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Abstract: Gillnet selectivity for lake trout (Salvelinus namaycush) was estimated indirectly from catches in nets of 102-, 114-,
127-, 140-, and 152-mm stretch measure. Mesh selectivity was modeled as a nonlinear response surface that describes changes
in the mean, standard deviation, and skewness of fish lengths across mesh sizes. Gillnet selectivity for lake trout was
described by five parameters that explained 88% of the variation in wedged and entangled catches, 81% of the variation in
wedged catches, and 82% of the variation in entangled catches. Combined catches of wedged and entangled lake trout were
therefore described more parsimoniously than separate catches of wedged and entangled lake trout. Peak selectivity of wedged
and entangled fish increased from 588 to 663 mm total length as mesh size increased from 102 to 152 mm, and relative
selectivity peaked at a total length of 638 mm. The estimated lake trout population size–frequency indicated that gillnet
catches were negatively biased toward both small and large lake trout. As a consequence of this bias, survival of Lake
Superior lake trout across ages 9–11 was underestimated by about 20% when the catch curve was not adjusted for gillnet
selectivity.

Résumé: Nous avons estimé indirectement la sélectivité des filets maillants pour le touladi (Salvelinus namaycush) à partir
des captures faites au moyen de filets de 102, 114, 127, 140 et 152 mm (maille étirée). Nous avons modélisé la sélectivité du
maillage sous forme de surface de réponse non linéaire qui décrit les changements dans la moyenne, l’écart-type et l’asymétrie
des longueurs de poissons en fonction de la taille des mailles. Nous avons décrit la sélectivité des filets maillants pour le
touladi à partir de cinq paramètres qui expliquent 88 % de la variation pour les captures maillées et emmêlées, 82 % de la
variation pour les captures maillées et 85 % de celle des captures emmêlées. Nous avons donc décrit les captures combinées
de poissons maillés et de poissons emmêlés de façon moins détaillée que les captures de maillés et emmêlés séparément. La
sélectivité maximale pour les poissons maillés et emmêlés s’est accrue de 588 à 663 mm (longueur totale) pour une
augmentation correspondante de la taille du maillage de 102 à 152 mm; la sélectivité relative a atteint un sommet à 638 mm de
longueur totale. D’après l’estimation du rapport taille–fréquence de la population de touladi, il semblerait que les captures au
filet maillant avaient un biais négatif pour les touladis de petite et de grande taille. En raison de ce biais, la survie du touladi de
9 à 11 ans dans le lac Supérieur était sous-estimée d’environ 20 % dans les cas où la courbe des captures ne tenait pas compte
de la sélectivité des filets maillants.
[Traduit par la Rédaction]

Introduction

Gill nets are widely used for the commercial harvest and for
the assessment of many fish populations, but are highly selec-
tive for certain sizes of fish. The size selectivity of a particular
mesh size therefore needs to be known to effectively regulate

its commercial use (Regier and Robson 1966). Gear selectiv-
ity, for example, can greatly affect the estimated allowable
harvest for gillnet fisheries, which is crucial for managing
these fisheries (Madenjian and Ryan 1995). The selectivity of
a gillnet mesh size for a target species is normally determined
from a series of different-sized gill nets that are simultaneously
fished (Hamley 1975). The estimated selectivity of the various
mesh sizes are then used to estimate the size composition of the
target fish population, which is used to regulate the commer-
cial fishery.

Various indirect methods have been proposed for estimat-
ing selectivity of gill nets to overcome the need for inde-
pendent estimates of the size–frequency of the target
population (Regier and Robson 1966; Hamley 1975). Central
to such indirect methods of gillnet selectivity estimation is the
assumption that the selectivity curves for all mesh sizes have
the same shape and size (Baranov’s geometrical similarity as-
sumption; Hamley 1975). This assumption allows the compu-
tation of the underlying, but unknown, population
size–frequency by scaling the selectivity of different mesh
sizes to one size-class of fish (Type B curves) to the same
height and then calculating the selectivity of a single mesh size
(Type A curves).

