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I. Introduction

Gillnets are one of the oldest, simplest, and easiest forms of
passive fish harvesting. In order to utilize gillnet catch data for
quantitive population dynamics, the selectivity and efficiency of the
net must be known to allow the correction of the catch to give an
unbiased estimate of the population. The first detailed description of
gillnet fishing and selectivity was carried out prior to 1920 by
Baranov (Baranov, 1933). Since then, and especially in the last 20
years, many scientists (Holt, 1963; McCombie, 1961; Hamley and Regier,
1973; Regier and Robson, 1966;) have attempted to utilize mathematical
techniques to describe the selectivity pattern of gillnets. This paper
reviews previous theories of gillnet operation and attempts to show how
gillnet catches can be used as random sampling tools. Regier and Robson
(1966) provide a detailed review of the many mathematical models used
in attempting to calculate selectivity and therefore this aspect will
not be repeated here.

In order to make the terminology of this paper clear the following
definitions are proposed:- (Much of this terminology has been adopted
from otter trawl selectivity studies (Pope et al., 1975)).

1. Selectivity - the relative likelihood that a fish of any given
size encountering a unit of gear will be retained by it. This
value is relative and therefore normalized to some standard,
generally 100%.

. Availability - the likelihood that a fish of any given size will
encounter the fishing gear. This is controlled by distribution
and behaviour of gear, fish, and fishermen.

Partial recruitment - the absolute probability of capture of any
member of the population whether or not that fish encounters
the gear. Partial recruitment can be expressed as

Partial Recruitment = Selectivity x Availability

Efficiency - the selectivity of one gillnet relative to another.
The nets will require an overlapping range of selectivities to
permit the calculation of relative fishing efficiency and the
series of nets are generally normalized to the highest single
value.

Selection curve is a model or mathematical expression of gillnet
selection with the highest point (modal) usually normalized to
100%. This curve is often represented by a normal or Gausian
distribution and will have the same 4 moments as the efficiency
curve.

Modal point or length - the length of fish at the highest point
of the selection curve (also the mean length when selection is
normal).

Selection range - the range of lengths between the points at
which 25% (relative to modal size) of the fish are retained.

Selection factor - the fish length at the modal point divided by
the stretched mesh size, both being measured in the same units.

II. Background to theory of gillnet selectivity 

a) Gillnet fishing (principle) 

Fish are caught in gillnets by two methods, gilling or wedging
and tangling. The latter method is of negligible importance with
smooth bodied fish, such as cod and herring; however, for fish with
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spines, such as the African catfish (Clarias gariepinus) (Gulland
and Harding, 1961) and fish with teeth, such as walleye
(Stizostedion vitreum vitreum) (Hamley and Regier, 1973), tangling
can result in a significant portion of the catch.

A gillnet will catch fish of varying lengths with unequal
success. Baranov (1948) showed how the size of meshes and the body
form of the fish are most important in controlling the ability of
an individual net to retain any particular fish. There is an
optimum length of each fish species retained by each net. Above
and below this length, the ability of the net to retain fish
decreases. Smaller fish, in the extreme, pass freely through the
meshes and as fish increase in size they are able to squeeze
through the meshes with differing degrees of success. This is due
to twine elongation and body compression. Large fish meet
resistance and are often able to back away before becoming
entangled.

A basic assumption has long been made that selection of a
gillnet approximates a normal or Gaussian curve (Baranov, 1948;
Holt, 1963; McCombie, 1961). Baranov pointed out that the
relationship between the bar measure of the mesh (0) and the
modal group (Lm) is:- 0 = K x Lm. He found the constant (K) to
be equal to 0.125 for herring (Clupea sp.) and 0.150 for roach
(Rutilis sp.). After further work he found the relationship
V = k x Gm to be a superior form, the constant being equal for
different species; in this latter case Gm is the girth of the modal
group and k is a constant (proportional to K). This, in principle,
indicates that fish of the same girth are caught equally well in
the same net irrespective of species. This premise, that girth is
the controlling factor of selectivity (at least for the wedging
portion of the catch) leads to the conclusion that the
girth/selectivity relationship must be normal. Baranov found the
modal girth to be approximately 1.25 times the mesh size. As the
pattern of girth distribution for any fish length is normal the
assumption that the selection of fish about the modal length of a
gillnet catch approximates a normal curve is sound.

Since the time of Baranov the results of two further studies,
Rollefsen (1953) and Richardson (1956) have given further
indication that selectivity follows a normal pattern. Both of
these studies used a presumed unselective gear to fish the same
areas as gillnets. The comparison between catch and presumed
populations indicated a normal type curve.

b) Factors affecting the efficiency of gillnets 

Four major factors affect the fishing behavior of gillnets.
These are:

twine size and elasticity,
twine colour,
mode of hanging the net, and,
duration of set.

The first of these has been studied by many authors since the first
theoretical analysis by Baranov (1948). Hansen (1974) found a
significant increase in the size of fish caught by a thinner
diameter monofilament twine when compared to the same mesh size
with thicker monofilament twine. He postutAted that this was due
to the greater elasticity of the thinner twine. He did not see any
trend in efficiency (i.e., increase in the catch per unit effort)
with gillnets of thinner twine; Baranov, however, in his study did
find the catch decreased five fold with thicker twine. This
difference could be due to the fact that the thickest twine used by
Hansen was less than one-half of the diameter of the thinnest twine
used by Baranov. It is probable that as twine diameter decreases
the efficiency does improve to a maximum, at which point only an
increase in number of fish encountering the net will increase the



catch rate. Baranov (1948) pointed out the important concern
regarding the trade off between fishing efficiency and strength of
the net. Different fisheries require different compromises to
design the most suitable gear.

