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I. Executive Summary 

Blooms of so-called ‘harmful algae’ have occurred in Presque Isle Bay, Erie, PA, and around the Great 

Lakes, causing concern by environmental, public health, and water supply officials.  Due to the threat 

posed by harmful algal blooms in the Bay, a study funded by the Pennsylvania Sea Grant Program was 

conducted to determine the factors that may contribute to such blooms.  Presque Isle Bay forms the harbor 

at Erie, PA, on the southern shore of Lake Erie, and supports numerous commercial, ecological, and 

recreation services.  It was proposed to simulate the aquatic ecosystem of the Bay using the EPA’s 

computer model AQUATOX.  The model was developed for the purpose of simulating aquatic systems 

such as streams, lakes, and reservoirs for the purpose of understanding the threat posed by toxic 

substances and other pollutants including excessive nutrients. 

The field work for the project was conducted over a two year period beginning in late May, 2016.  Bay 

sampling and measurements were conducted every two weeks during the summer of 2016 and 2017.  

Monitoring stations were established on the two major streams flowing into the Bay in order to estimate 

the discharge of water and nutrients to the Bay from its watershed. Coincidentally, a data-gathering buoy 

was deployed in the Bay by the Pennsylvania Department of Environmental Protection during those same 

summers. 

Data, once analyzed and processed into meaningful information, was used as input to the model.  

Calibration of the model was accomplished using the field data of summer 2016, and verification of the 

model’s output was accomplished by comparison with data for summer 2017. 

It was found that the occurrence of algal blooms was greatly affected by temperature.  With the threat of 

global climate change, it is possible that the summer water temperature will increase.  It was predicted by 

the model that a one degree increase in water temperature would result in a 163% increase in the 

maximum concentration of Microcystis, the cyanobacterium of greatest concern for toxin production.   

The threat posed by increased water temperatures might be mitigated by various control strategies.  The 

PA DEP has documented the status of Presque Isle Bay as “eutrophic”, which means that the water of the 

Bay is enriched with nutrients.  Enrichment of the water contributes to blooms of toxin-producing 

cyanobacteria and other undesirable water quality problems.  Therefore, reduction in nutrients to the Bay 

would seem a logical objective.  The model was used to explore such a strategy, and it was found that the 

in-Bay phosphorus concentration and the abundance of Microcystis could be reduced by a combination of 

measures to reduce the dissolved phosphorus and the sediment (detritus) discharged from the watershed, 

but it would require significant reductions over several years to achieve this. 

The model as configured in the course of this project appears to reasonably simulate the phytoplankton 

community of Presque Isle Bay.  Thus, a competent model operator could explore many scenarios in 

addition to those conducted and reported on here.  Data collection on trophic levels above zooplankton 

and improved estimates of biokinetic values for specific taxa could be used to refine the model and 

improve its accuracy.  Agencies and other groups seeking to sponsor projects in the Bay and its watershed 

could use the model to evaluate the potential benefits of a given proposal.  Local governments might find 

it helpful to use the model to evaluate projects aimed at improving erosion and pollution control, and thus 

contribute to improved conditions in the Bay, which is widely agreed to be the defining feature of the 

greater Erie community.  



2 

II. Introduction 

A. Project Goals 

It was the goal of this project to employ an aquatic ecosystem computer model of Presque Isle Bay (the 

Bay), Erie, PA, for the purposes of understanding, predicting, and limiting the abundance of toxin-

producing cyanobacteria, i.e., harmful algal blooms (HABs).  This report describes the project findings, 

including methods, field and laboratory results, data analysis, determination of model inputs, modeling 

outputs, and conclusions based on the model’s predictions of cyanobacterial abundance.   

The project activities included the collection of field and laboratory measurements of water and plankton 

in Presque Isle Bay during two summer seasons, and the use of the collected data to drive and calibrate an 

aquatic ecosystem computer simulation known as AQUATOX, developed by the US EPA and available 

free of charge to the public.  Once calibrated, the model was then used to explore various environmental 

factors that might have an impact on cyanobacterial blooms (cHABs), and also to explore which potential 

best management practices (BMPs) might have the greatest impact on minimizing cHABs. 

B. Project Methodology 

a) Study site 
Presque Isle Bay (“the Bay”) is a natural feature located on the southern shore of Lake Erie that forms the 

harbor of the City of Erie, PA (Figure 1).  The Bay is approximately 7.9 km long with a maximum width 

of about 2.9 km (PADER, 1992).  The Bay connects to Lake Erie through a narrow channel at its eastern 

end.  The Bay is at most about 9 m deep in the channel and dredged area (shown in white below), but 

typically the depth is 6 to 7 m in the central area. 

 
Figure 1. Presque Isle Bay located on the southern shore of Lake Erie, at the City of Erie, PA. 

NOAA nautical chart 14835. 
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b) Historical data 
One objective of the project was to collect information from prior studies of Presque Isle Bay and its 

tributaries.  To be of value to the modeling effort, there must be a coordinated set of water quality 

measurements and plankton and/or chlorophyll measurements.  In only a few cases was it possible to find 

such data.  Of interest were the 1995 and 2000 Trophic State Analysis: Presque Isle Bay Erie County 

prepared by Wellington (2003) for the Erie County Department of Health. Those reports, along with the 

data collected in this current project, revealed that the Bay is becoming increasingly eutrophic (Figure 2).  

A higher state of eutrophication is associated with an increased likelihood of cHAB formation (Reynolds 

2006). 

Efforts to find a database of water temperature measurements of the Bay were unsuccessful.  Contact with 

the “SONS of Lake Erie” fishing club resulted in learning that only occasional temperature measurements 

have been recorded at their fish nursery over the years, and even then, they only logged temperature in the 

early spring when a new batch of fingerlings were received from the PA Fish Commission. No 

temperature records were available from the SONS for the summer months.  The Erie Water Works 

records the temperature of their raw water intake, but that is water drawn from Lake Erie, not the Bay.  

Also of interest was the document Presque Isle Bay Watershed Restoration, Protection, and Monitoring 

Plan (Rafferty et al, 2010), which provides important background information on the watershed 

geography and its hydrology.  A general discussion of cHAB occurrences in the Bay is presented in the 

report Lake Erie Harmful Algal Bloom Monitoring and Response Strategy for Recreational Waters (PA 

DEP et al, 2014).  However, in no case was there a complete database of coordinated nutrient loadings and 

Bay concentrations, plankton measurements, and Bay water temperature.  Unfortunately, we could not 

find any reliable quantitative record of prior algal blooms within recent decades that were suitable for use 

in the computer model employed in this project.  

 

  

Figure 2.  Trophic state history of Presque Isle Bay.  Data sources include Wellington (2003) and 

this study. 

 

hypereutrophic 

eutrophic 
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c) Monitoring by others including weather stations and data buoy 
Local observations of algal blooms over the past several summers alerted local authorities to the potential 

hazard of a cyanobacterial bloom.  Recently, researchers at the Regional Science Consortium (RSC) based 

at the Tom Ridge Environmental Center at Presque Isle State Park in Erie began conducting routine assays 

of cyanobacterial toxins in water samples collected from the perimeter of the Bay and along the Lake 

shoreline (Figure 3).  In the spring, 2016, the PA Department of Environmental Protection (DEP), in 

conjunction with the RSC, deployed a water quality buoy in the Bay to record water quality measurements 

(Figure 4).  Data from the DEP buoy were of great value in the implementation of the AQUATOX model.  

The data is available through the consortium’s website at www.regsciconsort.com.  Also indicated in 

Figure 4 are privately operated weather stations used in this study, one by the RSC, located at the west end 

of the Bay, and one by the Department of Environmental Science and Engineering, Gannon University, 

located in downtown Erie.  These weather stations provided rainfall, solar radiation, and wind velocity.  

Weather records were also obtained from the National Weather Service for their official station at the Erie 

International Airport, just outside of the watershed. 

 

 

Figure 3.  Microcystin assay results by the RSC during the 2016 and 2017 summers. 

 

http://www.regsciconsort.com/
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Figure 4. Bay and tributary station locations; image source: Google Earth. 

 

Data from the DEP buoy was helpful in seeing the ‘big picture’ of changes in the Bay’s plankton 

community over the course of the summer.  Shown below in Figure 5 is a history of water temperature and 

chlorophyll measurement recorded by the buoy for 2016.  Notice that there are several spikes in 

chlorophyll concentration.  These spikes likely correspond with blooms of various algal groups.  Also of 

value to this project were the buoy measurements of turbidity, to be discussed later. 

 

Figure 5. Water temperature and chlorophyll-a measurements obtained by the PA DEP water 

quality data buoy. 
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d) Bay sample collection, analysis, and in situ measurements 
Water and plankton samples were collected, and in situ measurements were made in the Bay every two 

weeks from early summer through mid-September, 2016 and 2017.  Three Bay sampling sites, located 

generally down the centerline of the Bay (Table 1 and Figure 4), were used consistently throughout the 

project.  Also shown are stream monitoring locations. 

Table 1.  Geographic coordinates of sampling locations. 

 West Bay Central Bay East Bay Cascade Creek Mill Creek 

Latitude 42º 7’ 34.4” 42º 8’ 23.0” 42 º 8’ 40.9” 42 º 7’ 32.2” 42 º 8’ 30.4” 

Longitude -80º 7’ 59.7” -80º 6’ 36.1” -80 º 5’ 37.7” -80 º 6’ 37.0” -80 º 4’ 45.3” 

 

 Water sample collection: At each Bay location, water was collected using a Kemmerer sampler 

from 1 m below the surface, placed in clean 1 liter sample bottles and placed on ice in an ice chest 

on board.  The samples were transferred to a refrigerator upon return to the lab until processed.  

Secchi depth was measured at each location and other routine site details were recorded. 

 In situ water quality measurements: Water temperature, dissolved oxygen, pH, and conductivity 

were measured using a Hydrolab multi-sensor sonde at 1 m below the surface at each sampling 

location.  During 2016 only, depth profiles were obtained by measurements at depth intervals of 1 

m and near the bottom, values were recorded at intervals of 0.1 meter.     

 Water sample analysis: The forms of N and P used as loadings by the AQUATOX model are 

nitrate and total soluble phosphorus (TSP), but total nitrogen (TN) and total phosphorus (TP) were 

also measured.  The model also requires loadings of suspended solids, measured as total suspended 

solids (TSS) and volatile suspended solids (VSS-‘volatile’ is the organic fraction of particles 

removed during filtration and used in the model as ‘detritus’).  As specified in Standard Methods 

for the Examination of Water and Wastewater (APHA et al, 2005), suspended solids were 

measured in water samples using a Whatman 934AH glass fiber filter.  The filters with their 

trapped particles were processed for the quantification of TSS and VSS, while the filtrate was used 

for analysis of TSP and nitrate.  TN and TP were measured in unfiltered samples.  Particulate TN 

and TP were calculated by subtracting the value for filtrate samples from unfiltered samples.  

HACH test methods are shown below in Table 2.  All analyses were conducted in duplicate, and 

the mean values are reported.  If a sample yielded a result below the detection limit, a value of one-

half of the detection limit was used in calculating means and standard deviations. 

Table 2. Analytical methods for nitrogen and phosphorus. 

Analyte HACH  

method number 

Range  

(mg/L-N or -P) 

TN 10071 0.5 – 25.0 

Nitrate 8171  0.1 - 5.0 

TP and TSP 8190 0.02 – 1.10 

 

e) Stream water collection and analysis 
Stream monitoring stations were installed on the two main tributaries to the Bay, Mill Creek and Cascade 

Creek (Table 1and Figure 4).  The ISCO samplers at the monitoring stations were programed to collect 

storm water samples at intervals during selected storm events when the water level exceeded a set point.  

The storm water samples were analyzed in the same manner as were the Bay water samples.  The stations 

were visited as soon as possible after storm events to retrieve collected samples and to download data.   
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Multiple samples were collected during each storm event.  During June, 2016, at Mill Creek, due to the 

sampling equipment available at the time, four samples of 4 L each were collected at 30 minute intervals.  

Beginning in July at Mill Creek and from the beginning at Cascade Creek, twenty-four samples of 0.5 L 

each were collected at intervals of ten minutes.  In some cases, bottles 1 and 2, and bottles 3 and 4, etc., 

were combined to reduce analytical workload, yielding 12 samples.  Additional spreadsheets are included 

in the provided electronic materials.  

f) Hydrology and discharge estimates  
In order to estimate the mass loadings to the Bay of nutrients and sediment/detritus, it was necessary to 

estimate the discharge of water from the watershed.  Mill Creek and Cascade Creek are the two largest 

tributaries to the Bay, together constituting about 75% of the watershed area (Table 3).   

 

Table 3.  Watershed streams and their characteristics.  Source: Rafferty et al (2010). 

 

1. Mill Creek 
The Mill Creek monitoring site was located on the grounds of the Erie Wastewater Treatment Plant 

(Figure 6).  The stream is channelized there, with vertical concrete walls.  The site was located upstream 

from the confluence with Garrison Run, which joins Mill Creek just a few hundred meters before the 

stream enters the Bay.  If the site had been located below this confluence, the water sampled would have 

essentially been Bay water.  Due to wind-driven seiche behavior in Lake Erie, the water level of the Bay is 

continuously changing in a cyclic pattern somewhat similar to the ebb and flow of the tides.   This causes 

the water level in the lower reaches of Mill Creek to rise and fall with the Bay (Figure 7).  This 

complicated the determination of discharge and water quality from Mill Creek during base flow.  Notice in 

the figure that an exceptional increase in depth in the stream on June 23
rd

 and June 27
th

 indicated storm 

events.   
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Figure 6.  Mill Creek stream channel at the monitoring station. 

 

 

Figure 7. Changes in water level at the Mill Creek monitoring station compared to water level 

changes as measured by NOAA station #9063038 located in the channel connecting the Bay to Lake 

Erie.   

 

In order to deal with the influence of Bay water level on the measured depth at the monitoring station, the 

depth variation at the NOAA station was subtracted from the depth measured at the monitoring station. As 

discussed below, additional adjustment was required to estimate discharge associated with base flow and 

storm flow. 

