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Abstract  17 

Eradication has been achieved for many vertebrate pest control programs, primarily on small, 18 

isolated islands, but has never been considered a practical goal for invasive sea lampreys in the 19 

Laurentian Great Lakes. Our objective was to examine evidence relevant to the feasibility of 20 

setting eradication as a management goal for Great Lakes sea lampreys. Bomford and O'Brien 21 

(1995) listed six conditions for successful eradication of a vertebrate pest; here we examine 22 

evidence that these conditions are likely to be met for Great Lakes sea lampreys, with a focus on 23 

the first condition: that removal of the pest through control can exceed their rate of 24 

replenishment. We analyzed two data sets – one empirical and one synthetic – to estimate stock-25 

recruitment relationships and calculate the exploitation rate necessary for extinction. The 26 

empirical data set included the effect of existing lampricide control and suggested an exploitation 27 

rate of 59%, in addition to lampricide control, would be sufficient for eventual eradication. The 28 

synthetic data set, derived from a simulation of stream-level recruitment dynamics in the absence 29 

of lampricide control, suggested that an overall exploitation rate of 90% would be sufficient. We 30 

suggest that both of these targets could be achieved. Meeting the other conditions will depend on 31 

the scale of the eradication effort, and on development of an exploitation strategy, such as 32 

genetic biocontrol, that can target sea lampreys in presently invulnerable habitats. Overall, we 33 

concluded that eradication of sea lampreys from the Great Lakes should not be dismissed as a 34 

prospective goal.  35 
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Introduction 39 



Invasive species have been responsible for enormous economic and ecological consequences, 40 

on a global scale, and represent one of the greatest threats to future sustainability (Bellard et al., 41 

2016; Millenium Ecosystem Assessment, 2005). Interest in and progress with prevention of 42 

future invasions has greatly increased in recent decades (Simberloff et al. 2013, Ricciardi et al., 43 

2017) but for invasive species whose impacts have already been felt, the primary management 44 

objective is to reduce their abundance to levels where the damage they cause is tolerable. Most 45 

often this involves exactly that – suppression of abundance to reduce damage – but another 46 

option sometimes considered is eradication: complete removal of the pest species from its non-47 

native habitat.  48 

Eradication has been the goal of many vertebrate pest control efforts, particularly on New 49 

Zealand and Australian islands, and success rates for invasive rodent control on small islands has 50 

been very high (581 successes out of 650 documented attempts to eradicate Rattus sp.: Russell 51 

and Holmes 2015). However, small, uninhabited islands represent ideal circumstances for a pest 52 

eradication program, whereas eradication has proven much more challenging in most other 53 

situations (Glen et al. 2013). 54 

In the Laurentian Great Lakes, sea lampreys (Petromyzon marinus) have been the object of 55 

an active program of invasive species control since the late 1950s. Even prior to the signing of 56 

the Convention on Great Lakes Fisheries by Canada and the United States in 1954, creating the 57 

Great Lakes Fishery Commission, experts expressed conviction that control (i.e, suppression), 58 

not eradication, of sea lampreys should be the goal of any pest management program targeting 59 

this species. For example, Albert Day, Director of the Fish and Wildlife Service in 1951, stated, 60 

“I still do not know what it will cost to devise workable, practicable methods for controlling the 61 

sea lamprey.  Please note that I say ‘control’ because I do not honestly believe that we can 62 



eliminate the animal. I think the best that we can hope for is to reduce the numbers so that they 63 

will not constitute any serious handicap to the application of whatever other measures may be 64 

necessary to restore and maintain the fisheries of the Great Lakes” (U.S. Congress, House, 65 

1951). At this time, mechanical and electrical weirs were the only known means of control; 66 

consequently it is not surprising that this was the prevalent view among experts and decision 67 

makers.  68 

The successful introduction of lampricide control in the late 1950s greatly increased 69 

optimism about prospects for successful suppression of sea lampreys and motivated further 70 

debate about prospects for eradication of the pest. Nevertheless, during the 60 years since sea 71 

lamprey control efforts began, most decision makers, scientists, and stakeholders have continued 72 

to assume that eradication is likely not an achievable outcome. As a consequence the control 73 

program has focused its efforts on achieving target levels of population suppression that are 74 

presumed to be consistent with other fishery management objectives defined for each of the 75 