Gillnet selectivity has not been estimated for lake trout
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(Salvelinus namaycush) in the Great Lakes, although Pycha
(1962) estimated the relative efficiency of cotton and multi-
filament nylon gill nets for lake trout in Lake Superior. Pre-
vious estimates of gillnet selectivity for other species have
usually been based on fish that were wedged in the meshes,
but not for fish that were entangled in the meshes (Hamley
1975). Gillnet selectivity for wedged and entangled fish would
be useful for managing a gillnet fishery, particularly when a
substantial proportion of the fish caught in the gill net are
entangled rather than wedged. Such gillnet fisheries for lake
trout are still important in Lake Superior (Hansen et al. 1995),
and gillnet selectivity estimates would therefore have practical
value in managing these fisheries.

Total annual survival of a fish population can be estimated
using the catch-curve method, but survival will be under-
estimated if catches used to construct the catch curve are not
adjusted for gillnet selectivity (Regier and Robson 1966;
Ricker 1975). The catch-curve method is used to estimate total
annual mortality of lake trout caught in gillnet assessment fish-
eries in Lake Superior, but these estimates are acknowledged
to overestimate mortality (underestimate survival) because of
selectivity of the gill nets (Hansen et al. 1994).

In this study, we propose to model the selectivity of gill nets
for lake trout to (1) determine if the shape and size of the
selectivity curves are similar, as expected from the geometrical
similarity assumption, (2) compare the selectivity curves for
fish that were either wedged or entangled with the selectivity
curves for fish that were wedged only and entangled only, and
(3) compare survival estimates from catch curves derived from
gillnet catches unadjusted for gillnet selectivity with survival
estimates adjusted for gillnet selectivity.

Methods
We estimated the selectivity of five gillnet mesh sizes (102-, 114-,
127-, 140-, and 152-mm stretch measure) for lake trout using the
nonlinear iterative least-squares method described by Helser et al.
(1991, 1994). The residual least-squares errors of the estimated selec-
tivity for the various mesh sizes were then used in a bootstrap proce-
dure to estimate confidence intervals around estimates of relative
selectivity and of the various size-classes of fish in the lake trout
population in a refuge in western Lake Superior. We compared the
relative selectivity of gill nets and population size–frequencies for
fish that were wedged or entangled and for fish that were wedged only
and entangled only. We also compared survival estimates from catch
curves derived from gillnet catches unadjusted for gillnet selectivity
with survival estimates adjusted for gillnet selectivity.

Gillnet catches
Nylon multifilament gill nets were set in Gull Island Refuge, near the
Apostle Islands, Lake Superior, from 23 April through 9 May 1973.
This location was chosen because a population of large, mostly native
lake trout inhabited the area (Swanson and Swedberg 1980; Schram
et al. 1995). Gill nets 3657.6 m in length were made up of eight
457.2-m sections, each of which was composed of five 91-m panels,
0.9144 m apart, with one panel each of 102-, 114-, 127-, 140-, and
152-mm stretch measure multifilament nylon twine. The net was
1.8288 m in height with a 1:2 hanging ratio. Net twine was 210/2 for
the 102- to 140-mm meshes and 210/3 for the 152-mm mesh.

The net was lifted after 1 day on seven dates, but was lifted after
4 days on one date due to a storm. Lake trout were examined for mode
of capture (wedged or entangled), measured (millimetres total
length), and enumerated by mesh size. Fish were most often entangled
by the mouthparts or teeth if they penetrated the mesh forward from

the eyes, but were most often wedged if they penetrated the mesh past
the eyes. Fish that penetrated a mesh so that the mesh encircled them
between the eye and the dorsal fin were therefore considered wedged
whereas others that were caught were considered entangled.

