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Introduction

The sea lamprey, Petromyzon marinus, is an exotic fish species that has caused
substantial damage to economically valuable fish stocks throughout the Great Lakes basin since
its invasion of the basin early in this century. Since 1958 the U.S. and Canadian governments
have undertaken to control populations of sea lamprey in order to allow recovery of the affected
host populations. Principally, control has been achieved through the use of barriers that prevent
access of the migratory lampreys to their spawning areas and chemicals which have been utilized
as selective toxicants to the stream-dwelling larval lampreys (ammocetes). To date, extirpation
of the pest has proven impractical, if not impossible, so that an important issue for the control
agents has been to determine the degree of ongoing control that is economically achievable
(Koonce et al. 1993). The costs of control, together with public concern about the use ofa
synthetic toxicant to suppress lamprey has led the Great Lakes Fishery Commission to consider
alternative means of controlling sea lamprey (Great Lakes Fishery Commission 1992). The
recent focus on alternative controls and economic optimization has renewed interest in a long-
standing scientific issue surrounding sea lamprey control: to what extent can lamprey
compensate for reductions in abundance caused by control measures by increasing the growth,
survival, or other demographic attributes of the residual populations? This question was the
focus of a workshop sponsored by the GLFC and held in Ann Arbor on April 10-11, 1996. This

report summarizes the discussions that took place at this workshop.

Why is compensation important? Very simply, compensatory responses in animal
populations counteract the effects of measures to control those populations. If the abundance of
the juveniles in a population is reduced by 50% and as a result these juveniles survive twice as
well, the adult population that results will be the same as if the population had not been reduced.
Theoretically, compensation of this sort is to expected to occur whenever population growth is
being regulated by intraspecific mechanisms, such as competition for food or space. Generally
speaking, compensation is recognized to occur in fish populations - it is the basis of the well-

known stock-recruitment models of Ricker (1954) and Beverton and Holt (1957). There is
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considerable debate, however, regarding the degree to which compensatory mechanisms have a
strong regulatory influence on fish populations, particularly when they are at low population

levels as is the case for sea lamprey in most areas of the Great Lakes.

Compensatory mechanisms involve density dependence. Essentially, compensation
occurs whenever a demographic process such as growth or survival rates are affected by the
density of the organisms in a particular area. As density declines, the likelihood that resources
(food, space) limit these demographic processes will also decline. To determine whether
compensatory mechanisms will affect the success of control measures we need to seek evidence
of density dependent processes in lamprey populations. In recognition of the importance of this
question to integrated management of sea lamprey the GLFC invited a number of lamprey
experts (Table 1) to attend a two-day workshop in Ann Arbor. On the first day the invited
experts made brief presentations on their research as it related to the question of compensatory
mechanisms. The second day was devoted to a round-table discussion of opportunities for
further analysis of existing data sets and for further data collection to address emerging
questions. This report is divided into two sections, reflecting this subdivision of the workshop
agenda. As well we provide an Appendix containing background material provided by the

workshop participants.

‘Workshop Purpose

Robert Young (DFO, Sault Ste. Marie) welcomed all participants to the workshop and
presented a brief summary of the rationale for and objectives of the workshop. As noted above,
the primary purpose of the workshop was to discuss our current state of knowledge with regards
to compensatory mechanisms in lamprey populations and examine options for further research
(data collection, data analysis). Rob noted at least three reasons for wanting to understand more

about compensatory mechanisms:
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to evaluate the likely effectiveness of alternative control strategies (e.g.,

barriers, sterile male);

to understand the extent to which compensation occurs in residual

populations of ammocetes (after TFM treatment); and

because compensatory mechanisms are of general interest in the study of
population dynamics, and sea lamprey control provides an unusual

opportunity to study these mechanisms.

Rob introduced several participants whom he had asked to prepare presentations on the subject of

compensation in lamprey with a view towards providing workshop participants with an overview

of (1) who is collecting relevant data and (2) what we have learned so far from these studies.

The first afternoon of the workshop was dedicated to the presentations and subsequent

discussion. Rob then proposed that the second day of the workshop be given over to discussions

of "where to from here":

what additional analyses should be completed on existing data?
should we collect more data and if so, what data and who should collect it?
should we be considering modifications to the IMSL (Integrated

Management of Sea Lamprey) model (see Christie presentation below) to

reflect new knowledge about compensatory mechanisms?

Invited Presentations

Sea Lamprey Task Area - Steve Bowen briefly outlined the objectives of the Sea Lamprey Task

3 ESSA Technologies Litd.
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Area funded by the GLFC Board of Technical Experts (BOTE) - (Appendix 1-A). The task has
two major components: (1) a behavioral, bioenergetics study of the trophic ecology of
ammocetes and its relationship to habitat quality and larval density; and (2) a population-level
study of density and habitat effects on lamprey recruitment (larval demographics and
transformation). Further discussion of progress on these two components was deferred to later

presentations (see Bowen, Morrison below).

Sterile Male Program Evaluation - Roger Bergstedt described the ongoing research program to
assess the long-term success of the experimental release of sterilized male sea lampreys in the
Great Lakes (Appendix 1-B). This program is explicitly concerned with compensatory
mechanisms, in that the study design involves a sequence of tests to determine whether the
introduction of sterile males into a spawning population ultimately leads to a reduction in the
production of parasitic lamprey in the next generation. If the study demonstrates an effect up to a
certain life stage (e.g., reduced production of viable eggs - already demonstrated) but not beyond
that life stage (e.g., no reduction in the production of age-1 ammocetes - the object of the current
phase of the study) this provides strong evidence that compensation is occurring. This study thus

provides an excellent opportunity for detailed examination of compensatory mechanisms.

Sea lamprey assessment program - John Heinrich outlined the sea lamprey assessment program,
a key component of the overall GLFC control program (Appendix 1-C). The primary purpose of
the assessment program is to annually determine which streams should be given priority for
treatment based on assessment of stream larval densities and size distributions. As well the
program is used from time to time to monitor the success of chemical treatments by returning to
streams after treatment - this may provide valuable data on the dynamics of residual populations
which could prove useful for the assessment of density dependence (see Cuddy below). Adult
monitoring is also an important element of the assessment program, and may provide useful data
for looking at stock-recruitment relationships on streams where both adults and larvae are

assessed (see Young below).
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IMSL - LCSS model assumptions and needs Gavin Christie briefly described the IMSL sea
lamprey population simulation model that is a central component of the LCSS (Lamprey Control
Selection System). He noted that the ammocete submodel incorporates assumptions about
density dependent survival and growth of ammocetes (Appendix 1-D). The density-dependence
assumptions were derived at a 1982 workshop (Spangler and Jacobsen 1985), and have not been
evaluated against empirical data since that time. Gavin also noted that the IMSL model, while
having a relatively complex spatial structure, retains a very simple demographic model. He
stressed the need to re-evaluate the demographic assumptions of the model and the central role

that more recent evidence for compensatory mechanisms should play in this re-evaluation.

Stock and recruitment data sets Rob Young presented three sets of data that allow investigation
of stock-recruitment relationships in Great Lakes sea lamprey populations: (1) St. Mary's River;
(2) six Lake Superior streams, and (3) four Lake Ontario streams (Appendix 1-E). For each data
set, he examined the fit of the data to Ricker, Beverton-Holt and density-independent (i.e. linear)
stock-recruitment models, primarily by regressing log(recruits/spawner) versus the abundance of

spawners.

