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Appendix Overview 
Buffalo Reef is a 2,200-acre cobble field in Lake Superior adjacent to the Keweenaw Peninsula of 
Michigan and provides critical spawning habitat for Lake Trout and Lake Whitefish. The reef is popular 
for anglers and has been closely connected to Tribal fishers, commercial and subsistence, who reserved 
their rights to fish near the reef through the Treaty of 1842. The reef and surrounding habitat are in 
jeopardy of being inundated by an estimated 12.7 million cubic yards of copper-containing mining 
waste, known as stamp sands, from mining operations which ended in the 1930s. Studies have 
estimated that 30% of Buffalo Reef is negatively impacted by encroaching stamp sands (Kerfoot 2017). 

This appendix details the latest biological studies that have been completed by USGS in the Buffalo Reef 
Study Area. 
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1. Introduction 
Buffalo Reef is a 2,200-acre cobble and bedrock feature located along the eastern margin of the 
Keweenaw Peninsula in Lake Superior, Michigan, USA (Figure 1) that is recognized an important 
spawning reef for Lake Trout Salvelinus namaycush and Lake Whitefish Coregonus clupeaformis 
(Goodyear et. al., 1982; Chiriboga and Mattes 2008). Until the early 2000s, waters within 50 miles of 
Buffalo Reef produced more than half of the fish harvested in western Lake Superior where tribal fishing 
rights are protected (Figure 2; Mattes 2020), also known as the 1842 Treaty waters (Shultz et al., 2022). 
Around that same time, tribal fishers began expressing concern that stamp sand (i.e., legacy waste from 
copper mining activities in the early 20th Century) from an upstream site at Gay, Michigan (44.22°, -
88.17°) were drifting on to the reef and affecting important habitats (Chiriboga and Mattes 2008). Early 
research determined that not only did the stamp sand retain copper in concentrations that are toxic to 
coldwater fishes, but also that  25-27% of Buffalo Reef was covered by stamp sand in 2009 (Kerfoot et al. 
2019).  The amount of reef covered by stamp sand on the reef increased to 35% in 2016 (Kerfoot et al. 
2019) and hydrodynamic models predicted that 60% of the reef would be covered in stamp sand by 
2026 if no management action was taken (Hayter et al., 2015).   
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Figure 1. Map of Keweenaw Bay  showing the relative locations the Keweenaw Peninsula (black box in 
the inset map of Lake Superior), Buffalo Reef (black outline), and the five sites where juvenile Lake 
Whitefish were sampled with a standardized beach seine 2021 (solid black circles).  From west to east, 
Great Sand Bay (GSB), Bette Grise (BGR), Grand Traverse Bay (GTB), Little Traverse Bay (LTB), and Big 
Bay (BIG).  The Grand Traverse Bay site is recognized as the Lake Whitefish nursery area for Buffalo Reef.     

