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Introduction 
 This report evaluates data collected on Hidden Harbour Lake, located North and 
East of Angola and Centennial Roads in Lucas county Ohio (GPS: 41.62749340,              
-83.73400653).  Hidden Harbour Lake is 66.88 surface acres, a maximum of 16.0 feet 
deep, with an average depth of 7.4 feet, containing approximately 550.1 acre-feet of 
water ( 179,223,000 gallons).  Refer to Figure 1 and Figure 2, for the depth contour map 
and the depth/volume curve, a visual depiction between the surface area of the lake and 
its depth.  Other morphometric parameters include: maximum length, 2731.72 feet; 
maximum width, 1582.52 feet; and shoreline, 8549.95 feet. The objectives of this survey 
were to evaluate the physical, chemical, and biological status of the lake and to develop 
management recommendations, especially for vegetation control and fish population 
enhancement.  The specific objectives are as follows: 
 

 Investigation of dissolved oxygen (DO) profiles to determine the need for 
supplemental aeration and the ability of trout to over-summer within the 
lake. 

 Analysis of the chemical composition of the water including total and 
reactive phosphorus, nitrate, nitrite, ammonia, alkalinity, and pH. 

 Investigation of zooplankton and phytoplankton communities as indicators 
of nutrient levels and overall ecosystem health. 

 Assessment of the present constituents and condition of the fishery. 
 Determination of vegetation species, areal abundance, and potential 

control methods. 
 Development of long term lake management recommendations for the 

lake’s vegetation, fishery, and overall water quality. 
 
 It is important to realize that this assessment represents a single “snapshot” of the 
condition of the lake.  Aquatic ecosystems are very dynamic systems and can experience 
considerable, though often times predictable changes throughout a season.  A more 
comprehensive study can be determined with more frequent sampling; however this 
frequent sampling usually becomes cost prohibitive.  Inspired by Nature, Inc. (IBN) has 
developed the above sampling protocol to maximize the amount of “usable” data 
collected while keeping the analysis affordable.  Therefore, this report provides a broad 
view of the ecosystem while providing a strong foundation from which sound 
management decisions can be made.  
 

In order for the management recommendations to be effective, the basic principles 
of lake ecosystems must be understood.  The following discussion will include such 
physical, chemical, and biological principles. 
 
Temperature and Dissolved Oxygen 

The primary physical attributes of lake ecosystems pertain to water temperature 
and the influence it has on the ability of the pond’s water column to remain oxygenated.  
Intuitively, water temperatures climb as air temperature and sunlight exposure rise from 
spring to late summer.  However, it is important to note that the water column does not 
heat evenly.  Much of the heat that water retains results from the absorption of infrared 
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irradiation (Wetzel 1983).  Depending on the water clarity, infrared irradiation is 
absorbed within the top meter or two of water.  The result is the rapid heating of the 
surface water and the development of a stratified system. 
 

Stratified systems consist of three distinct layers that result from temperature 
differences and their differences in water density.  Limnologists apply the 
following terminology for a stratified system (Wetzel 1983).   

 Epilimnion (surface layer): This layer is characterized by elevated temperatures, 
high photosynthetic rates, and high dissolved oxygen levels.  This entire layer is 
thoroughly mixed by wind action and has largely uniform DO levels. The 
epilimnion does not typically extend more than 8 to 10 feet deep in ponds and 
smaller lakes. 

 
 Thermocline (transitional layer): The thermocline is the thin layer that separates 

the epilimnion from the cooler bottom waters.  It is a region of rapid temperature 
change.  The accepted distinction of the thermocline, is the point where water 
temperatures experience a change greater than 1 C° per meter (.54° F/ 
foot)(Wetzel 1983). 

  
 Hypolimnion (cool bottom waters): The hypolimnion is the lower layer of a 

stratified system.  Essentially, this water has been trapped at the bottom of the 
lake since the last turnover event.  As a result, this water is cold and often devoid 
of oxygen in nutrient rich systems. 

 
A typical temperate lake will become stratified for two periods with a brief period 

of mixing between (turnover).  Beginning in early spring, each layer warms to the same 
temperature, thus eliminating any density differences, and allowing for easy mixing of 
the water column.  Increasing solar irradiance causes the epilimnion to become heated, 
while the hypolimnion of the lake remains the same temperature as the entire lake during 
the previous mixed state.  At this point, all layers have ample amounts of oxygen.  As 
summer progresses, the hypolimnion’s oxygen supply is depleted.  Agents causing 
oxygen depletion include the respiration of bacteria, invertebrates, vertebrates, and plants 
in addition to the oxygen that is chemically consumed within the sediments.  As a general 
rule, DO levels at or above 5 mg/l are desirable (Wheaton 1977).  Stickney (1994) 
indicates that dissolved oxygen levels below 4 mg/l may be detrimental for some species, 
but recommends that DO should be kept as near to saturation as possible.  By late fall, 
lakes will reach a uniform temperature (density) and will freely mix.  As a result of 
waters unique physical properties, an inverted stratification occurs as water cools below 
4°C (39.2°F).  At this point, ice at 0°C (32°F) floats on the layer of warmer water below.  
During inverted stratification, the hypolimnion is maintained at 4°C (39.2°F), resulting 
from water’s highest density at this temperature.  The cycle continues as water warms in 
the spring, causing uniform water densities once again. 

 
It is important to note that “inversions” can occur within water bodies at times 

other than the spring and fall turnovers.  Very windy conditions can create enough 
turbulence to partially disrupt the above stratification.  Heavy, cold rains have also been 
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reported to invert stratified lakes (ODNR 1996).  Such inversions can cause serious 
oxygen depletion problems, and result in summer kills.  Winterkills result not from an 
inversion, but from an overall depletion of oxygen under ice cover.  Limited light 
penetration through cloudy or snow covered ice limits photosynthesis and ultimately 
reduces the production of oxygen.  Respiration continues in the absence of light, 
consuming oxygen from the water column. 
 