Great Lakes. For example, the 2017 Lake Ontario Fish Community Objectives (Stewart et al. 76 

2017, p.15) list as an objective: “suppress abundance of Sea Lamprey to levels that will not 77 

impede achievement of objectives for Lake Trout and other fish”.   78 

Sea lamprey populations are far less abundant than they were before control began (Heinrich 79 

et al. 2003), and populations of host species such as lake trout (Salvelinus namaycush) and lake 80 

whitefish (Coregonus clupeaformis) suffer much lower sea lamprey-induced mortality today than 81 

in the 1960s when sea lampreys were more abundant. On the other hand, at no time has a formal 82 

analysis been conducted to objectively evaluate whether eradication of sea lampreys in the Great 83 

Lakes would be possible, and if so under what circumstances.  84 



In this paper we consider this question, using knowledge accumulated since the previous Sea 85 

Lamprey International Symposium (II in 2000) on the population dynamics of Great Lakes sea 86 

lampreys.  Bomford and O’Brien (1995) proposed six criteria as necessary conditions for a 87 

successful eradication effort (Table 1). The first of these criteria is that it is possible to remove 88 

individuals from the population at a greater rate than they are replenished through reproduction. 89 

Our primary objective for this paper is to determine, using population dynamics data for sea 90 

lampreys, the rate of sea lamprey exploitation or removal that would meet this criterion.  91 

Additionally, we will discuss evidence that the other five criteria presented in Table 1 likely can 92 

be met for Great Lakes sea lamprey control, and on this basis offer some conclusions about the 93 

prospects for future eradication of this invasive species.  94 

 95 

Methods 96 

We investigated sea lamprey population dynamics by fitting data to the Ricker stock-97 

recruitment model: 98 

𝑅𝑅 =  𝛼𝛼𝛼𝛼𝑒𝑒−𝛽𝛽𝛽𝛽 ,       (1) 99 

where R is recruits, S is stock (spawning adults), and α and β are fitted parameters, accurately, if 100 

not precisely, describes the dynamics of sea lamprey reproduction (Ricker 1975). The Ricker 101 

model is widely used to describe stock-recruitment dynamics, particularly for anadromous, 102 

semelparous species, and was used by Dawson and Jones (2009) to describe stream-level 103 

recruitment dynamics for sea lampreys. From parameters estimated for the Ricker model, and 104 

assuming the units of R are the same as the units of S, it is possible to calculate the lowest 105 



exploitation rate1 that is unsustainable – that is, will eventually result in the population declining 106 

to zero, 107 

𝑢𝑢𝑒𝑒𝑒𝑒𝑒𝑒 = 1 − 1
𝛼𝛼
 .       (2) 108 

 109 

Empirical Model 110 

We analyzed two sets of data to obtain estimates of uext and its uncertainty. The first is an 111 

empirical data set of adult sea lamprey abundance estimates from 1994-2019 for all five Great 112 

Lakes (Great Lakes Fishery Commission, unpublished data, http://glfc.org/status.php). Estimates 113 

were not available for all years for all lakes (Table 2). We defined recruitment as the numbers of 114 

adults produced from an individual year of reproduction (brood year). Sea lampreys are 115 

semelparous, and have a variable age of metamorphosis from larva to juvenile parasite, which 116 

implies that the recruits from a given brood year will be spread across multiple spawning years. 117 