Girth measurements at the eye and at the dorsal fin were taken
from a random sample of 170 fish to estimate the linear relationships
between total length and girths at the eye and at the dorsal fin (Hamley
1975). We then plotted lengths of entangled fish against the perimeter
of the mesh in which they were caught and compared these lengths
with the maximum girth and eye girth linear relationships to deter-
mine which of the entangled lake trout could have been wedged in the
same mesh. Any entangled lake trout that was caught in a mesh with
a perimeter less than the upper 95% confidence interval of the maxi-
mum girth relationship or greater than the lower 95% confidence
interval of the eye girth relationship was judged to have been capable
of being wedged in that mesh. The 95% confidence intervals that we
used for these comparisons were for individual observations, rather
than for mean values, since we were comparing individual fish with
the relationships (Draper and Smith 1981).

Model for estimating selectivity
We estimated gillnet selectivity indirectly because direct estimation
requires knowledge of the true size structure of the fish population
(Hamley 1975), and such data were unavailable. Helser et al. (1991,
1994) developed a method for indirectly fitting Type A and Type B
selectivity curves simultaneously using a nonlinear iterative least-
squares approach to estimate the response surface of gillnet selectivity
as a function of both mesh size and fish size. The method improves
on other approaches by simultaneously fitting Type A and Type B
curves, by allowing assessment of overall model fit to the data, and
by allowing evaluation of the reliability of parameter estimates (Hel-
ser et al. 1991; Millar 1992, 1995). The method can also be extended
to estimate confidence intervals for the population size–frequency
distribution (Helser et al. 1994). The method is based on an assumed
skew-normal probability density function

sij = 1
σi (2π)1/2

exp−(lj−µi)
2/2σi
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2qiσi
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−
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wheresij = selectivity of meshi for fish of sizej, µi = mean size of fish
caught (millimetres total length) in mesh sizei, σi = standard deviation
of the size of fish in meshi, qi = skewness coefficient of the size of
fish in meshi, andlj = mean size of fish in size-classj. The moments
of the probability density function,µi, σi, andqi, are estimated as
linear (or quadratic) functions of mesh size,mi (millimetres stretch
measure of meshi). In our analysis,µi andσi were linearly related to
mi, andqi was a constant:

µi = µ0 + µ1mi

σi = σ0 + σ1mi

qi = q0

The estimating function

E(πij) = nij /ni

uses observed proportions of fish size-classes in each mesh size as
expected values for mesh selectivitysij, whereπij = proportion of fish
sizej in mesh sizei, nij /ni, nij = catches of fish of size-classj in mesh
i, andni = total catch of fish in meshi, Σj nij. The population size–
frequency,Nj, can be estimated by dividing the composite catch for
each size interval,nj, by the relative selectivity of that interval,Sij,
where

nj = Σi nij

Sij = Σi sij /maxj (Σi sij)

Estimation of selectivity
We estimated selectivity of each mesh size for fish size-classes from

Can. J. Fish. Aquat. Sci. Vol. 54, 19972484

© 1997 NRC Canada

F97-156.CHP
Thu Jan 22 11:16:22 1998

Color profile: Disabled
Composite  Default screen

http://www.nrc.ca/cisti/journals/cjfas/cjfas54/fishco97.pdf


438 through 863 mm (25-mm intervals) by (1) computing the mean,
standard deviation, and skewness of the sizes of fish caught in each
mesh, (2) fitting linear relationships across mesh sizes for each mo-
ment of the fish size distribution, and (3) using the linear parameter
estimates as seeds for the iterative least-squares search for parameters
of the nonlinear model. We fit the model using SAS (SAS Institute
Inc. 1989) and Systat (Systat Inc. 1992) procedures for nonlinear
estimation, using the results from both derivative-dependent
(Gauss–Newton and quasi-Newton, respectively) and derivative-free
(DUD and SIMPLEX, respectively) algorithms as seeds for further
searches (Seber and Wild 1989). We assumed that a global minimum
sum of squares had been reached when all search methods converged
on the same set of parameters for the nonlinear model.

