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ABSTRACT

Copper sulfate (CuSO^) has been applied annually since 1944 to as much 
as 3% of the surface area of Houghton L§ke to control the snail vectors 
of "swimmers' itch" (schistosome dermatitis). To investigate the effects 
and fate of the approximately one million pounds of copper which have been 
applied to Houghton Lake, water, sediments, aquatic macroinvertebrates and 
fish were analyzed for copper.

Dissolved copper in lake water was below detectable limits (<0.01 mg/1), 
while total coppper associated with particulate matter in lake water ranged 
from 0.02 to 0.75 mg/1. Copper content of lake sediments ranged from 1.4 
to 254.9 nig/kg dry weight. Higher concentrations were generally found 
associated with sediment which had large organic fractions. The highest 
concentration found in sediments from areas which were treated annually with 
copper sulfate was 35.3 mg/kg copper (dry weight). Copper content of 
macroinvertebrates (Ephemera simulans, El 1iptio dilatatus and Orconectes sp.) 
ranged from 3.0 to 48.0 mg/kg wet weight. Ephemera simulans was the only 
macroinvertebrate which showed a significant relationship between its body 
copper content and the copper content of associated sediments. Average copper 
concentrations of bottom feeding fish, panfish and predatory fish were 1.7, 
0.6, and 0.4 mg/kg wet weight, respectively. Copper concentrations in warm- 
water fishes from Michigan background water quality stations ranged from
0.2 to 0.7 mg/kg.

Copper was not found to be accumulating in the sandy sediments of treat
ment areas, but was being transported by suspended organic particulates to 
the organic sediments in deeper areas of the lake. Wave action appears to be 
the major cause of copper mobilization within Houghton Lake.

Laboratory tests showed that the organic sediments of Houghton Lake 
had the capability of adsorbing up to 8,700 mg/kg copper (dry weight) before 
an amount toxic to aquatic life appeared in overlying waters.
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INTRODUCTION

Schistosome dermatitis (swimmers' itch) has been a problem in 

Michigan for over 30 years. It is probable that incidences of the disease 

occurred much earlier but adequate records are not available before 1939.

The disease occurs in many areas of the world but is most commonly known 

from Michigan, Wisconsin, Minnesota and Manitoba (McMullen and Brackett, 1948). 

Occurrences of swimmers' itch were reported from 170 Michigan lakes between 

the years 1939 and 1967 (Wall, 1968).

Occurrence of this disease has been reported at Houghton Lake every 

year since 1939, except for a few years in the early 1940's. Wall (1968) 

assessed the magnitude of the disease problem at Houghton Lake through a 

survey of approximately 20% of the lake riparians (lake front land owners). 

Ninety-three percent of the participants were aware the disease occurred at 

Houghton Lake. Seventy-one percent of the respondents said that they, some 

member of their family or guest had contracted the disease at Houghton Lake. 

Fifty-four percent indicated they used the lake less for swimming because of 

the disease and approximately 35% of the resort owners felt they lost business 

because of guests contracting swimmers' itch.

Local governmental agencies around Houghton Lake have been involved in 

an annual treatment program for swimmers' itch control since 1944. Except 

for the years 1964, 1965, 1966, 1969 and 1970 when small amounts of an exper

imental molluscicide (Bayluscide) were used, copper sulfate has been the only 

molluscicide employed at Houghton Lake to control the snail vector species 

of the disease. The treatment rate is generally 2 lbs of copper sulfate per 

1000 square feet of lake bottom which amounts to a theoretical concentration 

of 32 mg/1 copper sulfate (CUSO4 .5H2O) in the bottom one-foot of water

1



(Fetterolf and Gouine, 1960). Since 1944 approximately 950,000 lbs of copper 

sulfate (Table 1) have been applied to shoal areas and swimming beaches which 

have high densities of snail vectors. Peak application occurred during the 

mid-1960's when annual applications approached 60,000 lbs. Even at this 

high rate of application the maximum surface area of the lake treated was 

just over 3% (Table 1).

The fate and effects on lake ecology of the copper sulfate used for 

swimmers' itch control were investigated as part of a Water Quality Protection 

Demonstration Project on Houghton Lake. The extent and character of copper 

build-up in lake sediments, its effect on associated benthic communities, 

concentration of copper by lake organisms and concentrations in lake water 

were aspects considered in assessing the effect of copper sulfate treatment 

on the lake biota.

Life Cycle of Disease Causing Organism

The disease, schistosome dermatitis, is the result of an immature form 

of parasitic flatworms, commonly called blood flukes, (Class Trematoda,

Family Schistosomatidae) penetrating the skin of an unlucky swimmer or wader. 

The life cycle of this parasite is complex, involving several forms and an 

intermediate snail host (Figure 1). The adult flat worm lives as a parasite 

in a bird or mammal host. Hosts are commonly species of waterfowl but other 

birds, muskrats, mice and voles may also be parasitized. Mature flukes pro

duce eggs some of which find their way to the intestine and are voided with 

the host's feces. If the eggs are deposited in water, tiny larval swimming 

forms (miracidia) hatch and begin a random search for suitable intermediate 

snail hosts. This form is short-lived and must find a suitable host within 

24 hours. If the miracidia encounter a snail, they penetrate the soft parts 

of its body. If the snail is a proper host species, the miracidium develops
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Table 1. Copper sulfate applications to Houghton Lake, 1944 to 1973.