Nutrients 

Nutrients are required to sustain life in any aquatic ecosystem.  Although several 
macro and many micronutrients are required, nitrogen and phosphorus are often the 
limiting macronutrients (Laws 1993).  The concentrations of these two essential nutrients 
can often times become too high, a scenario referred to as eutrophication.  In such cases, 
ponds and lakes can be characterized by dense algal blooms, declines in water clarity, 
excessive rooted vegetation, and dramatic daily DO fluctuations.  Therefore, it is 
important to monitor the levels of each nutrient to maintain a healthy ecosystem, while 
preventing excessive growth that is associated with elevated nutrient levels. 
 
Nitrogen 
 Nitrogen is required by all living organisms, being a major component in the 
synthesis of proteins.  Three primary forms of nitrogen are found in aquatic 
environments: nitrate (NO3

-), nitrite (NO2
-), and ammonia (NH3).  These three forms of 

nitrogen are continually altered by plants and bacteria, a process referred to as the 
nitrogen cycle.  Ammonia is the initial nitrogen compound liberated in aquatic systems.  
All organisms undergoing respiration release ammonia compounds into the water 
column.  In its unionized state, ammonia is very toxic, with a 96-hour LC50 (lethal 
concentration) as low as .7 to 1.2 mg/l for largemouth bass (Ruffier et al. 1981).  Through 
bacterial processes (Nitrosomonas spp.), ammonia is converted into nitrite, which is also 
relatively toxic to aquatic vertebrates.  Planchek and Toasso (1984) demonstrate the 96-
hour LC50 for largemouth bass to be 140.2 mg/l.  A second bacterial process (Nitrobactor 
spp.) converts nitrite to nitrate. Nitrate is often the most abundant form of nitrogen within 
natural aquatic systems, being a major nitrogen source for aquatic plants.  Nitrate has 
little implications for toxicity, within lakes and ponds because it is rapidly assimilated 
into plant material.   
 
 Although nitrate nitrogen poses no toxicity problem, the resulting plant growth 
can cause problems with water access and oxygen depletion.  Wetzel, (1983) indicates 
that total nitrogen levels above 1.9 mg/l signal a highly nutrified condition.  
Concentrations of inorganic nitrogen (nitrate, nitrite, and ammonia) above .30 mg/l also 
suggest a eutrophic system (Sawyer 1948).  Refer to Table 1 for pond classification based 
on nitrogen levels. 
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Table 1.  Pond productivity in relation to inorganic nitrogen (N) concentrations.  Modified from 
Vollenweider 1968 per Wetzel 1983. 

 
 
Phosphorus 
 Phosphorus is the most limiting nutrient in freshwater systems, thereby, providing 
control over most of the productivity of phytoplankton and macrophytes within a lake.  
Phosphorous can be categorized into two components, that which has already been 
assimilated into organic material and that which is readily available for growth (reactive 
phosphorus).  Therefore, total phosphorus provides an overall level of productivity within 
a system, while reactive phosphorus indicates the potential growth that could arise.  
Vollenwieder’s (1968) evaluation indicated that total phosphorus levels above .03 mg/l 
are representative of eutrophic systems Table 2.  Reactive phosphorus levels greater than 
.045 mg/l have the potential of producing significant algae blooms (Sawyer 1948).  
Therefore, monitoring and managing phosphorus levels are essential to having a healthy 
lake ecosystem. 
 
Table 2.  Pond productivity based on total phosphorus levels.  Modified from Vollenwieder’s 1968 
per Wetzel 1983. 

 

 
 
Alkalinity 
 Alkalinity is the measure of carbonate ions dissolved within the water.  It provides 
a buffer against abrupt pH changes and also provides a carbon source for many aquatic 
plants.  Therefore, it is often related to the productivity of ponds.  In this area, ponds have 
moderate to high alkalinities as a result of the limestone (calcium carbonate) that is so 
abundant.  Alkalinities in the range of 30 to 200 mg/l CaCO3 is considered to be 
acceptable for most fish species.  High levels tend to favor rooted macrophytes over algae 
because of their ability to use the carbonate as a carbon source (Stickney 1994).   
 
 

Level of Pond Productivity Inorganic Nitrogen (mg/l) 
Ultra-oligotrophic (extremely nutrient poor) < .200 
Oligo-mesotrophic (nutrient poor) .200-.400 
Meso-eutrophic (moderate nutrient levels) .300-.650 
Eutrophic (high nutrient levels) .5-1.500 
Hypereutrophic (very high nutrient levels) > 1.500 

Level of Pond Productivity Total Phosphorus (mg/l) 
Ultra-oligotrophic (extremely nutrient poor) < .005 
Oligo-mesotrophic (nutrient poor) .005-.010 
Meso-eutrophic (moderate nutrient levels) .010-.030 
Eutrophic (high nutrient levels) .030-.100 
Hypereutrophic (very high nutrient levels) > .100 
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pH 
 pH is a measure of water acidity, by measuring the hydrogen ion concentration 
dissolved within the water.  Acceptable levels are from 6.5 to 8.5 with a reading of 7 
being neutral (Stickney 1994).  Readings below 7 are considered acidic and readings 
above 7 are considered alkaline.   
 
Plankton 

Plankton is the generic name given to organisms that are carried about by the 
water, with little ability to control their position within the water column.  The two types 
of plankton that will be discussed will be phytoplankton (suspended “microscopic” algae) 
and zooplankton (aquatic animals).  Phytoplankton is dependent on water temperature, 
sunlight, and most importantly, dissolved nutrients, while zooplankton are largely 
dependent upon the phytoplankton.  Nutrient ratios are one of the most important factors 
controlling which phytoplankton species dominate.  Research by Culver (1991) suggests 
that optimal algae composition is produced at a N:P ratio of 20:1.  This results from the 
inability of toxic bluegreen algae to compete with the edible green algae.  With edible 
phytoplankton available, zooplankton proliferate by filter and raptorial feeding.   
 

Zooplankton are a critical component to aquatic ecosystems.  Zooplankton are a 
food source for all fish at some point in their life, and ultimately form a critical link in the 
food chain.  A discussion of each algae and zooplankton species is beyond the scope of 
this report, however, the better types of algae, the healthier the zooplankton will be, and 
the better the fishery. 
 
