Abstract: Study by Fairview Lake Association; http://www.fairviewlakeasso.or g/
Elevated levels of turbidity in shallow aquatic ecosystems affect the biological

and chemical integrity of the aquatic environment. It is measured routinely in water

quality surveys and is at the center of studies concerning the effects of human

recreational activity. There is abundant evidence in the literature documenting the effects

of turbidity and sediment resuspension on aquatic health. The following review includes

studies written between 1978 and 2000. It focuses on documented evidence of impacts

on water quality, fish, macroinvertebrate and macrophyte communities of shallow water

lakes and draws conclusions for future study.

Fairview Lake

Located in Pike County, Pennsylvania, Fairview Lake is a 169-acre natural lake.
The maximum depth of the lake is 48 feet. The Pennsylvania Fish and Boat Commission
maintains a boat launch on the southwestern corner of the lake, open to the public. There
is no available record of the number of boats per season using this launch.

In addition to recreational boating, Fairview residents and visitors value the area
for sport fishing. The lake, like many Pocono area waters, is stocked with trout. There
aretypically fal, winter, late winter and spring stockings to maintain a population of
catchable trout for sport fishing (PA FWS Internet 2000).

Methods of Measuring Turbidity

Measuring turbidity is a difficult process because of the variety of factors
influencing sediment mixing. Many studies have investigated the individual effects of
these factors. It has been recognized that motorboats and PWC have a direct impact on
the biotic and abiotic parameters of lakes.

A variety of methods have been documented for measuring turbidity. Primary
considerations are 1) to what depth does light penetrate, allowing plants to continue
photosynthesis and 2) what is the concentration of sediment in the water column (Stern
and Stickle 1978).

Sampling should include water clarity (secchi depth), orthophosphorus, total
phosphorus, pH and dissolved oxygen. Turbidity can either be determined in the field



using portable meters or in the lab where samples must be transported from the site.
Secchi depth readings will help determine water clarity fairly simply and inexpensively.
Field meters may include the Hach Portable turbidimeter or the pocket turbidimeter
(Hach 1999). Laboratory measuring instruments can be very complex and expensive.
They may include the AMINCO fluorocolorimeter, (Hilton and Philips 1982), the
2100AN or the 2100N turbidimeter (Hach 1999).

Causes of Turbidity

Human activity effects increased turbidity in lakes and rivers through a number of
avenues. Erosion from nearby agricultural lands, runoff as a result of increased
waterproofing of the land, industrial effluents, flooding, dredging, thermal stratification
and water currents are causes of sedimentation (Kerr 1991, Liddle and Scorgie 1980).
Human activity such as motorboat and personal watercraft use is the subject of increasing
concern in lakes and rivers al over the United States and Europe. Physical forces
associated with recreational activity on lakes include wash, turbulence, propeller action
(cutting effects), direct contact with bottom sediment and disturbance by sight and sound
(Liddle and Scorgie 1980).

Waves produced by watercraft erode the shoreline. The more energy the wave
contains, in terms of velocity, the greater the amount of stress put on the shoreline upon
contact. Furthermore, the greater the number of boats on the water, the greater the stress
on the eroding shoreline. Wave heights are additive, thereby increasing damage with
increasing number of boats acting simultaneously. Erosion of the shoreline and
resuspension of bottom sediment will add to the sediment load in the water causing
decreased water clarity, poor odor and taste, changes in chemistry and effects on the
biology of the lake (Johnson 1994).

The complexities of an aguatic ecosystem and the impacts of outside activities
may act synergistically making it difficult to quantify a particular effect. Studies have
documented significant increases in turbidity levels from periods of no boat traffic, very
early in the morning hours, to heavy boating traffic in the daytime hours (Johnson 1994).



2 vs. 4 stroke engines

Personal watercraft (PWC) are becoming increasingly popular and controversial
in the recreational boating industry. They are powered by two stroke engines, which are
one of the most highly polluting engines in use today. They spill up to one third of their
fuel unused and emit an astonishing amount of hydrocarbons and nitrogen oxides (Martin
1999).

PWC’s use an inboard, internal combustion engine which powers a water jet
pump used for propulsion. The design of this watercraft allows for high speed and
extreme mobility. Because PWC's are able to reach shallow areas, they often interfere
with aquatic macrophytes, nesting waterfowl and shore animals in addition to disturbing
the benthic (bottom) community (Martin 1999).

Motorboats are less able to maneuver close to the shoreline in most cases but still
have an impact on the biology and chemistry of the lake. The four stroke engines used in
motorboats are more fuel-efficient than PWC, getting up to twice the mileage of a two-
stoke engine. They are cleaner still because there is no mixing of oil and gas. However,
the weight, speed and high cost of four stroke engines contribute to the lower percentage
of four them on the water (Water skiing and the Environment 9/11/00).