Copper Sulfate Lake Area2
Year Applied (lbs ) Acres Treated1 Treated (%)

1944 600 6.9 0.03
1945 0 0.0 0.00
1946 600 6.9 0.03
1947 0 0.0 0.00
1948 1600 18.3 0.09
1949 16100 184.6 0.92
1950 5400 61.9 0.31
1951 7200 82.6 0.41
1952 50600 580.3 2.89
1953 36500 418.6 2.09
1954 35400 406.0 2.03
1955 43500 498.9 2.49
1956 29600 339.4 1.69
1957 33300 381.9 1.91
1958 33500 384.2 1.92
1959 53500 613.5 3.06
1960 54200 621.6 3.10
1961 52200 598.6 2.99
1962 46000 527.5 2.63
1963 55500 636.5 3.17
1964 60500 693.8 3.46
1965 55600 637.6 3.18
1966 51500 590.6 2.95
1967 50200 575.7 2.87
1968 54000 619.3 3.09
1969 19000 217.9 1.09
1970 26000 298.2 1.49
1971 23250 266.6 1.33
1972 24425 280.1 1.40
1973 22923 262.9 1.31

TOTAL 942,698 lb

1 Based on an application rate of 2 lbs per 1,000 sq ft.
2 Based on a lake area of 20,044 acres.
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Figure  1*

LIFE CYCLE OF THE ORGANISM 
CAUSING SWIMMERS' ITCH

WHICH MAY ACCIDENTALLY EN
COUNTER BATHERS, PENETRATE
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into a sporocyst which is essentially a sac containing cells capable of rapid 

division (Smyth, 1962). These sporocysts eventually give rise to another 

form termed cercariae, which are essentially imnature flukes. When light 

and temperature conditions are suitable the fully mature cercariae leave 

the snail host by bursting through the tissue and escaping into the water. 

Cercariae locate a bird or mammal host by random swimming movements and 

penetrate its skin. If the host is a suitable species, the cercariae quickly 

reach the circulatory system and mature into adult flukes, beginning the 

cycle anew. If by chance the cercaria penetrate the skin of an unsuitable 

host, like man, they will die but their presence can cause an allergic 

response in susceptible individuals. Within ten to fifteen hours after 

penetration, itching and skin eruptions occur at the pentration site. The 

degree of reaction varies with the sensitivity of the individual but it can 

be extremely uncomfortable, especially if secondary infection of erupted areas 

occurs.

More than a dozen species of dermatitis-causing schistosomes have been 

described in the Great Lakes region. The most common species of dermatitis 

causing schistosomes listed by Wall (1968) are: Trichobilharzia ocellata 

utilizing the snails Lymnaea staqnalis and L̂. palustris as intermediate hosts 

with waterfowl as final hosts; T. stagnicolae utilizing the snail L_. emarginata 

as an intermediate host with perching birds as final hosts; T_. physellae 

utilizing many species of Physid snails as intermediate hosts with both water

fowl and perching birds as definitive hosts; Gigantobilharzia huronensis util- 

izing Physa gyrina as its intermediate host with many species of birds as 

final hosts and Schistosomatium douthitti utilizing the snails L_. emargi nata 

and L_. staqnalis as intermediate hosts with mice, voles and muskrats as final 

hosts.
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LITERATURE REVIEW

Copper sulfate is widely used throughout the United States for aquatic 

nuisance control purposes, particularly as an algicide. Moore and Kellerman 

(1904) reported on the use of copper sulfate as an algicide in the early 

1900's. In recent years, annual applications to aquatic systems nationwide 

are on the order of 20,000,000 pounds (Fitzgerald, 1971).

The toxic properties of copper to fish and other aquatic life have been 

widely studied and much of this work has been reviewed by Doudoroff and Katz 

(1953) and McKee and Wolf (1963). McKee and WoTf (1963) summarizing early 

work on copper toxicity, much of it based on short term exposures, reported 

levels from 0.015 to 3.0 mg/1 toxic to fish and aquatic invertebrates. 

Concentrations of 0.05 - 0.10 mg/1 of copper sulfate will kill sensitive species 

of algae (Fitzgerald, 1971). Toxicity studies which take into account the 

effect of copper on growth, reproduction and survival for various oragnisms 

under long-term continuous exposures have been conducted by several authors 

and the maximum acceptable (no effect) tolerance concentrations (MATC) were 

calculated. Arthur and Leonard (1970) found that for the snails, Campeloma 

decisum and Physa integra, and the amphipod Gammarus pseudo!imnaeas, the 

maximum acceptable concentration of copper for continuous exposure was between

8.0 and 14.8 yg/1 in soft water. The MATC figure for brook trout (Salvelinus 

fontinalis) was between 9.5 and 17.4 yg/1 Cu in Lake Superior water (MeKim 

and Benoit, 1971). Mount and Stephan (1969) and Mount (1968) report the MATC 

of copper for the fathead minnow (Pimephales promelas) to be between 10.6 - 

18.4 yg/1 in soft water and between 14.5 - 33.0 yg/1 in hard water, respectively.