The estimation of discharge from Mill Creek was developed using a sequence of methods.  The process 

began by using the Manning equation, a widely accepted relationship between depth of flow and velocity 

for open channels (Chapra, 1997).  The equation parameters are roughness, slope, and hydraulic radius 
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(area divided by wetted perimeter).  A survey of the stream channel in the vicinity of the monitoring 

station revealed that the slope was 0.000867 m/m.  The channel is rectangular, with a width of 12.2 m (40 

ft).  Thus, the wetted perimeter was twice the depth plus 12.2 m.  An initial guess of the roughness 

coefficient was set at 0.02.  Velocity was multiplied by cross-sectional area to yield volumetric flow, i.e., 

discharge.  Discharge plotted as a function of depth yields a stage-discharge equation.     

To refine the stage-discharge equation, discharge was calculated from 10-minute depth measurements and 

summed for the study period of June to September, 2016.  This value was then compared to the theoretical 

discharge for June to September based on hydrologic modeling.   The modeling of Mill Creek (and 

Cascade Creek) had been conducted by the PI in a study commissioned by the US Army Corps of 

Engineers (Diz et al, 2004).  That study yielded annual hydrologic information for these streams as shown 

in Table 4 which assumes average annual precipitation.  

 

Table 4. Mill Creek hydrology based on watershed modeling (Diz et al, 2004)  

  annual values, typical rainfall year 

  m2               m m3/s m3 

Total area m2 32,685,700   

Precipitation 0.937   

Snowfall 0.215   

total precip 1.152   

EVT 0.725   

Surface runoff 0.257 0.266 8,400,225 

Baseflow 0.162 0.168 5,295,083 

Total Streamflow 0.419 0.434 13,695,308 

Lateral flow 0.003 0.003 98,057 

Channel losses 0.002 0.002 62,103 

Total water yield 0.421 0.436 13,760,680 

Groundwater recharge 0.175 0.181 5,719,998 

 

For calibration of the stage-discharge curve, the values in Table 4 were pro-rated and adjusted.  Climatic 

records for Erie, PA (NOAA 2015), indicate that for the period June to September, average rainfall is 

0.391 m (15.4 in).  During 2016, the actual rainfall was 0.481 m (18.9 in), that is, 23% more than normal.   

The stage-discharge curve coefficient was adjusted by trial and error to yield the closest possible 

agreement with the adjusted hydrologic modeling predictions.  The resulting stage-discharge equation is 

shown below (Figure 8) and applies only to this location.  (This corresponds to a Manning’s roughness 

coefficient of 0.008.) 

Discharge (m
3
/s)  =  42 Depth 

1.6461
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Figure 8. Stage-discharge curve for Mill Creek at the Erie Wastewater Treatment plant. 

 

The adjusted June to September values based on 2004 modeling and the values based on the calibrated 

stage-discharge curve are shown in Table 5.  Baseflow was estimated using the calibrated stage-discharge 

equation and then adjusting the depth to yield the targeted value presented in the table below.  A 

simplifying assumption was made that the baseflow did not change from day-to-day or season-to-season.  

This resulted in a baseflow of 22,851 m
3
/day. 

 

Table 5. Modeled and calibrated discharge (m
3
) for  

Mill Creek during summer, 2016. 

                                                  Jun-Sept 2016 

  

123% of 
model 

using 
stage 

discharge targets 

Surface runoff 3,771,061 3,716,157 

Baseflow 2,377,089 2,387,978 

Total Streamflow 6,148,150 6,104,135 

 

The final step in processing the discharge estimates was to establish the relationship between discharge 

and rainfall.  Rainfall measurements were obtained from the weather stations described above; values 

were compiled on daily basis and the three stations averaged.  Rainfall and streamflow were matched for 

days on which there was more than 0.05 inches of rain.  The resulting regression equation (Figure 9) 

allows us to estimate discharge if there are no monitoring station records.  The rainfall to discharge 

relationship assumes that it is reasonable to associate a discrete volume of discharge with a discrete 

rainfall event.  This relationship may become invalid for a low-intensity long-duration intermittent rain 

event that covers multiple days.  It is also probably invalid for winter storms in which precipitation is 

frozen and runoff is delayed. 



11 

Discharge (m
3
)  =  193,818 x rainfall in inches +  22,851 

 

 

Figure 9.  Relationship of Mill Creek discharge and associated rainfall. 

 

2. Cascade Creek 
An intensive study of the lower reaches of Cascade Creek had been previously conducted (Diz et al, 

2003).  The current monitoring site was located at one of the cross-section stations from that prior study 

where a survey had already been conducted (Figure 10).  It was not necessary to allow for seiche behavior 

because this site was higher in elevation and not influenced by Bay level fluctuations.   

 

 

Figure 10. Cascade Creek monitoring station and stream channel. 
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The hydrologic modeling results for Cascade Creek (Diz et al, 2004) are presented in Table 6.  For 

Cascade Creek, baseflow exceeds surface runoff.  This may be a bit surprising since the Cascade Creek 

watershed is highly urbanized. However, the Cascade Creek watershed is dominated by Hydrologic Type 

B soils which allow more infiltration than the Type C and Type D soils which dominate the Mill Creek 

watershed. Increased infiltration is accompanied by increased groundwater flow, and thus increased 

baseflow.  

 

Table 6.  Cascade Creek hydrology based on watershed modeling  

(Diz et al, 2004) 

  annual values, typical rainfall year 

  m2           m m3/s m3 

Total area m2 18,156,000 
  Precipitation 0.937 
  Snowfall 0.215 
  Total precipitation 1.152 
  EVT 0.725 
  Surface runoff 0.199 0.115 3,613,044 

Baseflow 0.217 0.125 3,939,852 

Total Streamflow 0.416 0.240 7,552,896 

Lateral flow 0.001 0.001 23,603 

Channel losses 0.0002 0.0001 3,631 

Total water yield 0.417 0.240 7,571,052 

Groundwater recharge 0.235 0.135 4,266,660 

 

A similar process as described above for Mill Creek was followed to refine the initial Manning equation 

estimate and stage-discharge curve in order to gain agreement with the modeling as pro-rated and adjusted 

for summer 2016 precipitation (Table 7). 

 

Table 7.  Modeled and calibrated discharge (m
3
) values for Cascade 

Creek during summer 2016. 

                                      Jun-Sept 2016 

 

123% using stage 
discharge targets 

Surface runoff 1,853,709 1,824,142 

Baseflow 2,021,381 1,985,935 

Total Streamflow 3,875,090 3,810,077 

 

The final step to determine the relationship between discharge and daily rainfall is presented in Figure 11.  

The same simplifying assumption was made that the baseflow did not change from day to day or season to 

season.  This resulted in a baseflow of 18,769 m
3
/day. 
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Figure 11.  Relationship of Cascade Creek discharge and associated rainfall. 

 

3. Discharge for entire Bay watershed and Bay residence time 
Using the assumptions described above for estimating the discharge from the unmonitored portion of the 

watershed, Table 8 presents our estimates for discharge from the entire Presque Isle Bay watershed to the 

Bay.  Using these estimates and the Bay volume of 52,600,000 m
3
 provided by PADER (1992), the 

hydraulic residence time for the Bay is 1.86 years, rather than the PADER (1992) value of 2.45 yrs.  As 

noted in PADER (1992), there is a well-known exchange of water with Lake Erie due to seiche behavior 

but the magnitude of this exchange has not been documented.  This issue will be further addressed in the 

Model Calibration section of this report.  

 

Table 8.  Discharge from the Presque Isle Bay watershed based on 2004 modeling (Diz et al 2004). 

 
annual discharge in m3, typical rainfall year 

 
Mill Creek Cascade Creek Other Total Watershed 

Surface runoff 8,400,225 3,613,044 3,396,261 15,409,530 

Baseflow 5,295,083 3,939,852 3,703,461 12,938,396 

Total discharge 13,695,308 7,552,896 7,099,722 28,347,926 

 

4. Daily discharge estimation for years 2016 and 2017 
The discharge for each day of the years 2016 and 2017 was estimated by assigning the baseflow value to 

all days when the rainfall was less than 0.05 inches, and computing wet weather flows for Mill Creek and 

Cascade Creek when the precipitation exceeded 0.05 inches using the rainfall-discharge equations 

explained above.   [This was done knowing that winter stream flows would not be properly estimated 

during winter conditions; this was assumed to be acceptable since the focus of this project is summer 

conditions, long after the spring thaw occurs.]  Then, using the proportions of the total watershed occupied 

by Mill Creek and Cascade Creek (Table 3), estimates were made of the discharge from the unmonitored 

portion of the watershed.  Based on inspection of current aerial photography of the land use in the 

watershed, it was decided that the Cascade Creek watershed most closely resembled the land use and soil 
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type in the unmonitored portion.  Therefore, estimates for the entire watershed were computed by 

multiplying the Cascade Creek values by 1.94 and adding the result to the values for Mill Creek. 

g) Plankton collection and analysis 
All plankton samples were collected biweekly from late May (2016) or early June (2017) through 

September, concurrently with water quality sampling. Quantitative sampling and analysis of 

phytoplankton utilized procedures that had been adapted from APHA et al (2005) to the unique 

circumstances of this investigation. Since the primary phytoplankton types of interest, cyanobacteria 

contributing to cHABs, are filamentous and colonial organisms that are most efficiently sampled using a 

plankton net rather than whole water samples, we conducted most of our sampling using a plankton net. 

Samples were collected at the same three sampling sites used for water quality sampling. 

1. Net plankton collection and analysis methods 
Net phytoplankton was collected using 5-m long hauls (three replicates each) with a 65-micron mesh 

Wisconsin-style plankton net at all three sampling sites. Vertical hauls were taken in both 2016 and 2017 

from a depth of 5-m to the surface. During 2016 only, triplicate horizontal tows were also taken on each 

date, at a depth of 0.5 to 1-m at each site. Horizontal sampling was discontinued for 2017 after detailed 

statistical analysis of the 2016 plankton data indicated that the vertical tow samples provided the most 

reliable representation of the phytoplankton abundance in the water column. During 2016, net tow 

samples were preserved in the field with 5% buffered formalin to facilitate delayed laboratory processing; 

in 2017, net tow samples were kept alive and chilled until laboratory processing for phytoplankton within 

1-4 days of collection. Zooplankton were also identified and enumerated (separately from phytoplankton) 

using the same net plankton samples and similar methods. 

The volume of water filtered by the net was estimated using the formula for the volume of a cylinder 

having diameter of 11.5 cm (width of opening of plankton net) x 500 cm (length of the plankton tow). CB 

taxa and other types of net phytoplankton (larger than 65 microns) were identified and enumerated in 1-ml 

subsamples in a Sedgewick Rafter counting chamber, at 100X magnification with a compound 

microscope. Since clogging of the net mesh during dense plankton blooms reduced the actual volume of 

water passing through the net, we used plankton density estimates of the most abundant net phytoplankton 

taxa from whole water samples collected concurrently with net samples (methods in following section) to 

determine net efficiency and to make appropriate corrections to the net plankton abundance data.  

2. Nannoplankton (whole water) collection and analysis methods 
At sampling sites 2 & 3 during 2016 and at all three sites during 2017, single near-surface whole water 

samples (1-L) were collected on all sampling dates and preserved in 1% Lugol’s iodine solution. These 

samples were used primarily to determine population densities of phytoplankton taxa smaller than 65-

microns (nannoplankton).  In the laboratory, each of the preserved samples were placed in a 1-L graduated 

cylinder, covered with aluminum foil, and placed undisturbed in a dark cabinet to allow the algae to settle 

(allowing 4-hr/cm of settling chamber height). Thereafter the upper column of water was siphoned away 

and the remaining concentrate (30~50 ml) was treated with an additional portion of Lugol’s iodine.  

Nannoplankton algae were identified and counted at 400X magnification in strip-counts of a 1-drop 

subsample placed on a glass slide beneath a 22x22-mm square cover-slip. During phytoplankton blooms, 

the net phytoplankton taxa that were most abundant in samples were enumerated separately in the 1-drop 

subsamples of the whole water concentrate (multiple strips or entire subsample examined at 100X). The 

calculated population density estimates for these taxa determined from the whole water samples were 

divided by the calculated population density estimates of the same taxon enumerated in the net plankton 

samples (same sampling site and date) to derive net efficiency estimates for the more abundant net 
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phytoplankton taxa. These estimates were averaged (for the same date) to determine the net efficiency 

estimates used to correct final net plankton densities for both phytoplankton and zooplankton. 

3. Plankton identification 
Algal taxa observed in collected samples were assigned genus names in most cases, using taxonomic keys 

in Prescott (1975) and Baker (2012), and were photographed to provide vouchers for consistency in 

identification. Genus names of some phytoplankton taxa found in Prescott (1975) have changed in recent 

decades (e.g. the diatom Melosira is now Aulacoseira, and the CB Coelosphaerium is now Woronichinia). 

The colonial CB genus Microcystis appeared in a wide variety of colony forms that seemed to vary along 

a gradient of morphotypes within samples and across the summer season. We did not attempt to identify 

these as different species of Microcystis.  An identification key was developed for the net phytoplankton 

taxa (Campbell 2017) that provides photo-documentation for the dominant taxa of Presque Isle Bay.  

 

Zooplankton were classified using comprehensive taxonomic keys in Edmondson (1959), Pennak (1978) 

and Stemberger (1979). Cladocerans and rotifers were identified at least to the level of genus. Cladoceran 

identification was checked using images provided online by GLERL (2009). Copepods (besides nauplii) 

were classified during enumeration to one of three major categories (cyclopoid, calanoid or harpacticoid), 

with no distinction made among adult and copepodite (juvenile) stages.  

