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Introduction

1t was more than half a century ago that the
eminent Danish fisheries biologist, C. G. Joh. Peter-
sen, first tagged plaice by attaching to them a num-
bered bone disc. From this beginning, tagging and
marking techniques have become an indispensable
tool in the study of fish populations; indeed, there
are now very few species of fish of major commercial
importance which have not been tagged or marked
by one means or another, and the technique has been
extended to molluscs, crustacea and sea mammals.
The results of its application range from the dramatic
discoveries of fish migrations, such as that of the
Atlanto-Scandian herring between Norway and
Iceland and of cod between Greenland and Iceland,
to the less spectacular but vitally important estimation
of the abundance, growth and mortality rates of
exploited fish populations.

But it often happens that a technique which, in
theory, has great possibilities also possesses certain
inherent practical difficulties which make it a not
unmixed blessing to the investgator, and tagging is
no exception. However ingenious the tag and its
attachment to the fish, and however carefully planned
the experiment, there is always the disturbing thought
at the back of the mind of the investigator that neither
the individual tagged fish nor the populadon of
tagged fish which he creates can be relied upon to
behave as untagged fish would do in their natural
state. The tag may cause the fish to die prematurely,
or it may fall off; even catching the fish to tag it may
cause it to be abnormal thereafter. The presence of
a tag may render the fish more vulnerable to
predators or make it more readily caught by the
fishing gear. The way in which the tagged fish are
distributed over the population and the efficiency of
the recovery process may be critically important in
determining the reliability of the recapture data for
population estimation.

As the applications of the tagging technique have
become more varied, and the questions asked of the
resulting information more demanding, so have the
shortcomings of the technique become more apparent
and serious. The last decade or so has seen the
challenge these present heing taken up in various
ways by fishery research workers in many parts of the
world. One approach has been that of devising new
kinds of tags and attachments which are less harmful
to the fish but more casily detected, either by fisher-
men or by less direct means, Much has been accom-
plished in this way and species of fish can now be
tagged successfully which not so long ago would

have been regarded as quite unsuited for such a
technique — although it is a sobering thought that
no better tag for flatfish has yet been devised than the
simple flat disc introduced by Petersen. Doubtless
much remains to be done by way of tag improvement;
but it is becoming accepted that the concept of a
‘‘perfect” tag is probably an illusion, and that refine-
ment of other aspects of the technique is even more
important. Therefore, attention has been paid to
practical aspects of tagging such as recording the
condition of tagged fish at release, observing the
effect of tags by tank tests, and measuring directly
the efficiency of the tag recovery process; other
advances have been essentially theoretical, and have
had the aim of eliminating the uncertainties in the
technique by developing new methods of analysing
the resulting data. The theme running through much
of the recent research into the sources of bias and
uncertainty of tagging can, in fact, be summed up
as ... “climinate them if you can; and if you can’t,
measure them”.

Because research of this kind was proceeding largely
independently in a great many laboratories and
countries, the Research and Statistics Committee of
ICNAF decided at their 1959 meeting that a useful
purpose would be served by holding a symposium
devoted essentially to recent advances in the techniques
of tagging and marking, both practical and theoretical.
The scope of the symposium was not restricted by
area or species — which are somewhat artificial
distinctions from the point of technique -— and
contributions were invited from a number of people
and organisations outside those normally present at
ICNAF meetings. The response was most encouraging;
a total of 62 contributions was received, nearly all
specially written for the symposium, and at the
symposium itself, which was held at the Fisheries
Laboratory, Woods Hole, in May 1961, we were
fortunate to have a number of experts from various
parts of the world in addition to many from the
member countries of ICNAT,

The symposium contributions form the main
part of this publication, and, apart from minor
editing, they are reproduced here in their original
form and numbered according to the order in which
they were received. At the symposium itself a different
plan was followed, and perhaps a brief digression
is permissible at this point to explain the pages which
follow this introduction. The subject matter was
divided into two main topics, each subdivided into
three minor ones, and two rapporteurs were assigned
to each, as follows:—
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L. Methods and effectiveness of tmarking, fngeing and tag
recovery

1.1 Effectiveness of various types of marks, tags
and attachments.

{Rapporteurs: E. Bertelsen and V. M.
Hodder)

1.2 Influence of fish condition, method of
capture and handling, and sea conditions on
return rates; tagging mortality.
(Rapporteurs: A. C. Jensen and R. L. Fritz)

1.3 Estimating and improving the efficiency and
return of recaptured tags.

(Rapporteurs: F. D. McCracken and A. C.
Kohier)

2. Analysis of results of marking and tagging experiments

2.1 Estimation of growth
(Rapporteurs: S. J. Holt and R. C. Henne-
muth)

2.2 Estimation of mixing, dispersal and migra-
tion; stock identification.
(Rapporteurs: L. M. Dickie and W, Temple-
man)

2.3 Estimation of population size and mortality
rates.

{(Rapporteurs:J.A.Gulland and E.D.Le Cren)

By taking only those parts of each contribution
relevant to the topic under discussion, it was possible—
thanks largely to the co-operation of the speakers,

some of whom spoke to their paper on several dif-
ferent occasions — for the rapporteurs to prepare
reviews of the main features of the contributions and
discussion on each topic, and these will be found in
the pages following this introeduction. There is also,
on pages 13—14, a table showing where a major or
minor reference to each agenda topic may be located
in the various contributions as listed serially on
pages 1—4.

It is realised that this publication is in no sense a
comprehensive review of all that is going on in the
ficld of tagging research; but it is hoped that the
scope of the symposium was sufficiently broad for
these proceedings to be useful both to the experienced
researcher and to those who are beginning research
on fish population dynamics and wish to know
something of the possibilities and limitations of the
tagging technique.

In conclusion, I would like to express my personal
appreciation to Dr. H. W. Graham and his staff of
the Woods Hole Fisheries Laboratory, to Dr. Erik
M. Poulsen and the ICNAF Secretariat, and to the
Rapporteurs, for the invaluable help they gave in
preparing and organising the symposium. The
subsequent editing of the contributions was shared
between Dr. H. W. Graham, Dr., W. Templeman
and Mr. J. A. Gulland, while my colleague Miss
R. Bedford undertock much of the preparation of
the manuscripts for printing. To all these I am most
grateful for their help,

R. J. H. Beverton
{Chairman)

19th February, 1962,



Reviews by Rapporteurs

Section 1.1

Effectiveness of various types of marks, tags and attach-
ments

Rapporteurs: E. Bertelsen and V. M. Hodder

Discussion under this heading could not be ex-
pected to lead to general conclusions about one type
of tag being superior to any other. Such an ideal tag,
suitable for all kinds of fish and for all purposes,
does not exist. As might be expected, it appeared
clearly that the type of tag and attachment to be
used in an experiment depends on what you are
tagging, where you are tagging, why vou are tagging,
as well as fow the tags may be returned.

According to the method of recovery of marked
fish, the experiments may be divided into three main
groups each of which usually will require different
tags or markings:

I Recovery by the fishermen
a. external tags
b, large internal tags

II Recovery by research workers
a. mutilation marks
b. staining and tattooing
c. small internal tags
d. isotopes
sonar tags

o

ITT Recovery by physical means
a. magnetic tags
b. radicactive marks
c. fluorescent stains

The three groups are overlapping. For instance,
intensive tagging, propaganda and high rewards may
make recoveries of marks of types II a. and b, by
fishermen high enocugh to be practicable (e.g.,
staining of shrimps (23)*, and internal tagging
combined with tattooing in plaice (26), and combined
with fin clipping in trout (Bertelsen)).

I. {a) As nearly all tagging experiments in the
ICNAF area are based on the recapture of the
tagged fish by fishermen, most of the presented
papers concern tags designed for this purpose, and
comparison of different external tags used for haddock
(30}, cod (2, 16, 17, 25, 45, 47), whiting (25), salmon
(2, 24}, plaice and sole (25, 26, 43), halibut (8},
tuna (1, 46, 54}, and herring (53, 57) were described
and discussed.

* The figures in parentheses are the serial numbers of the
contributions.

The effectiveness of external tags depends mainly
on tagging mortality, loss of tags, and misk of tags
not being observed after recapture; but the effect
may be influenced also by alteraticn in behaviour,
growth rate and catchability (i.e. fishing mortality)
of the fish, due to being tagged. For this reason,
type of tag and tagging method must be chosen
according to the robustness of the fish (species and
size) and type of fishery. Accordingly, only a few
general rules can be stated; for example, that com-
parisons between tag types tend to show that tags
which are firmly fixed (Petersen discs, spaghetti
tags, ctc.) are superior to dangling tags (hydrostatc
tags, labels, flags, streamers, etc.) (2, 16, 17, 25, 26).
Metal straps (16), and discs attached by elastic
material (22, 25, 57), however, show a higher rate
of shedding or tagging mortality.

Furthermore, comparison between attachment ma-
terials shows that no material has been found superior
to stainless steel (16, 25, 36), with the possible ex-
ception of titanium or tantalum (25, and Hile).
Position of the tag on the fish influences the effectiveness
in varying degrees.

Sometimes too many different factors are varied
in the rag comparisons, which makes it difficult or
impossible to establish which of those factors are
responsible for the observed differences in rates of
returns. Double tagging has proved a useful method
for determining the rate of shedding of tags (8, 36).

(b) Large internal tags may in certain circumstances
be used in experiments of the first group. Although the
loss due to recaptured fish being overlooked is much
greater than with the external tags, the reduced
tagging mortality and especially the insignificant
risk of shedding and eflect on biology and catchability
make this method to be recommended for special
purposes (45, 47).

II. In experiments where the marked fish are
caught and recovered by the research workers,
markings can be used which are much less distinct
or even completely concealed, and which therefore
interfere much less with the mortality and biology
of the fish. A number of such methods are described
and discussed, e.g. fin clipping and punching (21);
staining and tattooing (23, 26, 39); internal tags
{22, 26}; a special sonic tag for behaviour studies (14);
and mutation (albino salmonids, Kasahara, verb.
comm.},

ITI. In certain specialized fisheries where individual
observation and handling of the fish is impossible,
devices for the recovery of tags or tagged fish by
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physical means have been developed. A new method
using radioactive tags was described and discussed
(60).

IV. Tagging methods for crustaceans and molluscs
were described and discussed. Staining of shrimps was
shown to be effective (23), and for crabs and lobsters
external tags which may remain through moulting
were described (10, 29). External tags for scallops (44)
and waterproof paint for whelks (28) have been used
with success,

Section 1.2

Influence of fish condition, method of capture and hand-
ling, and sea conditions on return rates; tagging mortality

Rapporteurs: A C. Jensen and R. L. Fritz

This item of the agenda was concerned with some
of the physical factors that affect the success of
tagging experiments. The factors considered in the
papers fall in four broad categories:

a. The physical condition of the marked fish at
the time of their release, including the effects of
capture and handling.

b. The temperature of the sea when the fish are
tagged.

c. Physiological factors, particularly the build-up
of toxic substances in the fish's blood.

d. Theoretical techniques for estumating tagging
mortality.

Under category (a), a number of contributions
showed that in a variety of species the appearance
and activity of tagged fish at release had a significant
effect on the return rate (18, 20, 24, 34, 53, 57). The
criterea of ‘“‘condition” differed somewhat according
to the species, but degree of scale loss appeared to
be the most generally significant. An important
conclusion from these studies was that information
on the return rate of fish of less than perfect condition
when released could be of value in obtaining a proper
interpretation of tagging experiments.

Several references (e.g. 18, 24, 34) were made to
the difficulty of tagging young fish, Evidence that
these are more susceptible to damage was offered (18);
in discussion it was mentioned that trawl selectivity
and the discarding of small fish at sea may also be
responsible in certain circumstances for the lower
return rate observed (McCracken).

It was noted that certain species, especially those
with closed swim-bladders such as cod, haddock,
whiting and redfish, present the special difficulty of
distended or burst swim-bladders if caught at any
appreciable depth. Tagged fish in such cases may
have to be lowered in a cage to a suitable depth
before release (18, 48), or their swim-bladders
pricked before release (Grosslein), While there is
evidence that a small puncture in a swim-bladder

can heal, it is not known whether healing is possible
if a swim-bladder is seriously ruptured, or whether
this damage is a significant cause of mortality.

The technique of holding tagged fish in tanks
hefore release, both to reduce and to measure initial
tagging mortality, was discussed in several contri-
butions (e.g. 8, 24, 59). Analysis of return rates
according to time in tank was shown to be important
in certain species (24, 59). In tuna (1, 49}, the handling
time was highly critical within a period of up to
20 sec. after capture.

On topic {b), high water temperature was shown
to have an adverse effect on the success of tagging
experiments, both for demersal fishes (17, 26 and 30)
and pelagic fishes (49). In the case of cod and had-
dock, the problem may be associated with hauling
the fish rapidly from cool bottom water to relatively
warm surface water. In the case of tuna, hyperactivity
of the fishes in the warm surface water probably
contributes to a higher mortality rate. It may be
advantageous to tag demersal fishes in a season when
the water column is cool and isothermal, and pelagic
fishes when the surface waters are cool.

In salmon a build-up of blood lactates to toxic
levels, caused by hyperactivity when caught for
tagging, contributes to their mortality (19). Air ex-
posure and the use of narcotizing substances during
tagging also contribute to formation of lactic acid
(Larkin}. Cool water may slow down the general
activity of the fish and thus reduce the formation
of lactic acid; cool water is frequently found during
the spawning season of many fishes (Le Cren).
Experimental evidence on the greater susceptibility
of marked fish to predation was presented (19).

Theoretical techniques for estimating type (1)
losses were presented (13, 37), based essentially on an
analysis of the difference in return rate between
batches of fish tagged at intervals during or before
the fishing season.

In the general discussion, particular reference was
made to the effects of fin-clipping as a marking tech-
nique. The questions arising in this method of marking
include amount of fin to clip, choice of fin, and the
possible effect of fin removal on the swimming abihty
of the fish. Fin clipping is used mostly for freshwater
fishes and a few marine species that have a high
market value and hence receive more or less individual
handling. The use of fin-chipping in conjunction with
an internal tag (Bertelsen), and the use of a railroad
ticket punch to punch distinctive holes (Le Cren),
were mentioned. If fins are clipped so close thata drop
of blood is drawn, they should still be recognisable
after a year or more (McCann). It was noted that a
large-scale marking experiment using fin-clipping
was planned for 1961 in a study of chinook salmon
(Zimmer),



—9 _

Section 1.3

Estimating and improving the efficiency and return of
recaptured tags

Rapporteurs: F. D. McCracken and A. C. Kohler

During the 1959 ICNAF Annual Meeting, sub-
missions from various countries about their tagging
return publicity methods werereceived and discussed at
length. These were reported upon in the 1959 “Red
Book” (McCracken, page 22). In the present sym-
posium a variety of techniques for both improving
and estimating the efficiency of recovery and re-
porting of recaptured tags were considered. Wide
differences between returns from fleets of different
countries fishing the same stock were reported {3, 16),
and methods were suggested for determining con-
version factors to relate returns from different fleets
and methods of fishing. Some of the dangers inherent
in the use of conversion factors were pointed out
during discussion. Principally, they were the effects
of changes i publicity in attempts to improve returns,
and possible changes in recovery and reporting effi-
ciency with tag type. ‘

Variations between returns from fisheries on a
single species where catches are processed in different
ways were described {33, 57). External tags which were
useful for individually handled fish gave low returns
for bulk-handled fish, compared with metal internal
tags detectable by mechanical means. Scottish
“combination” tags and Norwegian double tagging
techniques have been used in attempts to meet both
requirements {57).

Varjation in return efficiency among different ves-
sels of a single fleet might also be used to detect non-
reporting (43). In the particular examples quoted,
however, it was concluded that non-random distri-
bution of tagged fish was probably responsible for the
differences between the actual and expected distri-
butions of tagged fish among the vessels,

Direct measurement of the efficiency of reporting
and recovery, by “seeding’ the catch on board and
when laid out on the market with known numbers of
tagged fish, was described (40). It was shown how this
information, together with a knowledge of the various
sources from which tagged fish were returned, enables
an estimate to be made of the overall recovery
efficiency, with the exception of tags picked out on
board but not subsequently reported.

Another way of measuring the efficiency of reporting
by a fleet is that based on the idea of achieving
*perfect’ reporting by a small section of the fleet or
from a small part of the total catch (38). Tables were
presented from which could be determined how many
tags need to be released in order to estimate the
efficiency of reporting with any desired accuracy.

Attention was drawn to the relevance of the
theory of advertising in planning a publicity campaign
for returning tagged fish (5}, Thus, research on
advertising sometimes indicates steadier response from
intermittent publicity campaigns than from a single
continuous one. Tests for application of this theory
to tagging experimenis were suggested.

In discussion it was noted that although there were
no contributions about the success of lottery schemes,
the one recently introduced in Norway had had a
marked effect on the recovery elliciency. It was
pointed out (Costello) that a lottery connected with
shrimp tag returns improved returns by about 48 per
cent. However, the dangers of these schemes for
inland waters where fish could be exploited for lottery
purposes were also noted (Le Cren, Zimmer),

Instances of the effect of increased rewards were
also mentioned in discussion. A particularly siriking
case was that in the oceanic tagging of Pacific salmon,
where requests on posters, without a reward, for
the return of both tag and fish, led to two per cent
being returned, a reward of § 3 yielded five per cent
returns, and a reward of § 23 resulted in a return of
B0 per cent of tags accompanied by the fish.

A general conclusion was that while every attempt
should be made to obtain as high a recovery efficiency
as possible by means of publicity and rewards, direct
measurement of the efficiency should also be made
by one or more techniques as appropriate.

Section 2.1, Estimation of growth
Rapporteurs: S, J. Holt and R. C. Hennemuth

Determination of rate of growth from marking
experiments depends normally on the possibility of
measuring with sufficient accuracy the sizes of the
animals at the time of release and of the same in-
dividuals at the time of recapture. When individuals
cannot be recognized at recapture, as in mass marking
experiments, some appreciation of growth rate may
nevertheless be made from comparisons of average
sizes at release and at subsequent recapture, as
estimated from means of individual measurements or
from a grading process (23).

Measurements of size of individuals at release may
be difficult or impracticable in the case of very
delicate, sensitive or large animals (whales, sharks,
etc., 27). Even when there are no such difficulties, the
measuremnents of size at release and at subsequent
recapture may necessarily be made with differing
accuracy or precision. Thus, recaptured marine fish
are usually measured when dead rather than when
alive, and often some while after death and preser-
vation in ice. Shrinkage of soles after death seems
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possible (20), and is known to occur in other fishes.
Le Cren observed that at least in some freshwater fish
shrinkage at death is followed by relaxation and
consequent expansion. Again, the size at recapture
may be measured by fishermen or by other untrained
observers. This difficulty was pointed out in (30) in
relation to the haddock fishery, and several speakers
confirmed its existence in other cases. Measurement,
even by trained observers, can never be entirely
precise; there are always observational errors which
can on occasion be serious. Beverton pointed out that
errors of measurement would be especially important
for fish near to the asymptotic length where growth
is relatively slow.

For all the above reasons, apparent growth in-
crements between marking and recapture can be
biased; they may, in particular, be considerably less
than the real growth and even, on occasions, negative.
Examples of such bias were given for sharks (27},
redfish (32), soles (20), and Tilagia (41). A warning
was given that ignoring returns with negative in-
crements may as well increase the bias as reduce i,
and Holt wondered if this had affected the Tilapia
study in (41). Corrections for errors of this kind could
usually be made on the basis of special experiments to
measure change in length at death and any constant
bias by untrained observers, etc. Holt pointed out that
if the bias is independent of the size of the animal
only the intercept, but not the slope, of the regression
of increment per unit time or average size is affected
(see later). In general, however, the bias is more
likely to be proportional to size, in which case both
parameters are affected in a predictable direction.

It appears that there can be a real decrease in
growth rate, or even in size, of live fish following
marking. Thus, many tagged redfish repeatedly re-
captured alive and measured under comparable
conditions showed reductions in size {32), although
it was pointed out that some at least of the negative
increment might be accounted for by the difficulties
of measuring such fish alive within a millimetre or so.
Tagged soles in tanks shrank even when given suf-
ficient food (20). It was noted that in tank experiments
it is necessary to observe the growth of untagged con-
trols; this would presumnably distinguish the effects of
capture in the first place from the effects of the
tagging operation and of the tag itself.

The effects of tagging on cod growth have been
studied in such a way (12), In this case tagged fish and
controls fed at both maximum and intermediate
rates grew at about the same rate over a two-year
period; growth differences observed were not con-
sistent from year to year and were not due to tagging.
Gulland confirmed that growth of marked North Sea
cod agrees with data for size at age in catches. A
similar agreement was reported in (12) and also for

scallops in (44). Smith warned that average size at
age is affected by selectivity of fishing, and may
therefore not measure the growth rate. Back-cal-
culated sizes at previous ages might be used; Hile
pointed out that selective fishing may also change
the real average growth rate, but this is what the
tagging experiment would also be intended to measure,
Caution is thus necessary in interpretation and com-
pariscn. It is desirable also to examine, when possible,
the growth of the recaptured tagged fish as shown by
their otoliths, scales, etc.

Different tags may affect growth to different degrees
and in different ways, and the gear used to capture
fish for marking purposes and the condition of the
fish are also presumably significant. Contribution (30)
gave comparative growth data for haddock captured
for marking by lines inshore and by otter trawls off-
shore, marked in rotation with Petersen discs on the
operculum, dorsal spaghetti tags, and a eombination
of internal anchors with hydrostatic capsules. The
differential effect on growth may make one of two
otherwise equally useful types of tag preferable to the
other. Beverton reported that Tilapiz in Lake Vic-
toria marked with opercular tags showed little or no
growth, but gave good growth with dorsal tags. Tag-
ging does not seem to affect the growth of scallops
(44), but a check mark on the shell is made at the
time of tagging and this is used for the measurement
of subsequent growth.

The effects of tagging may be observed in the
structure of the hard parts used for age determination.
For this purpose otoliths of tagged redfish have been
examined (32) and the effects of repeated recapture
are recognisable. In this study males and females
were treated separately because the sexes have
different growth rates. The fish recaptured three times
appeared to have a faster growth rate than those re-
captured only once or twice. Growth of fish which
were at liberty for three or more years appeared to
approach that of untagged fish. It was thought that
flashing of the bright opercular tag might scare the
prey, and hence reduce feeding and growth rate, but
that this effect would diminish as the tag became
fouled during prolonged immersion. Kohler suggested
that examination of stomach contents of tagged and
untagged fish could elucidate this point. J6nsson
thought that use of tags the same colour as the fish or
otherwise less conspicuous might eliminate the effect;
this would be practicable wbere recapture is by ex-
perimental rather than by commercial fishing. Larkin
wondered why a conspicuous tag should startle the
prey at night, but apparently there is sufficient light
even then, including natural luminescence. Reliable
data for growth of Sebastedes and other scorpaenids are
apparently too few to confirm redfish growth rate by
comparative methods.



—11

The simplest treatment of data for growth studies
is to plot increment against time at liberty as was done
for redfish (32} and soles (20}, or to calculate growth
per unit time as done for haddock {30). The increment
is usually, however, itself a function of the size of the
animal, being less for bigger animals than for smaller
ones, as shown for soles (20). Kelly replied, in response
to a question, that he had not observed a relation
between increment and size in redfish (32) but the
size range of marked fish was not large.

In certain cases it is possible to select data for
returned fish which had been at liberty equal times,
preferably one, two or more years, and to plot either
the sizes at recapture, or the increments, against the
sizes at the time of release. This commonly gives a
straight line, the constants of which are the parameters
K and L, of an asymptotic growth curve. The
method was illustrated for cod (12) and scallops (44].
The data for whelks (28) were also treated in this way
for a series of time periods, including portions of a
year, and with consistent results.

A more efficient method is to plot the increments
per unit time at liberty against the mid-sizes between
the sizes at time of marking and at subsequent re-
capture. This was illustrated for Tilapia (41). In this
case the method proved useful in separating males
from females on the basis of differing growth para-
meters when sex could not be determined directly,
Holt thought that the K values thus obtained were not
inconsistent with other growth data for this species.
Gerking wondered whether monthly variations in
growth could have affected this analysis; Gulland
thought not, as the data referred to many months
pooled.

The practical difficulty in estimating the asymptotic
size from a graph of initial length against recapture
length (“Walford plot™) was discussed. It was pointed
out that plotting increments instead of initial lengths
permits easier estimation. Le Cren remarked that for
larger fish the plot of 1t against 1t +1 frequendy tended
to become parallel with the bisector, rather than
intersect it; this phenomenon has several possible
causes including change in K andfor Lo with size,
and biases in age determination at higher ages.

Knowledge of growth increments, or the para-
meters K and Lo, estimated from tagging data can
sometimes be used to discriminate between alternative
hypotheses concerning the interpretation of age
readings. Thus, tagging studies seem to support the
“slow-growth” hypothesis for redfish {32), although
this support is perhaps weakened by the fact that
growth of tagged fish is even slower than would be
expected from the “slow-growth™ age interpretations.