Estimation of population size–frequencies
We estimated the relative abundances of the size-classes in the popu-
lation by, first, estimating the total selectivity of the gear by summing
the selectivity of the five mesh sizes for each fish size-class. Next, we
estimated the relative selectivity of the gear for each fish size-class by
dividing the total selectivity of the gear by the maximum total selec-
tivity observed for any fish size-class. Last, we estimated the size–
frequency of the population by dividing the observed catches by the
relative selectivity of the gear for each fish size-class.

We used a bootstrap procedure to estimate 95% confidence inter-
vals for the relative selectivity of the gear and for the estimated rela-
tive abundances of the various size-classes in the population (Efron
1979). We used the parameters, estimates, and residuals from the
nonlinear iterative least-squares procedure outlined above as inputs
for 1000 iterations of a bootstrap. In each iteration of the bootstrap,
each predicted selectivity value was assigned a randomly selected
residual (with replacement) from the set of residuals obtained in the
nominal nonlinear iterative least-squares solution. The mean, 5%
quantile, and 95% quantile from 1000 trials of the bootstrap procedure
were used as estimates of the mean and its 95% confidence interval.

Bias in estimates of total annual survival
We constructed age-class distributions for estimating the bias in total

annual mortality of lake trout caused by gillnet selectivity. The
age–length key for lake trout caught in Wisconsin waters of Lake
Superior in 1973 (Appendix) was used to construct age-class distribu-
tions from three size-class distributions of lake trout (Ricker 1975):
(1) fish caught in 114-mm stretch measure nets, the standard assess-
ment gear for indexing lake trout abundance and mortality in Lake
Superior (Hansen et al. 1995), (2) fish caught in the five-mesh graded
series from 102 through 152-mm stretch measure, and (3) the esti-
mated population size–frequency for lake trout from the nonlinear
least-squares estimation described above.

Age-class distributions were used to estimate rates of total instan-
taneous mortality (Z) from the descending limb of the catch curves
(Ricker 1975). We used fish 9–11 years of age for estimating total
instantaneous mortality because these three age-classes were repre-
sented in all three age-class distributions and were therefore fully
vulnerable to the gear used to construct the age-class distributions.
Estimates of total instantaneous mortality were then used to estimate
annual survival rates (S), which were used to determine bias of the
survival rates derived from catches in 114- and in 102- to 152-mm-
mesh nets.

Results

Gillnet catches
Of the 839 lake trout caught in the five meshes, 62% (518 fish)
were wedged and 38% (321 fish) were entangled (Tables 1 and
2). Both girth at the eye and girth at the dorsal fin were linearly
related to lake trout total length (Fig. 1, top panel). Most entan-
gled lake trout (98%; 316 of 321 fish) were larger than the
upper 95% confidence interval of the maximum girth relation-
ship and smaller than the lower 95% confidence interval of the
eye girth relationship and could therefore have been wedged in
the same mesh (Fig. 1, bottom panel). In contrast, only 2%
(five fish) of the fish caught could not have been wedged in

Total length
(mm)

Mesh size (mm)

102 114 127 140 152 Total

438 6 1 0 0 0 7
463 6 3 0 0 1 10
488 18 5 3 0 0 26
513 10 16 7 1 0 34
538 17 18 9 5 1 50
563 8 14 24 10 4 60
588 11 20 30 22 10 93
613 20 15 16 23 9 83
638 11 20 20 29 17 97
663 15 19 25 26 23 108
688 7 22 21 14 25 89
713 10 19 11 15 21 76
738 5 16 13 10 11 55
763 1 6 11 2 4 24
788 0 1 3 5 0 9
813 1 1 3 1 3 9
838 0 1 1 1 2 5
863 0 0 0 1 3 4
Total 146 197 197 165 134 839

Table 1.Numbers of wedged and entangled lake trout by size
interval in five mesh sizes of gill nets set during spring 1973 in Gull
Island Refuge, Lake Superior.