For the St. Mary's River dataset, he used spawner estimates derived from a tagging
program. By assuming an average generation time of six years he was able to use spawner
abundance six years as his recruitment estimate. The time series of spawner abundance (1965-
1992) show a trend towards declining abundance during the 1965-1975 period (early control
program), followed by a gradual but steady increase since about 1980. The analysis showed a
weak fit to a Ricker model which suggests density-dependence. Rob noted, however, that the
increase in spawners in recent years is correlated with a rise in bloater biomass in northern Lake
Huron. Bloater are prey for recently transformed lamprey; thus the increase in spawners may be
due to changing growth/survival rates for post-transformed lamprey. This implies a non-
stationary stock-recruitment relationship (i.e., one that is changing over time) which poses

problems for an a analysis that implicitly assumes a stationary relationship.
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The Lake Superior and Lake Ontario datasets were derived from trapping data for
spawning phase lamprey (stock) and fall assessment estimates of age 1 larvae in the subsequent
year (recruitment). For Lake Ontario an index of spawner abundance was also derived from the
Humber River trap, where a large fraction of the total Lake Ontario spawner trapping occurs.
The results for both lakes are variable, with some streams showing evidence of compensation
(significant declining log(recruits/stock) versus stock) but others not. When all streams were
combined for Lake Superior in an analysis of covariance, there was a weak effect of spawner
abundance, although differences among streams (possibility in terms of productive potential)
may have seriously confounded this effect. Few of the streams showed a complete absence of

density dependent effects (Appendix 1-E).

Density-growth interactions interpreted from assessment data Doug Cuddy presented an analysis

of larval assessment data which looked for covariates that explained variation among populations
(streams) in lengths of age 1+ ammocetes (Appendix 1-F). There was no correlation between
larval density (as estimated from electrofishing CPUE and Type 1 habitat area) and size at age
1+. On the other hand, in those cases where assessments were conducted in both years 1 and 2
after treatment there was consistent evidence of smaller size-at-age for the second cohort than for
the first, suggestive of a between-cohort interaction. Multiple regression analysis of the data
revealed weak correlations between growth and latitude (growing degree-days) and between
growth and stream alkalinity. These two effects are confounded, however, as the high alkalinity

streams tend to be in the southern part of the basin.

Density effects on ammocete assimilation efficiency Steve Bowen presented findings from his
part of the BOTE Sea Lamprey Task Area, in which he looked at habitat-density-feeding

interactions in ammocetes.. They found highest densities of ammocetes in a subset of Type I
habitats they referred to as Type IA habitats. These areas tend to be depositional areas in
streams, and have the highest food quality for ammocetes. Although the food quality is higher in
these areas, the higher densities of ammocetes in these areas tended to counteract the potential

beneficial effects of high food quality on growth rates. In both laboratory and field studies, they
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observed a reduction in assimilation efficiency with increased ammocete density. Thus density-
dependent digestive efficiency appears to compensate for the higher food quality present in the

preferred, Type IA habitats.

Density effects at the population level Bruce Morrison summarized progress on the second half
of the BOTE lamprey task, led by Bill Beamish (Appendix 1-G). This multi-year research
project began in 1995, so only a single year of field research has been completed. The objective
of the study is to investigate the influence of larval densities on demographic parameters,
particularly sex ratios which have previously been shown to vary widely in lamprey populations.
Several streams were surveyed in 1995 and some of these streams will be treated with TFM and
subsequently re-seeded with a much smaller number of ammocetes than were present prior to
treatment. Demographic responses will then be monitored. Perhaps the most surprising result to
so far is that in several of the study streams, the investigators have found numerous individuals
with highly atypical gonads, rendering sex determination problematical. This has made the
calculation of population sex ratios for these streams impossible, because these individuals of
unknown sex sometimes comprise in excess of 50% of the individuals whose gonads were

examined.

Density effects on sea lamprey transformation rates Henry Quinlan presented the results of an
analysis that he and Mike Fodale completed to ask the question: Is there a correlation between
larval density and rate of transformation? (Appendix 1-H). They examined data collected from a
number of streams during TFM treatment to determine the relationship (using logistic regression
techniques) between lamprey length and the likelihood of the individual being a transformer.
These data were combined with data from the same streams on larval densities to look at
whether a relationship existed between density and probability of transformation at length (or
length at 10% transformation). Although there are obvious outliers (see Appendix 1-H), there
does appear to be a significant trend for lamprey to transform at a smaller size as densities

increase.
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Salem Creek post-treatment larval sea lamprey study Jerry Weise presented his results from

several years' study of Salem Creek, a tributary to Lake Ontario, in which he has monitored
patterns of growth and survival of four year-classes of lamprey (Appendix 1-I). This dataset
provides a detailed confirmation of the among-stream evidence presented earlier by Cuddy, that
the first year class subsequent to treatment produces a significantly higher biomass of larval
lamprey than any subsequent year classes. Growth and survival of larval year classes was
significantly dependent on the existing lamprey biomass in the stream. The Salem Creek study
demonstrated that these effects were primarily manifested in the first year of life. Cohorts after
the first post-colonization cohort were significantly smaller in size and lower in abundance than
the first cohort. After age 1, growth rates did not differ greatly among cohorts. Jerry
recommended that further studies be conducted in systems where recruitment can be controlled

such as above existing barriers to further elucidate these compensatory mechanisms.

Discussion of Future Research/Data Analysis Needs

The second day of the workshop was dedicated to discussing the implications of the
results presented on the first afternoon and considering options for further data collection and
analyses of existing data. The following paragraphs summarize the salient details of these

discussions.

First, the most obvious conclusion from the presentations was that evidence exists on a
variety of fronts that compensatory mechanisms are operating on larval lamprey populations,
even in the contemporary situation of reduced densities due to the control program. Larval
feeding efficiency (Bowen), growth (Cuddy, Weise), survival (Weise) and transformation rates
(Quinlan) all showed indications of density-dependent variations among populations. These
studies do not tell enough about the strength of the compensatory mechanisms to allow
inferences concerning the likely implications for alternative control strategies such as sterile male

release and barriers. On the other hand, these findings confirm the importance of current
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research projects such as the sterile male release long term evaluation (Bergstedt) and the

population component of the BOTE sea lamprey task (Beamish).

In fisheries management, compensatory mechanisms are commonly thought of in the
context of the concept of stock and recruitment. As is the case for heavily exploited fish stocks,
the concern for sea lamprey control centres around the character of the stock-recruitment
relationship at low stock densities. The observation that sea lamprey populations were far more
abundant prior to the control program strongly suggests that populations are presently operating
at levels far below their carrying capacity. Normally it is presumed that density dependent
mechanisms become less important as stocks decline in abundance below their unexploited (i.e.,
uncontrolled) carrying capacity. Nevertheless, the evidence discussed on the first day suggests
that some compensatory mechanisms continue to operate, particularly in the sequence of years
during which a stream is recolonized following treatment. This is an important finding for sea

lamprey management, and one worthy of further investigation.

Perhaps the best evidence for compensatory mechanisms comes from Salem Creek,
where the first cohort to colonize the stream after treatment enjoys greater survival and growth in
their first year of life than do subsequent cohorts. These data come from a single inter-treatment
period and thus potentially confounding year effects cannot be eliminated as an alternative
explanation (i.e., the first year of the study may have happened to be an especially good year for
larval lamprey growth and survival). The assessment data presented by Cuddy, however, suggest
that a similar pattern is seen in other streams and years. Together these results suggest that the
first year class of ammocetes after treatment partially saturates the available quality habitat,

thereby reducing the available resources for growth and survival of subsequent year classes.

Salem Creek is known to be one of the more productive lamprey streams in the basin. It
is thus important to be able to determine whether the Salem results are general, or whether the
magnitude of compensatory effects is influenced by other, stream-specific factors such as

productivity or growing season length. One possibility would be to implement a series of

S ESSA Technologies Litd.



Compensatory Mechanisms in
Larval Sea Lamprey Populations

intensive studies similar to the Salem Creek project on contrasting streams throughout the basin.
Perhaps more attractive, however, would be to adjust assessment priorities and procedures to
obtain critical information on compensation by taking advantage of the extensive nature of the
assessment program. The main implication of this recommendation for the assessment program
would be to give priority to return visits to a subset of assessment streams, so that changes in

cohort biomass in the years following treatment could be monitored.