Holt suggested that even if marking affected one
growth parameter (the asymptotic size, L) by, for

example, interfering with feeding, the slope of the
regression of increment per unit time on mid-size
might still be used to check age determinations, or to
provide estimates of K for use in population studies
in cases where age determination was not possible.
He observed that discrimination between age-reading
hypotheses may also be possible when information
about size at liberation is not available, though this is
not strictly a question of growth, Thus, the numbers
of laminations in earplugs of tagged baleen whales
recaptured many years after marking provide evidence
that the number of laminations laid down per year is
on the average less than two, which was presumed
to be the number from other evidence.

The Crustacea are a special case, since normally
tagging can here be used only to estdmate the in-
crement per moult; alternatively the moulting fre-
quency may sometimes be estimated from rate of
disappearance of tags attached in such a way that
they are lost at moulung (29). Determinations of
growth per moult and of moulting frequency, hoth
as functions of size or age, provide data for growth
rate estimates, and one or both of these factors may
be estimated by tagging. For example, the growth
per moult was obtained by tagging king crab (10) and
related to moult frequency estimated by other means.
Such data give growth rates and age estimates on a
true time scale, the origin of which is, however, not
usually known. Knowledge from tagging of growth
during early stages is useful to estimate age at recruit-
ment in crustacea (42). Costello enquired whether
attempts to determine the age of king crabs from eye-
stalk structure had been continued; apparently they
have not.

Finally, it was pointed out that in relation to growth
studies, tagging or marking experiments may be used
to estimate growth, to study the effect of tagging on
growth, or to check age determinations. The effect of
tagging on growth may be observed in order to im-
prove tagging methods or to correct the results of
cxperiments to estimate growth, or as part of an
evaluation of the general suitability of different types
of tags for other purposes including mortality esti-
mation, It should be noted that in general these
different objectives of tagging experiments concerning
growth and age cannot all be achieved simultaneously.
It might be possible, however, to establish that a
particular type of tag had, for example, no effect on
growth in a stock or species for which age determi-
nations were available (by tank experiments and age
analysis of catches), and to conclude that the same
type of tag would therefore probably be useful to
estimate growth rate, and hence age composition,
in another stock or a related species for which
age determinations were for some reason not avail-
able.
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Section 2.2

Estimation of mixing, dispersal and migration; stock
identification

Rapporteurs: L. M. Dickie and W, Templeman

Two papers (15, 49} dealt specifically with the
definition and measurement of directional and random
components in fish movements, as reflected both in
tag returns and in changes in population parameters.
Estimates of coefficients for the random “mixing”
components derived from tag returns may be high
and can be checked against estimates of the amount
of mixing necessary to preduce observed changes in
variance of length at age (15). Estimates of the random
component from tagging are used to correct observed
“loss” rates of tags for deriving mortality rates (49)
(see Section 2.3). Discussion of the tagging results
revealed that different investigators have favoured
different methods of weighting, including equal
weights to all returns, weighting by time at liberty,
and stratification of runs in schools by time or space.
Results of the studies show seasonal changes in hoth
the directional and random components of movement.
While these changes may be related to environmental
variables, e.g. temperature, the magnitude of change
in both components is often too great to suggest
direct cause-effect relations.

A number of papers dealt with the general subject
of “licming™ in species other than salmon ({7, walleye;
20, sole; 21, char and perch). In these species tagging
experiments on spawning concentrations showed that
there may be extensive mixing in the periods between
spawning pericds, but in subsequent spawnings there
is a strong tendency for fish to return to the precise
local area of tagging, and apparently at the same time
during the seasonal cycle as when originally tagged.
Hile related similar experience with lake trout of
Lake Michigan.

Scallops (44) and whelks (28) show almost no
straying from point of release, even after several
years, although chservations of individuals show that
they are by no means inacuve. Adjacent stocks of
king crabs appear to mix [ittle with each other despite
marked inshore-offshore movements associated with
spawning (10). There is no mixing between stocks in
the Bering Sea and those south of the Alaska peninsula,

Upstream migrations of fall-run chinook salmoen
were traced in detail for periods of up to 153 hours,
using a sonic tag (14). In the examples discussed the
fish appeared to move upstream along paths near
shore. There was no indication of aberrent behaviour
with the relatively high sound frequencies used.

Recent developments in the use of natural distin-
guishing features such as parasites (6, 52) and hlood
groups (50} in identifying stocks were reported. Five
criteria were proposed for the use of parasites as

stock indicators (6), namely, (a) high rate of in-
festation, (b) simplicity of life history, (c} adequate
length of life cycle, (d) stability, {¢) wide environ-
mental tolerance. Several species of myxosporidian
gall-bladder parasites of whiting in the North Sea
and of haddock at the Faroe Islands were shown to
meet these criteria sufficiently well to serve as biologi-
cal stock indicators (6). Results of the analyses indicate
that the southern and northern North Sea whiting
stocks are virtually distinct except in the region of
the Dogger Bank; and that those in the northern
North Sea are in turn separate from the Farcese
whiting. Similarly, haddock occupying the Farce
Islands shelf appear to separate from those occupying
the cutlying banks. The incidence of occurrence of
adults of Lernacocera on cod may be used to distinguish
between stocks that regularly move into the inshore
water of Newfoundland, and those which remam all
vear round on the offshore banks (52). Kasahara
reviewed studies of the distribution of sockeye salmon
from Bristol Bay, Alaska, using the parasite Trigno-
pherus which occurs only on salmon from this area.
It was reported that Dr, Sindermann has published
some resuits on the successful use of frequency of
parasite occurrence and blood groupings to distinguish
stock units in the Gulf of Maine herring populations.
Larkin and Costello reported that attempts are now
being made to develop deliberate inoculation by
parasites as a marking technique. Bertelsen mentioned
the promising results obtained by Dr. K. Sick {Uni-
versity of Copenhagen) from the application of zone
electrophoresis techniques to the analysis of fish
haemoglobin for racial studies*.

In recent use of blood type groupings for identifying
stocks (50), antigens are found for all alleles of the
gene complex studied. The technique provides a
powerful tool for identifying stocks and measuring
the degree of mixing. In discussion it was pointed out
that antigen production from animals had been a
major obstacle until the recent introduction of phyto-
aglutinants, primarily from bean juices.

Section 2.3
Estimation of population size and mortality rates

Rapporteurs: J. A, Gulland and E. D. Le Cren

Papers in this section described a wide range of
situations in which, by various methods, estimates
of population size or mortality rates could he obtained.
In the simplest situation, when both tagging and
recapture is done by the experimenter, the population
size may be estimated by the Petersen (or Lincoln
index) method and its modifications; the theory was

* A preliminary account of this work has since been published;

K. Sick, Haemoglobin Polymorphism in Fishes; Nature, 192,
(4805), 2. Dec. 1961.
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reviewed (28), and the method applied to both fresh-
water (21) and marine fish {31} and, with extensions to
cover returns by commercial fishermen, to molluscs
(28) and crustacea {29). A theoretical value of the
variance of the estimate may be obtained (56), but
Robson considered that as the model was deterministic,
the true variance would be greater than this theoretical
value. The model gave biased estimates (4) if there
is a correlation between the probability of being tag-
ged and of appearing in subsequent samples; this
bias may he severe when there is direct gear selection
for tagged fish (e.g. Petersen discs caught by gill net
(26)). With simple extensions, mortality or recruitment
rates can be estimated (58) though in many sitnations
it may be unrealistic to assume that recruitment is
proportional to the population present. If the pop-
ulation is constant, then the decline in the pro-
portion of tagged individuals {essentially due to re-
cruitment} may be used as an estimate of mortality
(31).

More generally, the decline in numbers of tagged
individuals, or, better, number per unit effort, will
give a total loss rate (10, 13, 22, 35). This will include
the fishing and natural mortality rates typical of the
population, but also shedding or other loss of tags,
or extra mortality among tagged individuals, and,
particularly if returns within only a small area are
considered, a factor due to emigration (35). By extra-
polation to time zero, or otherwise, an estimate of
fishing mortality, or mortality per umit fishing in-
tensity, can be obtained, and from independent
estimates of total mortality the natural mortality can

be estimated {8, 10, 22, 35). Such estimates have been
in reasonable agreement with those by other methods
for North Sea plaice {35), Bering Sea king crab (10),
maskinonge (62), whelks (28) and scallops {44).

Another check is to relate the estimated fishing
mortality from tag returns to the fishing intensity
(effort per unit area) in the region of tagging; this
has given a better fit than relating mortality from
age data to fishing intensity (8).

In special situations, tags may be recovered after
the tagged individual dies; this may help to give
estimates of mortality due to tagging or natural
mortality, or to eliminate all losses except those due
to fishing (28, 44).

Fishing mortality may also be estimated by assuming
various values of the loss rate, and from this, plus
the known returns, computing the surviving popu-
lation of tagged fish; the proportion of this returned
in any time interval may be correlated with the
fishing effort in the interval (13).

Tagging has also been used to give estimates of
catches not otherwise reported (7), though this de-
pends on having equal probability of tag reporting
by all sections of the fishery.

A further specialised use of tagging involves fishing
where a known nnmber of tags have been seeded in
a small area, to give the efficiency of the fishing gear
on a population of known density. Dickie reported
that by this technique it has been shown that on
rough ground scallop dredges have efficiencies as low
as 10 per cent.
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IV, 1

Note on the Return Rate of Tagged Skipjack, Katsuwonus pelamis,
and the Effects of Handling

By

JOHN C. MARR*

Large-scale tuna tagging experiments commenced
with the development of the plastic loop or “spaghetti”
tag by Wilson (1953), following the earlier work of
Alverson and Chenoweth (1951}, Powell et al. (1952)
and Schaefers {1952). This tag, a section of vinyl
tubing, is applied through the muscle of the dorsal
surface posterior to the second dorsal fin, The free
ends are tied together afier the tag is in place,

Subsequent improvements, as judged by increased
return rates, have arisen from modifications in (1)
materials and methods of application, resulting in
longer tag life; (2) tagging technique, resulting in a
reduction of the time during which the fish is out
of water and in the amount of handling to which it is
subjected; (3) materials and techniques, resulting in
a greater discovery rate of recaptured fish.

Modifications of the first type include the use of a
clamp instead of a knot to secure the free ends of the
tag, a tag core of monofilament nylon, and the use
of a different vinyl tubing capable of withstanding
longer exposure to sea water (Schaefer, 1958).

Modifications of the second type include not
measuring the length of the tagged fish, the use of an
automatic clamping device for securing the free ends
of the tag (Schaefer, 1958), and the use of a dart tag
{Yamashita and Waldron, 1958). With the dart tag,
oceanic skipjack (Katsuwonus pelamis) can be hooked,
tagged and released in as little as four to seven
seconds {Waldron, personal communication), as
contrasted to 20 seconds for loop tags (Yamashita
and Waldron, 1959). Modifications of the third type
include more conspicuous tag color (Blunt and Messer-
smith, 1960; Schaefer, 1958) and an attractive reward
system {Schaefer, 1958).

Skipjack are perhaps the most delicate of the tunas
and have shown the greatest improvement in the
return rate of tagged individuals as a result of re-
duction in tagging time and concomitant handling.
For example, Blunt and Messersmith (1960) report
a return rate of 2.56%, from 742 skipjack tagged with
dart tags and 0.299%, from 695 tagged with loop tags,
in an experiment in which the two types of tags were
applied to alternate fish in the eastern tropical Pacific.
Yamashita and Waldron (1958) report a return rate

& Director, Hawaii Area, U. 8. Burean of Commercial
Fisheries, P. O. Box 3830, Honolulu 12, Hawaii.

of 0.619%, from 1961 skipjack tagged with loop tags in
the vicinity of the Hawaiian Islands between 1954 and
1956, They also report a return rate of 9.15%, from
8161 skipjack tagged with dart tags in the same area
in 1957. Tagging mortality is apparently directly
proportional to the time and handling required by
tagging. The experience of the Honolulu Laboratory
staff members in establishing skipjack in captivity
clearly supports this conclusion.

Nakamura (MS} has recently reported on the
establishment and behavior of skipjack in captivity,
Initial attempts involved catching skipjack with barb-
less hooks, carrying them from the fishing racks to a
bait well into which they were released, returning
to port, removing the fish from the bait well and
carrying them about 0 yards to an experimental tank.
Ten attempts, involving 44 skipjack as well as two
Euthynnus yaito and two Coryphaena hippurus, were made
in this manner. All fish died within 48 hours. Various
refinements, including carrying the fish in water-filled
plastic bags and the use of thorazine, made no ap-
parent difference in survival rate.

These difficulties led to the use of a portable tank.
Skipjack caught with barbless hooks were lowered
into the portable tank and allowed to shed the hook.
When the ship returned to port, the portable tank
was lifted (by crane) from the ship, carried to the
experimental tank and lowered into it. Once in
place, a hatch on the side of the portable tank was
opened, the skipjack swam out into the experimental
tank and the portable tank was removed. Thus, the
fish were not directly handled and, in fact, did not
come in contact with any foreign object except the
barbless hook.

Twa lots of skipjack have been introduced into the
experimental tank in this manner. They exhibited
little bruising and did not swim at high speeds nor
bump into the tank walls, as did fish introduced in the
original manner. Fish of the first lot survived for as
long as 73 days and of the second lot for as long as
173 days. Food was taken on the ninth day by fish of
the first lot and on the second day by fish of the
second lot. After they began to feed, the fish were
easily conditioned to an artificial stimulus for feeding,
Death probably resulted from dietary insufficiencies,
rather than other environmental conditions, and al-
most certainly not from handling.
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Summary

Return rates of tagged skipjack were increased
approximately tenfold with dart tags in comparison
with loop or “spaghetti” tags. Increased return rates
were presumably a reflection of increased survival
rates resulting from decreased handling and time out
of water. This conclusion is supported by evidence
from attempts to establish skipjack in captivity. Such
attempts were successful only when the skipjack were
not directly handled and came in contact with no
foreign ohjects except a barbless hook.
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Comparison between Different Types of Tags used on Cod,
Char and Salmon in Subarea 1

By

JIRGEN NIELSEN*

Introduction

During half a century great numbers of fish have
been tagged in different countries, but very little has
been published about the results of comparative
tagging experiments with different types of tags. In
order to find the most suitable types, Greenland
Fisheries Investigations have carried out some com-
parative tagging experiments with cod, char and
salmon, in which a number of fish have been tagged
at the same time and in the same locality with different
types of tags. The preliminary results of these ex-
periments are given in the present paper.

Cod : Technique

The following types of tags have been used:

Plasiic tag. Small boat-shaped tags of plastic. Length
30 mm, extreme breadth 9 mm, thickness 1 mm,
weight 0.20 grams. The tags used were red, vellow
and blue. They were attached at the base of the
anterior edge of the first dorsal fin either by means of
stainless steel wire or by means of ferplene, a synthetic
polyester fibre (in the experiments mentioned in the
present paper, a black spinner line of 11 1b breaking
strength was used). Unti! 1952 common stainless
steel, diameter .40 mm, was used. Later a special,
more flexible, surgical wire, diameter (.35 mm, was
employed.

Led’s hpdrostatic tag. Lea tags were used in two
sizes, length 48 and 31 mm, diameter 4 mm. The
tags were yellow, with blue at the top and bottom.
They were attached at the base of the anterior edge
of the first dorsal fin by means of a wire clamp and a
pin.

Petersen tag. In most of the experiments black discs,
diameter 16 mm, thickness 2 mm, were used; in a
few experiments in recent years white discs, diameter
25 mm, thickness 2 mm, were used. The discs were
attached to the gill-cover by means of either silver wire,
diameter 1.00 mm, or surgical stainless steel wire,
diameter 0.80 mm.

The comparative experiments were carried out by
using different types of tags at the same tme and in
the same locality, and in most cases on fish of ap-
proximately the same length. In most cases the fish
werc tagged alternately with different types of tag,

* Greenland Fisheries Investigations, Charlottenlund, Den-
mark.

or each tag was used in a certain time interval,
However, in some experiments small fish have been
tagged with one type of tag and large fish with
another. In such cases the percentages of recapture
arc, of course, not directly comparable, since one
may expect a greater mortality of small fish than of
large ones as a result of the tagging process. As the
recapture of small tagged fish is delayed, the total
period of recaptures will be longer for small than for
large fish. Returns of cod up to the end of 1959 have
been included in the analysis.

Results

A summary of the various comparisons of types of
tags and materials for attaching tags, made from the
results of all the comparative experiments, is given
in Table 1.

Comparison between different colours of plastic iags.
Both Experiment A and Experiment B show that red
coelour gives a higher percentage of recapture than
yellow.,

Comparison between terylene and sicel wire to attach
Plastic tags (G, D, E, F, G and H). With the exception
of E and H, the experiments prove that tags attached
with steel wire give a much higher percentage of
recapture than tags attached with terylene. In
experiment H the percentages of recapture are not
comparable, as the fish tagged with plastic/steel were
considerably smaller than those tagged with plastic/
terylene. The experiments with cod have shown that
in the first year after tagging there is no significant
difference in the percentages recovered of either type
of tag, but that in subsequent years the perceniage of
plastic/steel tags recaptured is much higher than that
of the plastic/terylene type. This is also borne out by
the tagging experiments with the char (see below).

Comparison between plastic/steel, plastic/terylene, and
Lea tegs (I and K). The percentages of recapture seem
to be a little higher for Lea tags than for plastic/
terylene, but considerably higher for plastic/steel than
for Lea tags. The comparison is made with yellow
plastic tags attached with steel; judging from the
above-mentioned, a comparison based on red plastic
tags would have given a still higher percentage of
recapture for plastic/steel,

Comparison between Petersen tags and Lea tags (L, M,
and N). The first two experiments show more re-
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Table 1. Cod
Comparison Experi- Attached Yearof  Mean Fish Number  Number  Percentage
between ment Tag Colour with Taggmg Lengtb cm  Tagged Recaptured Recaptured
Yelow and red Plastic A Plastic Yellow Terylene 1951 314 116 1 0.9
A Plastic Red Terylene 1951 30.3 100 8 8.0
B Plastic Yellow Terylene 1952 63.3 209 13 6.2
B Plastic Red Terylene 1952 64.4 94 8 8.5
Terylene and Steel C Plastic Yellow Terylene 1951 31.4 116 1 0.9
C Plastic Yellow Steel 1951 32.6 67 9 13.4
D Plastic Red Terylene 1955 36.7 144 19 13.2
D Plastic Red Steel 1955 37.8 100 20 20.0
E Plastic Red Terylene 1956 26.4 50 5 10.0
E Plastic Red Steel 1956 26.2 149 6 4.0
F Plastic Blue Tervlene 1957 271.6 50 1 2.0
F Plastic Blue Steel 1957 28.5 60 5 8.3
G Plastic Blue Terylene 1957 41.8 50 5 10.0
G Plastic Blue Steel 1957 41.1 15 2 13.3
H Plastic Blue Terylene 1957 31.5 25 4 16.0
H Plastic Blue Steel 1957 23.9 79 2 2.5
Plastic/Steel and Lea I Plastic Yellow Steel 1951 32.6 67 9 13.4
I Lea — Steel 1951 34.7 193 19 9.8
Plastic/Terylene and K Plastic Yellow Terylene 1951 1.4 116 1 0.9
Lea K Plastic Red Terylene 1951 30.3 100 8 8.0
K Lea — Steel 1951 34.7 193 19 9.8
Petersen and Lea L Petersen Black Silver 1949 66.4 287 3t 10.8
L Lea Steel 1949 64.8 197 29 14.7
M Petersen Black Silver 1951 46.9 105 & 5.7
M Lea Steel 1951 34.7 193 19 9.8
N Petersen White Steel 1958 59.0 28 5 17.9
N Lea Steel 1958 58.9 100 17 17.0
Petersen and Plastic/ O Petersen Black Silver 1951 46.9 105 6 5.7
Steel O Plastic Yellow Steel 1951 32.6 67 9 13.4
P Petersen Black Silver 1955 50.7 138 38 27.5
P Piastic Red Steel 19535 3rs 100 20 20.0
Q Petersen White ? 1957 36.8 200 49 24.5
Q Plastic Biue Steel 1957 41.1 15 2 13.3
Petersen and Plastic R Petersen Black Silver 1951 46.9 105 6 5.7
Terylene R Plastic Yellow Terylene 1951 314 110 1 0.9
R Plastic Red Terylene 1951 30.3 100 8 8.0
S Petersen Black Silver 1952 68.1 412 24 5.8
5 Plastic Yellow Terylene 1952 65.5 209 13 6.2
5 Plastic Red Terylene 1952 64.4 94 8 8.5
T Petersen Black Silver 1953 56.7 26 8 30.8
T Plastic Yellow Terylene 1953 36.8 65 7 10.8
U Petersen Black Silver 1955 50.7 138 33 27.5
19 Plastic Red Terylene 1955 36.7 144 19 13.2
A% Petersen Black Silver 1957 45,3 73 19 26.0
v Plastic Red Terylene 1957 317 394 30 7.6
W Petersen White ? 1957 56.8 200 49 24.5
w Plastic Blue Terylene 1957 41.8 50 5 10.0

captures with Lea tags than with Petersen tags,
although in experiment M the Lea tags were used on
smaller fish than the Petersen tapgs. In experiment N
the percentages of recapture are almost the same, but
the number of fish tagged with Petersen tags is small
(28).

Comparison between Peltersen tags and plastic fags
attached with sieel (O, P and Q). In the first ex-
periment the recapture percentage is higher for
plasticfsteel than for Petersen tags, whereas the last

two experiments show the opposite. It should be noted
that none of the percentages in the experiments are
comparable, because the mean lengths of fish with
the different tags vary; also the number of fish tagged
with plastic tags in experiment () is very small.
Judging from the experiments showing a higher
percentage of recapture for plastic/steel than for Lea,
and for Lea a higher percentage than for Petersen
tags, it is likely that plastic/steel gives a higher re-
capture than Petersen tags, other conditions being equal.
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Comparison between Petersen tags and plastic tags
attached with ferylene (R, 5, T, U, V and W). In
experiment S only, the mean lengths of the fish with
different tags are similar. This experiment shows a
slightly higher percentage of recapture of yellow, and
a considerably higher percentage of red plastic tags
than of Petersen tags. Experiment R also shows a
higher percentage for red plastic tags than for Peter-
sen tags. However, all the other experiments show
considerably higher percentages of recapture of Peter-
sen tags than of plastic tags, but, because of the
difference in mean fish length, it is not possible to
draw any reliable conclusion from these experiments.
On the basis of the only comparable experiment, S,
plastic tags with terylene may be considered better
than Petersen tags, but the difference is insignificant.

From the experiments mentioned above, it is
possible to give the following grading to the tags as
to their value, when considering the objective to be
the highest possible percentage of recapture:

1, Red plastic tags, attached with steel wire.

2. Yellow plastic tags, attached with steel wire.

3. Lea’s hydrostatic tags.

4. Red plastic tags attached with terylene.

3. Yellow plastic tags attached with terylene.

6. Petersen tags.

The Petersen tag (No. 6) should possibly be placed
before the plastic tags attached with terylene (Nos. 4
and 5).

Char and Salmon: Technique

For tagging of char (Salvelinus alpinus) and salmon
{Salmo salar) in comparative experiments, the fol-
lowing tags mentioned above have been used: plastic
tags (red, yellow and blue) attached with steel wire
or terylene, and Lea tags. An additional type was
also used in one experiment — the Swedish Carlin tag,
consisting of a small paper label prepared with cellu-
loid, length 16 mm, width 5 mm, which is connected
by a link to a U-shaped piece of steel wire (total
weight 0.165 g). This steel wire is passed through the
body of the fish, at the base of the dorsal fin, by a
double needle, and its two free ends are then twisted
together.

The experiments are otherwise carried out in the
same manner as described for cod. The mean lengths
of the fish tagged with different tags were the same in
all experiments. The recaptures are brought up to
date, up to and including 1960,

Results
Table 2 gives a survey of the experiments.

Comparison between plastic tags of different
colours (a, b and c). As in the case of cod, all ex-
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periments show a higher percentage of recapture of
red tags than of yellow. In the experiments with blue
tags, there is too little material for comparison.

Comparison between terylens and steel wire to attach
plastic tags (d, e, f, g, h, i, and o). All experiments
except no. f, where the number of tagged fish is
small, show a considerably higher percentage of re-
capture of tags attached with steel wire; this is in
accordance with the results in the case of cod.

Comparison between plastic/steel, plastic/terylene and
Lea tags (k, 1, m, n, and p). In all cases the Lea tag
gave a considerably higher recapiure than plastic tags
attached with terylene. The same is the case, though
less marked, in experiments with cod. In the case of
cod (one experiment), plastic/steel showed a higher
percentage of recapture than Lea tags; the opposite
was the case with char (one experiment). In both
cases yellow plastic tags were used. The difference
between the two species may be due to the difference
in size, the cod tagged being larger than the char, The
experiments with char have shown that, for small char,
Lea tags give a considerably higher percentage of
recapture than plastic/steel; for larger char, the dif-
ference is much less.

