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Arnold Lake, Clare County

Introduction

Arnold Lake is located 3 miles northeast of Harrison in Clare County in Hayes and Frost Townships (T19, R4W, Sec. 2).  The lake is listed as 118 acres in surface area. Arnold Lake has no inlets and the outlet feeds a marsh. It is located in the Tobacco-Cedar River drainage which flows to the Tittabawassee and Saginaw Rivers which eventually empty into Saginaw Bay, Lake Huron.  Public access to Arnold Lake was secured by the county in 1951. The access is now listed as being administered by the MDNR.  The access for parking is limited to approximately 3 car-trailers. It has a hard surfaced ramp with one skid pier.  The lake is zoned for watercraft control and is no wake between the hours of 6:30PM and 10AM.

Geology of the area is considered glacial moraine and till dominated by permeable to moderately permeable soils. A variety of sands, sandy loams and loamy sands are the dominant soil types.  They range from 0% slope to 18% slope.  The wetter and wetland areas are a variety of mucks.  Topography of the area is described as rolling wooded hills. The immediate shoreline is swamp, steep shoreline and wooded.  

Residential development is extensive on Arnold Lake.  In August, 2012, a total of 121 dwellings were counted around the perimeter yielding an estimated density of 63.4 dwellings/mile.  Shoreline development was high with an estimated 12% of the shoreline displaying some sort of armoring mostly in the form of steel, wood, or concrete seawalls.        

In general, Arnold Lake is an average depth medium size lake with warm temperature characteristics. The percentage of shoal habitat in Arnold Lake is roughly 25%.  Aquatic vegetation is the dominant form of aquatic habitat in the littoral zone with a common occurrence of Eurasian milfoil, Chara, pondweeds, Naiads, water lily, and areas of cattail.  The lake has been treated for aquatic vegetation since the mid-1990s and more recently has had targeted milfoil treatments. Bottom substrate in the shoals is comprised of sand and the deeper areas are more organic in nature.    

Limnological parameters measured in 2012 found characteristics of a mesotrophic lake.  Measurements of Secchi disk (14ft.), total phosphorus (0.0180 mg/l), and total chlorophyll-a (1.77 ug/l) yielded a Carlson Trophic Status Index of 39.   Trophic status parameters collected show Arnold Lake as a mesotrophic lake (Fuller and Minnerick 2008).  Mesotrophic lakes are typically those that have good water quality and medium biological productivity.  Lakes in the mesotrophic range are moderately clean, with some chance of hypolimnetic anoxia in summer, and are fully supportive of all swimming and aesthetic uses.  pH ranged from 6.6 in the lower water column to 7.9 at the surface.  Alkalinity was 64 mg/l indicating only a fair capacity to be buffered.  

Temperature and oxygen profiles taken in August, 2012 were consistent with historical profiles and showed a summer thermocline development near 21 feet (Table 1).  In addition, dissolved oxygen concentrations appear fish limiting (<3 mg/l) below the 33 ft. water depth (Table 1). 

Historic stocking records indicate that early management began with stocking rainbow trout.  This was done from 1951 to 1964.  Management records indicate that the lake was open to fall and winter rainbow fishing several times from 1953 to 1963.  After the final planting in 1964, stocking was discontinued apparently due to poor survival and returns to creel. The lake was chemically rehabilitated in fall of 1967 and records indicate that additional stocking was done in 1968 although records are vague. Records indicate a plant of largemouth bass and walleye fry was made in 1978 and walleye fry were also stocked in 1981.  A survey in 1981 indicated the presence of a warmwater fish population.  Crappie, bass, pumpkinseed sunfish and rock bass experienced better than State average growth.  Northern pike and bluegill were numerous and slow growing.  No walleye were captured.  Surveys in 1987 and 1988 indicated a similar warmwater fish population.  

Methods and Materials

This survey was in response to Fisheries Division's Status and Trends Monitoring Program.  The Status and Trends Monitoring Program seeks to randomly sample various sized lakes, using similar protocol, to determine trends among lakes at the regional and statewide levels.  

Status and Trends protocol incorporates a variety of gear to sample the fish community within a recommended temperature range (55º-80º F).  Large mesh trap and fyke nets are used to capture larger (>3 inches) species that inhabit the littoral zone or that move inshore at night.  Gill nets are used to sample fishes that occupy offshore waters and are particularly effective at capturing perch, salmonids, and northern pike.  Night electrofishing is used to capture all size ranges of species and life stages that inhabit the littoral zone or that move inshore at night.  Seining and small mesh fyke nets are used to capture representative samples of small-bodied nongame species and smaller size classes (<3 inches) of sport fishes that inhabit the littoral zone.  Collectively, the catch from these gears presents a general picture of the overall fish community.    