Normally the reconstruction of a brood table (recruits, by age, originating from individual brood 118 

years) would be informed by adult age composition data, but no validated age estimation method 119 

exists for sea lampreys (Dawson et al. 2009). As a consequence, we fitted the adult abundance 120 

data to the following model: 121 

𝐴𝐴𝑒𝑒 = ∑ 𝑅𝑅𝑒𝑒−𝑎𝑎 𝑝𝑝𝑎𝑎7
𝑎𝑎=5 ,      (3) 122 

where At is the abundance of returning adults in year t, Rt-a are recruits from three contributing 123 

brood years (t-a), calculated from equation 1, and pa is the proportion of recruits that mature at 124 

age a.  We assumed that all lampreys matured at age 5, 6, 7, or 8 (or arguably that a negligible 125 

proportion mature at other ages), and estimated α,β, uext. We estimated lake-specific β values and 126 

                                                      
1 For lamprey control the exploitation rate would be equivalent to the fraction of the sea lamprey population in a 
given lake that is removed by control actions prior to spawning. 
 



a single α value for all lakes. The pa were assumed known and derived from estimates of growth 127 

rates and length-based metamorphosis rates used for the synthetic model (see below). We used pa 128 

values calculated for Lake Michigan for comparison to the synthetic model, but evaluated 129 

sensitivity of our conclusions to an alternative maturation schedule based on Lake Superior 130 

growth data.  131 

The adult abundance data used for this analysis include the effect of lampricide treatment on 132 

recruitment. We were interested in the recruitment that would result from a range of adult 133 

abundances in the absence of lampricide treatments, so we needed to estimate the effect of 134 

treatment separately from the effect of adult abundance. To do this we used data on lampricide 135 

control effort (TFM – 3-trifluormethyl-4-nitrophenol – in kg of active ingredient used) in year t-2 136 

which corresponds to the year when adults returning in year t would be completing 137 

metamorphosis and entering the lake. We normalized the effort by dividing each year’s effort 138 

value for each lake by the mean level of effort over the entire time series for that lake. The 139 

overall model was: 140 

𝐴𝐴𝑒𝑒 = 𝛼𝛼∑ �𝛼𝛼𝑒𝑒−𝑎𝑎𝑒𝑒−𝛽𝛽𝛽𝛽𝑡𝑡−𝑎𝑎𝑝𝑝𝑎𝑎�𝑒𝑒𝛾𝛾𝑇𝑇𝑡𝑡−27
𝑎𝑎=5 ,   (4) 141 

 142 

where T is the treatment effort index and γ is the estimated effect of treatment on adult 143 

abundance. We assumed a log-normal residual error (Hilborn and Walters 1982), and used 144 

uninformative priors for all estimated parameters.  Parameters were estimated using WinBugs 145 

(Spiegelhalter et al. 2004) and the R2WinBugs package in R (Sturtz et al. 2005).  146 

 147 

Synthetic Model 148 



The second data set was generated from simulation output, using the Sea Lamprey 149 

Management Strategy Evaluation (SLaMSE) model (Jones et al. 2009). This model simulates sea 150 

lamprey population dynamics and management for each Great Lake. Sea lamprey recruitment is 151 

simulated at the spatial scale of individual spawning streams, and the annual production of 152 

juvenile sea lampreys from all streams tributary to a lake are combined into a single whole-lake 153 

population. Sea lampreys do not home (Bergstedt and Seelye 1995) so we assumed juvenile sea 154 

lampreys occupying a lake comprised a single panmictic population which distribute themselves 155 

among spawning streams when they mature. In the SLaMSE model, allocation of adults to 156 

streams is informed by relative stream size and the abundance of larval sea lampreys, the latter 157 

representing an assumed migratory pheromone effect (Jones et al. 2009). The SLaMSE model 158 

has been modified since 2009 – major changes from the Jones et al. (2009) version are detailed 159 

in Miehls et al. (This volume: Supplemental Materials). 160 

Recruitment in the SLaMSE model is informed by empirical evidence of stock-recruitment 161 

patterns from individual Great Lakes streams (Dawson and Jones 2009). These data describe the 162 

density-dependent relationship between the number of spawning adults and the abundance of age 163 