Few biological investigations have been conducted at Buffalo Reef making it difficult to assess the 
impacts of drifting stamp sand on important fish habitats and fish production.  Much of the available 
information results from routine monitoring and assessment efforts by the Great Lakes Indian Fish and 
Wildlife Commission (GLIFWC; the commission that provides natural resource management expertise, 
conservation enforcement, legal and policy analysis, and public information services for the 11 Ojibwe 
tribes in treaty protected lands and waters in the Great Lakes Basin).  GLIFWC data show that both 
spawning condition Lake Trout and Lake Whitefish were once abundant on Buffalo Reef during the 
spawning season (Chiriboga and Mattes 2008), but fewer fish returned to spawn in recent years (Mattes 
2020). Beach seine monitoring conducted by GLIFWC from 1997-2020 has also shown that not only are 
young-of-year (YOY) Lake Whitefish absent from the stamp sand beaches adjacent to Buffalo Reef, but 
also that YOY Lake Whitefish abundance in the natural sand beach in the southern portion of Grand 
Traverse Bay sharply declined beginning in 2008 (Fig. 2).  Further, the abundance of benthic 
invertebrates, common prey items for YOY Lake Whitefish, was severely reduced in habitats that were 
comprised of more than 50% stamp sand (Kerfoot et al. 2021).  While the exact mechanism for these 
observed changes was unclear, there was growing concern that the stamp sand was drifting on to the 
reef, smothering critical fish spawning habitat, and simultaneously exposing aquatic animals to toxic 
levels of copper and other metals contained within the grains of stamp sand.   
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In 2017, the US Environmental Protection Agency (USEPA) endorsed the formation of a Buffalo Reef Task 
Force (BRTF) comprised of multiple state, federal, and tribal agencies. USEPA directed the US Army 
Corps of Engineers (USACE) to prepare an Engineering Feasibility Study to evaluate management 
alternatives that would either reduce or eliminate the impact of stamp sand on Buffalo Reef and the 
habitats that are important to fish production.  With input from the BRTF, a core biology team consisting 
of task force members and biologists from tribal, state, and federal agencies identified several research 
themes and knowledge gaps that require attention to enable evaluation of the proposed management 
alternatives for Buffalo Reef.  Those themes centered around 1) identifying and assessing the habitats 
on or adjacent to Buffalo Reef that are used by Lake Trout and Lake Whitefish during different life 
stages, and 2) evaluating the potential toxicological effects of stamp sand on the early life stages 
(fertilization through juvenile stage) of Lake Trout and Lake Whitefish1.  

 
Figure 2. Summary of Lake Trout (S. namaycush) and Lake Whitefish (C. clupeaformis) landings within 50 
miles of Buffalo Reef (47.20°, -88.20°) in Keweenaw Bay, Lake Superior USA from 1985-2018.  “1842 
waters” refers to the western portion of US waters in Lake Superior where tribal fishing rights are 
protected.  Data are used with the permission of the Great Lakes Indian Fish & Wildlife Commission 

 
1 Lake Trout and lake whitefish  were captured and maintained in conditions according to their life stage as defined 
by  the American Fisheries Society and American Institute of Fishery Research Biologists (Use of Fishes in Research 
Committee 2014). 
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Figure 3. Young-of-year (YOY) Lake Whitefish (C. clupeaformis) density in the primary nursery habitat 
(i.e., natural sand beach) south of Buffalo Reef (47.20°, -88.20°) in Keweenaw Bay, Lake Superior.  
Volume sampled refers to the total volume of water sampled (right vertical axis) during each year and is 
an indication of relative sampling effort.  Data are used with the permission of the Great Lakes Indian 
Fish & Wildlife Commission 

2. Acoustic Telemetry 
Understanding the structure and physical processes that define the spawning habitats of Lake Trout and 
Lake Whitefish has been a large focus of native fish restoration in the Great Lakes.  While both Lake 
Trout and Lake Whitefish are lithophilic spawners (fertilized embryos develop in the interstitial spaces of 
rocky substrates) and may have spatially overlapping spawning habitats, Lake Trout spawn when water 
temperature is less than 12 °C (late September to early November) and Lake Whitefish spawning occurs 
from late October through mid-December when water temperature is approximately 6 °C. In terms of 
spawning habitat structure, Lake Trout spawn directly on cobble substrates along areas of high 
bathymetric releave where fertilized eggs can settle into interstitial spaces that are kept clean by water 
flowing across the reef (Marsden et al., 2021). Lake Whitefish are broadcast spawners (gamete release 
and fertilization occurs above the substrate in the water column) and fertilized embryos settle on the 
underlying reef substrate.  As a result, spawning site characteristics for Lake Whitefish are more variable 
than Lake Trout, though a recent review by Ebener et al. (2021) highlights the importance of rocky 
substrates in one to nine meters (m) of water that are typically found in the nearshore, high-energy 
zone. The consensus is that both species require hard substrates that are kept clean (i.e., no sand or silt) 
by flowing water and interstitial spaces that protect the embryos as they incubate over the winter.   

