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ABSTRACT 

This report is a revision of the original Lake Erie Lake Trout Restoration Plan of 
1985. This revised plan comprises the history of lake trout (Salvelinus 
namaycush) rehabilitation efforts in Lake Erie, overview of current population, 
impediments to lake trout rehabilitation, new goals and objectives, and 
management strategies to achieve these new goals. The report also outlines 
assessment and research needs by jurisdiction as well as agency roles and 
responsibilities. The new goals recommend a combination of better sea lamprey 
(Petromyzon marinus) control, increased stocking of up to at least 200,000 
yearlings annually, and identification of potential lake trout spawning areas. Other 
management strategies include: expanding the number of stocking sites, rotating 
stocking areas, maintaining genetic diversity of stocked fish, and maintaining 
adult survival rates of at least 60%. Progress toward rehabilitation objectives 
should be monitored through annual surveys and assessment of primary spawning 
areas with a focus on whether the goal of detecting naturally produced recruits by 
2030 can be met. 

 

INTRODUCTION 

This report is an update and revision of the original Lake Erie Lake Trout Restoration Plan (Lake 
Trout Task Group 1985a). The original plan preceded the establishment of dreissenid mussels 
and other species that have been linked to major perturbations in the lake’s ecosystem. Some of 
the perturbations were documented in a 1993 revision of the original plan (Pare 1993), but this 
revision was never adopted. Twenty years of additional knowledge about lake trout (Salvelinus 
namaycush), including how the species functions in the lake’s fish community and the challenges 
of population rehabilitation, have been gained since the original plan was published. This 
experience and the retention of many of the goals and objectives in the original rehabilitation 
plan provided a framework for development of this report. This revised management plan will 
guide all future work toward rehabilitating a viable population of lake trout and, to be dynamic, 
will continue to change with advances in assessment technology, fisheries theory, and the 
understanding of the ecology of lake trout in Lake Erie.  

In March 2006, a revision of the original plan was proposed to the Lake Erie Committee (LEC) 
by the Lake Erie Coldwater Task Group (CWTG). The LEC comprises a representative of each 
agency with responsibilities for fishery management on the lake. The revised plan was approved 
by the LEC in 2008. Similar reports prepared for other water bodies, in particular the Lake 
Michigan Lake Trout Restoration Plan (Bronte et al. 2008) and an impediments document for 
Lake Michigan (Bronte et al. 2003), provided valuable resource material for this revised plan. 
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The process for producing this revised plan involved first a redefining of the goals and objectives 
of the original plan. Then, impediments to rehabilitation were identified and management 
strategies that addressed the impediments were formulated. Next, assessments that evaluate the 
effectiveness of the management strategies and measure progress toward the rehabilitation goals 
were identified. These assessments will provide critical feedback to guide future modifications of 
the management strategies as this revised plan is implemented. 

 

WHY RESTORE LAKE TROUT? 

Although Lake Erie is generally considered a cool-water lake dominated by a percid fish 
community, native cold-water fishes, such as lake trout and lake whitefish (Coregonus 
clupeaformis), once supported important commercial fisheries (Hartman 1972) and were an 
important component of the ecosystem. Lake trout was the dominant cold-water predator in the 
eastern basin and utilized many food resources (e.g., benthic and pelagic invertebrates and 
fishes). Because it is not dependent on any single prey source, the lake trout can provide an 
important stabilizing influence on the fish community (Bronte et al. 2008). For this reason, the 
LEC (Ryan et al. 2003) identified the rehabilitation of lake trout as a key step in the restoration 
of a balanced cold-water community in the eastern basin. 

Lake Erie is considered a popular destination for anglers seeking trophy-sized lake trout, despite 
their low abundance today. Individual hatchery-origin fish weighing over 20.0 lb are not 
uncommon. The current New York state record lake trout (41.5 lb) was caught in Lake Erie in 
2003. Species such as lake trout have an important, intrinsic heritage value associated with being 
native, and, therefore, they warrant efforts, such as those recommended here, for their 
reestablishment. For some anglers, catching a naturally reproduced wild fish is of greater value 
than catching a hatchery-reared fish (Krueger et al. 1995).  

Lake trout rehabilitation poses serious challenges because the species is long-lived (20+ years), 
matures at a late age (5-10 years), has narrow spawning requirements, and is, therefore, easily 
overfished (Bronte et al. 2008). Although these characteristics can make rehabilitation difficult, 
lake trout are an excellent indicator of overall ecosystem health (Ryder and Edwards 1985) and, 
if rehabilitated, should make the fish community more resilient to changes. As an ancillary 
benefit, the plight of lake trout and the quest for rehabilitation have brought a renewed public 
awareness for improved water quality and a reversal to the environmental degradation in all the 
Great Lakes (Kernen 1995). 
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PREVIOUS MANAGEMENT PLANS 

Lake trout rehabilitation efforts in Lake Erie have been guided since 1985 by A Strategic Plan 
for the Rehabilitation of Lake Trout in Eastern Lake Erie (Lake Trout Task Group 1985a). The 
original 1985 plan provided a review of the decline of the lake trout population in Lake Erie, 
including the causes (see also Cornelius et al. 1995). The original plan also provided a good 
starting point for the goals and objectives in this revised plan.  

The ultimate goal of the original plan was to: 

Restore a naturally reproducing lake trout population in the eastern basin of Lake 
Erie that will eventually yield an annual harvestable surplus. 

This goal was supported by three main objectives, or building blocks, that provide direction for 
management and research: 

• By 1991, limit total annual mortality of lake trout to 40% or less 
• By 2000, build an adult stock comprising about 75,000 individuals with females averaging 

7.5 years of age and producing 10,000 yearlings annually 
• By 2020, attain an annual harvestable surplus of 110,000 lb and an annual production of 

200,000 naturally reproduced yearlings 

These three objectives were measurable and allowed managers to determine progress toward 
achieving their goal. A rationale was provided for each of the three objectives and was  based on 
maximum allowable mortality estimates (Schneider et al. 1983), annual yields of lake trout in 
Lake Erie in the 1800s before the population declined (Barnes 1982), and a Ricker-type yield 
model developed for eastern Lake Erie by C. Schneider (Lake Trout Task Group 1985a). The 
proposed strategies to accomplish the objectives included an annual stocking goal of 200,000 
yearlings of suitable strains, maximizing recruitment of stocked fish, reducing annual mortality, 
and maximizing the reproductive potential of lake trout stocks through the identification of 
suitable spawning habitat. The original plan also addressed several issues/problems that needed 
to be considered to successfully achieve the objectives, including the potential lack of 
appropriate spawning habitat, inability to meet stocking needs, impaired homing of adults to 
suitable spawning sites, and excessive mortality due to pollution, sea lamprey (Petromyzon 
marinus) predation, and overfishing. Interestingly, all of these issues are as relevant today as 
they were at the time the original plan was written. Lastly, the original plan addressed the need 
for sufficient annual assessment to measure progress toward meeting the objectives and to guide 
management.  
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Much of the Pare (1993) plan, which was not adopted, was used to formulate this report. Pare 
(1993) consisted of a review of rehabilitation efforts and of available information as of 1992 and 
identified potential management and assessment strategies for facilitating achievement of 
rehabilitation goals. More importantly, Pare (1993) reaffirmed the continued commitment and 
cooperation of fishery agencies to lake trout rehabilitation in Lake Erie. At that time, lake trout 
were abundant, sea lamprey numbers were low, and rehabilitation seemed within reach. 
However, changes in the lake’s ecological processes were occurring, which necessitated a review 
and a reevaluation of strategies and assessment needs. Additionally, the objectives and sub-
objectives in Pare (1993) needed to be restated with revised dates for their achievement. Pare 
(1993) also provided an overview of the life history, infrastructure, and commitments needed to 
maintain lake trout stocks for successful rehabilitation.  