1 larval sea lampreys the following year in a single stream. For this analysis we needed to 164 

determine the emergent relationship between lake-scale stock and recruitment by aggregating the 165 

effects of stream-scale stock and recruitment. 166 

To accomplish this, we ran simulations of SLaMSE for a single Great Lake (Michigan) and 167 

recorded the total annual production of age 1 recruits in each year, summed across all streams. 168 

Then we created a brood table and calculated the subsequent abundance of age 2, 3, etc larvae, 169 

and the production of juveniles according to averaged empirical estimates of growth rates and the 170 

size-dependence of metamorphosis (see Jones et al 2009 for an explanation of how growth and 171 



metamorphosis are modeled in SLaMSE). We used data on larval growth rates and the length-172 

based probability metamorphosis for Lake Michigan to determine expected proportions of larvae 173 

transforming to parasites across larval ages ranging from 3 to 6. From the brood table we could 174 

calculate the total recruitment of adult sea lampreys from each brood year, by summing across 175 

the ages at which the recruits from each brood year would have matured (see Supplemental 176 

Materials – S1).  177 

The SLaMSE model explicitly includes lampricide control, so we were able to run 178 

simulations with no control, and thus avoid the confounding influence of control effort on 179 

recruitment. This is equivalent to assessing recruitment to the adult population in the absence of 180 

fishing for an exploited fish population. However, simulations with no control quickly result in 181 

large populations of sea lampreys with relatively little contrast among years or simulations 182 

(analogous to an unfished equilibrium state). To introduce contrast into adult abundance we 183 

repeated simulations with four levels of simulated trapping removals of adult sea lampreys (0%, 184 

50%, 80%, and 90%). Stock was recorded as adults after trapping; recruits were recorded as 185 

adults before trapping. These trapping removal levels were not intended to simulate currently 186 

realistic trapping-for-control scenarios, but rather to introduce contrast into adult abundances for 187 

our purpose of estimating a whole-lake stock-recruitment relationship informed by empirical 188 

evidence of a stream-level stock-recruitment relationship and the other demographic assumptions 189 

incorporated in the SLaMSE model. 190 

To generate the simulated whole-lake stock recruitment data we ran 10, 100-year simulations 191 

for each trapping level, and sampled brood years 85-90 for each simulation, which yielded 60 192 

stock-recruit pairs for each trapping level. Examination of larger numbers of simulations 193 

indicated the 10 simulations was sufficient to capture model-generated variability in the 194 



simulated stock-recruitment relationship (i.e., no appreciable increase in estimated process 195 

uncertainty with larger sample sizes). We fit the simulated data to a simple Ricker model 196 

(equation 1) using WinBugs in R and uninformative priors, and estimated α, β, and uext. 197 

 198 

Results  199 

Empirical Model 200 

Sea lamprey adult abundances varied widely across the time series for each lake (Figure 1), 201 

ranging from 5-fold variation for Lake Ontario to 20-fold variation for Lake Erie. The model to 202 

estimate stock-recruitment parameters from the empirical adult abundance data set converged 203 

successfully, using a Markov Chain Monte Carlo (MCMC) chain length of 30,000, a burn in of 204 

500 samples and a thinning rate of 10. Brooks-Gelman-Rubin statistic values for all estimated 205 

parameters were between 0.99 and 1.01, well within the range defined as acceptable by Gelman 206 

and Hill (2007). Estimated equilibrium population sizes (ln(α)/β) varied among lakes as 207 

expected, with median values ranging from 16,700 for Lake Erie to 263,200 for Lake Superior 208 

(Table 3, Figure 2). The estimated posterior median value of α (2.43) corresponded to a posterior 209 

median value of 0.588 for uext, implying an exploitation rate of 58.8% to achieve eradication. The 210 

estimated effect of lampricide treatment (ϒ, Table 3) was small (0.26), but the 95% credible 211 

intervals for this parameter did not overlap zero, implying a modest effect of treatment on adult 212 

abundance (i.e., a 23% reduction in recruitment for an average treatment relative to no 213 

treatment). When we used an alternative maturation schedule (pa), based on Lake Superior 214 

growth data, the resulting estimates of α, and uext were very similar (2.49 vs 2.43 for α, .599 vs 215 