Only one project to date has attempted to identify where Lake Trout and Lake Whitefish spawn on 
Buffalo Reef.  In an effort to identify habitats on Buffalo Reef that may be vulnerable to stamp sand 
movement,  Chiriboga and Mattes (2008) used gill net survey data collected on the Buffalo Reef 
between October 17th and November 16th (2005), and found that spawning condition Lake Trout were 
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three times more abundant at the northeastern tip of Buffalo Reef (n = 323; 143.6 individuals per 1000 
feet of net) than on near the center of the reef (n = 79; 45.1 individuals per 1000 feet of gill net).  Only 
two Lake Trout were collected in the shallow (less than six m), nearshore habitat between the western 
margin of the reef and the stamp sand beach. Similarly, 45 Lake Whitefish were captured on the 
northeastern tip of the reef and only  seven Lake Whitefish were captured  in the very shallow (less than 
three m), nearshore habitat. However, sampling effort was 11 times greater at the northeastern tip of 
the reef than in the very shallow, nearshore habitat. The authors concluded that both species were 
spawning at the northeastern tip of the reef. While Lake Trout could certainly spawn at depths greater 
than 25 m, this depth range would be an extreme deviation from what is reported for Lake Whitefish.  In 
fact, the greater Lake Whitefish catch per unit of effort (number of fish per 1000 feet of gillnet) in the 
very shallow, nearshore habitat is likely an indication that Lake Whitefish were spawning at depths less 
than five m which is consistent with the literature (Ebener et al. 2021).    

In 2019, an acoustic telemetry study was implemented to determine if, when, and where both species 
spawn on Buffalo Reef and if those spawning habitats have been affected by drifting stamp sand. Thirty 
adult lean Lake Trout (Muir et al., 2014) and 30 adult Lake Whitefish, equal sex ratios for both species, 
were surgically implanted with acoustic transmitters using only healthy, mature, spawning condition fish 
that were collected on Buffalo Reef during the 2019 spawning season (Lake Trout = October 24; Lake 
Whitefish = November 14-19). Each acoustic transmitter was programmed to transmit a unique 
identification code at approximately five minute intervals and had a battery life of approximately 5 
years. A fine-scale positioning array (hereafter, array; Fig.4A) consisting of 47 acoustic receivers 
arranged in a grid with 500 m spacing between receivers was used to triangulate the positions of tagged 
fish on the reef (expected horizontal accuracy of 5m) during the 2020 spawning season (September 18 - 
December 19). To identify the habitats used by tagged fish when they were on Buffalo Reef, each 
position was spatially matched to the underlying habitat characteristics (e.g., depth, substrate-type, and 
stamp sand concentration) using published data from previous studies on Buffalo Reef (Fig. 4A-D).  
Kernel Density Estimation was used to map the ‘hotspots’ of tagged fish activity in the array and the 
areas with the most activity (i.e., greatest density of positions) were interpreted as the most likely 
spawning sites.    

Eleven Lake Trout (five females and six males) and two Lake Whitefish (both male) returned to Buffalo 
Reef during the 2020 spawning season resulting in > 30,000 individual positions logged in the array.  
Lake Trout were present on Buffalo Reef from October 1 through December 14 with most positions 
occurring once water temperature declined below 12 ℃ (Fig. 5A) between October 8 and November 5 
(Fig. 5B and C).  Lake Whitefish were also present on Buffalo Reef during the same time frame, but most 
detections occurred from October 29 to November 19 (Fig. 5D) when water temperature was < 6 ℃.  
Both species showed a strong preference for cobble substrates during the weeks when most positions 
occurred.  Both species were positioned across the full extent of the reef (Fig. 6).  However, only 37 of 
the > 30,000 positions occurred at water depths shallower than 6m.  Activity hotspots (i.e., areas with 
most detections per fish) were highly concentrated on the offshore side of the two shallow ‘humps’ at 
the center of Buffalo Reef (Fig. 6).  Both male and female Lake Trout were frequently positioned on the 
apex of both humps where water depth was approximately 7.5 m and the reef consisted of steep sloping 
(Fig. 4B), cobble substrate (Fig. 4D) with low levels of predicted stamp sand concentration (Fig. 4C).  The 
Lake Whitefish hotspot, on the other hand, was located at 9-14 m (mean = 11.4 m) water depths on the 
southwest flank of the reef humps with gently sloping cobble substrate (Fig. 4C).     
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Overall, the information collected from the acoustic telemetry study is consistent with our 
understanding of reproductive ecology for both species and provides strong support for the persistence 
of spawning at Buffalo Reef.  Throughout the Great Lakes, Lake Trout spawning can begin as early as 
August and typically peaks in October whereas Lake Whitefish spawning extends from late October 
through December with the peak activity in November (Ebener et al., 2021).  Further, not only is this 
timing coincident with the falling water temperatures that are thought to cue spawning activity in Lake 
Trout (approximately 12 °C; Casselman, 1995) and Lake Whitefish (approximately 6 °C; Lawler, 1965; 
Lynch et al., 2015), tagged fish were more frequently positioned over cobble substrates which is widely 
accepted as the preferred spawning substrate for each species (Goetz et al., 2021; Ebener et al., 2021).   

