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Control of invasive sea lamprey in the Great Lakes with a selective pesticide (lampricide) that targeted
larval sea lamprey began in the late 1950’s and continues to be one of the main methods for control.
Although the Great Lakes Fishery Commission, which was formed with the mandate of controlling sea
lamprey, often expresses the success of the sea lamprey control program in terms of percent reduction
from lake-wide pre-lampricide control adult sea lamprey abundances, there remains a large amount of
uncertainty surrounding these estimates. In this study, we gathered historical data on adult sea lamprey
captures from trapping efforts from the mid-1950’s through the late 1970’s to better understand pre-
control abundance. We used this information to estimate lake-wide population abundances of adult
sea lamprey using a weighted linear regression that includes environmental and lampricide treatment
predictor variables. We varied trapping efficiency for early trapping data to evaluate the uncertainty in
abundance estimates. Pre-control adult sea lamprey abundances in all lakes were much greater than cur-
rent population sizes, but estimates were quite sensitive to trapping efficiency. In Lake Superior, declines
in abundance aligned with increases in control efforts, but in other lakes, declines were occurring prior to
the onset of lampricide application, perhaps because of a loss of prey. We suggest that previous estimates
of pre-control adult sea lamprey abundance may have been underestimated unless trapping efficiency
was greater than what is currently achieved in the basin.
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Introduction in the upper Great Lakes (Marsden and Siefkes, 2019). Conse-
The sea lamprey (Petromyzon marinus) invaded the Great Lakes
upstream of Niagara Falls in the early 20th century and was a
major contributor to devastating ecological changes and fishery
collapses in the upper Great Lakes (Coble et al., 1990; Smith and
Tibbles, 1980). Although the status of the sea lamprey as indige-
nous to Lake Ontario is debated (Bryan et al., 2005; Eshenroder,
2014, 2009; Waldman et al., 2004), sea lamprey populations in
Lake Ontario increased in the early-to-mid 20th century causing
similar impacts on the ecosystem and fishery to those experienced
quently, the Great Lakes Fishery Commission (GLFC) was formed
in 1955 with a primary mandate to formulate and implement a
sea lamprey control program across the Great Lakes basin to enable
ecosystem and fishery rehabilitation (GLFC, 1954). During the late
1950’s, a selective pesticide (lampricide) that targeted larval sea
lamprey in their natal streams was developed and widespread
application in Great Lakes tributaries quickly began (Howell
et al., 1980). This lampricide, 3-trifluoromethyl-4-nitrophenol
(TFM), and another identified in the 1960’s, 20,5-dichloro-40-nitrosa
licylanilide (niclosamide or Bayluscide�), were found to be highly
successful and are still in use today to keep sea lamprey
populations suppressed across the Great Lakes (Siefkes, 2017).
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The sea lamprey control program annually evaluates the effects
of control efforts on sea lamprey populations by comparing an
annual index of adult sea lamprey abundance (Adams et al., This
issue) to a specific index target (Treska et al., This issue) for each
lake. Counts of sea lamprey marks on lake trout (Salvelinus namay-
cush) are collected by management agencies for each lake and
compared to a target marking rate as another measure of the
effects of the control program (Treska et al., This issue). These met-
rics are useful for tracking the status of sea lamprey populations
and marking rates on lake trout relative to targets, as well as trends
over time, however, data are limited or simply missing prior to
1980 (GLFC, 2020a), making assessment of sea lamprey popula-
tions and the effects of early control program efforts challenging.
Nevertheless, the success of the sea lamprey control program is
often expressed as a percent reduction from pre-lampricide control
(hereafter, ‘‘pre-control”) population levels (90% reduction; GLFC,
2020b) without a clear understanding as to how pre-control popu-
lation estimates (GLFC, 2020a) were generated or the veracity of
the estimates.

Early sea lamprey control efforts from 1940 to 1960 included
efforts to block migrating adult sea lamprey from spawning sites
with mechanical and electrical barriers, although these tactics
were deemed ineffective and were discontinued during the
1960’s (Christie and Goddard, 2003; Hunn and Youngs, 1980). Nev-
ertheless, these barriers usually had associated traps to capture
and remove migrating adults (Siefkes et al., 2013) and conse-
quently provided useful pre-control assessment data that could
be used to estimate spawning run size in the associated tributary
(Lawrie, 1970; Smith and Tibbles, 1980). Heinrich et al. (2003) used
the trap catch data from Lake Superior to generate pre-control
adult sea lamprey population estimates for the entire lake, but
the exact methods used to generate these estimates were not pre-
sented. To date, pre-control adult population estimates for the
other lakes and the methods for calculating the pre-control popu-
lation estimates used by the GLFC remain unpublished.