Total length
(mm)

Mesh size (mm)

102 114 127 140 152 Total

438 6 0 0 0 0 6

463 5 3 0 0 0 8
488 16 4 1 0 0 21
513 9 14 6 1 0 30
538 9 17 6 5 0 37
563 6 10 20 7 4 47
588 6 14 23 20 9 72
613 6 6 11 20 8 51
638 7 10 13 23 14 67
663 5 7 13 15 21 61
688 0 7 11 8 23 49
713 1 7 2 8 16 34
738 1 5 4 4 9 23
763 0 1 1 1 1 4
788 0 0 0 1 0 1
813 1 0 0 0 2 3
838 0 0 0 1 0 1
863 0 0 0 0 3 3
Total 78 105 111 114 110 518

Table 2.Numbers of wedged lake trout by size interval in five
mesh sizes of gillnets set during spring 1973 in Gull Island Refuge,
Lake Superior.
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that mesh because they were either too small (two fish) or too
large (three fish).

Mesh selectivity
Mean lengths of lake trout wedged or entangled in gill nets
increased with mesh size, standard deviations decreased, and
skewness varied without trend (Fig. 2, left panels). We fit a
five-parameter model to the data on relative catches of lake
trout wedged or entangled in the five meshes. The model had
terms for a linear increase in mean length across meshes (slope,
µ1, and intercept,µ0), a linear decrease in standard deviation of
length across meshes (slope,σ1, and intercept,σ0), and no
change in skewness of length across meshes (mean,q0). The
model explained 88% of variation in the proportions of fish of
various sizes caught in the five mesh sizes (Table 3).

Mean lengths of lake trout wedged in gill nets increased
with mesh size, standard deviations decreased, and skewness
varied without trend (Fig. 2, center panels). We fit a five-
parameter gillnet selection model to the data on relative
catches of lake trout wedged in the five meshes. This model
also had terms for a linear increase in mean length across
meshes (slope,µ1, and intercept,µ0), a linear decrease in stand-
ard deviation of length across meshes (slope,σ1, and intercept,σ0),
and no change in skewness of length across meshes (mean,q0).

The model explained 81% of variation in the proportions of
fish of various sizes caught in the five mesh sizes (Table 3).

Mean lengths of lake trout entangled in gill nets increased
with mesh size, standard deviations increased, and skewness
varied without trend (Fig. 2, right panels). We again fit a five-
parameter gillnet selection model to the data on relative
catches of lake trout entangled in the five meshes. This model
also had terms for a linear increase in mean length across
meshes (slope,µ1, and intercept,µ0), a linear decrease in stand-
ard deviation of length across meshes (slope,σ1, and intercept,
σ0), and no change in skewness of length across meshes (mean,
q0). The model explained 82% of variation in the proportions
of fish of various sizes caught in the five mesh sizes (Table 3).

Selectivity of the five meshes for length-classes of wedged
and entangled lake trout was skewed toward larger fish
(Fig. 3). Peak selectivity increased from 588 to 663 mm for
wedged and entangled lake trout as mesh size increased from
102 to 152 mm. Peak selectivity matched peak observed
catches for each of the five meshes, although the shape of the
selectivity curves for the three small meshes better matched
dispersion of the observed catches than for the two large
meshes. The five mesh selectivity curves appeared to have
similar sizes and shapes, and therefore satisfied Baranov’s
geometrical similarity assumption for such analyses (as cited
in Hamley 1975).

Fig. 1.Maximum girth (MG, upper line) and girth at the eye (EG,
lower line) versus total length of lake trout caught in gill nets (top
panel) and mesh opening perimeter versus total length of lake trout
entangled in gill nets (bottom panel). All fish were caught in spring
1973 at Gull Island Refuge, Lake Superior. Parallel lines display
means and 95% confidence intervals of individual observations and
are plotted for comparison on the lower panel.