4. Phytoplankton biovolume and biomass calculation 
Population densities of CB and other major types of phytoplankton (initially calculated in units of 

organisms/L) were converted to units of biovolume using methods described by PCER (2001) and 

Reynolds (2006). These methods involve taking linear dimensions (in units of µm) of the phytoplankton 

cells and applying formulas for calculating the volumes of simple geometric forms (e.g. sphere, cone, 

cylinder, etc.) to determine cell volume. Average counts of cells per colony are multiplied by individual 

cell volume to assign biovolume measures for colonial phytoplankton (including most of the net 

phytoplankton). Biovolume values for phytoplankton taxa with complex shapes (Ceratium and 

Staurastrum) were obtained from Cabecadas (2011).   Biovolume estimates (per cell or colony) for other 

taxa were obtained from Campbell (1978), Charles (2001) and Clercin (2015). The biovolume values used 

to convert Presque Isle Bay phytoplankton population densities to biovolume density are included in 

Section D, Table 17. 

Phytoplankton biovolume values were multiplied times phytoplankton population densities in samples to 

determine biovolume density in units of µm
3
/L, which were then converted to mass density (wet weight) 

in mg/L by moving the decimal nine spaces to the left (since 1 mg of water = 1x10
9
 µm

3
). Phytoplankton 

wet weight biomass density was converted to dry weight biomass density by multiplying wet weight by 

0.25, a conversion factor obtained from Sicko-Goad et al (1984). 

5. Zooplankton biomass calculation 
Measurements of per-individual dry weight biomass (in µg) of various zooplankton taxa were compiled 

from Dumont et al (1975),  Jeppesen et al (2000) and Michaloudi (2005). If more than one measurement 

of dry weight was available for a particular taxon, average dry weight biomass per individual was 

calculated by taking the average of those measurements. The final list of weights used to convert 

zooplankton population density estimates to dry weight values is included in Section D, Table 20. 

h) The AQUATOX Model 
The AQUATOX model can be downloaded from the EPA website at:  https://www.epa.gov/ceam/aquatox.  

The user’s manual and technical documentation for the model are provided with the model and also 

available separately (EPA 2014a and EPA 2014b).   The interactions employed by the model are 

https://www.epa.gov/ceam/aquatox
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illustrated in Figure 12.  Some of the routines included in the model are not activated in this study since 

they are appropriate only to streams. 

 

 

 
Figure 12.  Schematic of an ecosystem used in the AQATOX modeling system.  Source: EPA, 2014b. 

 

1. Model setup 
A setup ‘wizard’ is provided to facilitate the application of the model to a specific location and scenario.  

Only the most important steps will be mentioned in the body of this report.  Various model files ending 

with the file extension “.aps” are provided electronic materials and include a complete model ready to run 

in a single file which includes all the necessary input data.   

The model is customizable for either a flowing water body such as a stream, a multi-segment reservoir, or 

a standing water body such as a lake, which was the selection used for this simulation.  This is therefore a 

‘zero’ dimension model, assuming a well-mixed body of water. 

The length of the Bay was set at 7.64 km, with a surface area of 15.04 km
2
 based on PADER (1992).  

However, the mean depth was set at 4 m with a maximum depth of 7.75 m.  This choice for maximum 

depth intentionally ignores the portion of the bay which is artificially maintained by dredging in the 

channel to the Lake and the turning basin.  The model was instructed to keep volume constant at 5.26 x 

10
7
 m

3
 (PADER 1992).  A complicating factor is the variation from year to year in the water level of Lake 

Erie (the level of the Bay is controlled by the Lake level).  This too was ignored and creates a source of 

possible error, but was considered minor for the time frame for this project. 

Water temperature for the summers of 2016 and 2017 was provided by data from the PA DEP buoy.  

Water temperature for earlier and later dates in each year were estimated based on the assumption that 

depth-averaged water temperature under the winter ice would be 2º C with a warm-up starting in March 

and cool-down continuing until mid-December.  Daily wind velocities were obtained from the RSC 

weather station.  Solar energy was obtained from the Gannon and RSC weather stations.  Values for solar 

energy are provided to the model in Langleys/day (one Langley = 11.622 watt·hours/m
2 

= 1.1 

µEinstein/m
2
/s).   

2. Model loadings 
The model accommodates loadings in a variety of ways; including point-sources, direct precipitation 

loadings, and non-point sources.  Direct precipitation loadings were ignored.  There are no NPDES-
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permitted discharges directly to the Bay other than combined sewer overflows.  CSOs were largely 

eliminated during a sewerage project in the early 2000’s, and were not considered to be relevant to this 

project.  There are a number of NPDES discharges to the watershed (Rafferty et al 2010), but it was 

assumed that pollutants released by those point sources would be captured in the data for stream 

discharges, which fell under the category of non-point sources.  Therefore, it was assumed that the model 

inputs for N and P loadings would be those associated with the streams.  Loadings of detritus (VSS), N, 

and P were calculated by multiplying the appropriate concentration value for that parameter times the 

discharge for that day, with appropriate unit conversions to yield grams per day as required by the model.  

More information on nutrient concentration determinations are provided in the Results section of this 

report. 

3. Biotic components 
While the model accommodates a variety of biotic groups, it has limitations.  Also, there is very limited 

quantitative data on the animal community in the Bay.  Keeping the focus of the project in mind, i.e., the 

dynamics of the cyanobacterial populations, an abbreviated ecosystem was developed within the model.  

Each biotic group was controlled by a physiological database of factors related to growth, death, 

reproduction, and interaction with water chemistry and other biota, through processes such as shading and 

settling (Figure 13).  Values in each field of the database were derived from literature sources, 

professional judgement, or calibrated values within a biologically reasonable range of possibilities.   

Phytoplankton: It was discovered in the course of sampling that the phytoplankton community was 

dominated by two groups: diatoms and cyanobacteria.  As the calibration process proceeded, it became 

clear that several sub-groups of each of those two groups should be included in the model.  Therefore, we 

included two diatom groups, and three cyanobacteria groups.  The diatom groups were not specified by 

scientific name, but rather represented those diatom assemblages having a given temperature optimum.  

For the cyanobacteria, the three groups represented the most abundant genera, which were Lyngbya, 

Microcystis, and Anabaena.  Groups were also created for generic green algae, dinoflagellates, and 

cryptomonads, although these three groups were minor members of the phytoplankton community in 

terms of biomass. 

Animals:  Included in the model were sediment dwelling oligochaetes and chironomids, micro-

crustaceans, rotifers, predatory zooplankton, and dreissenid mussels.  The fish community was represented 

by a generic bottom fish, round gobies, white perch, and yellow perch (adult and young-of-the-year).  

Thus many members of the animal community were omitted, but after various trial and error runs, it was 

determined that inclusion or omission of others had no measureable impact on modeled cyanobacterial 

abundance.   
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Figure 13.  Example of database supporting each biotic component in the model; this is only a 

portion of the values for each biota. 

 

4. Food web 
The trophic interactions of the biotic components in the model are controlled by a food web matrix (Table 

9).  The entries represent the percentage of the diet of each consumer for each of the food items.  On a 

sister matrix there is a corresponding field for egestion coefficients, i.e., the percentage of food taken in 

that is rejected prior to consumption.  Typically, the default value for egestion by all consumers was 10%, 

with a few exceptions based on literature sources.  There are no entries for the cyanobacteria, based on the 

assumption that they are not consumed by any animals.  This assumption was made based on several 

factors.  First, the model was not capable of dealing with so-called ‘pseudo-feces’ in which the rejected 

organisms may remain viable. Next, the cyanobacteria were assumed to be ‘floating’ and thus located at 

the top of the water column, and thus were not available for filter feeding by dreissenid mussels.  And 

finally, it was assumed that the cyanobacteria were colonial or existing in clumps and thus too large in size 

to be consumed by zooplankton.   
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Table 9. Food web controlling trophic interactions among the biotic components of the model. 

 

 

5. Model Calibration and Verification 
The goal of the calibration process was to achieve the best possible agreement between the model’s 

prediction of a given parameter and the field observations on every sampling date.  It was also desired to 

produce modeling output that closely resembled the reasonable pattern of the biotic and abiotic parameters 

for dates on which there were no observations.  In many cases, field observations were surrogates for 

modelled parameters, and provided patterns but were not quantified in the same units as the modelled 

parameter.  An example of this was phycocyanin from the DEP buoy that was reported in relative 

florescence units.  That dataset suggested the relative abundance of cyanobacteria but not the absolute 

concentration.  In some cases, the timing of a modelled bloom was offset from the observed bloom, but 

the general pattern of bloom appearance and disappearance matched reasonably well to what was 

observed in nature. 

The calibration process consisted of conducting a run for the calendar year 2016, and comparing the 

model output with observed values from summer 2016 field sampling.  Depending on the agreement 

between model and observed values, an adjustment was made in a single variable, and the model run 

again.  Many hundreds of runs were conducted.  In some cases an array of adjustments were made to a 

factor followed by model runs, the output of each exported to a spreadsheet, and the various outputs 

plotted to see the overall impact of a range of changes to a parameter.   

An iterative process of calibrating one group after another was followed.  Because diatoms were the most 

abundant phytoplankton, they were calibrated first.  Once reasonable results were obtained for the 

diatoms, attention was turned to the cyanobacteria.  As their calibration was improved, the quality of the 

diatom calibration was degraded.  Subsequently, the diatom calibration was repeated, which had an effect 

on the cyanobacteria calibration.  Eventually, the calibration focus was extended to the other biotic 

members of the modelled community until succeeding minor changes resulted in smaller and smaller 

improvements, or many times, worsened agreement.   
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The calibration process relied on a visual inspection of the output time series graph before and after a 

change was made.  The AQUATOX software provides for storage of two different runs and a comparison 

between them.  However, because no statistical tool was known that could simultaneously evaluate 

multiple parameters to fit this situation, no ‘goodness of fit’ computation was conducted to quantify the 

quality of the calibration process. 

The match of model output with observations was pursued not only for specific biotic components, but 

also for chlorophyll-a and phycocyanin concentration, Secchi depth, phosphorus concentration, and nitrate 

concentration. 

Once new runs yielded no improvement in the apparent agreement between model and observations for 

the year 2016, the model was ‘locked’, and the “simulation period” was extended to include the year 2017.  

This amounted to the ‘verification’ phase.  The calibrated model output and verification will be presented 

in the Results section. 

III. Results 

A. Bay water sampling results 

a) Bay water quality  
Presented below in Table 10 and Table 11 are the water analysis results for the Bay during the summers of 

2016 and 2017.  The values shown below are the averages of the three sites.  Data for each of the sites 

separately are included in the provided electronic materials..  The total suspended solids concentration 

ranged from a low of 1.47 mg/L to a high of 8.7 mg/L.  The nitrate concentration ranged as high as 1.28 

mg/L NO3-N.  The highest TSP-P value in 2016 was 0.09 mg/L, and averaged 0.06 mg/L; during summer 

2017 the highest value was 0.21, but still averaged 0.06 mg/L. 

  

Table 10. Water quality results for samples collected in Presque Isle Bay, PA, during 2016. 

 
Average of Three Sites (1 m below the surface) 

all values mean of duplicates, in mg/L; NO3 reported as N;  TSP reported as P 

 
  25-May 14-Jun 28-Jun 13-Jul 27-Jul 10-Aug 31-Aug 14-Sep 

TSS 3.12  3.18  1.47  6.66  7.04  8.70  5.47  7.40  

VSS 1.78  1.62  0.75  4.42  3.69  5.70  3.63  4.48  

FSS 1.34  1.56  0.72  0.90  3.35  3.01  1.84  2.92  

NO3 nm 0.95  1.08  0.25  0.35  0.68  0.78  0.38  

TSP 0.09  0.07  0.04  0.06  0.09  0.05  0.04  0.05  
nm = not measured 
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Table 11. Water quality results for samples collected in Presque Isle Bay, PA, during 2017. 

 
Average of Three Sites (1 m below the surface) 

all values mean of duplicates, in mg/L; NO3 reported as N;  TSP reported as P 

 
 

12-Jun 28-Jun 11-Jul 24-Jul 7-Aug 21-Aug 5-Sep 21-Sep 

TSS 2.6 4.7 2.9 3.1 nm 6.7 7.3 2.7 

VSS 1.6 1.3 1.8 1.3 nm 4.6 3.8 1.8 

FSS 1.0 3.4 1.1 1.8 nm 2.1 3.4 0.8 

NO3 0.25 0.14 0.18 0.21 1.28 0.67 0.80 0.12 

TSP 0.21 0.08 0.03 0.04 0.08 0.04 0.02 0.02 
nm = not measured 

 

The time history of phosphorus concentration is presented in Figure 14 and Figure 15 for the two study 

periods.  In addition to TSP, the measurements for TP and orthophosphate (soluble reactive phosphorus, 

SRP) are also shown.  While there is some variability from year to year, the pattern of P concentrations 

during both summers is similar with a higher value at the beginning of the summer, followed by a dip and 

then increase in mid-summer, followed by another decline.  The mid-summer rebound was more 

pronounced in 2017 than in 2016. 

 

 

Figure 14. Phosphorus species in Bay waters during summer 2016. 
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Figure 15.  Phosphorus species in Bay waters during summer 2017. 

 

b) Pennsylvania DEP Data Buoy Observations 
It was invaluable to have the continuous record of Bay water temperature and chlorophyll-a measurements 

provided by the Pennsylvania Department of Environmental Protection’s data buoy located in the Bay 

throughout the summer seasons of the study period.  These records provided input and calibration tools for 

the model, and illustrated how different conditions can be from year to year, as shown in Figure 16 below.  

The 2016 summer was warmer and presumably more typical in its profile than 2017.  The maximum 

temperature reached in 2016 was 27.2º C compared to 26.3º  C in 2017, and the mean water temperature 

for the period of June through September was more than a full degree warmer in 2016 than in 2017 (23.9º 

C compared to 22.6º C).  Only for short periods in 2017 did the water temperature reach or exceed 25º C. 

 

 

Figure 16.  Bay water temperature as recorded by the DEP buoy for summer, 2016 and 2017. 