Associated with twine size is twine type. Many studies have
compared the efficiency of monofilament and multifilament gillnets
of the same mesh size (Collins, 1979; Larkins, 1963 and 1964;
Pristas and Trent, 1977; Washington, 1973). All of these authors
found the monofilament web more efficient for some species and not
for others. Collins (1979) found the efficiency of the two types
of twine varied throughout the fishing season; however, no trend
was apparent. He found the modal size of fish to be the same (in
both length and age) for both twine types, 	 although Washington
(1973) found monofilament nets caught slightly larger fish.
Earlier comparisons between cotton and nylon nets (Atton, 1955;
Hewson, 1951; Lawler, 1950; Pycha, 1962) found nylon more
efficient; but, opinions differed as to the effect on selectivity
of the two twine types.

Colour is the second factor of 	 the fishing behaviour
of gillnets. Visibility of nets in the water is a function of
water clarity, illumination, and wave length of the light reflected
by the twine. Hunter and Wisby (1964) found that fish could learn
to avoid nets and Steinberg (1964) showed that water clarity
influences catch efficiency which differs according to the visual
acuity of individual species. For this reason, gillnets are used
mainly (i.e. are most effective) from dusk	 until dawn. Many
studies such as Libosvansky (1970) have investigated colour and
arrived at confusing results due to the alteration of more than one
parameter at a time. Baranov (1948) observed that often the most
efficient colour of a net was similar to the colour of the dorsal
region of the fish. Protective colouration of fish conceals them
in their local environment, and therefore the same (dorsal) colour
is most efficient for concealing the net.

Fish catches have been found to be related to lunar phases
(Collins, 1979; Quartier, 1975). This relationship is attributed
to increased illumination making nets more visible and thus
increasing avoidance (Blaxter and Parrish, 	 1965). Molin (1953)
suggested the invisible nature of monofilament twine was the major
factor in its improved fishing efficiency compared to multifilament
nylon; however, Collins (1979) did not note any difference in
relative efficiency between monofilament and multifilament twine
during various lunar phases. He did note a drop in catch during
the full moon with both twine types. This 	 implies that in some
cases, changes in catch may be more attributable to changes in fish
activity (Lawler, 1969; Ryder, 1977) than 	 in increased avoidance of
the net.

The third factor affecting the fishing behaviour of gillnets
is the method of "hanging". The hanging of gillnets is the
attachment of the webbing to the mainline or cords framing the net.
Baranov (1969) explained it as the change	 in the dimensions of a
stretched piece of netting due to the spread of the meshes. In
fishery practice, a value is given to hanging such as 1/2 or 1/3
and this is calculated by the formula:

P = 2X-A

where P is the hanging coefficient, 1 is the bar mesh length and
A is the horizontal distance between two opposite knots of a mesh.
A net "hung" by the half has a final length equal to 0.5 the length
of the sum of the stretched meshes. A net 	 "hung" by the 1/3 has a
final length equal to 0.667 the length of the stretched webbing.

Although hanging will affect the fishing characteristics of a
gillnet, little work has been done to study the degree of this
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effect (Mohr, 1965).	 ackson et al. (1963) in a brief analysis
concluded one measureatle advantage was that of area. The maximum
area occurs by hanging by the 0.707. These authors felt the
most efficient mounting might be dependent on the cross-sectional
shape of the major species in the catch, i.e., by the 1/2 for
salmon (Peterson, 1954: and by the 0.7 for catfish (Bagrus sp.)
(Jackson et al., 1963),

The last factor of 	 fishing behaviour, duration of the
set, has been studied by several authors (Baranov, 1948; Kennedy,
1951; Pycha, 1962). Kennedy (1951) found that high levels of fish
present in gillnets reduced the fishing efficiency of these nets
over time. Baranov (1948) also commented on this saturation level
of the catch and both Kennedy (1951) and Pycha (1962) showed the
necessity of calculating effective effort by assessing duration of
the set and estimating saturation limits. Kennedy (1951) noted
that many fishermen felt rotting fish reduced the catch
efficiency.

c) Selectivity 

There are three curves to be considered in any work involving
gillnets. The first and easiest to measure is the catch - those
fish actually retained by the net (Figure 1). The other two curves
are both unknown, at least initially, although once one has been
estimated, the other can be calculated. These latter two curves
are selectivity and population" (Figure 1). The selectivity,
or "the relative fishing efficiency" (Baranov, 1948), is the
unknown we try to estimate.

Since it is virtually impossible to directly calculate either
selectivity or populat'on, therefore, indirect means are generally
employed. Most authors (Baranov, 1948; Holt, 1963; McCombie and
Fry, 1960) have suggested two or more nets be fished concurrently.
Baranov outlines some f the basic assumptions needed for indirect
techniques to work. The shape of selection curve of nets hung in
the same manner, made of the same material , and catching fish of
the same species should be the same (in the case of this paper,
assumed normal ). Two election curves S1 and S2, have mean or
modal values X1 and X2 and mesh sizes al and a2	 (Figure 2).
If the difference in mesh size is not great (15-20%) and adjacent
limbs overlap, the common point of the selection curves will have
the same selectivity for both nets. If these nets are fished
identically, they will have the same catch at this common point;
thus, this position car be identified from the catch curves. If
our catch of fish is sampled in 1 cm intervals, 	 then the variation
in any one interval cald cause difficulties in	 identifying this
common point. The relEtive inaccuracies due to random causes are
inversely proportional to the square roots of the size of the
sample at each interval, therefore at least 500 fish should be
sampled by each net (BEranov, 1969). As he pointed out, the
simplest approach is tc plot the data points and draw a smooth
curve through them. The cross-over point of these two smoothed
curves is a good approximation to the common point.