.588 for uext). 216 

 217 



Synthetic Model 218 

The model to estimate stock-recruitment parameters for Lake Michigan from the synthetic 219 

data set generated from output from the SLaMSE model (Figure 3) also converged easily, with 220 

shorter chain lengths (1200), burn in (200), and no thinning. The estimate of α was about four 221 

times that of the empirical model (9.92 vs. 2.43, Table 3), while the estimate of β was much 222 

smaller (4.2 x 10-7) than the corresponding empirical model value for Lake Michigan (6.69 x 10-223 

6). These estimates suggest a much more productive (maximum recruits per adult) population 224 

with a much larger uncontrolled population size (5,491,000 vs. 132,800, Table 3).  The higher α 225 

estimate implies a much larger uext estimate (90% vs. 59%). 226 

 227 

Discussion 228 
 229 

Stock-recruitment analyses for the two models considered here yielded sharply contrasting 230 

results. Estimates of population productivity (α), equilibrium abundance in the absence of control 231 

(ln(α)/β), and the exploitation rate needed for eradication (uext) were all much lower for the 232 

empirical model – where the estimates were derived from adult abundance estimates for each of 233 

the Great Lakes. These data include the effect of ongoing lampricide control on adult abundance. 234 

We attempted to estimate this effect from data on lampricide effort but the estimate suggested a 235 

relatively modest effect (23% lower recruitment for an average level of lampricide effort relative 236 

to no effort). It is widely believed (e.g., Heinrich et al. 2003) that lampricide control has reduced 237 

the abundance of adult lampreys by far more than 23% relative to what would be expected in the 238 

absence of control, which would suggest these data underestimate the effect of treatment. We 239 

suspect this is due to a lack of contrast in the independent variable (treatment effort) that we used 240 

in our analysis – during the time periods for which we have data for each of the lakes the 241 



variation in treatment effort was modest relative to a possible range that would include little or 242 

no control effort.  243 

Our inability to accurately estimate a lampricide treatment effect for the empirical model 244 

implies that our estimates of productivity, equilibrium abundance, and uext reflect conditions for a 245 

sea lamprey population experiencing levels of lampricide control consistent with the recent 246 

history of control effort in each lake. The lower value for α compared to that for the second data 247 

set (2.56 vs. 9.92) reflects a reduction in observed productivity due to lampricide treatment of 248 

stream populations of roughly 74%.  The values for equilibrium abundance for each lake can be 249 

interpreted as estimates of the expected long-term average abundance of adult sea lampreys in 250 

each lake, given no change in the average level of lampricide effort (or in other factors affecting 251 

sea lamprey abundance such as barriers).  Finally, the estimate of uext (58.8%) is an indication of 252 

the amount of additional exploitation, beyond that resulting from current levels of lampricide 253 

effort, required to achieve a 50% chance of eradication (or 76% additional exploitation to 254 

achieve a 97.5% chance of eradication, Table 3). These findings compare favorably with those of 255 

Velez et al. (2008), who used a matrix population model informed by empirical sea lamprey 256 

abundance data to conclude that additional reductions in population fecundity (proportional to 257 

adult abundance) ranging from 72-88% across the Great Lakes would be needed to ensure 258 

persistent population declines. This could be accomplished by supplemental controls, or by a 259 

combination of supplemental controls and additional lampricide control. 260 

Our second stock-recruitment analysis (synthetic model) resulted in much higher estimates of 261 

all the parameters of interest for Lake Michigan (Table 3). The difference in results would likely 262 

be similar for other lakes, as the life history parameters used in the SLaMSE model are largely 263 

similar for all five Great Lakes. The data generated to inform this analysis do not include the 264 



effect of lampricide control because our SLaMSE simulations turned off this management 265 

option. The stock-recruitment dynamics that emerged represent the predicted consequence at the 266 

whole lake scale, of observed stream-level stock recruitment dynamics and plausible 267 

assumptions about sea lamprey growth, metamorphosis, and survival rates from age 1 to adult 268 

