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1  Introduction

The Lake Erie nearshore zone east of Pennsylvania's Presque Isle peninsula attracts lake trout and is a prime 
spawning ground. The goal of this project is to collaborate with project partners to develop designs for 
spawning habitat improvements of about 10 acres. In additional to the target species, lake trout, additional 
benefits are anticipated for walleye, perch, and other native species that use shoals, reefs, and other 
nearshore habitats in the project area.

This opportunity for habitat restoration was identified during a state-specific habitat restoration workshop 
series developed by National Oceanic and Atmospheric Administration (NOAA), the Coastal States 
Organization (CSO), and all eight Great Lakes Coastal Management Programs and designed to complement 
ongoing work under the Great Lakes Restoration Initiative (GLRI) nearshore framework. During state-
specific workshops hosted in 2019 and 2020, local experts and partners worked together to identify and 
numerically rank habitat restoration projects that align with the restoration goals identified by the GLRI 
Focus Area 4—Species and Habitat in the GLRI Action Plan III (USEPA, 2019). The workshop series ultimately 
identified a list of 31 prioritized coastal and nearshore habitat restoration projects across the eight Great 
Lakes states. From that list, state partners, NOAA, and CSO identified a subset of projects that were 
deemed ready to proceed with engineering and design. 

The following report includes a 60% design for lake trout spawning reefs along the Lake Erie shoreline east 
of Presque Isle. This report also contains a regulatory review and a project plan that addresses pre- and 
post-construction monitoring, maintenance, and public outreach.
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2 Background 

2.1 Site Overview and Project Motivation

The Pennsylvania construction and restoration of prime spawning habitat project will focus on improving 
fish spawning habitat near Presque Isle along the southern shoreline of Lake Erie.  This project will restore 
and enhance prime spawning habitat over an approximate 10-acre area.   The components of the project 
presented in this 60% design document were developed over a series of workshops with project partners.

Project objectives to meet the workshop goal include:

 Improvement of 10-acre area of fish spawning habitat

 Deterrence of invasive species, such as Cladophora algae and Dreissenid mussels

To achieve the project goals the 60% designs were developed for several main components:

 Provide new reef habitat to optimize potential for lake trout spawning and other native species.

 Enhance habitat to be naturally scouring.

 Outline a monitoring plan to assess success.

The project is expected to enhance and restore spawning habitat for lake trout and other native species.

Figure 1. Pennsylvania Prime Spawning Habitat Location.
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2.2 Existing Conditions

2.2.1 Background Data

The site chosen for habitat enhancement lies approximately 2500ft off the southern Lake Erie shoreline, 
about 8 miles northeast of Presque Isle, PA. The 10+acre site was chosen due to the proximity of suspected 
lake trout spawning areas. Lake trout activity has previously been recorded by telemetry tags in the area. As 
shown in Figure 8 Draft substrate mapping provided by PA DEP (Note: substrate has not been ground-
truthed), the proposed site consists of fractured and stepped bedrock surrounded by boulders. Research 
presented in prior workshops indicates lake trout may prefer shallow water near shore in approximately 5-
10m water depths (Gorman, 2010). This information would coincide with the telemetry tags as shown in 
Figure 2.

Figure 2 Recorded Lake Trout Activity by Telemetry Tags. [Image provided by PA DEP in the project RFP.]

Lake Erie is the shallowest of the Great Lakes, with high wave energy. The State of the Great Lakes 2022 
Report, published by the U.S. Environmental Protection Agency and Environment and Climate Change 
Canada, evaluated Lake Erie as in poor, unchanging condition (SGLR, 2022).  Despite the poor conditions, 
Lake Erie still supports the largest self-sustaining walleye population in the world, and zooplankton 
populations are in good condition to help support abundant prey and predator fish (SGLR, 2022). 

2.2.2 Invasive and Target Species
Lake trout are the target species for the site, with walleye and perch also expected to benefit from the reef 
construction. During spawning, lake trout deposit their eggs into interstitial spaces, with substrate size, 
depth, distribution and the availability of interstitial space being important factors in egg survival at the 
spawning beds. The site is known to have invasive and nuisance species that may negatively affect the 
survival of lake trout eggs after spawning. The round goby is an invasive predator that appears to prey on 
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trout eggs that are deposited in interstitial spaces, and the rusty crayfish is another predator known to prey 
on trout eggs (Farha, 2018 and Calabro, 2016). Taking the actions of these predators into consideration 
during reef design is important to help protect trout eggs and give them a better chance for survival.   