The unburned gasoline spilled from PWC'’ s especially, contain benzene, toluene,
and other aromatic compounds can be toxic to aquatic organisms. Burnt fuel creates
compounds called polycyclic aromatic hydrocarbons, which are linked to cancer and
genetic mutations (Water skiing and the Environment 9/11/00).

Chemical considerations

Fourteen years of chemical analysis of Fairview Lake (Urban 1999), shows
significant trends in water quality. Secchi depth readings have decreased from 1986 to
1999, showing a decrease in the clarity of the water. Dissolved oxygen levels have
amost doubled and phosphate levels have increased by three since 1986 (Urban 1999).
Disturbance of bottom sediment by recreational watercraft and some natural mixing may

be responsible for increased turbidity.



L ake sediments contain much higher concentrations of phosphorus than the water
column. The effects of mixing sediment has been given attention because it is often
regarded the most limiting nutrient for biological activity (Y ousef et al 1978). Although
phosphorus is not found in great quantity in most aguatic life, phytoplankton and
zooplankton can absorb excess phosphorus for later use. Phytoplankton in particular can
take up to more than ten times their normal content for storage (Y ousef et al 1979).

Large crops of phytoplankton can result from the release of nutrients, causing a severe
increase in turbidity in a short time (Garrad 1987). The process of eutrophication caused
by increased algae growth results in decreased water clarity, poor odor and taste and
depletion of dissolved oxygen. About 90-95% of the phosphorusin alake is accumulated
in the top layer of bottom sediment where it is unavailable to algae. Mixing of this
sediment allows nutrients to be utilized in the eutrophication process (Nedohin and
Elefsiniotis 1997). Significant increases in phosphorus concentration in the water column
have been detected after mixing of the sediment (Y ousef et al 1978). Thereisevidence
that sediment resuspension from motorboat activity is the catalyst for increased turbidity.

The concentration of dissolved oxygen increases as a result of a new abundance
of phytoplankton. However, decreased water clarity and light penetration will inhibit
macrophyte growth, reducing the available substrate for macroinvertebrate habitat. Less
vegetation and disturbance of bottom sediment directly affects macroinvertebrate

diversity and subsequentially the health of the aguatic ecosystem.

Effectson Macrophytes

Excessive increases in turbidity levels may create an environment beyond the
acceptable level of tolerance for the living components of an aguatic ecosystem. Studies
indicate that reduced light penetration due to increased turbidity may cause a decrease in
macrophyte growth (Hilton and Phillips 1982). Submerged aquatic plants will not
survive in the absence of light needed for photosynthesis. The spatial distribution and
productivity of submerged agquatic macophytesis regulated in part by the availability of
light. Suspended material in turbid waters interferes with the transmission of light
through aliquid medium (Stern and Stickle 1978). Decreased water clarity dueto



turbidity causes mortality of macrophytes at varying rates depending on the species and
their tolerance (Goldsborough and Kemp 1988).

Direct cutting and uprooting of macrophytes by motorboat and PWC activity
causes a significant decline in productivity and biomass (Asplund 1997). Emergent
aguatic plants have been disturbed by boat waves causing for less cover along the
shoreline and greater erosion. Areas where boat traffic is the greatest and sediment
resuspension is highest have been found to be areas with limited aguatic macrophyte
growth (Johnson 1994).

Effects on Macroinvertebrates

Because of invertebrate diversity in a particular lake community and the
complexity of biological and chemical parameters of the ecosystem, it is difficult to
quantify the effects of increased turbidity on living freshwater organisms. However,
there is significant evidence to indicate that the abundance and diversity of invertebrate
populations are associated with increased turbidity and suspended solids in the water
column. Diversity and taxa richness of species such as filter feeders have declined due to
sedimentation (Kerr 1995).

Kirk and Gilbert (1990) studied the effects of suspended clay on populations of
planktonic rotifers and cladocerans using long-term laboratory experiments. They
showed that four cladoceran species were intolerant of coarse clay particlesin
suspension. Two of the four species included in Kirk and Gilbert’s study are found in
Fairview Lake: Daphnia pulex and Bosmina longirostris (Urban 2000). The later of the
two species has shown a significant decrease from the summer of 1987 to Spring 1999:
26.2 per liter and 1 per liter, respectively.

Kirk and Gilbert showed that inhibited growth rates differed according to clay
particle size. Cladocerans were not adversely affected by high concentrations of fine
particles. Therotifer population did not experience decreased growth rates. It was
concluded that in turbid environments rotifers are dominant over cladocera, influencing
the structure of the zooplankton community. The presence of increased sediment reduces
the amount of nutritious phytoplankton cells ingested by the cladocerans. Because
cladocerans do not discriminate between particles sizes when feeding, the ingestion of



suspended clay particles reduces phytoplankton ingestion. Decrease in light penetration
may decrease phytoplankton biomass and productivity, further limiting zooplankton
growth rates. Rotifer species do not ingest suspended clay particles and are not inhibited
by turbidity (Kirk and Gilbert 1990). Although both organisms are filter feeders, rotifers
have other means of foraging and are not as dependent on suspension feeding as
cladocerans (Thorp and Covich 1991).