Ideally, the data for a multi-stream assessment project would include information on
densities, lengths, weights, and ages for all ammocetes sampled in the survey. This is unlikely to
be practical for routine assessment, and would thus greatly restrict the number of streams that
could be surveyed in this manner. A viable alternative is to simply collect density and length
information, both of which are routine components of assessment. Length-frequency data could
then be used to distinguish age 1 ammocetes from older larvae. Weight-length relationships
could be used to convert lengths to weights and thus compute the biomass of age-1 larvae in any
year surveyed. Because the Salem Creek data suggest that compensation occurs during the first
year of life, consecutive years of age-1 biomass data should be sufficient to test for the existence
of compensatory mechanism on a variety of streams. A two-way ANOVA could be used to test
for year effects and stream type effects on biomass, with groups of streams similar in

productivity (or some other attribute) as replicates for the year-effect test.

Finally, a recommendation to use assessment data in this fashion points to two other
questions that require attention. First, length-weight relationships may vary among lamprey
populations. Although the relationship is less likely to vary within a population but among
cohorts, and thus confound the test for year effects on biomass of age-1 larvae, among-stream
comparisons will be more meaningful if biomass estimates derived from length data are
calibrated to a length-weight relationship appropriate for stream. Second, the estimates of larval
abundance must be corrected for habitat availability (i.e., expressed as density per unit of habitat
area). This begs the important question of what constitutes ammocete habitat. Because

compensatory mechanisms likely operate through resource limitations, particularly space, a good
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understanding of what constitutes suitable habitat for ammocetes is likely to prove critical to
properly understanding and quantifying mechanisms of compensation. This question is most
likely to be reach a practical resolution through a combination of thorough process research such
as the Bowen trophic ecology study and development of practical field habitat assessment tools

that can apply this knowledge to quantifying habitat supply.
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Table 1.--Research questions addressing the long-term
success of the experimental release of sterilized male sea
lampreys in the Great Lakes.

1. Are male sea lampreys successfully sterilized?

2. Do sterilized males reach the spawning grounds and
construct nests at the expected ratio of sterilized to
resident males?

3. Do sterilized males attract females to nests and
mate normally?

4. Does sterility persist through mating and is percent
survival of embryos at hatch reduced in individual
nests?

5. Is percent survival of embryos at hatch reduced in
individual streams?

6. s the abundance of year classes of burrowed larvae
(after leaving the nest) reduced in individual
streams?

7. Do reductions in abundance of larvae persist
through the larval life stage and result in reductions
in the number of metamorphosing sea lampreys in
individual streams?

8. Is the number of parasitic-phase sea lampreys in the
lake reduced?

9. Is damage to fish in the lake reduced?
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Egg Viability, All Streams Combined, 1992-95
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This distribution is shifted significantly left, compared
to that for nests with untreated male parents;
Kolmogorov-Smirnov test, P=0.001.
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DEPENDENT VARIABLES: The estimated number of viable eggs per female at

hatch

Relative numbers of YOY per female in fall of the first
year of life (for within-stream comparisons)

Lengths and weights of YOY in fall of the first year of
life

The estimated number of YEARLINGS per female in
fall of the second year of life

Lengths and weights of YEARLINGS in fall of the first

year of life
POSSIBLE
INDEPENDENT
VARIABLES POTENTIAL VALUES TYPE
PAIR A B CD CLASSIFICATION
STREAM 1,2,3,4,56,7,8 CLASSIFICATION
TREATMENT S, W (no SMR, SMR) CLASSIFICATION
YEAR 1,2,3 CLASSIFICATION
DENSITY ? (competitors/m? in fall of 1st and 'CONTINUOUS
2nd year)
OTHER INFORMATION: Stream area by habitat classes (good, marginal, and

uninhabitable)
Stream temperature

Water chemistry
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Figure A.2: Conceptual model for representing the spatial movements of transforming
ammocete and spawning adults between streams and lake lamprey basins.
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Biologically Significant Data
St. Mary’s River

Parameter Estimate
R? 58
a' 98
b' 33790
Optimal Stock S1ze (S(y)) 14600
Optimal Harvest Rate (Ugnsy)) 42
Spawner population for 75% 2500-3000
reduction
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Summary of Parameter Estimates

Parameter Grindstone Grind_humber Bowman Bow_ humber

b0 10.059 7.44 6.936 4.895
b1 -0.005 -0.001 -0.004 -0.0005
Variance 0.739 0.206 0.55 0.563
Rr2 0.64 0.73 0.48 0.52
a 10.058 | 7.44 6.936 4.895
b 2011.8 7440 1734 9790
a 10.4285 7.543 7.211 5.1765
b’ 2085.7 7543 1802.75 10353
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Growth Data All Lakes Cdn Agent

Stream Lat Degree Alk Flow N Mean Daily Len. at Density
Name Days(Agr.) mg/l m'/s Length Growth age1.5 #/m’
mm all Species

Cash Creek 49-50 1800 130 1 26 43.5 0.11 35.10 0.34
Nipigon River 49-50 1800 70 120 31 41 0.19 52.55 0.16
Polly Creek 49-50 1800 90 2 6 29 0.14 41.62 0.33
Stillwater Creek 48-49 1800 45 3 2 32 0.12 39.10 0.03
Cypress River 48-49 1850 13 2 205 44.02 0.17 51.30 13.10
Cypress River 48-49 1850 13 2 50 41.44 0.19 56.71 2.52
Gravel River 48-49 1850 45 8 72 42.54 0.17 50.62 4.45
Gravel River 48-49 1850 45 8 69 38.29 0.15 46.17 3.27
Jackfish River 48-49 1850 55 5 3 62.67 0.17 44,12 0.53
Jackfish River 48-49 1850 55 5 1 37 0.17 52.21 0.32
Little Gravel River 48-49 1850 16 5 7 33 0.13 40.58 0.53
Pays Platt 48-49 1900 15 3.5 17 24.76 0.11 36.17 3.97
Pays Platt 48-49 1900 15 3.5 692 32.63 0.15 45.47 3.51
Prarie River 48-49 1800 100 2 39 30.43 0.12 39.10 2.17
Steel River 48-49 1900 50 8 60 33.85 0.14 43.56 1.64
Black Sturgeon River  48-49 2000 70 12 6 37.5 0.17 51.15 0.07
Pic River 48-49 2000 135 16 16 43.19 0.17 52.17 0.78
White River 48-49 2000 70 20 2 77 0.16 45.37 0.32
Wolf River 48-49 2000 85 7 49 54.86 0.24 68.71 2.43
Wolf River 48-49 2000 85 7 71 41.99 0.20 59.60 7.25
Gargantua River 47-48 2050 20 3 40 4545 0.21 61.51 1.88
Michipicoten River 47-48 2050 33 50 18 29.72 0.16 44 .11 0.08
Cioud River 48-49 2250 50 .25 '8 38.5 0.17 52.64 0.20
Kaministiquia River 48-49 2250 35 50 2 48.5 0.18 53.68 0.71
Neebing-Mclintyre 48-49 2250 95 4 63 51.75 0.17 51.75 3.81
Neebing-Mcintyre 48-49 2250 95 4 37 54.59 0.25 ~ 70.28 6.11
Pancake River 46-47 2250 15 2.0 68 48.5 0.09 34.00 8.68
Pancake River 46-47 2250 15 2.0 12 22.33 0.09 36.03 5.12
Pearl River 48-49 2250 85 1 6 60.17 0.16 47.88 0.21
Pigeon River 48-49 2250 30 10 4 40.25 0.19 56.06 0.06
Batchawana River 46-47 2300 21 8 172 42.19 0.15 52.55 4.08
Batchawana River 46-47 2300 21 8 35 34.31 0.15 50.20 1.24
Carp River 46-47 2300 16 1.2 70 32.71 0.13 47.63 6.40
Chippewa River 46-47 2300 21 3.5 3 45 0.18 55.50 5.81
Goulais River 46-47 2300 21 18 15 39.67 0.19 61.39 4.77
Big Carp River 48-47 2500 25 7 17 37.59 0.13 47.38 5.25
Big Carp River 46-47 2500 25 7 2 35 0.15 51.84 0.79
Echo River 46-47 2500 22 2.00 13 27.62 0.13 48.13 0.74
Echo River 46-47 2500 22 2.00 5 356 - 0.13 46.81 0.13
Garden River 46-47 2500 22 12.00 65 30.46 0.16 54.10 3.10
Garden River 46-47 2500 22 12.00 42 39 0.15 51.86 1.96
Little Carp River 46-47 2500 25 4 6 51.83 0.14 49.20 8.87
Root River 46-47 2500 25 2.50 23 37.04 0.16 56.00 1.45
Root River 46-47 2500 25 2.50 203 46.67 0.19 65.31 13.56
Thessalon River 46-47 2650 30 6.00 18 82.61 0.16 55.81 3.81
Thessalon River 46-47 2650 30 6.00 4 59 0.12 43.12 0.86
Brown's Creek 46-47 2700 40 0.20 59 47.46 0.14 50.46 6.08
Brown's Creek 46-47 2700 40 0.20 86 32.17 017 57.00 4.41
Gawas Creek 46-47 2700 110 0.05 2 49.5 0.21 69.85 0.42
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Lauzon Creek
Mississagi River
Gordon Creek
Gordon Creek
Koshkawong Creek
Koshkawong Creek
Richardson Creek
Serpent River
Serpent River
Spanish River
Twotree River
Watson Creek
Chikanishing River