 

HISTORY OF REHABILITATION 

The lake trout was a major component of the fish community before colonization of the area by 
European settlers in the 1700s and was confined mostly to the eastern basin but was occasionally 
found in the central and western basins of the lake (Trautman 1981). Commercial exploitation 
began as early as the late-1700s, but populations did not start to decline until 1850-1900, when 
subjected to intense exploitation by a poorly regulated and expanding commercial fishery (Lake 
Trout Task Group 1985a; Cornelius et al. 1995). A directed fishery for lake trout continued into 
the 1930s, but catches thereafter were typically bycatch in the lake whitefish and cisco (C. 
artedi) (formerly lake herring) commercial fisheries. Habitat changes, mainly attributed to 
pollution-induced eutrophication, greatly increased in the 1930s (Hartman 1972) and, together 
with the invasion of exotic species such as sea lamprey, alewife (Alosa pseudoharengus), and 
rainbow smelt (Osmerus mordax) (Christie 1974), contributed to nearly eliminate lake trout by 
1950. Complete loss of the native lake trout was thought to have occurred around 1965 
(Cornelius et al. 1995). 

Modern lake trout rehabilitation efforts began in 1969 when 17,000 yearlings were stocked by 
the Pennsylvania Fish Commission (PFC), and this level of stocking continued in an ad hoc 
manner through 1982 (Cornelius et al. 1995). Beginning in 1982, the U.S. Fish and Wildlife 
Service (FWS), in partnership with the New York Department of Environmental Conservation 
and the PFC, committed to an annual production and stocking of at least 160,000 yearlings. 
Sampling programs were also established then to monitor progress. Recruitment of stocked 
juveniles was good, but their survival to adulthood was poor due to excessive sea lamprey 
predation.  
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Intensification of rehabilitation efforts under the original 1985 plan and adoption and 
implementation of the Lake Erie Sea Lamprey Management Plan (Lake Trout Task Group 
1985b) were very successful initially. Annual stockings of 200,000 yearling lake trout of several 
different lean strains and reductions in the abundance of sea lamprey resulted in the 
establishment of a large lake trout population. The adult lake trout population increased in New 
York’s waters from zero in 1985 to over 4.5 fish/gillnet lift (one lift = 152.4 m (500 ft) of 
variable mesh (38-152 mm (1.5-6.0 in))) in 1990 and spawned on nearshore reefs and in harbors 
(Culligan et al. 1995; Fitzsimons and Williston 2000). Also promising, sea lamprey marking 
rates declined from over 50.0 fresh marks per 100 lake trout in 1986 to 1.0 fresh mark per 100 
lake trout in 1989. These accomplishments, however, were short lived as stocking numbers were 
reduced from 200,000 yearlings in 1994 to 120,000 yearlings in 1996 due to concerns about a 
shortage of forage fishes (Einhouse et al. 1999), while, at the same time, sea lamprey control was 
relaxed (Sullivan et al. 2003). Adult lake trout numbers quickly began to decline while sea 
lamprey-induced mortality increased. By 2000, the abundance of adult lake trout was reduced to 
only 0.7 fish/lift (Coldwater Task Group 2001) and has since remained at comparatively low 
levels (Coldwater Task Group 2008). Also, sea lamprey abundance remained well above target 
numbers despite renewed control measures. 

 

OVERVIEW OF CURRENT POPULATION 

Stocking 

The goal of stocking 200,000 yearlings of various strains per year (Lake Trout Task Group 
1985a; Appendix), was within the production capacity of the Allegheny National Fish Hatchery 
(ANFH) and was generally met or exceeded from 1986 to 1994 (Fig. 1). The vast majority of the 
lake trout were stocked in New York’s and Pennsylvania’s waters; the first stocking in Ontario’s 
waters did not occur until 2006 and consisted of surplus lake trout from Ontario’s hatchery 
system. The rapid increase in the adult lake trout population in the early 1990s caused concerns 
about the predatory demand on rainbow smelt, a species important in the diet of walleyes 
(Sander vitreus) and the object of a commercial trawl fishery in Ontario’s waters. To protect 
smelt, stocking was held at 120,000 yearlings per year from 1996 to 2004. Following a large 
decline in adult lake trout abundance in 2004, the LEC increased the stocking target to 160,000 
yearlings per year, where it now remains. However, the number of fish stocked fell short of goals 
during 2004-2006 due to diseases and power failures at the ANFH. Currently, the hatchery 
remains closed for renovations, and the White River and Pittsford National Fish Hatcheries in 
Vermont are attempting to fill the gap. The future of the ANFH remains uncertain. Restoring 
production at this facility and a continued commitment of the FWS to rear and stock lake trout is 
essential for rehabilitation. 
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Fig. 1. Yearling lake trout stocked by strain in eastern basin waters of Lake Erie, 1980-2007. Stocking 
targets are shown by horizontal lines. 

 

 

 

Sea Lamprey Marking Rates 

Before sea lamprey control began in Lake Erie in 1986, the occurrence of A1-A3  sea lamprey 
marks (King and Edsall 1979) on lake trout averaged over 25.0 per 100 fish (>533-mm total 
length) and was as high as 63.0 per 100 fish in 1983 (Cornelius et at. 1995) (Fig. 2). At that time, 
sea lamprey attacked lake trout within two years of their being stocked, and age-5+ lake trout 
were virtually absent from gillnet assessments (Sullivan et al. 2003; Cornelius et al. 1995). 
Following the initial treatments in 1986-1987 of tributaries having high densities of sea lamprey 
larvae, sea lamprey marking rates rapidly declined to 1.0 per 100 fish in 1989. Marking rates 
remained low during 1989-1995, averaging 3.6 per 100 fish, and were meeting the original 
plan’s objective of <5.0 per 100 fish. However, a reduction in sea lamprey treatments began in 
1996, coinciding with the Great Lakes Fishery Commission’s (GLFC) vision of reduced 
lampricide use and of a shift toward alternative control measures (Sullivan et al. 2003). Sea 
lamprey marking rates quickly increased to levels observed during the pre-treatment period, 
reaching 22.7 per 100 fish in 1998. Marking rates declined somewhat thereafter, but they remain 
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well above the target rate. Sea lampreys selectively feed on the largest >736-mm total length lake 
trout (Schneider et al. 1996) but also feed extensively on those 635–736 mm in total length 
(Einhouse et al. 2007). During the past five years, lake trout longer than 736 mm had an average 
marking rate of 19.8 per 100 fish, and those in the 635–736-mm length class had a rate of 11.4 
per 100 fish. 

 

Fig. 2. Number of A1-A3 sea lamprey marks per 100 adult lake trout >533-mm total length sampled in 
assessment gillnets in the eastern basin of Lake Erie, August-September 1980-2007. The target rate is 5 
marks per 100 fish >533-mm total length. 
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Abundance 

In New York’s waters, lake trout abundance, as measured in August gillnet surveys, increased 
rapidly following the initial treatments of sea lamprey-infested streams in 1986 and 1987 (Fig. 
3). Abundance in New York assessments peaked in 1990 and declined thereafter, possibly due to 
increased water transparency, which may have affected the distribution of lake trout (Cornelius 
et al. 1995). Poorer survival of younger fish may also have been a contributing factor. 

Abundance is substantially lower in Pennsylvania’s and Ontario’s waters than in New York’s 
waters (Fig. 3) due to a lack of stocking in Ontario’s waters and movement of lake trout away 
from stocking locations in Pennsylvania’s waters. Lake trout abundance has been increasing in 
New York’s waters since reaching a low in 2000 and appears to be comparable to the high levels 
seen in the early 1990s. Increases have also been observed in Pennsylvania’s waters, but not in 
Ontario’s waters. The mean abundance over the whole basin, weighted by jurisdictional area, has 
been generally increasing since 1998. 