The data gathered by all of these researchers clearly shows that copper
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is extremely toxic to aquatic life. Life (1970) showed that copper is extremely 

toxic to fish because the serum-binding protein responsible for the storage, 

transport, and excretion of copper by humans and other mammals is not present 

in a large enough quantity in fish to prevent damage when they are exposed 

to elevated levels of copper.

Copper sulfate is widely used for aquatic nuisance control purposes, 

despite its apparent toxicity to aquatic life, because it is quickly detoxified 

in water. The dissolved ionic form of copper is its most toxic state and 

when copper sulfate is applied to alkaline waters it ionizes and is initially 

quite toxic (Sanchez, 1971). It quickly loses its toxicity, however, as the 

less toxic copper carbonate is formed and precipitates because of its low 

solubility (Lueschow, 1972). Sanchez (1971), working on a hard water lake 

in Wisconsin which had received large annual applications of copper sulfate 

over a number of years, found that the basic copper carbonate malachite controlled 

copper concentrations in the oxygenated upper water layer (epilimnion) while 

sulfide controlled dissolved copper concentrations in the anoxic lower water 

layer (hypolimnion). He concluded that alkalinity and sulfide in lake water 

constitute a natural sink for copper because of the low solubility of the 

compounds formed.

When copper sulfate is applied to lake water for algal control purposes 

toxic concentrations are achieved near the surface but detoxifying reactions 

take place quickly and it is this deactivated copper which is delivered to 

bottom sediments (Lueschow, 1972). Chelated copper compounds are frequently 

used for algal control purposes when the algal species present necessitate a 

longer contact time with the toxicant (Fitzgerald, 1971). Fitzgerald (1963) 

in Fitzgerald (1971) showed that chelation of copper applied as the sulfate 

for algal control greatly reduces its toxicity towards fish.

Copper sulfate treatment for snail control requires a high concentration

7



of copper in bottom waters of the treatment area. Copper sulfate is usually 

mixed with one-half as much lime to form a precipitate. The standard amount 

applied (2 lbs per 1000 sq ft of lake bottom) at Houghton Lake is acutely 

toxic to snails and other non-mobile bottom-dwelling invertebrates in the 

treatment area (Fetterolf and Gouine, 1960; Mackenthun, 1969). Treatment is 

permitted despite the high acute toxicity to non-target organisms because 

relatively small areas of the lake bottom are treated and effects do not 

extend beyond the treatment area. Concentrations acutely toxic in treatment 

areas are also short-lived.

Lueschow (1972), in summarizing treatment of Wisconsin lakes for algae 

and swimmers' itch control, stated that although many lakes had received 

large individual and repeated applications of copper sulfate, copper toxicity 

and residues have not been responsible for any undesirable effects in Wisconsin 

waters. Lueschow further stated that copper residues appear to drift to 

the deepest portion of the lake where they are covered by organic sediments 

and rendered unavailable to the biological community. Studies of fish 

production in lakes treated with copper sulfate indicate that treatment did 

not negatively affect catches (Thompkins and Bridges, 1958; Moyle, 1949).

Studies generally agree that the ultimate fate of copper applied as 

copper sulfate is incorporation in the sediment (Sanchez, 1971; Lueschow,

1972; Nichols et̂  al_., 1946 ). The effect of copper accumulations 

in lake sediments on bottom associated communities has not been extensively 

studied and conflicting reports of ecological consequences occur in the 

literature. Hasler (1947) cited Frey (1940) who maintained that reduction 

of aquatic vegetation and snails occurred in the Madison, Wisconsin area lakes 

treated with copper. However, Domagolla (1935) reported that rooted aquatic 

plants grew luxuriantly through all eleven years of copper sulfate treatment
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at Lake Monona, Wisconsin. Mackenthun and Cooley (1952), testing a variety 

of bottom dwelling organisms, found that the copper accumulated in Lake 

Monona sediments (as high as 480 mg/kg) was not toxic to bottom-dwelling organisms. 

Concentrations approaching 10,000 mg/kg were needed to kill certain benthic 

organisms.

Even though studies of the effect of sedimented copper on lake ecology are 

conflicting, the potential toxicity and recent experience with other heavy 

metals in the aquatic environment have caused concern over the effect of 

long-term applications of copper sulfate to Houghton Lake.

METHODS

Samples of the upper layer of bottom sediment were collected from thirty 

locations in Houghton Lake (Figure 2) and analyzed for copper. Samples from 

stations 1-20 were collected October 14-28, 1971. These samples, collected 

with an Ekman Dredge, consisted of a composite of sediment from the top inch 

of two grabs at each location. Samples collected from stations 21-30 were 

collected November 8-27, 1972 in a similar manner but represent a composite 

of material from 15 Ekman grabs at each site.