life stages. The estimated equilibrium abundance for Lake Michigan in the absence of control 269 

was 5.5 million adults. It is unlikely that sea lamprey populations would reach this level of 270 

abundance in the absence of lampricide control because this estimate did not allow for density-271 

dependent effects on growth, metamorphosis, or survival of juvenile sea lampreys at these high 272 

abundance levels. In all likelihood sea lamprey populations this large would experience density-273 

dependent effects at the juvenile stage due to the extremely large number of hosts needed to 274 

support this large a population. On the other hand, Heinrich et al. (2003) estimated pre-control 275 

abundances of sea lampreys of at least 1.3 million.  276 

For the synthetic model, the estimated exploitation rate required to achieve a 50% chance of 277 

eradication was 89.9% (or 90.3% to achieve a 97.5% chance of eradication, Table 3). In contrast 278 

to the previous analysis, this estimate represents an exploitation rate that includes the current 279 

level of sea lamprey control. In this regard, consider the difference between our estimate of the 280 

uncontrolled adult abundance estimate (5.5 million) and current adult abundance levels (on the 281 

order of 100,000) in Lake Michigan. This difference implies a 98.2% reduction in adult sea 282 

lamprey abundance in Lake Michigan, relative to what stream-level stock-recruitment dynamics 283 

suggest would be possible in the absence of control. This magnitude of reduction is well above 284 

our estimate of the exploitation rate required for eradication, prompting the following question: 285 

given this estimated magnitude of population reduction due to lampricide control, why haven’t 286 

we already achieved eradication of sea lampreys in Lake Michigan? Even if the pre-control 287 



abundance was only 1.3 million (Heinrich et al. 2003) the reduction to current levels is in excess 288 

of 92%. We offer a potential explanation for this in our discussion of Bomford and O’Brien’s 289 

third and fourth criteria (Table 1) for successful eradication below. 290 

These two stock-recruitment analyses yielded contrasting results, but the differences can be 291 

explained by differences in the data used to model the relationship, as discussed above. Our 292 

estimates of exploitation rates needed to eradicate sea lampreys, either in relation to existing 293 

control efforts (61-75%) or relative to no control (90%), do not seem unattainable. It is plausible 294 

that enhanced lampricide effort combined with supplemental controls could target over 60% of 295 

the sea lamprey population residual to existing control. As noted above, an overall level of 296 

suppression of 90%, inclusive of lampricide control at current levels, seems even more 297 

attainable. So a reasonable answer to the first criterion listed by Bomford and O’Brien (Table 1): 298 

“The rate of removal of the pest can exceed the rate of increase” is YES. What about the other 299 

criteria? 300 

The second criterion is that “immigration of the pest into the target area for eradication is 301 

prevented”. For Great Lakes sea lampreys the prospects for meeting this condition almost 302 

certainly depend on the scale of the eradication effort. Sea lampreys were first observed in Lake 303 

Erie in 1921 (Sullivan et al. 2003) and within at most two decades had established large 304 

populations in all five Great Lakes. This suggests that any eradication effort undertaken at a scale 305 

smaller than the entire Great Lakes basin is unlikely to meet this criterion.  306 

On the other hand, there is little evidence to suggest that there continues to be movement of 307 

sea lampreys between the Great Lakes and their native range in the northeastern U.S. Whether 308 

there is currently any immigration from outside the basin remains an important source of 309 

uncertainty, but it is reasonably likely that this criterion can be met if eradication efforts target 310 



the entire Great Lakes. Informative research about gene flow between Atlantic sea lamprey 311 

populations and the Great Lakes is currently ongoing (M. Docker, University of Manitoba, 312 

personal communication). 313 

The third (all reproductive animals at risk) and fourth (pest can be detected at low densities) 314 

criteria are related. Sea lamprey managers have long considered the detection of populations of 315 

larval sea lampreys that are not currently exposed to lampricide control as a priority research 316 

topic. Are there habitats, either within streams currently targeted with lampricides (e.g., 317 