d) Indirect mortality caused by gillnets 

An extensive review of noncatch mortality due to Pacific
coast gillnets was completed by Ricker (1976) and Atlantic
coast gillnets by Ritter et al. (1979), 	 therefore only a
brief comment will be made here. Although some direct
evidence of escapees (fallouts and dropouts) from gillnets is
available (Ishida et al., 1969; French and Dunn, 1973) little

1	 The term populatior is used throughout this paper to denote
the population stmcture by size groups over the range of fish
available to the gilinet.
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direct observation of the mortality is available. Petrova
(1964) observed a higher percentage of net marked salmon
dying in fresh water than unmarked salmon. Although many
estimates (quoted by Ricker (1976)) indicate losses due to
noncatch mortality at 50% or more of the catch, such losses
appear to be restricted to salmonids. There is no reason to
believe the number of escapees for herring and cod would be
equal to these levels or that such escapees would die as a
result of their wounds.

Several authors (Jewel , 1970; French and Dunn, 1973) have
found noncatch mortality to be extremely low - in the order of
1-2% - for inshore coastal areas. This implies the
possibility of increasing total catches from gillnets by
restricting their use to sheltered inshore areas.

III. Methods 

All data used in this analysis have been adjusted to metric form
and all mesh sizes where necessary changed to stretched mesh.

Data for the case studies were gathered from several sources.
Data for Arctic char (Salvelinus alpinus) were taken from Hunter (1972)
for Pacific salmon (Salmo orbuscha) from Ishida(1962a), for sockeye
salmon (Oncorhynchus nerka from Peterson (1954), for herring (Clupea 
harengus) from both the Department of Fisheries and Oceans archives at
St. Andrews Biological Station and from Olsen (1959), and for cod
(Gadus morhua) from both the Department of Fisheries and Oceans
archives at the St. John's Biological Station and the author's own
groundfish gillnet study in the summer of 1978. The data used from
each of the above sources are presented in Appendix I.

The technique chosen in this study for analysis of selectivity was
developed from some of the general principles proposed by Baranov
(1948). The gillnet catch curve was smoothed by the Graham Charlier
Series (Kendall and Stuart, 1969) and this smoothed approximation of
the curve was used in estimating the common point between two
overlapping curves. Two additional points can be calculated for each
pair of curves by dividing the catch at the chosen mean of each curve
by the catch of the other curve at the same length interval. Normal
selection curves were fitted arbitrarily and the common point and the
two relative values at the modal points were used as indicators of the
goodness of fit. When a satisfactory fit (or the best that could be
found) was derived, the populations calculated from the selectivity and
corresponding catch were compared. This final test determined if the
selectivity curves were reasonable.

If a series of catch curves for increasing mesh sizes are
available then successive pairs can be investigated. Except for the
smallest and largest mesh sizes at least two estimates of selectivity
will be available for each gillnet. After "best fits" have been
achieved for several pairs of catch curves the resulting selectivity
pairs, for each catch curve, can be averaged and used to calculate an
estimate of the population. These populations, one from each curve,
can then be averaged and the result divided by each catch curve in turn
to give the final selectivities for each net. For this technique to
give valid results nets must be fished with equal effort and on the
same population. The results achieved by this technique are not unique
and must be judged on experience and supporting data.

Although Baranov (1948) showed the common point of two smoothed
catch curves would be the common point of the selectivities - he did
not suggest any means of using this information to calculate the
unknown selection curves. The iterative technique used in this paper
is the first step towards a gillnet selectivity model.
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IV. Results and discussion of case studies

Sample data

Sample data were generated to test the computer programming
and general selectivity hypothesis (Table 1). Selection curves (1
and 2) were calculated with means of 18.0 cm and 22.0 cm and
standard deviations of 1.5 and 2.0 respectively. Catch curves
generated by multiplying these selection curves for the population
of Table 1 have means of 18.20 and 21.75 cm and standard deviations
of 1.51 and 1.86. Unless the population follows a very unusual
configuration the first two moments of the catch curve approximate
those of the selection curve. A noteable exception to this are
those fish caught by more than one method (i.e. by gilling and
tangling) - in such cases catch curves would have to be divided
into appropriate sections.

After eleven minor adjustments to the mean and standard
deviation a "best fit" was achieved. This fit is subjective and
decided upon by the proximity to the three estimable points. The
two resulting populations were similar to one another (and
approximated the starting population although this normally would
not be known). The two estimated normal selection curves were then
adjusted by averaging the two estimated populations and dividing
the mean population by the appropriate catch (see Fig. 3 for the
flowchart of the process).

Pacific salmon data (Peterson, 1954) 

The above technique is simple and allows an estimation of a
normal selectivity curve when data are adequate. Peterson (1954)
documented data that can be assumed to be from the same population.
The 1947 and 1948 data from the 140 mm (5.5 in.), 152 mm (6.0 in.),
and 165 mm (6.5 in.) nets were used (sexes combined, years
separate). These nets have sufficient overlap and numbers to make
reasonable samples. Each annual combination of net pairs was
fitted with normal selection curves as described. The final result
of the 1947 data indicates a large difference in relative
efficiences (Figure 4). When individual curves are normalized to
100% (i.e. assuming equal efficiencies) all three curves are
similiar in shape (Figure 5). The modal points for the 3 nets are
58.8, 61, and 63.8 respectively. The selection range and selection
factors are 10.6, 9.4, and 10.0 cm and 4.2, 4.0, and 3.9
respectively. Although the unexplained difference in efficiency is
difficult to accept, no plausible alternatives are presently
available.