Dreissenid mussels (zebra and quagga mussels) are also invasive species at the site, and they are known to 
biofoul hard surfaces, such as reefs, in the Great Lakes. Mussel growth can block interstitial spaces, which 
can limit oxygenation of the spaces and also prevent eggs from settling beyond the reach of invasive 
predators (Strayer, et al., 2019). It’s important to consider ways to decrease the number of dreissenid 
mussels on the constructed reefs in order to increase the likelihood of spawning success. 
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3 Modeling

A hydraulic model was initially developed to identify current patterns and shear stresses throughout the 
project area. As the project developed, key design factors were dictated by other site constraints and the 
necessity of the model diminished. For example, it was originally envisioned that the model results could 
help identify zone of higher shear stress which could scour detritus out of the project site; however, 
updated near shore LiDAR data indicated that the bathymetry did not contain the shelf structures desired 
to facilitate scour events. Consequently, the site was selected based on recent substrate data and concerns 
over sheltering near Presque Isle.

Given the reduced value, the model development was halted and archived after the second iteration. For 
the purposes of record keeping, this section will discuss model development & refinement as well as the 
key takeaways. 

3.1 Modeling Platform

The Finite Volume Community Ocean Model (FVCOM) is a three-dimensional fully coupled ice-ocean-wave-
sediment-ecosystem model that operates on an unstructured grid.  The model was originally developed, 
and is widely used, to simulate hydrodynamics in coastal ocean regions; however, it has recently gained 
popularity for use in large lakes, such as the Great Lakes Coastal Forecasting System.  Because the model 
was developed for coastal ocean regions where tidal fluctuations are significant, FVCOM is capable of 
simulating wetting and drying of areas that are not continuously under water, an important feature for 
simulating changing coastlines.  This ability allows for the model to include proposed reefs, islands and 
other habitat structures by altering the model bathymetry to represent them and allowing variable water 
levels to interact in both flooding and drying conditions.   The source code was developed by researchers at 
the University of Massachusetts-Dartmouth and the Woods Hole Oceanographic Institute (Chen et al. 
2003).

3.2 Model Domain and Computational Mesh

NOAA’s Great Lakes Environmental Research Laboratory (NOAA-GLERL) maintains an operational FVCOM 
model for Lake Erie (Lake Erie Operational Forecasting System, LEOFS), which continuously simulates the 
hydrodynamic transport for all of Lake Erie (Figure 3) in short term forecasts of up to five days.  LimnoTech 
has recently adapted this model framework for hindcasting to simulate hydrodynamics and water quality 
based on observed meteorological and hydrology forcings on an annual basis.
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Figure 3 LEOFS-based FVCOM model domain and mesh for Lake Erie.

The LEOFS model mesh is relatively fine scale near shore, but does not provide a spatial resolution that is 
fine enough for assessment of habitat or spawning improvements in local site-specific areas.  Because 
LimnoTech has adapted a version of LEOFS for hindcast purposes, we are able to use the whole lake LEOFS-
based model to drive nested fine scale sub-domains within specific regions of Lake Erie.  This process 
consists of developing a smaller model mesh at relevant project sites, with a common model boundary that 
matches the LEOFS mesh.  The common boundary is used to provide transport boundary conditions from 
the larger whole lake model to the smaller fine scale nested model.  Figure 4 shows the nested model 
domain near Presque Isle in Lake Erie.  The blue triangular mesh represents the site-specific model mesh, 
with the outermost “ring” of cells being common to the whole lake mesh.
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Figure 4 Nested model sub-domain to improve spatial resolution near Presque Isle.

3.3 Model Inputs and Forcings

FVCOM requires a number of inputs and forcings to represent the physical environment that is being 
modeled.  LEOFS, as developed by NOAA-GLERL requires mesh geometry, tributary flow rates and 
temperature, bathymetry, and atmospheric conditions.  The following sections describe the inputs for both 
the whole lake and sub domain models.

3.3.1 Mesh Geometry

FVCOM computes velocities and water surface elevations on an unstructured mesh that the user defines.  
The mesh defines how each triangular element is constructed by specifying the three vertices (nodes) that 
create it.  The horizontal and vertical location of each node is defined in the FVCOM mesh input files, and 
the model computes the area and orientation of the elements.  For this application, the horizontal and 
vertical locations are defined as longitude and latitude values, as opposed to using a geographic projection.  
Additionally, to be consistent with LEOFS, the vertical resolution in the whole lake domain uses twenty 
layers of uniform thickness.  This scale of resolution is not required in the near shore area near Presque Isle, 
therefore, the vertical layering is collapsed to four layers in the sub domain mesh.  The collapsing approach 
evenly weights the twenty layers in groups of five to generate four vertical layers.