Fishery 
 Fishery investigations are conducted using electrofishing techniques.  It is critical 
to realize that electrofishing techniques, nor any other sampling technique, does not 
sample all fish within an ecosystem or should it be assumed to, alone, provide an estimate 
of the number of fish present within the community.  Like any other sampling technique, 
electrofishing selects for some fish and against others.  Seasonal or shallow water habitat 
species such as centrarchids (bluegill), cyprinids (minnows), and percids (perch and 
walleye) are easily shocked.  Benthic species such as catfish, bullheads, and suckers are 
not as well represented (Reynolds 1996).  Fish size also determines electrofishing 
efficiency.  It is important to note that larger fish are selected over smaller fish because of 
the larger fish’s exposure to a greater voltage gradient.  Time of year, and time of day 
also influence effectiveness.  Spring and autumn are the best periods for sampling fish in 
shallow water because of the fish’s dominance in these areas at these times.  Night 
shocking catches more species, larger fish, and more fish than does shocking throughout 
the day (Kirkland 1965, Sanderson 1960). 
 
 Specific parameters are used to evaluate the structure and health of the fish 
population.  Structure indices such as proportional stock density (PSD) describe the size 
structure of the population and can provide analysis on whether the population is 
balanced. Condition factors provide an indication of the health, or plumpness of 
individual species.  Conditions factors compare the observed weights of individual fish 
with their standard (accepted) weights for the region.  The two condition factors used in 
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this assessment are Relative Weights (Wr) and Fulton Condition index.  Each provides a 
useful guide as to whether specific size classes or the entire population is having growth 
problems.  These provide excellent data on food limitations and episodes of intense 
competition.  Condition factors also provide data on potential areas of unexploited food 
opportunities.   
 
Materials and Methods 
 
 Sampling of Hidden Harbour Lake was performed over the course of two separate 
dates.  Lake basin morphometry and vegetation abundance determinations were 
performed on June 4, 2004, from 5:00 pm to 9:30 pm.  With the use of a GPS receiver, 
depth soundings and vegetation abundance readings were taken along a series of 
transects, totaling 2677 sample sites (Figure 3).  Depth readings were entered into a 
computer program that interpolated the data and provided depth contours. Vegetation was 
categorized into one of three categories; absent, moderate growth (< 3 feet above 
bottom), and dense growth (within 1 foot of the lake’s surface).     
 
Water sampling and the fishery assessment were performed on July 1, 2004 in the 
evening from 7:30 pm to 1:00 am.  Weather conditions were clear, with a light breeze, 
and a maximum temperature of 86° F.    Water samples were collected prior to shocking 
from three locations throughout the lake (Figure 3).  Water samples were collected from 
6 inches below the surface in acid washed plastic bottles.  Zooplankton samples were 
collected via a vertical tow with a 12 inch diameter/53 micron mesh zooplankton 
sampler.  Surface phytoplankton samples were collected in 250 ml glass jars.  Both 
zooplankton and phytoplankton samples were preserved in Lugol’s solution and were 
analyzed with an inverted microscope. 
 
Water Chemistry 
 Dissolved oxygen and water temperatures were recorded using a YSI-55 
dissolved oxygen meter with a 12-foot probe. Water samples were collected from the 
surface and transferred into acid washed plastic bottles.  Aliquots from each bottle were 
filtered with a 45 um filter, and transferred to separate vials for reactive phosphorus 
analysis.  Following collection, water samples were placed on ice for 9 hours prior to 
analysis.  All water samples were analyzed using a Hach colorimeter.  For each 
parameter, the meter was calibrated with distilled water and a standard solution of the 
compound to be analyzed.  Samples were allowed to warm to room temperature before 
analysis. 
 
Electrofishing 
 Electrofishing was performed using an eighteen-foot aluminum utility boat 
equipped with a Smith Root transformer/rectifier and a gasoline generator.  The anode 
consisted of a Wisconsin ring (.5m diameter) suspended above the water.  Six droppers 
were evenly distributed around each ring and allowed to hang within the top four inches 
of the water.  A crew of 3 was used to electrofish.  Two dipnetters were stationed at the 
bow of the boat, each with an 8-foot fiberglass dipnet.  Fish were sampled at 320 volts 
and 6-8 amps under pulsed DC current, and placed into a live well.  Fish sampling 



8 

consisted of a single pass around the entire lake’s perimeter and around the shallow sand 
bar as a result of the limited habitat types present.  All sites were sampled from as close 
to shore as possible to a maximum of 8 feet of depth.  Total sampling time was 3069 
seconds. 
  
 
Results and Discussion 
 
Vegetation Identification/Areal Determination 
 Vegetation samples from both the initial June 4, 2004 sampling and the August 
11, 2004 sampling indicated dominance by small pondweed (Potamogeton pusillus) with 
sparse beds of long-leaf pondweed (Potamogeton nodosus) and Southern Naiad (Najas 
guadalupensis).  Brittle naiad (Najas minor) was also observed growing within the beds 
of small pondweed.  Following interpolation of the three classifications of plant density 
(absent, moderate, dense), the analysis of contour areas indicated that moderate 
vegetation growth (< 3 foot above bottom) was present on 12.5 surface acres of the lake 
(Figure 4).  Dense growth (growth to within 1 foot of the lake’s surface) was present on 
2.3 surface acres.  Based on the data points collected, vegetation rarely grew in waters 
greater than 8 feet in depth.   
 
 Following a second examination of vegetation abundance on August 11, 2004, it 
was apparent that vegetation densities had increased over much of the previously sampled 
areas on June 4, 2004.  For the majority of sites previously listed as moderate vegetation 
density, an expected increase in standing crop occurred.  Most of these areas had 
transitioned into the “dense growth” category.  However, overall areal coverage of 
potentially nuisance plant growth remained at 14.8 acres.  This corresponds to 21.5% of 
the lake’s surface area with moderately dense vegetation growth.  This value of 21.5% is 
going to be the season’s maximum growth, as many of the plants have seeded and will 
begin to die back within the upcoming autumn months. 
 