Comparison between plastic/stesl and Carlin tags (q).
The experiment shows a slightly higher percentage of
recapture with Carlin tags. All tagging experiments
with salmon (but not char) have been carried out
with fish in the parr or smolt stage, and all recaptures
have been of smolt or parr except in two cases where
the salmon recaptured were adult. In both these
cases the salmon were tagged with Carlin tags.

The comparative experiments with salmon and
char show that the different types of tag can be graded
in the same manner as in the case of cod (the Petersen
tag was not used for salmon or char), but possibly
showing the Lea tag as No. 1 or 2 for small fish. If the
Carlin tag is to be shown, it would probably be placed
as No, 1,

Discussion

The percentage of recaptures depends upon the
different properties of the tag used. Some tags may
cause a higher tagging mortality than others, especially
when small fish are used. The resistance of the tags
may be different. It is worth mentioning that the
silver wire used for attaching Petersen discs has been
corroded in some cases, which never happens with
steel wire. This corrosion of silver wire is particularly
pronounced in certain localities (fjords) in Greenland.
Some types of tags may cause one fish to be more
easily caught than another with a different type of
tag or untagged. It is, e.g., likely that a fish tagged
with 2 Lea tag attached with a steel clamp is more
liable to capture in a gill-net than a fish with a tag
attached with terylene. This could explain the higher
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Table 2. Char
Comparison Experi- Attached Year of Number Number Percentage
between ment Tag Colour with Tagging Tagged Recaptured Recaptured
Yellow and red Plastic a Plastic Yellow Terylene 1953 78 23 29.5
a Plastic Red Terylene 1953 18 6 33.3
b Plastic Yellow Terylene 1954 5 0 0
b Plastic Red Terylene 1954 58 13 22.4
c Plastic Yellow Terylene 1954 151 9 6.0
¢ Plastic Red Terylene 1954 12 8.3
Terylene and Steel d Plastic Yellow Terylene 1953 19 7 36.8
d Piastic Yellow Steel 1953 19 9 47.4
e Plastic Yellow Terylene 1953 78 23 29.5
[ Plastic Yellow Steel 1953 22 18 81.8
[ Plastic Red Terylene 1954 9 3 33.3
[ Plastic Red Steel 1954 20 3 15.0
g Plastic Red Terylene 1954 58 13 22.4
g Flastic Red Steel 1954 33 15 39.5
h Plastic Red Terylene 1954 12 1 8.3
hk Plastic Red Steel 1954 19 8 42.1
i Plastic Yellow Terylene 1955 23 2 8.7
i Plastic Yellow Steel 1955 19 8 42.1
Plastic/Steel and Lea k Plastic Yellow Steel 1958 73 3 4.1
k Lea Steel 1958 40 5 12.5
Plastic/Terylene and Lea 1 Plastic Yellow Terylene 1952 12 3 25.0
1 Lea Steel 1952 19 11 57.9
m Plastic Yellow Terylene 1954 110 9 8.2
m Lea Steel 1954 74 29 39.2
n Plastic Blue Terylene 1958 35 6 17.1
n Plastic Yellow Terylene 1958 22 11 50.0
n Lea Steel 1958 43 24 55.8
Table 2 (cont’d). Salmon
Terylene and Steel o Plastic Red Terylene 1954 17 4 23.5
0 Plastic Red Steel 1954 72 23 31.9
Plastic/Terylene and Lea p Plastic Yellow Terylene 1952 56 1 1.8
p Lea Steel 1952 68 8 11.8
Plastic/Steel and Carlin q Plastic Blue Steel 1956 49 2 4.1
q Carlin Blue Steel 1956 79 4 5.1

percentage of recapture of tags attached with steel
than of tags attached with terylene in the case of
char, but does not apply to cod, which are never
caught in gill-nets in Greenland.

The appearance of the tag is also important in the
detection of a tagged fish when captured. This may
explain the fact that more red plastic tags are re-
covered than yellow, Regardmg the Petersen tag, we
have observed a case in which the disc was completely
overgrown so that the tag was not noticed until we
were going to tag the same fish again, In trawl
catches particularly, the tags are often not noticed
on the fresh fish, as indicated by later discovery of
tags on salt or dried fish. This only applies to tags
attached to the body of the fish; a Petersen tag at-
tached to the gill-cover will be thrown away with the
head, when not observed on the fresh fish. The com-
parative tagging experiments with cod have yielded
48 recaptures of Lea tags, of which 6, or 12.5%/, were

from salt or dried cod. Of 147 recaptures of plasiic
tags, 18, or 12,29, were first observed on salt or dried
fish. Of plastic tags recovered from salt fish, the
percentage is twice as high for tags attached with
steel as for tags attached with terylene, which may be
due to the fact that terylene is more easily loosened
during the salting process than steel.

Finally, it is important when deciding on the type
of tag to use to choose one which is practical and
quick to handle during the tagging process; also the
price of the tag may be worth considering.

It is very important in most tagging experiments
that the tag be of a type which the fish does not lose
too quickly. For the Petersen tag, the longest time
recorded between tagging and recapture in Greenland
waters is 15 years for a cod and 16 years for a Green-
land shark (Somniosus microcephalus Schneider). Both
tags were attached with silver wire. Lea tags and
plastic tags have not been used for as long or as widely
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Figure 1. Comparative tagging experiments with char, giving the

percentage of recapture for Lea tags (full Iine}, plastic tags at-

tached with steel wire (broken line) and plastic tags attached
with terylene (dotted line).

as Petersen tags, but in the case of Lea tags we have
had recaptures 8 years after tagging, and in the case
of plastic tags attached with steel and with terylene
7 years after tagging. Comparative experiments with
char give some information on this question, as shown
in Figure 1. The figure shows for experiments from
1952—1955 the recapture percentage in the various
years up to and including 1960 of the different types
of tags used. The full line indicates Lea tags, the
broken line plastic tags attached with steel, and the
dotted line plastic tags attached with terylene. As to
recaptures in the same year (0), there is little difference
between the various types of tag; the agreement is
even preater than shown by the curves, as the ex-
periments were carried out partly in summer and
partdy in autumn. In the autumn experiments, no
recaptures could be expected the same year, and
there were none. As the different types of tags were
not used in the same proportion in the summer and
autumn experiments, a comparison of the two series
of experiments will give misleading percentages for
recaptures in the same year. Actually, for the summer
experiments alone, the recapture percentages in the
same year were 16.0 19.3 and 15.8 respectively. It
is only for recaptures in the subsequent years after
tagging that there is a decisive difference between the
three different types of tags, In the following year (1),
the plastic/terylene tags showed far fewer recaptures
than the two other types, and no recapture of fish
tagged with plasticjterylene was made more than
four years after tagging., For the other two types,
there appears to be no great difference, although the
plastic/steel type appears to give more recaptures than
the Lea tags after three years or more, just as Lea
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tags have given no recapiures later than four years
after tagging. However, in taking into consideration
the size of the fish tagged, Lea tags provide more
recaptures of small fish than do plastic/steel tags,

In the recaptured char which I have had an op-
portunity to examine, the wound around terylene
wire seemed to heal as readily as around steel wire,
but possibie the terylene knots will loosen while the
fish is in the water. An experiment has shown that an
ordinary reef-knot, even when tightened very hard,
will, as a rule, loosen after the fish has been only
twenty-four hours in the water. In the tagging ex-
periments a special knot has been used which does
not seem to be so likely to loosen, as shown by several
recaptures after three and even four years.

It is considered important to continue such com-
parative experiments on a larger scale in order to
obtain better information on the applicability of the
different types of tags.

Summary

In the tagging experiments dealt with in this paper
numbers of fish have been tagged at the same time
and in the same locality with different types of tags.
The following tags were used:

Plastic tag (red, yellow or blue), attached at the
base of the anterior edge of the first dorsal fin either
by means of stainless steel wire or by means of terylene
(cod, char and salmon).

Lea tag, attached at the base of the anterior edge of
the first dorsal fin by means of a wire clamp and a
pin {cod, char and salmon).

Petersen tag, attached to the gill-cover by means of
either silver wire or surgical stainless steel wire (only
cod).

Carlin tag, description on page 19, attached dorsally
by means of steel wire (only salmon).

From the point of view of total return rate, the
experiments with cod show the following order for
the tags (No. 1 giving the highest percentage of
returns): 1. Red plastic tags attached with steel wire;
2. Yellow plastic taga/steel wire; 3. Lea tags; 4. Red
plastic tags/terylene; 5. Yellow plastic tags/terylene
and 6. Petersen tags. It is here pointed out, that the
Petersen tags are attached at the gill-cover, while all
the other types of tags mentioned are attached at
the first dorsal fin. An attachment of the Petersen
tags at the first dorsal fin would most possibly change
the order of the tags mentioned above.

The experiments with char and saimon give the
same order (Petersen tags not used) but to some
degree dependent upon the size of the fish. The
Carlin tag employed for salmon parr and smolt
should possibly be placed as No. 1.
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On Non-Reported Recaptures from Danish Tagging Experiments
on Cod, Subarea 1

By

SVEND AAGE HORSTED*

Tagging is cne of the best known methods of
estimating fishing mortality. If the sample of tagged
fish is the same in every respect as the total stock in
question, the fishing mortality in a certain period,
e.g. the first complete year after liberation, is readily
determined from the number of tagged fish returned
in the same period, by the equation

F-N

_ — e —(F+ M
FI M (1 e )

where N == total number of tagged fish liberated or
present at the beginning of the period in question, and
n = number of recaptures.

This theory is, however, based upon several
assumptions, Unfortunately the assumptions are
rarely correct and errors therefore appear in the
assessments. Some of the most serious errors are due
to:—

a. death of fish due to tagging {at or soon after

tagging)

shedding of tags (e.g. by corrosion of silver wire)
tagged fish not being equally mixed with the
stock and therefore perhaps being subject to
a larger {or smaller) local fishing mortality than
the whole stock

non-reporting of tagged fish when recaptured.

b,

C.

d.

This paper deals with this last-mentioned error,
the non-reporting of recaptures. The material is from
the Danish tagging experiments on cod in West
Greenland (Subarea 1), The problem has been
considered previously by Erik M. Poulsen (1957).

To illustrate the influence of non-reported recap-
tures on the estimated fishing mortality an example is
given. If the natural mortality coefficient M = 0.30,
the number of liberated, tagged fish {N) = 100 and
the total recaptures (n) (reported +4- non-reported)
in the first whole year after liberation = 50, then F
will be calculated as shown in Table 1.

It is immediately seen that non-reporting of re-
captures may cause serious error, if the non-reporting
is extensive. In fact, one cannof use lagging experiments to
esttmate F and other assessments without considering the non-
reporting of recaplures.

* Greenland Fisheries [nvestigations, Charlottentund, Denmark

Table 1.
M=2030 N=100

Non-reported
percentage of n

n = 50

calculated F

0 0.84
25.00 0.56
33.33 0.48
50.00 0.34
75.00 0.16

In the following an attempt will be made to
measure the non-reporting of tags for cod in Sub-
area 1.

Many of the recaptures (roughly about one-third)
from the Danish experiments in Subarea 1 are taken
by Greenland fishermen. As the fishery of the Green-
landers is carried out by hand- or long-line, every cod
caught will pass through the hands of a person several
times. Everyone in Greenland is familiar with the
tags and knows that a reward will be paid if the tag
is delivered to one of the administrators located in
every place. In addition, the Greenlanders are very
interested in the fishery and fishery problems — and
in the reward too. We therefore assume (1) that every
tag found will be delivered, and (2) that almost
1009, of the recaptured tags are found because of the
detailed handling of every fish. Some tags, however,
are found in salted fish (vide paper by Jorgen Nielsen)
and a few may never be found, but we normally
consider the reporting by Greenland fishermen to be
very close to 1009 of the recaptures.

It would have been a great help had the Green-
landers fished on the same grounds as the other
countries; however, this is not the case, Greenlanders
still fish only in inshore waters and, thus, on a different
stock from the other countries, so that we cannot use
the reporting by the Greenlanders for comparison
with that of other countries.

Fortunately, since 1953 Portugal has developed an
excellent organization for collecting recaptures, and
it may well be correct to assume that Portuguese
fishermen also report almost 1009, of recovered tags.
The question then is whether all recaptured tags really
are recovered. As to the dory-caught cod, we know that
each of them is handled individually several times
more than the trawl.caught cod. As Poulsen (l.c.)
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says, there is little doubt that the opportunity to
observe tagged cod is greater and better in the dory
fishery than in the trawl fishery. It is reasonable to
suppose that the Portuguese dory-vessels deliver
almost 1009, of their recaptures. From this assumption,
it is possible to caluulate the number of recaptures made
by all other fleets fishing in the same small area
{division), provided that

1. the tagged fish are evenly mixed with the whole

stock in the area concerned;

2. gear sclectivity is not influenced by the tag.

ad. 1. Cod used for tagging are caught by hand-line.
This fishery often takes place on special grounds,
whereas trawling takes place on other grounds within
the same division. Thus, in the year of tagging it
is possible that the different fleets do not fish on
shoals with the same density of tagged fish. Tagging
is, however, carried out in many localities within the
same division and, due to migration (seasonal and
long-term), the tagged fish are likely to become evenly
dispersed in the stock in this division within one year
after tagging. Thus, it can be assumed that after the
elapse of the year of tagging, we have an even density
of tagged fish in the statistical areas (divisions).

ad, 2. Most of the tags used in this material are
Petersen disks fastened externally on the gill-cover.
There is no reason to assume that a cod tagged in
this way is more easily caught by hook than an
untagged cod. The same can be said about the trawl,
although it may happen that a tagged cod which
would have escaped through a mesh is caught when
the mesh catches the tag, Normally, however, the
fish tagged in this way are of a size which would not
escape through the trawl meshes. Gill-nets are not
used in the cod fishery in this area. So we assume that
a tagged cod has exactly the same chance of being
caught as an untagged cod.
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Thus — excluding first-year recaptures, the number
of recaptures from ship to ship, fleet to fleet, or country to
country, is proportional to the catch within the same division.

In his paper, Poulsen (i.c.) found conversion
factors to use when recaptures by various fishing
fleets (different countries) are compiled. In practice,
however, this is not the best way to handle individual
tagging experiments. In considering recaptures from
a single tagging experiment, we frequently find that
some countries have made no recaptures, and con-
sequently the use of a conversion factor gives no idea
of the actual number of recaptures by such a country.

A Dbetter method is to compare recaptures by
Greenland fishermen (1009, reporting), Portuguese
dories (1009, reporting), Portuguese trawlers (con-
version factor about 2.5 -— see below) and all other
fleets combined. Comparison between Portuguese
liners {dory vessels) and Portuguese trawlers is made
in Table 2. Gear is not reported in the recaptures
before 1954. For some of the recaptures gear is still
unreported, but in most of these cases it is possible to
deduce the gear used from other information (date,
position, etc,). Such recaptures are given in brackets
and are included in total recaptures,

The average of the conversion factors in Table 2 is
3.37. In the 1955 recaptures Poulsen (l.c.) found a
conversion factor of 2.79 for Portuguese trawlers,
which is very much the same as 2.71 in Table 2. The
difference may be due to the fact that Poulsen in-
cluded the 1955 tagging experiments,

Margetts (1963) has reported results of placmg a
known number of tagged fish (cod) in the catch of
English trawlers at sea, unknown to the fishermen.
Only about one-third of these were subsequently
reported. Thus, it seems proper to use a conversion
factor of at least 2.5 for trawlers where all recovered
recaptures are reported (Portuguese trawlers). Only

Table 2
Comparison between reports from Portuguese trawlers (tr} and dory-vessels (d). Fish recaptured in the year of tagging

not included. rp =

number of reports; rp/c = number of reports per 1000 tons cod caught.

{Average only calculated {rom divisions where both types of vessel fish).

Division Gear 1955
p rple p
1B tr 3 1.23 [+)
d 87 2.57 102
1C ir 18 1.71 24
d 64 6.84 27
1D ir 41 1.37 68
d 45  2.54 145 (1)
Total incl. tr 652 1.45 112
1E, 1F and NK d 196 3.22 276
Average tr 1.46
d 3.96
Conversion factor djtr 2.71

19506

2.22

Year of recapture

1957 1958 1959
rpjc p rpfc TP TpjC rp
1.20 0 0.00 9  1.99 8
3.20 160 (11) 411 70 222 90
2.21 11{ 2) 2.00 16 1.45 0
3.68 129( 7) 12.32 89 10.33 25
1.81 12 1.22 23 243 8
4.91 158( 4)  6.37 172 5.94 43
1.96 48 1.26 77 L76 29
4.01 462 6.18 332 4.8 62
1.87 1.44 1.81
4.15 7.26 6.33

5.05 3.50
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one method seems possible to reduce this error, namely
to make the tags more noticeable, perhaps by using
double tagging.

For countries other than Poriugal, the conversion
factors found by Poulsen are much higher than 2.5,
France and Spain have the highest factor — about 20.
Using Poulsen’s method, I found conversion factors
of the same size, in some years as high as 50. As
Portuguese, French and Spanish trawlers fish in
almost the same localities and at the same time of
year, the only explanation appears to be that few of
the recaptures are reported even when they are
recovered. I do not know what happens to the un-
reported recaptures; they may be thrown away or
kept as souvenirs.

We are fortunate in having almost 1009, reporting
from Portuguese dory vessels and a conversion factor
of about 2.5 for Portuguese trawlers. From this it is
possible to estimate roughly the actual number of
recaptures in divisions where Portugal fishes to some
extent. However, this is only the case in Divisions
1B, 1C and 1D (in the case of Subarea 1 only). Since
1957 Portuguese trawlers have also fished in Division
1E and IF, but not always to an extent whith enables
corrections to be made in the material of reports. In
Divisions 1E and IF it is very difficult. In Divisions
1B, 1C and 1D it can be done in this way:

catch  reports total recaptures

Portuguese liners {dories) ... Y, n, n,;
Portuguese trawlers ....... Y, o, 2l n,
Portugal (total) ........ eer X34+ Y, 0 4y ( n, +121121;a

. . . n, + 244n,) Y,
other nations (in¢. Greenland) Y, Y, + Y,

Total (inc. Greenland)

Some examples are given to illustrate the size of the
error of the non-reporting.

Example 1. Tagging: 28 July—1 August 1953, Div. 1B 887 cod.
Recaptures Div. 1B, 1954;

tons cod reports recaptures
Portuguese liners ... ..., 44,334 63 63
Portuguese trawlers...... 10,274 B 8x2Y, = 20
Portugal ............... 54,808 7l 33
Other countries (inc,

Greenland) .......... 36,200 ( 6) 85
Total (inc. Greenland) .., 111,008 77 168
Example 2. Tagging: 5—11 August 1953, Div. 1D 439 cod.

Recaptures Div. 1D, 1954:
tons cod reports recaptures

Portuguese liners........ 24,373 11 11
Portuguese trawlers. ., ... 30,218 3 3IxzlY, = 8
Portuguese, egearn ot known 10 at least 10
Portugal ............... 54,591 24  minimum 28
Other countries (incl.

Greenland) .......... 66,996 Z  minimum 34

Total {inc. Greenland) .. 121,587 26  minimum 62

Poulsen (l.c.), using the conversion factor 2.0 for
trawlers, found that in 1955 300 recaptures from
Danish tagging in Subarca 1 were reported by all
nations excluding Greenland, and estimated that it
should have been 864 by a 1009, reporting. This is
very similar to the foregoing examples. However, the
less Portugal fishes in a division, the larger of course is
the error in the reporting. The tagging experiments
must be handled division by division, year by year.

In Divisions 1E and 1F, it is more difficult to
estimate the non-reported recaptures. One method
may be to get a conversion factor for the United
Kingdom and Germany in subareas where both
Portugal and these countries fish. However, this is
not a satisfactory method when handling a single
tagging experiment, as in most of them only a few
recaptures are reported from Divisions 1E and 1F.
Reporting of 0, 1 or 2 recaptures is not enough to
estimate the non-reported recaptures by means of 3
conversion factor. From the foregoing it is obvious,
however, that many recaptures in 1E and IF {and
many other grounds) are not reported. So long as
the reporting of recaptures and distribution of the
fishery of the various countries is as varied as at
present, it is necessary to allow for the non-reporting
when making any assessments based on tagging
experiments, but I am not able to suggest how a
satisfactory estimate can be made. The purpose of this
baper is first and foremost to stress the fact that it is im-
possible to obtain a correct estimate of migrations, or of
rale of mortality, from tagging experimenis when only the
actual reported recaptures are considered.

Everyone knows that the best means of avoiding
these difficulties is by every country building up an
effective organization for the reporting of recaptures,
using intensive propaganda among the fishermen.
A very expensive tagging operation is almost fruitless
if the last part, the reporting of recaptures, is not
effective.

Summary

In estimating the fishing mortality the theory of
tagging is one of the best known methods. The theory,
however, is based upon certain assumptions, which
are rarely satisfied. This paper deals with the most
serious error, namely the non-reporting of recaptures.
The material is the Danish tagging experiments on
cod in Subarea .

The paper outlines the difference between the
reported, recovered and actually recaptured number
of tagged fish, and shows a way to make correction
for the non-reported part of the recaptures. This
correction is possible in statistical areas (divisions)
where Portugal is fishing to some extent, since we
can consider the Portuguese reporting to be 1009
of the recoveries. Furthermore we consider the re-
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covering in the Portuguese dory fleet to be nearly
1009% of the number actually recaptured. In the
Portuguese trawlers we find the recovering to be about
409, of the recaptures (conversion factor 2.5) compared
with the dory fleet, From this it is shown how to calculate
the number of recaptures from all other fleets together,
in divisions where Portugal is fishing. In other areas
it is very difficult to make correction for the non-
reporting, but the paper shows that it is impossible
to use only the actual reported recaptures when

Iv, 3

giving percentage of migration or when calculating
mortalities.
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A Quantitative Evaluation of The Bias in Population Estimates Based

on Selective Samples*

By

C. 0. JUNGE, Jr.**

In the study of fish populations an expanding field
of methodology has been developing. Techniques
involving tagging or marking have been extended
{Chapman and Junge, 1956; DeLury, 1954; Jackson,
1939; Leslie and Chitty, 1951; Schnabel, 1938), and
measures of precision have been developed (Chapman,
1948, 1952). The importance of obtaining represen-
tative samples has been stressed {DeLury, 1954;
Gulland, 1955) but the application of statistical tests
has generally led to a dichotomy of acceptance or
nonacceptance of samples, It is not difficult to illustrate
that samples have been rejected when the bias in-
troduced was negligible, and samples have been
utilized when estimates were seriously affected.

At the present time there is a pressing need for the
development of a quantitative measure of the degree
by which a sample deviates from being representative
or random. If properly defined, such a measure should
permit an evaluation of the magnitude and direction
of bias in estimates based on such selective samples.

In estimating population sizes by tagging and
recovering procedures, the problem may be ap-
proached in the following manner. When fishing is
selective (i.e., not random), associated with each fish
is a rate of exploitation at time of tagging, x, and a
distribution function G (x), which describes the
distribution of fish according to the fishing rate, x.
Similarly, in the sampling or recovery operation, a
rate of exploitation, y, may be associated with a
distribution function, H {y). More generally, F (x,y)
may be considered as the joint distribution function
defining the distribution of the tagging and recovery
rates, with G (x) and H (y) the marginal distributions.
In the deterministic model it can be shown that the
standard estimate of the population size is given by

_EX-EW,

E (xy)

where N is the estimate using t as the number tagged,
n as the number sampled and s as the number tagged
in the sample. Equation (1) follows from the fact that,

nt

N=_—=
8

(1)

* Contribution No. 129, College of Fisheries, University of
Washington.

** Figheries Research Institute, College of Fisheries, University
of Washington, Seattle 5, Washington.

t = lexdG(x) =NE {x)
n —NE ()
s = J/ NaydF (x,5) = NE (xy)

(2)

Since N is the population size being estimated, the
coefficient of N in equation (1),

E (x) E (y)
E (xy) ®)

which is a function of the mathematical expectations -
of x, y and xy can be considered as the bias factor.

Fven in the non-deterministic model, B as defined

above measures the bias due to selective sampling.

Noting that the correlation coefficient between x and

y is given by

E(xy) —E(x) E{y)

6XoYy

B =

(4)

it is clear that the necessary and sufficient condition
that B equals one (no bias) is that the correlation
coefficient between x and y is zero. Further, B will
be less than one, giving an underestimate, if the
catchability at tagging and recovery are positively
correlated. Conversely, a negative correlation will
lead to an overestimate,

It is clear that the usual requirement that either
tagging or recovery be nonselective (x or y constant)
is not a necessary condition for an unbiased estimate,
Selectivity may exist in both the tagging and recovery
operation without introducing bias if the sources of
selectivity in the two processes are independent. For
example, in tagging migrating salmon in a river it
may be possible to tag nonselectively with respect to
size but not with respect to time {early portion tagged
at a different rate from the late portion). On the
spawning grounds, however, the recovery process may
be selective with respect to size of fish and area of
recovery. If time of passage past the tagging site is
uncarrelated with size of fish and area of spawning,
no bias is introduced. Such a situation is not un-
common (Smith, in press). In other cases it may be
possible to develop fishing techniques which will
reduce the correlation between the tagging and
recovery operations.
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In many cases, however, it may not be possible to
eliminate bias. Of course, if the joint distribution
function F (x, y), is known, the bias factor, B, could
be computed and the bias removed from the standard
estimate, N, by dividing it by B. If selectivity is
mainly due to size, then by procedures similar to
those suggested by Holt (1957) for gill net selectivity
a sclection curve and the length distribution of the
population may be estimated, and from these F (x, y)
may be determined.