upwelling areas where lampricide is not effective due to groundwater influences), or in regions 318 

not vulnerable to conventional control (e.g,. some lentic areas or the St. Clair River) that would 319 

continue to act as sources for sea lamprey recruitment even if all vulnerable habitats are 320 

effectively targeted. Such habitats would provide a refuge for sea lamprey reproduction as 321 

production from other habitats is suppressed, and our understanding of the contribution made by 322 

these areas to current populations of sea lampreys is very limited, because assessment of 323 

populations in these habitats is a challenge, although emerging techniques using genetic analysis 324 

methods such as eDNA or larval sea lamprey pheromone bioassays may improve assessment 325 

capabilities.  326 

The results from the synthetic model reported above also provide evidence that there is a 327 

component of the sea lamprey population in Lake Michigan that is not vulnerable to lampricide 328 

control. The results suggest that the exploitation rate necessary to achieve eradication is about 329 

90%, but the comparison of current adult abundance levels to those that would be expected in the 330 

absence of lampricide control suggests a much higher degree of suppression (about 98%), raising 331 

the question noted earlier of why eradication has not already been achieved. One explanation for 332 

this discrepancy might be that there is a component of the sea lamprey population that is not 333 



vulnerable to lampricide control and that this allows the population as a whole to persist despite 334 

removal rates that appear sufficient to achieve eradication. For example, larval populations have 335 

recently been identified in the St. Clair River upstream of Lake Erie that will prove costly or 336 

even impossible to effectively treat with lampricide because of their widespread, low density 337 

distribution. The implication of this is that eradication success will depend on our ability to find 338 

a control strategy that can effectively target the component of the population that is less 339 

vulnerable to lampricide. One possibility that is of growing interest to sea lamprey managers is 340 

genetic biocontrol (Thresher et al. 2019a). A genetic construct that, for example, distorted sex 341 

ratios, if introduced into a sea lamprey population would be expected to spread to all components 342 

of the population, given the panmictic nature of the sea lamprey population in individual lakes 343 

(Bergstedt and Seelye 1995).  344 

The fifth criterion reflects the practical notion that eradication, however feasible it might be, 345 

is only justified if the costs can be justified relative to the expected benefits – when compared to 346 

other decision options such as controlling the population to target levels of abundance. The 347 

existence of a sea lamprey control program that for the last few decades has been guided by the 348 

objective of “meeting targets” suggests that this benefit-cost comparison has at least implicitly 349 

favoured control over eradication. However, we are not aware of any formal analysis that has led 350 

to this conclusion. Certainly any serious effort to determine whether an eradication strategy is 351 

wise to pursue should include a careful examination of this criterion – eradication may be 352 

possible, but still not worth doing. Uncertainty about the costs of strategies aimed at eradication 353 

will need to be reduced before strong conclusions can be reached about cost-benefit trade-offs. 354 

As well, the answer to this question will depend on what decision makers assume the discount 355 

rate to be, because the greatest benefits of an eradication strategy will accrue many years into the 356 



future. Finally, if sea lamprey abundance falls to very low levels due to successful control, the 357 

marginal cost of further control effort (i.e., cost per sea lamprey killed) will increase, and the 358 

benefits of further reductions may be small, which may affect the socio-political will for 359 

eradication.  360 

Finally, the sixth criterion is that the socio-political environment would not be an impediment 361 

to implementation of the tactics necessary for eradication. Generally speaking the interested 362 

public has been highly supportive of sea lamprey control, despite the use of tactics (lampricides, 363 

barriers) that have the potential to raise socio-ecological concerns. If an eradication strategy were 364 

to be based on increased deployment of existing primary (lampricides, barriers) and 365 

supplemental (sterile male release, trapping, behavioural modification) control tactics it is 366 

reasonable to presume the socio-political license would be there. On the other hand, if the 367 

strategy requires deployment of new methods, such as genetic biocontrol techniques, the 368 

prospects for public support are less certain. Early evidence suggests that engaged Great Lakes 369 