The most work has been done on marine and freshwater bivalves (oysters, clams,
mussels). Bivalves are primarily filter feeders and play an important role in removing
suspended sediment from the water column. However, certain high concentrations of
sediment have caused mortality in filter feeding species (Stern and Stickle 1978).

Species of aquatic insects (Class Insecta) inhabit the bottom sediment in lakes and
rivers and use the vegetation (macrophytes) for shelter and food. Some, such as the
“phantom midge larvae” (Diptera: Chaoborus), travel the depths of the water column for
foraging purposes (Thorp 1991). Significant changes to the clarity and diversity of the
water will have numerous implications for these aquatic species.

Fish

High levels of turbidity in lakes and rivers effect fish populations directly and
indirectly. Direct effects include factors influencing reproduction, survival, growth and
development. Indirect effects constitute modifications to their habitat and the organisms
they depend on for food. Studies have shown mortality in fish species due to clogging of
the gills, suffocation and decreased levels of dissolved oxygen. Fish survival is
universally dependent on afew significant parameters. dissolved oxygen, temperature
and concentration of sediment in the water column (Stern and Stickle 1978).

There is significant evidence that resuspension of sediment has a direct impact on
the health and survival of fish speciesin lakes. Stern and Stickle (1978) give a detailed
discussion of the studies done on fish disturbance and sediment resuspension in the
1960'sand 70’s.

Elevated turbidity may cause fish to avoid certain waters, effecting migration
movements. Studies have determined that fish will vacate turbid areas only to return
once the water clarity has improved (Kerr 1995). Fish species may experience



physiological and behavioral changes as a result of increased turbidity. Species such as
bluegill, larval striped bass, species of salmon, cutthroat trout and larval herring have all
displayed depressed rates of foraging even while prey was abundant. Furthermore,
prolonged sedimentation causes a protective mucous coating to put the fish under stress.
The coating continually removes suspended particles from entering the gills. However, it
reduces the surface available for oxygen exchange and causes respiratory difficulties
(Kerr 1995).

Sedimentation can reduce fish abundance and alter growth rates. In rivers with
high silt concentrations, populations of brown, rainbow and brook trout have all been
reduced. Studies have aso determined reduced growth rates in arctic graylings, coho
salmon, crappies, rainbow trout, brook trout and largemouth bass (Kerr 1995).

Fairview Lake isinhabited by species of nesting fish such as trout and bass.
There isincreasing concern within the Fairview Lake Association over the interference of
motorboats and PWC use on the establishment of these nesting areas. This concern is not
without precedence. Sedimentation of spawning grounds inhibits successful hatching and
incubation. In order for fish eggs to hatch properly they require a clean surface where
oxygen isavailable. Turbid conditions reduce water flow and oxygen availability to
eggs, causing suffocation. Numerous studies have explored concern over spawning
interference. White perch, striped bass, pike, yellow perch, pikeperch and whitefish,
have exhibited reduced spawning and incubation success and increased mortality (Kerr
1995). Furthermore, high rainbow trout mortality has resulted from heavy siltation in
rivers. Best survival rates occurred in waters with stable stream discharge and low
concentrations of sediment (Kerr 1995).

Conclusion

The impact of recreational watercraft use on shallow water lakes and riversis
significant. Evidence for this conclusion exists in the numerous studies that have focused
on the impacts to macrophytes, macroinvertebrates, fish, water chemistry and shoreline
erosion and habitat. Fairview Lake is amongst many shallow water lakes facing the
difficult challenge of managing motorboat and personal watercraft use in a safe and
ecologically sound manner. Waterways are especialy valuable in the sports fishing and



boating industries, in addition to property owners and environmentalists. In order to
ensure they remain available for recreational use this valuable resource must be
protected.

Future analysis of the biological and chemical parameters of Fairview Lakeis
necessary to determine the extent of recreational boating impacts. Continued
documentation of water quality trends should include turbidity measurements with either
afield or lab meter. Sampling should take place three or more times per year,
specificaly in the early spring, prior to heavy motor boat use; in the fall, when
recreational use lessens and the winter, when boat use has generally stopped.
Additionally, sampling should be done over a twenty-four hour period to determine the
changes in turbidity from the early morning hours through the day, when boat traffic will
typically increase (Adams et al 1991). Information pertaining to the number of boats that
access Fairview Lake per season and the number of people who violate wake markings
would be valuable for future survey of the issue.
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