Fig. 2.Changes in the mean, standard deviation, and skewness of
lake trout total length caught in gillnet mesh sizes of 102- to
152-mm stretch measure.
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Selectivity of the five meshes for wedged lake trout was
skewed toward smaller fish whereas that for entangled lake
trout was skewed toward larger fish (Fig. 4). As mesh size
increased from 102 to 152 mm, peak selectivity for wedged
lake trout increased from 563 to 663 mm, but for entangled
lake trout increased from 613 to 688 mm. Peak selectivities of
the five meshes rarely matched the peak observed catches for
either wedged or entangled lake trout. The lack of overall
model fit, both for wedged and for entangled lake trout, ap-
peared to be caused by a change in the shape and size of the
underlying selectivity of the gill nets, a violation of the geo-
metrical similarity assumption.

Relative selectivity
Relative selectivity peaked for lake trout 638 mm long that
were wedged and entangled in the five gillnet meshes (Fig. 5).
We did not estimate relative selectivity for separate catches of
wedged and entangled lake trout because their mesh selectivity
was poorly estimated. Relative selectivity was estimated with
similar precision for all lengths of wedged and entangled lake
trout, as evident by the relatively similar confidence intervals
for the estimates at each length-class. Relative selectivity for
wedged and entangled lake trout increased relatively smoothly
from lake trout 438 mm long to the peak and decreased rela-
tively smoothly from the peak to fish 863 mm long.

Population size–frequency
The size–frequency of the lake trout population that was esti-
mated to have been caught in five gillnet mesh sizes was rela-
tively broad and flat, compared with the size–frequency of the
sample that was observed to have been wedged or entangled in

the nets (Fig. 6). Relative numbers of lake trout 488–788 mm
total length were estimated with greater precision than either
smaller or larger size-classes, as seen from the relative widths
of the confidence intervals around the estimates. Numbers of
lake trout estimated in each length-class were greater than the
observed catches for most length-classes, which shows how
highly selective gill nets are for lake trout.

Bias in estimated annual survival
Age-class distributions of lake trout wedged and entangled in
114-mm single-mesh gill nets and in 102- to 152-mm graded-
mesh gill nets were not greatly different from one another, but
were each different from that of the estimated population
(Fig. 7). Instantaneous total annual mortality (Z) of lake trout
aged 9–11 years was 1.06 for catches in 114-mm nets and 1.03
for catches in 102- to 152-mm nets, but was only 0.57 for the
estimated population. Accordingly, annual survival (S) of lake
trout aged 9–11 years was 35% for catches in 114-mm nets and
36% for catches in 102- to 152-mm nets, but was 57% for the
estimated population that accounted for gillnet selectivity.

Discussion

Indirect estimation of gillnet selectivity requires that the

Coefficient
Asymptotic 95%

confidence interval

Parameter Initial Final Lower Upper

Wedged and entangled
µ0 428.539 242.376 149.233 335.519
µ1 1.623 1.780 1.052 2.508
σ0 141.419 232.689 137.662 327.716
σ1 –0.494 –0.173 –0.915 0.569
q0 0.045 –0.086 –0.096 –0.076
Model r2 0.884

Wedged only
µ0 312.308 544.869 392.774 696.964
µ1 2.346 1.894 0.714 3.074
σ0 122.932 306.753 101.430 512.077
σ1 –0.438 –0.591 –2.143 0.960
q0 0.357 0.085 0.068 0.101
Model r2 0.812

Entangled only
µ0 521.199 413.100 275.510 550.690
µ1 1.167 0.594 –0.529 1.717
σ0 55.072 156.988 –16.215 330.191
σ1 0.230 0.632 –0.758 2.022
q0 –0.644 –0.078 –0.091 –0.065
Model r2 0.825

Table 3.Parameter estimates, asymptotic confidence intervals, and
modelr2 for wedged and entangled lake trout in five mesh sizes of
gill nets set during spring 1973 in Gull Island Refuge, Lake
Superior.