French R. {Old V. Chan

Sand Creek

Silver Creek

Blue Jay Creek
Boyne River
Magnetawan River
Magnetawan River
Manitou River
Manitou River
Mindemoya River
Mindemoya River
Naiscoot River
Naiscoot River
Still River

Timber Bay Creek
Timber Bay Creek
Musquash River

Nottawasaga R. (main)
Nottawasaga R. (Pine)
Nottawasaga R. (Pine)

Sauble River
Colborne Creek
Mayhew Creek
Mayhew Creek
Proctor's Creek
Salem Creek
Bowmanville Creek
Bowmanville Creek
Cobourg Brook
Cobourg Brook
Farewell Creek
Farewell Creek
Grafton Creek
Graham Creek
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2800
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12.00
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6

124
10
19
21
23
122
58
173
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11

52
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41.13
34.55
28.19
41.67
25
67.6
35.46
51.3
49.17
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58.65
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74.46
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38.56
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71.58
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0.13
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0.18
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64.46
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65.42
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" 55.02

53.62
50.40
43.36
51.27
65.85
49.28
59.84
62.57
55.27
50.07
40.28
53.94
56.03
77.67
78.71
84.64
66.21
84.33
83.08
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1.48
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21.91
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6.26
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0.41
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2.71
9.45
19.26
2.18
12.56
4.35
0.08
0.71
16.70
11.28
0.44
0.46,
2.38
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3.26
9.38
8.57
g.22
6.56
5.41
3.66
0.32
3.20
0.42
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3.10
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1.07
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157
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86
24
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57
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30

110
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10
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49
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37.1
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42.06
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65.4
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67.28
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1.29
6.98
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0.42
1.70
8.66
0.47
3.08
0.47
0.73
1.70
1.93
3.38
6.07
1.80
4.03



COMPENSATORY MECHANISMS WORKSHOP
SUMMARY OF ECOLOGY OF RECRUITMENT IN SEA LAMPREY

OBJECTIVE: Observe density influenced changes to sea lamprey larvae population
characteristics such as mortality, growth, potential fecundity, sex ratio and age-at-
metamorphosis.

Stationary study of 12 streams: the cumulative environmental influence of pH, alkalinity,
temperature, food quality and quantity after successive years of TFM treatment on
population characteristics.

METHODS: Develop background for each stream regarding previously mentioned
characteristics and population estimates using Petersen mark-recapture.
8 streams have been selected based on the following criteria
1) pH<7.0 vs >7.0
2) treatment history
3) species composition
4) size of stream
All 8 streams are reduced to ~5% of population size prior to TFM treatment.

Streams were chosen from Lakes Ontario, Huron and Michigan. Because of the differences in
latitude, water temperature has been monitored using Onset temperature loggers.

Length-frequency distributions were supported by age determination from statoliths.
Sex ratio has been determined by histological (not macroscopic) observation of larval gonads.

During the first year a total of 12 streams were sampled for MSc Thesis candidate. Population
size was estimated using modified Zippens removal method on randomly chosen
100m? sites. Food quality samples (water and substrate) were taken within each
site. The method of analysis of these samples has yet to be determined but will
likely be Bio-rad Protein Assay and Dichromate Wet Oxidation for protein and
carbon respectively.

RESULTS: Growth rates were calculated using June 1 as a hatch date for all streams. Growth
rates based on a mean total length at age regression appear to be similar among
streams with pH > 7.0, However, based on our temperature data, sea lamprey
larvae in northern streams with pH > 7.0 appear to be growing faster over a given
season. If 10°C is taken as the minimum temperature for growth, northern
Ontario streams appear to have 2 months less growing time than southern streams.
Age-at-metamorphosis is 3 for southern streams and 4 in northern streams.

Density as measured by number of animals / total area of stream was not correlated to sex ratio or
arowth.



Visual sexing was not accurate for all streams, so lamprey were sexed based on histological
examination. For most streams, larvae > 90mm had differentiated gonads, but for
many streams, a large number of larvae of 'unknown’ sex were present. Gonadal
morphology varied from the description in the literature. Typical females made up
~ 5-60% of larvae, typical males ~ 1-3%, with the remaining larvae displaying
typical female morphology, but with few or no oocytes.

Statoliths were not always present in larvae and metamorphosing sea lamprey from northern
streams. Some statoliths were atypical in Farewell Creek and displayed unusual
growth band for the current year.

DISCUSSION: Larvae in northern streams attained same total length at age as compared to
southern streams regardless of short growing season. Age-at-metamorphosis
reflects the short growing season in northern streams. The extra year taken to
metamorphose may indicate the need to build up lipids (Lowe et al. 1973; O’Boyle
and Beamish 1977). Northern streams such as West Root River and Cannon
Creek display ‘no’ statoliths or shrunken statoliths. These streams also have water
chemistry suggestive of low nutrient streams. A result of this may be resorption of
minerals such as calcium and subsequent atrophication of tissue such as statoliths
in order to compensate for growth especially during metamorphosis.

As part of a study for an undergraduate credit, Kym Harley measured annuli from larval statoliths
for back calculation of age at length. From this information, one could
theoretically calculate true growth rate (Ricker 1975), however results from
statolith removal in West Root River, Cannon Creek and Farewell Creek
jeopardize the validity of back-calculation for some streams.

Possible explanations for the unusual gonadal development in the larval and metamorphosing
lamprey:
1) Changing densities due to TFM treatment cycle, and a few larvae
inducing successive year classes by pheromones.
2) Size-induced sex ratio (Ross 1990)
3) Sex-induced ratio (Ross 1990)
4) Chemicals in the streams and lakes.
The larvae that we have examined are reaching gonadal stages 5 and 6 at sizes less than that
found by Hardisty (1969).

Potential fecundity may be an interesting compensatory mechanism, however the unusual gonads
have been a stumbling block.
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Appendix

Table 1. Sea lamprey (Petromyzon marinus) study streams' abiotic
characteristics.