Holt (1963) also analysed Peterson's data. He combined the
catches of 1947 and 1948 - i.e. the catches of two different years
or populations (total of 1947 and 1948 catches in Appendix 1:1).
Between the two years the mean size of fish caught for the three
nets discussed above changed by -2.4 cm, -1.5 cm, and -1.1 cm
respectively. An initial investigation of the three selection
curves proposed by Holt and their corresponding catches show the
common selectivity points do not occur at the expected lengths
(Figure 6) or at the same lengths found above. However there is
serious difficulty with this set of selection curves, given his
hypothesis that the efficiency is the same for all curves. If
these curves are correct then the catch for the 140 mm net implies
all fish in the population must disappear below 52 cm - a length
where the net is supposed to be catching 70% of encountered fish
(Figure 6). Similar difficulties occur if ratio's of catches of a
pair of gillnets at one length are compared to ratio's of the
selectivities at the same length. The selection curves presented
previously (Figure 5) do not suffer this problem to the same
extent.

The selection curves for the 1948 data (Peterson, 1954) were
calculated as for the 1947 data. The catch between these two years



was very different for each net (Figure 7). The selection curves,
however, are very close, especially those of the 140 mm and 152 mm
nets (Figure 8). The relative fishing efficiency does not have the
same range as was found for the 1947 data (Figure 9).

The efficiency of one net compared to another should not change
greatly between years or populations of the same species. The
difference in relative "efficiency" between nets between years
therefore cannot be explained solely as difference in efficiency of
the gear. A partial explanation for this difference may be the
positioning of the gear. The position of a net in a fleet of nets
tied end to end will affect its ability to catch fish (von Brandt
(1955). During the two years of fishing by Peterson (1954), 10
sizes of net were fished by several boats each weekend between July
and October. The positioning of the different sizes of net in the
fleet was different each weekend, however the catch rate was not
equal on all weekends and over 70% of the total catch was caught in
3 and 4 consecutive weekends of 1948 and 1947 respectively. If
position of a net does affect the catch then this situation could
produce an anomaly that would appear to be efficiency. Therefore
it is necessary to add one additional definition to those of the
introduction.

9. Relative fishery efficiency - the difference in catch
between two or more units of gear that cannot solely be
attributed to efficiency. This value could be affected by
fishing environment and the advantage any one unit of gear
is given by fishermen.

Pacific salmon data (Ishida, 1962a) 

A second attempt was made to measure selectivity of Pacific
salmon (although a different species) using data from Ishida
(1962a). Several of the basic assumptions necessary for any
calculation of gillnet selectivity were violated is his study -
primarily that of fishing identically on the same population. The
effort expended by the 96 mm, 106 mm and the 121 mm nets ranged
over a factor of five. For these analyses, catches from the 96 mm
and 106 mm nets were adjusted to make the effort for each equal to
the effort of the 121 mm nets. Using these adjusted data no two
normal curves could be found that would give approximately the
same population (even within the same order of magnitude) for any
of the pairs of nets. A close inspection of the data in Appendix
1:2 shows the smallest mesh net caught greater numbers of large fish
than either of the larger nets. These two factors indicate a
strong probability that the different nets were not only used with
differing frequency but were also used on different populations
(possibly schools). The data therefore are not suitable for
analysis by this technique.

d) Arctic char data (Hunter, 1970) 

The catch length frequencies of Arctic char caught in 1963
(Hunter, 1970) have two modes. These modes represent fish caught
by gilling or wedging and by tangling with their head, teeth and
mouth parts (Beck, pers. comm. ). In order to separate these two
superimposed curves into their components a computer program
(NORMSEP) was used to conduct a modal analysis (Abramson, 1971).
The 38 mm (1.5 in.) net has modes at 20 and 30 cm, the 51 mm (2.0
in.) net at 25 cm and 30 cm, and the 64 mm (2.5 in.) net at 30 cm
and 31 cm. The length frequency mode of two different sized
gillnets would be expected to shift while the length frequency
caught by tangling of their mouth parts (relatively independent of
size) should remain the same. The 38 and 51 mm nets have common
modes at 30 cm and modes at 20 and 25 cm respectively. These
latter two modes are considered to be the gilled portion of the
catch and have wider standard deviations than the frequencies



caught by tangling. Using this information the two frequencies
from the 64 mm net with means of 31.0 and 31.1 cm and standard
deviations of 2.36 and 1.44 respectively were alloted to the gilled
portion of the catch and that portion caught tangling respectively
(Figure 10). The total catch broken into two portions is:

Net Size	 Total Catch	 Gilled Catch	 Tangled Catch

	

(mm)  
Numbers of Fish

38	 1309	 434
	

875
51	 1286	 442

	
844

64	 1415	 562
	

853

The actual length frequencies are listed in Appendix 1:3. The
selectivities were then estimated for the gilled portion of the
catch for each net. However those portions caught by the head and
mouth parts are so similar (means 30.5, 	 30.9,	 and 31.9 cm; standard
deviations 2.1, 1.9, and 1.5 for nets 38, 51,	 and 64 mm
respectively) that any estimate is extremely difficult to calculate
(Figure 10). The only part	 of the tangled portion of the catch
curve that is changing is the ascending	 (left-hand) limb. This
probably indicates that over the range of nets used each has the
same selectivity for tangling fish over 25 cm. There is a slight
drop in tangled catch of the smaller fish (25-29 cm) in the 64 mm
net however this is not believed by the author to be important and
an estimate of the selectivity could be made by averaging the
three catches (tangled portions) and dividing by the mean
population calculated from the selectivities of the three gilled
portions of the catches. The relative fishery efficiency for these
net sizes is	 relatively equal in 1963, as expected for long-term
random catches from a stable population	 (Figure 11).