Fig. 3.Observed (points) and estimated (lines) mesh selectivity of
lake trout wedged and entangled, combined, in gill nets in spring
1973, Gull Island Refuge, Lake Superior.
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selectivity curves for all meshes have the same size and shape
(Baranov’s geometrical similarity hypothesis; Hamley 1975).
We found that the selectivity curves for wedged and entangled

lake trout in five meshes of gill nets were similar in size and
shape, but not when wedged and entangled fish were modeled
separately. Our conclusion is based on the observation that
peak values and overall distributions of mesh selectivity
matched observed catch frequencies for wedged and entangled
lake trout, but not for separate catches of either wedged or
entangled lake trout. The relatively poorer fit of the estimated
selectivity of our largest two meshes to observed catches was
likely caused by the rarity of lake trout larger than 800 mm
total length in Gull Island Refuge in 1973. Only 5% of
spawning-aged lake trout in Gull Island Refuge were older
than age 10 in 1973 (Swanson and Swedberg 1980), the age at
which most fish would have been larger than 800 mm total
length. Because of the rarity of large lake trout in the Gull
Island Refuge population, gillnet selectivity could not be accu-
rately estimated from pairs of different meshes (e.g., Holt’s
method; Hamley 1975), rather than from the set of five meshes
(Helser et al. 1991, 1994; Millar 1992, 1995). For example,
selectivity estimated from our two largest meshes would imply
a different shape of the selection curve (more peaked) than
from all five meshes (more broadly domed). Contemporary

Fig. 7.Age–frequency distributions for lake trout caught in
Wisconsin waters of Lake Superior in 114-mm single-mesh gill
nets and 102- to 152-mm graded-mesh gill nets and from the
estimated population.

Fig. 4.Observed (points) and estimated (lines) mesh selectivity of
lake trout wedged and entangled, separate, in gillnets in spring
1973, Gull Island Refuge, Lake Superior.

Fig. 5.Estimated mesh selectivity (from Fig. 3) and relative
selectivity (mean± 95% confidence intervals) of lake trout in five
gillnet mesh sizes in spring 1973, Gull Island Refuge, Lake
Superior.

Fig. 6.Observed catches (bars) and estimated population
size–frequencies (mean± 95% confidence intervals) of lake trout in
five gillnet mesh sizes in spring 1973, Gull Island Refuge, Lake
Superior.
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catches in the two largest meshes are likely closer to our esti-
mated population size–frequency because the proportion of
large fish in the population in Gull Island Refuge has increased
since 1973 (Schram et al. 1995).

A second assumption of indirect estimation of gillnet selec-
tivity is that probabilities of fish encountering the net are equal
for all sizes of fish (Helser et al. 1994). This assumption may
be violated if fish of certain sizes are more likely to encounter
the net than fish of other sizes (Hamley 1975). Rudstam et al.
(1984) argued that this assumption is not true for fish that
spend all or most of their time swimming, such as coregonines,
scombrids, and carangids, and corrected their estimates of gill-
net selectivity for cisco (Coregonus artedi) by assuming that
encounter probability increased with fish length. However,
Borgstrøm and Plahte (1992) contended that this approach is
inappropriate for salmonines like brown trout (Salmo trutta)
that make short excursions to catch prey fish. Tagging studies
of lake trout in the Apostle Island region of Lake Superior have
shown that few fish stray more than 80 km from their point of
capture (Eschmeyer et al. 1953; Buettner 1961; Rahrer 1968).
Of the few lake trout that strayed greater distances, Eschmeyer
et al. (1953) showed that the incidence of moving more than
80 km was greater as fish increased from 225 to 500 mm total
length, but there was no apparent increase in distance moved
for fish larger than 500 mm total length. Since 95% of the lake
trout caught in our nets exceeded 500 mm total length, we
assumed that corrections of gillnet selectivity to account for
size-based encounter probability were unwarranted.