Cores of sediment were taken from five locations (Figure 2) May 30, 1973, 

to determine the vertical distribution of copper. A commercially-built 

corer (WildCo KB) was used. Intervals of sediment (6 cm) to a depth of 

24 cm were analyzed for copper at three of the locations ( A, B and C). At 

the other two locations (D and E), just the top six centimeters of sediment 

were analyzed.

Bottom samples for benthic macrofauna community analysis were collected 

at stations 1-20 simultaneously with the sediment samples. Additional samples 

were collected May 22, 1973 from stations 21-26 and 28 to more accurately
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FIGURE 2

LOCATIONS OF STATIONS FOR COPPER SAMPLING PROGRAM

LEGEND:
AEKMAN DREDGE SAMPLES (1-30) 
■CORE SAMPLES (A-E) ■+■
•  WATER SAMPLES



determine densities of the burrowing mayfly (Ephemera simulans). Samples 

consisted of a composite of six Ekman grabs at each station.

Selected benthic organisms, including burrowing mayfly £. simulans, 

clam (Elliptio dilatatus), crayfish (Orconectes sp.), Johnny darter (Etheostoma 

nigrum) and tadpole madtom (Noturus gyrinus) were collected at stations 

21-26 and 28 for copper analysis in conjunction with the sediment sampling. 

Collection of organisms was accomplished by making numerous grabs with an 

Ekman Dredge at each location and sieving samples through a frame covered with 

fine-meshed hardware cloth. The animals were then sorted by taxonomic group 

and frozen.

Six species of game and panfish were collected for copper analysis by 

the Fisheries Division (MDNR) during a fish survey of Houghotn Lake, May,

1972.

Water samples were collected from five locations (Sta. 11, 12, 16, 19 

and 20) on seven occasions (3/28/72, 5/2/72, 5/31/72, 6/27/72, 8/23/72,

10/17/72 and 2/6/73), from eight locations (Sta. 4, 9, 11, 18, 20, 28, 29 and 

31) during November, 1971 and from four locations (Sta. 1, 3, 4 and 20) on 

March 15, 1972 for copper analysis. Samples were collected with a Kemmerer 

sampler at a depth of three feet, except during November, 1971 and March 15,

1972 when a diver collected two samples at each station, one just below the 

water surface and the second at the sediment-water interface.

Total copper was determined by atomic absorption spectroscopy on acid 

digested samples. Total copper was determined on sediments, benthos and fish. 

Water samples were analyzed for dissolved copper except for those collected 

during November, 1971 and March 15, 1972, which were analyzed for both dissolved 

and total copper. Dissolved copper was determined on a filtered (0.45 y millipore
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filter) sample while total copper was determined on an unfiltered sample. 

Volatile solids of sediment samples, used as an approximation for organic 

content, were determined by combustion in a muffle furnace at 600°C for 

30 minutes. Copper concentrations were expressed as mg/kg wet weight for 

macroinvertebrates and fishes and mg/kg dry weight for sediments.

RESULTS

Copper in Sediments and its Effect on Benthos

The copper content of 30 samples collected from the upper stratum 

of the lake sediments ranged from 1.4 to 254.9 mg/kg dry weight (Table 2).

The highest concentrations of copper were associated with sediments of high 

volatile solids content. The mean copper concentration of samples with 

a volatile solids content greater than 20% was 127.4 mg/kg. Sediment samples 

with an intermediate volatile solids composition (5-20%) had a copper con

centration averaging 28.8 mg/kg. Eighteen sediment samples characterized by 

a low volatile solids faraction (<5%) had an average copper concentration 

of 12.9 mg/kg.

Fourteen of the eighteen samples having a volatile solids fraction less 

than 5% came from near-shore shoal areas of the lake. These samples had an 

average copper content of 16.1 mg/kg. The remaining 4 samples (stations 14,

15, 19 and 20) came from offshore areas of the lake and had a much lower average 

copper content (1.4 mg/kg). This difference can probably be related to copper 

sulfate application. The areas of the lake receiving applications have been 

generally located in or near beach shoal areas. However, the copper content 

of shoal sediments were not high in relation to the more organic sediments 

which occur farther out in the lake. The maximum copper content found in 

sediment samples from shoal areas was 35.3 mg/kg. This sample was taken from
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Table 2. Volatile solids and copper content of thirty sediment samples from 
Houghton Lake collected with an Ekman grab. Stations listed in 
order of decreasing volatile solids content.

Volatile Solids Cu Content
Station Water Depth (ft ) Content (%) (mg/kg )

12 6 46.0 19.2
11 18 45.8 232.6
27 8 44.1 145.6
9 3 43.0 254.9
4 2 41.7 156.9
6 7 31.3 71.4
8 12 31.3 11.0
5 12 19.8 6.7
1 4 11.0 13.2

17 8 9.6 84.6
2 4 9.4 24.4

29 15 5.1 15.0
30 12 1.5 16.3
23 5 1.5 19.0
21 5 1.3 35.3
10 4 1.2 14.1
14 9 1.2 1.4
24 5 1.1 19.2
20 8 1.0 1.4
15 9 0.9 1.4
25 6 0.8 11.8
13 5 0.8 13.4
19 10 0.6 1.4
26 5 0.6 21.6
28 4 0.5 29.2
16 4 0.5 6.5
7 4 0.5 1.3
3 4 0.4 33.5

18 4 0.4 1.4
22 4 0.3 3.1
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Table 3. Vertical distribution of copper in Houghton Lake sediments.