 

Fig. 3. Mean catch per effort (CPE) (number fish/lift) by jurisdiction and all jurisdictions combined 
(weighted by area) for lake trout (all ages) caught in assessment gillnets in the eastern basin of Lake Erie, 
1985–2007. One lift is equal to 152.4 m of variable-mesh gillnet set overnight. 
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The adult population of lake trout, the fraction of the assessment-gillnet catch age 5+, generally 
increased from 1992 to 1997 in the eastern basin (Fig. 4). A significant (P < 0.05) decrease in 
abundance occurred in 1998 and was associated with increased numbers that spring of spawning 
sea lampreys, which would have killed lake trout in the preceding summer and fall, and with 
poorer survival of juvenile lake trout that began in the early 1990s. By 2002, adult abundance, 
and, hence, reproductive potential was at its lowest point in the time series. Adult abundance has 
improved modestly since 2002 and was closely linked to the recruitment of age-5 fish to the 
gillnets (Einhouse et al. 2007). Currently, the adult lake trout population comprises mainly age 6 
and younger trout, while the abundance of age 7 and older trout has failed to increase from 2002 
to 2007 (Coldwater Task Group 2008). 

 

Fig. 4. Mean relative abundance weighted by jurisdictional area of age 5 and older lake trout sampled in 
assessment gillnets fished in the eastern basin of Lake Erie, August 1992-2007. One lift is equal to 152.4 
m of variable-mesh gillnet set overnight. 
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The catch per effort (CPE) of mature female lake trout >4,500 g (CPEmf) increased slowly from 
1992 to 1997 but, by 2002, had declined to about one-sixth of the peak value (Fig. 5). This 
metric reflects the abundance of repeat-spawning females, which are age 6 and older. However, 
no target value for Lake Erie has yet been determined nor will it be until natural reproduction has 
been detected. CPEmf values increased after 2002 and remain near the long-term average (Fig. 5). 

 

Fig. 5. Mean relative abundance weighted by jurisdictional area of mature female lake trout >4,500 g 
captured in assessment gillnets fished in the eastern basin of Lake Erie, August 1992–2007. One lift is 
equal to 152.4 m of variable-mesh gillnet set overnight. 
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Recruitment 

An index of survival for age-2 lake trout (gillnet CPE at age 2 per 100,000 yearlings stocked) 
declined from 1992 (when first started) to 1998 and increased erratically from 1999 to 2006 (Fig. 
6). Some of the erraticness, especially the peaks in 2003 and 2006, may be explained by 
differences in condition of stocked fish, stocking methods, size of stocked fish, and strain of trout 
stocked. Of interest, the 2006 survival index comprised only the Klondike strain, a deepwater 
variety from Lake Superior, and was the highest in the series. The 2007 index, however, was the 
lowest value since 1998 (Coldwater Task Group 2008). The missing fish, stocked in 2006 in 
Ontario’s waters, were all of the Slate Island strain.  

 

Fig. 6. Index of survival for age-2 lake trout caught in assessment gillnets in the eastern basin of Lake 
Erie, August 1992-2007. The index is the ratio of the catch of age-2 lake trout per lift divided by the 
number of fish of that cohort stocked in 100,000s. 
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Growth and Condition 

Mean length-at-age and mean weight-at-age of lean strains of lake trout have remained 
unchanged over the past ten years (Coldwater Task Group 2008). Lake trout average over 700 
mm (27.5 in.) in length and 4,300 g (9.48 lb) in weight by age 5 (Fig. 7). Growth slows down 
considerably thereafter as both males and females reach maturity. Klondike-strain lake trout, a 
deepwater variety, were significantly smaller at ages 3 and 4 (two sample t-test; P < 0.01) than 
lean strains. 

Condition coefficients, K (Everhart and Youngs 1981), for age-5 male and female lake trout have 
remained above 1.0 for the time series (1986-2007), indicating that these fish have been heavy 
for their length (Fig. 8). Condition coefficients appeared to respond to decreases in stocking 
rates, and the ensuing reduced adult condition for both sexes was slightly lower in 1986-1994 
than in 1995-2004.  

Maturity 

A mean-age target of 7.5 years for mature females was part of the original rehabilitation plan of 
1985 and was derived from an analysis by Schneider et al. (1983) for Lake Ontario, based on the 
principle that for females the average age in the catch should be approximately two years more 
than the mean age at onset of sexual maturity. Although the mean age at onset of maturity for 
female lake trout was 4.5 in Lake Erie versus 5.5 in Lake Ontario, the original plan for Lake Erie 
adopted the Lake Ontario target of 7.5 years, based on the expectation that the mean age would 
increase as the population grew (Lake Trout Task Group 1985a). The mean age of mature female 
lake trout in the assessment catch increased steadily from 4.0 years in 1985 to 5.1 years in 1993, 
but then plateaued and remained nearly constant at just over 6.0 years through 1996 (Fig. 9). In 
the next two years, mean age of mature females increased to above the plan target of 7.5 years, 
where it remained until 2001. By 2003, mean age had declined to 6.0 and since then has changed 
little, reflecting the prevalence of the younger age-classes that currently dominate the population.  
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Fig. 7. Mean length-at-age (a) and weight-at-age (b) of lean-strain and Klondike-strain lake trout collected 
in gillnets from New York’s waters of Lake Erie. The lean strains were collected in August 1998-2007 
and the Klondike strain in August 2004-2007. 
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Fig. 8. Mean coefficients of condition (K) for age-5 male (filled diamonds) and female (open circles) lake 
trout collected in gillnet assessments in New York’s waters of the eastern basin of Lake Erie, August 
1986–2007.  
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Fig. 9. Mean age of mature female lake trout sampled in assessment-gillnet surveys in the eastern basin of 
Lake Erie, 1985-2007. The target mean age is 7.5 years. 

 
 

Survival 

Based on a cohort analysis using a three-year running average of CPE for ages 4-10, mean adult 
survival was highest for the Lake Ontario strain (0.81) and lowest for the Lewis Lake strain 
(0.59) (Table 1). Survival rates for the Lake Erie strain were also high (0.79), but this estimate 
was based on only two year-classes with relatively low returns. The Finger Lakes and Superior 
strains, the most-heavily stocked, had overall mean survival estimates of 0.74 and 0.62, 
respectively. Survival estimates for the 1983-1985 year-classes were lower than those of 
subsequent year-classes, because they did not benefit until 1987 from the lower numbers of sea 
lampreys resulting from treatments in 1986-1987. Mean overall survival estimates for all strains 
met the original rehabilitation plan’s target of 60% or higher, except for the Lewis Lake strain, 
which was just under the target. 
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Table 1. Cohort analysis estimates (three-year running averages of CPE for ages 4–10) of annual survival 
by strain and year-class for lake trout caught in assessment nets in New York’s waters of Lake Erie, 
1985–2007. Asterisk (*) indicates exceptions: Finger Lakes 1997—simple averages ages 4-7; Superior 
1997 and 1998—simple averages ages 5-8; Superior 1999—simple averages ages 4-8. Bold type indicates 
survival estimates that fall below the 0.60 target. 