In most other cases where selectivity is spatial or
temporal this would not be possible. It can be shown,
however, that bias is somewhat insensitive to variations
in tagging and recovery rates, and may be unimpor-
tant in some cases. It should be noted that if x and y
are zero for substantial portions of the population,
the bias will obviously be severe. Such situations must
be avoided in population studies.

A study of extreme distributions may give some
indication of the insensitivity of the bias factor to
selectivity. For this purpose we will limit ourselves
in all of the following discussion to the very extreme
condition,

y = kx,

where the correlation between x and y is one, and the
recovery rate for any fish is directly proportional to
the tagging rate. Here the bias factor becomes

[E ()]
B="% (x2) ®)

which may be easily determined for many distributions.
This assumption limits us to values of B less than one
(underestimates), though a similar development may
be used when x and y are negatively correlated,
Distributions in which x is bounded from zero will
be considered first. The most extreme condition here
results from a dichotomous distribution. In this case
a variation of 100 percent in both the tagging and
recovery rates will result in little more than 10 percent
error in the estimated population size (B = 0.89).
Such distributions, however, would be uncommon

in practice. It scems more reasonable to suppose -

that most situations would be adequately approxi-
mated by continuous distributions. For purposes of
illustration, a uniform distribution will be considered,
which for a fixed range of x would generally be a
more extreme condition than would result for a
unimodal distribution with the same range. Since B
is independent of a change in scale, for a uniform
distributicn it will depend only on

_upper limit of x
" lower limit of x

For values of z = 1, 2, 5 and infinity, the respective
values of B are 1, 27/28, 27/31, 3/4.

IV, 4

Since the upper himit of x cannot exceed one, z can
only approach infinity if the lower limit of x ap-
proaches zero. This brings us to the case where x is
not bounded from zero. To study this situation let
us consider a family of distributions with the probabili-
ty density function

fo)=m+1)(l—x,0<x=<1 (6

When n equals zero, f(x) is the limiting uniform
distribution considered above. When n equals one,
f(x) is a triangular distribution, As n increases,
E (x) approaches zero and the bias becomes more
severe, as indicated in the following table

n 0 l 2 3 o
B 3/4 2/3 58 6/10 1,2

Since B is independent of a change of scale the upper
limit of one for x is arbitrary, and a change of scale

x' = px 0<x"<p

will give similar distribution functions and the same
values of B for each n as in the above table.

In conclusion, by considering the distribution
function of the rates of exploitation in the tagging and
recovery operations, the bias due to selectivity may
be derived. The necessary and sufficient condition
that no bias is introduced is that the tagging and
recovery rates be uncorrelated. Positive or negative
correlations generate underestitnates or overestimates
respectively. If fishing rates are bounded from zero,
bias is not likely to be severe unless the range as
measured by z is great. For distributions not bounded
from zero bias may become significant, and, if tagging
and recovery rates are zero for a substantial portion
of the population, the bias will be severe,

The techniques developed here may be extended
to other estimating procedures based on tagged re-
coveries or on catch per unit of effort. For example,
in estimating survival rates from the ratio of tagged
recoveries in successive fishing periods (Jackson’s
method), it can be shown that even though tagging
is nonselective, selectivity in the recovery process
will overestimate mortalities. This results from the
fact that recovery groups are weighted by the rate
of exploitation at the time of recovery (v}, so that the
groups most heavily fished and which consequently
have the highest total mortality rates are most
heavily weighted.

Summary

A quantitative measure of the degree by which a
sample deviates from being random or representative
is developed. In some cases, such a measure permits
an evalution of the magnitude and direction of bias
in estimates based on selective samples.
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In estimating population sizes by tagging and re-
covery procedures, the problem may be approached
in the following manner. When fishing is selective,
associated with each fish is a rate of exploitation at
time of tagging, x, and a distribution function G (x)
which describes the distribution of fish according to
the fishing rate, x. Similarly, in the sampling or
recovery operation, a rate of exploitation, y, may be
associated with a distrihution function H (y). More
generally, F (x, y) may be considered as the joint
distribution function defining the distribution of the
tagging and recovery rates, with G (x) and H (y)
the margina! distributions. In the deterministic model
it can be shown that the standard estimate of the
population is given by:
_E®-E(y)

o nt
N=— = _
5 E (zy)

where N is the estimate, using t as the number tagged,
n as the number sampled, and s as the number tagged
in the sample. Since N is the population size being
estimated, the value

which is a function of the mathematical expectations
of x, y, and Xy, can be considered as the bias factor.
If B equals one there is no bias, and this will occur if
and only if the correlation coefficient between x and
y is zero. Further, B will be less than one, giving an
underestimate, if the tagging and recovery rates are
positively correlated. Conversely, a negative corre-
lation will lead to an overestimate.

The usual requirement that cither tagging or re-
covery be nonselective (x or y, constant) is not a
necessary condition for an unbiased estimate. Further,
it can be shown that bias is somewhat insensitive to
variations in tagging and recovery rates even if x
and y are perfectly correlated. Severe distribution
functions are considered to illustrate this effect. In
making use of this principle, however, situations which
can introduce extreme bias must be recognized. These
situations are discussed.
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Tagging Experiments and the Theory of Advertising

By

5. J. HOLT*

The purpose of this note is to draw the attention of
fisheries biologists to some recent applications of
operational research methods to marketing problems
which might contribute to improvement in the con-
duct of tagging experiments,

The failure by fishermen, other workers in the
industry and consumers to recover and return or
report recaptured tagged fish leads to bias in estimates
of mortality and of population size. Estimates may be
improved by “planting” a known number of marked
fish in the catch and determining the proportion
recovered and returned or reported. The proportion
recovered may be increased by making marks more
conspicucus by colour etc., introducing electronic or
other recovery devices, placing marks in positions
where they are more likely to be seen by the fishermen
during handling, or perhaps by making small al-
terations in the handling procedures. The proportion
recovered in the normal way may also be estimated
by conducting special examinations of catches on a
sample basis, Relative conspicucusness of different
tags can also be studied by simultaneously releasing
batches of fish bearing one or other tag, provided the
tag types have the same loss rates and are equally
vulnerable to fishing. If this latter assumption cannot
be made because the tags differ substantially or
because the difference in conspicuousness makes them
liable to differential predation for example, the results
of comparative tagging experiments might be checked
against those from double marking experiments using
the same types of tag.

The rate of return, and perhaps in some circum-
stances, the rate of recovery, may be improved by
advertising, offering rewards and by similar means.
These inducements are an integral part of the tag
retrieval program, and should presumably be kept
constant during any study to estimate recovery and
reporting efficiency. Even if the absolute efficiency of
recovery and return, and therefore the effects on
these of changing inducements, are not known, it
would be useful to measure the relative improvement
gained by various patterns of advertising and levels of
reward. Further, it is clearly desirable to maximise
the information obtained from a marking experiment
by increasing the rate of return as far as possible with
a reasonable expenditure. In this connection it should

* Fisheries Biology Branch, F.A.O., Rome.

be borne in mind that although either a high or an
accurately estimated level of return is desirable for
fishing mortality determination, it is perhaps more
important to have a conslant efficiency of return for the
determination of total loss rates (including fishing
and natural mortality and emigration). Constant high
levels will not necessarily best be obtained by con-
tinuous propaganda, but alternatively by an optimal
frequency of “reminders”.

A difficulty in studying the effects of propaganda
and inducement programs on return rates is that only
in very special situations will it be possible to have
two programs in operation simultaneously; instead,
different programs have to be introduced experimen-
tally at different times. For this reason it should be
informative to follow the transient effects after an
experimental change in the program. This is a
procedure followed in many studies of human be-
haviour, including response to advertisement, of which
the tag return problem is a special case.

In the analysis of experiments involving different
types and degrees of publicity and reward, the
following relations, which are reported by Benjamin,
Jolly and Maitland (1960) to have been verified
empirically, may be useful. The models used were
initially derived as analogies with physiological
stimulus and response, and an electronic analogue
simulator was designed for the prediction of response
to a proposed campaign,

The first relation describes the cumulative total
response to a single advertisement as a function of
time elapsed since the placement of the advertisement.
In terms of a tagging experiment for which one
announcement and offer of reward is made at time
t = (0 we have

ne = no [l — oxp (—k, 1))
where ni is the total number (or proportion)
of tags returned or reported up to
time t,
o is the total (or proportion) which will

eventually be returned or reported as
a result of that advertisement,

and the parameter k;, measures the instantaneous
rate of response. Clearly both k, and n, measure
different aspects of the effectiveness of the publicity,
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The second relation describes the cumulative effect
of repeating the same publicity at regular intervals,
For repeated advertisements the response from each
will follow the first law stated above, but the value of
ng for each successive advertisement will decrease in
such a way that the total response to an advertisement
made at time T is given by

n, = Ny + N, exp (—k, T)

where N, is the proportion of recaptured tags even-
tually reported or returned in response to an an-
nouncement made late in the campaign (T — o),
and (N, 4+ N,) i1s the proportion of recaptures re-
ported or recaptured in response to the first announce-
ment {T = 0),

The value of the parameter k,, like that of k,,
depends on the effectiveness of the publicity, including
the attractiveness of the reward offered, and, pre-
sumably, also on the frequency of advertisement.

By combining these two equations expressions may
be devised for the overall rate of response to successive
advertisements inserted at known intervals, which
may be constant or irregular,

A note by Rothman (1961) gives a solution to the
optimum allocation of a given advertising budget for
repeated advertising.

A third relation, found empirically, is that if, late
in a campaign, one advertisement is omitted, the
resulting drop in the rate of response is wholly made
good after the appearance of the next advertisement,
and the cumulative total response continues on the
original curve.

It is suggested that some developments of this
theory needed for its application to tagging experi-
ments include:

1. Elaboration of models to cover varying rate of
capture of tagged fish during the period of
observation.

2. Extension of the repeated advertisement model
to cover continuous publicity.

3. Evaluation of the inter-dependence of values of
the parameters n, and k.

A shghtly different approach to advertising theory,

which nevertheless seems pertinent, is given by
Stigler, 1961.

Summary

Recent applications of operational research methods
to marketing problems are reviewed. It is suggested
that a model which has been derived from a physio-
logical analogy may, if extended, be useful in
making decisions concerning levels of reward for tag
returns, methods of publicising experiments, and
adjusting their results for non-return of marks by
fishermen.
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Parasites as Biological Tags

By

Z. KABATA*

The essential difference between biological and
conventional tags is the fact that their appearance and
continuing presence in fish are due to natural processes,
all of which are usually beyond human control and
many of which are not even fully understood. In
order to assess the value of such tags, therefore, these
processes must be studied and correctly interpreted.
This means that their use often calls for extensive
preliminary work, a considerable part of which might
not produce results readily applicable to the problems
in hand. They are also unsuitable for the study of the
movements of individual fishes., In spite of these
drawbacks, however, they have many advantages.
For one thing their use does not involve any arbitrary
and artificial introduction of external influences into
the natural situation, with the consequent risk of
upsetting the balance of nature and producing results
not indicative of the true state of affairs.

Ideally, in order to make the best use of parasites
as biological tags in marine fishes, one would need
to know the entire parasite fauna of all the fish species
inhabiting the area in question and, in addition, to
have the knowledge of parasites of the local marine
invertebrates, so many of which serve as intermediate
hosts to numerous fish parasites.

Behind the practice of using parasites as biological
tags lies the vexatious problem, which occupies so
much attention of most parasitologists: the problem
of specificity. The parasite must be adapted to the
life and the development in the host, which in tumn
must be adapted to a particular environment. Thus,
the specificity and the host-parasite relationship can
be considered only against the background of en-
vironmental influences, as a kind of parasitological
“cternal triangle’. The change in any one of its three
components can result in displacing the balance,
either ultimately precluding the parasite from en-
tering and remaining in the host, or offering the
parasite such favourable conditions that it becomes
able to swamp the defences of its host and to kill it.
With changes in the environmental conditions, the
balance of these three factors differs from area to
area, producing differences in the general state of
parasitic infections and infestations between the
populations of the same fish species.

The value of a particular parasite species as a
biological tag depends on several conditions.

* Marine Laboratory, Aberdeen, Scotland.

(1) The parasite should be common in one pop-
ulation and rare or absent in another population
of the studied host species, Russian authors (Dogiel,
1958; etc.) consider that, in order to be suitable as a
tag, a parasitc must infest at least 259, of the pop-
ulation. In their view, lower incidence can be due
to accidental infestation. This is true, however, only
when the study is based on a small number of exami-
nations. When samples numbering several thousands
of fish are examined, incidence even as low as 29,
cannot be dismissed as fortuitous, and can be used
as a label, particularly in a confirmatory and sup-
porting capacity.

(2) Preferably, the parasite should include in its
life cycle only the host species which is the object of
the study. The necessity for other hosts, whether
intermediate or final, greatly complicates the picture,
since the occurrence of the parasite, and even more
so the level of its incidence, must depend on the
distribution and abundance of the populations of all
its hosts. This does not mean that the parasites with
complex life cycles are not suitable as biological tags;
it does mean, however, that their use involves more
work and requires a wider study than in the case
of the parasites with simple life cycles.

(3) The infestations or infections produced by the
parasite must be of a reasonably long duration.
Moving from the territory of an infected and allegedly
separate stock into one of a stock unaffected by the
infection, a fish might lose a short-lived parasite en
route. Its movements, under those circumstances,
cannot be detected by the use of parasitological tags.

(4) The incidence of the parasite must remain
relatively stable, without extensive fluctuations either
within an annual cycle, if such a cyele exists in the
life history of the parasite, or from year to year.

(3) The environmental conditions throughout the
area studied should be, preferably, within the physio-
logical range of the parasite intended as a tag. Should
the parasite be excluded from a part of the area by
its inability to survive in the external environment
and should it, in addition, be capable of producing
only short-lived infection or infestation, its suitability
as a tag would be correspondingly reduced. If, there-
fore, the territory of an uninfected fish population
borders on one inhabited by an infected population,
it is a reasonable precaution to search the uninfected
area for the presence of the parasite in fishes other
than those belonging to the species examined.
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Figure 1. The spores of some gall-bladder Mywosporidia: A: Cerafomyxa; B: Sphaeromyxa; C: Leptotheca; D Myxidium.

Although the usefilness of parasitological evidence
in the study of the structure of fish populations has
been generally recognised for some time now, very
little use has been made of it so far., Dogiel and
Bykhovski (1939) distinguished between two separate
stocks of acipenserid fishes in the Caspian Sea on the
basis of differences between their parasite faunas.
Shulman and Shulman-Albova (1953) found similar
differences between various stocks of herring, gadoids
and other fishes in the White Sea, while Shulman
(1950) found them also in stocks of cod and other
fishes in the Baltic. Sindermann (1957, 1959) used
parasites as indicators of herring movements along
the coast of Maine and for discrimination of redfish

stocks. Templeman and Squires (1960} studied in-
festation with Sphyrion lumpi as a means of distinguishing
between redfish populations, while Sherman and
Wise (1961) applied the study of infestation with
Lernacocera as a discriminant between cod populations.
Kabata (1959) published a preliminary report on the
infection of the gall-bladder of whiting with Protozoa
as an indicator of stock subdivisions. In the North
Pacific, Margolis (1956) applied parasitological data
to the solution of the problem of marine migrations of
salmon, and Bishop and Margolis (1955} used larval
nematodes as biological indicators in herring, These
useful pioneering efforts provided indications that the
parasitological evidence can be used as a very useful
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. Figure 2. Localities in which the gall-bladders of whiting were collected.

corroboration of other methods of research, and even
that it can be used as the main' tool of investigation
of the fish population and fish migration problems.

My=xosporidia as Tags of Whiting Populations around
the British Isles

A preliminary survey of the parasite fauna of the
gadoid fishes in the northern North Sea was under-
taken by the Marine Laboratory at Aberdeen in 1957.
In the course of that survey it was found that the
gall-bladder of whiting, Gadus merlangus L., is extensive-
ly infected with a my=xosporidian parasite Ceratomyxa
arcuata Thelohan, 1892 (Fig. la). Also present were
Leptotheca informis Auerbach, 1910 (Fig. lc) and,
though very rarely, Jschokkella hildae Auerbach, 1910
and Mpyxidium sphaericum Thelohan, 1892 (Fig. 1d).

This paper will be concerned mainly with Ceratomyxa
and Myxidium,

The findings of the survey contrasted strongly with
the results obtained by Noble (1957), who studied the
protozoan fauna of whiting in the Plymouth area and
found that the incidence of Ceratomyxa there was only
about 29, while Myxidium occurred in 589, of the
whiting examined. Since this was quite opposite to
the position in the northern North Sea, the possibility
arose of using these parasites as tags for studying
subdivisions, if any, of the whiting populations around
the British coasts. For this purpose some 5,000 whiting
gall-bladders were examined from the North Sea, the
English Channel, the west coast of Scotland and the
Faroe Islands. The main effort was concentrated on
the North Sea, where 3,507 whiting were examined.
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Figure 3. Infestation (in %) of the gall-bladder of whiting with Myxosporidia at different latitudes. Solid line

The results of the examination are shown in Table 1

and in Fig, 2,

Infection with Cerafomysa arcuaia and Myxidium sphae-
ricum in various areas of the North Sea

Table 1

Latitude No. of fish Ceratomyxa
examined No. infected
North of 56*N 1,290 592
56—54°N 1,319 273
South of 534°N 79

= Ceratomyxa; interrupted line = Myxidium.

It will be seen that the North Sea can be divided
roughly into three areas: {i) north of 56°N; (ii)
between that latitude and 54°N and (iii) south of
54°N. The area between 56 and 54°N can be referred
to as the intermediate or mixing zone. North of the
mixing zone the average infection with Cerafomyxa

o N Ydium o, is 46%, while that with Myxidium is only 1.3%.
46 17 L3 South of the mixing zone Myxidium is found in 40%,
21 108 s  of whiting, and Ceratomyxa in only 99%,. In the mixing
9 360 40 zone itself the levels of incidence are intermediate,
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Ceratomyxa infecting about 209, and Myxidium about
109, of whiting gall-bladders. These results suggested
that in the North Sea there are two stocks of whiting,
one infected predominantly with Ceratomyxe and the
other with Mpyxidium,. Similar results were obtained
by the workers who used meristic characters as their
discriminants (Gamble, 1959; Messtorff, 1959).

To eliminate the possibility of environmental factors
excluding Myxidium from the northern parts of the
North Sea, a search was made for it in gadoids other
than whiting. It was found to be present in young
saithe, Gadus virens, 174 of which were examined and
65%, infected. The reason for the absence of Myxidium
from northern North Sea whiting must therefore be
sought in differences between that stock and its
southern North Sea relative.

Infections of whiting with Ceratomyxa and Myxidium
do not fluctuate greatly with the age of the host,
Fig. 3 shows that the fish becomes infected quite
early, certainly in the first year of its life, and that
the infection shows some tendency to increase with
the growth of the host, but it can be regarded as
reasonably stable throughout the population. It does
not fluctuate widely with the seasons either, although
the relative abundance of various developmental
stages varies with the seasons, the spores being less
abundant at the peak of the summer than at other
times of the year.

The duration of myxosporidian infections has not
been established experimentally. Erdmann (1917)
fed spores of Chloromyxum leydigi to fish and found sporu-
lating individuals 39 days later, There is no reason to
suppose that the infection terminates undl the gall-
bladder becomes completely destroyed and is no
longer able to support a parasite population. From this
point of view, therefore, Myxosporidia appear to be
suitable as parasitological tags.

The indication that two adjacent areas contain two
separate populations of fish of the same species sug-
gests the existence of some environmental differences
between them. Only the existence of such differences
can prevent free mixing of the fish stock throughout
the entire area. Polyanski (19535), who studied the
parasite fauna of fishes of the Barents Sea, found that
it is quite uniform over all the localities examined.
He attributed this to the lack of separate stocks of
fishes which, in turn, was due to the absence of
environmental differences strong enough to prevent
free migration of the fish throughout the region.

In the case of the North Sea, the area of the Dogger
Bank appears to form the key point of such environ-
mental differences. Our knowledge of the hydro-
graphy and plankion of the North Sea, particularly
of plankton indicator species, confirms the existence
of a certain discontinuity line between the northern
and the southern North Sea. This line passes through
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the Dogger Bank area (Russell, 1935, 1939). This
difference, of course, does not formm an absolute
obstacle. Some intermixing of the two stocks of
whiting does take place, as can be seen from Fig. 2.
It appears that the northern stock is more or less
predominant over the bank itself, while the southern
stock sometimes penetrates in the northerly direction,
mainly through the deeper water channels.

In contrast to the whiting of the northern North
Sea, the small whiting population in the Faroes is
299, infected with Mpyxidium. This supports the
evidence, obtained by other means of tagging, that no
exchanges occur between the populations of whiting
off the Faroes and in the waters over the continental
shelf.

Myxosporidia as Tags of Haddock Populations in the
Farces and the North Sea

The gall-bladder Myxosporidia of haddock, Gadus
aeglefinus L., can also be used to confirm the absence of
exchanges between the Faroes and the continental
shelf. The most common parasite species in the gall-
bladder of haddock in the northern North Sea and
off the west coast of Scotland is Leptotheca sp. (probably
informis), some 109%, of them being also infected with
Myxidium and 2%, with Sphaeromyxa hellandi Auverbach,
1909 (Fig. 1b), a parasite not previously recorded in
haddock. §. hellandi is absent from haddock in the
Faroes. Since the numbers examined were 703 in the
Faroes and 679 in the North Sea, this difference in
infection cannot be regarded as accidental.

In the Faroes, where the plateau round the islands
is separated from several outlying banks (Fig. 4), the
haddock population on the main plateau is infected
both with Leplothera and with Myzidium, but on three
of the four banks Myxidium is absent. This supports
the data on the differences in the rates of growth,
which suggested that the outlying bank fishes form
separate stocks {Jones, in press).

It must be remembered that it is not only for the
investigation of population structure that the parasito-
logical evidence can be used. In addition to the
zoogeographical problems of marine fishes, it can
assist the study of the biology of some fishes, particu-
larly of their food and feeding habits, as well as the
study of phylogenetic problems,
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The Movement, Heterogeneity, and Rate of Exploitation of Walleyes in Northern

Green Bay, Lake Michigan, as Determined by Tagging

By

WALTER R. CROWE*, ERNEST KARVELIS*#*, and LEONARD 5. JOERIS**

Introduction

The Michigan waters of northern Green Bay are
an important center for commercial and sport fishing.
This 400-square-mile area has supported a commercial
fishery for many years but the development of the
intensive sport fishery is more recent,mostly since
World War II. The commercial fishery is based on
several species, whereas anglers are particularly
interested in the walleye, Stizostedion v. vitreum.

Broad objectives of tagging studies initiated in
September 1957 were to obtain information on the
heterogeneity, movement, and exploitation of the
walleye population of northern Green Bay. The
statistical data on the commercial fishery are very
sound but other information on the Green Bay
walleye has been sketchy.

Shortages of personnel and money have hmited
the numbers of walleyes that could be tagged and
have placed undesirable restrictions on the time and
locality of tagging, Qur early findings have, never-
theless, brought out some useful information and
have indicated rather clearly the lines along which
further tagging experiments should be organized. The
present article is concerned with some of the special
uses of tag-recovery data that should prove profitable
in Green Bay.

Methods

Tags were applied to a total of 4,690 walleyes —
770 in 1957, 917 in 1958, 1,981 in 1959, and 1,022
in 1960. Total lengths, which were recorded at tagging,
ranged from about 10 inches upward to 30 inches
but 68.6 percent of the fish were at or above 15,
inches, the minimum size for commercial fishermen.
{(The minimum for anglers is 13 inches.) Most of the
tagging was done in the early spring, Walleyes were
tagged at 14 ditferent localities (Fig. 1) but most were
released at three sites: 1,480 (32 percent) at a sea
lamprey barrier on the Whitefish River; 1,777
(38 percent) in the extreme northern end of Little
Bay de Noc, and 314 (7 percent) in Big Bay de Noc,

* Institute for Fisheries Research, Michigan Department of
Conservation, Ann Arbor, Michigan.

** Bureau of Commerctal Fisheries, U. 8. Department of the
Interior,

near Nahma. The geographical distribution of the
tagging sites in the initial stages of this study was
governed largely by the availability of fish.

Most of the fish were marked with monel-metal
tags (Shetter, 1936) placed around the maxillary and
premaxillary, or “spaghetti-dart™ tags (Yamashita and
Waldron, 1958) inserted immediately below the soft
dorsal fin. Other types were placed on too few fish
to have any bearing on results given in this report,
The reports of recapture for the two principal kinds
of tags have been closely similar.

