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Abstract Electric fishing depletion systematically underestimates fish abundance in streams. Electric fishing
mark-recapture estimates are unbiased, but only when performed over several days to allow marked fish to recover
from electric fishing. A mark-recapture procedure that can be performed in 1 day and produces unbiased
population estimates is described. It involves minnow trapping, marking and releasing juvenile salmonids in a
stop-netted reach, followed by electric fishing the reach 1 h after release of marked fish. Recapture of marked fish
during electric fishing can form the basis of a dual-gear mark-recapture population estimate, or an unbiased
estimate of electric fishing capture efficiency. The marking technique did not affect short-term catchability of the
target species (P = 0.823), and provided unbiased estimates of capture efficiency (0.38–0.40) that were similar to
those documented by other researchers. However, local validation to confirm equal catchability of marked and
unmarked fish, as described in this study, is recommended.
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Introduction

The accurate estimation of population abundance
is fundamental to inform management of wildlife.
Depletion (i.e. removal) and mark-recapture methods
are two common approaches for estimating fish
abundance in small streams (e.g. Young, Hinch &
Northcote 1999; Petersen et al. 2004; Thurow, Petersen
& Guzevich 2006; De Groot, Hinch & Richarson
2007). Depletion estimates are based on the rate of
decline in catch following repeated sampling with
removal (e.g. Leslie–Davis method). Mark-recapture
estimates are based on the proportion of marked
animals recaptured in a later sampling (e.g. Petersen
method). The depletion approach has become a
standard method for estimating fish abundance in
wadeable streams, because electric fishing has a rela-
tively high capture efficiency (catchability) and gener-
ates precise population estimates (although with
significant biases; e.g. Petersen & Cederholm 1984;
Petersen, Thurow & Guzevich 2004). Typically, a short
but representative reach of stream is isolated with
block nets and a triple-pass depletion is completed in
<1 day. Time-saving modifications to the basic triple-
pass electric fishing technique include two-pass deple-
tions (Seber & Le Cren 1967; Rogers, Solazzi, Johnson

& Buckman 1992) and single-pass sampling where the
population is estimated based on an assumed capture
efficiency or a regional correlation between the first-
pass catch and triple-pass depletions in similar streams
(e.g. Jones & Stockwell 1995).

One of the key assumptions of depletion estimates is
that the capture efficiency of animals does not change
on sequential samplings. However, it is well docu-
mented that this assumption is violated by electric
fishing depletion (Bohlin & Sundstrom 1977; Petersen
& Cederholm 1984). As electric fishing is a stressful
capture technique, fish that evade capture on the first
pass seek cover and become less vulnerable to capture
on subsequent passes (Riley & Fausch 1992; Petersen
et al. 2004; Rosenberger & Dunham 2005). The
consequence of this decrease in catchability is that
populations are systematically underestimated by any-
where from 9 to 47% relative to unbiased mark-
recapture estimates (Fig. 1; Bohlin & Sundstrom 1977;
Petersen & Cederholm 1984; Riley & Fausch 1992;
Rogers et al. 1992; Petersen et al. 2004; Rosenberger &
Dunham 2005). Although statistical methods have
been developed to estimate populations from deple-
tions when capture efficiency changes after the first
depletion pass (e.g. Otis, Burnham, White & Anderson
1978; Schnute 1983), these approaches often lack
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sensitivity to detect changes in capture efficiency unless
they are extremely large (e.g. Rosenberger & Dunham
2005; Rago, Weinberg & Weidman 2006). Some
authors argued that electric fishing depletion estimates
should be viewed as biased indices of abundance
rather than true density estimates (Petersen et al. 2004)
unless they can be calibrated against more robust
mark-recapture population estimates or complete
censuses (Rogers et al. 1992; Petersen et al. 2004;
Rosenberger & Dunham 2005). There is therefore a
significant need to develop practical approaches to
evaluate biases in electric fishing depletion estimates
that can be used by fisheries biologists for routine
population estimates.