 

The temperature difference between the two years may seem trivial, but it is not, as temperature is an 
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chemical reactions that directly control their ecology.  This is reflected in the differences in phytoplankton 

blooms in each of the two summers studied as seen in Figure 17.  All phytoplankton contain chlorophyll-a, 

and so this measurement does not tell us which type of algae is blooming.  Nonetheless, there were two 

large blooms measured during 2016, while there was only one similarly sized bloom in 2017, as measured 

by the data buoy.  It is important to note that blooms can appear and disappear very quickly, as indicated 

by the steep changes in chlorophyll-a concentration.  Therefore, biweekly sampling conducted during our 

boat trips onto the Bay, could have easily missed an event.  It is also interesting to note that the late bloom 

in 2017 peaking in the first week of September corresponds to the temperature decline occurring at the 

same time. 

 

 

Figure 17.  Chlorophyll-a (mean daily values) as measured by the DEP buoy for summer, 2016 and 

2017 

 

c) Thermal Stratification 
The AQUATOX model is capable of dealing with a thermally stratified lake.  However, the field 

measurements for this project confirm the long held local opinion that the Bay does not remain stratified 

throughout the summer.  Shown below in Figure 18 is a sequence of water temperature depth profiles 

obtained at the central Bay station during the first half of the 2016 sampling season.  This illustrates how 

the Bay was thermally stratified with a distinct thermocline at 5 meters on May 25
th

, but the Bay became 

well mixed soon after that and warmed uniformly over the rest of the summer season. 
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Figure 18.  Water column temperature measurements during the first half of summer, 2016, in 

Presque Isle Bay at the ‘central’ site. 

 

d) Secchi depth 
Secchi depth is a simple but highly useful measurement of the transparency of the water.  It correlates well 

with eutrophication status.  This parameter is calculated by the Aquatox model based on light extinction 

due to absorption by water, plankton, and suspended solids, and is therefore useful in the calibration 

process.  Observed values for Secchi depth are provided in Table 12.  The general trend is a decrease in 

transparency over the course of the summer, as indicated by a decreasing depth at which the Secchi disk 

disappears from view.  A Secchi depth of around 1 meter is generally associated with eutrophic 

conditions. 

 

Table 12.  Secchi depth measurements compiled during Bay sampling trips.  

 
Values in meters 

2016 
25-May 14-Jun 28-Jun 13-Jul 27-Jul 10-Aug 31-Aug 14-Sep 

2.0  2.3  4.0  1.8  1.6  1.1  1.2  1.0  

2017 
12-Jun 28-Jun 11-Jul 24-Jul 7-Aug 21-Aug 5-Sep 21-Sep 

2.7  1.7  1.9  1.9  1.0  1.0  0.9  2.2 

 

B. Stream water analysis 

On three occasions during the summer, 2016, water samples were collected during baseflow.  The nutrient 

content of those samples is presented below in Table 13.  In addition, for storm events of short duration, 

the collection of samples continued even though the stream had returned to baseflow levels.  In those 

instances, the concentration of phosphorus also returned to the same general level as indicated in the table 

below.  The estimates in the table for nutrient concentrations for the “Total watershed” are based on 

assigning the Cascade Creek value to the unmonitored area and pro-rata averaging of values based on sub-

watershed size. 
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Table 13.  Nutrient content of baseflow (mg/L);  

mean of three sampling dates. 

Baseflow MC CC 
Est. Total 
watershed 

TN-N 2.78 2.01 2.26 

NO3-N 0.55 0.86 0.76 

TP-P 0.12 0.10 0.11 

TSP-P 0.08 0.06 0.07 

 

During storm flow in Cascade Creek (Figure 19), organic particles (VSS) and phosphorus (Figure 20) in 

the storm water varied only slightly over the course of the event, while the mineral particle content (FSS) 

varied with the discharge rate as illustrated here for a typical event.  A storm on July 25, 2016, was 

selected for display because it presents a rather simple hydrograph.  In most cases, the sampled storm 

events were more complex, and often lasted well beyond the four hours of sampling capacity, thus 

depriving us of a complete picture of the response of the watershed during the storm.  However, the 

pattern for suspended solids and nutrient input was similar to that presented. 

 

 

Figure 19. Total, fixed, and volatile suspended solids in Cascade Creek during a representative 

storm event, July 25, 2016. 
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Figure 20.  Phosphorus and discharge in Cascade Creek during a storm event, July 25, 2016. 

 

The phosphorus content of the water varied only slightly during the storm event for both TP and TSP, and 

did not seem to be associated with discharge magnitude (Figure 21, Figure 22, Figure 23, and Figure 24).  

There was a positive slope to the regression line for TP in both streams, while the regression line slope for 

TSP as a function of discharge was slightly negative for both streams.  The coefficient of determination 

(R
2
) for all of these relationships is low, suggesting that discharge does not explain much of the variation 

in TP or TSP concentration.  Having said that, greater levels of discharge seem to result in a slight 

increase in TP associated with particles; but also results in a dilution of soluble phosphorus.  Nonetheless, 

the prudent conclusion to be reached from this analysis is that TSP concentration is not a function of 

discharge intensity.  

  

 

Figure 21. TP as a function of discharge in Mill Creek during 2017. 
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Figure 22.  TP as a function of discharge in Cascade Creek during 2017.. 

 

 

Figure 23.  TSP as a function of discharge in Mill Creek during 2017. 

 

 

Figure 24.  TSP as a function of discharge in Cascade Creek during 2017. 
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The phosphorus species used in the AQUATOX model is TSP.  An inspection of the analytical results for 

storm flow (Table 14, Table 15) and baseflow (Table 13) suggests that a value between 0.07 and 0.13 

mg/L is appropriate for TSP discharged from the watershed.   The calculation of loadings of TSP will be 

discussed in the next section. 

 

Table 14.  Storm flow water quality for summer 2016. 
STORM flow DATES 2016 

MILL CREEK 6/16 6/23 6/27 7/25   Mean stdev 

  mg/L 

TSS 40 184 15 631 
 

218 286 
VSS 10 36 8 89 

 
36 38 

FSS 30 148 7 543   182 248 

TN-N 2.0 2.0 1.7 5.3 
 

2.7 1.7 
NO3-N 1.2   1.7 0.5   1.2 0.6 

TP-P 0.17 0.32 0.19 0.66 
 

0.34 0.23 
TSP-P 0.14 0.09 0.15 0.16 

 
0.14 0.03 

  
       CASCADE CRK   6/23 6/27 7/25 9/26 Mean stdev 

  mg/L 

TSS 
 

203 213 464 80 240 161 
VSS 

 
50 59 76 16 50 25 

FSS   153 154 387 63 189 139 

TN-N 
 

4.2 2.8 3.2 4.3 3.6 0.7 
NO3-N   1.2 1.3 0.5 1.2 1.0 0.3 

TP-P 
 

0.54 0.29 0.19 0.16 0.30 0.17 
TSP-P   0.11 0.11 0.17 0.10 0.12 0.03 

 

 

Table 15.  Storm flow water quality for summer 2017. 
STORM flow DATES 2017 

MILL CREEK 6/4 6/17 6/23 7/12 8/4 8/22 9/8 Mean stdev 

  mg/L 

TSS 157 90 916 30 18 402 258 267 316  
VSS 28 26 76 9 4 50 28 32 25  
FSS 128 65 840 21 14 352 230 236  293  

TN-N 2.7 3.1 1.7 2.9 2.6 6.1 1.9 3.0 1.5 
NO3-N 1.1 0.5 0.3 0.9 0.4 0.8 0.2 0.6 0.3 

TP-P 0.20 0.15 0.13 0.35 0.15 1.03 0.61 0.37 0.34 
TSP-P 0.10 0.11 0.08 0.12 0.05 0.14 0.05 0.09 0.03 

                    

CASCADE CRK 6/4   6/30 7/12 8/3 8/22 9/7 Mean stdev 

  mg/L 

TSS 30 
 

151 53  - 260 78 123  93  
VSS 7 

 
24 8  - 42 13 20   15  

FSS 23   127 45  - 217 65 103    78  

TN-N 2.4 
 

4.1 4.2 8.7 3.5 2.3 4.6 2.3 
NO3-N 0.6   0.3 2.2 2.4 1.6 0.3 1.4 1.0 

TP-P 0.23 
 

0.76 0.52 0.74 0.54 0.59 0.56 0.19 
TSP-P 0.12   0.19 0.17 0.11 0.05 0.09 0.13 0.05 
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C. Mass loadings estimations 

a) Nutrient concentrations 
As discussed above in the Methods section, loadings to the Bay of nutrients and detritus (VSS) were 

derived by multiplying the appropriate concentration times the discharge quantity on a given day.  For 

each year of the study period, values from the tables above were used to estimate the concentration for 

each parameter.  Those values for TSP, nitrate, and VSS are presented below in Table 16.  Using daily 

rainfall records and the regression relationship established between precipitation and discharge for each of 

the streams, and the assumption made above for the unmonitored portion of the watershed, the discharge 

quantity from the watershed to the Bay for each day of the year was estimated.  Then, for each dry day the 

discharge quantity was multiplied times the baseflow concentration, or for wet days the stormflow 

concentration, to generate the mass of that substance transported to the Bay day by day.  The actual 731 

values used as input to the model are included in the provided electronic materials (2016 was a leap year).  

Table 16.  Nutrient concentrations (mg/L) used for determining mass loadings to the Bay. 

Mill Creek 2016 

  TSP Nitrate VSS 

Baseflow 0.08 0.55 2 

Stormflow 0.14 1.20 36 

      
 Cascade Creek 2016 

  TSP Nitrate VSS 

Baseflow 0.06 0.86 1.5 

Stormflow 0.12 1.00 50 

 

Mill Creek 2017 

  TSP Nitrate VSS 

Baseflow 0.08 0.55 2 

Stormflow 0.09 0.60 32 

      
 Cascade Creek 2017 

  TSP Nitrate VSS 

Baseflow 0.06 0.86 1.5 

Stormflow 0.09 1.40 19 

 

b) Exchange of water with Lake Erie  
 As discussed in the section on the Mill Creek monitoring station above, water flows in and out of the 

channel connecting the Bay and the Lake.  The changes in water level in Mill Creek detected in late June, 

2016 (Figure 7) document such an event.  This water exchange is widely known to local fishermen, 

boaters, and agencies.  In an unpublished study by the PI’s graduate student (Kiskadden and Diz, 2006), it 

was estimated that during the summer of 2006, on average, about 500 million gallons per day was 

exchanged with the Lake (the volume of the Bay is about 14 billion gallons).  Assuming that complete 

mixing occurred, it was estimated that the hydraulic residence time of the Bay was about a month, rather 

than the traditionally accepted value of 2.45 years.   
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It could be inferred that nutrients and detritus discharged from the watershed may be diluted to some 

degree by much ‘cleaner’ water from the Lake.  To investigate this hypothesis, a Student’s T-test was 

performed on the 2016 measurements for conductivity and Secchi depth comparing the West sampling 

location to the East sampling location.  There was no significant difference between the two sites for 

either conductivity or Secchi depth (P>0.42).  Therefore, it was assumed that water entering from the Lake 

had no meaningful impact on the water quality of the Bay.   

D. Plankton Community 

a) Phytoplankton 
The phytoplankton community of Presque Isle Bay during summers of 2016 and 2017 was represented by 

51 different types of algae, including 11, 12, 22 and 6 taxa of cyanobacteria (CB), diatoms, green algae 

and various other flagellates, respectively (Table 17) .  These data are summarized in Table 18 and Table 

19.  Half of the phytoplankton taxa were nannoplankton <65 microns, including a few diatoms 

(Cyclotella, Stephanodiscus and Synedra) and single-celled flagellates (Chlamydomonas spp. and 

Cryptomonas) that were sometimes significant contributors to the total biomass of the summer 

phytoplankton community.  Nannoplankton algae are critical for sustaining the herbivorous zooplankton, 

which cannot ingest larger colonial phytoplankton. 

CB taxa reached peak biomass densities both summers during sampling dates in late July and August, 

when water temperatures were highest.  Every CB taxon present in summer 2016 had lower peak densities 

in 2017.  Among that large colonial CB, the filamentous taxon Lyngbya sp.1 was dominant during both 

summers, followed by subdominants Microcystis and Anabaena spiroides.  Microcystis is the primary 

source of the HAB toxin “microcystin” while Anabaena sometimes releases “anatoxin-a”, which has only 

rarely been observed in the Bay 

The filamentous colonial diatom Aulacoseira (previously known as Melosira) was the dominant diatom 

both summers, reaching peak densities in late August and September.  Secondary dominants amongst the 

colonial diatoms included Fragilaria, which peaked in mid-July both years, and Asterionella, which 

peaked in mid-June both summers.  The peak seasonal distribution of the latter two taxa suggests that they 

are not as well adapted to higher temperatures as Aulacoseira, which persisted at high temperatures with 

colonial CB in the bay. 

Besides the small flagellates (Chlamydomonas spp.), Gloeocystis was a dominant chlorophyte (green alga) 

both summers; this taxon produces a mucilaginous sheath around its colonies to impede ingestion by 

herbivorous zooplankton.  Most of the taxa in this diverse group were never very abundant, and showed 

peak biomass densities in the first half of the summer, prior to the development of CB blooms.  Although 

peak densities observed for most of the green algae were higher in summer 2016 than 2017, notable 

exceptions were Chlamydomonas A and the colonial green alga Pediastrum duplex, which reached higher 

peak numbers in late July 2017, perhaps attributable to generally cooler water temperatures than during 

July 2016. 
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Table 17.  Phytoplankton summary for Presque Isle Bay, based upon eight sampling dates during 

2016 and 2017.   
Note: Taxa with unit length <65 microns (nannoplankton) were enumerated in whole water samples; taxa >65 microns were 

enumerated in net plankton samples. Taxonomic units are colonies unless “cell” is indicated following unit length value.  

Biovolume (column 3) multiplied by average unit population density (per sampling date) was converted to dry weight biomass 

as described in methods.  The biomass figures for net phytoplankton (taxa with unit length >65 microns) were corrected for net 

efficiency, as described in methods. 