Core Water Depth Core Strata Volatile Solids Cu Content
Location (ft ) (cm) Content (%) (mg/kg)

A 18 0 - 6  40.9 68

6 - 1 2  40.6 59

12 - 18 41.6 20

18 - 24 41.0 16

B 20 0 - 6  7.9 20

6 - 12 14.4 100

12 - 18 5.5 28

18 - 24 3.0 6.1

24 - 30 6.9 5.6

C 13 0 - 6 33.1 130

6 - 12 34.1 110

1 2 - 1 8  37.6 100

18 - 24 39.0 69

D 9 0 - 6  3.8 2.0

E 15 0 - 6  18.6 96
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Table 4. Characteristics of the benthic macroinvertebrate community and sediment copper concentrations at 
twenty locations in Houghton Lake.
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3 Shoal 4 0.4 33.5
10 Shoal 4 1.2 14.1
13 Shoal 4 0.8 11.4
16 Shoal 4 0.5 6.5
18 Shoal 4 0.4 1.4
7 Shoal 4 0.5 1.4

14 Littoral (sand) 9 1.2 1.4
15 Littoral (sand) 9 0.9 1.4
19 Littoral (sand) 10 0.6 1.4
20 Littoral (sand) 8 1.0 1.4

9 Littoral (weed-bed) 3 43.0 254.9
4 Littoral (weed-bed) 2 41.7 156.9
6 Littoral (weed-bed) 7 31.3 71.4

12 Littoral (weed-bed) 6 46.0 19.2

11 Sub-littoral 18 45.8 232.6
8 Sub-littoral 12 31.3 11.0
5 Sub-littoral 12 19.8 6.7

17 Littoral (organic) 8 9.6 84.6
2 Littoral (organic) 5 9.4 24.4
1 Littoral (organic) 5 11.0 13.2

593.0 19 2.819 43.4 25.8 26.7 4.0
443.6 21 3.281 59.2 11.8 12.2 14.0

1112.0 35 4.848 19.6 45.7 21.0 9.9
189.9 17 3.050 54.8 27.2 14.5 3.5
259.7 18 3.058 2.6 62.1 31.4 3.8
592.2 22 3.290 14.7 71.1 9.9 1.7

452.4 18 2.780 20.9 71.8 3.1 4.1
1250.6 32 4.361 11.1 48.7 34.4 2.9
788.5 33 4.797 25.3 55.2 16.2 1.8
440.3 20 3.778 36.9 33.2 25.8 3.9

3613.1 34 4.028 29.4 64.5 4.2 0.6
1086.3 41 5.722 18.5 66.8 10.3 2.6
484.7 25 3.881 41 .1 30.2 24.0 3.6
290.9 14 3.292 32.7 4.0 4.0 58.4

255.4 19 3.247 48.6 0.23 25.2 24.1
284.9 14 2.300 60.4 8.0 14.0 16.6
455.4 22 3.431 17.8 59.2 13.1 7.5

982.7 18 2.467 29.1 17.1 13.1 40.6
971.6 42 5.960 23.1 65.5 7.8 2.8

1216.0 48 6.617 37.4 52.1 6.3 2.7

*Diversity index of Margalef (1951) where: S = no. of species and N = no. of individuals per station.



an area which has a history of repeated copper sulfate treatments.

The vertical distribution of copper in lake sediments from three locations 

is shown in Table 3. The copper content was generally highest in 

the uppermost core strata and decreased progressively with depth. The lone 

exception occurred at Location B where the top six centimeters of sediment 

had a copper content lower than the strata of sediment lying immediately 

below it. The strata of sediment lying 6-12 cm below the surface at that 

station was characterized by a volatile solids content twice that of adjacent 

strata. This high organic material layer may partially account for the high 

copper content. Even though a progressive decrease was noted with sediment 

depth;the deepest sediments sampled in cores A and B had a copper concentrations 

that were higher than the average for shoal areas which have received 

direct copper sulfate treatment.

Comparisons of sediment copper concentrations and the characteristics 

of the benthic macroinvertebrate community were made at each station (Table 

4). The twenty stations sampled were placed into five categories [shoal, 

littoral (sand), littoral (organic), littoral (weed-bed) and sub-littoral] 

based on sediment type, depth and the occurrence of aquatic macrophytes.

Within each of these categories, stations have been ranked in order of decreasing 

sediment copper content.

The composition of the benthic macroinvertebrate community at each station 

is described by grouping organisms into four broad taxa (Insects, Crustacea, 

Mollusca, Annelida). A complete taxonomic breakdown of benthos has been 

reported elsewhere (Pecor et al_., 1973). Within categories of sediment 

type there were few consistent relationships between benthic community 

composition and sediment copper concentrations. The relationships that do 

exist cannot be explained consistently by sediment copper concentration.
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The percentage of crustaceans at the sub-littoral stations consistently 

increases while annelids decrease with decreasing sediment copper concentration. 