There are approximately 667 acres (approximately  31% of the available habitat) of cobble habitat on 
Buffalo Reef (Biberhofer and Procopec, 2007).  Yet, activity hotspots overlapped considerably with a 
relatively small patch (<280 acres) of cobble substrate located on the offshore side of the two shallow 
humps near the center of the reef. We interpret the hotspots as the most likely sites for spawning 
(sensu Binder et al., 2016).  Additionally, the presence of fertilized embryos in egg traps placed on the 
reef during the 2021 spawning season (Oct. 9 – 19) has confirmed Lake Trout were spawning in the area 
with the most activity. Egg traps have not been deployed in the Lake Whitefish hotspot but are planned 
for the 2022 spawning season.    

At this time, it is difficult to determine if potential spawning sites for either species have been affected 
by stamp sand drifting on to Buffalo Reef; however, subsequent years of telemetry data will provide 
much greater resolution to this question.  That said, two important observations from the VPS data 
warrant consideration in this context.  First, very few fish (< 0.01%) were positioned in the shallow 
habitats along the shoreline where stamp sand is most concentrated.  Both species have been observed 
at these depths during the fall in other studies (Mattes, 2004; Gorsky et al., 2012) and their absence may 
indicate active avoidance of the areas with the greatest stamp sand and  elevated copper concentrations 
(Kerfoot et al. 2019).  Salmonids, the fish family that includes both Lake Trout and Lake Whitefish, 
display a wide range of behavioral responses to elevated copper in the aquatic environment.  Much of 
the previous research focused on Pacific salmonids (Brix et al., 2001) but there is evidence that juvenile 
Lake will actively avoid low copper concentrations (1 ppb; Scherer & McNicol, 1998). Second, while the 
habitat characteristics (i.e., depth, slope, and substrate type) of Lake Trout spawning sites on Buffalo 
Reef compare favorably with previous studies (Goetz et al., 2021), the activity hotspot, or potential 
spawning site, for Lake Whitefish is deeper than what has been previously reported (1-9 m; Ebener et 
al., 2021).  In fact, if spawning is confirmed at the suspected hotspot, it would likely represent the 
deepest spawning habitats for Lake Whitefish reported in the literature to date.  It is unclear if this 
finding reflects a shift away from historical spawning habitats in shallower water due to stamp sand or 
simply an exception to the conceptual model of Lake Whitefish spawning habitat. 
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Figure 4.  Summary maps of available habitat data for Buffalo Reef (47.20°, -88.20°) in Keweenaw 
Bay, Lake Superior.  Water depth (A) and bottom slope (B) are based on recent high resolution 
bottom mapping conducted by USGS (Andrews et al. 2020).  The spatial distribution of stamp sand 
(C) interpolated from 175 Ponar samples (benthic sediment grab from boat) collected mostly in 2013 
but including samples from 2016 and 2019 (Kerfoot et al. 2021).  Substrate classification (D) from a 
hydroacoustic survey of Buffalo Reef in 2005 (Biberhofer and Procopec 2008). Buffalo Reef is located 
inside the thick black outline in each panel and the black triangles in panel A show the locations of 
the 47 receivers in the VPS array. 
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Figure 5. Mean daily bottom water temperature (℃) at Buffalo Reef (47.20°, -88.20°) in Keweenaw Bay, 
Lake Superior  (A) during the 2020 spawning season. Values are in Celsius and black bars depict the 
range throughout the day.  Mean number of positions per hour by substrate class during each calendar 
week (horizontal panel spacing) for female Lake Trout (B), male Lake Trout (C), and male Lake Whitefish. 
The black bars are the standard error (S.E.) and represent the variation in hourly positions in each 
substrate class. Dates separating the panels horizontally are the midpoint (i.e., Wednesday) of calendar 
weeks 40-50 and align with the ticks on panel A. Cobble is the grouping of the “Cobble – pavement” and 
“Cobble with voids” classes while Sand includes “Sand”, “Sand – compact”, “Sand – reworked”, and 
“Sand – fine/medium.” 
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Figure 6. Heatmaps highlighting areas of Buffalo Reef (47.20°, -88.20°) in Keweenaw Bay, Lake Superior 
with the greatest activity for A) male Lake Trout from Oct. 11 to Nov. 10, B) female Lake Trout from Oct. 
11to 24, and C) male Lake Whitefish from Nov. 1 to 30.  Bounding box (D) encapsulating the core 
spawning area for both species overlaying the substrate classes in Biberhofer and Procopec 2008.   