 

(table continues next page)   

                                                                                                                   2016                                                      2017 
                                                                                          ____________________________    ___________________________  

Phytoplankton                  Unit length   Biovolume    # dates      Peak biomass    Date          # dates      Peak biomass    Date  

     taxon                               (microns)     (microns3)   observed         mg/m3         of peak      observed         mg/m3         of peak 

 

Cyanobacteria 

Anabaena spiroides         65  8975          8  41.1        July 27    8         18.8 Aug 21  

Anabaena flos-aquae         120             10048          0    0                      -     7           0.4             June 28  

Anabaena wisconsinence      90               1696          5  12.5              July 13    8           0.1 Aug 21  

Aphanizomenon         75               1413          4  16.6        July 27    7           0.5             Aug 21  

Chroococcus            3 cell     14          7  51.1        July 13    5           0.3             July 24  

Lyngbya sp.1        200              81389          8              415.0        Aug 10    7       189.4             Aug 21 

Lyngbya sp. 2                           60       68          3   40.4       Sept 14    0                    0                   -       

Merismopedia          60  1047          1                26.3       Sept 14    2                   0.3             Aug 21 

Microcystis        120              10048              8                65.3        Aug 10    8         44.0            July 24 

Planktothrix        150  3540          0                     0                     -     5           2.6             Aug 21 

Woronichinia          80  3000          2                  13.0         Aug 31     4           0.2             Aug 7                   

 

Diatoms 

Achnanthes         10 cell      60          3    0.9        Aug 10    0                   0                    -   

Asterionella       140   2800          8  29.6       June 14    7          7.6             June 12 

Aulacoseira                     220              27977          8              141.8        Aug 31             8              288.1             Sept 4  

Cocconeis         55 cell    360          1                    1.0        July 27             0                   0                    - 

Cyclotella         12   cell           230          7                25.0       Sept 14             8                21.3             July 24 

Fragilaria       200   6480          8  69.1        July 13    8        33.9              July 11    

Navicula         50 cell    250          0     0            -                    7             8.5              Aug 21 

Gyrosigma       100 cell    3335          1    0.2        May 25            0                  0                     - 

Stephanodiscus         24 cell  1356          2  11.9       Sept 14             2                 4.9               July 24 

Surirella         70 cell       19536          0                    0            -          6          0.05  Sept 4           

Synedra          52 cell    250          8    0.9       Sept. 14    8                19.1                Aug 7     

Tabellaria       200   4200          2    0.3        May 25    6          0.1                Aug 21  

 

Green algae 

Actinastrum         17 cell   142          3   0.7        Aug 10     0                   0                    - 

Ankistrodesmus         25 cell     81          8   2.8       Sept 14             8                  1.2              June 11 

Chlamydomonas A1        11 cell   100          8               60.0       June 14     8              182.5             July 24 

Chlamydomonas B2       4.5 cell     48          8  60.7        May 25     8                  4.5              Sept 21 
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Table 17, continued. 

 

 

 

 

 

                                                                                                                   2016                                                     2017 
                                                                                          ____________________________    ___________________________  

Phytoplankton                  Unit length   Biovolume    # dates      Peak biomass    Date          # dates      Peak biomass    Date  

     taxon                               (microns)     (microns3)   observed         mg/m3         of peak      observed         mg/m3         of peak 

 

Green algae (cont.) 

Closterium       500 cell 1172           1                   0.3            July 27   5         <0.01           June 12 

Coelastrum         75 cell      14469                3    1.8      July 13   3           0.2              July 11 

Cosmarium         70 cell      26800           2  20.1      July 13   0                     0                    -  

Crucigenia         6.5 cell   275           2    0.7      July 13   0                     0                    - 

Dictyosphaerium        7.5 cell             98           2    0.2     Sept 14   3           0.4               Aug 7 

Elakatothrix          50    210           5    8.5      Aug 31   2                    1.0 June 28 

Eudorina        110              22900           4    4.2            July 13   6           0.2             June 12           

Franceia                 25 cell      96           3                  1.1      Aug 10   2                0.4               Aug 7           

Gloeocystis          65     500           7              139.5      July 13   7         17.4             July 11 

Lagerheimia          25 cell      96           2                  0.4     Sept 14              1                   0.4                Aug 7 

Oocystis          20 cell         1340           7  22.4      Aug 31              0                    0                      - 

Pediastrum duplex       120                7200           8                   2.3      July 13   8         14.2             July 24  

Pediastrum simplex       130                8000           8    9.3       July 13   8                    0.9             June 12 

Scenedesmus          25     250           6  12.5     Sept 14   7                    6.3               Aug 7 

Selenastrum                             30 cell    142           1                   0.3      Aug 10   2                    2.5  Aug 7 

Staurastrum          75 cell       20000           6  18.5      July 13   8                    5.8              July 11 

Tetraedron          10 cell      40           8                   2.3      Aug 10   5                    0.6              Sept 21 

Volvox         200              32800           2    0.1      July 13   4                    0.2              June 28 

 

Dinoflagellates 

Ceratium hirundinella          150 cell       41386           8               88.5      July 13   8         11.3              June 28 

Glenodinium          20 cell         2700           1               16.2     June 14   3        31.1               July 11 

Peridinium                       40 cell       14100           2                31.7      Aug 31   0          0                    - 

 

Others 

Cryptomonas                       26 cell         2300           8               253.0      Aug 10   8      173.7              July 24  
Dinobryon        270                3060           3    1.2     June 14   3          0.3              June 12 
Trachelomonas          18  cell        3100           4                63.0      Aug 31   0          0                   - 
_________________________________________________________________________________________________ 
1 Chlamydomonas A is possibly 2 different taxa often indistinguishable depending upon position of cells on slide when 
viewed at 400X magnification (Chlamydomonas sp. or Rhodomonas minuta var. nannoplanctica). 
2 Chlamydomonas B is morphologically identical to Chlamydomonas epiphytica (Smith 1920), and was often observed in 
association with colonial diatoms, Microcystis colonies, and free (not attached to other algae). 
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Table 18.  Summary phytoplankton data by sampling date during summer 2016. 

 

Biomass dry weight in mg/L 

Cyanobacteria 5/25 6/14 6/28 7/13 7/27 8/10 8/31 9/14 

Microcystis  <0.001 0.002 0.001 0.018 0.031 0.065 0.026 0.036 

Lyngbya  0.001 0.005 0.057 0.128 0.415 0.043 0.016 

Anabaena spiroides  0.004 0.002 0.025 0.041 0.032 0.013 0.012 

Aphanizomenon 
    

0.017 0.015 0.008 0.008 

Chroococcus 
   

0.051 0.005 0.012 0.006 0.010 

nanno-Lyngbya      0.002 0.019 0.040 

Merismopedia        0.026 

Total cyanobacteria 0.001 0.007 0.008 0.150 0.223 0.540 0.115 0.147 

Total diatoms 0.028 0.119 0.002 1.013 0.464 1.080 0.152 0.562 

Green algae 0.069 0.096 0.093 0.209 0.105 0.177 0.136 0.135 

Cryptomonas 0.001 0.156 0.044 0.023 0.041 0.253 0.044 0.075 

Misc flagellates 0.011 0.174 0.084 0.111 0.057 0.302 0.079 0.078 

Total phytoplankton 0.110 0.552 0.232 1.506 0.889 2.352 0.526 0.997 

 

Table 19.  Summary phytoplankton data by sampling date during summer 2017. 

 

Biomass dry weight in mg/L 

Cyanobacteria 6/12 6/28 7/11 7/24 8/7 8/21 9/4 9/18 

Microcystis  0.001 0.001 0.004 0.044 0.026 0.020 0.015 0.005 

Lyngbya   0.002 0.001 0.062 0.189 0.066 0.020 

Anabaena spiroides 

 
0.001 0.003 0.002 0.005 0.019 0.001 

 Aphanizomenon      0.001   

Total cyanobacteria 0.001 0.002 0.009 0.047 0.093 0.229 0.082 0.026 

Total diatoms 0.021 0.029 0.270 0.042 0.112 0.123 0.312 0.013 

Green algae 0.012 0.024 0.059 0.222 0.076 0.059 0.039 0.039 

Cryptomonas 0.015 0.028 0.106 0.174 0.068 0.080 0.069 0.109 

Misc flagellates 0.003 0.018 0.052 0.049 0.013 0.010 0.004 0.002 

Total phytoplankton 0.052 0.101 0.497 0.534 0.364 0.504 0.507 0.189 

 

[NOTE:  it is important to mention that the values in the tables above for phytoplankton may not appear to 

be consistent with certain graphs presented in the sections below for the model output.  Conversions were 

necessary due to sampling technique and assumptions made by the model, especially for cyanobacteria 

which are assumed to occupy only the top 0.1 m or top 3 meters (depending on wind velocity) of the water 

column.  The values presented above assume that all phytoplankton are distributed throughout the water 

column homogeneously.] 

Comparison between 2016 and 2017 of the summer succession of major groups of phytoplankton (Figure 

25 and Figure 26) revealed a consistent pattern of CB reaching peak abundance in August.  A major 

difference between the two summers was the coincidence of peak diatom (mostly Aulacoseira) and CB 

biomass in mid-August 2016, in contrast to summer 2017, when the diatom peak occurred in early 

September, following the decline of the CB bloom.  
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Figure 25.  Phytoplankton by major taxonomic group for 2016. 

 

 

Figure 26.  Phytoplankton by major taxonomic group for 2017. 

 

b) Zooplankton 
The dominant zooplankton taxa found in Presque Isle Bay during the summers of 2016 and 2017 included 

both calanoid and cyclopoid copepods, six genera of cladocerans and four genera of rotifers (Table 20).  

Since the dominant phytoplankton taxa during both summers were large colonial net phytoplankton that 

zooplankton are not able to ingest, it is unlikely that the zooplankton exerted direct influence on the 

population dynamics of the dominant CB or diatoms.  

Calanoid copepods and the large-bodied filter-feeding cladocerans Daphnia and Diaphanosoma may 

indirectly affect CB blooms by selectively removing nannoplanktonic diatoms and green algae that might 

otherwise compete with CB for nutrients.  Likewise, the large predatory cladocerans Leptodora and 

Bythotrephes found in samples from Presque Isle Bay could indirectly affect phytoplankton by 

suppressing populations of zooplankton that directly graze on algae.  
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Presque Isle Bay rotifers Polyarthra, Keratella and Trichocerca, in addition to the small-bodied 

cladocerans Bosmina and Chydorus feed on bacteria, detritus and algae.  These zooplankters might benefit 

from CB blooms and bacteria associated with the decline of seasonal blooms.  Asplanchna is a predator 

that feds on other rotifers or copepod nauplii.  

 

Table 20.  Zooplankton summary for Presque Isle Bay based upon eight sampling dates each 

summer of 2016 and 2017.  
Note: Estimated average population densities, based upon triplicate biweekly sample data corrected for net efficiency, were 

converted to dry weight biomass by multiplying individuals/m
3
 times values for dry weight/individual (column 2) compiled 

from Dumont et al. (1975), Jeppesen et al. (2000) and Michaloudi (2005). Statistical significance of zooplankton biomass 

differences between 2016 and 2017 tested by Mann-Whitney U (judged as significant for p-values <0.05). 

 

The non-parametric Mann-Whitney U-test was used to perform between-year comparisons of median dry 

weight biomass of each major taxon of zooplankton.  Test results indicated significantly greater biomass 

                                                                                                                                                                                       Mann-Whitney 

                                                                              2016                                                      2017                        U-test results 

                                                     ___________________________     ___________________________     _______________ 

Zooplankton      Dry weight     # dates      Peak biomass    Date          # dates      Peak biomass    Date              U               p 

     taxon             (ug/individ)   observed         mg/m3         of peak      observed         mg/m3         of peak       value        value 

 

Cladocera 

Large-bodied  

   filter feeders  

Daphnia        3.2  6         48             June 14           7   96        Aug 7 15 0.0418 

Diaphanosoma         2.2  6         10              Aug 31           7   62       June 11 11.5 0.0179            

 

Large predatory 

Leptodora        13  5          3             Sept 14           6               169       Aug 21 13 0.0262  

Bythotrephes        13  2          4             Sept 14           4   52        Aug 7 20 0.1131 

 

Small-bodied 

Bosmina        0.9  8         99             May 24           7  202      Sept 21          28.5 0.3745 

Chydorus        0.9  8       124             Aug 10           7   62      Sept 21          30.5 0.4562 

 

 

Copepoda 

Calanoid        3.8  8        17             Aug 10           8  152       Sept 21   0 0.0005  

Cyclopoid        3.2  8        31               May 24           8   74      Sept 21 31.5 0.5 

Nauplii                      0.3  8      132             June 28           6   47       Aug 7   0 0.0005 

 

 

Rotifera 

Polyarthra       0.42  8      199              Aug 10           8  273       Aug 7 17.5 0.0708 

Keratella spp.          0.12  7      497              May 24           8   75      July 24 20 0.1131 

Trichocerca       0.19  6        51              Aug 10           8  171      July 24 10.5 0.0136 

Asplanchna        1.4  7          8              May 24           7  315      July 11  8 0.0068 

  (predatory)  

__________________________________________________________________________________________________ 
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in summer 2017 of several zooplankters, including Daphnia, Diaphanosoma, Leptodora, calanoid 

copepods, and the rotifers Trichocerca and Asplanchna (Figure 27and Figure 28).  These unexpected 

changes in the zooplankton community between 2016 and 2017 could be related to the lower biomass 

density of CB in the second summer, or possibly food web phenomena in Presque Isle Bay not monitored 

during our two-year study.  We received anecdotal reports of a decrease in abundance of emerald shiners 

in the Bay from 2016 to 2017 (Andraso and Dempsey 2017), and a decrease in abundance of this 

zooplankton predator could account for greater numbers of zooplankton in the Bay in summer 2017. 

 

 

Figure 27.  Seasonal pattern of major zooplankton groups for summer 2016. 