The fish community of Arnold Lake was sampled June 11-14 with a seine and trap, fyke, and gill nets.  Three electrofishing stations were sampled the evening of July 12.  Habitat sampling occurred August 16, 2012.

Results
A total of 1304 fish representing 15 species and one hybrid were collected in this assessment (Table 3).  Bluegill were the most abundant species collected, comprising nearly 50% of the total catch.  Largemouth bass comprised 9%, pumpkinseed sunfish comprised 10%, rock bass comprised 9%, brown bullhead comprised 2%, and yellow bullhead comprised 5%.  Forage species captured included bluntnose minnows, spotfin shiner, and spottail shiners.

A total of 665 bluegills averaging 4.4 inches were collected with all survey gear (Table 3).  Night electrofishing accounted for 11% of the total catch and trap and small and large-mesh fyke nets accounted for 89% of the total catch.  Average size of the electrofishing catch was 3.9 inches compared to 4.4 inches for the trap and small and large-mesh fyke net catch.  Only four percent of the bluegill catch met or exceeded the acceptable harvest size of 6 inches.  Age and growth analysis indicated bluegill were growing below State average having a mean growth index of -1.1 (Table 4).  Multiple year classes (ages 1-9) were found suggesting acceptable recruitment to the harvestable fishery.

A total of 64 yellow bullheads averaging 9.0 inches and 31 brown bullheads averaging 12.1 inches were collected in this assessment (Table 3).  They represented roughly 7% of the total survey catch.  Seventy-three to seventy-seven percent of the bullhead catch met or exceeded the acceptable harvest size of 7 inches.  Age and growth analysis was not conducted for these species.

A total of 135 pumpkinseed sunfish averaging 4.6 inches were collected (Table 3).  Night electrofishing accounted for 27% of the total catch and trap and fyke nets accounted for 52% of the total catch.  Less than 18 percent of the total catch met or exceeded the acceptable harvest size of 6 inches.  Age and growth analysis indicated pumpkinseed sunfish were growing slightly below State average having a mean growth index of -0.7.  Multiple year classes (ages 1-8) were found suggesting acceptable recruitment into the harvestable fishery.

A total of 22 yellow perch averaging 6.5 inches were collected (Table 3).  Night electroshocking accounted for 77% of the total catch.  Nine percent of the electrofishing catch met or exceeded the acceptable harvest size of 7 inches.  Age and growth analysis indicated yellow perch were growing below State average having a mean growth index of -2.0.    

A total of 119 rock bass averaging 6.3 inches were collected (Table 3).  Trap and fyke nets accounted for 53% of the total catch.  Thirty-seven percent of the rock bass collected met or exceeded the acceptable harvest size of 6 inches.  Age and growth analysis indicated rock bass were growing at State average. Multiple year classes were found (ages 1-11) suggesting acceptable recruitment into the harvestable fishery.  

Only 13 black crappie were captured averaging 8.4 inches (Table 3). Fifty-four percent of the total catch met or exceeded the acceptable harvest size of 7 inches.  Age growth analysis indicated that black crappie were growing somewhat below State average having a mean growth index of -0.3.

A total of 121 largemouth bass averaging 7.7 inches were collected (Table 3).  Trap and fyke nets accounted for 25% of the total catch and night electrofishing accounted for 55% of the total catch.  Average largemouth bass size for the trap and fyke net catch was 10.1 inches compared to 5.5 inches for electrofishing gear.  Nine percent of the trap and fyke net catch met or exceeded the legal harvest size of 14 inches compared to 4% of the electrofishing catch.  Age and growth analysis indicated largemouth bass were growing below State average having a mean growth index of -0.7.  Multiple year classes were found (age 1-8) suggesting acceptable recruitment into the harvestable fishery.     

A total of 27 northern pike averaging 17.8 inches were collected (Table 3).  Gill nets accounted for 48% of the total catch and trap and fyke nets accounted for 40% of the total catch. Four percent of the total catch met or exceeded the legal harvest size of 24 inches.  Age and growth analysis indicated northern pike were growing below State average having a mean growth index of -0.8.  Multiple year classes (ages 0-10) were found suggesting acceptable reproduction.

Samples of fish from Arnold Lake were also collected for contaminant analysis.  Fish contaminant results were not available at the time of this report.  