3. Laboratory Exposure Experiments 
Once deposited on the reef, the fertilized Lake Trout and Lake Whitefish embryos settle into the spaces 
separating the substrate components (i.e., interstitial spaces) where they are protected from various 
sources of mortality (e.g., ice scour and predation).  Fry begin to merge in the early spring following 
months of exposure to the environmental conditions in the reef’s interstitial spaces.  The expectation is 
that Lake Trout and Lake Whitefish are selecting spawning areas with surface characteristics (i.e., 
cobble, flowing water, etc.) that favor cold, oxygen-rich, flowing water that keeps the space free of silt 
and sand particles that would suffocate developing embryos.  However, the conditions of the interstitial 
spaces where Lake Trout and Lake Whitefish are spawning on Buffalo Reef is currently unknown.  While 
both areas (see “Acoustic Telemetry” section above) have the appropriate cobble substrate and 
presumed to have sufficient water flow, stamp sand has a higher specific gravity than similarly-sized, 
natural quartz sand and silt (1.78-1.81 vs 1.67) and may continue to accumulate in these spaces (see 
H&H appendix). If stamp sand is present in the spawning areas, then not only is there the potential for 
physical damage to the embryos but they are also likely being exposed to toxic levels of copper (and 
other metals). 

Laboratory experiments were conducted to determine the potential effects of stamp sand exposure on 
the early life stages of Lake Trout and Lake Whitefish from fertilization through early larval stages.  In 
2020, three female and three male Lake Whitefish collected from Buffalo Reef on November 16th were 
strip spawned into a sterilized bowl containing only surface water from the lake (approximately 6.5ᵒC).  
Fertilized embryos were maintained at approximately 6.0 ᵒC during transportation to Hammond Bay 
Biological Station (Millersburg, MI) and held in temperature controlled (approximately 6.0ᵒC) aquaria.  
Embryos were monitored for two days to ensure only live specimens were used in the experiment.  
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Forty fertilized embryos were selected at random and transferred to replicate 1-L tanks (n = 8) 
containing substrates composed of 0, 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100 % stamp sand.  
Experimental substrates (1200 g per tank) were achieved by mixing appropriate ratios (e.g., 50% 
treatment contained 600 g each of gravel and stamp sand) of large aquarium gravel with stamp sand 
that had been recently dredged from the trough on the north side of the reef.  Each tank was 
maintained at 5.94ᵒC (± 0.02ᵒC), supplied with air, and received a 50% water change weekly. Tanks were 
checked approximately daily and dead embryos or hatched larvae were counted and removed.  
Beginning in March, recently hatched larvae (one to three days post hatch: approximately 11.5mm in 
length) from the 0, 50, and 100% treatments were transferred to miniatured donut tanks (1.5 inches 
inside and 3 inches outside diameters: 4.7- 9.4 inch linear distance) for endurance testing. Each fish was 
acclimated to tank conditions (5.9 ± 0.07ᵒC) for one hour, forced to swim for five minutes or until they 
were fatigued (stopped swimming; first time to fatigue), allowed to rest for one hour, and again forced 
to swim for five minutes or until they were fatigued (second time to fatigue).  