  

 

Figure 28.  Seasonal pattern of major zooplankton groups for summer 2017. 
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E. AQUATOX Model calibration 

a) Biokinetic factors 
The primary tool available to calibrate the model was the manipulation of biokinetic coefficients that 

controlled the growth, reproduction, and death of organisms.  In each case, values from the scientific and 

engineering literature were used as starting points.  Unfortunately, there was wide variation in those 

published rates and in many cases contradictory values were found that were measured at different times 

in different ways, sometimes in situ, but mostly under laboratory conditions.  In many cases, it was not 

possible to find appropriate coefficients at all, and so values for somewhat similar organisms were used as 

starting points.  Then the iterative process described above was used to match model output to observed 

abundance for each category of organism.  Thus, the calibrated values of parameters such as temperature 

optimum, light saturation, and photosynthetic rate, etc., often ended up being different from the published 

rates.  The values used for the biota are listed below in Table 21 and Table 22. 

These biokinetic values play an important role in determining the relative abundance of the various biotic 

groups, especially when resources become scarce.  For example, the ‘P Half-saturation’ and ‘N Half-

saturation’ values are important constants that describe how quickly the organism responds to the 

availability of those two important nutrients.  The ‘half-saturation’ constant for an organism is the 

concentration at which that organism grows at one-half its maximum possible growth rate if all other 

resources are available in abundance.  A low value compared to other organisms suggests that the 

organism might out-compete others for that nutrient.  Also, the ‘Max Photosynthetic Rate’ and the 

‘Optimum Temperature’ are determinants of an organism reaching its genetic potential for maximum 

growth. 

 

Table 21.  Selected calibrated biokinetic coefficients for phytoplankton in the model. 

Taxonomic 
Type 

Saturating 
Light 

P Half-
Saturation 

N Half-
Saturation 

Temp Resp 
Slope 

Opt 
Temp 

Max 
Temp 

Max 
Photosynth 

Rate 

units Ly d
-1

 mg L
-1

 mg L
-1

  °C °C d
-1

 

Diatom cool 70 0.055 0.117 2.0 8 18 2.15 

Diatom warm 120 0.055 0.117 2.0 26 36 2.07 

Cyanobacteria: 
     Anabaena 110 0.006 0.22 1.8 23 30 1.25 

     Microcystis 110 0.013 0.51 2.3 28 35 1.99 

Lyngbya 110 0.006 0.22 2.4 28 35 2.32 

Greens 110 0.1 0.8 1.8 26 40 1.65 

Dinoflagellate 50 0.004 0.13 2.0 21 30 1.85 

Cryptomonas 110 0.076 0.03 2.0 12 30 1.63 
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Table 22.  Selected calibrated biokinetic coefficients for animals in the model. 

Animal Name 
Feed Half 

Sat 
Max 

Consumpt 
Min 
Prey 

Temp 
Resp 

Slope 
Opt 

Temp 
Max 

Temp 
Min 

Temp 
Endog 

Resp 

units mg L
-1

 g g
-1

d
-1

 g m
-2

  °C °C °C d
-1

 

Oligochaete 0.25 0.5 0.1 2.4 20 28.7 5 0.010 

Chironomid 0.25 0.66 0 1.62 20 37 5 0.035 

Plankto-Crustaceans 0.25 1.2 0 2.4 20 34 5 0.140 

Rotifers 0.5 3.4 0 2 25 35 5 0.340 

Predatory Zooplank. 1 2 0.1 2 25 34 7 0.030 

Dreissenid Mussels 0.25 0.6 0 2.4 15 32 3 0.001 

White Perch 0.1 0.068 0.1 2.3 23 28 1.1 0.004 

Round goby* 0.2 0.460 0.2 2.3 15 30 2.5 0.002 

Bottom fish 0.1 0.063 0.05 2.3 25 39 5 0.005 

Yellow Perch, YOY 0.1 0.194 0.05 2.3 29 32 1.1 0.016 

Yellow Perch, Lg 0.1 0.060 0.1 2.3 23 28 2.5 0.010 

 

b) Model Output for Base Year: 2016 
The model output and field observations for nutrients are presented in Table 23.. The model accurately 

simulated the observed TSP mean value of 0.06 mg/L (Figure 29), but underestimated the nitrate mean 

value measure in the Bay of 0.73 mg/L when it generated a simulated value of 0.64 mg/L. 

Table 23.  Comparison of model prediction and field measurements 

 for nutrients in the Bay during June to September, 2016. 

 
(mg/L) 

 
mean st dev 

 
Model (5-95th %-ile) Field Model Field 

TSP 0.06 (0.048 – 0.075) 0.06 0.01 0.02 

Nitrate 0.64 (0.34 – 1.04) 0.73 0.26 0.47 

 

 

Figure 29.  Model vs field observations for TSP. 
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Presented in Figure 30 is model output for cyanobacteria as well as field observations for those genera.  

Also shown in the figure are data from the DEP buoy for phycocyanin.  The phycocyanin is plotted on the 

right-hand axis and is provided as supporting evidence of abundance.  There is variability in the amount of 

phycocyanin in a cyanobacterial cell (Myers and Kratz, 1955), apparently dependent on culture 

conditions.  It is provided here to help understand the pattern of abundance of cyanobacteria rather than as 

a quantitative indication of biomass concentration. 

 

Figure 30.  Model vs field observations for cyanobacteria. 

 

The focus of our concern is Microcystis, the primary producer of the toxin microcystin.  As with several 

other algal groups, its peak measured abundance occurred in early August and quickly diminished.  This is 

reflected in the model output, shown below in Figure 31.   

 

Figure 31.  Model output and measured abundance of Microcystis during the 2016 summer. 
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The 2016 diatom community was dominated by Aulocoseira/Melosira,  Fragilaria, and Asterionella.  

During the spring, Fragilaria was most abundant followed by Asterionella.  By mid-July, Melosira 

became and remained the dominating diatom through the end of the summer.  Two entries were used for 

diatoms in the model, one to represent the cool water diatoms, and one to represent the warmer water 

diatoms.  Shown in Figure 32 is the resulting pattern for diatoms.  The larger dots in the figure correspond 

to the measured total diatom concentration, and the smaller dots represent the chlorophyll-a concentration 

with its own vertical axis.  The chlorophyll data is included to provide a pattern of abundance (also, we 

have data for chlorophyll earlier in the spring and later in the fall than our boat-trip based data).  The 

peaks generated by the model are offset in time compared to the observed algal blooms, but the pattern is 

generally in keeping with the 2016 observations. 

 

 

Figure 32.  Model vs field observations for diatoms. 

 

In spite of the difficulties in simulating the diatoms, the simulation of total phytoplankton biomass 

corresponded fairly well to the observed total phytoplankton biomass based on field collections and DEP 

buoy chlorophyll-a data (Figure 33).  Not presented graphically are the simulations for green algae, 

dinoflagellates, and Cryptomonas because collectively they rarely amounted to more than a very minor 

portion of the total phytoplankton biomass, but they are in the model and are included in the figure.  

Figure 34 shows the model output for chlorophyll-a compared to DEP buoy measurements. 
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Figure 33.  Model vs field observations for total phytoplankton biomass. 

 

 

Figure 34.  Model vs field observations for chlorophyll-a. 

 

c) Model verification 
The essential value of the model for increasing our understanding of the factors affecting cyanobacterial 

blooms is its ability to predict the ecosystem response to environmental factors.  Therefore, the model 

calibrated to 2016 field measurements was extended and supplied with loadings and environmental 

conditions that occurred during 2017.  The model output was then compared to 2017 field observations.   

A series of AQUATOX output graphs follows to illustrate the model’s success in predicting Bay water 

quality and the plankton community of summer, 2017.  While it is risky to draw conclusions based on 

only two summers of field data, the agreement between model predictions and field observations appeared 

to be acceptable.   
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1. Bay nutrient concentrations 
A comparison of means and standard deviations for the model output for nutrients with the eight field 

measurements is presented in Table 24.  The summertime graph for TSP is presented in Figure 35.  The 

model predicted the in-Bay mean concentration of TSP to be 0.05 compared to the field mean of 0.06 

mg/L.  (One data point that summer was 0.21 mg/L.  If that was omitted, the mean value for the field 

observations would be 0.04 mg/L.)  The model showed less variability than the field measurements, but 

that was mostly due to the one high value of 0.21; without that value, the standard deviation of the field 

measurements decreased to 0.026 mg/L.  The model predicted the nitrate-N mean concentration closely at 

0.46 mg/L compared to the mean field value of 0.50 mg/L. 

Table 24.  Comparison of model prediction and field measurements 

 for nutrients in the Bay during June to September, 2017. 

 
TSP (mg/L) 

 
mean st dev 

 
Model (5-95th %-ile) Field Model Field 

TSP 0.05 (0.037 – 0.063) 0.06 0.01 0.06 

Nitrate 0.46 (0.20 – 0.79) 0.50 0.23 0.42 

 

 

 

Figure 35.  Verification of predictive ability of model for TSP concentrations. 

 

2. Model prediction for cyanobacteria 
The model over-predicted the peak concentration of Lyngbya in 2017 (Figure 36), but the prediction for 

the other cyanobacteria appeared to be reasonable.  The pattern of phycocyanin suggested that total 

cyanobacteria during the peak period was higher than our sampling indicated. 
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Figure 36.  Verification of predictive ability of model for cHAB occurrence. 

 

Since our main focus is on Microcystis, the following graph presents just that parameter, showing the 

pattern obtained with the model for summer 2017 and the actual measurements from the boat outings.  If 

there were perfect agreement between model and field measurements on a given day, a graph of model 

verses observed for those days would have a slope of 1.0.  In this case, the slope is 0.89, indicating a good 

fit between model and observation. 

 

Figure 37.  Verification of predictive ability of model for Microcystis. 

 

The toxin microcystin was measured separately by an independent team of analysts operating at the 

Regional Science Consortium at Presque Isle in Erie.  Their findings for the summers of 2016 and 2017 

were presented in Figure 3 and represent results for samples obtained around the perimeter of the Bay 

collected by hand from the shore.  Figure 38 a & b are that same data along with model output for 

Microcystis abundance (notice that two different vertical scales are used).  While not perfect, there is 
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broad agreement between the toxin measurements and the model output for each of the two seasons, 

adding to the credibility of the model. 

 

 

Figure 38.a Model output for Microcystis compared to microcystin toxin measurements. 

 

 

Figure 38 b. 

 

3. Secchi depth  
Secchi depth is an indication of the transparency of the water, which is related to both dissolved and 

particulate material.  It integrates all of those factors including color, detritus, mineral suspended solids, 

and plankton.  The model’s prediction for Secchi depth for 2017 is presented in Figure 39 and is consistent 

with the observations made during boat trips. 
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Figure 39.  Model output for Secchi depth and observed Secchi depth for summer 2017. 

 

F. Model Predictions 

a) Factors limiting the growth of Microcystis 
One of the helpful tools within the AQUATOX system is the ability to display the limitations on growth 

due to several factors.  These are coefficients that are multiplied times the growth potential due to all other 

factors on a daily basis.  The maximum value for these coefficients is 1.0, in which case the factor would 

not diminish the growth potential at all; a value of 0.5, for example, would reduce growth to 50% of what 

it otherwise might be.  Since light is available during the daylight part of the daily cycle, its maximum 

value would be limited by the fraction of a 24-hr day that is daylight.  The light intensity on each day was 

an input to the model for each day of 2016 and 2017, and was a function of astronomical factors as well as 

weather.  Light limitation is also influenced by light attenuation due to dissolved substances, by shading 

due to particulates, and by the intrinsic attenuation of water itself.  The key limiting factors of light, 

temperature, phosphorus, nitrogen, and carbon are presented for Microcystis in Figure 40.  During the 

second half of the summer, light became an important limiting factor.  Microcystis, being a 

cyanobacterium, is assumed to be floating in the top 0.1 m of the water.  However, if the wind velocity is 

greater than 3 m/s, it is assumed that cyanobacteria are mixed throughout the top 3 meters of the water 

column.  In either case, when reporting biomass concentrations for cyanobacteria, the model calculated 

their concentration as being mixed throughout the top 3 m.   

Because we are especially interested in the limitations due to N and P, those factors are presented in better 

resolution in Figure 41.  During the first half of 2016, P was more limiting than was N, but by mid-

summer both N and P became about equally important.  This suggests the possibility that further 

reductions in the availability of phosphorus early in the year may be more effective in limiting the 

abundance of Microcystis than those same reductions would be later in the year.  Both nutrients clearly 

play a role in controlling the abundance of Microcystis. 
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Figure 40.  Limiting factors for Microcystis during 2016. 

 

 

Figure 41.  Limitation for Microcystis growth due to N and P. 

 

 

b) Effect of increased water temperature 
After the availability of light, temperature is the most important environmental factor controlling the 

growth of cyanobacteria.  To explore the effect of increased water temperature in future summers, 

repeated independent model runs of the base year (2016) were conducted by changing the water 

temperature.  The water temperature supplied to the model was increased either one, two, or three degrees 

C compared to the actual 2016 temperatures, beginning in May and ending at the end of September.  The 

concentrations of the cyanobacteria were then exported to a spreadsheet for graphing and analysis.  The 

effect on Anabaena was unexpected, in that its concentration decreased with increasing temperature 
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(Figure 42).   This may be explained by the lower optimum growth temperature of 23º C for Anabaena 

compared to the other cyanobacteria (see Table 21 and inset “C” in figure).   

 

 

Figure 42. Time history of effect of increased summer water temperature on Anabaena. 

 

A less surprising result was observed for Microcystis and Lyngbya, presented in Figure 43 and Figure 44.  

In both cases, growth was enhanced with increased temperature, and for Microcystis the peak abundance 

occurred earlier in the summer.  The broad peak for Microcystis for the base year became a larger sharper 

peak in the first half of the summer but the effect diminished as the summer progressed.  During the 

second half of the summer, the base year Microcystis concentration exceeded that with increased 

temperatures.  The cyanobacterial community was still dominated by Lyngbya over the entire summer 

with increased levels throughout the entire summer.  The movement of the peak concentration towards 

early summer is even more pronounced for Lyngbya than for Microcystis.    
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Figure 43.  Time history of effect of increased summer water temperature on Microcystis. 

 

 

Figure 44.  Time history of effect of increased summer water temperature on Lyngbya. 