Given that reductions from pre-control adult population levels
are often cited as a measure of sea lamprey control program suc-
cess (GLFC, 2020a), generating these estimates in a way that is
transparent and allows for full understanding of the uncertainty
around these estimates is important. Here we explore the available
data for each of the Great Lakes and attempt to generate pre-
control adult population estimates for each lake where possible,
noting the uncertainties and caveats for each lake.
Methods

Data sources

We collected trap data from various sources beginning in 1953
in Lakes Superior and Huron and 1955 in Lake Michigan. These
data were gathered from peer-reviewed publications (Heinrich
et al., 1980; Smith and Tibbles, 1980), reports and proceedings of
meetings, including annual reports from the GLFC (Johnson,
1987; GLFC, 1957), and records from sea lamprey control person-
nel from the United States Fish and Wildlife Service (USFWS) and
Fisheries and Oceans Canada (DFO). Data generally described the
annual number of adult sea lamprey captured in traps on individ-
ual streams, the type of trap or barrier (e.g., electric weir), and
occasionally notes describing anomalies in the catches (e.g., in
one year, collections ceased early in the season because the dip
netter was hospitalized with formaldehyde poisoning; Heinrich
et al., 1980). Data were also gathered for Lakes Ontario and Erie,
but these data were quite sparse prior to 1980 and therefore not
useful for the modeling exercise. Trapping data used for Lakes
Superior, Michigan, and Huron were obtained from sea lamprey
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control program records (DFO, Sea Lamprey Control Centre, Sault
Ste Marie, Ontario, Canada; USFWS, Marquette Biological Station,
Marquette, Michigan, USA) and are available as electronic supple-
mentary material (ESM Tables S1–S3).

Adult sea lamprey population estimation

We used the methods of Mullett et al. (2003) to estimate pop-
ulation size of adult sea lamprey in Lakes Superior, Michigan, and
Huron from the early 1950’s through 2014. Previously, data used
for this method began in 1977. For 1953–1976, in streams where
trap data were available, we estimated the abundance of sea lam-
prey in the stream by dividing the number of captured individuals
by an assumed trapping efficiency. As we could not find data indi-
cating trapping efficiency for the early years of trapping (i.e., 1953–
1976), we chose not to vary trapping efficiency year-to-year or
stream-by-stream in the model, although we suspected that these
efficiencies were likely variable across time and space. We instead
used three different trapping efficiencies (20%, 40%, and 66%) for
these early years to evaluate the sensitivity of lake-wide abun-
dance estimates to this variable. We chose 66% to replicate the
population estimation procedure described in Heinrich et al.
(2003) for sea lamprey in Lake Superior. Heinrich chose this value
based on mark-recapture estimates from seven sea lamprey barri-
ers with permanent traps on Lake Superior in the 1990’s. We chose
to use 40% trapping efficiency (TE) because estimated efficiencies
in recent years average about 40% (Steeves and Barber, 2020). In
addition, because efficiency of trapping efforts early during sea
lamprey control were possibly quite low (e.g., Smith and Tibbles
[1980] noted that early weirs were inefficient and allowed large
numbers of adult sea lamprey upstream), we also chose to estimate
population size with a 20% efficiency– half of the current average.
After 1976, mark-recapture data were used to estimate trapping
efficiencies for streams and years with trapping data, as described
in Mullett et al. (2003) and Heinrich et al. (2003). Therefore, there
was only one stream-specific abundance estimated per year after
1976.