3.3.2 Tributary Inputs

Inflow and the associated temperature input from river and creek tributaries are specified at nodes 
(vertices) in the FVCOM model meshes.  The whole lake FVCOM model includes 80 such tributary boundary 
conditions, of which, three (Sixteenmile Creek [PA], Twentymile Creek [PA], and Chautauqua Creek [NY]) 
tributaries fall within the boundary of the Presque Isle model subdomain (Figure 4)..  Data defining the 
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inputs for all 80 tributaries in the model were obtained from USGS and Environment and Climate Change 
Canada.   Temperature data are generally less abundant than flow data, particularly for smaller tributaries.  
In the whole lake model, where tributaries lacked temperature data or included gaps of missing data, 
temperature values were specified corresponding to the nearest data-rich tributary. While there are no 
major tributaries entering the site, the temperatures were modeled for the whole lake model because they 
influence global circulation. For the drainage area around Presque Isle, long-term daily temperature data 
were most abundant from the USGS station near Walnut Creek (USGS Site 04213152).

3.3.3 Bathymetry

Bathymetry for both model domains was based largely on standard NOAA bathymetric data (NOAA 1999).  
However, the bathymetry for the Presque Isle sub domain model was augmented with site specific 
bathymetric data provided by NOAA’s geospatial data coordinator. FVCOM operates on a depth basis, 
where the water depth is specified at each node (vertex) of the model mesh relative to the low water 
datum of Lake Erie (173.5m IGLD 1985).

3.3.4 Atmospheric Forcings

FVCOM also requires inputs describing the time-variable meteorological conditions above the water 
surface. These inputs define the thermal and wind energy at the air-water interface, which drive the 
simulation of mixing and current regimes within the lake.  FVCOM allows the user to choose from three 
separate heat flux sub-models to simulate the heat balance. To be as consistent as possible with the LEOFS 
model, the SOLAR heating module was used in this application. The SOLAR module requires the following 
inputs to calculate the heat balance: air temperature (°C), short wave radiation (Watts/m2), cloud cover 
(fraction), and dew point (°C).

The inputs to the heat flux module are all defined on a nodal basis in FVCOM. Data for these inputs were 
obtained from the National Centers for Environmental Prediction (NCEP) Climate Forecast System Version 2 
(CFSv2; Saha et al., 2011). The data from CFSv2 is available on an hourly basis, and the spatial resolution for 
thermal inputs is 0.2 degrees horizontally. Each node in the FVCOM mesh was assigned the values 
corresponding to the closest CFSv2 grid node.

In addition to the heat flux inputs, FVCOM also requires wind speed (m/s) and direction input time series. 
Data describing the hourly wind fields were also obtained from the CFSv2 model. While thermal inputs are 
assigned to nodes in FVCOM, wind velocities are assigned at the element level. Wind data were assigned to 
each element in FVCOM, corresponding to the closest CFSv2 reporting location.

3.4 Model Scenarios
The FVCOM model was used to simulate circulation patterns for the period of April 1 – May 31, 2020.  Time 
variable observed tributary flows and temperatures were used from this period, as well as CFSv2 generated 
atmospheric forcings.  The whole lake model was run first to generate the boundary forcings for the 
Presque Isle subdomain model, which was subsequently run for the same period.

3.5 Model Results

During the two-month (April -May 2020) simulation period, the dominant flow direction is from west to 
east with transport closely following the shoreline.  An example point-in-time map of the velocity fields is 
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shown in Figure .  Note that during times with the prevailing west to east winds the current velocities 
regularly exceed 0.4 m/s (1.3 ft/s).

The influence of the wind forcings can have a significant impact on the circulation patterns along the shore.  
An additional circulation map is shown for a few days after that shown in Figure , where winds reverse 
direction and transport is thus moving from east to west along the shore.  Additionally, it should be noted 
that on the eastern most end of the sub model domain, the influence of the Chautauqua Creek inflow can 
be seen, where dynamic eddies can result in complex transport patterns.  When longshore velocities within 
the lake are relatively low, the influence of tributaries as they enter the lake can be significant with regard 
to affecting local circulation patterns, as seen with Chautauqua Creek in Figure 6.
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Figure 5 Example circulation field.  Model output for May 8, 2020, shown as example of typical flow direction near Presque Isle.
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