fishery stakeholders are supportive of research and development of genetic biocontrols (Thresher 370 

et al. 2019b) but the degree to which the broader public would support such tactics is less clear, 371 

although there is emerging evidence for broader public support for the use of genetic biocontrols 372 

in agricultural systems (Jones et al. 2019). 373 

Our analysis suggests that eradication of sea lampreys should not be considered “an 374 

impossible dream”. This analysis presents the first empirically-based examination of the lake-375 

scale stock-recruitment dynamics for Great Lakes sea lampreys, an analysis which was not 376 

possible until empirical data on stream-level recruitment dynamics or adequate time-series of 377 

adult abundance became available. Our estimates of uext from both analyses imply exploitation 378 

levels for eradication that are plausibly achievable. An eradication strategy would only likely be 379 



effective if it targeted all five Great Lakes, and if a tactic can be deployed that is able to target 380 

currently invulnerable components of the population. If these criteria can be met, at a reasonable 381 

cost relative to the alternatives, and without undermining public support for sea lamprey control, 382 

eradication of sea lampreys should be a part of the discussion about the future of sea lamprey 383 

management in the Great Lakes.   384 
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Tables  454 
 455 
Table 1. Six criteria required for a successful pest eradication program (after Bomford and 456 

O’Brien 1995). 457 

1. The rate of removal of the pest can exceed the rate of increase. 458 

2. Immigration of the pest into the target area for eradication is prevented. 459 

3. All reproductive animals must be at risk. 460 

4. The pest can be detected at low densities. 461 

5. A discounted cost-benefit analysis favours eradication over control. 462 

6. There is a suitable socio-political environment. 463 

 464 

Table 2. Years for which adult abundance data were available for both the recruitment year (t) 465 

and the three brood years (t-5, t-6, t-7) that produced those recruits, for each of the Great Lakes. 466 

 467 

Lake Available years 

Superior 1994-1996, 2001-2019 

Michigan 2003-2019 

Huron 1994-1995, 2000-2019 

Erie 2006-2007, 2017-2019 

Ontario 1995-2019 

  468 



Table 3. Posterior median estimates and 95% credible intervals for parameters estimated for the 469 

empirical and synthetic models.  470 

Parameter Empirical model Synthetic model 

 Lake median 2.5% 97.5% median 2.5% 97.5% 

α  2.43 1.56 4.09 9.92 9.31 10.61 

N0
† Superior      263,850       141,020       1,810,775     

 Michigan      132,800          83,810       221,750  
        
5,491,000  

        
5,260,000  

        
5,770,000  

 Huron      261,850       168,920       508,080     

 Erie         16,780          8,880          58,510     

 Ontario         67,030          42,370          186,100     

ϒ*  0.261 0.001 0.520    

uext  0.588 0.339 0.762 0.899 0.893 0.906 
† Uncontrolled equilibrium adult abundance estimates (= ln(α)/β). 471 

* Estimate of the effect of lampricide treatment on adult abundance.  472 

  473 



Figure Captions 474 

 475 

Figure 1. Assessed abundances for adult sea lampreys in each of the Great Lakes between 1993 476 

and 2019. See Table 2 for the years included in these time series. 477 

 478 

Figure 2. The fitted stock recruitment relationships inferred from adult abundance data for each 479 

of the five Great Lakes. 480 

 481 

Figure 3. A sample of 240 stock-recruit pairs generated from the SLaMSE model for Lake 482 

Michigan, with lampricide control set to zero and four levels of lake-wide trapping exploitation 483 

rates.  484 

  485 



Figures as separate file(s) 486 
 487 
 488 



Figure 1. Assessed abundances for adult sea lampreys in each of the Great Lakes between 1993 and 2019. See Table 2 for the years included in these 
time series. 



Figure 2. The fitted stock recruitment relationships inferred from adult abundance data for each of the five Great Lakes.



Figure 3. A sample of 240 spawner-recruit pairs generated from the SLaMSE model for Lake Michigan, with lampricide 
control set to zero and four levels of lake-wide trapping exploitation rates. 
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