Apart from substrate composition, all embryos experienced the same environmental conditions during 
the experiment.  Initial embryo mortalities occurred much earlier in the treatments with greater 
concentrations of stamp sand (November 24-25 for 30-100 % stamp sand treatments) than in the lower 
stamp sand treatments (December 14-21 for 0-20% stamp sand treatments). Lake Whitefish embryos 
began hatching in late February to early March (Figure 7).  Overall, the number of individuals that 
successfully hatched decreased as the concentration of stamp sand increased and this was consistent 
across the replicate tanks for each treatment.  Not only was hatching success compromised (less than 
13% hatching success) when the substrate was dominated by stamp sand (60-100%) but there was also 
a 20% reduction when only 10% of the substrate was stamp sand (Figure 8).  For those individuals that 
successfully hatched, the fatigue tests indicated that larval Lake Whitefish incubated in the 50 and 100% 
treatments were capable of short periods of sustained swimming but did not recover as quickly as the 
larvae from the control group (Figure 9). 

These results provide a strong indication that the early life stages of Lake Whitefish are sensitive to 
stamp sand in the substrate. While the exact mechanism is not known at this time, it appears likely  that 
Lake Whitefish recruitment would be compromised by the accumulation of stamp in the critical 
spawning habitats of Buffalo Reef. Furthermore, the effect of stamp sand exposure extends beyond 
hatching and larval Lake Whitefish appear to be energetically compromised. Delayed recovery from 
prolonged swimming activity would impair their ability to avoid predators and capture mobile prey.  
That said, these results have two important caveats. First, the stamp sand material used in the 
experiment went through a mechanical dredging process and may not be representative (i.e., finer and 
potentially more toxic) of the stamp sand in the spawning areas on Buffalo Reef. Second, we do not 
currently know the concentration of stamp sand in the critical spawning area. Previous sampling efforts 
in the spawning area have resulted in “no retrieval” due to the inability to effectively sample the hard 
substrate, such as cobble and bedrock (Kerfoot et al. 2019). The only information we have at this time 
related to the concentration of stamp sand in the critical spawning area is based on interpolated maps 
that treat the ‘no retrieval’ points as either: 

• No data – the points with no sediments retrieved are ignored and the stamp sand values in the 
middle of the reef are interpolated from nearby points that do have data.   

• Zeros – the points with no sediments retrieved are assigned a value of ‘0’ stamp sand in sample 
and used in the interpolation.   



Biology Appendix Buffalo Reef – Final Alternatives Analysis  

11 

The latter is the most conservative approach of the two and the one selected for these analyses. 

Figure 7. Hatch date distributions for Lake Whitefish (C. clupeaformis) embryos exposed to 11 
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concentrations of stamp sand (i.e., legacy copper mining waste) in laboratory aquaria.  The color and 
height of the bars indicates the cumulative number of fish that successfully hatched. 

 

Figure 8.  Proportion of Lake Whitefish (C. clupeaformis) embryos that successfully hatched following 
incubation in 11 levels of stamp sand (i.e., legacy copper mining waste) concentration.   
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Figure 9.  Time to first and second fatigue for recently hatched (1-3 days) Lake Whitefish (C. 
clupeaformis) exposed to 0, 50, and 100% stamp sand (i.e., copper mining waste) substrates during 
embryo incubation.   