Year Class Lake Erie Lake Ontario Lewis Lake Superior Finger Lakes 
1983    0.687  
1984    0.619 0.502 

1985    0.543 0.594 

1986    0.678  
1987    0.712 0.928 
1988  0.784  0.726 0.818 
1989  0.852  0.914 0.945 
1990  0.840  0.789 0.634 
1991  0.763 0.616   
1992 0.719  0.568   
1993 0.857    0.850 
1994      
1995      
1996     0.780 

1997*    0.419 0.617 
1998*    0.402  
1999*    0.287  
Mean 0.788 0.810 0.592 0.616 0.741 

 

Recent estimates indicate that survival has declined well below target levels. Survival of the 
1997-1999 year-classes of Lake Superior-strain lake trout ranged from 0.29-0.42 (Table 1). Also, 
survival of the 1997 year-class of the Finger Lake strain was the lowest seen for that strain (0.62) 
since the benefits of sea lamprey control were realized. 
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Strain Performance 

Of the nine lake trout strains employed in Lake Erie (see Appendix for strain descriptions), the 
Lake Superior and Finger Lakes strains dominated stocking (Fig. 1). The Lake Superior strain, 
widely stocked in the 1980s and from 1997-2002, produced good returns as juveniles but not as 
adults. Conversely, the commonly stocked Finger Lakes strain produced poor returns as juveniles 
but good returns as adults. The current population consists mainly of the Finger Lakes and 
Klondike strains. Klondikes have been stocked in only small amounts in 2004, 2005, and 2007, 
but they have become one of the most-dominant strains in assessments (Coldwater Task Group 
2008). Superior-strain lake trout have almost disappeared from assessments, presumably due to 
high mortality from sea lampreys. Lewis Lake, Lake Ontario, Lake Erie, Slate Island, and 
Traverse Island comprise minor portions of the assessment catch due to low stocking densities 
and/or poor survival. The Finger Lakes strain continues to provide the most-consistent returns, 
especially at older ages. Most of the adult population consisted of pure Finger Lakes or Finger 
Lakes x Lake Ontario crosses. 

Harvest 

Direct-contact-based estimates of lake trout sport harvest in New York’s waters were high in the 
late 1980s through early 1990s and coincided with higher levels of fishing effort and more-robust 
populations of lake trout (Fig. 10). Harvest began to decline in 1994 and has remained below 500 
fish per year since 1997. The fishery currently targets trophy-size lake trout exceeding 20 lbs, 
and many anglers practice catch and release. 
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Fig. 10. Creel survey estimates of annual lake trout harvest from New York’s waters of Lake Erie, 1988–
2007. 

 

 

 

Natural Reproduction 

Recruitment of naturally produced lake trout has not been detected in Lake Erie. Spawning has 
been documented with egg collection nets at several nearshore locations, and some of these eggs 
had reached the eyed stage of development at the time the nets were retrieved (Fitzsimons and 
Williston 2000). Egg densities (11-63 eggs•m-2) were similar to those in Lake Michigan (0.4-155 
eggs•m-2) and in Lake Ontario (6-109 eggs•m-2), where natural recruitment, albeit low, has been 
observed consistently, but much less than in Parry Sound, Lake Huron (39-1,027 eggs•m-2), 
where the population is self-sustaining (Fitzsimons 1995; Fitzsimons et al. 2003; Jonas et al. 
2005; Marsden et al. 2005). Survival of Lake Erie eggs collected in egg nets (25-56%) was 
similar to that reported for Lake Ontario (21-82%) using the same gear (Fitzsimons 1995). Eggs 
from females collected by trapnetting in New York’s waters at Barcelona Harbor have been 
raised at the ANFH. The occurrence of early mortality syndrome (EMS) associated with 
thiamine deficiency (Fitzsimons et al. 1999), although detected in the progeny of Lake Erie lake 
trout, occurs at very low levels (Fisher et al. 1996). The low levels probably reflect the lower 
thiaminase activity in smelt, the major prey of lake trout in Lake Erie, relative to alewife, a 
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species with high thiaminase activity (Fitzsimons and Brown 1998). Otolith microchemistry of 
putative wild lake trout (non-tagged and non-clipped) indicated that some age-1+ fish from the 
lake were naturally reproduced (Ludsin et al. 2004). Although the presence of naturally produced 
fish shows that natural recruitment is possible, the numbers of such fish are inconsequential to 
the population. 

 

IMPEDIMENTS TO LAKE TROUT REHABILITATION 

Because the goals and objectives in the original plan of 1985 were not achieved, a reexamination 
of the factors potentially affecting natural reproduction and recruitment is warranted. 
Impediments to lake trout rehabilitation identified for Lake Michigan (Bronte et al. 2003), the 
guide for rehabilitation in Lake Michigan (Bronte et al. 2008), and the Lake Ontario Lake Trout 
Restoration Plan (J. Lantry, personal communication, 2007) were considered, along with other 
variables in this evaluation. 

Impediment 1: Insufficient Spawner Biomass 

Numbers Stocked Too Low—The total number of lake trout stocked has decreased since 
rehabilitation efforts began in 1978, and the current stocking objective (160,000 yearlings per 
year) is insufficient to build the adult population. Stocking numbers need to be high enough to 
allow lake trout to repopulate all suitable habitats, overcome biological and environmental 
impediments, and compensate for the behavioral and reproductive inefficiencies of stocked fish. 
Stocking rates should be increased to 200,000 yearlings per year or higher to increase spawning-
stock biomass and egg deposition. 

Sea Lamprey-Induced Mortality Too High—The high level of sea lamprey control in the late 
1980s, combined with a high stocking rate, quickly increased the adult lake trout population. 
Conversely, the population decreased with reductions in both stocking rates and sea lamprey 
control. Consequently, lake trout rehabilitation will not be possible without a reduction in sea 
lamprey predation (<5 A1-A3 marks/100 fish). Treatments of the major sea lamprey-producing 
streams must be made consistently to minimize predation on lake trout. 

Minimize Fishing/Bycatch Mortality—The lake trout sport-fishing regulations are already 
conservative so as to minimize losses to the spawning population. Directed commercial fishing is 
not allowed, but losses due to commercial bycatch are largely unknown. Management agencies 
must establish and maintain regulations that keep overall sport harvest and commercial bycatch 
to levels compatible with rehabilitation goals.  
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Impediment 2: Stocking Limitations 

Stocking Locations Too Few—The vast majority of lake trout stocking has occurred in New 
York’s waters, off the ports of Dunkirk and Barcelona, while too few have been stocked in 
Pennsylvania’s waters. Aside from a stocking of fish deemed surplus in 2006, no lake trout have 
been stocked in Ontario’s waters. Despite the relatively small area of cold-water habitat in Lake 
Erie (compared to the other Great Lakes), summer assessments have shown that lake trout have 
not dispersed from stocking sites to other suitable areas in the eastern basin of the lake. 
Historical accounts of commercial fishing indicate that lake trout could be found throughout the 
lake during other times of the year (Cox 1992), indicating that areas outside of the eastern basin 
may have been important for reproduction. Stocking should occur throughout the eastern basin 
and possibly in the central and western basins, wherever spawning habitat is abundant, to 
increase the likelihood of natural reproduction.  

Strain Diversity Inadequate—Until recently, management agencies stocked lean (shallow- 
spawning) forms of lake trout due to their availability in the U.S. hatcheries. We believe that this 
choice resulted in less genetic diversity than that which occurred historically (Krueger and Ihssen 
1995) and may have inhibited the potential for reestablishment. The addition of the Klondike 
(deepwater) strain in 2004 has increased the genetic diversity of the population and increased the 
potential for colonization of deepwater habitats. Other available lake trout strains and forms, 
such as siscowets (Salvelinus namaycush siscowet), should be considered in the future to 
maintain high genetic diversity until rehabilitation is complete. 

Hatchery Production Inadequate—Stocked lake trout have come almost entirely from the 
ANFH. This facility, on average, produced 200,000 yearlings per year from the 1980s through 
1994 and produced lesser numbers thereafter as the stocking target decreased. Recently, 
however, this hatchery experienced serious water-quality and disease problems that reduced its 
capabilities and raised questions about its long-term capability to produce adequate numbers of 
quality lake trout. The ANFH is currently being upgraded to address some of these issues, but the 
facility is not scheduled to restart production until 2011, at the earliest. Therefore, a contribution 
of lake trout from hatcheries in Ontario for stocking Ontario’s waters is much needed at this 
time. 