A third assumption for indirect estimation of gillnet selec-
tivity is that probabilities of fish being retained in the net are
affected only by mesh size (Helser et al. 1994). This assump-
tion may be violated if fish of a certain size tend to move along
a portion of the net of certain mesh size into another portion
of the net of another mesh size (Regier and Robson 1966).
We minimized the likelihood of this bias by leaving gaps be-
tween the panels of different mesh sizes and by lifting the net
after one night of fishing whenever possible (Regier and Rob-
son 1966). Our one net that soaked four nights before it was
lifted did not appear to be affected by saturation, as the total
catch was similar to that obtained from summing one night’s
catch at the previous four nights’ catch rate and three nights’
catches at the succeeding two nights’ catch rate.

The model we used to estimate gillnet selectivity was based
on an assumed skew-normal distribution because lake trout
may become tangled by their teeth and maxillaries, which gen-
erally causes selectivity curves to be broadly domed and
skewed to the right (Hamley 1975), as we found in this study.
In comparison, the selection curve for lake whitefish (Core-
gonus clupeaformis) (Regier and Robson 1966), a salmonid
species without a large mouth, is relatively normal whereas the
selection curves for other salmonids with larger mouths, such
as rainbow trout (Oncorhynchus mykiss) (Fujimori et al.
1992), sockeye salmon (Oncorhynchus nerka), chum salmon
(Oncorhynchus keta), pink salmon (Oncorhynchus gorbuscha)
(reviewed by Hamley 1975), Arctic char (Salvelinus alpinus),
and brown trout (reviewed by Jensen 1986), are more skewed.

Our estimates of gillnet selectivity should prove valuable
in managing gillnet fisheries for lake trout in Lake Superior.
Selectivity can be incorporated into Ricker equilibrium models
in the same manner as was done by Madenjian and Ryan
(1995) to arrive at recommended allowable harvests for gillnet

fisheries for lake trout in Lake Superior. Estimated gillnet se-
lectivity can also be used to understand and adjust for bias in
estimates of lake trout mortality from lake trout catches in
single-mesh and graded-mesh assessment nets. We found that
estimated annual survival was biased low by more than 20%,
whether estimated from catches in 114-mm single-mesh nets
or from catches in 102- to 152-mm graded-mesh nets. Bias of
this magnitude in estimated annual survival should be taken
into account in setting limits for total allowable harvest of lake
trout in Lake Superior.
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Total length
(mm)

Age (years)

4 5 6 7 8 9 10 11 12 13

438 0.18 0.22 0.37 0.18 0.04 0.00 0.00 0.00 0.00 0.00
463 0.06 0.22 0.45 0.14 0.03 0.10 0.00 0.00 0.00 0.00
488 0.02 0.06 0.34 0.56 0.01 0.00 0.00 0.00 0.00 0.00
513 0.04 0.12 0.52 0.29 0.04 0.00 0.00 0.00 0.00 0.00
538 0.03 0.15 0.35 0.40 0.07 0.00 0.00 0.00 0.00 0.00
563 0.00 0.02 0.60 0.30 0.08 0.01 0.00 0.00 0.00 0.00
588 0.00 0.12 0.22 0.35 0.22 0.09 0.00 0.00 0.00 0.00
613 0.00 0.00 0.21 0.29 0.36 0.14 0.00 0.00 0.00 0.00
638 0.00 0.00 0.09 0.23 0.37 0.24 0.08 0.00 0.00 0.00
663 0.00 0.00 0.01 0.11 0.14 0.61 0.12 0.00 0.00 0.00
688 0.00 0.00 0.01 0.04 0.29 0.51 0.15 0.00 0.00 0.00
713 0.00 0.00 0.05 0.01 0.23 0.50 0.12 0.09 0.00 0.00
738 0.00 0.00 0.00 0.02 0.24 0.37 0.21 0.15 0.00 0.02
763 0.00 0.00 0.00 0.04 0.07 0.39 0.29 0.21 0.00 0.00
788 0.00 0.00 0.00 0.00 0.00 0.38 0.13 0.50 0.00 0.00
813 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.50 0.25 0.00

Appendix. Proportion of lake trout per age-class within various length-classes caught in spring gillnet
assessment fisheries in Wisconsin waters of Lake Superior in 1973.
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