Mark-recapture techniques can be used as an
alternative to depletion estimates, or in combination
to measure capture efficiency independently (e.g.
Petersen et al. 2004). Although often more labour-
intensive than depletions, mark-recapture techniques
usually produce estimates that are less biased (Riley &
Fausch 1992; Petersen et al. 2004; Rosenberger &
Dunham 2005). However, very low mark and recap-
ture rates, unequal catchabilities of marked and
unmarked fish and individual variation in vulnerability
to capture (trap-happy/trap-shy behaviour or size
selectivity of gear) may bias mark-recapture estimates.
One tactic to avoid gear-selectivity and trap-condi-
tioning is a dual-gear approach, which uses different
sampling techniques for marking and recapturing fish

(e.g. Korman et al. 2002). This ensures that individuals
biased (either positively or negatively) towards the first
capture gear are represented in the recapture sample
independent of any initial bias. However, a dual gear
approach requires that the contrasting gear used
for mark and recapture sample the same vulnerable
portion of the fish population, as differences in size
selectivity, for instance, may introduce additional
biases that could be larger than those associated with
behavioural conditioning from using a single gear type.

This study demonstrates the use of a dual-gear
method (combining minnow-trapping (Bryant 2000)
and electric fishing) that can be completed in 1 day to
produce an unbiased estimate of juvenile salmonid
abundance. Although this method is less precise than
two-day electric fishing mark-recapture where fish are
allowed to recover over a 24-h period, it can be
completed in 1 day in approximately the same time
required for a triple-pass depletion. Of more practical
significance is the potential to use this approach to
readily generate species, habitat or gear-specific capture
efficiencies to correct population estimates from single-
pass electric fishing, as commonly used in management.
The primary goal of this paper is not to present an
exhaustive validation of the proposed method, but to
introduce it as a novel approach that biologists can
locally refine to generate unbiased estimates of capture
efficiency to increase their confidence in abundance
estimated from depletion electric fishing.

Methods

The method involves: (1) block-netting the stream
reach to be electric fished; (2) capturing a subset of fish
from the reach with minnow traps (or other passive
gear); (3) marking the captured fish with a small finclip
(<1 mm2) and re-releasing into the block-netted reach;
and (4) electric fishing the reach 1 h after release of
marked fish. The proportion of marked fish recaptured
then forms the basis for a mark-recapture estimate or
an estimate of electric fishing capture efficiency.

A key assumption of this dual-gear approach
(capture and mark with minnow traps, recapture with
electric fishing) is equal catchability of marked and
unmarked fish during the electric fishing recapture.
The assumption of equal catchability was tested by
electric fishing a known number of marked fish in a
closed population (an isolated stream pool; sub-
sequently referred to as Experiment 1). The protocol
was then applied to estimate capture efficiency and
population size in two representative stream reaches,
and to compare mark-recapture estimates with those
obtained from simultaneous electric fishing depletion.
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Figure 1. Population estimates based on depletion and a �true�
(unbiased) population estimate based on mark-recapture from the inlet

stream. The open diamond represents the triple-pass electric fishing

depletion estimate extrapolated through the observed rate of decline

(solid line) in successive catches (filled circles representing catches 1 to

3). Open triangle represents the mark-recapture population estimate

based on recaptures (13 of 33 marked fish) caught in the first depletion

pass (total of 78 fish). Open circles and dashed line depict how suc-

cessive catches ought to have declined if capture efficiency was unbiased,

with arrows indicated the underestimation of expected catch (open

circles) based on electric fishing. Horizontal error bars on the x-axis are

95% confidence limits of the estimates.
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Experiment 1: Testing the assumption of equal
catchability of marked and unmarked fish

To testwhether themarkingprotocol (minnow-trapping
followed by fin clipping while anaesthetised in carbon-
ated water; Prince, Low, Lissimore, Diewert & Hinch
1995) affected subsequent vulnerability ofmarked fish to
electric fishing, a known fraction of juvenile salmonwere
marked from a known population confined to an
isolated stream pool (after Petersen et al. 2002). The
expectation was that the proportion of marked fish
caught during each pass of a subsequent electric fishing
depletion would be proportional to the number of
marked fish in the population, i.e. that vulnerability to
capture of marked and unmarked fish would be equal.
This experiment was performed in a natural side-

channel ofChapmanCreek near Sechelt (49� 28¢ N, 123�
48¢ W), British Columbia, Canada. Vegetation at the
study site is second-growth Coastal Western Hemlock
forest. A pool in the stream side-channel with minimal
habitat complexity was selected so that all fish could be
easily removed to get as complete a population census as
possible. The pool�s relatively flat and even bottom was
primarily covered with sand and gravel with minimal
woody debris and undercut banks. The pool was 5 m
wide by 11 m longwith amaximumdepth of 65 cm.Fish
present in the pool included juvenile coho salmon,
Oncorhynchus kisutch (Walbaum), anadromous cut-
throat trout, Oncorhynchus clarki clarki (Richardson)
and steelhead (anadromous rainbow trout Oncorhyn-
chus mykiss (Walbaum).
The pool was isolated on 20 September 2006 with a