Natal Homing Impaired—Stocking fingerling or yearling lake trout may not allow for adequate 
imprinting to natal habitat. In addition, hatchery-reared lake trout may exhibit maladaptive 
behavior resulting in lower survival, as compared with wild fish. Stocking eyed eggs may be a 
viable alternative that addresses both issues (Bronte et al. 2002). 
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Poor Spawning Success—Krueger et al. (1986) found that hatchery-stocked lake trout failed to 
colonize nearshore spawning reefs in Lake Superior where native lake trout were absent or 
scarce, despite the availability of suitable spawning habitat. These authors concluded that 
differences in spawning behavior and reproductive success between wild and hatchery-origin 
adults were probably important determinants that influenced reef colonization. However, 
hatchery lake trout have successfully reproduced in Lakes Ontario (Elrod et al. 1993) and Huron 
(Reid et al. 2001; Desorcie and Bowen 2003) where population densities were high and 
spawning habitat was abundant. In Lake Erie, spawning habitat is patchy (as it is in Lake 
Superior), so the abundance of adults will need to be high to improve their chances of locating 
and using it.  

Impediment 3: Invasive Species 

Invasive Species Predation—Predation by non-native species (smelt and round gobies 
(Neogobius melanostomus)) on lake trout eggs and fry reduces potential recruitment; hence, 
stocking should be concentrated to achieve densities of adults and eggs that can overcome these 
mortality bottlenecks. 

Lack of Predation on Fry and Egg Predators—Lake trout need to become the dominant 
predator in the cold-water fish community. This event will allow for suppression of native and, 
more importantly, non-native egg and fry predators, and thereby decrease predatory losses. Such 
dominance is important, especially in those regions where spawning habitat is less available. 

EMS/Rehabilitation of Cisco—EMS is not thought to be a major impediment to lake trout 
rehabilitation. It occurs when lake trout eggs are deficient in thiamine and causes direct mortality 
just prior to and during emergence and indirect mortality thereafter, due to reduced growth and 
impaired foraging and predator avoidance. The presence of thiaminase, an enzyme that destroys 
thiamine and that is found in smelt and alewife, has been linked to EMS (Honeyfield et al. 2005). 
Because the alewife is not a major portion of the lake trout diet in Lake Erie (Coldwater Task 
Group 2007) and smelt (which are a major diet item) have approximately one half the thiaminase 
activity of alewife (Tillitt et al. 2005), EMS is not thought to be an issue. Rehabilitation of cisco, 
a native cold-water prey fish in Lake Erie that is thiaminase free, would alleviate any remaining 
EMS concerns and also increase the asymptotic size of lake trout and fecundity (Lake Huron 
Technical Committee 2005). Rehabilitation of cisco would also provide an alternate forage for 
other top predators and help to stabilize the cold-water prey community. 
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Impediment 4: Habitat 

Identification of Spawning Areas—Most of the stocking has, thus far, centered on Brocton 
Shoal, located just west of Dunkirk, NY, which is the one known historical lake trout spawning 
site in Lake Erie. However, other potential sites, especially along the north shore, have been 
identified but not fully explored. Identification of the most-suitable spawning areas should be 
based on substrate, slope, depth, and current, and stocking should be focused on or near these 
sites to take advantage of a weak tendency of adult lake trout to return to the general area where 
they were stocked (Elrod et al. 1996). 

Degradation of Spawning Habitat—Vast changes in the ecosystem have occurred since lake 
trout reproduced naturally in Lake Erie. Dreissenid mussels now cover almost all hard substrates, 
possibly causing the loss of the interstitial spaces, which lake trout eggs require for protection, as 
well as the accumulation of sediments and mussel pseudofeces, which may reduce egg survival, 
too.  

 

NEW GOALS AND OBJECTIVES 

Purpose 

The goal for the eastern basin of Lake Erie is a balanced cold-water fish community with lake 
trout as the dominant predator (Ryan et al. 2003). Lake trout, once rehabilitated and having 
resumed its role as the dominant native predator, may provide the ecosystem stability required 
for recovery of native coregonines, burbot (Lota lota), and sculpins (Cottidae). To accomplish 
these ends, this revised plan is formulated around an ultimate and interim goal. These goals are 
broad, qualitative statements of the expected accomplishments from this revised plan, if it is 
implemented. Programmatic building blocks for accomplishments are provided in the form of 
specific objectives designed to achieve the goal. They are quantified in some cases and are 
necessary for establishing operational approaches and for measuring progress. Because the 
objectives are progressive, preceding objectives must be met and maintained before subsequent 
objectives can be accomplished.  

Ultimate Goal 

Reestablish a genetically diverse, self-sustaining lake trout population in the eastern basin that 
provides ecological dominance within the cold-water community and produces a harvestable 
surplus. 
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Interim Goal 

As a demonstration of feasibility, by 2030, establish a lake trout population in the eastern basin 
that produces yearling offspring at a measurable level. 

Objective 1: Increase Overall Lake Trout Abundance 

Measureables 

By 2020, achieve in all jurisdictions an average target CPE of 8 fish (all age groups combined) 
per 152.4 m of graded-mesh (38-152 mm) gillnet set overnight in summer. This is the minimum 
abundance recommended by Selgeby et al. (1995) for successful natural reproduction in the 
Great Lakes and equals values in New York’s waters of Lake Erie in the early 1990s when egg 
deposition was detected. More recently, Jonas et al. (2005) and J. Fitzsimons (personal 
communication, 2008) suggest that much higher population densities may be needed due to high 
levels of interstitial egg predation, particularly by round gobies. Current CPE values range from 
about 1 fish per lift in Ontario’s waters to 5 fish per lift in New York’s waters. 

Objective 2: Maintain Adult Spawning-Stock Abundance  

Measureables 

By 2024, achieve an abundance of adults (age 5+) that is equal to 25% (2 fish/lift) of the total 
CPE defined in Objective 1. The adult population should be at least 25% female of a size >4,500 
g and comprise at least 10 year-classes. This target CPE is based on the maximum adult CPE 
values in New York’s waters of Lake Erie during the 1990s. CPEs of spawning lake trout on 
reefs should be much higher, as adult fish are then aggregated. 

Objective 3: Maximize Reproductive Potential 

Measureables 

By 2024, detect minimum egg densities of 25-500 eggs•m-2 in at least four different suitable 
spawning locations and of 1,000 eggs•m-2 in at least two high-quality locations. Alhough these 
deposition rates are comparable to those in Lakes Ontario, Michigan, and Huron (Fitzsimons 
1995; Marsden et al. 2005), factors other than egg density will be needed to predict successful 
production of older offspring (Jonas et al. 2005; Marsden et al. 2005; J. Fitzsimons, personal 
communication, 2008). Jonas et al. (2005) suggested that egg densities exceeding 190 
eggs•predator•m-2 one month post spawning will likely result in emergent fry. Based upon these 
observations, adjustments to this objective may be needed as the levels of lake trout abundance 
and egg predation change at spawning locations. 
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Objective 4: Demonstrate that Natural Recruitment Is Possible 

Measureables 

By 2030 and thereafter, achieve and maintain a consistent, measurable contribution of naturally 
produced age-1 lake trout. 

 

MANAGEMENT STRATEGIES 

Strategy 1 

Increase stocking rates to at least 200,000 yearlings per year. 