In streams without trapping data, we duplicated the linear
model described in Mullett et al. (2003) to estimate adult sea lam-
prey abundance. We chose this model, rather than the newer
approach of Adams et al. (This issue), which uses a subset of 5–7
index streams, because most of the index streams were not
trapped during early control efforts. The model from Mullet et al.
(2003) allowed us to make use of all available data. This model
was a weighted linear regression, with environmental and lampri-
cide treatment predictor variables, that estimated the natural log
of the population of sea lamprey in a given stream:

ln Sij
� � ¼ b0 þ b1 ln Dið Þ þ b2Ri þ b3 ln Dið ÞRi þ b4Pi þ b5Tij þ Yj þ eij

where Sij is the estimate of adult sea lamprey in stream i in year j, Di

is the drainage area, Ri is the region (equal to 1 for north or east
regions, 0 otherwise), Pi is the production potential of stream i
(equal to 0 for a primary producer and 1 for a secondary), Tij is
the years since the last lampricide treatment, Yj is the year effect,
and eij is the error term (Mullett et al., 2003). The error term is nor-
mally distributed with mean = 0 and variance = r2Cij

2, where Cij
2 is

the coefficient of variation of the estimate of stream abundance (Sij).
Observations for which a coefficient of variation of the stream abun-
dance were available were used for the error structure, in that the
variance was weighted by the square of the inverse of the coeffi-
cient of variation (Mullett et al., 2003). However, in some instances,
the older trapping data (those collected prior to 1977) were col-
lected from streams in which no mark-recapture estimates, and
therefore no estimates of the coefficient of variation were available
across the time series. In these cases, we used the lake-wide median
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value of the square of the inverse of the coefficient of variation for
the lake in question as the weight for the variance in the linear
model. In addition, in Lake Superior, a variable to denote sterile
male release study streams was included in the linear model.

The linear model required data on the time since the last lamp-
ricide treatment (Tij) for each stream but did not allow for Tij to be
greater than 10, representing 10 years since last treatment. For
data prior to 1977, we used the lampricide treatment history from
Johnson’s history of sea lamprey control, which is an unpublished
historical document written in 1985 and made available to the
authors by C. Brant (GLFC, pers. comm., July 2020). If no treatment
occurred on a stream, this variable was set to 10, even if time since
last treatment was greater than 10 years. Although there were
likely treatments listed in this database that targeted only a por-
tion of a stream, our decision rule was to include any listed treat-
ment as a full treatment, as data to the contrary were not available.
We believe that this was the most conservative approach for this
modeling effort.

If there were no data to fit the model for a given year (e.g., no
trap or mark-recapture estimates), that year was excluded from
the model predictions. Data were unavailable for 1977–1979 for
Lake Superior and 1961–1963 and 1966–1976 for Lake Michigan.
In addition, previous population estimates for the St. Marys River
were calculated from a separate procedure by sea lamprey experts,
1977–1985. There were no data for the St. Marys River prior to this
time frame, so we decided to omit the St. Marys River completely
from our estimates of population abundance in Lake Huron, as we
could not estimate abundance prior to 1977.

Lake-wide population estimates for adult sea lamprey were cal-
culated as the sum of the estimates from trap data, mark-
recapture, and model estimates for all streams in the system. To
evaluate the effect of stream-specific trapping data prior to 1977,
we also conducted a leave-one-out procedure for population esti-
mates. In this procedure, we sequentially removed the trapping
data from one stream at a time, instead estimating the abundance
in that stream with the population model. In this way, we could
evaluate the influence of early trapping data on lake-wide popula-
tion estimates. Although data were not available to extend the esti-
mates of population size back in time for Lakes Ontario and Erie,
lake-wide population estimates from the beginning of the available
time series (1978 for Lake Ontario and 1980 for Lake Erie) were cal-
culated for these lakes. Finally, we calculated five-year running
averages for each lake to account for the potential annual variabil-
ity in estimates associated with lampricide treatment schedules.
Results

We were able to recover trap catch data and lampricide treat-
ment schedules from various sources around the Great Lakes. Trap
catch data for the three upper lakes, as well as Lake Ontario, were
variable in terms of the length of the time series among streams
(ESM Tables S1–S4). In general, the trap catch data for the upper
Great Lakes declined in catch over time, whereas the data for Lake
Ontario are more variable, with older data only coming from two
streams that were sampled via dip net (ESM Table S4). Our efforts
did not return any trap catch data for Lake Erie that were not
already available in the data used by the Sea Lamprey Control Pro-
gram for the Mullett et al. (2003) model. Prior to 1977, annual trap
catch data were available for 8–39% of Lake Superior streams, 6–
44% of Lake Michigan streams, and 1–13% of Lake Huron streams
(ESM Table S5). In addition, lampricide treatment began in 1958
in Lake Superior (11% of streams treated), 1960 in Lakes Michigan
(7% of streams treated) and Huron (4% of streams treated), 1971 in
Lake Ontario (47% of streams treated), and 1980 in Lake Erie (3% of
streams treated; Fig. 1).
3