block net at the upstream and downstream ends. It was
repeatedly seined in the enclosed area until no addi-
tional fish were captured. Captured fish were anaes-
thetised using a solution of 1:1 acetic acid and sodium
bicarbonate (three teaspoons each in 1 L of water;
Prince et al. 1995). Fish were counted, identified to
species and fork length (FL) measured to the nearest
mm. Fish <46 mm FL were excluded from the
experiment as they were small enough to go through
the 6-mm mesh of minnow traps. Remaining fish
(n = 117, representing the known population) ranged
from 46–86 mm and were marked with a very small
(<0.5 mm2) but recognisable notch on the adipose fin
to exclude any fish that had escaped initial capture
from the subsequent experiment. Fish were held
overnight in a perforated instream container to allow
recovery from the total census marking procedure
before they were returned to the stop-netted pool.
Fish were allowed a further 24 h to re-acclimate to
their habitat before further sampling. It was assumed
that capture of fish by seining and the small adipose

clip had a negligible impact on fish catchability 36 h
later.

Twenty-four minnow traps baited with salmon roe
were set on 22 September in the isolated pool contain-
ing the 117 released fish. Minnow traps were lifted after
30–40 min. Captured fish were anesthetised as above,
identified to species, fork length measured to the
nearest mm and checked for adipose-fin clips to exclude
any fish not marked in the original census. One fish
lacked an adipose notch and was excluded from the
experiment. The remaining 64 fish were marked for a
second time for the mark-recapture experiment proper,
by clipping a small portion (approximately 1 mm2) of
the dorsal lobe of the caudal fin. These fish, represent-
ing marked individuals for the mark-recapture exper-
iment, were held for 30–60 min to recover before being
released into the pool to rejoin the unmarked portion of
the enclosed population (i.e. fish with only adipose
clips). Marked fish were allowed to recover from the
manipulation and mix with the unmarked population
for another hour following release, before starting the
electric fishing depletion. The small size of the pool and
quick recovery of fish from the marking process
ensured a high likelihood of random mixing of marked
and unmarked fish during this short time period.

A Smith-Root Model LR 24 electric fishing unit was
used to collect fish from the isolated pool using multiple
passes according to standard electric fishing protocol
(e.g. Petersen et al. 2004). As only nine fish were
captured on the first pass, voltage was increased from
850 to 900 V for the subsequent three passes consisting
of an upstream and downstream sweep of approxi-
mately 550 s judged to be of equal fishing effort, i.e. all
habitats were sampled with similar effort on each pass.
Passes were performed 45 min apart to allow processing
time for fish caught and recovery time for the remaining
fish. Captured fish were identified, measured as above,
and checked for fin clips. Two fish lacked an adipose clip
(meaning they had escaped the initial census ormigrated
through the block nets) and were excluded from the
experiment. Fish with an adipose clip, but without a
caudal clip were counted as unmarked individuals, while
fish with both adipose and caudal clips were counted
as marked individuals, allowing evaluation of whether
the proportion of marked fish caught differed from
expected or changed over sequential depletion passes.

Application of the proposed methodology:
comparing population estimates and capture
efficiencies from mark-recapture and depletion

The proposed methodology (capture and mark with
minnow traps, recapture with electric fishing) was
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applied on two stream reaches to evaluate its practi-
cality for assessing electric fishing capture efficiency,
and to compare mark-recapture population estimates
with simultaneous electric fishing depletion estimates
carried out at the same sites. At each site, fish were
captured with minnow traps within the area block-
netted for depletion electric fishing, marked and
released, and then three sequential electric fishing
passes were carried out beginning 1 h after release of
marked fish, as described previously.

The two stream reaches used were an outlet and an
inlet to a pond that were part of a restored side-
channel habitat complex on the floodplain of the
Chilliwack River (49� 4¢ N, 121� 42¢ W), British
Columbia. These sites were chosen because their
productivity was being assessed as part of a broader
evaluation of juvenile salmonid production in side-
channel habitats (Rosenfeld, Raeburn, Carrier &
Johnson 2008). Riparian vegetation was second
growth Coastal Western Hemlock forest. Juvenile
salmonids present at the sample sites included coho
salmon, cutthroat trout and Dolly Varden char,
Salvelinus malma (Walbaum).