Rationale 

Increase annual production at the ANFH or at substitute hatcheries so as to supply at least 
200,000 yearlings per year beginning in 2010. Additional lake trout may be supplied from 
Ontario’s hatcheries. The lake trout population in Lake Erie was built initially through high 
stocking rates and suppression of the sea lamprey population. Population projections made using 
the Lake Erie Lake Trout Population Model indicate that stocking 200,000 yearlings per year is 
necessary to provide for an increased population under moderate levels of sea lamprey predation. 
This minimum level of stocking should be sustained until the interim goal is reached or until 
biological signals such as worrisome declines in growth or condition of lake trout or of other top 
predators indicate that predatory demand exceeds the supply of forage. 

Strategy 2 

Maintain sea lamprey populations at levels that result in no more than 5 A1-A3 marks per 100 
lake trout >532 mm in length, and, in no case, should the sea lamprey population exceed 4,000 
adults. 

Rationale  

The adult lake trout population immediately benefited from initial sea lamprey treatments in 
1986 and 1987, and subsequent population growth continued as sea lamprey marking rates 
remained below the proposed target (<5 A1-A3 marks per 100 fish), and the sea lamprey 
population remained below 4,000 adults. However, changes can occur quickly in Lake Erie due 
to the relatively small area that lake trout inhabit in the eastern basin during the warmer summer 
months, making lake trout highly vulnerable to sea lamprey attacks. An increase from 3,000 to 
15,000 adult sea lampreys over 1995 to 1998 caused the CPE of adult lake trout to decline from 
4.1 in 1997 to 0.7 fish/lift in 2000. A large adult lake trout population will tolerate increases in 
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sea lamprey abundance for one or two years, but longer increases, such as those that occurred in 
the mid-1990s, will quickly set back lake trout abundance. The lapse in sea lamprey control 
during 1996-1998 set back rehabilitation more than a decade. Population projections made using 
the Lake Erie Lake Trout Population Model indicate that moderate lamprey control (current 
level) and stocking rates of less than 200,000 per year will do little more than keep the adult lake 
trout population at its current level (Coldwater Task Group 2006). Control efforts need to be 
intensified to reduce sea lamprey numbers to at or below target levels. Treatment of all sea 
lamprey-producing streams for two consecutive years may be necessary to bring marking rates 
back down to the levels of the early 1990s. 

Strategy 3 

Identify potential lake trout spawning habitats. 

Rationale 

Known spawning areas, some of which may be unsuitable, include Brocton Shoal (Edsall et al. 
1992), Van Buren Shoal (Thibodeau and Kelso 1990), Bournes Beach, and Chautauqua Creek 
(Fitzsimons and Williston 2000), and all are located in New York’s waters. Aside from Brocton 
Shoal, the other spawning areas are located in shallow, nearshore waters, and egg collections at 
these locations have been meager and variable, apparently in response to storm events 
(Fitzsimons and Williston 2000). Because of the prevailing west-to-northwest winter winds, 
spawning reefs located on the north side of the lake should be better suited for reproduction. A 
potential spawning area was identified at Nanticoke Shoal (Fitzsimons and Williston 2000), but 
evidence of lake trout spawning was not found, presumably due to the large distance (80 km) 
from stocking locations in New York’s waters. Preliminary work using geographical information 
systems identified several potential lake trout spawning areas, including areas along the north 
shore (Habitat Task Group 2006). Additional studies using sidescan sonar and underwater 
imaging are under way to confirm these locations and to identify other potential areas. Future 
stockings should be concentrated on the largest areas of high-quality spawning habitat. 

Strategy 4 

Expand distribution of stocked fish to include potential spawning areas in Pennsylvania’s and 
Ontario’s waters. 

Rationale 

Hatchery-reared lake trout, when maturing, tend to return to the region where they were stocked 
(Elrod et al. 1996) and also tend to be most abundant where they were stocked. The current 
practice of stocking only in New York’s waters limits the potential of lake trout to expand into 
all possible niches and decreases the probability that they will find suitable spawning and rearing 
habitats in other regions. 
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Strategy 5 

Stock in the vicinity of quality spawning areas and rotate stockings among areas to maximize 
survival of stocked lake trout yearlings.  

Rationale  

Recruitment of stocked lake trout in Lakes Erie and Ontario declined when adult stocks were 
abundant (Coldwater Task Group 2006; Elrod et al. 1993), indicating cannibalism. To minimize 
cannibalism, the number of stocking locations should not only be expanded, but stocking should 
be rotated among them to oversaturate local predators and to avoid establishing a consistent 
source of prey in successive years. To implement the strategy, at least 135,000 yearlings per year 
should be stocked in one area, as was recommended for Lake Ontario (B. Lantry, personal 
communication, 2007). Due to the relatively low availability of fish for stocking (200,000), all 
stocked fish in a given year should be released at one site. 

Strategy 6 

Maintain adult survival rates of at least 60%. 

Rationale  

Stocked and naturally produced lake trout will need to be protected from high rates of mortality 
if the goals and objectives of this revised plan are to be realized. Healey (1978) suggested that, to 
sustain wild lake trout populations, the maximum annual mortality should not exceed 50% for 
populations with natural mortality rates of 20-30%. A lake trout spawning population comprising 
long-lived fish, characteristic of the species, cannot be maintained when fishing mortality 
exceeds 15%. To achieve rehabilitation, conditions must allow for population expansion. Thus, 
rehabilitation requires that fishing mortality including bycatch, sea lamprey predation, and 
natural mortality, the components of total mortality, be kept low to allow rebuilding of parental 
stocks. To achieve these conditions, rehabilitation guides for Lakes Michigan (Bronte et al. 
2008) and Ontario (J. Lantry, personal communication, 2007), as well as the original Lake Erie 
rehabilitation plan, adopted a maximum mortality rate of 40% (i.e., a minimum survival rate of 
60%). With the exception of the Lewis Lake strain and during the pre-lamprey control era, 
survival rates have typically exceeded 60% for all strains (Table 1); although more recently, 
survival rates for the 1997-1999 year-classes of the Lake Superior strain are lower than 60%. 



 

 27

Strategy 7 

Maintain genetic diversity of stocked lake trout. 

Rationale  

It is essential that the genetic and phenotypic diversity of stocked lake trout be sufficient to allow 
for adaptation to the complexity of the eastern basin environment and to future changes in it. 
Schneider et al. (1983) suggested that the best approach for selecting an appropriate genetic 
strain was to introduce as much genetic variability as possible. Different lake trout types were 
reported to exist in the deeper waters of the eastern basin, which is surprising given the small 
amount of lake trout habitat available relative to the other Great Lakes (Krueger and Ihssen 
1995). Herbert (1851) described two different forms of lean lake trout (rocky shallows and 
muddy shallows) while Jordan and Evermann (1937) and Nash (1908) reported siscowets. 
Strains should be selected from locally adapted stocks from the Great Lakes basin that have been 
transferred to and successfully established in other water bodies. This strategy assumes the 
genetic traits required for survival and reproduction are present in the hatchery stocks and will be 
expressed in Lake Erie. Selecting strains based on habitat preferences holds that, to achieve 
rehabilitation in deep and shallow waters, different types of lake trout need to be stocked. 
Therefore, three strains, the lean Seneca (or Finger Lakes) and Apostle Island strains and the 
deepwater Klondike strain, are recommended for Lake Erie. Recommended stocking rates are 
80,000 each of the Klondike and Finger Lakes strains and 40,000 of the Apostle Island strain. 
Other strains that become available, such as the Parry Sound strain from Lake Huron and 
deepwater forms, such as siscowets, should also be considered as they become available from 
U.S. hatcheries. 

Strategy 8 

Stock a variety of life stages (eggs, fry, yearlings, and adults). 