4. Expanded Juvenile Lake Whitefish Survey 
Following overwinter incubation in the interstitial spaces of the reef, Lake Whitefish embryos begin 
hatching and emerging from the reef in early spring.  Larvae quickly disperse to adjacent shallow, soft 
bottom (typically sand) embayments that function as a critical nursery habitat until juveniles are large 
enough to safely move into deeper water (Ebener et al. 2021).  The natural sand beach south the mouth 
of the Grand Traverse River is recognized as the critical nursery habitat for Buffalo Reef (Figure 1).  Since 
1997, biologists from GLIFWC have used standardized beach seine surveys of this nursery area to 
construct an index of juvenile Lake Whitefish recruitment at Buffalo Reef.  From 1997 to 2008, the index 
averaged 0.05 ± 0.02 juvenile Lake Whitefish per cubic meter of water sampled and three separate years 
when no juvenile fish were collected.  By comparison, the index averaged 0.006 ± 0.003 juveniles per 
cubic meter of water from 2009 to 2020 and no juvenile fish were caught in eight separate years (data in 
Figure 3 have been scaled to number of fish per m3 for comparison). There was growing concern that 
the low abundance of juvenile Lake Whitefish at Buffalo Reef between 2009 and 2020 was a reflection 
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of stamp sand impacting the reef, but the data necessary to compare with other reefs in the area and 
potentially rule out basin-wide trends in Lake Whitefish recruitment were lacking.   

This concern was addressed by expanding the juvenile whitefish survey to include four additional 
nursery sites spread out across Keweenaw Bay and the Keweenaw Peninsula (Fig. 1).  Each site was 
sampled approximately every three weeks from June 21 through July 30, 2021.  On each sampling event, 
standardized beach seine (30.5m long x 1.8m tall; 1.8m x 1.8m x 1.8m bag; 0.32cm delta mesh) hauls 
were conducted at three stations separated by greater than 50m.  One end of the seine was held 
stationary at the waterline while the seine was stretched to its full length perpendicular to the shoreline.  
The offshore end was then pulled in a slow arcing motion towards the stationary end of the seine on the 
beach. This is the same method used by GLIFWC during the survey from 1997-2020.  At each station, the 
geolocation, weather conditions, water temperature (ᵒC), dissolved oxygen (mg/L), water depth (m), and 
substrate type were recorded at the end of each seine haul. All fish were immediately preserved in 95% 
ethanol and returned to the laboratory to be identified, weighed (g) and measured (mm). Otoliths (fish 
ear bones) were extracted from up to 25 individual Lake Whitefish at each site for every collection date.  
The right otolith was used to estimate hatch dates and daily growth rates while the left otolith was used 
for microchemical analysis. 2021 was the first of three project years and only the results of the beach 
seining are discussed here.  As such, these results should be considered provisional.  

Nine standardized seine hauls, spread out across three sampling dates, were conducted at each of the 
five study sites.  Eight hundred fifty-one juvenile Lake Whitefish were collected in the 45 seine hauls.  
The number of juveniles in a single seine haul ranged from zero observed at all sites to 135 at Great 
Sand Bay (June 24).  Juvenile Lake Whitefish were not collected after July 9 at the four sites in 
Keweenaw Bay but were still abundant at Great Sand Bay on July 30. Significantly more juvenile Lake 
Whitefish were captured at Great Sand Bay, Bete Grise, and Big Bay than at Grand Traverse Bay and 
Little Traverse Bay (Fig. 10).   