Lake-wide pre-control adult sea lamprey population estimates
were affected by the assumed efficiency of the traps used during
this time period (Fig. 1). Peak sea lamprey abundance occurred in
1961 in Lake Superior and ranged from almost 777,000 with an
assumed efficiency (TE) of 66% to greater than 2.56 million with
a 20% trapping efficiency (Fig. 1; ESM Table S6). In Lakes Michigan
and Huron, the greatest abundance was in 1955, which was the
first year of available data for Lake Michigan for our model. Peak
abundance ranged from about 421,000 (TE = 66%) to over 1.39 mil-
lion (TE = 20%) in Lake Michigan and from about 1 million
(TE = 66%) to over 3.3 million (TE = 20%) in Lake Huron in 1955
(Fig. 1, ESM Table S6). In addition, the timing of the implementa-
tion of lampricide treatment coincided with a large decline in sea
lamprey abundance in Lake Superior, but declines in abundance
in Lakes Michigan and Huron began prior to the implementation
of lampricide treatment (Fig. 1). Data from Lakes Erie and Ontario
were sparse and the first year of available data for our model was
1978 for Lake Ontario and 1980 for Lake Erie (Fig. 1; ESM Table S6).
Estimates for Lakes Erie and Ontario were more variable and did
not appear to always coincide with lampricide treatment efforts.
The five-year running averages of population size for each lake
(ESM Fig. S1) show similar trends in abundance through time, as
compared to the trends from our annual estimates (Fig. 1).

The results of the leave-one-out procedure showed that there
were some streams whose data prior to 1977 could affect esti-
mates of lake-wide population size in Lakes Superior, Michigan,
and Huron, with pre-control abundances in some years changing
greatly when these streams were removed (Fig. 2; ESM Tables
S7–S9). In Lake Superior, the effects of this procedure are most
obvious for estimates in 1960. The omission of Bad River trapping
data increased estimates in 1960 by 73% (almost 1.5 million lam-
preys greater), whereas the omission of Brule River trapping data
led to a decrease of almost 48% (1.28 million fewer; Fig. 2; ESM
Table S7). In Lake Michigan, population estimates in 1956 and
1964 were most affected. In 1956, abundance estimates were
28% greater (383,483 lampreys greater) when trapping data from
the Tacoosh River were omitted and 21% lower when the Cedar
River trapping data were removed (282,485 fewer; Fig. 2; ESM
Table S8). In 1964, the population estimate was twice as large
when the Pere Marquette was removed as compared to using trap-
ping data from all streams (632,708 greater). In Lake Huron, the
removal of trapping data from three different streams led to
increased population estimates in three different years: the Bridg-
land in 1953 (58%; 1.05 million greater), the Koshkawong in 1955
(29%; 965,054 greater), and the Koshkawong and the Sturgeon in
1956 (141%; 2.1 million greater for each; Fig. 2; ESM Table S9).
Discussion

Our attempt to summarize and model lake-wide pre-control
adult sea lamprey abundance highlights the data limitations and
uncertainties surrounding early population estimates, but our
results can provide an important tool for understanding and com-
municating what sea lamprey control means in the Great Lakes.
The limited data available from pre-control years present difficul-
ties for conducting a true assessment of the impact of lampricide
control. However, stream-specific catches and the modeling pre-
sented here provide a sense of sea lamprey production potential
prior to human intervention with treatment and when sea lamprey
prey resources, such as lake trout, were plentiful. Because stream-
and year-specific mark-recapture data that could be used to esti-
mate capture efficiencies were lacking, we present a range of pos-
sible population estimates resulting from variable capture
efficiencies (range: 20%–66%). Heinrich et al. (2003) suggested
66% capture efficiency during previous attempts to estimate Lake