 

The maximum concentration achieved by each of the three cyanobacteria taxa and their mean 

concentrations for the summer are presented in Table 25,  Figure 45 and Figure 46.  The pattern observed 

visually in the time-series is confirmed.  The greatest relative effect was seen for Microcystis, whose peak 

concentration increased by 163% with a one degree increase in water temperature, while Lyngbya had a 

142% increase.  For the mean concentrations, Lyngbya exhibited the greatest response to temperature 

increases when averaged over the course of the summer season. 

The implication of these predictions is that warming of the Bay waters will lead to more frequent and 

more intense harmful cyanobacterial blooms. 
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Table 25.  Effect of temperature increase on maximum and mean summer concentration of 

cyanobacteria. 

Max concentration Jun-Sep 

  plus 1 deg plus 2 deg plus 3 deg 

Ana 92% 59% 29% 
Mic 163% 281% 397% 
Lyn 142% 204% 335% 

Tot Cy 137% 215% 335% 

    Mean concentration Jun-Sep 

  plus 1 deg plus 2 deg plus 3 deg 

Ana 70% 37% 16% 
Mic 117% 156% 173% 
Lyn 150% 193% 232% 

Tot Cy 139% 177% 211% 

 

 

Figure 45.  Effect of increased water temperature on the peak concentration of the three 

cyanobacteria in the model. 
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Figure 46.  Effect of increased water temperature on the mean summer concentration of the three 

cyanobacteria in the model. 

 

c) Effect of reduced loadings from the watershed 
The most likely approach for local watershed managers to influence the occurrence and intensity of HABs 

is to control the discharge of nutrients from the watershed to the Bay.  While the quantity of nitrogen 

discharged may be important, it is likely that phosphorus is the most important nutrient to control.  

Phosphorus is present in a dissolved state in the water as well in a particulate form (attached to or part of 

detritus).  The soluble form is bioavailable, while some sort of biological or chemical process is necessary 

to make the particulate form available to plants.  A schematic diagram of the phosphorus cycle used in the 

model is presented in Figure 47.   

 

Figure 47 .  Phosphorus cycle as represented in the AQUATOX model (EPA 2014b). 

 

The differential equation for the phosphorus mass balance is presented below from page 163 of the 

technical documentation (Figure 48).     
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Figure 48.  Mass balance equations used in the AQUATOX model for phosphorus        (EPA 2014b). 

 

The output feature of the model provides numerous ways to examine the dynamics of the phosphorus 

cycle.   One such output graph is provided as Figure 49.  Notice that assimilation and remineralization are 

related to growth and decay of phytoplankton biomass.  The spikes in loading are due to storm events 

transporting TSP into the Bay.  It is interesting that the blooms in 2016 began before the spikes in 

phosphorus loading, which occurred mostly in the second half of the summer.  The blooms were not 

directly in response to inputs of phosphorus from the watershed.  Therefore it is difficult to draw a direct 

connection between phosphorus loading and bloom occurrence, at least during 2016.  However, 

phosphorus added to the Bay during the fall might be still available in the spring and contribute to blooms 

the following year. 

 

 

Figure 49.  AQUATOX output graph showing the components of the mass balance equation for 

total soluble phosphorus during the base year simulation compared to total phytoplankton biomass. 

 

1. Control of soluble phosphorus from the watershed to reduce in-Bay TSP 
concentration 

It would be logical to expect that a decrease in loadings of soluble phosphorus would result in a decrease 

in algal abundance.  To explore this scenario, the soluble phosphorus loading from the watershed was 

reduced in the simulations by up to a 40% reduction.  The resulting impact on the in-Bay TSP 
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concentration is presented in Figure 50.  The dips in TSP at early spring and mid-summer are due to algal 

uptake.  The mean summertime TSP concentration reaches 0.047 mg/L with a 40% loading reduction 

compared to 0.063 mg/L in the base case. 

 

 

 

 

 

 

 

 

 

Figure 50.  Effect on Bay TSP concentration as a result of decreases in phosphorus load from the 

watershed. 

 

1. Control of soluble phosphorus from the watershed to reduce Microcystis 
concentration 

The decrease in TSP does not necessarily translate directly into a decrease in algal concentration.  The 

effect on Microcystis is illustrated in Figure 51.  The benefit of these various dissolved P loading 

reductions appears to be fairly inconsequential over the course of the entire summer period. 

 

Figure 51.  Time history over the course of the summer for various reductions in dissolved 

phosphorus loading on the abundance of Microcystis. 
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2. Control of Detritus to reduce in-Bay TSP concentration 
Control of sediments in the discharge from the watershed is another possible management strategy, and so 

a reduction in loadings of volatile suspended solids (organic detritus) was also explored with model 

simulations.  Detritus is a much more complicated material than is soluble phosphorus.  For this reason, a 

portion of the AQUATOX technical document (EPA 2014b) is provided as Figure 52.  Detritus also 

affects light transmission in the water column since it includes particles.  Detritus contains both nitrogen 

and phosphorus and so the ‘remineralization’ of detritus releases those nutrients to the water column so 

that they are then available for uptake by plants.   

 

Figure 52.  Section 5.1 from the AQUATOX technical document pertaining to detritus. 

 

When detritus was reduced by various amounts, there was a marked decrease in in-Bay TSP at the 

beginning of the summer, and then the in-Bay concentration of TSP gradually returned to its ‘control’ 

value (Figure 53).  This pattern is quite different that the pattern observed when dissolved phosphorus was 

the management objective. 

 

Figure 53.  Time history of effect of reductions in detritus loading on in-Bay TSP concentration. 
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Figure 54 shows a linear relationship between the reductions in detritus loading and the mean and 

minimum values for the period of June to September.  For example, the benefit of a 40% detritus loading 

reduction results in a minimum TSP concentration of 0.03 mg/L and the mean TSP value of 0.047 mg/L 

was a 22% decrease from base year levels.  This condition would still leave the Bay classified as 

eutrophic, since the level of phosphorus necessary to be considered mesotrophic is <0.025 mg/L.     

 

 

Figure 54.  Bay TSP minimum and mean concentrations during the summer as a result of 

reductions in detritus loadings. 

 

It is difficult to compare the benefit of a phosphorus loading reduction to the benefit of a detritus loading 

reduction, so Table 26 was created to aid in that comparison.   

 

Table 26.  Reductions in TSP resulting from either decreased loading of dissolved phosphorus or 

detritus.  

 
reduction in MAXIMUM in-Bay TSP concentration  

 Type of loading reduction   -10% -20% -30% -40% 

Dissolved phosphorus   3.6% 7.3% 10.9% 14.5% 
DETRITUS   5.4% 13.8% 19.2% 19.4% 

      
 

reduction in MEAN in-Bay TSP concentration  

    -10% -20% -30% -40% 

Dissolved phosphorus 
 

5.5% 10.7% 16.4% 21.7% 
DETRITUS   5.4% 12.5% 17.9% 21.9% 

      
 

reduction in MINIMUM in-Bay TSP concentration  

    -10% -20% -30% -40% 

Dissolved phosphorus   7.4% 14.9% 23.2% 31.3% 
DETRITUS   7.6% 16.1% 22.7% 31.1% 

 

Table 26 reveals that detritus reduction is a better strategy for in-Bay phosphorus management since it 

leads to lower maximum and mean values for in-Bay TSP, and results in about the same benefit when 
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considering  minimum values.  However, the seasonal pattern of the reductions is very different: detritus 

reduction leads to lower TSP in the spring and early summer, while reducing dissolved P from the 

watershed results in lower in-Bay concentrations late in the summer.  Whether these two strategies are 

additive in their benefit will be explored later in this report. 

3. Control of detritus to reduce Microcystis concentration 
There is a complex response by the cyanobacteria to a reduction in detritus.  Lyngbya increased at times 

due to the reduction (Figure 55).  Lyngbya blooms can create undesirable aquatic conditions but Lyngbya 

is not a notorious toxin releaser while both Microcystis and Anabaena are.   

 

Figure 55.  Response of Lyngbya to a reduction in detritus loading. 

 

Microcystis was adversely affected over the course of the summer by reductions in detritus loading. The 

pattern of decreased Microcystis abundance in response to decreased detritus loadings is shown in Figure 

56 and is consistent over the various loading reductions but diminishes as the summer ends.  A 40 % 

reduction in detritus loading resulted in a decrease in Microcystis concentration over the course of the 

summer of about 12% and a decrease in peak concentration of about 15% (Figure 57).   

 

 

Figure 56.  Microcystis abundance in response to reduction in detritus loading. 
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Figure 57.  Mean and maximum concentrations of Microcystis during June to September due to reduced detritus 

loading. 

 

In order to better understand the response of Microcystis to a reduction in detritus loading, other factors 

were examined.  Decreased detritus leads to increased light transmission, which aids some phytoplankton 

more than others.  The model assumes that under calm conditions cyanobacteria are floating within the top 

0.1 m of the water column and thus increased light penetration would be of no consequence.  However, 

when the wind velocity exceeds 3 m/s, the cyanobacteria are assumed to be mixed within the top 3 m due 

to Langmuir circulation; thus the response of the cyanobacteria to a decrease in detritus and associated 

increased light penetration is complex.  The AQUATOX model provides output for many of the internal 

metabolic functions for each biotic group.  After reviewing many of those, it was found that light 

limitation affected growth more than did either phosphorus or nitrogen limitations.  The percentage 

difference due to reduction in detritus was much greater for light limitation than was the percent change 

for either phosphorus or nitrogen (Figure 58).  This suggests that the main effect of reduced detritus 

loading is a physical change in the availability of light to the phytoplankton community. 

 

 

Figure 58.  Change in degree of limitation due to various factors for Microcystis upon a reduction in 

detritus loading. 
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The choice of strategy between a phosphorus reduction and a reduction in detritus when the objective is 

decreased Microcystis abundance is a complicated one.  To aid in that analysis, Table 27 is provided.  In 

this case, comparing minimum numbers is pointless because the value for Microcystis at the beginning of 

the summer is very low (less than 0.0001 mg/L dry wt).  Therefore, the table provides the change in peak 

abundance of Microcystis during the summer season under each control technique, and the mean 

abundance over the course of the summer season.  Somewhat surprisingly, control of dissolved 

phosphorus from the watershed does not yield the greatest benefit.  In terms of both maximum and mean 

abundance, control of detritus produces a better result.   

 

Table 27.  Comparison of effectiveness of reduction in dissolved phosphorus loading with reduction 

in detritus loading on abundance of Microcystis. 
  

 
reduction in PEAK abundance of Microcystis 

 Type of loading reduction   -10% -20% -30% -40% 

Dissolved phosphorus   0% 4.8% 3.9% 4.7% 
DETRITUS   6.5% 12.9% 13.0% 14.9% 

      

 

reduction in MEAN abundance of Microcystis  
(June to September) 

    -10% -20% -30% -40% 

Dissolved phosphorus 
 

1.5% 2.9% 3.2% 4.8% 
DETRITUS   4.0% 11.3% 9.9% 11.6% 

 

4. Multi-year reductions in combined loadings 
The foregoing analysis has allowed us to examine the effects of management strategies to better 

understand their impact on the ecosystem.  However, any management strategy will need to be 

implemented over many years to be truly effective.  Also, it is likely that a comprehensive strategy to limit 

the release of all nutrients and the control of erosion would yield the best outcome.  Therefore, the 

following analysis assumes reductions in all loadings from the watershed in equal proportions. 

The model was reconfigured to run for 5 years, but with a variety of reductions in all loadings (nitrate, 

phosphorus, and detritus) from the watershed.  The base case was still the actual year 2016.  This included 

the daily data for water temperature, stream flow from the watershed, light intensity which is a function of 

time of year and sky conditions, and wind velocity.  No changes were made to the aquatic community. 

It was found that a reduction of 40% in all loadings achieved a mesotrophic level of 0.024 mg/L (Figure 

59) but the phosphorus concentration began to increase in the fourth year, even with the annual 40% 

decrease in loading.  [note: when viewing the multi-year graphs, remember that Year 1 in all scenarios is 

labelled 2016; Year 2 is labelled 2017; etc.]   
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Figure 59.  In-Bay TSP concentration resulting from a reduction of 40% in all loadings; note that 

the pattern decreases through Year Three and then begins to increase. 

 

A reduction in loadings of 50% yielded better results (Figure 60)and shows that the in-Bay concentration 

of TSP would decrease from its current mean summer level of 0.06 mg/L to a mean of 0.020 mg/L in just 

two years, but the same pattern of increased phosphorus concentration in Year 4 and 5 still occurred.   

Table 28 provides more precise values to aid in this interpretation of outcomes. 

  

Figure 60.  Five year projection of in-Bay TSP concentration in response to 50% reduction in 

loadings of dissolved phosphorus, nitrate, and detritus discharged from the watershed. 

 

Table 28.  Projected mean summertime TSP concentration in response to a 50% reduction in all 

loadings from the watershed over a 5 year period. 
    

 
with a 50% reduction in all loadings from the watershed 

 Parameter   Base Year Year 1 Year 2 Year 3 Year 4 Year 5 

In-Bay TSP (mg/L)   0.060 0.031 0.020 0.020 0.022 0.024 
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Even though the phosphorus concentration increased in Years 4 and 5, that increase was not directly 

reflected by the Microcystis concentration, as presented in Figure 61 and Table 29.  By the third year, the 

mean summertime concentration had decreased from 0.036 mg/L to 0.013 mg/L, a decrease of 64%.  Also, 

the peak Microcystis concentration decreased from 0.11 mg/L in the base year to a low of 0.046 mg/L by 

the fifth year, a decrease of 58%.   

 

Figure 61.  Five year projection of Microcystis abundance in response to 50% reduction in loadings 

of dissolved phosphorus, nitrate, and detritus discharged from the watershed. 

 

Table 29.  Projected mean summertime Microcystis abundance in response to a 50% reduction in all 

loadings from the watershed over a 5 year period. 
    

 
with a 50% reduction in loadings from the watershed 

 Parameter   Base Year Year 1 Year 2 Year 3 Year 4 Year 5 

Microcystis mean conc 
(mg/L)   0.036 0.027 0.015 0.013 

 
0.013 

 
0.013 

Microcystis max conc 
(mg/L  0.110 0.084 0.052 0.047 

 
0.048 

 
0.046 

      
  

 

While the phosphorus concentration decreased to a low of 0.020 mg/L, which is below the threshold for 

eutrophic status, it began to increase in Year 4 and again in Year 5.  This suggests that there is an 

additional source of phosphorus that must be managed.  