Although the streams were part of a reconstructed
stream channel project, habitat was complex and
represented typical stream habitat with alternating
pool-riffle structure. Substrate ranged from sand to
boulders, with abundant submerged stumps, rootwads,
logs or undercuts in most channel units. The area
block-netted in the outlet stream (henceforth Stream 1)
was 25 m long, with an average channel width of 4.2 m
and a maximum depth of 35 cm. The inlet stream
(henceforth Stream 2) was smaller, with a block-netted
area 20 m long and 2.5 m wide and a maximum depth
of 30 cm.

The outlet and inlet streams were sampled on 7 July
and 6 September 2006 respectively. On each occasion,
the sample reach was closed at both the upstream and
downstream ends with 6 mm mesh block nets. Twenty
to 26 minnow traps baited with salmon roe were set in
the block-netted area and lifted after 70–90 min.
Trapped fish were anaesthetised, identified, weighed
(±0.01 g) and fork length measured to the nearest
mm. Fish were marked with a small clip on either the
dorsal or the ventral lobe of the caudal fin. Marked fish
were held until marking and recovery from anaesthesia
were complete (30–60 min) before being returned to
the enclosed section. Fish were left to recover and
redistribute in the block-netted section for 1 h before
performing electric fishing depletions.

Successive electric fishing passes in each stream were
of approximately equal effort (average of 1040 s at
690 V in Stream 1 and 810 s at 700 V in Stream 2);

each pass consisted of a single upstream electric fishing
sweep. Approximately 1 h elapsed between passes
while captured fish were processed. Fish were anaes-
thetised, identified, weighed and measured as above,
and marked and unmarked fish were counted inde-
pendently for each pass. Marked fish caught on the
first pass were used for the mark-recapture population
estimate and to calculate capture efficiency; all three
passes were used for the depletion estimate.

Data analysis

All analyses were performed for coho only and for
all salmonids combined. However, because coho
represented 83% of all fish captured (97% of fish
in Experiment 1 testing equal catchability), results
were generally similar for coho and all salmonids
combined. The results for total salmonid abundance
are thus presented as this is likely to have the
greatest generality.

Testing the assumption of equal catchability
of marked and unmarked fish

The assumption of equal catchability of marked and
unmarked fish in Experiment 1 (i.e. that the propor-
tion of marked and unmarked fish captured should
be constant on all passes) was evaluated using a
Chi-square goodness-of-fit test for each of the four
electric fishing passes, i.e. by comparing observed
and expected frequencies of marked and unmarked
fish. Expected frequencies on the first pass were based
on the proportion of marked and unmarked fish in the
known population. Expected frequencies on subse-
quent passes were adjusted for the number of marked
and unmarked fish removed during each pass.

Although the depletion in the isolated stream pool
was suboptimal because of the low number of fish
caught on the first pass, it should be noted that the
evaluation of equal catchability of marked and
unmarked fish does not require equal fishing effort
during sequential passes, i.e. the total number of fish
caught on each pass is not the issue for assessing equal
catchability, only the ratio of marked to unmarked fish
caught in each pass.

Applying the proposed methodology: comparing
mark-recapture and depletion estimates

Capture efficiencies and population abundances
estimated using maximum likelihood depletion
(Schnute 1983) were compared with those from a
mark-recapture model (Seber 1982). Mark-recapture

P. CARRIER ET AL.142

� 2009 Crown in the right of Canada



population abundance estimates were computed using
the Petersen method (as described in Krebs 1999). M,
the number of marked fish, was the number of fish
caught with minnow traps on the first sample, marked
and released in the enclosed reach. The number of
captures and recaptures (C and R, respectively) were
fish caught by electric fishing in the first depletion pass
only (except in Experiment 1 where the first pass was
incomplete and was therefore combined with the
second pass). Fish capture efficiencies estimated with
the mark-recapture model were R/M. The general
equation for estimating population size (N) with mark-
recapture was (Seber 1982; Krebs 1999):

N = (M + 1)(C + 1)/(R + 1))1

Triple-pass depletion estimates of fish catchabilities
(or capture efficiency, q, sensu Schnute 1983) and
population size were computed using a maximum
likelihood depletion model (Schnute 1983). In Exper-
iment 1, although four passes were performed, the
capture efficiency of electric fishing was extremely low
during the first pass (catch increased in the second
pass) so that catches from passes 1 and 2 were
combined to obtain a depletion estimate. For Exper-
iment 1 where true population size was known, true
electric fishing capture efficiency, C/N, was calculated.
However, this value should be viewed as an approx-
imation, as combining the first and second passes in
Experiment 1 undermines the assumption of equal
effort in depletion.
Differences in estimated fish capture efficiency and

population estimates between depletion and mark-
recapture models were compared using a Kruskal–
Wallis non-parametric one-way Analysis of Variance

(ANOVA) with three replicate samples (Stream 1, Stream
2 and Experiment 1). Differences between depletion
and mark-recapture estimates are expressed relative to
the mark-recapture estimate (100 · (depletion)mark
recapture)/mark recapture).