In this case the char population was 	 relatively small in
Keyhole Lake and the gillnet fishery of 1963 removed over 50% of
the total population (Hunter, 1970). This sudden reduction of a
stable Arctic population greatly altered food availability and
therefore subsequent growth. In 1965 when a second gillnet survey
was conducted the resulting catch was different from 1963 (Appendix
1:3). The 1965 catch data show a general shift to larger fish when
compared to the catch of 1963.

Similar analyses were carried out on 1965 data (Hunter, 1970)
and satisfactory results achieved - however the numbers of fish
sampled were low and therefore greater variability was found -
especially for the larger mesh net (64 mm) where only 188 fish were
caught.

The relative fishery efficiency shows similar variation in 1965
to that in 1963 (Figure 12). 	 The modes are displaced by about 2 cm
(except the poorly sampled 64 mm net, the mode of fish from this
net is displaced 5 cm). The selectivity curves of 1963 and 1965
are similar in shape despite the displacement 	 of the modes (Figure
13). This shift in mode is likely due to either the actual changes
in the shape of the fish caused by increased food supply after the
1963 population reduction or possibly due to changes in true mesh
size (as opposed to the manufacturers stated size) of the gillnets
between the two periods of fishing (Hunter, pers. comm.).

e) Herring data	 (Olsen, 1959) 

The herring data presented by Olsen 	 (1959) were collected from
at least two locations over a period of at least six months (data
in Appendix 1:4). Herring, being pelagic schooling fish,
complicate any selection study as individual schools may vary in
age, ripeness as well as state of feeding. Such 	 variability makes
it unlikely that each unit of gear has fished the same population
throughout the entire study period. In spite of this difficulty,
selection curves were estimated using these data. Although the
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"best fit" for each of the pairs of nets was not good - it was
considered adequate. Olsen (1959) calculated the population from
each gillnet catch, and found the relative difference between the
populations estimated from each of the three nets. His estimates
were similar to those obtained by the present technique. The
selection curves ( : i . gure 14) have a similar shape to those of Olsen
(1959); however, the mean length is increased by over 2 cm for each
net.

The modal size for herring caught in these gillnets with mesh
sizes of 59.7, 65.1, and 72.5 mm is 31, 34, and 35.5 cm
respectively. This does not follow the expected linear
relationship, and this coupled with the poor relationship between
population estimates from the different pairs of nets makes the
data suspect. It is quite possible that the only "good" estimates
of gillnet selectivity for such pelagic schooling fish as herring
will be to use a single night's catch to ensure only one school is
sampled equally by each net.

f) Cod data 

The cod and herring gillnet data from the archives of St.
John's Biological Station and St. Andrews Biological Station
respectively are both made up of large samples of fish from many
net sizes. However the data from any one year cover a wide range
of locations and therefore populations. Catches from various
populations can result in a very wide distribution if the
populations are different. The cod data when analysed resulted in
selectivites with standard deviations in the order of 11.0 for nets
with mesh sizes of 152 mm, 165 mm, and 178 mm. Although the data
for the 3 net pairs gave satisfactory values - the final result was
poor (Figure 15). Similiar difficulties were encountered with
these data as with Holt's (1962) combined data (section b above).
The same cod data when separated by location and year resulted in
selectivities having standard deviations of 6 to 8 (Figure 16).
When separated by location there were only 2 net sizes available at
any one site (data, Appendix 1:5), thus the proposed method was not
used. Instead a "best fit" for each pair of nets at each location
was estimated and the selectivity curves for each size of net were
combined to provide a composite (Figure 16). The variation between
estimates of selectivities by this method is not great - especially
considering the variation in catches (Figure 17). The one major
limitation, when only two net sizes are available, is the shape of
the selection curve - the normal model results in normal output.
When three or more nets are available the combination of different
estimates allows some skewness, if present, to enter the selection
pattern.

V. Use and significance of gillnet selectivity 

Knowing the selectivity of any gear, especially gillnets, allows
better management of a commercial stock through choice of net size to
suit the available population. It also permits an independent estimate
of the population structure from the commercial catch data, something
not possible with uncorrected gillnet catch data.

To allow unbiased sampling of a population for research purposes
unselective gear must be used or the catch must be adjusted to
compensate for selection. If a series of gillnets has infinitely small
differences between their mesh sizes then they will provide an unbiased
sample of fish between the modal length of the first and last nets. As
the difference between mesh sizes increases more and more "noise" will
enter the catch length distribution. To remove this "noise" the summed
catches must be divided by the summed selectivities whose resulting
distribution has been normalized to 1.00. Such a technique would allow
gillnet catches to be used in ageing studies and as sources of catch
curves for mortality estimates.



The optimum size and number of nets for any fishery cannot be
calculated before hand. Initial fishing with a fleet of gillnets gives
an estimate of the population structure and the selectivity of the
different nets. From these initial data an estimate can be made (by
summing normalized selectivities) of the optimum fishery selectivity to
remove the desired number and size of fish.