Recaptures of tagged walleyes were reported
voluntarily by anglers and commercial fishermen; no
rewards were offered. Fishermen were alerted to the
presence of tagged walleyes by the local press, by
posters at boat Liveries, fish houses, and public-access
points, and by word of mouth. To stimulate continued
cobperation, all reports of recapture were acknowled-
ged with a form letter giving locality, date, and
length of fish at tagging. In addition to the recaptures
reported by fishermen, we took numerous tagged
walleyes in our own nets,

Homogeneity and Heterogeneity of the Walleye Population

The walleyes remained in Green Bay and most of
the recaptures were in the northern part. Of 417 fish
reported by anglers and commercial fishermen only
5 had left northern Green Bay; all of these were re-
captured in central or southern Green Bay. None
have been reported from Lake Micligan proper.
Results of this and earlier experiments (Eschmeyer
and Crowe, 1955) indicate that the walleye stocks
of Lake Michigan are local.

Evidence of homogeneity of the walleye stock of
northern Green Bay comes from extensive post-
spawning intermingling of fish tagged during the
spawning run. Anglers and commercial fishermen
have reported the recapture of tagged walleyes in all
areas at most times of the year.

Despite the general mixing through much of the
year, our own recaptures during the spawning season
of fish tagged from previous spawning runs give
strong evidence that the northern Green Bay walleye
population is subdivided into discrete spawning units.
Nearly all (72 of 76) recaptures during the spawning
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Figure 1. Location of tagging localities and number of walleyes tagged at cach site. The shaded area is closed to commercial fishing.

period were made at or very near the point of release.
Of 65 recaptures in northern Little Bay de Noc,
64 had been released there; of 11 recaptures near the
lamprey weir on the Whitefish River 8 had been
released there. Our first spawning-season fishing near
Nahma in Big Bay de Noc in 1960 did not, on the
other hand, yield a single fish tagged at other spawning

localities in previous years, Results to date, then,
give rather strong evidence that the walleye population
of northern Green Bay breaks down into distinct
subpopulations during the spawning season. These
subpopulations are identified with particular spawning
sites; at the approach of spawning, walleyes return
to their chosen grounds and do not merely move
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randomly to any suitable grounds. Tagging at a
greater number of sites is needed to give more in-
formation on this point.

The existence of discrete spawning units within
populations has long been known among certain
species, particularly the salmonids, but little is known
about fish that spawn in the open water or, as the
walleye, facultatively in the lake or in a tributary.
The only previous indication in the Great Lakes that
a characteristically open-lake spawner may return
annually to the same spawning grounds was obtained
by the returns of tagged spawning lake trout in
Lake Superior (Eschmeyer, 1955). Stream-spawning
lake trout, known only in certain tributaries of north-
eastern Lake Superior, have been shown conclusively
to return annually to the same streams (Loftus, 1958),

Exploitation by Sport and Commercial Fishermen

Sport fishermen long have angled for walleyes in
northern Green Bay, particularly in the more northerly
part of Little Bay de Noc where the confined waters
are usually safe for small boats. This fishery expanded
rapidly following World War II, especially in the
late 1940’s and in the early and middle 1950°s, A
prime factor in the growth of the sport fishery for
walleyes was the phenomenal strength of the 1943
year-class which continued important into the 1950°s;
the general growth of the tourist travel also furthered
the great expansion of tourist facilities,

Although the growth of the sport fishery has been
obvious, opportunities to measure its true extent have
been lacking. Money and personnel were far too
limited for the establishment of an effective creel
census, The reported recaptures of tagged walleves,
however, now suggest a procedure which conceivably
may supply a reasonably sound estimate of the take of
anglers. This estimate is based on the application of
data on relative numbers of tags reported by sport and
commercial fishermen to the statistics on commercial
production and data on the average weight of walleyes
in comnmercial landings.

This procedure can be illustrated from the records
for 1958. The commercial take in that year amounted
to 206,000 pounds and the mean weight of commer-
cially landed walleyes examined by staff members of
the Bureau of Comnmercial Fisheries was 1.73 pounds;
the number of fish caught by commercial operators is
estimated as 119,000.

In 1958 anglers reported 52.8 percent and com-
mercial fishermen 47.2 percent of the walleyes that
were 151/, inches long or larger at the time of tagging
(Table 1); the anglers’ take of these larger fish is then
estimated to have been 133,000 fish. The estimate
of the full take of anglers must include the additional
fish down to 13.0 inches. Since 68.3 percent of all
fish caught by anglers in 1958 (Table 2) were in the

size range 13.0—15.4 inches, their catch is increased
by an estimated 287,000 and the total becomes
420,000. The total removed by sport and commercial
fisheries in 1958 amounts then to 539,000 fsh.

Table 1
Reported recapture of tagged walleyes, 15!/, inches and
over at time of tagging, through 31 December 1960

Group of fishermen reporting

Sport fishermen Commercial fishermen

Year Number o Percentage Number of  Percentage
of recaptures of total recaptures of total
recapture reported reports reported reports
1958 19 52.8 17 47.2
1959 89 74.8 30 25.2
1900 08 63.0 32 32.0
Total 176 69.0 79 31.0
Table 2

Size at time of tagging for walleyes recaptured and re-
ported by anglers to 31 December 1960

Size range (inches)

13,0—15.4 > 15.4
Year Number of Percentage Number of Percentage
of recaptures of fish recaptures of fish
rccapture  reported  within length  reportcd within length
interval interval
1957* s 1040.0 I NN
1958 41 68,3 19 31.7
1959 46 34.1 89 65.9
1960 9 11.7 68 88.3
Total 102 36.7 176 63.3

* 97.9 percent of the fish tagged in 1957 were under 15.5 inches.

Actually, the estimates of the sport-fishery catch
and lence of total removal cannot be accepted as
closely accurate. The present data indicate that
anglers capture many more walleyes than do com-
mercial fishermen, but sources of bias that prohibit a
more definite statement of relative numbers taken are
clearly apparent and others may be uncovered as the
tagging proceeds.

More small walleyes should have been tagged to
improve the estimate of take by anglers; 68.6 percent
of all the walleyes tagged were at or above the com-
mercial minimum legal length of 15%/, inches, but
sport fishermen take great numbers of fish between
13 and 151/, inches (Table 2).

The distribution of tagging localities has tended to
produce an overestimate of the take of anglers. Of
the total of 4,690 walleyes tagged, 3,257 or 69.6 percent
were marked in late April or early May in the extreme
northern part of Little Bay de Noc {or a tributary)
in waters closed to commercial fishing. This area
includes the major angling waters (Fig. 1). These
spawning-run fish moved gradually southward after
tagging, but when fishing started on May 20 at the
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end of the spring closed season (April 1—May 20)
some were still in the closed area, where they were
fished heavily by anglers but were not available to
commercial fishermen. More fish should be tagged
in Big Bay de Noc, in the lower part of Little Bay de
Noc, and in the open water to the south.

We need also more precise knowledge of the growth
of walleyes so that we can judge better the time
interval that must be allowed before undersized fish
of various lengths are to be considered vulnerable to
the sport or commercial fishery.

Summary

The walleye, Stizostedion v. vitreum, long a valuable
commercial fish in the Michigan waters of northern
Green Bay has become, since World War II, a very
important sport fish. A tagging study was initiated in
September 1957 to obtain information on the hetero-
geneity, movement, and exploitation of the walleye
population. The fish were tagged with monel-metal
Jjaw tags or spaghetti-dart tags. Returns [rom tags
indicated that walleyes remained in the northern
end of Green Bay, but fish from different spawning
sites mixed after spawning. Recaptures during the
spawning season of fish tagged from previous spawning
runs gave strong evidence that the walleye population
is subdivided into discrete spawning stocks,

In 1958, commercial fishermen are estimated to
have caught 119,000 fish, and anglers took an estima-

v, 7

ted 420,000 Ash — a grand total of 539,000. The
estimate of the numbers caught by commercial
fishermen was based on statistical records of production
and the weighing of samples from commercial landings.
The estimate of the number caught by sport fishermen
was based on the ratio of the numbers of tags re-
turned by commercial fishermen and anglers. Inade-
quacies in the marking program as conducted to date,
and explained briefly in the text, prohibit acceptance
of the estimate of take in the sport fishery as closely
accurate. Improvements of procedure and analysis
should make possible a satisfactory appraisal of the
total caich in a sport fishery where a ereel census is
impractical.
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A Study of Errors Inherent in Tagging Data on Pacific Halibut
(Hippoglossus stenolepis)
By
RICHARD J. MYHRE*

Introduction

The International Pacific Halibut Commission
(hereinafter referred to as the Commission) has used
catch statistics, which include catch, effort, and
catch per unit of effort, as its basic measure of stock
condition. Tagging and age composition data provide
information on the relative Jevel of utilization and
total mortality and help to explain or corroborate
population changes indicated by catch statistics.

Agreement between these three stock measures has
been good except in the western part of the Gulf of
Alaska. In thisregion the tagging data have consistently
indicated a low rate of utilization, in contradiction
to conclusions obtained from studies of catch statistics
and age composition data. The use of tagging data
for estimating fishing mortality requires several as-
sumptions that are difficult to satisfy and in 1955 a
study of the validity of tagging data for this purpose
was initiated.

Estimates of fishing mortality based on tagging
data may be subject to two basic types of error in
addition to sampling error. They may be subject to
constant errors, which will not alter their proportionali-
ty with the true fishing mortality rates, or they may
be subject to variable errors which occur at different
levels with respect to some characteristic associated
with the experiment, such as the time or place of
tagging. A variable error may manifest itsell by
either reducing the correlation or altering the pro-
portionality between the estimates and the true
fishing mortality rates.

Experiments were designed to test directly for tag
loss and tagging mortality because the presence of
both is probable and both are likely to result in
constant errors. To test for variable errors, estimates
of fishing mortality based on tagging data have been
compared with estimates of gear density. Only
preliminary results of these tests can be reported at
this time.

Tag Loss

Ricker (1948, 1958) described two types of error
which result from tag loss and designated them

* International Pacific Halibut Commission, Seattle,Washing-

ton.
** The sumn total of all factors other than fishing that result
in a reduction of marks with time,

Type A and Type B errors. Beverton and Holt (1957)
acknowledged the same two types of error, but
labeled the various losses causing them as Type (1)
and Type (2) losses respectively. In the text that
follows, Type-A and Type-B will be used as adjectives
to modify either error or loss. It will be understood
that Type-A losses will result in Type-A error and
Type-B losses will result in Type-B error.

Type-A losses include all events that result in the
removal of tags such that the proportion of tags lost
is independent of the time interval between tagging
and recapture. These losses may occur soon after
tagging or after recapture, or both, and will affect
fishing mortality estimates but not total mortality,
Type-B losses include those events that result in the
continuous removal of tags in the time interval be-
tween tagging and recapture. These losses will affect
the estimate of total mortality only.

Double-tag experiments have been uszd to estimate
the gross loss of tags on a simple binomial basis
(British Columbia Fisheries Department, 1935; Schef-
fer, 1950). Beverton and Holt (1957) attempted to
isolate the loss factors included in the “other loss”**
term from the difference in the rate of decrease of
one-tag and two-tag fish. Unfortunately, their data
must have included Type-A loss since their estimates
of loss were inversely related to the duration of the
period over which their data were summarized.

Myhre (1960) proposed a method of separating
Type-A and -B losses from data obtained from
double-tag experiments. This method is based on the
concept that the proportion of the returns taken at a
particular time, with one of the two tags still intact,
will be composed of two groups: one that has lost the
other tag and one that has not. Assuming that the
loss of each tag is independent of th: other tag, the
proportion of this group with the tag missing will
provide a measure of the combined result of both
Type-A and Type-B losses. Since Type-B losses are
operating continuously the two may be estimated
separately by an appropriate method of slope analysis.
The resulting slope is the rate of Type-B loss, and the
intercept on the Y axis is the proportion that lost tags
as a result of Type-A loss.

The method was applied to several experiments in
which halibut had been double-tagged. It was found
that Type-A loss of large strap tags, which are used



— 43 —

on halibut 80 cm and longer at tagging, was 0.02,
while the Type-B loss of large strap tags was 0.03
annually. Small strap tags are used on fish less than
80 cm at tagging and Type-B loss of these tags was
0.07 annually (estimates of Type-A loss were not
obtainable). The difference hetween Type-B loss of
large and small strap tags was statistically sigmificant
when the results of all experiments were combined.
Although the number of returns available for the
analyses were quite small the results were consistent.
Similar experiments involving larger numbers of
tagged individuals are now under way and preliminary
results corroborate those described above.

Unreported losses include both tags that are over-
looked and those that are unreported because the
finder simply fails to report the recovery of the fish.
The former loss is included in the estimate obtained
from a double-tag experiment, since a two-tag fish
should be less likely to be overlooked than a one-tag
fish. The latter type of loss will not be measured by
a double-tag experiment if a two-tag fish has the
same likelihood of being unreported as a one-tag fish.
Furthermore, this type of loss could result in a
considerable error if the finder has no incentive to
turn in recovered tags.

Rewards or other inducements have been used with
some apparent success (o encourage the return of
recovered tags. The effectiveness of this method may
depend on the size of the reward (International North
Pacific Fisheries Commission, 1961). One large reward
paid to a “lucky” finder may be more effective than
a small paid to each one (Collyer and Young, 1953;
Inter-American Tropical Tuna Commission, 1958).
Unfortunately, fishery agencies are loath to use this
technique because it has some characteristics in
common with a lottery. If the agencies now using
this technique can show that it is effective and that
it does not engender public criticism, it may become
an acceptable means for encouraging the return of
tags.

Tagging Mortality

In 1958 and 1960 the Commission conducted ex-
periments in which tagged halibut were held in live-
boxes to measure the incidence of death that could be
attributed to the tagging operation. Detailed analyses
are still under way and will be reported when this
work is completed (Peltonen, MS). A brief description
of this work is included here because the results have
a bearing on the material that follows.

The experimental methods that were used in the
two years were essentially the same except for the
construction and operation of the live-boxes. In each
case, fish were captured and tagged in the manner
conventionally used for Pacific halibut as described
by Thompson and Herrington (1930). After being
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tagged, the experimental fish were placed in a
holding-box on deck where they were retained until
they could be released into the live-boxes, The holding-
boxes had bottom areas of approximately 33 square
feet and were filled to a depth of approximately
30 inches with a continuous supply of water.

Fish were held in the holding-boxes for periods
ranging from 2 to 14 hours. During periods of stormy
weather the fish were subjected to a considerable
amount of motion. The conditions sustained by the
experimental fish during these periods were rigorous
and unnatural and may have resulted in some
adverse effects.

The 1958 experiment took place from May through
July at Kitoi Bay, Afognak Island, Alaska., Tagged
fish were held in floating live-boxes for two-week
periods during which time they were examined at
two-day intervals by divers using scuba equipment.
There were no deaths during the first six days, but
the frequency of deaths increased during the remain-
der of the holding period. During the entire experiment,
a total of 60 fish were held for two-week periods
during which time 21 (35 percent) of the fish escaped
and 23 (38 percent) died. If escapes are treated as an
additional loss from which there were no deaths, the
estimated mortality rate was 0.50 per two-week
period. On the basis of observations made on the
fish during the holding period and the lag in mortality,
it was concluded that the chief cause of death was the
unnatural conditions under which the fish were held.
The most serious condition appeared to be the
constant motion of the boxes due to surface waves.
This motion resulted in considerable abrasion of
the skin on the white side of the fish as they rested
on the bottom of the live-boxes.

These results provided no useful measure of tagging
mortality because tagging-induced deaths could not
be separated from live-box-induced deaths. However,
it was concluded that tagged halibut did not suffer
mortality from hyperactivity, which would have
resulted in deaths within a matter of hours after
tagging (Black, 1958; Parker and Black, 1959).

The 1960 experiment took place from May through
August at Butler Cove, Stephens Island, British Co-
lumbia. In this experiment sunken live-boxes were
used which permitted the fish to rest on the natural
bottom and eliminated all live-box motion. Daily
observations were made by divers using scuba equip-
ment. Out of 261 fish held for two-week periods, 36
(14 percent) died and 26 (10 percent) escaped. This
is equivalent to a mortality rate of 0.15 for the first
two-wecek period after the fish were tagged. No deaths
occurred during the first five days and the fish ap-
peared to adapt well to conditions in the live-boxes.

There was a progressive increase in temperature
during the experimental period and by late June the
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Figure 1. Pacific Coast of North America showing statistical areas and regulatory areas.

water temperature exceeded 9° C. Halibut are usually
found in water between 3° and 9°C (Thompson and
Van Cleve, 1936), and the latter is generally accepted
as the upper limit for this species (Thompson and
Van Cleve, ibid). Thus, it was concluded that mor-
talities observed during the first half of the experimen-
tal period more nearly represented the conditions
that might have resulted if these fish had been re-
turned to their natural habitat. Prior to July 1,
which was approximately the midpoint of the ex-
perimental period, 120 fish were held for two-week
periods, of which 4 (3 percent) died, and 25 (21 per-
cent) escaped. This amounts to a mortality rate of
0.037 during the first two-week period after the fish
were tagged.

The observed value of 0.037 may include deaths
from other causes, three of which are particularly
obvious. First, the experimental fish probably suf-
fered some traumatic effect from being tossed about
in the holding-box on the deck of the tagging vessel.

Second, although the submerged live-boxes were a
great improvement over the floating ones, some harm
may have resulted from confinement itself. Third,
some of the ill effects associated with high water
temperatures actually cccurred prior to July 1.

It is doubtful that this type of experiment can be
used to provide unconditional estimates of tagging
mortality, because it does not provide a control group.
Certainly a significant tagging mortality was not
indicated by these experiments, and if one does
exist it must either occur after the first two weeks of
freedom or as a result of conditions from which the
experimental fish were protected.

Comparability of Tagging Data by Area of Tagging

A more critical argument against the use of tagging
data to estimate fishing mortality is that the inherent
errors may occur at different levels in different areas.
It has been suggested that this conditicn might exist
in the western part of the Gulf of Alaska and it has
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been suggested that some special tag loss or tag
mortality, or both, may occur in this region (Inter-
national Pacific Halibut Commission, 1957, 1960).

This condition lends itself to a test of the hypothesis:
that tagging data provide a valid measure of the
relative level at which halibut are utilized. This
means that, even though errors may result in biased
estimates of mortality, this bias does not change with
the area of tagging or with fishing mortality. This
hypothesis can be tested by correlating estimates of
fishing mortality obtained from tagging data with
those from a third source which is independent of
tagging and age data.

Beverton and Holt (1957) suggested that if “the
relative distribution of fish and fishing remains fairly
consistent”” the amount of gear fished per unit area
per unit time should be proportional to the rate of
fishing. These authors suggested that the fishing
area could be divided into sub-areas to minimize
errors from a variable distribution of fish and fishing.
This method was selected as the third source of
fishing mortality estimates since it appeared to have
the desired attributes and since the required data
were available.

Pacific halibut catch and effort statistics are
tabulated by statistical and regulatory areas as shown
in Fig. 1. These areas were established by projecting
perpendiculars at 60-mile intervals from a line which
was drawn along the coast to simulate the smoothed
coastline, The amount of gear fished in each statistical
arca was available from Commission records. It was
convenient to use one year as the unit of time.

The problem of estimating the amount of bottom
area that is fished in each statistical area is more
complex. Because of inarked differences in the
distribution of fish and fishing within individual
statistical areas it would be necessary to divide each
statistical area into sub-areas and compute a gear
density for each sub-area. The gear density for the
statistical area would then be the weighted mean of
all sub-area gear densities. This method requires
detailed data on the distribution of fishing, plus a
considerable amount of computation.

An alternative would be to consider only the bottom
area within the sub-areas known to be fished. This
approach is not entirely satisfactory since seasonal
and random movements of fish within the statistical
areas probably extend the influence of fishing
beyond the limits of the sub-areas that are actually
fished. The simplest approach, and the one which
was used as a first approximation, was to assume
that halibut were probably absent in all depths
that are not fished. This division probably eliminates
much area that is devoid of halibut but may eliminate
some that is sparsely inhabited, In addition, it leads
to two additional assumptions: first, that all sub-areas
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within the range of fished depths are inhabited by
halibut and, second, that these fish are subject
to some degree of fishing. The conclusions that
follow depend intimately on the validity of these
assumptions.

A failure of these assumptions need not result in
serious error. Within the range of depths fished in a
statistical area, there may be sub-areas that are also
devoid of halibut. If these sub-areas are included in
the estimate of fishable area, the estimate of gear
density will be too low. This problem will not result
in error if it occurs uniformly in all statistical areas.
It will add to the variance of gear density estimates
if it occurs at different levels in different statistical
arcas. It will result in bias only if it occurs most
extensively in groups of statistical areas which yield
high or low estimates of fishing mortality, The extent
at which this condition may exist in the various
statistical areas is not known at present.

The range of depths fished in each statistical area
was determined by examining actual fishing records
for the years 1939 and 1960. The number of units of
gear fished at various depths were tabulated by 10-
fathom intervals for each statistical area, and for each
a range was determined which included 95 percent
of the sampled fishing effort. The five percent not
included represented exploratory sets or sets made to
“wash” the gear at the end of a trip. The range for
cach statistical area was reasonably consistent be-
tween the two years examined, The maximum and
minimum depths for each statistical area were traced
on charts issued by the U.S. Coast and Geodetic
Survey or by the U.S. Hydrographic Office. The
amount of bottom area included within this range
was then determined for each statistical area by
planimeter and converted to area in square miles,
Table 1 shows the range of depth, the average depth,
and the amount of bottom area included within the
depth range for Statistical Areas 9---32, inclusive. In
the text that follows, the term *“bottom area® will
refer to the latter values and the reader should bear
in mind the assumptions required in using them as
an estimate of the fished area,

Information on depths fished was available for
18 percent of the fishing effort expended in Statistical
Areas 9—32 in 1959 and 1960. However, depth in-
formation for Statistical Areas 15, 16 and 17 was
available on only about five percent of the total
fishing effort and, consequently, the ranges shown for
these areas are probably less accurate, Another source
of inaccuracy in these statistical areas resulted from
the presence of many long narrow channels having
steep slopes from the shore to the channel bottom.
This made it difficult to trace contours with a plani-
meter and probably resulted in an underestimation
of the amount of fishable bottom, These inaccuracies
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will not affect the conclusions reached in this report,
because the analyses that follow do not require the
use of data from these areas,

Table 1
Range of depths over which fishing is done in Statistical
Areas 9—32 inclusive, and the approximate bottom area
included within this range

Statistical Depths Fished (fm.) Bottom Area
Area Upper Laower Average in Square Miles

9 15 75 46 2410
10 25 75 49 2770
i1 15 125 56 3740
12 3 75 33 2580
13 15 155 59 3500
14 55 125 83 2020
15 35 165 94 2210
16 235 155 103 1660
17 25 125 92 830
18 35 145 110 1930
19 35 135 94 2530
20 15 145 97 3120
21 75 145 113 1210
22 43 165 108 1220
23 25 153 84 3750
24 25 125 B8 3570
25 35 165 98 3520
26 25 175 100 7520
27 33 105 58 4500
28 25 145 82 4480
29 15 155 77 6090
30 35 155 94 5470
31 45 85 60 3870
3z 15 165 70 4370

Bell and Pruter (1958) computed the amount of
bottom area inside the 100 fathom contour for
Statistical Areas 5—17. Their results compare reason-
ably well with those shown above, if allowance is
made for differences in the depth ranges used.

Correlation of Gear Density with Fishing Mortality from
Tagging Data

The estimates of fishing mortality from tagging
data used in this comparison were taken from
published data (International Pacific Halibut Com-
mission, 1960) to reduce the number of required
computations. These estimates were obtained from
13 experiments, eight from Regulatory Area 2 and
five from Regulatory Area 3, all of which involved
large numbers of tagged fish. Fish less than 80 cm
at tagging were omitted because these fish are in-
completely recruited to the commercial population.
Fish recaptured outside the statistical area of tagging
were included in all experiments. Although the
exclusion of migrants would have resulted in better

estimates of fishing mortality, it would have seriously
reduced the number of returns available for analysis
in Area 3 experiments. Their inclusion is somewhat
justified by the knowledge that, on the average,
migrants will be subject to fishing intensities not too
dissimilar from those in the area where they were
tagged. Total mortality was estimated from a modif-
ication of Jackson’s (1939) equation using returns
taken during the first five full recovery years. Re-
captures in the year of tagging and in a few cases
in the first full year were not used because they were
not comparable to those of subsequent years (Type
C error of Ricker, 1948). The method used in estimat-
ing fishing mortality was a modification of one
described by Ricker. This method provides an
estimate of the average rate of fishing mortality that
must have prevailed during the recovery periods used.

Table 2
Fishing mortality estimates from halibut tagging ex-
periments and corresponding estimates of gear density.