Fig. 1. Estimates of lake-wide adult sea lamprey abundance in Lakes A) Superior (1953–2014), B) Michigan (1955–2014), C) Huron (1953–2014), D) Erie (1980–2014), and E)
Ontario (1978–2014). Abundance was estimated assuming a trapping efficiency (TE) of 20, 40, and 66% for data collected prior to 1977. Trapping efficiency for the time period
1977–2014 was calculated based on stream specific mark-recapture estimates. Therefore, there is only one estimate of sea lamprey abundance for each lake during this later
time period. Dotted grey line depicts the cumulative proportion of streams treated with lampricide for a given lake.
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Fig. 2. Estimates of lake-wide adult sea lamprey abundance resulting from the leave-one-out procedure for Lakes Superior, Michigan, and Huron (1953–1976), with an
assumed trapping efficiency of 20%. Each line represents the removal of a different stream, based on trapping data presented in ESM Tables S1–S3, and the estimation of
abundance from that stream with the population model. Labeled lines represent estimates that stood out as substantially greater or less than overall estimates when the
trapping data from the stated streams were removed from the analysis.
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Superior pre-control abundances, and though early electric weirs
(the predominant capture tool used in Lake Superior during early
control efforts) can operate with high efficiency (as documented
recently by Johnson et al., 2016), we believe that estimate to be
high when applied to all streams. Less than seven percent of con-
ventional sea lamprey traps operated between 1987 and the pre-
sent have achieved a capture efficiency equal to or greater than
66% with a range from less than 10% to greater than 80% (USFWS,
Marquette Biological Station, Marquette, Michigan USA, unpub-
lished data; DFO, Sea Lamprey Control Centre, Sault Ste. Marie,
Ontario, Canada, unpublished data). Hence we presented a wide
range of TE to further highlight the potential variability and uncer-
tainty around pre-control abundances. Given recent capture effi-
ciencies, the previous estimates of pre-control abundance were
likely conservative.

The model predicted considerably larger lake-wide pre-
control adult sea lamprey abundances than previous work
5

(Heinrich et al., 2003) when the lower trapping efficiencies
were applied and is relatively sensitive to this parameter. The
model used for this exercise (Mullett et al., 2003) has produced
higher than expected estimates compared to mark-recapture
based estimates when previously used for lake-wide abundance
prediction for Lakes Superior and Ontario, potentially because of
the inclusion of secondary streams in these lakes. In addition,
this model has been shown to produce large fluctuations
among years in estimates of adult sea lamprey as compared
to more recent mark-recapture estimates based on index
streams (Adams et al., This issue), a phenomenon observed
when our leave-one-out analysis was conducted. Nevertheless,
we believe that the estimates produced from our modeling
efforts provide more clarity in the differences in adult sea lam-
prey abundance at the time of their greatest recorded abun-
dance and after the implementation of control efforts and loss
of their prey base.
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Limited pre-control adult sea lamprey abundance data also cre-
ate challenges for identifying the actual peak abundance or poten-
tial sea lamprey abundance prior to the implementation of control.
In Lakes Michigan and Huron, abundance appears to already have
been in decline when data collection began, and Lake Superior
abundance was still increasing when lampricide treatments began.
Do the estimates we present represent the peak abundances for
Lakes Michigan and Huron or had those populations already
declined from some higher peak? Would abundance have contin-
ued to increase in Lake Superior or did 1961 represent the peak
given that prey resources (including both siscowet and lean mor-
photypes of lake trout) were declining from sea lamprey predation
and overfishing? The collapse of lake trout in Lakes Michigan and
Huron has been attributed primarily to sea lamprey predation
(Coble et al., 1990), and the observed early decline in sea lamprey
abundance resulted from a lack of prey (Lawrie, 1970), so it is rea-
sonable that sea lamprey abundance could have been considerably
higher when prey availability was not a limiting factor. In Lake
Superior the collapse of lake trout was likely driven by a combina-
tion of sea lamprey predation and overfishing (Coble et al., 1990)
and paired with the initiation of lampricide control during the late
19500s might explain the sudden and dramatic decline in sea lam-
prey abundance observed between 1961 and 1962. Here the mod-
eling approach developed by Mullett et al. (2003) allowed us to
estimate what adult sea lamprey abundances may have been dur-
ing pre-control years and compare to current day abundance
estimates.