Discussion
The limnological characteristics and mesotrophic status of Arnold Lake present a base view of available habitat for fish species.  A mesotrophic lake is generally of medium productivity which typically results higher overall biomass of fish and other aquatic organisms.  

Temperature characteristics of Arnold Lake also influence the fish community.  Mid-summer thermocline development results in insufficient oxygen concentrations for most fish below the 33 ft. water depth.  As a result, the epilimnion and littoral zone of the lake provide the most desirable habitat for fish species.  

Thermal characteristics of the Arnold Lake epilimnion and littoral zone are characteristic of warmwater classification where summer temperatures approach the mid 70º F's for an extended period of time. The limnological and thermal characteristics of Arnold Lake favor warm to cool water fish species.  Bluegill, bullhead (sp.), pumpkinseed sunfish, rock bass, black crappie, northern pike, and largemouth bass are the prevalent sport fishes.

The bluegill population of Arnold Lake displayed a poor size structure and poor growth.  Using the Schneider Index (Schneider 1990) for classifying bluegill populations, Arnold Lake scored 2.0 for a poor rating (Table 5).  This appears worse than many lakes in the area   Bluegill appear to be fairly long lived with several specimens aged up to 9 years but experiencing slow growth. 

The pumpkinseed population displayed better size structure and growth than bluegills and constitute a reasonably good sport fishery.   Longevity of pumpkinseeds was good with several specimens aged beyond 8 years, allowing them to obtain larger sizes.  

The sample of largemouth bass collected in this survey indicates bass to be a relatively large component of the fish population.  Relative abundance was very good but size structure was dominated by largemouth less than 14 inches, with good representation of younger fish which should eventually recruit into the legal size fishery.   Longevity was very good with several specimens aged beyond 7 years allowing them to achieve a large size.  Largemouth growth was somewhat slower than State average.  

Northern pike were found in appreciable numbers and their size structure and age distribution was fair.  Four percent of the northern pike exceeded the legal harvest size of 24 inches.  Growth, compared to State average was substantially below and age distribution suggested some mortality occurs after age 6.  Mortality is most likely from natural causes or from harvest.  

Rock bass were found in appreciable numbers, their size structure and age distribution was good.  Thirty-seven percent of the 119 rock bass collected in this survey were > 6 inches.  These rock bass are experiencing good growth and can provide a good fishery.

Black crappie appeared in relatively low abundance which may in part have been influenced by the late timing of this survey.  Black crappie tend to suspend where they are less vulnerable to collection gear as the water warms.  Despite their scarcity, 54 % were of desirable size for anglers.  Crappie averaged 8.4 inches. Although limited by number, recreational opportunities to catch fairly large black crappie exists in Arnold Lake.  

Minnow species collected with seine, maxi-mini fyke nets, and electrofishing gear represent part of the forage base available in Arnold Lake.  Bluntnose minnow and several shiner species were found in appreciable numbers in this survey.             

Recommendations
Bluegill, pumpkinseed, rock bass, largemouth bass, northern pike, and bullheads dominate the fish community in Arnold Lake and provide acceptable recreational fisheries.  No further management recommendations are suggested for Arnold Lake at this time. Statewide regulations are sufficiently protective of the fish community.  

Figure 1.  Arnold Lake, Clare County
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Table 1.  Oxygen, temperature, and pH profiles from Arnold Lake, August 2012.

	Depth (Ft)
	Temperature (F)
	Oxygen (mg/l)
	pH

	 
	 
	 
	

	0
	73.42
	9.51
	7.93

	3
	73.47
	9.48
	7.94

	6
	73.49
	9.47
	7.94

	9
	73.48
	9.47
	7.93

	12
	73.33
	9.52
	7.94

	15
	72.63
	9.59
	7.94

	18
	72.4
	9.37
	7.9

	21
	71.65
	9.05
	7.8

	24
	66.32
	8.36
	7.64

	27
	60.52
	6.17
	7.5

	30
	56.96
	4.05
	7.32

	33
	53.58
	2.47
	7.22

	36
	50.3
	1.83
	7.13

	39
	49.23
	1.34
	7.07

	42
	47.02
	0.76
	7.04

	45
	43.22
	0.32
	6.95

	48
	45.77
	0.58
	6.99

	51
	46.94
	0.45
	6.96

	54
	42.51
	0.3
	6.89

	57
	42.07
	0.26
	6.87

	60
	41.84
	0.23
	6.86

	63
	41.8
	0.22
	6.84

	66
	41.74
	0.2
	6.82

	69
	41.64
	0.19
	6.8

	72
	41.58
	0.18
	6.76

	75
	41.53
	0.18
	6.73

	78
	41.68
	0.16
	6.62


Table  . Age and growth for gamefish species,  Arnold Lake, June 2012.
	 