However, at the littoral (weed-beds) stations the percentage of crustacea 

consistently decreased while annelids increased with decreasing sediment copper 

concentrations.

Parameters used to describe benthic community structure at each station

were total numbers, number of taxa, and the diversity index of Margalef (1951)

as described in Wilhm (1967). The only possible consistent relationship

between sediment copper concentrations and the benthic community was found

at the littoral (organic) stations. At these stations, the number of organisms/ 

o
ft , number of taxa and diversity generally decreased with increased sediment 

copper content. However, Station 17 cannot be directly compared to stations 

1 and 2 because it was located in a sandsucker hole (a small basin created in 

the lake bottom by removing the sand for shore fill) and the substrate was 

largely detritus. This type of substrate resulted in a large increase of 

oligochaetes and a reduction in species diversity at that station.

Biological Concentration of Copper

The relationship between sediment copper content and the copper content 

of associated benthic oragnisms is shown in Table 5. Five of the seven 

locations sampled received applications of copper sulfate during 1972 and 

these five plus station 25 have received applications in previous years.

Station 22 did not receive copper sulfate treatment during 1972 and has 

probably never received direct copper sulfate treatment. Sediment copper 

concentrations in these areas ranged from a low of 3.1 mg/kg at station 22 

to a high of 35.3 mg/kg at station 21. These stations were all located in 

shoal areas with a similar sediment type of coarse beach sand and small organic 

fractions.
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The burrowing mayfly (JE. simulans), clam (I. dilatatus), crayfish 

(Orconectes sp.), Johnny darter (£. nigrum) and tadpole madtom (N_. gyrinus) 

were used as test organisms because they were large in size, occurred in 

the sample areas and could be easily collected. The fish used as test 

organisms are not true benthic organisms but are closely allied to the bottom 

fauna communities because of feeding habits, physiology and general habitat 

requirements (Hubbs and Lagler, 1958).

The burrowing mayfly was the only test animal which had an apparent 

relationship between its body copper content and the copper content of the 

associated sediment sample (Table 5). Rank correlation (Snedecor and 

Cochran, 1967) was used to determine if this relationship was significant.

The computed value for the rank correlation coefficient (rx) of 0.75 was 

significant at the 0.05 level of probability.

Except for a high concentration (30.0 mg/kg) which occurred in clams at 

station 28, the body copper content of £. dilatatus differed little as a result 

of differential sediment copper concentrations. Crayfish were not collected 

in sufficient numbers at all stations to determine whether a relationship 

existed. The copper content of Johnny darters and madtoms was much lower 

than any of the invertebrate test organisms and varied little between sample 

locations.

The correlation between sediment copper concentration and the copper 

content of burrowing mayflies prompted a later estimate of JE. simulans 

densities in these areas on May 22, 1973. Mayfly densities were markedly 

reduced at all stations which had sediment copper concentrations greater 

than 12.0 mg/kg (Table 5). These findings were in direct conflict with earlier 

work on sediment copper-benthos relationships. Density estimates made at 

other shoal locations during October 1971 showed that there was no relationship
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Table 5. The relationship between sediment copper concentrations (mg/kg,dry weight) and the body copper 
content (mg/kg,wet weight) of selected organisms collected during November, 1972, at seven 
locations in Houghton Lake.

Location

Sediment 
Volatile Solids 
Content (%)

Sediment 
Copper Content Mayf1i es Clams

Tadpole
Madtom

Johnny
Darter Crayfish

Mayfly* 
density 
#/sq. ft.

21 1.3 35.3 9.0 7.7 3.4 — 22.0 0.30

28 0.5 29.2 17.0 30.0 — 1.4 ----------- 2.4

26 0.6 21.6 13.0 6.0 — 1.2 ----------- 9.6

24 1.1 19.2 11.0 6.4 1.2 — 48.0 1.6

23 1.5 18.9 5.7 6.9 1.7 1.2 28.0 1.0

25 0.8 11.8 6.2 8.0 — — ----------- 18.4

22 (Control) 0.3 3.1 3.9 3.0 — — ----------- 38.4

* Burrowing mayflies (Ephemera simulans) densities at these locations were calculated from samples collected 
May 22, 1973.



between burrowing mayfly density and sediment copper concentration. Locations 

sampled May 22, 1973, which had reduced mayfly populations were areas which 

had received a direct copper sulfate application in late June 1972. At 

this time burrowing mayfly nymphs would have been present as early instars.

It is quite possible that the low mayfly densities in these treated areas 

were due to an acute toxic effect associated with the treatment rather than 

chronic effects associated with elevated levels of body copper.

