroughly evaluated.  If swimmers itch is a significant problem, then alternative methods by treating ducks with drugs (Blankespoor et al. 2001) should be investigated as an option. 

Objective 6.  Improve the growth and size structure of largemouth bass and panfish populations.  Actions that can help to improve growth and size structure of fish include maintaining good native aquatic plant communities throughout the lake, and reducing the overall effects of human development on these lakes.  Bluegill size structure can sometimes be improved by establishing a walleye population in a lake through stocking.  This option should only be considered after adequate plans for habitat restoration and protection are achieved, and after adequate surveys and evaluation of potential affects for lake herring are completed.

Objective 7.  Improve the growth and size structure of the northern pike population.  This objective will be achieved following establishment of new northern pike regulations for Michigan, which are presently under review.  Appropriate regulations will be applied based on biological characteristics of the population. 

Objective 8.  Conduct targeted evaluations to determine if lake herring are present in Emerald and Sylvan lakes.  These evaluations should be conducted using Fisheries Division protocols.

Objective 9.  Conduct evaluations of amphibian populations on these lakes.  These evaluations should be conducted by Fisheries Division using established protocols.

Objective 10.  Conduct a thorough forage fish assessment in these lakes.   These evaluations should be conducted using Fisheries Division protocols. 

References

Blankespoor, C. L., R. L. Reimink, and H. D. Blankespoor.  2001.  Efficacy of praziquantel in treating natural schistosome infections in common mergansers.

Bryan, M. D., and D. L. Scarnecchia.  Species richness, composition, and abundance of fish larvae and juveniles inhabiting natural and developed shorelines of a glacial Iowa lake.  Environmental Biology of Fishes 35:329-341.

Christensen, D. L., B. R. Herwig, D. E. Schindler, and S. R. Carpenter.  1996.  Impacts of lakeshore residential development on coarse woody debris in north temperate lakes.  Ecological Applications 6(4):1143-1149.

Latta, W. C.  1995.  Distribution and abundance of lake herring (Coregonus artedi) in Michigan.  Michigan Department of Natural Resources, Fisheries Research Report Number 2014, Ann Arbor, Michigan.

O'Neal, R. P., and G. J. Soulliere.  2006.  Conservation guidelines for Michigan lakes and associated natural resources.  Michigan Department of Natural Resources, Fisheries Special Report 38, Ann Arbor.

Radomski, P., and T. J. Goeman.  2001.  Consequences of human lakeshore development on emergent and floating-leaf vegetation abundance.  North American Journal of Fisheries Management 21:46-61.

Saas, G. C., J. F. Kitchell, S.R. Carpenter, T. R. Hrabik, A. E. Marburg, and M. G. Turner.  2006.  Fish community and food web responses to a whole-lake removal of coarse woody habitat.  Fisheries: 31(7): 321-330.

Schneider, J. C.  1990. Classifying bluegill populations from lake survey data. Michigan Department of Natural Resources, Fisheries Division Technical Report 90-10, Ann Arbor.

Schneider, J. C.  2002. Fish as indicators of lake habitat quality and a proposed application. Michigan Department of Natural Resources, Fisheries Division Research Report 2061, Ann Arbor.

Schindler, D. E., S. I. Geib, and M. R. Williams.  2000.  Patterns of fish growth along a residential development gradient in north temperate lakes.  Ecosystems 3:229-237.

Woodford, J. E., and M. W. Meyer.  2002.  Impact of lakeshore development on green frog abundance.  Biological Conservation 110:277-284.