 The presence of vegetation within the lake is critical for fish habitat, nutrient 
retention, soil stabilization, and bank protection.  Research has demonstrated that typical 
bass-bluegill communities reach optimal largemouth bass productivities at littoral 
vegetation cover of 36 to 40 percent of the water body’s surface area (Figure 5) (Wiley et 
al. 1984).  The standing crop of vegetation also binds up relatively large quantities 
phosphorus from within the lake, producing clearer water and reduced filamentous and 
phytoplanktonic growth.  The network of rhizomes and roots also acts to secure the soil 
and prevent bank erosion, ultimately preventing the re-suspension of fine particles in the 
water column.  Therefore, from a biological standpoint, the vegetation currently 
posses no threat to the overall health of the lake.  Only when vegetation levels reach 
concentrations greater than 40% surface coverage will aquatic macrophyte control be of 
critical importance to the health of the ecosystem.  However, realizing that the lake hosts 
many other activities besides fish production, selective and cautious vegetation 
management can be aimed at reducing nuisance areas of vegetation without seriously 
disrupting the ecosystem’s balance. 
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 With the vegetation identified and quantified, the first priority will be to 
determine if vegetation control is desired within the lake.  This objective will be based on 
determining an acceptable level of aquatic macrophytes throughout the lake.  In making 
this decision, it is important to realize that the current community of rooted vegetation 
typically reaches its highest standing crop in the months of July and August.  As stated 
above, the lake currently (as of August 11, 2004) has 21.5% of its surface area inhabited 
by moderate to dense vegetation.  If it is deemed desirable to reduce problematic 
vegetation, the next decision will be to determine the best means of control.   
 
 There are three generally accepted means of vegetation control; mechanical, 
biological, and chemical.  Mechanical removal of vegetation ranges from highly 
specialized machinery for cutting and removing vegetation to the simple physical 
removal of plant material with a rake.  Although the mechanical removal of plant 
material does extract nutrients from the lake (nutrients are the ultimate cause of the plant 
growth) it does have its disadvantages.  Large scale harvesting equipment has very high 
initial costs, rapid re-growth of vegetation at increased densities, requires frequent 
cuttings, can fragment plants and allow their establishments in other areas, and can 
directly kill fish or disturb spawning areas.  With the potential acreage of vegetation to be 
controlled, mechanical control will have definite limitations for large scale effective 
control.  However, mechanical control may be a viable option for homeowners who wish 
to remove limited quantities of vegetation from their beach or dock areas. 
 
 Biological control encompasses the use of living organisms to consume, kill, or 
out-compete undesirable plant stands.  These organisms include plant-eating fish, insects, 
bacterial bioaugmentation, competitive plant species, and plant diseases.  Given the 
current plant community within Hidden Harbour, the use of plant-eating fish [white amur 
(Ctenopharyngodon idella)] would hold the highest potential for effective and 
economical biological control.  Three of the four species (brittle naiad, southern naiad, 
and small pondweed) are highly preferred by the white amur.  Long-leaf pondweed is less 
palatable, but will be consumed at higher stocking densities (Wiley et al. 1987).  
Although economically sound, white amur do have a number of disadvantages.  Post-
stocking, a period of up to 19 months may be required to see initial effects on vegetation 
reduction (Bonar et. al, 2002, Bonar et. al, 1993, Kirk, 1992).  In cases where 
“controlled” vegetation reduction occurs, the areas where vegetation is reduced does not 
typically coincide with the area where vegetation has been deemed as being a nuisance.  
For example, white amur will avoid shallow areas when preferred vegetation is available 
in deeper waters.  Also, when used to maintain a balanced largemouth bass and bluegill 
population (intermediate vegetation coverage of 20-40%), white amur failed to show 
vegetation reductions 70% of the time (Kirk 1992).  On the other hand, documented 
studies have also indicated that even low stocking rates of white amur can often lead to 
inadvertent eradication of all vegetation within a water body (Bonar et. al, 2003).  Such 
variability in grass carp success is due to their varying annual mortality rate, yearly 
fluctuations in plant growth, transitions in vegetation types, in addition to a myriad of 
environmental factors.  Ultimately, it is not advisable to introduce white amur into bodies 
of water where it is not acceptable to remove all aquatic vegetation.   
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 In situations where white amur have denuded all vegetation from lakes, turbidity 
levels have increased as a result of the suspension of particles in the water column (Bonar 
2002).  These particulates enter the water column as a result of the grass carp searching 
for food in the benthos and as the result of wave induced erosion.  In the event of 
complete vegetation removal, it is very likely that phytoplanktonic algae will increase in 
addition to filamentous and benthic algae forms.  Simply put, as long as nutrients are 
entering the lake and internal nutrient cycling continues, there will always be plant 
growth within the lake.  The majority of the growth is currently in rooted plants; 
however, removal of the rooted plants will certainly lead to other forms of aquatic life, 
namely phytoplankton (pea soup algae), benthic algae mats, and filamentous algae.  Not 
only are these plant forms more disagreeable from an aesthetics standpoint, but the 
benthic and filamentous algae mats provide little if any benefit to the fishery. 
 
 Another concern involving the use of grass carp is their selectivity in plant 
consumption.  All but one of the aquatic plants identified from the lake are highly 
preferred, palatable species.  White amur consume aquatic vegetation based on its level 
of preference, following a step-wise progression of species consumption.  Following the 
introduction of grass carp, there will be a shift in the plant species composition 
throughout the lake (Pipalova 2002).  This will likely lead to an increase in long-leaf 
pondweed, followed by the appearance of species that are currently suppressed by the 
present plant community.  Species of utmost concern are the exotic species of curly-leaf 
pondweed (Potamogeton crispus) and Eurasian milfoil (Myriophyllium spicatum) (Bonar 
2002).  Once established in the lake, these species will be more difficult to control and 
often form very dense beds, extending to the surface in most cases.  
  
 With the present vegetation densities of Hidden Harbour Lake, the use white amur 
at this time is discouraged.  Although the expense for this type of management may be 
quite attractive, the side effects could pose serious issues for the overall health of the 
lake.  It is important to remember that the lake is aging, and will continue to age.  With 
increased age, the lake will experience increased plant growth (either in the form of 
extending populations of rooted vegetation, green, cloudy water, or increased algae mats.  
With continued nutrient inputs (i.e. lawn fertilizers), there is little question that aquatic 
vegetation will continue to expand throughout the lake.  As rooted plant abundances 
reach 40-60%, the use of white amur will be a more appropriate control method, realizing 
that complete vegetation eradication is still possible, and that overall water quality will 
likely decrease as a result of their vegetation consumption. 
 