The average copper content of six species of Houghton Lake fish commonly 

caught by anglers was low (bluegill 0.39 mg/kg, rock bas's 0.32 mg/kg, 

pumpkinseed 1.22 mg/kg, smallmouth bass 0.45 mg/kg, northern pike, 0.40 mg/kg 

and walleye 0.33 mg/kg). The observed differences in copper concentrations 

between fish species was not statistically significant. The copper content 

in all of these species, except pumpkinseeds, was much lower than the average 

copper concentrations of Johnny darters (1.3 mg/kg) and tadpole madtom (2.1 

mg/kg). These concentrations were similar to concentrations found in similar 

species taken from established background monitoring stations in Michigan 

(MWRC, 1972).

Fish collected can be placed into three different categories based on 

their feeding habits. Johnny darters and tadpole madtoms are small fish when 

mature and may be categorized as bottom feeders since they are closely 

allied to the benthic community for food (Hubbs and Lagler, 1958; Carlander, 

1969). Smallmouth bass, northern pike and walleyes are predacious and occupy 

a position near the top of the food chain. The panfish (bluegill, rock bass 

and pumpkinseed) as a gorup are intermediate in position between predators 

and bottom feeders. The average copper concentration of these groups show 

a step-wise reduction with trophic level (bottom feeders 1.7 mg/kg, panfish 

0.6 mg/kg, and predators 0.4 mg/kg).

The data indicate that copper in Houghton Lake is not being biologically
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magnified within the food chain. The bottom dwelling macroinvertebrates had 

the highest body copper concentration while fish higher in the food chain 

had progressively lower concentrations.

Copper in Lake Water

Dissolved copper in water samples was below our analytical limit of 

detection (<0.01 mg/kg) on all dates at all stations exeept station 16 on 

June 27, 1972. The concentration of 0.29 mg/kg recorded at this station was 

the result of an aerial application of copper sulfate just prior to collection 

of the sample.

The sixteen water samples collected from Houghton Lake during November 

1971, had total copper concentrations ranging from 0.02 to 0.75 mg/1 (Table 6). 

There was no significant difference in copper concentrations between surface 

and bottom samples. Dissolved copper concentrations in these samples (after 

filtration through a 0.45 y millipore filter) were below the limits of 

detection (Table 6). Thus, copper was highly associated with the particulate 

and colloidal materials in the water. Large amounts of resuspended bottom 

sediments in the 16 samples because of rough weather during collection probably 

resulted in the high total copper concentrations.

The concentrations of dissolved and total copper in lake water under ice 

cover during March, 1972 were below the limits of detection under both aerobic 

and anaerobic conditions.
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Table 6. Concentrations of dissolved and total copper in water samples 
collected from Houghton Lake during November 1971.

Dissolved Total
Station Cu (mq/1) Cu (mg/1)

4 T <0.01 0.06
4 B <0.01 0.20
9 T <0.01 0.75
9 B <0.01 0.24
11 T <0.01 0.04
11 B <0.01 0.06
18 T <0.01 0.25
18 B <0.01 0.33
20 T <0.01 0.02
20 B <0.01 0.20
30 T <0.01 0.45
30 B <0.01 0.43
31 T <0.01 0.17
31 B <0.01 0.15
32 T <0.01 0.28
32 B <0.01 0.48

T = Surface sample 
B = Sediment-water interface sample
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DISCUSSION

Large accumulations of copper were not found in the sediments of areas 

directly treated with copper sulfate. Sediment copper concentrations were 

highest in the offshore areas of the lake where sediments were largely organic 

in nature. The highest concentration found in forty-five samples of 

Houghton Lake sediment was 255 mg/kg. Nichols et. al_., (1946) noted that in 

Wisconsin lakes heavily treated with copper sulfate the highest sediment 

copper concentrations occurred in deep areas of the lakes. Concentrations 

of 600 mg/kg were common in these areas of Lake Monona. The majority of 

sediment samples collected in cores from southern Lake Michigan had copper 

concentrations between 25 and 50 mg/kg with the highest concentrations usually 

occurring in the upper regions of the cores (Shimp et^al_., 1970).

Nichols et aJL (1946) observed that copper concentrations were generally 

highest in the upper foot of cores taken from Madison lakes. Similarly, 

at Hoyghton Lake copper concentrations were highest near the surface and 

decreased with increasing sediment depth. The reason for this type of 

vertical distribution in Houghton Lake sediments could easily be attributed 

to recent cultural loadings. However, Cline and Upchurch (unpublished) have 

recently shown that natural biochemical processes in lake sediments tend to 

concentrate copper in the upper reaches of sediments. They state that upward 

migration of copper at least partially offsets burial processes.

Sanchez (1971) found that Lake Monona sediments could absorb up to

26,000 mg/kg copper. He noted that once bound, this copper was not easily 

leached and that sorption capacity was somewhat related to alkalinity.

Cline (1974) found that under laboratory conditions organic rich Houghton 

Lake sediments could adsorb up to 8700 mg/kg copper before an amount toxic

23



to aquatic life remained in overlying waters. Cline found that sorption was 

related to organic content due to chelation and surface adsorption by humic 

materials. The distribution of copper in Houghton Lake sediments supports 

the laboratory findings of Cline, in that copper concentrations were low 

in the sand sediments of areas which had received direct copper sulfate 

treatment and were high in offshore organic-rich sediments. The present 

concentrations of sedimented copper in areas of accumulation are still far 

below the sorption capacity of the lake's sediments. However, the work of 

Cline and Upchurch (unpublished) indicates that as additional copper is 

added the concentrations will continue to increase in the upper portions of 

the sediments and burial will not be as significant a factor in removing copper 

from the system as is commonly believed and as expressed by Lueschow (1972).