Great Stream Mean pH Alkalinity Hardness
Lake Temp(eorca)ture (mgl-CaCo0,) (mgl-CacCo,)
Huron Cannon Cr. 12.7* 7.5 17.1 18.0

Superior Carp R. 11.0 8.0 83.0 145.0
_Ontario Farewell Cr. 15.9 8.8 200.0 240.0
Huron Gordon’s Cr. 14.8 7.4 80.0 66.0
Huron Harris Cr. 18.1 6.8 21.8 22.3

Ontario Lynde Cr. 16.2 8.4 210.7 254.4

Ontario Mayhew Cr. 16.5 7.8 0.0 0.0

Ontario Proctor’s Cr. 15.1 8.9 222.0 246.0
Huron Richardson’s Cr. 14.8** 8.0 166.0 121.5
Huron Spragge Cr. 14.0 6.8 19.0 15.8
Huron Sturgeon R. n/a 8.0 194.0 193.0
Huron West Root R. 12.7 7.1 26.5 14.3

* The temperature for Cannon Creek was taken from West Root River
because there was no temperature logger for Cannon Creek and both streams
are tributary to the Root R.

*% The temperature for Richardson Creek was taken from Gordon's Creek
because the Richardson Cr. temperature logger has not been retrieved yet
and these streams are in close proximity on St. Joseph's Island, Ont.

Note: Mean temperatures are based on hourly temperatures from June to
October or November 1995.
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Table 2. Abundance of larvae based on results of Mark-Recapture and
Depletion Estimation Techniques for Sea Lamprey (Petromyzon marinus) in
Tributaries to the Great Lakes.

Population Estimates

Stream Name Petersen  Mark-Recapture Zippins Depletion Method

N Nupper‘)ﬁ\ Nlower?&\ N Nupper95‘ Nlower95|
Farewell Creek 44495 51985 3890 3468 5167 1770
Lynde Creek-West 2028 3939 1365 1838 3103 575
Lynde Creek? 13722 * * na na na
Harris Creek 1814 4621 1129 496 1330 -338
West Root River? 7318 7679 6958 15010 39005 -8985
Cannon Creek’ 18983 20628 17581 20868 47510 -5774
Mayhew Creek na na na 29957 76109 ~-16195°
Proctor's Creek na na na 15550 37379 -6279
Sturgeon River?® na na na 33009 135952 -693934
Spragge Creek na na na 602 1583 -379
Gordon's Creek na na na 1020 2273 -233
Richardson Creek na na na 1020 2954 -914
Little Gravel na na na 2000 5000 101
River:
Carp River na na na 7571 12677 2465

1. This estimate for Lynde Creek includes Lynde Creek West. The number
of sea lamprey larvae examined for marks was very low and the subsequent
variance for the population estimate was too low to generate reliable
confidence intervals.

2. West Root River 1is a tributary to the Root River H-3.

3. Cannon Creek 1s a tributary to the Root River H-3 and is also called
the West West Root R.

4. Sturgeon River's population estimate includes Ichthyomyzon sp.

5. This 1is a post treatment estimate and was provided by Sea Lamprey
Control, Canada.

-G



Table 3.

from streams tributary to the Great Lakes.

Table 4.

Proportion of female sea lamprey (Petromyzon marinus)

23

larvae

STREAM % FEMALE SAMPLE DENSITY

% c1 SIZE larvae/m?
Carp R. 56 10 71 0.25
Farewell Cr. 24 9 93 0.12
Gordon’s Cr. 5 3 249 0.26
Lynde Cr. 43 10 156 0.11
Mayhew Cr. 58 11 142 1.26
Proctor'’s 12 7 86 4.71

Cr.

Populations of sea lamprey reduced by 95%

of the original

population before chemical reduction in 5 tributaries to the Great Lakes,

Ontario,

Canada.

Stream Name *5% Replaced
population
Estimated
(actual)
Farewell Creek 223 {223)
Lynde Creek 686 (387)
Harris Creek 93 (48)
West Root River 366 (366)
Cannon Creek 950 (950)

*Harris and Lynde Creeks have lower

original

populations

because of

than 5%

difficult r

of the
ecapture

conditions. The estimated populations represented were all

calculated Dbased on

1975).

Petersen mark-recapture

(Ricker



Table 5. Stream area and density of

Great Lakes.

3

\-G
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sea lamprey in 12 tributaries to the

Stream Name Area (m?) Density’ Density?® Growth
Rate
Farewell Creek 30148 0.15 0.12 0.10
Lynde Creek West 17955 0.11 0.10 na
Branch
Lynde Creek 52955 0.26 na 0.10
Harris Creek 4200 0.42 0.12 0.06
West Root River 63080 0.12 0.24 0.07
Cannon Creek 25833 0.73 0.81 0.08
Mayhew Creek 23823 na 1.26 0.08
Proctors Creek 3300 na 4.71 0.10
Sturgeon Creek 49500 na 0.67 na
Spragge Creek 2100 na 0.29 0.08
Gordon's Creek 3600 na 0.28 0.10
Richardson Creek 8707 na 0.12 0.11
Little Gravel River 22500 na 0.09 na
Carp River 30591 na 0.25 0.08
1.This density was estimated wusing the Petersen population

estimate/area.

2.This density was estimate

method estimate/area.

d using a modified Zippins depletion



Primary Tables and Information in Larval Database at U.S. Fish and Wildlife Service
Marquette and Ludington Biological Stations

Table: SUMMARY
Current number of rows: 111421

No. Column Name No. Column Name
1 ID 26 LARVAE%
2 OFFICE 27 SPAWNY%

3 LAKE 28 WTRTEMP
4 TWP 29 TIMEEND

5 RANGE 30 ACT_TIME
6 SECTION _ 31 TIMECOLL
7 STATE 32 AREA

8 STREAM 33 DISTEXAM
9 ZONE 34 COLLCOND
10 STATION 35 COLLPROB
11 LENTIC 36 LAMPREY%
12 MONTH 37 TYPESAMP
13 DAY 38 BEDROCK%
14 YEAR 39 boulslab

15 TYPESURV 40 RUBBLE%
16 COLLMETH 41 GRAVEL%
17 WTRLEVL 42 SAND%

18 DESCFLOW 43 SILT%

19 WIDTH _ 44 CLAY%

20 DEPTH 45 detritus

21 DSCG 46 OTHER%

22 WTRCOLOR 47 GRANBAY
23 turbid 48 CONDUCT
24 TYPEI 49 PH

25 TYPEIL 50 VERIFICATION

Table: LENGTH FREQUENCY Table: SPECIES

iD ID

LIFE STAGE = larvae or transformer CONDITION CODE

SEX SPECIES CODE

LENGTH FREQUENCY

FREQUENCY MIN. LENGTH

MAX. LENGTH



COMPENSATORY MECHANISM WORKSHOP NOTES
Henry Quinlan and Mike Fodale
Marquette Biological Station,

Subject: Transformation Rates
Is there a correlation between larval density and rate of transformation?

Description of process used to evaluate question.

>

Gathered records of sea lamprey collections during chemical treatments where:

. Treatments occurred after July 31 (to ensure transformed sea lamprey could be
present in collections).

. The chemical treatment was not the first (original) for the stream.

. Sea lamprey length was greater than 100 mm.

. Treatment collections were made with hand held scap nets or fyke nets.

Length, frequency at length, and life stage (transformer or larvae) data were pooled for all
treatments (i.e. multiple years) for a particular stream.

The data for each individual stream were run through a logistic regression model in SAS
which produced a probability of transformation at each mm length increment. See sheet
1.

The probabilities of transformation for all lengths (from 101-200 mm) were summed to
give an accumulated percent transformation for a stream (note: the accumulated percent
transformation is considerably >1 since the logistic regression model provides a
probability at each length and not a cumulative probability for the entire data range).

The probabilities of transformation for the length range 125-135 mm were summed to
give an accumulated percent transformation for that range.

The ratio of the accumulated percent transformation for the 125-135 mm range to the
total accumulated percent transformation was determined. This ratio provided a measure
of the relative area under the probability curve which allowed comparison among
streams. See sheet 1.

An estimate of larval density in type 1 habitat for each stream was made using a stratified

random transect approach with approximately 100 transects,

. Density estimates were conducted once for each stream and generally included 3
or 4 year classes.