	 
	Length
	State avg.
	Weighted
	Weighted
	Mean

	Species / Age
	No. aged
	range (in.)
	length (in.)
	mean len. (in.)
	age freq.
	growth index*

	Black crappie
	 
	 
	 
	 
	 
	-0.7

	Age III:
	10
	6.00-8.70
	7.9
	7.63
	33.57%
	 

	Age IV:
	6
	6.70-10.20
	8.9
	7.84
	21.19%
	 

	Age V:
	2
	9.10-9.10
	9.7
	9.1
	7.14%
	 

	Age VI:
	2
	10.80-10.80
	10.4
	10.8
	4.76%
	 

	Age VII:
	4
	10.90-11.90
	11.1
	11.72
	26.19%
	 

	Age VIII:
	2
	12.20-12.20
	11.6
	12.2
	7.14%
	 

	Bluegill
	 
	 
	 
	 
	 
	-1.2

	Age I:
	26
	1.30-2.90
	2.4
	2.14
	5.02%
	 

	Age II:
	16
	2.70-3.80
	4.2
	3.46
	10.31%
	 

	Age III:
	6
	2.90-3.80
	5.3
	3.53
	3.62%
	 

	Age IV:
	30
	3.50-4.90
	6.2
	4.11
	52.64%
	 

	Age V:
	18
	4.70-6.50
	6.9
	5.28
	15.69%
	 

	Age VI:
	38
	5.30-7.50
	7.4
	5.96
	11.40%
	 

	Age VII:
	10
	6.50-9.10
	8
	7.36
	1.03%
	 

	Age VIII:
	2
	8.40-8.40
	8.4
	8.4
	0.15%
	 

	Age IX:
	2
	8.70-8.70
	8.7
	8.7
	0.15%
	 

	Largemouth bass
	 
	 
	 
	 
	 
	-0.7

	Age I:
	56
	1.40-5.20
	5.4
	4.08
	45.04%
	 

	Age II:
	28
	5.30-8.30
	8.7
	6.76
	12.81%
	 

	Age III:
	58
	8.80-14.70
	10.6
	10.85
	24.30%
	 

	Age IV:
	30
	10.40-14.60
	12
	12.1
	12.89%
	 

	Age V:
	4
	14.60-14.90
	13.7
	14.75
	1.65%
	 

	Age VI:
	4
	15.10-15.90
	15
	15.5
	1.65%
	 

	Age VIII:
	4
	15.50-16.70
	17.6
	16.1
	1.65%
	 

	Northern pike
	 
	 
	 
	 
	 
	-3.2

	Age 0:
	4
	4.50-5.30
	 
	4.9
	7.41%
	 

	Age I:
	4
	9.60-12.50
	14.5
	11.05
	7.41%
	 

	Age II:
	16
	17.00-20.60
	19
	18.2
	29.63%
	 

	Age III:
	8
	18.90-21.00
	21.8
	20.06
	13.58%
	 

	Age IV:
	8
	18.70-21.80
	24.2
	20.15
	14.81%
	 

	Age V:
	6
	19.30-20.40
	26.1
	19.98
	9.88%
	 

	Age VI:
	4
	19.50-22.90
	27.8
	21.54
	6.17%
	 

	Age VII:
	2
	20.70-20.70
	30
	20.7
	3.70%
	 

	Age VIII:
	2
	21.50-21.50
	 
	21.5
	3.70%
	 

	Age X:
	2
	36.00-36.00
	 
	36
	3.70%
	 

	Pumpkinseed
	 
	 
	 
	 
	 
	-0.7

	Age I:
	14
	1.80-2.40
	2.4
	2.21
	4.91%
	 

	Age II:
	20
	2.50-4.20
	4.2
	3.58
	15.90%
	 

	Age III:
	8
	3.70-4.60
	5.2
	4.12
	8.72%
	 

	Age IV:
	28
	3.40-5.90
	5.8
	4.43
	28.69%
	 

	Age V:
	22
	5.00-8.00
	6.3
	6.05
	17.24%
	 

	Age VI:
	24
	5.90-7.80
	6.8
	6.44
	21.20%
	 

	Age VII:
	4
	7.00-7.60
	7.2
	7.3
	2.22%
	 

	Age VIII:
	2
	7.60-7.60
	 
	7.6
	1.11%
	 

	Rock bass
	 
	 
	 