Even though biological control is not the best option at this time, it is still an 
option as long as all of the potential side effects are very well documented and 
understood by the homeowners.  Given the current aquatic plant community and overall 
density, the recommended stocking rates are for an initial stocking of 95 white amur.  
Continued stockings will be required at six year intervals at a rate of 73 white amur.  
These stocking rates are based on the present plant community and will change as the 
plant community transitions to less palatable species.  As a result of this selection for less 
palatable plant species, stocking rates will need to be increased in future years to respond 
to the decreased consumption of these less desirable species.  Once again, note that 
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filamentous and benthic algae mats will become more prevalent with reductions in 
overall macrophyte biomass. 
 

Chemical control entails the use of algaecides and herbicides for selective control 
of nuisance growth.  These pesticides provide quick, selective, and precise control over 
aquatic vegetation.  They typically have longer lasting results than mechanical removal 
and required less labor.  In Hidden Harbour, the use of herbicides would entail subsurface 
injection of liquid herbicides in shallow areas and the broadcasting of granular herbicide 
formulations in areas deeper than 7 feet.  The ratio of these areas will depend on the areas 
selected for vegetation control.  Using such methods, defined areas can be controlled 
without adversely affecting desired weed beds throughout the lake.  Disadvantages 
include moderate material costs and water use restrictions following treatment.  For 
heavy infestations, use restrictions include:  no drinking for a maximum of 25 days, no 
swimming for 3 days, no lawn irrigation for a maximum of 25 days, no consumption of 
fish for a maximum of 3 days.  As indicated, these values are for maximum dosages that 
would be required in very densely vegetated areas.  Most areas will receive lower 
concentrations and will hence have reduced use restrictions.   
  
 For Hidden Harbour, herbicide use will be dependent upon the extent of plant 
reduction desired.  Aquatic macrophytes typically require two herbicide treatments 
annually, and application will be based on a per acre-foot rate.  With the present plant 
community, the use of aquatic herbicides will provide the best control with minimal long 
term side effects (such as the inadvertent complete removal vegetation with the use of 
white amur or the selection for less desirable species of plants with the use of white 
amur).  As discussed in the biological control section above, vegetation abundance will 
reach a point where the use of herbicides may become cost prohibitive.  At this point, 
either an integrated approach of biological and chemical controls or an entirely biological 
approach can be implemented. 
 
 
Temperature/Dissolved Oxygen Profile 
 Results from the temperature profile determinations are shown in Figure 6.  By 
looking at the graph for each location, there is considerable thermal stratification 
throughout the lake.  The presence of a sigmoid (s-shaped) curve indicates the presence 
of an epilimnion of uniform temperature, an intermediate region of rapid temperature 
descent (thermocline), followed again by a uniform temperature hypolimnion.  An 
average surface-bottom temperature difference of 6.6 degrees F further indicates that the 
lake is stratified.   
 

The dissolved oxygen profiles for each location (Figure 7) demonstrate a well 
oxygenated water column.  Although thermally stratified water bodies typically have 
poor dissolved oxygen concentrations, the moderate water clarity (Secchi depth of 99.3 
inches) permits oxygen production via photosynthesis to help maintain oxygen levels 
throughout hypolimnion of the lake. Therefore, at this time, supplemental aeration is not 
necessary within Hidden Harbour Lake.   
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Temperature and dissolved oxygen concentrations are also pertinent to the 
potential management goal of creating and sustaining a year round rainbow trout fishery 
within the lake.  Although oxygen is present throughout the entire water column, it is not 
at sufficient levels to permit the year-round survival of trout.  Rainbow trout thrive under 
water temperatures of 57-59 degrees F.  As temperatures approach the lower 70’s, 
rainbow trout will become stressed until temperatures reach 78.8 degrees F, which are 
lethal to rainbow trout.  As of June 4th, minimum observed water temperatures were 
already at 72 degrees F.  Water temperatures will continue to increase up through the 
middle to end of August, resulting in conditions that will (during an average NW Ohio 
summer) create mortality issues.  If a trout fishery is desired, stockings will have to occur 
early October and attempts should be made to remove them by early to mid June. 
 
 
Nutrients 
 Results from Hidden Harbour nutrient analysis are shown in Tables 3-5.  Based 
on average total inorganic nitrogen concentrations (< .66 mg/l), the lake falls into the 
meso-eutrophic/eutrophic category (Table 1), indicating moderate to high nitrogen levels 
throughout the lake. No detectable ammonia or nitrite was detected within the surface 
water samples, indicating adequate processing of plant and animal respiration by-
products.  Ammonia (NH3) levels are usually small for surface waters because it is so 
rapidly consumed by phytoplankton.  However, within heavily nutrified and oxygen 
depleted systems; ammonia readings are occasionally observed in the epilimnion.  Non-
detectable quantities of nitrites (< .004 mg/l) were observed as well.  Nitrites are 
occasionally detected, but typically at low enough concentrations that they are not of 
concern for fish health.  However, as indicated above, the overall inorganic nitrogen 
(nitrate) levels do act to make the lake more productive, contributing to algae and 
vascular plant growth. 
 

Average total phosphorus levels (.09 mg/l) categorize Hidden Harbour as being 
eutrophic (Table 2).  This means that the water column is currently productive and will 
experience moderate to high vascular plant and/or algae growth throughout the season.  
Total phosphorous variations between sites are likely the result of phytoplankton 
patchiness across the surface of the lake.  With the prevailing winds on the day of 
sampling, it would be expected that phytoplankton and other organic materials would 
have accumulated near site 2.  In addition to total phosphorous it is important to note that 
the reactive phosphorus levels are < .02 mg/l, indicating minimal surplus phosphorus is 
currently available for additional plant growth (Reactive phosphorus levels required to 
produce an algae bloom can be as low as .010 mg/l).  Phosphorus to nitrogen ratios for 
the lake are approximately 33:1, slightly higher than the desired 20:1 ratio.  However, 
elevated ratios are much better than depressed, as it will reduce the occurrence of toxic 
blue-green algae blooms.  It is important to maintain a minimum 20:1 nitrogen to 
phosphorus ratio, as it will minimize the amount of filamentous algae present and it will 
reduce the occurrence of problematic blue-green algae.   