The ratio for each stream was plotted against the larval density estimate for that stream.
See sheet 2.

The length at which 10% transformation occurs was also plotted against the larval density
estimate for that stream. See sheet 3.
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Probability of Transformation at Length
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length prob length prob length prob length prob
101 0.017 126 0.090 151 0.363 176 0.766
102 0.018 127 0.096 152 0.379 177 0.779
103 0.019 128 0.102 183 0.396 178 0.791
104 0.021 129 0.109 154 0.413 179 0.802
105 0.022 130 0.116 155 0.430 180 0.813
106 0.024 131 0.123 156 0.447 181 0.823
107 0.026 132 0.131 157 0.464 182 0.833
108 0.027 133 0.139 158 0.482 183 0.843
109 0.029 134 0.148 189 0.499 184 0.852
110 0.031 135 0.157 160 0.517 185 0.860
111 0.033 136 0.166 161 0.534 186 0.869
112 0.036 137 0.176 162 0.552 187 0.876
113 0.038 138 0.187 163 0.569 188 0.884
114 0.041 139 0.197 164 0.586 189 0.891
115 0.044 140 0.209 165 0.603 190 0.897
116 0.047 141 0.221 166 0.620 191 0.904
117 0.050 142 0.233 167 0.636 192 0.910
118 0.054 143 0.246 168 0.652 193 0.915
119 0.057 144 0.259 169 0.668 194 0.920
120 0.061 145 0.272 170 0.683 195 0.925
121 0.085 146 0.286 171 0.698 196 0.930
122 0.070 147 0.301 172 0.713 197 0.935
123 0.074 148 0.316 173 0.727 198 0.939
124 0.079 149 0.331 174 0.740 199 0.943
125 0.085 150 0.347 175 0.754 200 0.946

Accumulated Percentages
lengths ratio of relative area under curve
125-135 1.29512 3.0840%
101-200 41 QQ4R7

QHFET 4
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Changes in Larval Sea Lamprey Year Class Mean Length, Density, and Biomass in
Salem Creek, 1991 - 1994.

Presented to the GLFC sponsored Compensatory Workshop, April 10, 1996 by Jerry
Weise.

Salem Creek is about 150 km east of Toronto, it has 2.8 km inhabited by sea lamprey, it
averages less than 5 m wide, has a normal summer flow less than 0.2 m’.s™, has a total
surface area of 1.4 ha and 80% of the substrate is larval habitat.

Sampling was done with AbP-2 electrofishers, shocking 4 m® plots using depletion
methodology at a rate of 15 min per pass

Larval year class strength and mean length were estimated using maximum likelihood
method developed by MacDonald & Pitcher (1979)

Summary of spring sampling 1991 - 1994 are presented in table 1.

Mean lengths of year classes are presented in table 2. Estimated age was based on the
peak spawning period of June 1

Density was estimated using a relationship of: electrofishing captures from randomly
selected sites to; captures from those same sites when TFM was applied to the stream
(normally within 2 weeks of electrofishing sampling) (Pajos & Weise 1994)

Biomass was estimated by using a weight-length relationship calculated from the May 4,
1994 sampling of Salem Creek. This relationship was calculated using preserved larva.

The average annual decrease in density of the first year class to establish was 15% and the
graphed change was best described by a power curve fit (density = 104.Age °* " =
0.94, P<0.001)

The average annual decrease in density of the second year class to establish was 38% and
the graphed change was best described by a power curve fit (density = 106.Age '  r* =
0.99, P =0.01)

There was very little change in density of the third (1992) year class to establish

Note that the density in 1991 is almost the same as that in 1994 even though it had more
than doubled in 1992 when the 1991 year class was sampled

Mean length of the first year class (1990) increased at the rate of 20 mm.yr' (F =097, P
=0.01)



Mean length of the second year class (1991) increased at the rate of 14 mm.yr" (r* = 0.93,
P=0.17)

There was no difference in growth of these two year classes (ANOVA, r* = 0.98, P =
0.26) and the mean length adjusted for age was significant (ANOVA, £ =0.95,P=0.01)

Biomass of the 1990 year class increased steadily at the rate of 28 g.m? (1991 - 1994,
spring sampling) 1 =0.99, P = 0.004

There was virtually no change in biomass of all year classes establishing after the initial
colonization

Mean length at age 1 of each year class to establish decreased at the rate of 5 mm.yr" (" =
0.85,P=0.08)

Mean length at age 2 of each year class to establish decreased at the rate of 11 mm.yr™ (°
=0.98, P = 0.08)

There was no significant difference in the rate of decline age 1 or 2 larva (ANOVA, I =
0.98, P = 0.12) and the mean length adjusted by year class was significant (ANOVA, =
0.95,P=0.01)

Growth of larvae was seasonal, concentrated during the summer months. The mean length
of individual year classes in the fall was consistently longer than that observed the
following spring. This suggests differential mortality or shrinkage over the winter period.
Morman (1987) observed shrinkage of caged larvae during winter and summer months
and larvae held in laboratory conditions also demonstrate shrinkage (Steve Bowen and
John Holmes observation at the presentation)

Growth of the 1990 year class was not monitored through the summer 1991 but the 1991,
1992 and 1993 year classes grew at the rate of 53, 44, and 46 mm.yr respectively during
their second summer of growth

Growth of the 1990, 1991, and 1992 year classes grew at the rate of 41, 45, and 52
mm.yr” respectively during their third summers of growth

The seasonal growth of all year classes was analyzed to estimate daily growth between
April 23 and October 25. Daily growth varied from 0.11 - 0.20 mm.yr"' , homogeneity of
slopes was plausible (ANOVA, r* = 0.99, P = 0.78), and the year class mean length
adjusted for age was significant (ANOVA, r* = 0.98, P < 0.001). Average seasonal growth
was 0.14 mm.day™ or 4.13 mm.month™

Transformation was observed in 1993 and 1994. An electrofishing sample during August 8
- 16, 1993 captured 3,190 larvae including 9 metamorphosing animals. The number of the
1990 year class that were metamorphosing was 1.1%. Random fyke net and area sampling



during the TFM application on September 21, 1994 resulted in the capture of 1,487 larvae
including 26 metamorphosing animals. The number of larvae of the 1990 year class (the
1991 year class was too small to transform although they were 3.5 years old) that were
metamorphosing was 3.0%.

The smallest metamorphosing larval sea lamprey collected from Salem Creek was 115
mm long in 1994. Another 117 mm metamorphosing larvae was also caught in 1994.
Estimates of metamorphosis were calculated as cumative frequency of larvae greater than
100 mm.

Four lampricide applications of Salem Creek have been conducted when metamorphosing
larvae were present. The original treatment was conducted in October 1971 and the
frequency of larvae over 100 mm that were transforming was slightly over 30%. The
September 1985 and August 1989 lampricide treatments resulted in larval collections with
17 - 20% frequency of larvae over 100 mm transforming. These were all biased scap net
collections where staff concentrated their collecting efforts on transformers.

In August 1989, when there were 4 year classes present in the stream, 4 areas (about 30
m®) were collected intensively resulting in a collection of 2,894 larvae and 7 transformers.
This collection was compared to the biased scap net collections where 4,017 larvae were
collected and 157 were transforming. The biased scap net collection had 16.6% of the
larvae over 100 mm transforming compared to the unbiased, random collection which had
only 3.8% of those larvae over 100 mm transforming.

In September, 1994, when there were 5 year classes present in the stream, 2 areas (8 m°)
and 8 fyke net sets (all randomly selected) were intensively collected. A total of 1,434
larvae and 26 transforming animals were caught. All larvae that were metamorphosing
were considered to be from the 1990 year class based on growth and maximum likelihood
estimates of year class strength. With one extra year of growth (compared to the 1989
sample), there were 6.4% of larvae over 100 mm metamorphosing.