It is difficult to make inferences about these results with only a single year of data. The number of 
individual Lake Whitefish hatching from a given reef and successfully recruiting to their nursey habitat 
varies naturally among sites within a year and among years within a site (Schaefer, 2019; Schaefer et al., 
2021). However, Lake Whitefish recruitment at Buffalo Reef was depressed relative to Great Sand Bay, 
Bete Grise, and Big Bay in 2021 despite consistent effort across all sites. These provisional results 
suggest that processes operating at the local scale may be driving lower juvenile abundance at Buffalo 
Reef. However, the mechanism remains unclear and could be related a suite of factors that we will 
hopefully be able to tease apart with additional sampling.  
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Figure 10. Mean (± standard error) juvenile Lake Whitefish (C. clupeaformis) density (number of fish per 
cubic meter of water) from standardized beach seining conducted between June 21 and July 30, 2021.  
Sites are shown in Figure 1 and oriented west to east: Great Sand Bay (GSB), Bette Grise (BGR), Grand 
Traverse Bay (GTB), Little Traverse Bay (LTB), and Big Bay (BIG).  The Grand Traverse Bay site is 
recognized as the historic Lake Whitefish nursery area for Buffalo Reef.  
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6. Acronyms 
Bete Grise (BSG) 

Big Bay (BIG) 

Buffalo Reef Task Force (BRTF) 

Catch Per Effort (CPE) 

Centers for Disease Control (CDC) 

Clean Water Act (CWA) 

Coal Dock Jetty (CDJ) 

Coastal Barrier Resources Act (CBRA) 

Council on Environmental Quality (CEQ) 

Cubic Yards (CY) 

Department of Natural Resources (DNR) 

Ecosystem Service Valuation (ESV) 

Engineer Research and Development Center 
(ERDC) 

Engineering Regulation (ER) 

Environment, Great Lakes, and Energy (EGLE) 

Executive Orders (EOs) 

Grand Traverse Bay (GTB) 

Great Lakes District, Buffalo (LRB)  

Great Lakes District, Chicago (LRC) 

Great Lakes District, Detroit (LRE)  

Great Lakes Fishery and Ecosystem Restoration 
(GLFER) 

Great Lakes Fishery Commission (GLFC)  

Great Lakes Indian Fish and Wildlife 
Commission (GLIFWC) 

Great Lakes National Program Office (GLNPO) 

Great Lakes and Ohio River Division (LRD) 

Great Lakes Regional Collaboration (GLRC) 

Great Lakes Restoration Initiative (GLRI) 

Great Lakes Water Quality agreement (GLWQA) 

Great Sand Bay (GSB) 

Hydrology and Hydraulics (H&H)  

Information for Planning and Consultation 
(IPAC) 

Indigenous Traditional Ecological Knowledge 
(ITEK) 

Keweenaw Bay Indian Community (KBIC)  

Keweenaw County Road Commission (KCRC) 

Lakewide Action and Management Plan (LAMP) 

Light Detection and Ranging (LIDAR) 

Little Traverse Bay (LTB) 

Michigan Technological University (MTU) 

Million Cubic Yards (MCY) 

Million Gallons per Day (MGD) 

National Ambient Air Quality Standards 
(NAAQS) 

National Environmental Policy Act (NEPA) 

National Register of Historic Places (NRHP) 

National Water Research Institute (NWRI) 

Native Sands (NS) 

No Observable Effects Concentrations (NOECs) 

Non-Federal Sponsor (NFS) 

Northern Long-Eared Bat (NLEB) 

Operation, Maintenance, Repair, Rehabilitation, 
and Replacement (OMRR&R)  

Parts Per Million (ppm) 

Probable Effects Concentrations (PEC) 
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Project Delivery Team (PDT) 

Stamp Sands (SS) 

State of Michigan (SOM) 

Suspended Particulate Phase (SPP) 

Acute Toxic Units (TUa) 

Unified Soils Classification System (USCS) 

Upland Placement – Small (Upland-SM) 

Upland Placement – Medium (Upland-Medium) 

Upland Placement – All (Upland-All) 

Unified Soils Classification Systems (USCS) 

U.S. Army Corps of Engineers (USACE) 

U.S. Environmental Protection Agency (EPA) 

U.S. Fish and Wildlife Service (FWS) 

U.S. Geological Survey (USGS) 

White Pine Mine (WPM) 

Young of the Year (YOY) 
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