Further inquiry revealed that the release of phosphorus from the Bay sediments is a source of loading to 

the water column (Figure 62) and prevented the water column concentration from decreasing further.  

Therefore, a treatment strategy would need to be developed to prevent this phosphorus release from the 

sediments.  It is conceivable that the addition of iron in some form to the Bay during the late spring might 

have a beneficial effect, or some other technique might be found that would chemically or biologically 

trap phosphorus in the sediment. 
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Figure 62.  Release of phosphorus from the Bay sediments in response to a reduction in loadings 

from the watershed. 

  

IV. Conclusion 

The response of the cyanobacteria to a change in environmental conditions and nutrient loadings was 

found to be complex.  Many more scenarios than have been presented here were explored, and it was 

observed that a change in any factor led to changes in most other factors.  The impacts on the animal 

members of the aquatic community were not carefully examined for two reasons.  The zooplankton 

appeared to have little impact on the cyanobacterial abundance, and we had no quantitative data for 

abundance of any of the zooplankton predators in the ecosystem.  Therefore, it was pointless to attempt to 

calibrate those groups. 

The model output and the conclusions drawn from that output are to a very large degree dependent upon 

the biokinetic values presented in Table 21.  It was surprising that the scientific literature was in many 

cases lacking appropriate values for the biological groups of interest in this study.  In some cases, a wide 

range of values for a given parameter was found in the literature.  In other cases where values were 

available from multiple different sources, they were often contradictory or were experimentally 

determined under different conditions.  Most values were measured under laboratory conditions, and often 

in pure culture, and thus may not apply to the natural conditions found in the Bay. 

For these reasons, the authors selected values that seemed most appropriate to this study site.  Future 

investigators may improve on these choices, and that may have important consequences for interpreting 

the model predictions.   

A. Model Implementation 

For practical and funding reasons, it was only possible to accumulate two years of data for the 

development and calibration of the model.  Improvement in the fit of the model to reality would be 

achieved with additional years of data.  In order for that improvement to occur, not only would the data be 

required, but one or more competent users must be available and be employed to continue this process.   
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Extensive materials are available to aid in the education of potential model users.   Most of that material is 

available for free on the EPA’s website, and occasionally, fee-based workshops are conducted at locations 

around the country.  The preferred potential model user would be someone already knowledgeable in the 

biological and environmental sciences, especially in aquatic ecology.  The electronic files associated with 

this report would provide a starting point for that educational process.   

The model interface is shown in Figure 63.  The interface provides the top-level access to the important 

model functions.  There are numerous functions hidden within each entry listed in the “State and Driving 

Variables in Study” window, as they are in the various “Operations” tabs listed on the left half of the 

interface window.  Access to other model functions is provided through the icons located across the top 

row of the interface. 

 

 

Figure 63.  AQUATOX interface window. 

 

B. Management implications 

There are an unlimited number of scenarios that could be explored using the calibrated model.  A 

proposed activity intended to decrease the risk posed by the cHABs could be developed into a scenario for 

examination by the model.  A cost-benefit analysis for the intended activity could then be conducted and 

compared to other proposed activities.  Rather than just using professional judgement, officials at funding 

agencies could use the model as an objective tool to best allocate limited funds.  The practical 

management options that were evaluated here for Presque Isle Bay are exemplary of how AQUATOX can 

serve as a management tool. 
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C. Benefits  

It is important to inform officials at funding agencies and local municipalities of the existence and 

capabilities of the model.  There are numerous decisions made by these individuals that have an impact on 

the watershed and the quality of the water discharged from the watershed into the Bay.  Many in-Bay 

activities also have an impact on the aquatic ecosystem and could result in an improvement or degradation 

of the aquatic ecosystem.  For example, residential development along the shoreline, discharge of 

industrial wastes including storm water and other urban pollution, dredging activities, changes to marinas 

and other embayments, plus many other actions could affect the Bay or be affected by the water quality of 

the Bay.  Many of these actions could be studied using this model, with model output being used by 

decision-makers to improve the evaluation process. 

Erosion and nutrient control seem to be the most important steps that could be taken to ameliorate the risk 

posed by harmful algal blooms. However, this model is adaptable to explore other water quality and 

aquatic ecosystem issues.  The model also has the capability of evaluating organic toxic pollutants, such as 

PCBs, pesticides, herbicides, and hydrocarbons such as PAHs.  So, for example, if a need arises for the 

examination of the risk posed by such substances to the fish community, the model could be tailored to 

meet that need. 

V. Future Research 

The two years of field data generated during the course of this project should be considered minimal for 

calibrating and verifying a complex model such as AQUATOX.  Therefore, the most important suggestion 

for future research is to continue the collection of water quality and plankton data in the Bay and to use 

that data to refine the model.  Listed below are some additional research activities that would pave the way 

for management activities that could be implemented to reduce the frequency and intensity of harmful 

algal blooms. 

 Identification within the Bay’s watershed of sub-watersheds or hotspots that contribute large 

quantities of sediment and/or phosphorus to the Bay; 

 Identification of BMPs appropriate for use in the Bay’s urban and non-urban areas that could be 

employed if there was funding, support, and/or cooperation from the various localities and 

regulatory agencies; 

 Investigation of the flux of nutrients and minerals into and out of the bottom sediments of the Bay; 

 Role of winter cyanobacterial population dynamics as it relates to bloom formation; 

 Investigation of possible strategies for use within the Bay to sequester phosphorus including their 

cost and benefit; 

 Quantitative study of the Bay’s fish community including diet study; 

 Application of the AQUATOX model to inland bodies such as Eaton Reservoir (a drinking water 

resource) and Edinboro Lake. 
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VII. Appendix A: Project Metrics 

 Undergraduate and Graduate Student Support: Include names of all undergraduate and 

graduate students supported by this grant and the degree pursued or earned. If applicable, include 

any jobs students accepted related to their degree.  

 

Wages paid from the grant to Gannon graduate students totaled $17,960.  Wages paid to 

Mercyhurst undergraduate students from the grant as part of the sub-contract amounted to $12,418.      

 

Gannon University 

 Mostafa Tahmasebi- Master of Science in Environmental Health & Engineering 

(graduated, currently pursuing a Ph.D. at University of Cincinnati) 

 Yashaswini Raviillu- Master of Science in Environmental Health & Engineering 

(graduated, returned to her home country of India) 

Mercyhurst University 

 Angelea Belfiore-Bachelor of Science in Environmental Science-Biology (still enrolled) 

 Trevor Surgener-Bachelor of Arts in Sustainability Studies (graduated, now working in 

Alaska for the NEON – the National Ecological Observatory Network, studying how 

aquatic ecosystems are changing)    

 

 Faculty and Staff Support: Include names of all part-time and full-time faculty and/or staff 

supported by this project.  Pleased include full time equivalents (FTEs) for each individual.  A 

FTE is equal to 12 months full time effort (e.g. 3.0 months = 0.25 FTE).   

 PI –Dr. Harry R. Diz was committed to the project full-time during each of the first two 

summers of the project period, collecting and analyzing samples, processing data, and 

supervising students.  However, financial support provided by the grant to PI Diz was just 

$4,000 (equivalent to 0.02 FTE); 

 Co-PI- Dr. J. Michael Campbell received $3,375 (equivalent to 0.02 FTE).  The stipend for 

the co-PI Campbell was included in the budget category of ‘sub-contract’ since he is 

employed by Mercyhurst University which is the sub-contractor. 

 

 Publications:  Include journal publications (submit full reference and copy of publication, where 

possible – we will respect all copyright laws), thesis or dissertations, reports, papers presented at 

conferences, poster presentations specifically resulting from Sea Grant-funded research.   

It is the intention of both the PI and the Co-PI to submit at least one manuscript each to peer-

reviewed journals.  Those manuscripts will be written over the course of the coming year. 

Poster Presentation: 

 Ravilluu, Y. and Tahmasebi, M. 2016. Water Quality of Presque Isle Bay and Nutrient 

Loadings from Its Watershed: measurements in support of understanding harmful algal 
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blooms in Presque Isle Bay.  Poster presented at the 12
th

 Annual Research Symposium 

of the Regional Science Consortium at Presque Isle, Erie, PA, held during November, 

2016. 

Master of Science thesis:   

 Ravilluu, Y. 2017. Mass Loadings of Nutrients and Other Substances into Presque Isle 

Bay from Its Watershed in Support of Understanding the Occurrence of Harmful Algal 

Blooms.  Master’s Thesis. Gannon University, Erie, PA  16541. 

 Tahmasebi, M.  2017.  Water Quality of Presque Isle Bay in Support of Understanding 

the Occurrence of Harmful Algal Blooms.  Master’s Thesis. Gannon University, Erie, 

PA  16541. 

 

 Volunteer Hours:  Include the number of individual volunteers and hours.  

Not applicable 

 Public and professional presentations, and attendees:  Include a title of the presentation, event 

title (meeting, workshop, or conference title), location, date of presentation, and the number 

attendees. 

 On May 1, 2016, Diz and Campbell appeared as guests on the second half of the WQLN 

public radio station’s public affairs program, “We Question and Learn”.  The PI’s were 

interviewed by the host, Tom Pysz for thirty minutes about Presque Isle Bay, harmful algal 

blooms, and the project’s goals. 

 Oral presentations were be made by both Dr. Diz and Dr. Campbell on November 4, 2016, to 

the 12
th

 Annual Research Symposium of the Regional Science Consortium at Presque Isle, 

Erie, PA concerning the project and its findings.    

 Diz, H.R. and Campbell, J.M.  2016.  Harmful Algal Blooms in Presque Isle Bay, 

Erie, PA.   

 Campbell, J.M., T. Surgener, A. Belfiore, and H.R. Diz. 2016.  Interaction of Light, 

Phytoplankton and Zooplankton in Presque Isle Bay during Development of a 

Cyanobacteria Bloom in Summer 2016. 

 A presentation of the project status was made on September 9, 2016, on the Mercyhurst 

campus to the biology program monthly seminar by the PIs.  Approximately 35 students and 

faculty were present.   

 A camera crew and reporter from the local television station WICU accompanied the 

researchers for a sampling trip on Presque Isle Bay, July, 2017. 

 A presentation was made by Diz to entering freshmen environmental students at Gannon 

University in August, 2017. 

 Diz made a visit to Woodrow Wilson middle school, Erie, PA, on October 24, 2017, to 

explain the projects to students participating in an after-school STEM program. 

 Oral presentations were be made by both Dr. Diz and Dr. Campbell in November, 2017, to 

the 13
th

 Annual Research Symposium of the Regional Science Consortium at Presque Isle, 

Erie, PA concerning the project and its findings.    
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 Diz, H.R. and Campbell, J.  2017.  Harmful Algal Blooms in Presque Isle Bay – 

Estimation of Nutrient Loadings from the Watershed 2016-2017.  

 Campbell, J.M., J.O. Campbell, A. Belfiore, H.R. Diz.  Summer 2017 Survey of 

Cyanobacteria Blooms in Lakes of the Pennsylvania-New York Lake Erie Region. 

 A presentation was made by Diz on the project on November 15, 2017, to the Erie 

Community Resilience Conference at the Tom Ridge Environmental Center. 

 Presentations were made by both Diz and Campbell at the IAGLR Great Lakes Research 

Conference held in June 2018 in Toronto. 

 Diz, H.R., 2018.  Modeling Cyanobacterial Blooms in Presque Isle Bay, Erie, PA, 

Using USEPA’s Aquatic Ecosystem Model AQUATOX.  IAGLR’s 61
st
 Annual 

Conference on Great Lakes Research: Great Science for Tomorrow’s Solutions, 

Toronto, ONT. 

 Campbell, J.M., 2018.  Zooplankton interaction with summer cyanobacteria blooms 

in Lake Erie’s Presque Isle Bay, 2016-2017.  IAGLR’s 61
st
 Annual Conference on 

Great Lakes Research: Great Science for Tomorrow’s Solutions, Toronto, ONT. 

 Presentations are planned for the 14
th

 Annual Research Symposium of the Regional Science 

Consortium at Presque Isle, Erie, PA, November, 2018. 

 A presentation is planned for the 2019 Pennsylvania Lake Management Society Conference, 

to be held in State College, PA, in March, 2019. 

 

 Project Collaborators:  Include a list of any collaborators other than the PI and Co-PI 

institutions. 

Data and other support was provided by  

 Regional Science Consortium at the Tom Ridge Environmental Center, Erie, PA 

 Pennsylvania Department of Environmental Protection, HAB Taskforce 
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VIII. Appendix B: Accomplishment Statement 

 

o Title: Predictive Modeling of Harmful Algal Blooms in Presque Isle Bay 

o Collaborators: Harry R. Diz, PhD, PE (Gannon University) and J. Michael Campbell, PhD 

(Mercyhurst University) 

o Recap: Investigators employed US EPA’s software AQUATOX and 2016-17 data on 

Presque Isle Bay’s water quality and plankton populations to develop a computer 

simulation model of the ecosystem.   

o Relevance: The AQUATOX model of harmful algal blooms in Presque Isle Bay can help 

evaluate options for managing a regionally important recreational resource, and 

demonstrates the model’s practical utility for simulating effects of climate disruption on an 

aquatic ecosystem containing both harmful and non-harmful types of algae.  

o Response: The results of our predictive modeling effort will be communicated to public 

agencies that plan and implement measures to protect water quality, and the methodology 

that we used to develop and test the model is being shared with aquatic scientists at 

regional, state and international scientific meetings. 

o Results: Limitations to the practical application of AQUATOX for predictive modeling in 

complex dynamic hydrological system were identified, and these findings can instruct 

future applications and improvement of the tool. Manuscripts for publishing the findings of 

the investigation are in preparation. 

 

 

 