There has been only 1 study of larval sea lamprey that followed growth for more than a
few years, the Big Garlic River study in Lake Superior (Manion and Smith 1978). The
study followed the 1960 year class of larvae for 12 years, sampling every October. A
comparison of larval sea lamprey annual growth between the first 4 yrs of the 1990 year
class in Salem Creek (spring measurements) and the first 5 yrs of the 1960 year class in the
Big Garlic River (fall measurements) was made. Surprisingly (because I had always been
told that the Big Garlic river growth and transformation of larval sea lampreys was
atypical) the annual growth of larval sea lampreys in both streams was identical, 19.9
mm.yr , * =0.98, P = 0.001. The homogeneity of annual growth was plausible
(ANOVA, r* = 0.995, P = 0.98) and the mean length adjusted for age was significant
(ANOVA, r* = 0.98, P <0.001).

Growth of larval sea lampreys of a single year class in the Big Garlic River over 12 years
of study was characteristically asymptotic but it could also be described as two



independent periods of varying growth. The first 6 years (1960 - 1965) before
metamorphosis occurred had rapid growth (18.5 mm.yr”, * = 0.98, P <0.001) and the
next 8 yrs (1965 - 1972) had slow growth (3.2 mm.yr”, * = 0.90, P <0.001). The point of
intercept of these two lines (4.9 yrs, 105 mm) coincides with the age and mean length
when metamorphosis was first recorded from this stream. The mean length of the 1960
year class was 92 mm in October 1964, the year before metamorphosis began and it was
107 mm in October 1965.

In Salem Creek, the mean length of the 1990 year class was 95 mm in October 1992, the
year before metamorphosis was first recorded and 108 mm in August 1993 when
metamorphosis was observed (1% of the 1990 year class). In September 1994, the mean
length of the 1990 year class was 105 mm when metamorphosis was observed at 3% of
the 1990 year class. Mean length of the 1991 year class was only 87 mm in September
1994 and length of metamorphosing larvae were too large to be considered as part of the
1991 year class (based on maximum likelihood analysis).

Conclusions:

i) An appropriate measure of density to describe growth and survival characteristics is
biomass

i) Growth and survival of larval year classes are highly dependent on the existing biomass
in the stream

iii) There was no significant difference in annual or seasonal growth of larval sea lamprey
in Salem Creek but the mean length at age 1 when sampling began was significantly
different

iv) Metamorphosis of the oldest year class was 1% during the first year after reaching a
mean length over 90 mm and 3% the following year

v) Although Salem Creek has a relatively high biomass of larval sea lampreys, review of
routine larval sea lamprey sampling supports the fact that all larval year class growth is
subject to compensatory growth mechanisms from established larval biomass

vi) In order to quantify the responses of larval growth and survival relative to recruitment,
it is recommended that researchers study populations where controlled recruitment to
areas above existing barriers over several years can be maintained. These studies should
continued for several years of metamorphosis.

vii) Three streams in Lake Ontario; Port Britain, Grafton, and Shelter Valley creeks with
Salem Creek as a control are all within 25 km of each other and would provide an ideal
study location for larval sea lamprey growth, survival and numerous other questions.



References

MacDonald, P. D. M., and T. J. Pitcher. 1979. Age-groups from size-frequency data: a
versatile and efficient method of analyzing distribution mixtures. Journal of Fisheries
Research Board of Canada 36: 987-1001.

Manion, P. J. and B. R. Smith. 1978. Biology of larval and metamorphosing sea lampreys
(Petromyzon marinus) of the 1960 year class in the Big Garlic River, Michigan, Part II,
1966-72. Great Lakes Fisheries Commission Technical Report No. 30. 36 p.

Morman, R. H. 1987. Relationship of density to growth and metamorphosis of caged sea
lampreys, Petromyzon marinus Linnaeus, in Michigan streams. Journal of Fish Biology 30:
173-181.

Pajos, T. A, and J. G. Weise. 1994. Estimating populations of larval sea lamprey with
electrofishing sampling methods. North American Journal of Fisheries Management 14
580-587.



Salem Creek

ONTARIO ~ & S
- TORONTO : ."/
& X LAKE y
C&P\?sv/ ONTARIO .
\ —




\
(W) yibuet UosiN
[¢74 ovt ot Y 08 Y Om< Y 0z ot 08 Y 0s Y 0z
1 1 L L 1 1 I )] ! 1
-z
s Ul -0l
- v
€56 =N (N L o
\ vey =N - oz
vpoL v AN 2661 "9 Y ax
- ®
Q
-
®
ort ott 08 yos y 0 oSS o5y o g 0f w
_ <
5
p—
- S
L
N
ot
2L =N
LS =N 1661 "6T ADW
£661 ‘€T iy




m8uoy weaw 18 (5500 = 'H'S ‘G TE) WB1oM X (L£¢"0 = "H'S) AOUSIOMD X A)ISUIP = SSEWOIQ v

Arenour 9461 SUTITSSE AJISUSP 7661 WO PIIBWNSI 4

"$661-1661 2010 weres ur Fupdwes Supds wox ssewolq pue ANSusp YIUS] UBow SSe[o Jeak (SnULrens uozAwoad) Ls1dwe] eds [eAre] Jo Argwrumg ‘[ 9[qe L

. 190 (') sseworg
£10°0 122! (ur#) AsusQg €661
LI¥0 10°0€ (wror) Yi3us]
e $€'T ** 18°0 (,ou'8) sseworg
$$0°0 0L'01 ¥10°0 el (#) Qisue 7661
720’1 ye'sy DES'O £0°6T (wur) |8ue]
- 8LTT ¥ §8'Tl - 16°01 (pr3) sseworg
48100 £L'ST $€0°0 ¥6'8€ £€0°0 (AE! (L) Lisusg 1661
LLTT 0L'€9 DSS'0 8¥'95 LLEO SYot (unw) Yi8uary
** 76001 . 7008 *x £6'6¥ o wiLt (;.wr'3) sseworg
7500 €709 L€00 15°€9 £€0°0 8098 V'N LTT0T* (w#) Lisusq 0661
£97°¢ AR} y¥eT L' XA 6€69 99%°0 £9'¥ (wro) qBuo]
EE 661 EES £661 q'S 7661 EE 1661 AMSEON SSB]D JEa X
Sundureg yjo  JBOxX




L'€C 196y 1899 2898 1’60l ppGlL | $6/L1des
€6'L oLy Syv9 6£°98 6¥ L0l 20S}  [p6/LZ Ainr
928t ¢E 65 l6¢L 8¢ 01 09Fl rB/GI eunr
100e 149514 L€E9 ¢l €0l gLyl | v6iy ABIN

GS'Ly 1’0 1G'L0L /GLL |e6/9lL Bny

oL'0f 8Z'/9 GL'96 eLLL | esie Aine

€062 8y 95 2.6 prolL | £6/€2 Jdy

90'9¢ €Z'€9 /6'¥6 Z98 |26/SZ 00

vl LL 6'95 86°18 96/ [z6/0Z Bny

L6’ 8€'G8 6LL |Z6B/F BUN

St'9e 6€'69 289 |26/8Z idy

€9'vh 0se  |L6/62 AeN

OAVB6L OAC66H| OAZ66L| OA L66L| OA 0661[sAep) eby| Budwes
jo 81eQg

V661 - 1661 'sse|D JeaA Ag ymol AsidweT] BaS [BAIRT ¥B8l) WSIES JO Alewwing
T 7L




(zw o1 1 "oN)(1 + yoyen Bujysyosoea) 01607
Sl } S0

4 } }

1 ¥ '

}oo'o > d
PerLO = N
LYBLO+Xps80' | = A

9Jis aweg 8y} 1k sarmden buiysyos3o9lg
o0} uonealjddy apioudwe] Buring paalasqo Ajisuaq Aasdwe] eag jeale jo diysuonejoy