 
Average lake alkalinity levels tested at 27.2 mg/l CaCO3.  This level is considered 

to be below desirable levels for maximum fish production, but, also limits the growth of 
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aquatic plants that require carbonates as a carbon source.  Suggested levels for fish 
production range from 50 to 400 mg/l of CaCO3.  A pH value of 7.678 was obtained.  
This falls within the acceptable level for a healthy ecosystem (6.5 to 8.5) and is well 
within range for a healthy fishery.  

 
Analysis of plankton samples indicates moderate diversity within both the 

phytoplankton and zooplankton communities of Hidden Harbour.  Zooplankton samples 
were composed of Keratella sp., Polyarthra sp., Eubosmina, Cyclopoid nauplii, 
Difflugia, Cyclopoid copepods, and Dapnia pulex.  Phytoplankton samples contained 
Pediastrum simplex, Ceratium hirundinella, Coelastrum sphaericum, Fragilaria sp., 
Dinobryon divergens, Staurastrum paranoxum, Chlamydomonas sp., and Anabaenopsis 
arnoldii.  Of these algae, Anabaenopsis arnoldii is the most important indicator, 
demonstrating the presence of blue-green algae within the lake.  It is not atypical for blue 
green algae to be present through the months of July and August.  Also, the minimal 
densities (indicated by the high water transparencies) of this algae raise little concern 
over lake health at this point.  However, as the lake continues to age, it may be advisable 
to monitor for problematic algae species throughout mid to late summer. 
 
 
Fishery  

Note: Fishery Data Will Be Amended Following Second Stage of Assessment in 
September 2004. 
 

 Six species and 186 fish were sampled on July 1, 2004.  Largemouth bass 
(Micropterus salmoides) was the primary predator species sampled, comprising 22.6% of 
the fish electrofished.  Largemouth bass ranged in size from 6.0 to 19.25 inches with 
57.1% of those captured greater than 12 inches (Figure 8).  Even with the limited number 
of bass sampled, the overall distribution demonstrates the presence of multiple year 
classes.  However, the dominance by largemouth bass between 12 and 13 inches does 
suggest some imbalance within the population.  In a balanced system, there should be 
additional largemouth bass sampled from the 4 to 12 inch range.   
 

As a guideline, Ohio young of year bass in October range from 2.0 to 5.5 inches, 
year one bass 3.0 to 7.5 inches and adult bass 10.0-20.0 inches (Trautman 1981).  
Largemouth bass PSD analysis produced a value of 88.9.  A balanced predator population 
should have PSD’s in the 40-60 range (Figure 9).  Therefore, looking at PSD’s only, it 
appears that the largemouth bass population is skewed toward larger, slower growing 
fish.  It is important to note that there is a year class of largemouth bass just below the 8 
inch stock limit.  We may in fact find that this year class will recruit into stock 
designation yet this year, indicating a better balanced largemouth population than is 
currently suggested.  This will be confirmed following the second assessment of the 
fishery fall of 2004.  Largemouth bass relative weights (Wr) averaged 81.0.  This value 
indicates that overall, the bass are in moderate to poor condition.  A value of 100 would 
be considered as good and would be indicative of adequate numbers and sizes of prey.   
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In addition to average Wr’s, it is crucial to look at trends in relative weights for 
each length of fish.  Looking at the largemouth bass (Figure 10), it is apparent that 
relative weights show a considerable decrease in plumpness with increasing fish length 
(with the exception of the 19 inch bass).  This is an indication of limited forage 
availability for 10-15 inch individuals within the population.  (Note that some lack of 
plumpness is the result of recent spawning as well).  These individuals are most likely 
having difficulty finding appropriately sized prey, the result of an abundance of gizzard 
shad.  The gizzard shad’s ability to quickly grow to 7 inches provides a gape limited size 
refuge from predators, namely 12 inch largemouth bass.  The largest largemouth bass 
sampled appears to be in better condition, likely the result of this fish’ ability to consume 
adult bluegill and gizzard shad. 
 

Bluegill (Lepomis machrochirus) were the second species sampled, comprising 
25.3% of all fish sampled.  Of the 47 bluegills sampled, 31.9 % were greater than 5.0 
inches in length (Figure 11).  For Ohio bluegill, Trautman (1981) indicates that young of 
year reach .7 to 3.2 inches by October, 1.0 to 4.0 inches at year one, and adults measure 
in at 3.4 to 10.0 inches.  The PSD for bluegill was 56.3 indicating a skewed population 
structure toward larger individuals.  A balanced bluegill population will have a PSD in 
the 20 to 40 range (Figure 9).  This indicates that either insufficient reproduction or 
recruitment to stock sized bluegill is occurring.  Given the abundance of gizzard shad 
within the lake, it is very plausible that the gizzard shad are suppressing the growth and 
survival of the bluegill as a result of direct competition between age 0 bluegill and age 0 
gizzard shad for zooplankton.  Typically gizzard shad hatch before bluegill, decimating 
the desirable zooplanktors that the larval bluegill feed upon.  Bluegill relative weights 
averaged 75.4, indicating both poor health and plumpness.  As an overall trend in relative 
weights, a definite decline in condition is observed with increasing bluegill length 
(Figure12).  Although limited numbers of bluegill were sampled, the suppressed 
plumpness can loosely be attributed to direct competition with gizzard shad for food 
source.  Using these values in conjunction, it is apparent that the bluegill population is 
well below its potential.  Further data will be included following the second fish 
assessment in September. 
  
White Crappie 
Seven white crappies were sampled, ranging from 8 to 14 inches.  Condition of crappies 
sampled was at 81.2.  With this very limited sample size, no conclusive statements can be 
made of the white crappie population.  Further information will be available if additional 
specimens are sampled following the fall fish assessment. 
 