For the upper three Great Lakes, success of the sea lamprey con-
trol program is also evident in continued low adult sea lamprey
abundance in recent years (Steeves and Barber, 2020) even with
increased lake trout populations resulting from stocking (Michigan
and Huron) or natural reproduction (Superior; He et al., 2012; Muir
et al., 2013; Modeling Subcommittee Technical Fisheries
Committee, 2020). Sea lamprey are still present in the lakes, their
food supply has been replenished, and with pollution abatement
measures over the past 60 years many additional miles of potential
larval rearing habitat are now available (Pratt, T., Great Lakes Lab-
oratory for Fisheries and Aquatic Science, pers. comm., 2020), yet
the sea lamprey population remains low. In some systems, inva-
ders will crash back down to a new lower equilibrium state and
remain there (Strayer et al., 2017). However, the potential for sea
lamprey populations to rebound can be seen in the historic data
as well as the modeling presented here, regardless of which trap-
ping efficiency estimate is applied. At times the sea lamprey con-
trol program has experimented with reductions in the
application of lampricide (either application process or concentra-
tion) and in those instances sea lamprey numbers began to
increase (Sullivan et al., This issue). In addition, recent modeling
efforts evaluating the effects of barrier removals in the Great Lakes
have indicated that increasing spawning habitat without increased
lampricide application will lead to much greater abundances of sea
lamprey (Jensen and Jones, 2018; Lin and Robinson, 2019). Here we
show, despite great uncertainty around lake-wide pre-control
adult sea lamprey abundance estimates, sea lamprey production
potential is great, and control is necessary if the goal of limiting
sea lamprey-induced mortality on host species remains a fisheries
management priority.

In Lake Erie the impact of sea lamprey control in the last
20 years is less evident. Specifically, present-day abundance esti-
mates exceed historic estimates. Lampricide applications began
in Lake Erie during the mid-19800s and by the late 19800s there
was a noticeable decrease in lake-wide adult sea lamprey abun-
dance (Sullivan et al., 2003). However, by 2000 the population
had surpassed pre-control levels. This lack of response to control
efforts observed in adult abundance estimates may simply be the
result of highly variable data. Gaps in the time series of trap data
6

on Lake Erie, limited streams with trapping operations, and incon-
sistent mark-recapture estimates, make estimation of adult sea
lamprey abundance more difficult for this lake. Alternatively, habi-
tat restoration has expanded the spawning and larval habitat
opportunities for sea lamprey in Lake Erie and may be driving
the observed increase in abundance. When sea lamprey control
efforts began in the 19800s, 9 tributaries were considered consis-
tent producers requiring continuous treatment (Sullivan et al.,
2003). As environmental clean-up efforts improved water quality
around the Lake Erie watershed (e.g., Hartig et al., 2007), more
sea lamprey habitat has become available (Grunder et al., This
issue). During 2013–2018 an additional 12 tributaries were deter-
mined to contain larval sea lamprey populations requiring lampri-
cide treatment. Additionally, during this timeframe sea lamprey
larvae and out-migrating juveniles were collected from the St. Clair
River suggesting it as a potential source of sea lamprey production
(Barber et al., 2015; Grunder et al., 2021; Hinderer et al., 2016).
Given the size of the St. Clair River, its production potential could
dwarf all other tributaries to Lake Erie and only a fraction of the
potential larval habitat could be treated during a given year
(Grunder et al., This issue).

Unfortunately, conventional trap catch datawere unavailable for
Lake Ontario prior to 1979. The 1979 population spike observed in
the model results is likely the result of those limited data. Sea lam-
prey control began in Lake Ontario in 1971, and the population has
been stable since continuous trap catch records have been available
starting in 1980.Mullet et al. (2003) noted that themodels for Lakes
Superior and Ontario tended to overestimate the abundance of
adult sea lamprey in streams where the population estimates from
mark-recapture data were low. Prior to 1985, there were no data
available for mark-recapture estimates and very little data on trap
catches (as shown in Fig. 1E). Therefore, the large change in abun-
dance estimates 1978–1980 could be an artifact of using trap catch
data from only two streams, the Grindstone and Little Salmon riv-
ers, which showed a fairly large change in catch among those years.