Clay (1979) showed the variation in trawl codend selectivity to be
extremely great.	 Gulland (1964) found most of the variation
in selection studies due to real differences in the fish, gear or
fishing technique.	 There is no reason to believe selection by gillnets
will be any less	 variable than that by codends.	 Because of this
variability, the technique of making a composite selection curve
(Figure 8, 13,	 and 16) of available data is the only way to achieve a
mean estimate of the selectivity.	 This should be attempted over a
period of several	 years using the same gear, on the same or different
populations in the same locality. 	 Such a series of estimates should
approximate the true selectivity and give an indication of the
variation or confidence limits for the species in question.
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Table 1. Data generated to test the selectivity analysis technique. Numbers under
generated catch are calculated from the starting selectivities and
population, the numbers in brackets are the Gram-Chartier smoothed series

Total Length	 Starting	 Starting	 Starting	 Generated	 Generated
(cm)	 Population	 Selectivity 1	 Selectivity 2	 Catch 1	 Catch 2

Distribution

10	 1,000
11	 2,000
12	 4,000	 (2)
13	 6,000	 0.4 •	 23(22)
14	 6,075	 2®9	 174(175)
15	 6,125	 13,5	 829(833)	 (2)
16	 6,250	 41	 0.8	 2563(2540)	 52(30)
17	 6,500	 80	 3	 5206(5160)	 214(194)
18	 7,000	 *100*	 10	 7000(7101)	 711(783)
19	 8,000	 80	 24 •	 6408(6514)	 1948(2150)
20	 10,000	 41	 46	 4100(3818)	 4549(4183)
21	 8,948	 13.5	 66	 1211(1342)	 5922(5900)
22	 8,007	 2.9	 *75*	 229(251)	 6005(6146)
23	 7,165	 0.4	 66	 28(15)	 4742(4818)
24	 6,411	 46	 2916(2899)
25	 5,737	 24	 1397(1363)
26	 5,133	 10	 521(506)
27	 4,593	 3	 151(148)
28	 4,110	 0®8	 34(34)
29	 3,678	 (6)
30	 3,291
31	 2,945
32	 2,635
33	 2,235
34	 2,110
35	 1,888
36	 1,689	 u =	 18.0	 2200	 18.20	 21.75
37	 1,512	 SD =	 1.5	 2®0	 1.51	 1086
38	 1,353	 common length	 common length
39	 1,210	 2002	 19.9
40	 1,083



140	 1947	 318

140	 1948	 654

140	 combined*	 989

152	 1947	 626

152	 1948	 497

152	 combined*	 1123

165	 1947	 446

165	 1948	 279

165	 combined*	 725

	

59.5	 3.1	 0.44	 2.7

	

58.1	 2.5	 0.93	 6.9

	

58.4	 3.0	 0.91	 4.6

	

61.5	 2.9	 0.49	 3.2

	

60.5	 2.6	 0.97	 5.4

	

60.8	 2.9	 0.69	 3.7

	

64.0	 2.8	 0.05	 3.1

	

63.2	 3.0	 0.23	 3.5

	

63.3	 2.9	 0.03	 3.2

-22-

Table 2. The selection ogives estimated from the generated catch curves of
Table 1. The technique used was that described in the text.

Total Length	 Starting	 Selection Curve 1	 Selection Curve 2	 Estimated
(cm)	 Population	 Starting	 Estimated	 Starting	 Estimated	 Mean
	  Table 1	 Generated	 Generated	 Population

0.4
2.9

13.5
41
80

100
80
41
13.5
2.9
0.4

13	 6,000	 0.4
14	 6,075	 2.9
15	 6,125	 13.5
16	 6,250	 41
17	 6,500	 80
18	 7,000	 100
19	 8,000	 80
20	 10,000	 41
21	 8,948	 135
22	 8,007	 2.9
23	 7,165	 0.4
24	 6,411
25	 5,737
26	 5,133
27	 4,593
28	 4,110

6,126tt
0.8	 0.8	 6,234,
3	 3.3	 6,502t

10	 10.4	 6,915
24	 26	 7,828
45.5	 48	 9,740
66	 69	 8,756.
75	 77	 7,8174.
66	 66	 7,228;
45.5	 43	 6,770t
24	 22	 6,426 t
10	 8.4	 6,426

3	 2.5
0.8	 0.6

Starting population	 Estimated population
Rate of Decline* 20+cm = 0.099	 Rate of Decline* 20+cm= 0.098

* Rate of decline (mortality) in this case assumes a contant decline or mortality by size.

t These values are calculated from only one net as population estimates calculated from
selectivities of less than 10% are not 	 included.

Table 3. Four moments of the catch curves 	 (smoothed by Graham-Charlier series)
for Pacific salmon (Peterson, 1954). -

Net	 Catch	 Total	 Mean	 Standard	 Skewness	 Kurtosis
(mm)	 (date)	 Number	 (cm)	 Deviation

* data for combined years taken from Holt (1963)
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Table 4. Four moments of the salmon selection curves for Pacific salmon

Net	 Analysis
(mm)	 & Date

140	 1947 - this study

140	 1948 - this study

140	 combined - Holt

152	 1947 - this study

152	 1948 - this study

152	 combined - Holt

165	 1947 - this study

165	 1948 - this study

165	 combined - Holt

Mean	 Standard
(cm)
	

Deviation

59.2	 3.2

58.2	 3.2

56.8	 5.7

61.3	 2.9

62.1	 3.4

62.5	 6.6

63.9	 2.9

64.4	 2.6

67.4	 5.4

Skewness	 Kurtosis

0.47	 3.0

0.20	 2.5

0.00	 3.0

0.47	 3.2

0.54	 2.4

0.00	 3.0

0.05	 2.9

-0.37	 3.4

0.00	 3.0

co

E
C

C

C0

00
Length

Figure 1. The three curves involved in any gillnet selectivity study.
The catch is known and the selectivity and population are
both unknowns to be calculated.
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Figure 2. Hypothetical selection ogives S1 and Sz with modal
values Xi and Xi and mesh sizes al and a2 having a
common point X.