 
Yellow Perch 
Only four yellow perch were sampled, ranging from 4 to 6 inches.  As a result of the 
limited number and sizes of these fish, accurate conclusion cannot be drawn at this point.  
More information will be made available following the second portion of the lake 
evaluation. 
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Gizzard Shad 
Gizzard shad were by far the most dominant species sampled from Hidden Harbour, 
comprising 96% of the fish electrofished.  Sizes ranged from 8.75 to 14.75 inches.  
Although gizzard shad do provide a large forage base for predator fish, their vulnerability 
to predation is usually limited by their spatial inhabitance and their very rapid rate of 
growth.  Also, gizzard shad can create intense interspecific competition with larval 
bluegill and larval largemouth bass by grazing large quantities of zooplankton from the 
water column.  Therefore, much of the imbalance observed within the lake’s fishery can 
be directly or indirectly related to the large gizzard shad population.  Ideally, the gizzard 
shad population would be reduced or eliminated, however, few viable options exist for 
such control.  The “best” means of control would be the selective removal of the gizzard 
shad using a fish toxicant.  When applied at low dosages, gizzard shad can be effectively 
removed without large losses of desired game fish.  The biggest drawback for Hidden 
Harbour would be the massive numbers of gizzard shad that would float to shore and 
would have to be removed from the shoreline.  Given the nutrient levels within the lake, 
one could expect 3200 pounds of gizzard shad to be removed from such a treatment.  At 
that point, means would also need to be implemented to keep the few surviving gizzard 
shad from repopulating the lake.  If surviving gizzard shad are allowed to repopulate, one 
can expect the population to reach pre-treatment levels in 2 to 5 years after treatment. 
 
 Other means for the control of gizzard shad would be the introduction of hybrid 
striped bass.  Hybrid striped bass are a pelagic species that will consume the juvenile 
gizzard shad in open waters.  However, no guarantee can be made to the overall impact 
that the hybrid striped bass will have on the gizzard shad population.  The biggest 
drawback is that by late summer to early fall, these hybrid striped bass will be gape 
limited for predation on gizzard shad and resort to other forage types.  At this point, the 
hybrid striped bass will exert competitive forces against the largemouth bass and yellow 
perch populations.  As a result of competing with these species for food sources, they 
may cause the growth rate of these populations to suffer even more. 
 
 
Common Carp 
 With a total of 17 carp captured, there is very limited concern with their impacts 
on the rest of the fishery.  Given that Hidden Harbour Lake is mostly sand, a very dense 
population would be required to suspend sediment as a result of their feeding activity on 
the lake bottom.   
 
Lake Management Plan 
  
Lake Aeration 
 
Although Hidden Harbour does exhibit thermal stratification of the water column, 
sufficient light penetration occurs to photosynthetically produce oxygen within the 
hypolimnion (bottom waters).  Provided that water transparencies remain near current 
levels, supplemental aeration will not be necessary anywhere throughout the lake.  
However, if turbidity levels increase (water transparencies less than 60 inches), there will 
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be regions of anoxia (oxygen depletion) that will develop.  At that point, a re-evaluation 
of dissolved oxygen concentrations should be performed. 
 
Nutrient Loading Control 
 

Given the nutrient investigation of Hidden Harbour, it is apparent that the lake is 
currently in a mesoeutrophic/eutrophic state, indicating moderate to high productivity.  
This is indicated by the relative concentrations for both nitrogen and phosphorus levels 
tested from the water column.  It is important to realize that although the lake water is not 
overloaded with nutrients (hypereutrophic), there will be increased plant and algae 
growth as the lake continues to age.  As a result of the shallow nature of Hidden Harbour 
Lake (average depth of 7.4 feet), rooted vegetation will continue to be a problem in the 
future.  With 50% of the lake’s surface area having a depth of 8 feet or less, it will only 
be a matter of time before these regions are inhabited by dense rooted vegetation.  The 
above nutrient classification also does not account for those nutrients currently trapped in 
the sediment.  As rooted aquatic vegetation taps into these nutrient banks, the water 
column nutrients will tend to become elevated at key periods throughout the year.   
 

Managing the nutrient loading of the lake will be very important in slowing the 
rate of plant growth.  The first step will be to keep external nutrient inputs to a minimum.  
This includes prohibiting phosphorus fertilizer use in any area that surface runoff may 
enter the lake.  This includes lawns that may not even be located on the lake, but have 
runoff that enters the streets and then enters the lake via storm sewers.  Controlling the 
phosphorus inputs into the lake is the most important activity that can delay the aging of 
the lake. 

 
Vegetation Control 
  

Hidden Harbour currently has 21.5% vegetation coverage.  The species 
composition and the level of growth are not beyond a healthy range for the lake.  
However, some vegetation control may be desired to open areas for recreation or 
aesthetics.  The first step towards managing the lake’s vegetation is for the association to 
determine acceptable vegetation levels, taking into account that the lake’s health is not 
adversely affected until vegetation levels exceed 40%.  If a vegetation reduction is 
desired, the next step is to determine which areas should be controlled (i.e. swim areas, 
boat launch, etc.).  It is recommended that current vegetation control is based on 
herbicide treatments of only problematic areas.  Unlike biological controls, herbicide 
treatments do not to select for less desirable plant species.  Herbicide control also 
provides precise control without the chance of denuding the lake of all its vegetation.  As 
the lake continues to age, it will become burdened with increased vegetation.  At this 
point, it would then be better practice to consider the use of white amur integrated with 
herbicide treatments.   
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Fisheries Management 
 
 
 With the exception of gizzard shad, low quantities of fish were sampled on July 1, 
2004.  As with any environmental sampling, one cannot predict the location of organisms 
or their relative densities on a given day.  Although rough conclusions can be made, a 
thorough analysis will require larger samples sizes.  To account for minimal fish 
sampled, a second survey (which needed to be performed for fish population abundances) 
will be performed without charge to acquire the addition specimens needed for a 
comprehensive fishery management plan.  However, even with the limited data, it is 
apparent that gizzard shad are likely having a negative effect on the entire fishery.   
 