Rationale 

Stocking lake trout at the egg and fry stages on selected habitats should increase the potential for 
imprinting and the likelihood that these fish at maturity will aggregate and spawn on appropriate 
spawning habitats. Yearlings have been, and probably always will be, the cornerstone of the 
stocking program due to the higher post-release survival as compared to other life stages. 
Stocking eyed eggs has not been widely implemented, and the results have been mixed (Bronte 
et al. 2002). However, stocking early life stages prior to imprinting may be necessary to achieve 
colonization of offshore and/or deepwater habitats. Adult transfers from the other Great Lakes is 
also a possible alternative (Krueger and Ebener 2004), although the transfer of diseases will be 
an issue. This technique has had success worldwide for birds and mammals, as well as for fish in 
small lakes. 
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Strategy 9 

Establish sanctuaries around likely areas of aggregation. 

Rationale 

Establishing sanctuaries should be considered if harvest of lake trout near important spawning 
grounds is excessive. Sanctuaries would provide protection from fishing during periods when 
lake trout are aggregated near spawning areas and are especially vulnerable. Fishing closures 
around known spawning areas should be in effect from mid-October to mid-December. 

Strategy 10 

Stock sacrificial strains of lake trout. 

Rationale  

If sea lamprey mortality continues to hinder lake trout rehabilitation, stocking additional lots 
(40,000 fish per lot) of the Lake Superior or Lewis Lake strains, which are most vulnerable to 
sea lamprey predation, should be considered. This sacrificial stocking would, in theory, reduce 
losses of more-suitable strains. Close monitoring of marking rates would be needed to ensure 
that this strategy is working. 

Strategy 11 

Create artificial spawning habitat. 

Rationale 

Krueger and Ebener (2004) promoted creation of artificial spawning reefs to increase the amount 
of spawning substrates available to lake trout. This idea is especially appropriate for Lake Erie, 
where spawning habitats are patchy and limited. Large areas of rock rubble deposited in suitable 
nearshore lake trout areas are quickly discovered and utilized for spawning by hatchery-origin 
lake trout (Wagner 1981; Marsden 1994; Marsden et al. 1995; Marsden and Chotkowski 2001) 
and have been shown to produce measurable levels of recruitment to age 1+ (Peck 1986; Rybicki 
1991). Man-made structures have had some of the highest reported egg abundances for Lakes 
Ontario (Fitzsimons 1995), Michigan (Marsden and Chotkowski 2001), and Superior (Fitzsimons 
1996). However, construction of artificial reefs is costly, and their location is critical to success. 
Marsden and Chotkowski (2001) concluded that artificial reefs constructed in shallow water may 
not be productive areas for lake trout egg incubation and fry hatch due to the negative impacts of 
zebra mussels (Dreissenid polymorpha), egg predation, and storm surge. Oblong reefs, featuring 
layered cobble substrates, should be oriented parallel to prevailing currents and inclined 
downward and away from the direction of fall winds (Fitzsimons 1994). 
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Strategy 12 

Seed spawning habitats with lake trout feces. 

Rationale  

Lake trout are thought to be attracted to areas with lake trout feces (Zhang et al. 2001), and 
seeding specific spawning grounds with feces from hatcheries may attract mature adults, increase 
egg deposition, and help overcome the demands of egg predators.  

Strategy 13 

Minimize harvest of non-clipped fish. 

Rationale  

West Coast salmonid fisheries employ selective angler harvest to protect naturally produced fish 
(unmarked fish are presumed to be of wild origin), maximizing natural reproduction of the most-
valuable fish in a cohort. When naturally produced lake trout begin to recruit to fisheries, similar 
measures should be implemented in Lake Erie. 

 

 

ASSESSMENT NEEDS 

Coded Wire Tag All Fish 

To evaluate the success of lake trout rehabilitation, all stocked lake trout must continue to 
receive coded wire tags and adipose fin clips. Such tagging allows for determination of growth, 
strain, best stocking strategy, early survival, survival to adulthood, and sea lamprey marking by 
strain. Tagging also allows for separation of wild from stocked fish. 

Yearly Abundance Estimates 

Standardized cold-water gillnet assessments have been conducted in New York’s waters since 
1985 and in Pennsylvania’s and Ontario’s waters since 1991 and 1992, respectively. The current 
survey design calls for 30 lifts per sampling area (Fig. 11), but this amount has only been 
accomplished on an annual basis in New York’s waters. As outlined in the original rehabilitation 
plan, assessments must provide sufficient information on an annual basis to measure progress 
toward meeting rehabilitation objectives. To adequately assess lake trout population levels across 
all cold-water habitats in the eastern basin, effort should be more consistent from year to year in 
Pennsylvania’s waters and increased in Ontario’s waters. A minimum of 20 lifts per sampling 
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area per year is recommended. The CWTG will remain responsible for coordinating lake trout 
assessment activities in the eastern basin of Lake Erie and prepare annual reports outlining 
progress toward rehabilitation objectives. The results of this report will be presented at the 
annual meetings of the LEC. 

 

Fig. 11. Standard sampling areas (A1-A8) used for assessment of lake trout in the eastern basin of Lake 
Erie. Five-digit numbers near the center of angled vertical lines describe Loran-C lines of position that 
form the east and west boundaries of the eight sample areas.  
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Spawning Surveys 

An annual lake trout spawning survey should be developed to investigate the extent by strain that 
lake trout are utilizing identified spawning areas. This information is crucial for determining 
which strains should be stocked on which spawning habitats and whether adult abundances are 
adequate to meet the revised plan objectives. The Klondike strain of lake trout serves as a prime 
example of the need to determine spawning location, depth, and reproductive success for a strain 
not stocked elsewhere in the Great Lakes. Egg collection devices should be used to assess egg 
deposition and to provide for genetic testing of eggs as to source strain when gillnet CPEs reach 
targets established in Objective 1. 

Juvenile Trawl Surveys 

Early summer trawling for juveniles should be conducted over sand and mud flats adjacent to 
probable spawning areas to determine if naturally produced juveniles are present. Peck (1982) 
found from May through July young-of-the-year (YOY) lake trout over sandy substrates adjacent 
to a nearshore spawning reef in Lake Superior. These fish were mainly in shallow water (2-8 m), 
but other studies in Lake Superior (Eschmeyer 1956) and Lake Michigan (Jude et al. 1981) found 
most YOY lake trout at deeper depths (18-30 m in Superior, 12 m and deeper in Michigan). 
Trawling surveys should commence when egg densities on spawning reefs or adult abundances 
approach the target levels established in the objectives. 

Forage and Prey-Species Surveys 

Trawling and hydroacoustic surveys are currently conducted by all agencies in all basins of Lake 
Erie. The resulting estimates and tracking of the body condition of walleye (Sander vitreus) and 
lake trout should be used to evaluate the status of pelagic offshore forage fishes and to determine 
if predator populations need to be decreased. 

 

INFORMATION NEEDS 

Mapping of Spawning Grounds/Identification of Suitable Spawning Areas—Information on 
the extent and distribution of suitable lake trout spawning areas in Lake Erie is inadequate, and 
identification of additional areas for stocking is needed to improve the chances that lake trout 
will locate suitable spawning habitat and reproduce successfully. 
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Estimates of Commercial Bycatch 

Bycatch is a source of mortality on lake trout that is largely unquantified. For better prediction of 
lake trout populations, estimates of commercial bycatch should be included in the Lake Trout 
Population Model. Such estimates may also be indicators of population size and distribution. 

Early Mortality Syndrome (EMS) 

EMS is generally not considered a major hurdle in Lake Erie because of the absence of alewife 
in lake trout diets. However, rainbow smelt are also high in thiaminase and comprise most of the 
lake trout diet. Research should determine if thiamine levels in lake trout eggs are sufficient to 
avoid the direct and indirect effects of EMS. 