Figure 3. Flowchart of process used in calculating selectivities of
three or more gillnets with overlapping catch curves.
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Figure 6. Selecton curves (S) proposed by Holt (1963) for the 1947 and
1948 catches (C) combined of Pacific salmon (Peterson,
1954).
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Figure 4. The relative fishery efficiency of the 140, 152, and 165 mm
gillnets from the 1947 catch of Pacific salmon (Peterson,
1954).
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Figure 5. The selectivity of the 140, 152, and 165 mm gillnets from
the 1947 catch of Pacific salmon (Peterson, 1954). The
modal points are 58.8, 61, 63.8 cm respectively and the
selection ranges are 10.6,	 9.4, and 10.0 respectively.
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Figure 7. The catches for the 140, 152, and 165 mm gillnets in the
years 1947 and 1948 for Pacific salmon (Peterson, 1954).
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Figure 8. The composite selectivities for Pacific salmon in 140, 152,
and 165 mm gillnets estimated from 1947 (x) and 1948 (o)
data (Peterson, 1954).
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Figure 9. The relative fishery efficiency of the 140, 152, and 165 mm
gillnets from the 1948 catch of Pacific salmon (Peterson,
1954).
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Figure 10. The 1963 catch of Arctic char (Hunter, 1970) for the 38, 51,,
and 64 mm gillnets. Each biomodal catch has been separated
by the computer program (NORMSEP) into its component
distributions - assumed to represent the gilled and tangled
portions of the catch.
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Figure 11. The relative fishery efficiency for the 1963 catch of Arctic
char (Hunter, 1970) for 38, 51 and 64 mm gillnets.

Figure 12. The relative fishery efficiency for the 1964 catch of Arctic
char (Hunter, 1970) for 38, 51 and 64 mm gillnets.
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Figure 13. The selectivity of Arctic char from 38, 51, and 64 mm
gillnets in 1963 and 1965.
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Figure 14. Selectivity of herring (Olsen, 1959) from 59.7(+), 65.1(o), and
72.5(x) mm gillnets.

Figure 15. Selection curves for Atlantic cod (Gadus morhua) for 3
locations and 2 years data combined from 152, 165, and 178
mm gillnets.
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Figure 16. Selectivity of Atlantic cod (Gadus morhua). Normal
estimates for data from St. Mary's Bay, 1964-(x), 	 1965-(o
Placentia Bay, 1965-(+). All three samples composed of
fifteen 50 fathom sets during a 1 week period.

Figure 17. Atlantic cod (Gadus morhua) catch data smoothed by Graham
Charlier-series St. R57 .-TTBay, 1964-(1), 1965-(2):
Placentia Bay, 1965-(3). All three samples composed of
fifteen 50 fathom sets during a one week period.
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APPENDIX I. CATCH DATA FROM VARIOUS SOURCES USED IN THIS PAPER

App. Table 1. Sockeye salmon (Oncorhynchus nerka) (Peterson, 1954)

	

Fork
	

Mesh Size	 (mm)
Length
	

140	 152	 165

	

cm
	

Year 1947	 1948	 1947	 1948	 1947	 1948 

50

	

51
	

3

	

52
	

1

	

53
	

10	 1

	

54
	

1	 26	 3

	

55
	

9	 35	 1	 2

	

56
	

17	 81	 11	 13	 •	 2	 2

	

57
	

31'	 102	 12	 25	 2	 7

	

58
	

36	 133	 43	 49	 5	 4

	

59
	

41	 108	 61	 90	 8	 9

	

60
	

41	 77	 81	 99	 19	 23

	

61
	

26	 29	 86	 76	 29	 29

	

62
	

30	 20	 82	 56	 57	 44

	

63
	

29	 8	 70	 31	 57	 43

	

64
	

21	 11	 68	 22	 63	 33

	

65
	

13	 3	 46	 7	 58	 28

	

66
	

9	 2	 25	 9	 61	 21

	

67
	

5	 .1	 12	 5	 32	 8

	

68
	

3	 1	 9	 3	 18	 12

	

69
	

2	 10	 1	 23	 6

	

70
	

1	 1	 8	 3	 6	 4

	

71
	

1	 1	 2	 4	 2

	

72
	

2	 1	 1	 1	 1

	

73
	

1	 1	 1

App. Table 2. Pacific salmon (Salmogorbuscha) (Ishida, 1962a).
Unadjusted samples with correction figures below.

Fork Length
	

Mesh Size (mm)
cm
	

96	 106	 121

35
36
37
	

1
38
	

4	 1
39
	

3	 8
40
	

28
	

26
	

5
41
	

60
	

57
	

18
42
	

103
	

160
	

42
43
	

100
	

190
	

72
44
	

84
	

198
	

135
45
	

40
	

137
	

138
46
	

29
	

98
	

133
47
	

18
	

56
	

109
48
	

17
	

24
	

62
49
	

19
	

11
	

28
50
	

16
	

6
	

23
51
	

11
	

3
	

13
52
	

4
	

6
53
	

4
54
55	 1
56 	 1 

Correction factor*	 4.168	 3.152	 1.215
(multiply each of the length frequencies by its correction factor to make each
equal with respect effort).

* the correction factor includes a correction for both effort and the percent of
fish sampled from the true catch.



59.7

1
12
51
47
68
85

153
86
29
11

2

2
15
29
91

126
239
239
167

93
20

1

1
2

21
75

245
292
305
230

82
20

2

Total
Length

(cm) 

23.5
25.0
26.5
28.0
29.5
31.0
32.5
34.0
35.3
37.0
38.5
40.0
41.5

Mesh Size (mm

65.1	 72.5
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App. Table 3. Arctic char (Salvelinus alpinus) (Hunter, 1970). Raw data,
the numbers in brackets after each length frequency indicates
those fish caught by gilling.