 
Lake Monitoring 
 Regardless of the management route chosen by Hidden Harbour, there will be the 
need for a minimum of one vegetation abundance/nutrient study per year as presented in 
this paper.  This will provide a measure of the success of set objectives and will provide a 
long term view of the lake’s succession.  This current report provides the baseline from 
which future investigations will compare, allowing management of the lake on a 
proactive basis.  Depending on the management objectives set for the fishery, fishery 
investigations typically occur every 2-3 years.  Long term monitoring of this information 
will provide a gauge with the success of management objectives, allow management 
adjustments to be made with the changes in the lake, and will allow us to track the overall 
aging process of the lake. 
 
Please contact Inspired by Nature, Inc. with any questions, concerns, or suggestions 
regarding the management of Hidden Harbour Lake. 
 
Sincerely, 
 
 
 
Jason Roehrig 
Aquatic Biologist
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Figure 2.  Hidden Harbour Lake volume as depicted by the surface area (square feet) over the corresponding depth (feet).
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Figure 5.  Optimal vegetation coverage (surface area of lake) for piscivorous largemouth bass and insectivorous sunfish production based on dynamic trophic 
model and field data (Wiley et al. 1984).  As depicted below, vegetation coverage of 36% to 40% provides maximum largemouth bass production. 

 



Figure 6.  Hidden Harbour temperature profiles for all three sampling sites.  The sigmoid curve 
and rate of change in temperature indicates that the lake is currently in a stratified condition.

0

2

4

6

8

10

12

14

71.0 72.0 73.0 74.0 75.0 76.0 77.0 78.0 79.0 80.0 81.0 82.0

Temperature (°F)

D
ep

th
 (f

t) Site 1
Site 2
Site 3

Site 1 GPS Coordinates
41.63296871

 -83.73334763

Site 2 GPS Coordinates
41.63296871

 -83.73334763

Site 3 GPS Coordinates 
41.62749340 
-83.73400653



Figure 7.  Hidden Harbour dissolved oxygen profiles for all three sites.  Although thermal 
stratification is present, adequate dissolved oxygen concentrations are present throughout the 
water column at each site.
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Figure 8.  Largemouth bass histogram, denoting the number of bass sampled in each size class.
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Figure 9.  TQ Plot of Predator/Prey PSD's for Hidden Harbour Lake.  This chart illustrates the imbalance presently observed in the fishery.
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Figure 10.  Plotting largemouth relative weight vs. length gives an indication of trends within the fishery. 
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Figure 11.  Bluegill length distribution indicating very low sampling success of adult fish.
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Figure 12.  Plot of bluegill relative weight vs. length, indicating a decline in fish condition with increasing length.
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Table 3.  Hidden Harbour water quality parameters for site 1.

IBN Water Quality Data Sheet
Client Site Date Time Collector
Hidden Harbour HO1 7/1/2004 19:22 JAR

Depth Profile Surface Water Sample
Depth (ft) DO (mg/l) Temp (°F) Sample ID HH1

0 8.35 80.9
1 8.23 81.0 NH3-N (mg/l) 0.00

2 8.27 80.8 NO2
--N (mg/l) < 0.004

3 8.52 79.6 NO3
--N (mg/l) < .66

4 8.54 77.2 PO4
----P (mg/l) < .02

5 8.49 76.4 Total P (mg/l) 0.04
6 8.41 76.2 Alkalinity (mg/l) 27.2
7 8.42 75.5
8 8.43 74.9
9 8.24 74.4 Secchi Depth

10 8.08 74.0 Depth (in) 101.75
11 7.56 73.3
12 6.61 72.3 Phytoplankton
13 5.74 71.8 Sample ID HH1

Volume (ml) 250

Zooplankton
Sample ID HH1
Tow Length (ft) 48.75

Comments:  

Conditions:  Sunny, 86 degrees, light south winds less than 6 mph



Table 4.  Hidden Harbour water quality parameters site 2.

IBN Water Quality Data Sheet
Client Site Date Time Collector
Hidden Harbour HO2 7/1/2004 7:45 JAR

Depth Profile Surface Water Sample
Depth (ft) DO (mg/l) Temp (°F) Sample ID HH2

0 8.15 80.4
1 8.09 80.4 Total NH3-N (mg/l) 0.00

2 8.14 80.4 NO2
--N (mg/l) < .004

3 8.13 80.3 NO3
--N (mg/l) <0.66

4 9.29 78.3 PO4
----P (mg/l) <.02

5 8.78 77 Total P (mg/l) 0.15
6 8.23 76.3 Alkalinity (mg/l) 27.2
7 8.11 76
8 8.11 75.9
9 8.01 75.7 Secchi Depth

10 7.8 75.5 Depth (in) 97.5
11 7.18 74.8
12 6.44 74.5 Phytoplankton
13 5.6 74.2 Sample ID HH2

Volume (ml) 250

Zooplankton
Sample ID HH2
Tow Length (ft) 44.5

Comments:  

Conditions:  Same as site 1



Table 5.  Hidden Harbour water quality parameters site 3.

IBN Water Quality Data Sheet
Client Site Date Time Collector
Hidden Harbour HO3 7/1/2004 8:10 JAR

Depth Profile Surface Water Sample
Depth (ft) DO (mg/l) Temp (°F) Sample ID HO3

0 8.4 78.8
1 8.4 78.7 Total NH3-N (mg/l) 0.00

2 8.43 78.1 NO2
--N (mg/l) < .004

3 8.33 77.8 NO3
--N (mg/l) <.66

4 8.31 76.6 PO4
----P (mg/l) <.02

5 8.27 76.3 Total P (mg/l) 0.07
6 8.28 76.1 Alkalinity (mg/l) 27.2
7 8.22 75.9
8 8.01 75.7
9 8.22 75.3 Secchi Depth

10 7.99 75 Depth (in) 98.75
11 7.63 74.8
12 4.81 74.2 Phytoplankton
13 0.63 74.3 Sample ID HO3

Volume (ml) 250

Zooplankton
Sample ID HO3
Tow Length (ft) 45.75

Comments:  

Conditions:  same as site 1