Tag- Recov- Average Gear Bottom Gear  Fishing
ging ery Fished Area in Den-  Mortal-
Areas  Years Annually O Miles sity ity
10 1948—52 35000 2770 12.6 0.33
10 1953—57 34300 2770 12.4 0.32
11 1954—58 16800 3740 4.5 0.21
11 1954—58 16800 3740 4.5 0.26
13 1951—55 58900 3500 16.8 0.25
13 1952—56 52100 3500 14.9 0.34
13 1953—57 51900 3500 14.8 0.30
13 1954—58 52600 3500 15.0 0.38
20—21 1952—356 27700 4330 6.4 0.14
26 1950—54 34000 7520 4.5 0.03
25—27 1953—357 87400 15500 5.6 0.06
28—29 1951—55 33100 10600 3.1 0.04
27—29 1952—56 50800 15100 3.4 0.07

For cach estimate of fishing mortality a comparable
estimate of gear density was computed. This was
done by dividing the average number of units of
standard setline gear fished in the tagging area during
the recapture period by the appropriate estimate of
bottom area. A tabulation of the resulting estimates
of fishing mortality and gear density for the 13
experiments is given in Table 2 and plotted in Fig. 2.

A coefficient of correlation was computed between
these two sets of data. The resulting value of 0.808
with 11 degrees of freedom was significantly different
from zero correlation (p < 0.01). Ninety-five percent
confidence intervals of 0.402 << 0.808 < 0.948 were
obtained by the £ test (Snedecor, 1956). On the
basis of this test, there is no reason to reject the
hypothesis that the tagging data provide a valid
measure of the relative level at which Pacific halibut
are utilized.
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Figure 2. Correlation between gear density and fishing mortality
estimates from tagging data. X Area 3 experiments, O Area 2
experiments.

Unfortunately, the results of this test are not clear-
cut. First, the observations tend to be clustered into
two groups, one representing low gear densities and
containing mostly Area 3 observations and the other
representing high gear densities and containing only
observations from Area 2. Two clusters of points will
almost always give a good correlation if the clusters
are fairly compact. The good correlation computed
above may have occurred because of a fortuitous
clustering and not because of a measurable relationship
between gear density and fishing mortality as estimated
from tagging data.

Secondly, if the two variants are true measures of
the same parameter they should also be proportional
to each other, a characteristic not measured by the
correlation coefficient. The test for proportionality
measures the difference between the variance around
the regression line and the variance around a line
forced to pass through the origin and the data. The
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resulting value of F was 0.52 (dl = 1, 11), which is
not significant at the 95 percent confidence level
(p ~ 0.55). Although there is no reason to deny the
proportional relationship between these two variables
on the basis of the data presented, the power of this
test is probably insufficient to eliminate all alternative
possibilities.

Correlation of Gear Density with Fishing Mortality from
Age Data

Estimates of fishing mortality from age data were
taken from the same source as the tagging estimates
(International Pacific Halibut Commission, 1960).
Total mortality was estimated from the average year-
to-year decline in the number of fish caught from all
fully recruited year-classes per 10,000 skates fished.
Natural mortality was estimated from a large number
of age samples taken from regions that are widely
separated geographically; the methods of analysis
used were those described by Silliman (1943) and
Fry (1949). The individual estimates showed consider-
able variation but averages were in fairly good agree-
ment, and a rounded value for the instantaneous
natural mortality rate of 0.20 was accepted. The
instantancous rate of fishing mortality was then
obtained by subtracting 0.20 from the instantaneous
total mortality rate obtained from samples taken from
different regions and in different years.

Estimates of fishing mortality from each region
varied considerably from year to year, owing to the
sampling problems involved. This variability was
reduced somewhat by grouping estimates by four-year
periods, The resulting estimates by groups of years
and by regions are shown in Table 3.

Estimates of gear density for comparison with the
fishing mortality estimates from age data were compu-
ted by dividing the average annual amount of gear
fished in the sampled region during the sampled pe-

Table 3
Fishing mortality estimates from age composition data, and corresponding estimates of gear demsity computed
on the basis of year-class decline

Average Gear

St;t:sucal Years Fished
reas
Annually
10 ...l 1951—54 33400
10 L.ieeoo... 1955—58 33300
0 1951—54 62600
13 L eiiiiaa. 1955—58 52200
20—21 ... 1951 © 20400
249—28 ........... 1950-—54* 131000
24—28 ..., 1955—58 122000
32 L. 1950—54%% 6300
32 i 1955—58 9700

* 1952 omitted ** 1951 omitted

Bottom Area Average
in ngf:s:t _ Total Fishing
Square Miles ¥ Mortality Mortality
2770 121 0.39 0.19
2770 12.0 0.63 0.43
3500 17.9 0.50 0.30
3500 14.9 0.42 0,22
4330 4.7 0.39 0.19
23590 5.6 0.80 0.60
23590 5.2 0.41 0,21
4370 1.4 0.49 0.29
4370 2.2 0.45 0.25
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Figure 3. Correlation between gear density and fishing mortality
estimates from age data based on year-class decline. X Area 3
experiments, O Area 2 experiments.

riod by the appropriate amount of bottom area. The
resulting data are also shown in Table 3. The relation-
ship between gear density and fishing mortality as
estimated by age data is shown in Fig. 3. The wide
scatter of points shows such a poor relationship be-
tween the two variants that a coefficient of correlation
was not computed.

Considerable variability was observed in the original
data, as was mentioned above. These variations could
have been sufficient to have masked the relationship be-
tween fishing mortality rates and gear density. This
problem was largely overcome in the tagging data by
dividing the number of recoveries by the catch in the
same year.

New estimates of total mortality were computed from
the original data (International Pacific Halibut Com-
mission, 1960) using the catch curve method to mini-
mize this influence. The same groups of years and
arcas were used so that the same estimates of gear
density would apply. The equations used were those
suggested by Chapman and Robson (1960). The
ages used were 9—18 in Area 2 samples and 12—21

Table 4
Fishing mortality estimates from age composition data
based on catch curves and corresponding estimates of
gear density

Statistical Gear Fishing
Areas Years Density Mortality
1w . 1951—34 12.1 0.38
10 ... 1655—58 12.0 0.13
B 19351--54 17.9 0.23
13 L., 1955—58 14.9 0.16
20—21 ... .00 1951 4.7 0.13
2428 ......... 1950-—54* 5.6 0.16
2428 ......... 1955—58 52 0.13
- 1950—54%% 1.4 014
32 L. 1955—58 2.2 0.12

* 1952 omitted ** 1951 omitted
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Figure 4, Correlation between gear density and fishing mortality
estimates [rom age data based on catch curves. X Area 3 ex-
periments, O Area 2 experiments.

in the Area 3 samples. Natural mortality was again
assumed to be 0.20 and this value was subwracted
from the estimates of total mortality to obtain the
desired estimates of fishing mortality. The resulting
values are given in Table 4 and plotted in Fig. 4.
A coefficient of correlation of 0.497 was computed,
with 7 degrees of freedom, Ninety-five percent
confidence intervals of — 0.395 << 0.497 < 0.935 were
computed by the £ test (Snedecor, 1956). Although
this value is not significantly different from =zero
correlation, there is some suggestion of a relationship.

A test for proportionality between the two variants
yielded an F value of 0.94 which is not significant at
the 95 percent level of confidence (p ~ 0.35). Here,
as with the tagging data, the power of this test is
probably insufficient to eliminate the alternative
possibilities,

Discussion and Conclusion

The presence of a significant correlation plus a
suggestion of proportionality between gear density
and fishing mortality based on tagging data is evidence
favoring but not proving the validity of both methods
of estimation. More important, refinements in either
or both methods should result in higher correlations.
Thus, this method of analysis may provide a means
of systematically increasing the precision of fishing
mortality estimates.

Failure to find a correlation between gear density
and estimates of fishing mortality from year-to-year
decline in year-class strength was attributed to
variability resulting from marked annual changes in
availability of fish.” Although the correlation between
gear- density and the estimates of fishing mortality
obtained from the same data by the catch curve me-
thod was notsignificantly different from zero,there was a
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strong suggestion of a relationship which may be
improved by further refinements in the method of
analysis,

It is apparent from the great amount of variability
in both the age and tagging data, that it would be
unwise to pick one as being superior to the other at
this time. Furthermore, the estimates of gear density
used above are based on assumptions concerning the
distribution of fish and fishing which must be verified
before the validity of the method can be accepted.
This is particularly true since the above analyses
depend to a considerable extent upon the compa-
rability of Area 2 and Area 3 gear densities.

Summary

Tagging data have consistently indicated a low
rate of utilization of halibut in western Area 3, in
contradiction to indications from age data and from
catch statistics. To explain these differences, studies
were undertaken to test some of the assumptions
required n using tagging data as a measure of
utilization,

Double-tag experiments were conducted to test
for tag loss and it was tentatively concluded that
Type-A loss of large strap tags was 0.02. Annual
‘Type-B losses of large and small sirap tags were 0.03
and 0.07, respectively.

Live-box experiments in which tagged halibut
were held for two-week periods were conducted to
test for tagging mortality. Results have failed to

demonstrate the presence of a significant tagging

mortality during the first two weeks after tagging.

To reconcile the difference between the apparent
mortality rates derived from age and tagging data,
gear density estimates were computed for the several
statistical areas, This required the estimation of the
amount of area over which the fish and fishing are
presumably distributed, and if accurately done these
data should be proportionate to the fishing mortality
rate.

Gear density and fishing mortality estimates from
tagging data were significantly correlated and pro-
portional. These results provide a basis for believing
that the tagging data provide a measure of fishing
mortality if it can be shown that the required
assumptions are satisfied.

Gear density and fishing mortality estimates
obtained from age data based on the year-to-year
decline in year-classes gave no correlation. When
similar estimates were computed, using the catch
curve method, a correlation coefficient of 0.497 was
obtained which was not significantly different from
zero correlation at the 93 percent confidence level,
although a relationship was strongly suggested.

Although gear density figures showed better
agreement with fishing mortality estimates from
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tagging data than with those from age data, judgement
as to the best source of fishing mortality estimates
must be withheld until the assumptions upon which
the gear density estimates are based can be tested.
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The Tagging and Marking of Marine Animals in Australia
Collated By*
J. M. THOMSON**

L Types of Tag

Twelve different tags or marks have been applied
to fish and other marine animals in Australian waters
and some have been attached by more than cne
method. One or more individuals of seventy-one
species have been tagged or otherwise marked; two
species in numbers in excess of 20,000, four in excess
of 10,000 but fewer than 20,000, and seventeen in
excess of 1,000 but fewer than 10,000. The remaining
species have been tagged in numbers fewer than 1,000.

{a) Strap Tag

Made in monel metal or German silver, three
sizes of strap tag have been used. The majority were
35 mm long, 3.0 mm wide, and 0.6 mm thick. Besides
these, a smaller number of “fingerling™ tags 21 mm X
X 2.0 mm X 0.3 mm and some larger tags 58 mm X
X 6.5 mm X 0.6 mm have been used. All were
applied by means of specially made pliers (Fig. 1),
The nose-pieces of these were incised to hold the tag
of appropriate size. On one side, at the point where
the opening in the strap tag would lie, there is a
groove into which the tongue of the strap tag would

project after passing through the hole so that it is
clenched immovably.

The great majority of strap tags were placed on the
operculum except in the case of leatherjackets (Mone-
canthidae) where they were placed ventrally immediate-
ly behind the ventral spine, on some barracouta
(Thyrsites atun) where they were clenched on the
dorsal fin, and on some trout (Selmo trutta and S.
gairdneri) where they were clenched about the lower
jaw, When used as jaw tags the straps were at first
applied and rounded off as described by Shetter
% From the publications listed, from catalogued data, and
from information supplied by Dr A. Nicholls (trout), Dr B.
Malcolm (Australian salmon and Tommy-ruff), Dr D. Kurth
(flathead and flounder), Dr K. Sheard (western crayfish), Mr
A. M. Olsen (southern crayfish, scallop, and school shark), Mr J.
S. Hynd (pearlshell), Mr R. Cowper (barracouta and gummy
shark). Particular thanks are due to Mr A. Dunbavin Butcher,
Director of Fisheries and Wildlife in the state of Victoria, to
Mr N. V. Harris, Superintendent of Fisheries in the state of New
South Wales, and to Mr A. J. Fraser, Director of Fisheries in the
state of Western Ausiralia, who made available information on
tagging carried out by officers of their respective departments.
*& Division of Fisheries and Oceanography, C.5.1.R.O., Cronulla,
N.5.W.

Figure 1. Strap tags and clenching pliers.



— 5 —

Figure 2. Internal tags (ahove left) Petersen disks (centre), trans-
parent backing disks {above right); pliers, scalpel, awl and silver
wire (below).

(1936). Later it was found that rounding was un-
necessary (Nicholls 1957). One arm of the strap tags
bore a serial number; the other the letters C.S.I.R.
or later C.5.1.R.0,, to indicate the tagging organiza-
tion.

(b} Petersen Disk

These disks were of 16 mm diameter and I mm
thick. They were attached in pairs, one disk on either
side of the tissue pierced. One of the pair was stamped
with a serial number and the letters C.S.I.R. (Fig. 2);
the other was a blank useful only as a guard to
prevent the attachment wire working back through
the tissue. The first disks used were of white plastic;
later the backing disk was made of clear celluloid.
Subsequently, because a number of returned disks
showed peculiar scratches and indentations suggesting
that the white disks had attracted undesirable attention
from other fish, a grey disk was substituted for the
white.

When applied to a thin tissue such as the dorsal
fin of school and gummy sharks (Galeorhinus australis
and Mustelus antarcticus) the wire was passed through
a hole previously pierced by an awl. Thick tissue such
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as the fleshy base of the dorsal fin or the caudal
peduncle was pierced by a hollow-stemmed needle
in whose base the silver attachment wire was inserted.
On passing to the far side the needle was completely
removed leaving the wire projecting and prevented
from passing right through by the numbered disk
previously threaded upon it. The blank tag was then
threaded on the wire; any great excess of wire was
cut off and the remainder twisted into a knot by a
pair of sharp-nosed pliers. The disk was cemented on
mollusc shells (Fig. 6).

(c) Hydrostatic Tag

The type used was as described in the anonymous
(1953) Guide to Fish Marks, the dimensions being
45 mm in length and 4 mm in diameter. The tags
were attached by means of silver wire bridles either
at the base of the caudal fin or on the caudal peduncle
by a hollow-stemmed needle.

(d) Silver Tape Tag

A flat piece of silver tape bearing a number was
attached to a small number of Australian salmon
(Arripis trutta) and trout and a few thousand scallops
(Pecten meridionalis). They were very similar to the
numbered tags used to identify museum specimens
and, on the salmon and trout, were attached in the
usual way by means of a silver wire either to the oper-
culum, the jaw, or the base of the tail, through a hole
pierced by an awl. When tried on scallop shells this
tag was not as longlasting as the cemented Petersen disk.

(e) Internal Tag

The internal tags used were of white plastic with a
serial number and instruction for return printed in
black (Fig. 2). The tags were inserted into the body
cavity through an incision made in the body wall
by means of a scalpel (Fig. 3). Three sizes have been
used, appropriate to the size of fish. The largest were
30 mm long and 23 mm wide at the broader end.
The medium size were 34 mm X 13 mm and the
smallest 33 mm % 10 mm. This tag has been used in
several species, particularly sharks, salmon, snapper
(Chrysophrys auratus) and Tommy-ruff (Arripis georgianus).

(f) Spiral Tag

These were plastic spirals, sold commercially as
leg rings for poultry. No printed message was attached
and no serial number, the plan being to use differently
coloured rings in different areas, The tag was attached
by ringing the caudal peduncle. Only barracouta
were tagged in this way.

(g) Safety-pin Tag
These consisted of sterling-silver safety-pins, each
bearing an aluminium plate; the pins, measuring
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Figure 3. Making incision in school shark to insert internal tag.
Note Petersen disk on dorsal fin.

approx 19 mm x 3 mm, were attached to the flesh
between the two dorsal fins. A few were used on
barracouta.

(h) Streamer Tag

The streamer tag consists of a length of plastic
tube which is attached to the fish below the second
dorsal fin by means of an aluminium dart which is
inserted into the flesh of the back. The first version
of this tag had a separate message tape inside the
clear tube. The later version had a stouter plastic
head and the opaque red nylex tube had a black
inscription stamped along its length. The first version
was attached by inserting the head under the skin.
it was feared that many of these worked out., Subse-
quently the second type was provided with an arrow
head, the barb of which was hooked under a vertebral
spine (Fig. 4). Tuna ( Thunnus thynnus maccoyii, Neothun-
nus macropterus, and Thunnus germo) were tagged in this
way.

(i) Dart

This tag is similar to the streamer tag, but has a
flat piece of plastic tape attached to a plastic arrow-
head. Tt has heen used on southern crayfish (Fasus
lalander).

(j} Clip and Disk Tag
This was of the type used by Godsil (1938) on tuna
and basically was a strap tag with a disk attached.

(k) Fin-clips

The well-known method of marking by fin clipping
has been used in Australia only in studies on the
imported salmonids, the brown and rainbow trouts.

(1) Telson-punch

Prior to the use of dart tags, cattle ear-punches of
different shapes were used in marking western crayfish
(Panulirus longipes) and southern crayfish (Fasus lo-
landei). The punch mark remained discernible over
several moults, but with each moult the outline
became more indefinite, so that the original shape
became unrecognizable. In later work, combinations
of punches in telson and uropods were used.

{m) Whale Marks

The majority of marks used were standard Dis-
covery marks (Rayner 1940). A modified mark
(Chittleborough and Godfrey 1957) was also developed
but there are indications that it penetrated too far
into the body.

II. Tests of Suitability

These were confined mostly to species which were
tagged in large numbers, The difficulty in holding
large scrombrid fishes prevented any test experiments
with the tunas. The tests carried out were of two
types; either a test of short duration whose purpose
was to deiermine whether the fish showed obvious
signs of distress or discomfort as a result of the fixing
of the tag, or longer tests to observe whether tags

<
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Figure 4. Sketch of streamer tags used on tuna.
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were shed, or whether ill effects became apparent
with time,

Short duration experiments were carried out with
the species shown in Table 1.

Table 1
Species of fish and types of tag tested in short-term studies
Species Type of Tag Ohbservation
Sea mullet Medium strap  No interference with gill move-

(Mugil cephalus) on operculum ment; no effect on balance of
fishes over 15 cm. Fishes under
10 cm definitely unbalanced

and unable to swim normally.

Fishes less than 7 cm un-
balanced.

Small strap
on operculum

Tests of longer duration are reported in Table 2.
The early success with the strap tag on mullet led to
its use on other species. However, some fish, particular-
ly black bream (Acanthopagrus australis), were returned
with the tag almost lost from the operculum and
others with split opercula, suggesting that the tag may
have worked out or been torn out. The aquarium
test showed that this resulted from the procedure of
leaving an eighth to a quarter of the loop of the tag
projecting beyond the operculum edge to allow for
growth. Tags that were clipped with the minimum
of projection beyond the edge of the operculum did
not work out in aquarium tests, and from such
firmly attached tags long-term recoveries have been
made even with black bream, though each produced
an invagination in the edge of the operculum. How-
ever, aquarium tests may be misleading: three
species of fishes were tagged with hydrostatic and
Petersen tags and held in the aquarium for over three
months without deleterious effect. But estuarine

Table 2
Species of fish and types of tag tested in long-term studies
Species Type of Tag Observation
Sea mullet, Strap, hydro- All appeared satisfactory ex-
Luderick static and cept straps when left pro-
(Girella tri- Petersen jecting from edge of opercu-
cuspidata) Ium; in such cases tags worked
Black hreamn out
Trout Strap Marked proportion worked
out over several weeks; but
no observation given of pro-
jection heyond opercula,
School shark Petersen disk Appeared satisfactory in pond-
held sharks.
Barbed disk ~ All lost in pond; not used in
field.
Southern Punch marks Shape of punch lost after
crayfish several moults, hut combina-~

tion of positions on telson and
uropod discernible.

Figure 5. Dorsal fins of school sbark showing that Petersen disks
work out.

fishes recovered in the field, and particularly those
bearing hydrostatic tags, had nasty wounds about
the wire. Because of this, and also because both
hydrostatic tags and Petersen tags without the fish
attached were recovered from nets in which they were
entangled, use of these two types of tag was discontinued
in the Lake Macquarie investigation (Thomson 1959),
after about 200 Petersens and 120 hydrostatics had
been released.

Results' in the field also led to the substitution of
internal tags for Pctersen disks in the case of sharks
because the disks were found to work out of the fin,
as described by Olken (1953) (Fig. 5).

Field staff are unammously agreed that opcrcular
strap tags are the easiest to apply on all but very
large fishes whose opercles resist penctration. The
rapidity of attachment of this type of tag lessens the
time out of water, a point which is important to
survival in the warm temperate and sub-tropical
conditions of the Australian inshore.

. Publicity and Incentives

To ensure the return of discovered tags, the existence
of the tagging programme and its objects were
publicised as widely as possible, Notices such as that
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Figure 6. Petersen disks cemented to scallop shells.

hown in Figure 7 have been displayed at all fisheries
nspectors’ offices, and at all fish markets and storage
depots to attract the attention of commercial fisher-
men, and the angling public has been alerted by the
display of notices at boat-hiring premises and at
favourite fishing spots such as jetties, etc. An appeal
for co-operation in the return of tags on trout was
included on the licence issued to anglers. In some
of the more restricted fisheries, such as that for
Australian salmon or the estuarine fishery in Lake
Macquarie, cach licensed fisherman was interviewed
perscnally to appeal for his co-operation.

TAGGED FISH

REWARD TO FINDERS

L Tale o fiew scales feom hors,

¥ Samd wi&lmddﬁ!hnfld'mﬂmdhphnmdhﬂ
tha samples to CS.IR.0., DIVISION
naarest Fsherion 3

Periodic publicity was given to the investigations
by press releases and radio news flashes about any
interesting returns. The weekly newspaper columns
of angling experts provided contact with sports fisher-
men, and the Australian Fisheries Newsletter reached
the commercial fishermen.

Te provide an incentive beyond that of mere
interest, a reward has been paid for each tag returned.
In the period 1938—1948 this was 2/— (about
20 cents) per tag; it was increased to 4/— (about
40 cents) after 1948. In the investigation of gold-lip
pearlshell, the incentive offered was the exchange of
double the tagged shell’s weight in good pearlshell.
A point featured in the publicity concerning the
investigations was that the fish themselves should be
returned wherever possible. In such cases the market
price of the fish and the cost of postage or cartage was
also reimbursed. In practice, relatively few of the
tagged fish found by fishermen were returned, the
tag alone being sent with the fishermen’s “guesstimate”
of length or weight. In about 259 of cases scales were
also included. Every tagged fish that was detected in
the markets was made available for biometric and
other work,

IV. Comparative Return of Tags
(i) Hydrostatic Tag

Table 3 shows thie comparative rate of recovery of
various types of tags in a single fishing area (Lake
Macquarie, New South Wales), It might be concluded
from these figures that hydrostatic tags are noticed
and reported in greater proportion than opercular
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strap tags or Petersen disks. However, it is considered
that this tag is neither more conspicuous nor better
retained than the others, but that it is recovered more
frequently because it is most easily entangled in a net.

In other words, it is suggested that the fishing
mortality rate for fishes bearing hydrostatic tags is
greater than for the population as a whole. This
would invalidate the use of hydrostatic tag returns
to estimate populations but not to track movements
or to obtain direct measures of growth,

Table 3
Comparative return of tags, Lake Macquarie, 1954 —56
Species and Tag No. % Av. Days
Reported Reported Freedom

Sea mullet

Hydrostatic ............. 10 17.0 181

Strap .......0iiiiaal 151 5.2 258

Petersendisk ............ 1 5.5 60
Flat-tail mullet

Hydrostatic ............. 3 17.3 117

STAD ... 218 5.5 140
Luderick

Hydrostatic ............. 10 53.0 549

Strap {opercle} .......... 55 4.3 119

Petersen disk ............ 1 3.0 243
Tarwhine

Strap (operele} .......... 362 14.9 87

Petersen disk ............ 2 1.9 5
Yellow-fin leatherjacket

Strap (ventral flap) ...... 218 17.7 114

Petersen disk ............ 4 14.8 301
Centreboard

Hydrostatic ............. 1 50.0 739

Strap (ventral flap} ...... 112 22.0 416
Black bream

Strap (opercle) .......... 161 7.0 110

Petersen disk ............ a 4 —

It is noticeable that the average days of freedom
of luderick carrying hydrostatic tags were considerably
greater than of fish carrying either Petersen disks or
opercular strap tags. Possibly this results from poor
retention of opercular tags, which are known to
work out of soft opercles, and of Petersen disks which
are occasionally recovered from nets without the
fish which bore them. Such an advantage of hydro-
statics was not revealed in the case of sea mullet and
flat-tail mullet. Hydrostatic tags have not been used
in greater numbers because members of the public
criticised their use since the wires caused obvious
wounds in the fish.