Results

The number of marked vs unmarked fish caught in
each pass, for either coho or all salmonids, did not
differ significantly from expected based on their
relative proportions in the population (Table 1), except
for all salmonids on the third pass, where more marked
fish were caught than expected. For all other passes,
the observed and expected counts were almost identical
(observed count never more or less than two individ-
uals different from expected), indicating equal catch-
ability of marked and unmarked fishes.

Fish capture efficiencies estimated using mark-
recapture data were similar across all three sites,
ranging from 0.38 to 0.40 (Fig. 2, upper panel). The
corresponding capture efficiencies obtained by triple-
pass electric fishing depletion (0.43–0.66) were signif-
icantly greater (by 14–68%) than those estimated
by mark-recapture (Kruskal–Wallis non-parametric
one-way ANOVA: P = 0.05, U = 9.0). The difference
between mark-recapture and depletion capture effi-
ciencies was smallest in the equal catchability experi-
ment (Fig. 2), where habitat complexity was low.

The 95% confidence limits around the mark-
recapture population abundance estimates tended to
be wider than those for depletion. Population abun-
dances estimated by depletion were consistently lower
than those estimated by mark-recapture across all

Table 1. Observed and expected frequencies and associated v2- and P-values of marked and unmarked individuals for each electric fishing

depletion pass in Experiment 1 for coho and all salmonids

Species

Pass 1 Pass 2 Pass 3 Pass 4

obs exp prop obs exp prop obs exp prop obs exp prop

Coho Marked 5 5.0 (0.6) 19 19.6 (0.6) 12 8.5 (0.6) 10 9.0 (0.5)

Unmarked 4 4.0 (0.4) 16 15.4 (0.4) 3 6.5 (0.4) 8 9.0 (0.5)

v2 <0.001 0.036 3.313 0.222

P 0.986 0.849 0.069 0.637

All Marked 5 4.9 (0.6) 19 19.7 (0.6) 14 9.4 (0.6) 10 8.5 (0.5)

Unmarked 4 4.1 (0.4) 17 16.3 (0.4) 3 7.6 (0.4) 8 9.5 (0.5)

v2 0.003 0.050 4.944 0.495

P 0.959 0.823 0.026* 0.482

The known proportion of marked and unmarked fish at each pass is in parenthesis.

obs, observed frequency; exp, expected frequency; prop, proportion of marked and unmarked fish at each pass.

v2 critical = 3.841 (d.f. = 1).

*P < 0.05.
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three populations by 11 to 40% (Fig. 2, bottom panel),
although the overall difference between the three
depletion and mark-recapture population estimates
was not statistically significant (Kruskal–Wallis non-
parametric one-way ANOVA: P = 0.13, U = 8.00),
probably because of the small sample size (n = 3)
and the large variance in population estimates.

Discussion

The aim of this study was to demonstrate the applica-
tion of a combined minnow trapping–electric fishing
mark-recapture protocol as an efficient way of mea-
suring electric fishing capture efficiency to correct bias
in single- or multiple-pass depletions, and as a less time-
consuming alternative to 2-day mark-recapture electric
fishing for estimating juvenile salmonid abundance in
small streams.

The test for equal catchability of marked and
unmarked fishes supports the inference that marked
and unmarked fish were equally vulnerable on the
first and second passes, although the dual gear mark-
recapture protocol requires equal catchability only on

the first pass. Significantly higher catchability of
marked fish on the third pass may have resulted
from random sampling variation, but also suggests
that the marking procedure may have differentially
stressed fish, making marked fish more vulnerable to
capture following the repeated stress of electric
fishing. However, were this true marked fish should
also have had higher catchability on the fourth pass,
which was not the case. A conservative interpretation
of the results would therefore be that handling effects
associated with marking do not affect catchability of
marked fish on the first electric fishing pass, but
marked fish may become more vulnerable on sub-
sequent passes, although evidence for this is equivocal
(Table 1).