G0

Se

(zw o1 1 "oN)(1 + yoieg apoudwen) ot bo



Bujdwies jo Jeaj

14 € Z 13 0
— } } ; ; 0
2 Q
—y
T+
100 +d
116680 =¥
oeee 1 XPO90L = 4
T o
88B|0 JEOA £681 O
g
$88]0 Jea A 72661 V .W
sse( J8aA L6610 r e 2
§SeI) J29A 0661 © 2
|Qoo>d
9LE60 = Y
. T 08
s000XE PO} = A
o + 00}
8]
ﬁ och

‘Bujjdwes
Bupdg ‘y86l - 1661 H991D WARS U] SSB|D JesA Aq Aysueq (snupew uozAwonad) AsidweT eag [eAseT uj efBuwysn



61

5551

Bujjduies jo 1wa
661

1664

Ol -

08} -

08} 1

Buuds 'v661 - 1661 ‘§9940 wojes ul fjisuaqg pue ssewolg (shupew uozAwonsd) Asidweq eag jeate uy eBueyn

Asu8(Q wmme

$SRWOF ~Jmr

‘Buljdweg

0ol

(zw ; B} ssewoyg



o]

(824) Bujjdwes je oby

0
¢ z '
W . i { 0
+ o2
8
o
+ o
°
=
g
-
b
4. 8 ﬁw
L1o°d m
P106'0 = ¥
96'pT + ¥s29'CL = A 8820 JeoA €661 O + 08
sse|D JeeA Z661 V
¢ sse|d Jeai 16610
eh s + 001
o nison ot
k-1
T
S9L'4T + X886} = 4
Loz

‘Bujidweg Bupdg ‘ye6l
- 186} @910 waleg ul sse|D JesA Aq (snupew uozAwoned) Aesdwe veg [eale jo Yibua uesiy up ebueyd




1z

(unu) yiBua g Boq
z 61 g1 L 94 gl vl

: $ +
+ t

£l

100°0>
8960 = ¥
QUILZT X180 =K

‘v Aely “eaid weeg wou4 Aesdwe eag [eAJeT peateseld jo diysuonejsy yibuaT - 3yBlem

{Buwi) JyBam o1 Boy



Bujidwesg Jo 1ee A

b € ¢ _, :
_ " : ~ ’
} slll.{l‘
JL
=] |®]
© - ®2
0l,'0:d
#0020 = ;¥
L1160} + XS0 = A
- b
o
Lo &
)
*88]D 1BOA 0561 O W
808D JROA 2681 V
- 08
8R(D JeA 661 T
hoo'o -+ $88(0 804 0561 O
€166°0 =
o SLLL-¥696LT = A T
Lozt

‘Buyjdwesg puudg
‘y861 - 166} A981D Wales U] SSBID JeaA Aq ssewold [snulew uozAwonad) Aesdwer eas jease] uj ebueyd



8IB3\ DA|SSI0ONG

86'0:4d
980 = .Y
S8y +XgZLG =4

80074
26660 = 4

ZV'BL+ XG0 = A
oeaen Z 9By O

sense) | by ©

'¥66} - 166} 88D
wajes ul (snuliew uozAwonad) Aaudwe ] eag [eAleT] JO Sasse|D JBOA BAISS820NG jo YiBua uesy ui ebueyd

3
{wuw) pBua ueay

8



{sAep) aby

0shl os6 oSt jos] ocE
10’0 = nw
2LLED =
08l - xseri0=4 - e
v - Oy
jo00> d
$0S6'0 = ¥ ?
€01°0S - X60900 = A z
u] )
. e
® g
-
o o looo>d - o3 m
€840 = o -
BLOLL + X200 =A
08
DAPE6L O
OAEBEL X
v's]!
DAZBLY
~oo..ovn_ OA 18810
$0180= .4
88/ EP + XpSP00 = A DA 061 Q
L oozy

¥661 - L661 9010 WIeS Ul YIMOJD (snuprew uozAwonad) Aaidwe1 eag jeateT]




{uejinr) ajeq Bujdwes
0.2 o (04 oiz 06l

4 i Il ' 5

0L}

05l

10193

1 1 ¥ T t

glo:d
961680 = Y
990'L) +¥ELL0=4

{000+
2LLE0 =
S ARS = ARV EY

10°Q:
L0860 = M
00T + Xgerl0 =4

SSB|] 1B9A €661 O

$SB|D JBOA ZEBLV

$8B|D JeaA 1661 0

'} 9BV je ‘oliRjuO 8)en] ‘Yol wajes u Asidwe] Bag [eAleT JO Yimolo Ajieg

{uxu) yibuaj ueapy



{ueinp) o3eq Bujidwes
00e (024 09z oz (074 (00 08l ®1 ovl 04}

i i i Il il $ } I i

T t L4 t T 1 T T t

500
8506°0 = ;Y
SLLZE+ XWPLO=4A

2104
82960 = ;Y
SECEr + X912V 0= A

. Lo 8Se|D Jed A ZeBL V
91034
SHL0= .Y 8S8|0 le8A 661 O
859°09 + X600 =4
SSB|D JBOA 068} ©

'Z 9By je ‘olejuQ 94eT “ea1) waes uj AsiduieT] Bag [eAJET JO umolo Ajieq

{ury) yibua ueay




{ueying) sjeq Bujidweg

10274 ovZ 022 ooz 08} 094 ovl o 004
so'oid
26060 =
WSOP +X21610 =4 T
sSB|D 1e9A 1664 O
SSB[D JeSA 0661 ¢ +
o
5T'0:d A
9580 =Y ]
80 LL +X81Z10 =4

¢ aby je ‘olvjuQ e “Yosin wajes Ul AaidwieT] Bag [BAIRT SO UIMOUD Alleq

oo}

=]}

Obt

{uru) yibuay ueoy



(ww) yyBue uveyy
€81 274} €Ll 89} €91 851 5= °1 4% 1> 4 el tel 2741 €21 1214 1113 04 €04

i 3 i i Il fl i i } i 4 § i
1

} } ; } { ; } } } + t Rl X X0

Lee e ﬂ .

N}.e» x x X" ’

»
»
$

(o]

-~

]
8
4]
n
: roi 2
Nv 29/ o o o = U m
v g
o, . v v v v =
AN o m
o $0%A b6/1Z 109G —x—
o wopuel 6847 BNy Qe W
6T BN —p— 12
v S5 1d9S el
.N Los ¢ 0 — VLT PO =G 1oe

¥66) -
bL6} ‘suopeojiddy eproudwen jeal) wajes woty sisoydiowejay Aaurdwe] eag [eAse jo Aauenbaig eapeinwing



{unu) yiBbue urey
8sl £S5t 54 1341 el el

00} e}

AT

"6861 ‘v 1snbBny “yeaso wajeg wouq ww g} 19A0 sisoydiowealy Asidwe eag jeate jo uospiedwo)n

: 5 i 3 4 F
1 T T t t 1

UOJ}08](03 O}S WOPUR) enfj—

UO[108[100 dBOS cmmm

3

8
=

t
8
N
N

T 0Ot

T 008l

T 008}

Bs) Aouanbaig aageinwing



l

(214) Bujumedsg yead wold aby
cl 4% 1 o] 6 ] L 9 S 14 € 4 }

100°0> 7
¥1160=,4
oL + X.SpgL = A

oo oy T4
£568'0 = ;Y w
90269 + XgbGl '€ = A sah Lboh

*Z161-0961 ‘J9AIY 21p4eD B1o ayy ul Aeadwe] veg [vALRT] JO SSR|D JBOA 9]6UIS B JO YmoID

00}

oz

ori

{uru) pbuay uesy



Sv

(24£) 9By
Se € sz z gt

Il i }

t ¥ 1

/0004
8,60 =4
LTl +xgel = h

/oo “d
Pi.60=,Y
€GL'6Z + g8’ = A

Assdwen eag jeAle] Jo s8B|D JBOA O]BUIS B JO YIMOID

JoAp oluee Big O

39810 WILRS O

0o}

(04~

{unu) ipBua uesyy