Fork	 Mesh Size	 (mm)
Length	 38	 51	 64

(cm)	 Year 1963	 1965	 1963	 1965	 1963 
	

1965

10	 1
11	 1(1)
12	 2(2)
13	 1(1)
14	 2(2)
15	 1(1)	 1(1)
16	 14(14)	 1(1)	 1(1)
17	 40(40)	 9(9)	 3(3)	 2(2)
18	 71(71)	 24(24)	 2(2)	 3(3)
19	 68(68)	 33(33)	 2(2)	 2(2)	 1(1)
20	 72(72)	 58(58)	 1(1)	 2(2)	 1(1)
21	 74(74)	 55(55)	 6(6)	 1(1)
22	 38(38)	 69(69)	 21(21)	 6(6)
23	 25(24)	 47(47)	 74(74)	 15(15)	 2(1)
24	 29(10)	 33(33)	 82(80)	 24(24)	 1(1)
25	 21(10)	 29(29)	 79(70)	 18(18)	 2(2)
26	 37(2)	 22(22)	 75(68)	 41(39)	 21(20)
27	 35(1)	 25(25)	 88(53)	 30(30)	 48(32)
28	 86(1)	 15(13)	 112(33)	 33(30)	 87(48)	 1
29	 144	 6(3)	 146(17)	 13(10)	 204(78)	 1
30	 191	 17(2)	 189(10)	 22(7)	 317(93)	 11(2)
31	 173	 20(1)	 185(3)	 25(3)	 310(94)	 11(3)
32	 97	 30	 122(1)	 32(1)	 222(79)	 13(4)
33	 51	 61	 63	 39	 131(61)	 33(13)
34	 26	 64	 20	 65	 40(26)	 42(19)
35	 11	 48	 7	 34	 18(16)	 29(15)
36	 4	 19	 5	 24	 9(6)	 23(13)
37	 1	 12	 2	 13	 1(2)	 10(6)
38	 1	 7	 1	 5	 2(1)	 7(4)
39	 1	 1	 1	 1	 4(3)
40	 1	 1
41	 1	 2
42
43
44	 1
45	 1 

App. Table 4. Herring (Clupea haren9us (Olsen, 1959). Raw data.
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App. Table 5. Atlantic cod (Gadus morhua). The combined data (smoothed by Gram-
Charlier Series) includes all locations combined (Placenta Bay, Conception Bay,
and St. Mary's Bay) for 1964 and 1965 data. The two separate raw data series
provided (14 sets each) are St. Mary's Bay  (1964) and Placentia Bay (1965).

Mesh Size (mm)

	

Fork	 152	 	 165	 178 
Length	 Combined	 Combined	 S.M.B.	 P.B.	 Combined	 S.M.B.	 P.B.
(cm) 

	

46	 1

	

47	 2

	

48	 2

	

49	 2

	

50	 2

	

51	 3	 1

	

52	 3	 1	 1

	

53	 4	 2	 1

	

54	 5	 2	 2

	

55	 6	 4	 2

	

56	 7	 5	 3

	

57	 8	 7	 4

	

58	 9	 9	 5

	

59	 11	 11	 6	 6

	

60	 12	 13	 5	 7

	

61	 14	 16	 4	 9

	

62	 15	 19	 11	 11

	

63	 17	 22	 1	 15	 13	 1

	

64	 19	 26	 1	 10	 15	 3

	

65	 20	 29	 2	 6	 17	 1	 6

	

66	 21	 32	 5	 6	 19	 0	 5

	

67	 23	 36	 2	 11	 22	 5	 4

	

68	 24	 39	 4	 14	 24	 6	 9

	

69	 24	 41	 9	 16	 27	 3	 7

	

70	 25	 44	 8	 16	 30	 3	 6

	

71	 25	 46	 8	 18	 32	 4	 15

	

72	 24	 48	 9	 12	 35	 10	 10

	

73	 24	 49	 6	 10	 37	 8	 10

	

74	 23	 50	 12	 13	 39	 9	 8

	

75	 22	 50	 6	 7	 41	 3	 9

	

76	 21	 49	 9	 14	 43	 9	 4

	

77	 19	 48	 5	 12	 44	 8	 7

	

78	 18	 47	 8	 4	 45	 5	 7

	

79	 16	 45	 14	 46	 46	 7	 5

	

80	 15	 43	 12	 7	 46	 12	 8

	

81	 13	 41	 10	 3	 46	 10	 7

	

82	 12	 38	 4	 3	 46	 7	 2

	

83	 10	 36	 10	 4	 45	 8	 2

	

84	 9	 33	 7	 3	 44	 6	 2

	

85	 8	 30	 7	 1	 43	 6	 3

	

86	 7	 28	 6	 1	 41	 7	 2

	

87	 6	 25	 3	 39	 6	 3

	

88	 5	 23	 3	 37	 5	 1

	

89	 4	 21	 2	 35	 5	 2

	

90	 4	 19	 0	 33	 5	 2

	

91	 3	 17	 2	 31	 4	 1

	

92	 3	 16	 3	 28	 2	 2

	

93	 2	 15	 6	 26	 1	 1

	

94	 2	 13	 6	 24	 2

	

95	 2	 12	 4	 22	 2

	

96	 2	 11	 3	 20	 5

	

97	 2	 10	 2	 18	 3

	

98	 1	 10	 2	 16	 5

	

99	 1	 9	 1	 14	 4

	

100	 1	 8	 13	 2

	

101	 7	 11	 5

	

102	 7	 10	 2

	

103	 6	 9	 0

	

104	 5	 7	 2

	

105	 5	 7	 2
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