Electric fishing mark-recapture protocols violate the
assumption of equal catchability of marked and
unmarked fish when the two samples are collected
within 24 h of one another (Bohlin & Sundstrom 1977;
Petersen & Cederholm 1984; Mesa & Schreck 1989),
effectively requiring 2 days of sampling for an un-
biased estimate (i.e. leaving block nets installed over-
night while marked fish recover). By contrast, fish
recaptured with the methodology described here had
equal capture probabilities 60 min after marking and
subsequent release. It is possible that the less intrusive
nature of minnow-trapping (compared with electric
fishing) and the quicker recovery time from CO2

anaesthetic (compared to MS-222) contributed to the
faster normalisation of fish vulnerability in this proto-
col. As the method met the assumption of equal
catchability of marked and unmarked fish, it would be
expected to generate unbiased estimates of capture
efficiency and abundance.

The mark-recapture estimates of capture efficiency
obtained in this study (0.38–0.40) were similar to those
generated using standard 2-day electric fishing mark-
recapture in studies of salmonids in small streams (e.g.
0.10–0.36, Petersen et al. 2004; 0.40, Rosenberger &
Dunham 2005). Depletion capture efficiencies were
also 14–68% higher than those obtained by mark-
recapture, similar to the overestimates observed in
other studies (30–86%, Petersen et al. 2004; about
38%, Rosenberger & Dunham 2005). As with earlier
studies, a decrease in catchability in the last two
electric fishing depletion passes (e.g. Fig. 1) was
observed, violating the removal model assumption of
constant catchability between successive catches as
documented elsewhere (e.g. Petersen & Cederholm
1984; Rogers et al. 1992; Petersen et al. 2004; Rosen-
berger & Dunham 2005). However, the likelihood
depletion model (Schnute 1983) failed to detect any
reduction in catchability on successive passes in any of
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the depletion data, indicating that existing models have
low power to detect decreases in capture efficiency
unless the decrease is very large (e.g. Riley & Fausch
1992; Rosenberger & Dunham 2005). The tighter
confidence intervals on the depletion population esti-
mates also give an impression of accuracy that is not
supported by the less biased mark-recapture popula-
tion estimates (e.g. Fig. 1).
The proposed dual-gear mark-recapture approach

with minnow traps and electric fishing can be used as
an unbiased alternative to triple-pass electric fishing.
Alternatively, it has the potential to be used as a simple
technique to calibrate and estimate the bias in triple-
pass electric fishing to increase the accuracy of deple-
tion estimates. Catching and marking juvenile fish with
minnow traps prior to depletion electric fishing adds
approximately 2 h to the process. Although manage-
ment biologists may not want to incorporate this extra
step on a regular basis, its application to generate
unbiased estimates of capture efficiency at a subset of
representative sites may be a practical compromise.
This information could then be used to estimate
average capture efficiency or capture efficiency in
different habitat types, which can then be applied to
single-pass electric fishing to obtain less biased popu-
lations estimates at a larger number of sites (e.g. Jones
& Stockwell 1995).
However, it should be noted that capture efficiency

will differ across sites based on stream size, habitat
complexity and species composition (Petersen et al.
2004; Rosenberger & Dunham 2005), and application
of a single capture efficiency (e.g. Jones & Stockwell
1995) will necessarily introduce error. One solution to
this problem is for management agencies to integrate a
dual-gear mark-recapture approach into local routine
depletion electric fishing surveys to generate unbiased
estimates of catchability across a diversity of sites. Site-
specific habitat features (e.g. water depth, habitat
complexity) could then be used as covariates to
generate quantitative relationships between capture
efficiency and habitat to calibrate local single or
multiple-pass electric fishing population estimates for
target species (e.g. Jones & Stockwell 1995).
Although the minnow-trapping mark-recapture pro-

tocol described is suitable for juvenile salmonids,
minnow traps may be inappropriate for other species
or life stages and substitution of larger traps would, for
example, allow application of the technique to larger
fish (Chad Wilkinson, UBC Fisheries Centre, personal
communication). The key to effective dual-gear mark-
recapture as described here is a capture method for
marking that maximises the number of fish caught
while minimising stress that may alter vulnerability

to recapture on the second sampling (typically this
involves passive gear). Gear for the second (recapture)
sample need only maximise the number of fish caught
(typically using active gear), as gear effects on
subsequent catchability are relevant only at the mark-
ing stage. However, it is recommended that anyone
using a dual-gear approach to estimate electric fishing
capture efficiency perform the simple experiment
described in this paper to confirm that their marking
technique does not alter catchability of marked fish to
electric fishing.
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