	 
	 
	0

	Age I:
	2
	2.20-2.20
	3
	2.2
	0.83%
	 

	Age II:
	22
	2.90-4.10
	4.3
	3.37
	23.57%
	 

	Age III:
	44
	3.00-6.70
	5.4
	5.07
	32.17%
	 

	Age IV:
	30
	5.70-8.20
	6.4
	6.95
	23.21%
	 

	Age V:
	22
	6.90-9.00
	7.2
	7.96
	12.71%
	 

	Age VI:
	4
	9.40-9.50
	8.1
	9.45
	1.67%
	 

	Age VII:
	4
	9.40-9.70
	8.8
	9.55
	1.67%
	 

	Age VIII:
	4
	10.10-10.40
	9.4
	10.25
	1.67%
	 

	Age X:
	2
	11.20-11.20
	 
	11.2
	0.83%
	 

	Age XI:
	4
	11.20-11.30
	 
	11.25
	1.67%
	 

	Yellow Perch
	 
	 
	 
	 
	 
	-1.8

	Age I:
	2
	3.30-3.30
	4
	3.3
	4.55%
	 

	Age II:
	4
	4.00-4.40
	5.7
	4.2
	9.09%
	 

	Age III:
	28
	3.80-5.50
	6.8
	4.85
	60.00%
	 

	Age IV:
	6
	5.20-7.70
	7.8
	6.19
	12.73%
	 

	Age V:
	2
	6.50-6.50
	8.7
	6.5
	4.55%
	 

	Age VI:
	4
	10.20-10.40
	9.7
	10.3
	9.09%
	 


Table 3.  Total catch (all gear) from Arnold Lake, June, 2012.

	 
	Number
	 
	 
	 
	Length
	Average
	Percent

	
	
	Percent
	Weight
	Percent
	range
	length
	legal

	Species
	
	by number
	(lb.)
	by weight
	(in.)*
	(in.)
	size**

	Black crappie
	13
	1
	4
	2
	 6-12
	8.4
	54

	Bluegill
	665
	50.2
	31.6
	16.1
	0-9
	4.4
	4

	Bluegill-pumpkinseed hyb Hybrid
	36
	2.8
	0
	0
	 1-7
	4.5
	100

	Bluntnose minnow
	55
	4.2
	0.3
	0.2
	 1-3
	2.7
	100

	Brown bullhead
	31
	2.4
	20.2
	10.3
	 8-15
	12.1
	77

	Common shiner
	1
	0.1
	0
	0
	 3-3
	3.5
	100

	Green sunfish
	10
	0.8
	0.8
	0.4
	 3-7
	5.5
	30

	Largemouth bass
	121
	9.3
	41.6
	21.2
	 1-16
	7.9
	7

	Central mudminnow
	2
	0.2
	0
	0
	 1-2
	2
	100

	Northern pike
	27
	2.1
	43.8
	22.3
	 4-36
	17.8
	4

	Pumpkinseed
	135
	10.4
	11.3
	5.7
	 1-7
	4.6
	18

	Rock bass
	119
	9.1
	18.8
	9.6
	 2-11
	6.3
	37

	Spotfin shiner
	2
	0.2
	0
	0
	 2-4
	3.5
	100

	Spottail shiner
	11
	0.8
	0
	0
	 3-3
	3.5
	9

	Yellow Perch
	22
	1.7
	1.5
	0.8
	 3-10
	6.5
	9

	Yellow bullhead
	64
	4.9
	22.5
	11.4
	 3-12
	9
	73

	All species totals:
	1,304
	100
	196.3
	100
	 
	 
	 


Table 5.  Arnold Lake bluegill classification using trap and fyke net data and the Schneider Index (Schneider 1990).  Size score is given in parentheses.  

	Sample date
	
	June 2012

	Sample size
	
	387

	Average length 

(inches)
	
	4.8
(1)

	% > 6 inches
	
	8.8
(1)

	% > 7 inches
	
	2.2
(2)

	% > 8 inches
	
	0.75
(4)

	
	
	

	Schneider Index
	
	2.0

	Rank¹
	
	                  Poor

	¹Rank:  1 = Very poor, 2 = Poor, 3 = Acceptable, 4=Satisfactory, 5 = Good, 6 = Excellent, 7 = Superior
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