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Methods

American Eel, Anguilla rostrata, are a threatened species which would
benefit from monitoring local populations. Eels were tagged in a capturemark-recapture (CMR) study to estimate the annual local population of
eels. Estimates of population size were calculated using the Schnabel
method, which incorporates sequential samples of a capture-markrecapture study, each referred to as a “capture event.”

A sensitivity analysis determines how different values of an independent
variable (sampling effort) will impact a particular dependent variable
(population estimate). Sampling effort can be varied by selecting a
portion of the full dataset (e.g., estimate the population using only records
collected from a portion of the traps).

Figure 1. Pit
tagging an eel.
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Iterations

The sampling effort (number of traps and frequency of trap checks) in
this study was higher than is sustainable for continued monitoring. The
minimum amount of sampling effort required to obtain equivalent-tobaseline (i.e., using all data) population estimates can be found using a
sensitivity analysis.

Iterations

Introduction

American Eel were monitored in Oakland Lake, Mahone Bay, Nova Scotia
2. Varying number of traps per capture event: different traps were randomly
from 2009–2012 using traps set in 67 unique locations. Locations were not
selected each capture event from the set of traps checked in that capture
consistent between all years and traps were not all checked on the same dates or
event. See Figure 2(b).
checked with consistent frequency across the study due to practical constraints. Capture event frequency was simulated by randomly selecting a starting day as
Captured eels were inserted with Passive Integrated Transponder (PIT) tags to the first capture event, then defining subsequent (single-day) capture events
record capture frequency.
based on a fixed interval of days which was varied in the sensitivity analysis.
The sensitivity analyses were comprised of bootstrapping (100 iterations). The Multi-day capture events were defined in two ways:
data were resampled multiple times by randomly selecting traps from the full
1. Variable-length: a new capture event begins after a required percentage of
dataset.
traps have been checked. The percentage was varied. See Figure 3(a).
Traps to use were selected in two ways:
2. Fixed-length: each capture event lasts the same number of days. The
1. Varying number of unique sites: unique traps were randomly selected at the
number of days was varied. See Figure 3(b).
start of the simulation to be tracked across all capture events. See Figure
2(a).
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Figure 2. Example of how traps were selected when (a) the total number of unique sites was varied (traps selected once per
iteration) and (b) the number of traps sampled each capture event was varied (traps selected multiple times per capture event).

Objectives
1. Estimate the American eel population size of
Oakland Lake during the 2009–2012
sampling period.
2. Determine the minimum number of unique
sampling sites that must be used over the
sampling period to account for eel location
fidelity.
3. Determine the minimum number of traps
that must be used in each capture event.
4. Determine the minimum number of capture
events that must be sampled over a year.
5. Investigate different ways capture events can
be assigned to data with irregular capture
frequency.

Figure 3. Example of capture events (vertical lines) being defined as (a)
variable and (b) fixed showing the cumulative number of unique trap sites
checked in each capture event. Dashed line is 70% of all traps.
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Figure 5. Yearly population estimates (green lines) calculated when (a) the total number of unique sites was varied and (b) the
number of traps sampled each capture event was varied compared to baseline population estimates (brown lines). Shaded areas
and dashed lines are 95% confidence intervals.
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Varying Trap Numbers
Figure 5 shows population estimates from the
sensitivity analysis on trap numbers. Estimates are
lower when data from fewer traps are used.

When all sites are used, estimates become
equivalent to baseline when 10-15 traps are used
each sampling period (Figure 5(b)).

Selecting a number of traps for the whole simulation The recommended sampling procedure is to use 10represents setting traps out at a subset of the
15 traps placed at varying, randomly-selected
locations used for trapping. Nearly all of the trap
locations in the study area in each capture event.
locations are required to get equivalent-to-baseline
estimates due to site fidelity (Figure 5(a)).

Figure 9. Yearly population estimates (green lines) calculated when capture
event length varied by (a) the percent of traps checked and (b) a fixed
number of days compared to baseline population estimates (brown lines).
Shaded areas and dashed lines are 95% confidence intervals.

Varying Sampling
Frequency

Figure 6 shows population estimates when
capture events are spaced by an interval of days,
showing it is not viable to use single-day capture
events for this analysis with this data, due to the
variability in when data collection occurred
(Figures 7 and 8).

Baseline Estimates
Figure 4 shows the
population estimates
for American Eel in
Oakland Lake when all
data points were used.
Capture events were
defined as occurring
every day any
sampling occurred. The
population estimate is
lowest for 2009 and
highest for 2011. The
confidence interval is
largest for 2012, which
may be related to the
low catch per unit in
that year (see Table 1).
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Longer capture events are required for this
analysis. Population estimates are stable as
capture event length increases, but confidence
intervals are smaller when capture events are
shorter (Figure 9).

Multi-day capture events no longer represent an
instantaneous sampling of the population. The
same traps were checked more than once in a
capture (Figure 10).
Future work requires devising a method to test
changing the capture event frequency that uses
multi-day capture events while excluding
duplicate data.

Figure 6. Yearly population estimates (green lines) calculated with intervals of 0, 5,
10, and 15 days between capture events compared to baseline population estimates
(brown lines). Shaded areas and dashed lines are 95% confidence intervals.
Figure 4. Baseline population estimates for 2009-2012.
Table 1. Trapping effort, captures, and catch per unit effort
(CPUE) for 2009–2012.
Year

Trapping
Number of
Events (Days) Trap Sites

Total Eels
Captured

Mean Eels per
Trap Site

Trap
CPUE

2009

15

29

91

3.1

0.38

2010

35

29

240

8.2

0.47

2011

48

44

372

8.4

0.31

2012

38

35

167

4.8

0.15

Figure 7. Daily number of trap checks over four years.

Figure 8. Number of traps checked per capture event as
length of capture event increases.

Figure 10. Number of duplicate trap checks per capture
event as length of capture event increases.
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