(ii) Petersen Disk

The Petersen disk cemented onto the shell has
proved very useful and durable in studying epibenthic
molluscs such as scallops and pearlshell, Opinion is
divided on the use of these tags on fish. The application
of the Petersen tag is slower than that of the opercular
strap, thus increasing the time the fish is out of water,
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but where it is suspected that strap tags work out
Petersens have been used, as in the east coast in-
vestigation on black bream during 1944—48. How-
ever, during the Lake Macquarie investigation in
1954—56 no black bream marked with a Petersen
disk were returned, although a 7% return of opercular
strap tags was achieved (Table 4).

Table 4
Comparative returns of Petersen disks and strap tags
on black bream

Area No. No. % Av. Days
Tagged Reported Reported Freedom

East Coast 1944—48

Petersen disk ......... 1245 71 5.7 98

Strap (opercle} ....... 3666 22 0.6 79
Lake Macquarie 1954—56

Petersen disk ......... 210 0 0 —

Strap  .............. 1978 161 7.0 110

In view of the 5.79% return of Petersens in the
earlier study it seems possible that the tagging tech-
mique of the later tagging crew might not have been
equal to that of the earlier, and may have resulted
in a higher mortality rate of Petersen-marked bream.
However, it should be noted that the bream tagged
and held in the aquarium showed no ill effects.

Other species of Petersen-marked fish in Lake
Macquarie were also returned at a lesser rate than
other types of tag. Petersens are known to work out
of the dorsal fins of sharks (Olsen 1353, and Fig. 5).
In Section I {b) attention was drawn to the fact
that grey Petersen disks were substituted for white
when experience indicated that white disks attracted
attention from predators. Olsen (1953} was unable
to detect any significant difference in rate of return of
the two colours in the case of the school shark which,
however, is a species with few predators. In school
sharks returns of double-tagged fish (internal plus
Petersen) were about double the returns of those
tagged with Petersen alone (Table 5). This difference
is consistent with the loss of disks from double-tagged
fish, which was about 509%,. The small mumber of
fish tagged with internal tags only gave fewer returns
than the double-tagged fish, but the difference is not
significant.

Table 5
Comparison of Petersen disks and internal tags used
on school sharks

Type of Tag No o

. (3
Tagged Returned

Petersen disks alone.............., 2,09

Intermalsalone.....coovvevnn... 105 2,85
Petersens plus Internais .. ......... 2150 5.81
Petersens recovered ............ 2.84
Petersens lost .. .......0vnvnnn. 2.97
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Petersen disks were returned in comparatively
small proportion from Awustralian salmon {Table 7),
except in Tasmania. There is a preponderance of
disk tag returns in Tasmania because most of the
fish taken there are small immature fish, taken on
hand-lines. Under these circumstances the Petersen
disk is readily detected, whereas the internal tag
would not be observed if the undersized salmon is
returned alive to the water as fisheries repulations
require.

The seven barracouta returned have borne Petersen
disks, five being grey, two white (Table 6).

Table 6
Tags used on and returned from barracouta

Petersen  Strap Inter- Hydro- Safety Spiral

Disk nal  static  Pin
No. taggcd v... 2559 380 1293 130 136 100
Returns ...... 7 0 0 0 0 0

(iii} Internal Tag

When cleaning of the fish is done at sea or on the
beaches internal tags have a better rate of return. The
white internal tag shows up against the viscera when
the cleaning is being done and is thus easily detected.
The evident superiority of the internal tag in the
Western Australian and Victorian salmon fisheries
results from this practice (Tahle 7).

Internal tags from fish marketed in the round often
fail to convey information because it is usually
impossible to track down the place of recapture.

Table 7
Comparative returns of strap, tape, disk, and intermal
tags used on Australian salmon in various areas

Arca No. %

o

Returned Returned
Woestern Australia (total) ........ 499 20.1
SITAD wenuernnrerrnarenanes 268 17.6
Petersen disk  ............... 15 6.9
Internal .................... 216 27.6
South Australia (internal) ....... 409 9.9
Tasmania (total) ............... 34 3.6
Petersen disk ................ B 8.0
Tape (jaw) ....covvvviinenn. 1 L3
Intermal .................... 25 33
Victoria (total) ................ 220 5.8
SIFAD tvererreineiriiaans 95 3.9
Petersen disk ................ 19 3.7

Tape {operculum) ........... 0 —

Tape (jaw) ...ovviiuiiiiaens 16 6.9
Intermal .......co0iuiiinens 90 15.0
New South Wales (Petersen) .... 50 10.0

In a species such as the Tommy-ruff which is
sold in the round, approximately equal returns of
internal and external tags might be anticipated, The

apparent loss of internal tags (Table 8) is probably
due to a lack of detection of this type of tag in the
canneries, where cleaning proceeds at speed and the
small internal tag could be overlooked. The only
internal tag returned from cannery processed fish
was recovered from a can.

Table 8
Comparative returns of internal and operculum tags
from Tommy-ruff

Area No. No. o

Tagged Returned Returned
Woestern Australia

Internal (tag) ........... 4166 100 2.4

Operculum strap ........ 606 20 3.3
South Australia

Internal ................ 6250 25 0.4

A small rate of return is to be expected in this
species as the intensity of exploitation is low, particular-
ly in South Australia where the smal]l immature ruffs
are not taken by the fishery, but are fished later when
they migrate to Western Australia for spawning.

(iv) Strap Tag

The ecase of application of the operculum strap tag
has led to its wide use in the study of inshore fishes in
Australian waters, 61054 fishes having been so
marked compared with 27824 internal and 25417
Petersen disks, the other principal types of tags. In
addition, 5103 straps were clenched on trout jaws.
The comparative effectiveness of the strap tag varies
with the species, and with the exact mode of application.
In the two separate studies on black bream reported
in Table 4 the disparate results with the strap tag are
probably due to the fact that in the earlier series the
tags were left with about a third of their length
projecting to permit growth of the operculum edge,
whereas in the later series the tag was clipped tightly
to the operculum so that no loop projected to catch
on weed or snags (see Section II}. In such circum-
stances the operculum continues to grow, leaving an
incision where the tag blocks the way.

On sea mullet the strap tag has given better
results than the Godsil tag. The greater rate of
return of the hydrostatic tags (Tahle ) has been com-
mented upon in Section IV (i),

Table 9
Reported recoveries of sea mullet carrying specified types
of tag
Eastern Australia Lake Macquarie
1938—1942 1954—-1956
Godail Tag Strap Tag  Strap Tag Hydrostatic Petersen
No. 4 224 151 10 1
o, 0.4 6.4 5.2 17.0 5.5
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The return of opercular straps on Australian
salmon was better than that of Petersen disks, but not
as good as the return of internal tags (Table 7).
Whether this indicates loss of straps or lesser detect-
ability is uncertain. In Victorian waters the opercular
strap on snapper has been returned at a better rate
than internal tags (Table 10;.

Table 10
Comparative returns of internal and strap tagged snapper
Area No. % Av. Days
Reported Reported Freedom
Victoria
Intermal ................ 7 0.3 215
Strap (opercular) ......., 114 2.8 164
Lake Macquarie ........... 760 20.1 59

In other inshore fishes (Table 3) the strap tag has
provided better returns than the Petersen disk, though
not as good as the hydrostatic, whose possibly atypical
rate of recapture is mentioned in Section IV (i}.

The strap tag used on the jaw has given good
returns with trout, though the silver tape (Section I (d)
gave better results for rainbow trout (Tables 11 and
12).

Table 11
Comparative returns of tag types used on brown trout
Area No. % Av. Days
Reported Reported Freedom
Tasmania
Silvertape .............. 8 11.0 336
Jaw strap small .......... 33 2.5 925
Jaw strap medium ....... 136 16.4 400
Jaw strap large .......... 66 12,5 935
Victoria
Intemal ................ 2 5.7 237
Table 12
Comparative returns of tag types used on rainbow trout
Type of Tag No. % Av. Days
Reported Reported Freedom
Silvertape ................ 68 55.7 281
Jaw strapsmall ............ 56 3.9 143
Jaw strap medium ......... 118 43.9 529
Jawstrap large ............ 137 32,7 506

(v) Streamer Tag

Only a few of these have been returned. Of 219 of
the earlier type released {Section I (h)) only one has
been returned, but nine out of 381 (2.32}) of the
later type have been returned.
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(vi) Dart Tag

The dart tag has so far been used only in an ex-
perimental area to test its efficacy. Sixty-one dart-
tagged crayfish were released in 1960 and 14 were
recovered 12 months later. Another 1492 were tagged
in the summer of 1961 and will be fished for in the
summer {January) of 1962. The recovery of the
14 dart tags indicates that properly applied, the dart
tag is retained through ecdysis.

(vii} Telson Punch

Of the crayfish marked by telson punches, 9.19
of western crayfish and 18.99, of southern crayfish
have heen recovered, the average days’ freedom
being 40 and 455 respectively. The results from the
southern crayfish show that telson punches remain
discernible after several moults, but they become less
distinct with each moult and any distinction on the
shape of the punch becomes obscured. A combination-
pattern of two or more punch holes in varicus positions
on the telson and uropods gives a better criterion,
though even these are obscured or lost after several
moults.

V. Summary

Of the 12 types of tag or mark used on fish and
other marine animals the internal tag has given most
satisfaction in those species which are cleaned on the
beaches or at sea. For medium and small fish sold in
the round the opercular strap tag is preferred, except
in the case of fish with soft opercles. Hydrostatic tags
have been returned at a rate which may be in excess
of the normal fishing mortality; alse they and Petersen
disk tags are not favoured owing to the wounds
produced on a high proportion of fish. Petersen disks
are known to work out of shark fins. For rapidity of
application the opercular strap tag is best.

The most suitable tag may vary with age of the fish,
as in the Australian salmon, because of the different
nature of the fishery operating on the young and old
age groups.

The medified streamer tag with a plastic head is
the most promising tag used on tuna in Australian
waters.

In crayfish, telson punch marks persist over several
moults but become more obscure with each ecdysis;
the dart tag, now being tested, seems most promising,

Publicity has been provided by angling columns in
newspapers, in the Australian Fisheries Newsletter
which reaches all commercial fishermen, by radio
newsflashes, by notices posted at wharves, boat hire
premises and other spots frequented by fishermen,
and by personal contact.
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10.
Bering Sea King Crab (Paralithodes Camtschatica) Tagging Experiments

By

FRED C. CLEAVER*

Introduction

The king crab is found in cold waters of the North
Pacific Ocean, the Bering Sea, and the Qkhotsk Sea.
It occurs in the eastern Bering Sea where bottom
waler temperatures are at times below 0° Centigrade,
but it is not abundant north of 59° North latitude,
and is generally not the object of fishing north of 58°.
Another (smaller) species, P. platypus, becomes common
at higher lattudes.

The average size in the commercial catch for
eastern Bering Sea in 1941 was 7.3 pounds with a
maximum of about 14 pounds (Wallace, Pertuit and
Hvatum, 1949). Because only the larger crabs are
taken, this had not changed much by 1960. In the
Pacific Ocean south of the Alaska Peninsula 20-pound
specimens are frequently found.

Fishing is done in waters of less than 100 fathoms.
The 100-fathom contour extends from Unimak Pass
at the western tip of the Alaska Peninsula in a north-
westerly direction, passing westward of the Pribilof
Islands, The bottom becomes gradually shallower to
the eastward and is stnooth and free from obstructions.
Otter trawling can be done anywhere with little
danger of damage to the gear. The bottom of the
southeastern Bering Sea is a moderately flat, smooth
shelf.

Most of the catch is taken with large mesh tangle
nets which are highly selective for the larger crabs.
The irregular shape and many spines of the king crab
cause them to tangle readily in the nets. Otter
trawls are also used in the fishery.

Ice usually covers much of the fishing ground by
February and may remain until late April or early
May. Fishing with otter trawl gear is possible the
entire year, but activity has been very limited except
during the late spring and summer months. In recent
years there has been no winter fishery.

The fishery for king crab (Paralithodes camtschatica)
in the southeastern Bering Sea was begun by Japan
about 30 years ago. Following World War II Japan
and the United States jointly exploited the stocks,
and in 1959 and 1960 the Union of Soviet Socialist
Republics also engaged in the fishery. Because of
earlier concern over the effect of fishing on this
species the International North Pacific Fisheries Com-

* U. 8. Dep. of the Int., Fish and Wildlife Serv., Bur, of Com.
Tish., Biol. Lab., Seattle 2, Washington, U.S.A.

mission, of which Canada, Japan and the United
States are members, undertook to study the stocks of
king crab. The work reported here was done by the
United States Bureau of Commercial Fisheries for
the Commission with the codperation of Japan.
Japanese scientists have also conducted studies of the
king crabs in the eastern Bering Sea as well as in
waters near Japan.

The overall purpose of this investigation is to
determine the effect of fishing upon the yield of the
stock, To accomplish this, studies are being made of
various features of the life history of the crab and of
the fishery. Much of this is not particularly germane
to a discussion of tagging and will not be considered
here. The objective of this paper is to examine the
design and analysis of tagging experiments in the
king crab studies.

The work has been done by a small group at the
Seattle Biological Laboratory of the Bureau. From
1956 to 1958 I was directly responsible for the in-
vestigations. Mr. Takashi Miyahara, who is now
leader of the king crab program, supplied the data
that I am using here.

The tagging was designed to study the limits and
degree of intermixing of the southeastern Bering Sea
king crab population, growth, and rates of mortality.
Size frequency data were collected to test the accuracy
of the results of the growth analysis. Quantitative
trawling was undertaken to provide an alternate
method of calculating fishing mortality.

Tagging Methods

The king crab is in some respects a very satisfactory
animal for tagging. It is resistant to damage by
handling or suffocation and if treated with reasonable
care, can be caught at depths of 100 fathoms or more
and released in good condition. The commercial
fishery commonly takes the crabs in otter trawls,
holds them alive in flooded compartments aboard
ship for a week or longer, and discharges the catch
with little mortality. The major difficulty lies in
avoiding loss of the tag when the crab casts its shell
during molting. This problem seems to have heen
solved fairly well by using a tag of the type first
employed by the Japanese more than 20 years ago.

This tag is essentially a piece of soft plastic tubing
which is threaded through the arthral muscle at the



— 60 —

junction between the carapace and abdomen. The
ends are knotted and hang behind the crab with
a numbered label. It has been called a “spaghetti
tag” since the material resembles wet, cooked
spaghetti in texture. Initially, we were seriously
concerned over the effect of placing the tag in this
manner. The arthral muscle is highly vascular and
appears to be a major route of blood transport from
the body to the heart. However, crabs which were
held in live tanks following tagging showed no ill
effects. Because the presence of sea water appears to
be necessary to blood coagulation, the crabs were
returned to the sea as quickly as possible.

We have tagged only crabs possessing firm shells
and not recently molted. When newly molted and
soft, the crabs are easily damaged and tagging is
not deemed to be desirable because of the low re-
covery rates anticipated.

Returns

The degree to which we failed to obtain tags from
recaptured crabs is unknown. However, it is believed
that the loss from this source is relatively small. The
fishery is unique in that almost all of the catch is
landed at a few factory ships. Until the entry of the
Soviet factory ship, generally about 80 percent of the
catch was processed by the Japanese mothership
Tokei Maru. The Japan Fishery Agency assigns a
scientist to the ship who has been very conscientious
in collecting recaptured tags from the fishermen. The
Soviet operation has also returned numerous tags, but
we are not familiar with the recovery procedure. We
believe that nearly all of the tags recovered by United
States fishermen were returned,

Design and Analysis of Marking Experiments
Mortality rates

To find the rates of mortality we proposed to
calculate the total annual mortality rate from the
rate of tag disappearance over a period of years,
The part due to fishing was to be estimated by two
methods: {1) recoveries after 1 year of freedom for
1956, 1957 and 1958 releases and (2) estimating
numbers of crabs in the area by trawling and com-
paring this estimate with the catch. If we can estimate
fishing mortality reasonably well, it is then convenient
to estimate the mortality from causes other than
fishing.

The first successful tagging took place in the
sumnmer of 1955, and tags were released each year in
1956, 1957, 1958, 1959 and 1960. Because the fishery
takes only male crabs which are 13 cm or more in
carapace length, only the releases of these larger
male crabs are discussed. Actually, few crabs as
small as 13 cm are retained commercially. For

convenience, we have used carapace length to record
size. The irregular shape of the carapace makes width
difficult to measure with precision. The returns are
not complete for the larger more recent releases, so
the results shown below are of a tentative nature. No
attempt has been made to adjust for size.selective
fishing, molting, changes in fishing, or a variety of
other factors which should be treated in a careful
analysis. The data presented serve to illustrate the
methods employed and the progress of the work.

Table 1 shows the total numbers released and
returned for the first three years of tagging with
plastic tube tags. The returns for 1960 are not com-
plete. Numbers tagged in 1958, 1959 and 1960 are
listed in the annual reports of the International North
Pacific Fisheries Commission for these years, They
are not used here because they do not provide a
sufficiently long series for analysis.

Table 1
Recovery of male crabs over 13 cm in carapace length
released in the southeastern Bering Sea -

Release Number Number recovered
year Released 1955 1956 1957 1958 1959 1960
1955 ..... 1099 30* 48 30 16 7 4
1956 ..... 2545 — 42% 125 82 56 31
1957 ..... 5780 —_— — 34* 136* 166* 67%

* Not used in calculations.

The data in Table 1 were used to calculate survival
rates. Following Jackson’s method (Ricker, 1958) the
mean annual survival from the 1935 tagging was
0.56 and from the 1956 tagging it was 0.64. For
comparison with an unweighted estimate, the re-
covery data were converted to logarithms which
transformed the series to good approximations of
straight lines with slopes corresponding to (.52
survival for 1955 and 0.60 for 1956, The 1957 tagging
was not used because of the short series and the
anomaly between the 1958 and 1959 recoveries. The
low recovery in 1958 is believed to be due to low
availability caused by the distribution of tagging in
1957.

Now let us consider means of estimating annual
fishing mortality, We obtained an approximation of
fishing mortality by examining tags recovered after
one year of freedom. This was compared with an
independent estimate derived from the number of
crabs calculated to be on the fishing grounds and the
catch reported by the fishing companies. Thus, we
have two separate estimates of fishing mortality.

The first method of estimating fishing mortality is
by tagging. Before using the returns to derive this
estimate, it is necessary to be assured that the tags
are well mixed through the stock. Because tagged
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Figure 1. King crab station pattern.

crabs do not appear to become thoroughly distributed
within a year after tagging, all of the releases cannot
be used. Two patterns of release were employed. In
the first, a pattern of stations 20 miles apart were
fished. All of the crabs caught were tagged and
released where caught, An jllustration of this pattern
is given in Fig. 1. Following this, mass tagging was
done where crabs were most abundant. The mass
taggings account for most of the crabs released. These
were not distributed through the stock. However,
the crabs released on the station plan were systematical-
ly distributed throughout the area in which crabs are
found. Therefore we reason that the diswribution of
those tagged on station should be approximately the
same as that of the stock as a whole. From the
distribution of the fishery on different grounds this
seems to be generally true. Ifit is true, it immediately
accomplishes good mixing of tags through the stock.

In Table 2, only station releases were used, and
only those recoveries made in the first spring and
summer fishery following the year of tagging were
considered. As mentioned earlier, the fishing was
done almost entirely during the spring and summer
months. The releases have been adjusted for recoveries
within the year of tagging. The table shows that for
1956 and 1958 about 4 percent of the tags were re-

covered by the fishery, but for 1957 only about 1 per-
cent. Again, the 1957 recoveries appeared to reflect
a lower availability. For all three years we would
expect that loss of tags, mortality of tagged crabs, and
similar factors would cause these data to indicate a
fishing rate lower than actually occurred.

Table 2
Recoveries in following year of crabs tagged on station
Year Male crabs Recoveries Percent
of released in following re-
tagging on station sumimer covered
1956 ......... 750 28 3.7
1957 ... ..., 348 3 0.9
1958 ......... 2617 96 a7

The second method used to estimate fishing
mortality was by comparing the numbers of crabs
on the grounds with the catch in 1957, 1958 and 1959,
Total numbers of male crabs of commercial size were
calculated from otter trawling catches. The area
covered by the trawl was used with the numbers
caught to compute the average density per unit area.
This was then expanded to the total area covered.
The results are shown in Table 3. These estimates
reflect the entry of the first large mode mentioned in
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the discussion of growth. The catch of crabs by the
fisheries in these years may be found in Table 4.

Table 3
Estimated number of male crabs {over 13 cm) in south-
eastern Bering Sea

Year Number

1957 o0t 14,435,000
1958 oo oir e, 20,563,000
1959 ... ... 25,145,000

Table 4
King crab caich in eastern Bering Sea, 19531959,
in thousands of crahs*

Year Japan . 8. Total
1953 . ... . e, 1276 361 1637
1954 ... ........ 1061 328 1389
1955 ...l 1129 313 1442
1956 ... ... 1079 294 1373
1957 oo N 107 1278
1958 ... 1130 1 1131
1959 .. .. 1292 — 1252%*

* Source: International North Pacific IFisheries Commission
Statistical Yearbooks for 1958 and 1959.

** Does not include catch by U.5.5.R. or incidental catch in
bottom fish fishery.

Tables 3 and 4 provide the data to estimate directly
the annual fishing mortality. For 1957 it was 0.089,
for 1958, 0.055, and for 1959, 0.051.

The confidence intervals for the population estima-
tes are quite broad, but interestingly enough, the
mortality estimates for the three years are all between
5 and 10 percent. Moreover, they are probably high,
since in calculating the density of crabs we assumed
that all of the crabs which were between the otter
boards were caught, and that our station pattern
covered the entire area of the stocks. These assumptions
are not entirely fulfilled. When the results of this
method are compared with those from tagging, it
appears that the fishing rate was less than 10 percent,
and perhaps as low as 5 percent.

If for each year we use a mean of Jackson’s and the
line slope method of estimating annual survival (for
the 1955 tagging 0.54 and 0.62 for the 1956 tagging),
we then have total annual mortality rates of 0.46 and
0.38. When these are used with an annual fishing
rate of 0.05, maximal annual natural mortality rates
of 0.43 and 0.35 are derived for the 1955 and 1956
taggings respectively. If the higher estimate of 0.10
is used for the fishing mortality factor, the estimates
of natural mortality become 0.40 and 0.31, which
are similar to the rates derived using 0.05 for fishing.
The estimate of natural mortality is not greatly
changed whether the upper or lower estimate of
fishing is used.

Mixing

Tagging showed no interchange between the stocks
south of the Alaska Peninsula and those of the Bering
Sea. Within the range of the species in the south-
eastern Bering Sea, there appears to be but one stock.
Consideration of hydrography, distribution and fish-
ing studies leads us to believe that there is only one
major breeding group; it is almost continuous along
the north side of the Peninsula. Release of larvae and
mating take place here. The fishery concentrates on
these mating adults, for the most dense aggregations
of prime male crabs are found here. However, a
group of crabs tagged at a single location might
never become distributed randomly through the
stock. In Table 1 the tags released in 1957 were
evidently not fully available to the fishery before 1959,
or perhaps later. The stock is highly segregated by
sex, size and condition, The large hard-shelled males,
the adult females and the very small of both sexes
tend to be concentrated inshore from the non-
breeding crabs which include the large molting males.
A large prime crab tagged on the breeding grounds
would probably never return to the molting con-
centrations found northwest of the Alaska Peninsula,
because the molting frequency of the larger crabs is
low.

Growth

In some respects the growth studies of king crab
(and crustaceans generally) are complicated by the
lack of permanent annular marks on the animal, and
the irregular nature of the growth. Carapace size
remains constant for long intervals and growth occurs
suddenly. The intervals between ecdyses vary with
size, sex and age. A detailed study has been made of
the Bering Sea king crab (D. D. Weber and T.
Miyahara, 1959). In this study the mean growth rate
was derived by using the amount of growth per molt
as shown by tagged crabs, combined with observations
of molting proportion.

Molting of the larger male crabs takes place in the
spring months and appears to be limited to no more
than a single molt per year. In order to establish the
frequency of molting it is necessary to distinguish
between shells that are perhaps 3 months old and
those that are 15 months old or older. The shells of the
recently molted crabs can be generally recognized
as they are cleaner and show less scratching and
erosion. While the decisions are subjective, they are
in good agreement with data from recovered tagged
crabs for which it is possible to determine whether or
not they molted while free. This method does not
insure that a larger crab would not molt later in the
year, or molt more than once annually as the small
crabs do. However, for large crabs it seems to be
unimportant because they are seldom observed as
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soft-shelled crabs or with bright new shells between
midsummer and midwinter.

Sampling (at the stations described above under
mortality studies) was employed to determine the
proportion melting for each year.

The results of this sampling showed that almost
all of the crabs less than 11 cm had melted within
the year of sampling. The proportion molting dropped
gradually at first with increasing size, then more and
more rapidly, until fewer than 10 percent of the
crabs over 17 cm were found to be molting each year.