Little can be said about the concentrations of dissolved copper in 

Houghton Lake water or its seasonal dynamics since the low levels which occurred 

on all dates were below the limits of sensitivity of the laboratory methods 

employed. Sanchez (1971), working on Lake Monona, Wisconsin, which had a 

history of copper sulfate treatment*found low levels of copper in the water.

The highest concentrations of dissolved copper in the epilimnion were about 

3.8 yg/1, while lower concentrations, usually around 1.0 yg/1, were found in 

the hypolimnetic water. Lueschow 1972, cormenting on a number of Wisconsin 

lakes heavily treated with copper sulfate, stated that copper concentrations 

in these lake waters were usually below limits of detection and no unusual 

concentrations had been observed.

The high concentrations of total copper in water samples collected from 

Houghton Lake during November 1971, resulted from the extensive mixing and 

sediment resuspension by wave action. Riley (1939), who studied natural copper
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in three lakes in Connecticut, found that wave action was a significant factor 

in the mobilization of copper in a particulate form. Periods of calm 

weather would result in reduced total copper concentrations as particulate 

matter settled to the bottom. Water samples collected from Houghton Lake 

during March, 1972, under ice cover when there was no disturbance of the 

sediments due to wave action and suspended particulate matter was at a 

minimum, had total copper concentrations below limits of detection. Lakes 

which are not subjected to extensive wave action or are deep enough so that 

wave action does not disturb sediments would not be expected to exhibit 

high concentrations of total copper in the water column. Total copper in 

Lake Michigan and Lake Erie ranged from 0.4 to 19.0 yg/1 (Allen et al_., 1970) 

and total (acid exchangeable) copper concentrations were estimated to 

average 3 yg/1 in Lake Monona, Wisconsin, water (Sanchez, 1971). Thus, wave 

action, which causes mixing and resuspension of copper containing sediments 

is a major mobilizing factor of copper in Houghton Lake.

The effects of sediment copper on lake benthos was not clearly established 

in this study. There was no measurable relationship between benthic macro

invertebrate standing crop or species composition and levels of copper in 

associated sediments. Environmental variables which affect benthic community 

structure and productivity could mask any subtle effects that occurred. One 

of the invertebrates analyzed, the mayfly, E_. simulans, showed elevated body 

copper levels probably because of copper contaminated sediments. The signif

icance of this elevated body copper level to the population dynamics of that 

species was not clearly established.

One striking aspect of the macro-benthic community of Houghton Lake is 

the scarcity of burrowing mayflies of the genus Hexaqenia. The burrowing 

mayfly ji. simulans, a closely related species, requires a sandy substrate
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as a habitat (Leonard and Leonard, 1962) and is abundant. Hexaqenia sp. 

requires a more organic substrate as a habitat than Ephemera sp. (Leonard 

and Leonard, 1962), and its density was low in all areas even though large 

areas of the lake appear to be of suitable habitat. Dissolved oxygen and 

water quality were always high in bottom waters of the lake so these factors 

should not be limiting. The organic sediments required by Hexaqenia sp. 

do accumulate copper. The presence of the copper can not be directly related 

to the low Hexaqenia densities however, because no information is available 

on population levels in the lake prior to applications.

Conflicting reports are found in the literature concerning the effect 

of sedimented copper on lake benthos. Laboratory bioassays using sediments 

with different copper concentrations showed that levels in excess of 10,000 

mg/kg were necessary before toxic effects were noted (Mackenthun and Cooley, 

1952). This figure is in the range reported by Cline (1974), who under 

laboratory conditions, showed that Houghton Lake sediments could adsorb

up to 8-9 thousand mg/kg copper before toxic levels remained in overlying waters. 

The limited design of Mackenthun and Cooley's (1952) experiments may not have 

allowed adequate determination of chronic effects on benthos associated with 

long-term exposure to sublethal concentrations in the sediment.

Sanchez (1971) noted that natural sinks in Lake Monona water would keep 

dissolved copper concentrations below toxic levels for all kinds of organisms 

but stated that the effect of precipitated copper on bottom dwelling organisms 

was unknown. Similarly, processes in Houghton Lake tend to sediment copper.

No unusual concentrations were found in Houghton Lake fish or water. The 

sediments reflected the additions of copper sulfate and it is the community 

associated with the lake sediments which is potentially susceptible to copper 

applied as a result of the "swimmers' itch" treatment program. The effect of
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of copper on lake benthos could not adequately be measured under field 

conditions. No relationship was demonstrated between sediment copper 

concentration and benthic community structure. Generally, the lake benthos 

is characterized by a fairly high density and diverse species. Controlled 

long-term bioassays, assessing chronic effects of copper on growth, survival 

and reproduction, are needed to establish acceptable concentrations of copper 

in lake sediments.
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