The GLFC uses lake-wide adult sea lamprey abundance esti-
mates from the pre- versus post-lampricide eras when communi-
cating to the public, to managers, and to policy makers to
illustrate sea lamprey damage potential in the Great Lakes and
thus justify the continuation of sea lamprey control. Lawrie
(1970) described sea lamprey control as an ‘‘ongoing social service
that will require continued evaluation to determine if the return
warrants the investment.” Here we present the raw data upon
which many of the pre-control versus post-control comparisons
are based, along with the caveats and uncertainties that should
be considered. Previous attempts to estimate the impact of sea
lamprey control (Heinrich et al., 2003) assumed a trapping effi-
ciency considerably higher than current trapping efficiency rates.
If trapping efforts were not as effective as previously assumed
these previous assessments were likely conservative; and, as we
present here, sea lamprey abundances may have been considerably
higher prior to the implementation of lampricide control.

Conclusion

Adult sea lamprey populations in the Great Lakes have been
controlled through application of lampricides and use of barriers
to upstreammigration during spawning runs. Data from early trap-
ping efforts on streams in the upper Great Lakes indicated that
populations were likely much larger prior to lampricide control,
but exact methods for any previous estimates of pre-control abun-
dances were unavailable. We found sea lamprey populations likely
were much larger prior to implementation of lampricide control,
but that population estimates were very sensitive to the assumed
trapping efficiency for data collected prior to the onset of control.
Sea lamprey populations in some lakes appeared to be declining
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prior to implementation of lampricide control, likely because of a
coincident loss of their preferred prey, lake trout. However, we
note that sea lamprey abundance remains at a fraction of our esti-
mates of historical abundance, despite the rehabilitation of lake
trout populations in the upper Great Lakes, likely because of con-
tinued sea lamprey control efforts in the Great Lakes basin.
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Jones, C.G., Lambin, X., Latzka, A.W., Pergl, J., Pyšek, P., Robertson, P., von
Schmalensee, M., Stefansson, R.A., Wright, J., Jeschke, J.M., 2017. Boom-bust
dynamics in biological invasions: towards an improved application of the
concept. Ecol. Lett. 20, 1337–1350.

Sullivan, W.P., Christie, G.C., Cornelius, F.C., Fodale, M.F., Johnson, D.A., Koonce, J.F.,
Larson, G.L., McDonald, R.B., Mullett, K.M., Murray, C.K., Ryan, P.A., 2003. The sea
lamprey in Lake Erie: a case history. J. Great Lakes Res. 29 (Suppl. 1), 615–636.

Sullivan W.P., Burkett D.P., Boogaard M.A., Criger L.A., Freiburger C.E., Hubert T.D.,
Leistner K.G., Morrison B.J., Nowicki S.M., Robertson S.N.P., Rowlinson A.K.,
Scotland B.J., Sullivan, T.B., (This issue). Advances in the use of lampricides to
control sea lampreys in the Laurentian Great Lakes, 2000-2019. J. Great Lakes
Res. (this issue).

Treska, T.J., Ebener, M.P., Christie, G.C., Adams, J.V., Siefkes, M.J. (this issue). A case
study of setting threshold suppression targets for sea lamprey in the Great
Lakes. J. Great Lakes Res. (this issue).

Waldman, J.R., Grunwald, C., Roy, N.K., Wirgin, I.I., 2004. Mitochondrial DNA
analysis indicates sea lampreys are indigenous to Lake Ontario. Trans. Am. Fish.
Soc. 133, 950–960.

https://doi.org/10.1016/j.jglr.2021.04.002
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0015
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0015
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0015
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0020
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0020
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0020
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0025
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0025
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0025
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0030
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0030
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0035
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0035
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0035
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0070
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0070
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0070
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0075
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0075
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0075
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0080
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0080
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0080
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0090
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0090
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0095
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0095
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0100
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0100
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0100
https://doi.org/10.1038/srep28430
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0115
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0115
https://doi.org/10.1007/s12080-018-0405-0
https://doi.org/10.1007/s12080-018-0405-0
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0140
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0140
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0140
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0140
https://doi.org/10.1093/conphys/cox031
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0150
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0150
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0150
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0150
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0155
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0155
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0155
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0160
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0160
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0160
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0160
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0165
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0165
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0165
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0165
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0165
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0170
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0170
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0170
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0185
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0185
http://refhub.elsevier.com/S0380-1330(21)00086-1/h0185

	Understanding sea lamprey abundances in the Great Lakes prior to broad implementation of sea lamprey control
	Introduction
	Methods
	Data sources

	Adult sea lamprey population estimation
	Results
	Discussion
	Conclusion
	Declaration of Competing Interest
	Acknowledgments
	Appendix A Supplementary data
	References