Identification of Early Life-Stage Bottlenecks 

If adult stocks become abundant and egg production is commensurate with replacement levels of 
reproduction but offspring are not detected (Objectives 3 and 4), research will be needed to 
identify bottlenecks in the early ontogeny of lake trout. 

 

MANAGEMENT ROLES AND RESPONSIBILITIES 

The states of New York, Pennsylvania, Ohio, and Michigan and the Province of Ontario have 
management authority over all fish species, including lake trout, in Lake Erie. Their jurisdiction 
covers the lake and its watershed, and they are responsible for fishery regulation, stocking fish 
(other than lake trout), controlling pollution, management of physical habitat, and public 
education. Because fish know no jurisdictional boundaries, effective management in one 
jurisdiction requires collaboration among all jurisdictions. The LEC, a binational committee 
comprising four state and one provincial fishery agencies, provides for such collaboration. It 
operates under A Joint Strategic Plan for Management of Great Lakes Fisheries (Great Lakes 
Fishery Commission 2007), which was developed under the aegis of the GLFC.  

Although within Lake Erie, lake trout are found primarily in the eastern basin, which borders 
New York, Pennsylvania, and Ontario, the roles and responsibilities for rehabilitation and 
management involve the states of Michigan and Ohio as well as federal agencies. The FWS and 
the U.S. Geological Survey (USGS) are important partners in lake trout rehabilitation. The FWS 
is the principal U.S. agency responsible for the rehabilitation of native species and their habitats, 
and it rears and stocks most of the lake trout for Lake Erie. The FWS is also responsible for sea 
lamprey assessment and control on Lake Erie. Without this partnership, lake trout rehabilitation 
would not be possible. The USGS provides stock assessment and research support for 
rehabilitation. Fisheries and Oceans Canada (DFO) provides research support, sea lamprey 
control, and fish-contaminant testing. Management and regulatory decisions are primarily made 
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by the LEC and are typically based on recommendations provided by the CWTG. 

The GLFC, operating under the 1955 Convention on Great Lakes Fisheries, is responsible for 
management of the sea lamprey, and the interjurisdictional coordination of lake trout 
management and research is conducted under its umbrella. The GLFC contracts with the FWS 
and DFO to assess and control sea lamprey populations. Control is effected through application 
of lampricides, construction of barriers on streams, adult trapping, and release of sterile males. 
These efforts seek to minimize the damage to lake trout and other fishes caused by the sea 
lamprey. The GLFC also has a longstanding history of promoting research to understand the 
processes associated with lake trout rehabilitation. It encourages interjurisdictional coordination 
of lake trout management by bringing federal, state, and provincial parties together via the LEC 
which, in turn, has established a technical committee and various task groups, such as the 
CWTG. This revised management plan was developed within this organizational structure.  

 

LAKE ERIE COMMITTEE SUPPORT 

Cisco Rehabilitation 

The rehabilitation of the native cisco can have consequences for successful rehabilitation of lake 
trout. Cisco was the key prey species for lake trout in Lake Erie before both species were 
extirpated in the 1950s. Cisco, once restored, would provide an alternative prey species for lake 
trout and other top predators, relieve pressure on other prey species that lake trout now rely on 
(mainly rainbow smelt), and alleviate concerns about EMS. A cisco rehabilitation plan that 
compliments this revised plan should be written and adopted. Potential strategies for recovery of 
cisco in the eastern basin can be found in Oldenburg et al. (2007). 

Water-Quality Agreement 

The decimation of lake trout stocks in Lake Erie was caused by a myriad of factors, including 
pollution (Cornelius et al. 1995). The 1972 Great Lakes Water Quality Agreement (GLWQA) 
and its revision in 1978 provided the means for water-quality improvements that encouraged 
reestablishment of native fishes. Continued support of the GLWQA is essential for rehabilitation 
of lake trout stocks and should be supported by the LEC.  
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Stocking Support 

Because lake trout has not achieved a sustainable level of reproduction, stocking remains 
essential for building an adult population large enough to overcome the bottlenecks impeding 
rehabilitation. The numbers stocked must also take into account possible detrimental effects to 
prey fishes. The LEC should encourage the production of lake trout at U.S. federal and Ontario 
hatcheries and promote the culture of new strains and forms needed for rehabilitation. 

Sea Lamprey Control 

Sea lamprey control has been identified here as a major obstacle to lake trout rehabilitation in 
Lake Erie. The LEC must continue to keep abreast of the control effort and ensure that sea 
lamprey treatments in major producing streams continue. The LEC should also promote 
implementation of new or alternative control methods that have promise for making control in 
Lake Erie more effective. 

Impacts and Trade-offs 

Rehabilitation of lake trout will undoubtedly cause changes to the fish community. Decisions 
will have to be made that may affect the abundance of forage species and other top predators. 
The LEC will need to weigh the importance of lake trout rehabilitation with regards to its effects 
on the fish community. Trade-offs should take into account the fish-community goals for the 
lake (Ryan et al. 2003), which the committee previously adopted. 
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APPENDIX 

Origin and Description of Lake Trout Strains Stocked into Lake Erie Since 
1978 

Finger Lakes: FL or SEN (Shallow Water) 

Lake trout descended from a naturally sustained population that coexisted with sea lamprey in 
Seneca Lake, NY. A captive broodstock has been maintained at the Allegheny National Fish 
Hatchery in Warren, PA, and production also relies on eggs collected from the population in 
Seneca Lake. 

Klondike: KL (Deep Water) 

Lake trout descended from a naturally sustained population on Klondike Reef in Lake Superior. 
A captive broodstock has been maintained at Iron River National Fish Hatchery in Iron River, 
WI, and eggs have been shipped to the Allegheny National Fish Hatchery and the White River 
National Fish Hatchery in Bethel, VT. This is the only lake trout strain currently available in the 
federal hatchery system that is a deepwater type.  

Superior: SUP (Shallow Water) 

A captive lake trout broodstock initially developed at the Marquette (MI) State Hatchery and 
derived from rehabilitated lean Lake Superior populations. A broodstock has also been 
maintained at the Allegheny National Fish Hatchery. 

Traverse: TI Island (Shallow Water) 

Similar to the Superior-strain, except that the broodstock was derived from the Traverse Island 
population of Lake Superior. 

Apostle Island: AI (Shallow Water) 

Similar to the Superior-strain, except that the broodstock was derived from the Apostle Island 
population of Lake Superior. 

Slate Island: SI (Shallow Water) 

Similar to the Superior-strain, except that the broodstock was derived from the Slate Island 
population of Lake Superior.  
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Clearwater Lake: CWL (Shallow Water) 

Based on eggs collected from lake trout in Clearwater Lake, Manitoba, Canada, and raised to fall 
and spring yearling stages at the Allegheny National Fish Hatchery. 

Lewis Lake: LL (Shallow Water) 

Of northern Lake Michigan origin and stocked in 1890 as fall fingerlings into Lewis Lake, WY. 
Broodstock was obtained from the Jackson (WY) National Fish Hatchery and Saratoga (WY) 
National Fish Hatchery. 

Lake Ontario: LO (Shallow Water) 

Derived from mixed strains stocked into and surviving in Lake Ontario. Eggs were collected in 
the eastern basin in 1983-1987, and broodstocks were developed from these egg collections. A 
portion of the broodstock was developed from crosses of Lake Ontario-strain broodstock females 
with Finger Lake males (Elrod et al. 1995). 

Lake Erie: LE (Shallow Water) 

Derived from mixed strains stocked into and surviving in Lake Erie. Eggs were collected from 
spawning adults off Barcelona Harbor in 1992-1995 and raised to yearlings at the Allegheny 
National Fish Hatchery. It comprises mainly Finger Lake- and Superior-strain fish. 
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