Mean growth in carapace length during one molt
was approximately 16 mm and nearly stable for crabs
from 11 to 16 cm in carapace length. A 16 cm crab
would molt to 17.6 cm. Few of the crabs become
greater than 19 cm, so the bulk of the commercial
stock is included in the size range for which increase
at molting is known,

A model was constructed using tagging and molting
data to calculate the annual average size of a group of
crabs initially 11 cm in length. The growth is shown
in Table 5.

Table 5
Caiculated growth of a group of king crabs initially 11 cm
in carapace length, from model studies

Year Maodal Mean
length (em) length (cm)
N.o..o..oo.. 11.0 11.0
N-+1....... 12.6 12.5
N+2....... 14.2 13.9
N+3....... 15.8 15.0
N+4....... 15.8 15.8
N+5....... 15.8 16,4
N+A6....... 17.4 16.8

The spread in length of the group increased with
tine. It was estimated that after six years, with an
average length of 16.8 cm some individuals might be
as small as 14.2 cm or larger than 20 cm.

The rate of growth was also examined by studying
the size frequency of male crabs found on the fishing
grounds from 1955 through 1959 (Weber and Miya-
hara, 1959). The male crabs found on the fishing
grounds were generally larger than 5 cm and smaller
than 20 cm in carapace length. We were fortunate
in 1955 when a distinct mode appeared at about 8 cm
which we could follow in successive years. It was still
evident in 1960. In 1957 when this mode had reacled
about 11 e¢m, another group, less strong but still quite
identifiable, appeared near 8 cm. By 1959 the first
mode mentioned was near 14.5 cm. The average
progression of these modes through 1959 was ap-
proximately 15 mmn per year,

This compares quite closely with the modal growth
sliown in Table 5, The results of the study summarized
in Table 5 indicate, however, that the growth of an
age-group as a whole is somewhat less than that found
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by following unique modes in their progress through
the population. This difference arises because in any
given year all male crabs do not molt. Those which
fail to molt tend to skew the mode to the left and then
mean length becomes smaller than the modal length.

Summary

The purpose of this paper is to consider the design
and analysis of tagging experiments with the south-
castern Bering Sea king crab. Migration, growth and
mortality rates are of primary interest. These are
discussed in a preliminary manner. Although a com-
pleted manuscript on growth is in press, the work
on migration and mixing has not reached the same
stage and sericus analysis of mortality rate data has
yet to be undertaken. The time series of tag returns
has been too short to permit careful analysis. For this
reason the results given here are tentative trial
estimates, and hLave not been adjusted for the high
degree of size selectivity by the fishery, changes in
fishing intensity, differential availability because of
variation in molting frequency by size, and similar
factors. A study of these factors is being made.
The material that has been presented may be sum-
marized as follows:

1. The use of growth data from tagged crabs combined
with molting proportions appears to give reliable
results. The average growth in carapace length by
crabs of 11 e¢m is 15, 14, 11,8, 6 and 4 mm in
succeeding years, This does not conflict with the
results of size frequency studies,

2. Tagging shows that the southcastern Bering Sea
has but one stock of king crabs, which does not
raix with the crabs south of the Alaska Peninsula.

3. The tagging experiments promise to yield series
of data which are suitable for reasonably accurate
calculation of mortality rates. The estimates
suggest that the annual fishing rate has been
between 5 and 10 percent and that the annual
natural mortality on this basis is between 31 and
43 percent,
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11.

Marking Fingerling Salmon with Trace-Elements and Non-Radioactive Isotopes

By

P. S. TREFETHEN and A. J. NOVOTNY*

The Bureau of Commercial Fisheries at its Seattle
Laboratory** is conducting experiments to develop
a permanent mark that can be applied to fingerling
salmon quickly, easily and economically, and that
can be employed to mark the entire production of
a hatchery or specific spawning area. The evaluation
of hatchery or spawning area contribution to a fishery
has depended upon the recovery of fish marked
by clipping one or more fins. While fin-clipping
has produced some data for evaluation, the method
is time-consuming, expensive, requires the handling
of each fish, and usually results in only a portion of
the output being marked.

The use of trace elements or non-radioactive stable
isotopes would eliminate the disadvantages of fin-
clipping and would enable biologists to mark entire
productions for identification. ‘

The specifications of a perfect mark might be
defined as follows:

(1} Not injurious to the fish.

(2) Has no effect on usual behavior patterns.

(3) Has no harmful effect on metabolism.

(4) Can be applied without handling the fish.

(5) Easily and readily applied.

(6) Can be applied to large numbers quickly and

easily.

{7) Readily distinguishable to observers.

(8) Marked and unmarked population differences

indistinguishable by predators.

(9) Inexpensive to apply.

With the exception of not being externally visible
and easily distinguishable to observers, trace elements
and non-radioactive stable isotopes appear to be a
perfect mark.

Experiments by biologists have indicated that
certain mineral salts can be assimilated into the bone
matrix of most vertebrates during juvenile develop-
ment with no harmful effect. These salts crystallize
and remain with the organism in detectable amounts
throughout its life cycle with little ion exchange.
During their early life history in a freshwater en-
vironment, Pacific salmon assimilate certain elements
necessary for sustained health and vigor. The radio-
isotopes of these elements are being used in some
countries for permanently marking juvenile fish, and

* Bur. of Com, Fish., Seattle, Wash., U.S.A.

** Financed through the Columbia River Fisheries Program
Office. :

it appears reasonable to believe that contiguous non-
radioactive (or stable) isotopes and certain trace
elements could be used as a permanent mark for
salmon fingerlings.

The present study is still in the primary phases,
being only some five months old. Experiments are
in progress to determine practical elements and
isotopes that can be used in a marking program.

The first part has been the cation toxicity studies.
We have one good guide on this. Shaw and Grushkin
(1957) clearly demonstrated that the cation toxicity
to aquatic organisms is directly correlated to the
insolubility of the sulfide of the cation. We have
checked this with sockeye salmen, and thus far the
correlation holds true. Toxicity studies are still
being continued. This phase is important for the
study of cation metabolism in icnic solutions, since
it determines lethal and permissible concentrations.
If certain cations are toxic at low concentrations in
solution, we then place emphasis on a dietary intro-
duction study.

The actual determination of the retention of a
cation can best be done (in most cases) by using the
radioactive isotope of that cation in controlled closed
system laboratory studies. Accurate information as
to the most successful method of introduction can
best be obtained in this manner also.

Once a cation has been demonstrated to be a
bone-seeking retentive element, the next phase in-
volves a study of introducing the non-radicactive
isotopes. They will be introduced to test lots of fish
by addition to their diet or by ionic solution. In the
latter method, the fish are placed in a solution of the
trace element for 24 to 48 hours. Chinook salmon
(Oncorhynchus tshawytscha), blueback salmon (0. nerka)
and rainbow trout (Salmo gairdneri) are being subjected
to the medium. The chinoock and blueback salmon
will be released at their normal migration period.
It will be necessary to hold fish (such as the rainbow
trout) after the last introduction, and sample period-
ically until vestigial detection has been reached.

The marked fish will be identified by different
procedures. Samples of the ossecus tissue will be taken
and reduced to an ash. The trace elements will be
identified by either colorimetric analysis or neutron
activation of the ash. The method chosen will depend
on its sensitivity for a particular trace element.

Utilizing colorimetric analysis as a technique, one
trace element mark would suffice for this, since a
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destructive analysis of the bone must be made.
Neutron-activation analysis can be done on a non-
destructive basis, and many trace elements can be
detected in one sample by regulating activation time
and reactor flux.

Fortunately, the most promising trace elements are
the lanthanide series, and they are detectable by
neutron-activation to quantities as lowas 5 x 103gm.

Durbin et al. (1956} have demonstrated that the
average biclogical halflife of the entire lanthanide
series in bone is 2.5 years.

In the case of the stable isotopes, only those whick
can be detected by neutron activation will be employed.
The availability of enriched stable isotopes which
can be preduced cheaply is currently a problem
which may not be resolved until the demands from
industry become greater.

In practice, the elements or isotopes used would
not be naturally available in either the freshwater
or marine environment, and would thus be a product
of the original introductory site when detected in a
fish. Samples can be taken at any time during the
life history and the analysis of osseous tissues will
reveal their true origin. There appear to be sufficient
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trace elements and stable isotopes to initiate marking
programs through a regulatory agency such as is
being done now in the fin-clipping program.

Summary

The assimilation of certain trace elements and
non-radioactive (or stable) isotopes into the osseous
tissues of fingerling salmon is the basis of research
now in progress. Elements have been selected which
are not naturally available in the fishes’ environment.
They are introduced to the fish in their diet and
through the water in their holding tanks.

Toxicity of the substances is being studied. Samples
of osseous tissue will be taken and reduced to an ash,
The trace elements and stable isotopes will be iden-
tified by colerimetric analysis or neutron activation.
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12.
Use of Tagging Data in Subarea 4 Cod Growth Investigations

By

A. CARL KOHLER*

Intreducton

Tagging experiments provide the only opportunity
at present of measuring the growth of individual
fish in the wild state over an accurately determined
period of time. This method of estimating growth can
be particularly valuable for aquatic animals which
do not lay down age rings in bony structures {e.g.,
Lindner, 1953). However, for Atlantic cod in Subarea
4 there exists a reliable method of growth de-
termination, using length and age data {Kohler,
1961}, Thus, it is possible to compare growth data
based on tagging with independently collected growth
information from age-length sampling. The validity
of estimating growth parameters for wild fish from
tag returns is dependent on the premise that the tag
does not affect the growth of the fish, or, if it does,
that this effect can be accurately estimated. As a
first step in this study, data from laboratory growth
experiments on tagged and untagged cod were
analysed.

Growth of Tagged and Untagged Cod in the Laboratory.

A controlled experiment to determine factors
affecting variation in cod growth was carried out by
Kohler (1959, 1961). In order to have a record of
growth of some of the individual fish, a number in
each tank were tagged at the beginning of the ex-
periment. The tag used was a Petersen disk threaded
on a double loop of 15 Ib test monofilament nylon
line. The doubled nylon line was inserted through
the dorsal musculature between the first and second
dorsal fins and knotted to form a loose loop with
the disk tag dangling from it. Records of growth of
tagged and untagged fish, living under identical

* Fisheries Research Board of Canada, Biological Station,
St. Andrews, N. B.

conditions for a year, were thus available. Fork
length in millimetres and weight in ounces were
recorded for each individual every 3 weeks during
the experimental period from 22 August 1957 to
4 September 1958, The data on initial numbers,
average size of cod and rate of feeding during the
experiment are shown in Table 1. Details of feeding
and other conditions in the tanks are given by Kohler
(1959, 1961).

The growth in length and weight of tagged and
untagged cod in the four tanks is shown by 3-week
periods in Fig. 1. Differences in growth of the two
groups are not consistent from tank to tank. The
picture is affected by mortalities resulting in removals
and replacements of fish (indicated in Fig. 1) which
presumably had different growth potentials. However,
some general conclusions may be drawn. In tanks
No. 4 and 7 the untagged fish had accumulated more
in length and weight than the tagged ones at the
end of the respective holding periods. In these two
tanks the rate of accumulation of length increments
increased more steadily than that for weights. The
data for tank No. 5, collected for only 21 weeks due
to removal of untagged fish, did not show such a
clear trend. Although in the initial period the un-
tagged fish accumulated more in length and weight,
these differences did not follow through. Subsequent
accumulation of length increment remained the
same for both groups, while at the end of the period
total weight increments were almost equal. Fish in
tank No. 6 gave results that were the reverse of those
for tanks No. 4 and 7. Tagged fish showed consider-
ably greater growth in length and weight than the
untagged ones.

With such divemsity of growth among the tanks,
it seems evident that the differences cannot be
attributed to the effects of tagging. The tagged fish

Table 1
Initial sizes, numbers and rates of feeding of tagged and untagged cod in tanks

Tank Relative Initial numbers and average sizes Feeding rate
no. size of Tagged Untagged (weight of
fish No. Length Weight No. Length Weight herring
fish (mm) (0=} fish {mm) foz) consumed)
6 . Small 4 361 19.3 13 348 14,7 Maximum (x}
5. Large 5 430 28.2 2 415 23.0 Maximum (y)
4, Small 7 360 15.8 9 355 16.1 Intermed. (0.72 x)
7., Large 3 414 27.2 4 407 25.6 Intermed. (0.82 y)
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in all tanks grew well, and overall results for the
experiment did not show consistent differences be-
tween the two groups. In small groups of cod, such
as are compared here, the intrinsic growth potential
no doubt differs greatly among the individuals
concerned, and this is probably the main factor
accounting for the differences in growth between
groups,

Growth of Gulf of St, Lawrence Cod from Tagging Data

Data on growth variations as indicated by age-
length sampling are available for Gulf of St. Lawrence
cod (Kohler, 1961}, and were compared with tagging

95( 1955 Tagging

| Year Growth

55 65 75 85
95 1955 Tagging
2 Year Growth
E -
(2]
o~
\.;’. 75
./.io
r
55 1 1

95

/f {cm)

growth data for the same species and area. Information
from taggings carried out in 1955 and 1956 was
examined. The 1935 tags were put on in the months
of June to September, while the 1956 tags were
applied during the months of June to August, Details
of methods of tagging, types of tags and areas of
recapture have been reported by McCracken (1959).
Growth of individuals was estimated by comparing
lengths in centimeires at tagging and recapture. Only
measurements made by Fisheries Research Board
personnel were used in this study, in order that no
error would be introduced due to inconsistent mea-
suring techniques. Because of seasonal variation in

1956 Tagging
I Yeor Growth ;"
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Figure 2. Growth of Gulf of 5t. Lawrence cod for one- and two-year periods. Dots and solid lines indicate tagging data; crosses
and dashed lines indicate age-length data for corresponding ages and time intervals, ages 6—9 for 1 year growth and 6—10 for
2 year growth. The 45° diagonal from the origin, where Iy = 1; 1 or lg{3, is also shown,
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growth of cod, data for fish at liberty for 11 to 13
months and 23 to 25 months only were selected.
These were taken to represent growth of cod at
large for one- and two-year periods after tagging.

This information was then plotted in the form of
four “Walford” (1946) graphs for recaptures of cod
one and two years after the 1955 and 1956 taggings
(Fig. 2). In the same graphs growth represented by
mean lengths of year-classes from age-length data
was plotted. These data were for ages (mostly 6—10
years), lengths and time intervals corresponding to
those for the respective sets of tagging data. Since
they are averages they occupy only the middle
portion of the range of lengths covered by the in-
dividual specimens in the tagging data. They were
taken from commercial age-iength sampling data
previously analysed in Table 2 of Kohler, 1961
(p- 23). In order to facilitate comparison of growth
data from the two sources, straight-line “Walford”
transformations were fitted o the data by the least
squares method. Values for constants in equations
(1) and (2) shown below for growth over one- and
two-year periods are recorded in Table 2. The
resulting lines were plotted in the appropriate graphs
in Fig. 2.

Where L = length (in cm) at age “t”
and li41 = length (in cm) at age “t -+ 17
and lt;2 = length (in cm) at age *““t + 2"
Lkii =ale+b (N
kiz = a'ly + b’ (2}
Table 2

Values for constants of Walford transfoermations and
Bertalanffy growth curves for Division 4 T cod, from
tagging and age-length data

Growth interval Type of data a b K Lo
1955—36 ......, Tagging 1.01 5.8 —0.01 — 582
(1year) ........ Age-length 104 35 —0.04 — 88
1956—57 ....... Tagging 0.96 6.6 0.04 164
(1 year) ........ Age-length  1.03 29 —0.03 - 98
a’ b’ K Ly
1955—57 ....... Tagging 0.84 20,7 017 129
(Zyear) ........ Age-length 0,76 26.6 0.28 i11
1956—38 ....... Tagging 0.87 149 014 114
(Zyear) ........ Age-length  0.77  21.7 0.26 94

Examination of the data points and fitted lines in
the four graphs indicated good agreement hetween
tagging and age-length data, especially where the
data points were concentrated. Such a comparison
has previously been used for validating growth from
haddock age determinations (Kohler, 1958), and
has been mentioned by Ricker (1958, p. 199) as
being useful in determining the confidence to be
placed in either method for determining growth.,

Growth variations already demonstrated from
age-length data and by measurements of growth
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rings in otoliths (Kohler, 1961) also appear in the
tagging data. In order to demonstrate this point the
same fitted lines shown in Fig. 2 were re-plotted in
Fig. 3 in two graphs showing one- and two-year
growth of cod, respectively. In the top graph, re-
presenting increments for one year, the 1955—56
period is seen to be above the 1956—57 period. The
bottom graph shows two years of growth, and
it is obvious that the 1955—57 average increments
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Figure 3. Comparison of tagging and age-length lines for various
sampling years and time intervals. Lines are those fitted to data
shown in Figure 2. Tagging lines are solid and age-length lines
are dashed. The 45° diagonals from the origin are included.
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were much higher, as shown by both tagging and
age-length data, than those for 1956—358.

In this connection K’s and L c’s of the Bertalanffy
growth equation were calculated (Table 2) as sug-
gested by Beverton and Holt {1959) in order to
examine variations in their values corresponding to
those found in the Walford plots (Figs. 2 and 3).
One complicating factor here is that the data are for
growth of fish in the middle of the size and age
range of the population. Hence calculations for three
of the four one-year growth periods give minus
values for K and L o, indicating that the inflection
point in growth has not been passed. However, in
these cases, the value “a” from the Walford trans-
formation and from which K is calculated is so close
to 1.0 that relatively small variations in the data
would serve to change K from a plus to a minus value.

The values of K and L o for two years of growth
are all positive and allow for comparison among
themselves. It has already been demonstrated (Fig. 3)
that tagging and age-length data agree in showing
greater length increments in the 1955—57 period
than in the 195658 period. However, upon referring
to Table 2 this difference is not evident in data for
K and L ¢ values. In fact K values for tagging for
the two periods are numerically closer than K values
for tagging and age-length data for either single
period, and the same applies for L oo values. Thus
in these cases where both values for rate of approach
{K) to L oo and asymptotic length (L o} change,
it is difficult to compare year-to-year changes in
growth by comparing the two parameters, No doubt
the availability of more information in the size range
closer to L oo would clear up some of the anomalies,
as such data would give better estimates of K and L co
for the later years of life of the fish.

Discussion

The study indicates that tagging growth data are
useful for growth estimations. Because of the effort
and expense in planning and following up a tagging
experiment this is not an economically feasible way
of following growth of cod from year to year. However,
when these experiments are being performed for
other reasons, the fringe benefit provided by accu-
mulation of growth data is considerable. In these
cases the information is useful as a general indicator
of growth rate at the particular time. More important
than this is the use of these data for corroborating and
supplementing the information accumulated from
sampling cod for lengths and ages.

Summary
Comparable data on growth of tagged and un-
tagged cod, available as a by-product of a controlled
growth and feeding experiment in the laboratory,
were analysed. Differences in a year’s growth between

groups of tagged and untagged fish were inconsistent
and could not be shown to be due to tagging,

An analysis of growth data from cod taggings in
the Gulf of St. Lawrence in 1955 and 1956 was
carried out to determine the usefulness of such data
in cod growth studies. Four sets of data, two for fish
recaptured after one year and two for fish recaptured
after two years, were examined. “Walford” trans-
formations fitted to the tagging growth data and to
corresponding commercial age-length data showed
good agreement. Indications of year-to-year fluc-
tuations in growth of Gulf cod noted in previous
growth studies were confirmed by the analysis of
growth of tagged fish.

Use of sporadic returns of tagging growth data was
considered to be impractical for routine following
of yearly growth variations in Subarea 4 cod pop-
ulations, However, growth data from tagging were
demonstrated to be useful when available for cor-
roborating and supplementing cod growth infor-
mation obtained from sampling lengths and otoliths.
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13.
Estimation of Mortality Rates of Gulf of St. Lawrence Cod from Results of a
Tagging Experiment

By

L. M. DICKIE*

It is notoriously difficult to obtain reliable estimates
of fishing and natural mortality rates solely on the
basis of catch and effort statistics. Similarly, while
returns from tag releases reflect the effects of these
mortality rates, tagged fish are liable to losses of other
sorts as well. In certain circumstances, Lowever,
combinations of fisheries statistics and tag returns may
be used to improve the quality of mortality estimates
obtained from either source alone. This paper describes
a set of returns of cod captured and tagged by various
means and released in two consecutive years. Com-
parison between rates of return of various releases
over a period of several years yields an cstimate of
the relative proportions of initial losses and non-
reporting, termed by Ricker (1958) the Type A
crrors. Further comparisons of the tag returns with
cach other and with the fishing effort also permit
estimation of the sustained tagging mortality and
tag loss rates, termed Type B errors, as well as im-
proved estimates of the fishing and natural mortality
rates.

The Tag Experiments

Tagged cod were released in the northern Gulf of
5t. Lawrence during the summers of 1955 and 1956.
Two types of tags, Petersen yellow disks and Lea
hydrostatic tags, were used, both attached through
the dorsal musculature with stainless steel wire. In
1955 the cod for tagging were all captured by hand-
lines. In 1956 both handlines and otter trawls were
used. The total numbers of cod caught, tagged and
released by the various methods are described in
Table 1.

Table 1
Numbers of fish tagged by each method in the 1955 and
1956 experiments

Year Tag used Originally captured by | Total
handline otter trawl |tagged
(HL}  (OT)
1955 ( Petersen vellow disk (YD)| 2,638 — { 3,846
Lea hydrostatic {LH){ 1,208 — |
1956 | Petersen yellow disk (YD) 483 917 1,992
| Lea hydrostatic (LH) — 592

* Fisheries Research Board of (anada, Biological Station,
St. Andrews, N. B.

Further details of the catching, handling and
tagging procedures and the types of tags used are
given by McCracken (this Symposium, no. 16).
Tags have been returned in each year since release.
Canadian returns are from recaptures in the summer,
autumn and carly winter by both hook-and-line
fishing and by small otter trawlers fishing in the
northern part of ICNAF Division 4 T. French,
Italian, Portuguese and Spanish returns are from
recaptures in the spring by large otter trawlers
fishing in southern 4 T and 4 Vn (McCracken, 1959).
Research-boat surveys confirm that this distribution
of the fleets represents effort devoted to fishing on
a migratory stock when it is concentrated at the
northern and southern ends of its migration route,
rather than on the fringes of a population distributed
over a wide area (Y.M.L. Jean, personal communi-
cation). In the following account, therefore, it has
been assumed that, despite differences in season and
area, the tags returned by various fishery com-
ponents represent recaptures from fishing on a single
stock of fish.

McCracken (contr. no. 16) notes that there are
differences in the percentage returns among countries,
sizes tagged, tag types, original methods of capture,
gear used for recapture, and hetween years of release
and recapture. In the following account adjustments
are first made for apparent differences in the relative
efficiency of returns among countries. There is no
significant difference in apparent total mortality rate
among sizes, so the returns are combined over all
sizes. The remaining differences are utilized to
establish the relative magnitudes of Type A and B
errors and to calculate the fishing mortality rates,
except that no attempt is made to partition these
mortality rates between types of fishing gear because
this aspect of the return information is incomplete.
Fishing 1nortality rates are calculated by quarters of
the year* using a method suggested by Paloheimo
(1958).

* Throughout this report quarters of the year are calculated
starting with February 1 rather than January 1. Thus February +
March + April = quarter I; May + June 4 July = quarter I1;
August + September + October — quarter 11I: November +
December + January of following calendar year = quarter IV
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Table 2
Landings and tags returned from the 1955 and 1956 Gulf of St. Lawrence cod tagging experiments by countries,
and the ratios of tags returned per ‘000 metric tons landed, together with a comparison of these ratios for
European fishermen with the ratio for Canadian fishermen

Returns in: 1936 1957 1958
! No. No. No.
Country Cod  Released in returns/ Cod  Released in returns/ Cod  Released in  returns! |Average
| landings® 1955 1950 landings | landings® 1955 1936 landings landings* 1955 1956 landings
| i |
canada ......... I n2.4 392 not 6.28 67.3 276 209 7.21 ; 57.2 168 104 4.76
included ‘
France .......... | 280 32 1.14 8.4 2 + 071 12.0 5 6 092 |
Portugal ......... 3.8 29 —_ 5.00 2.5 13 10 8.21 2.9 8 7 5.17
Spain ........... 8.1 13 — 1.85 | 10.4 10 18 2.69 14.4 8 4 0.83
Ratios ; :
Canada/France ... 5.51 10,2 5.17 6.94
Canada/Portugal . 1.26 0,88 0.92 ‘ 1.02
Canada/Spain . ... 3.39 2,68 \ 573 | 3.93

* Landings are given in thousands of metric tons, round [resh weight. For Canada they are total landings for Division 4T for the
year; for European countries they are annual landings for 4T plus landings [rom 4V for the months of February, March and April.

Corrections for Differences in the Relative Rate of Returns
among Countries

In Table 2 are set out the annual tag returns for
1956, 1957 and 1958 by Canada, France, Portugal
and Spain, from each year’s tagging, together with
the total catch of cod made by each country in the
same year and area. We make the reasonable as-
sumption that during the migrations following tagging,
tagged cod mixed with the untagged population. If
this is true then in any year the proportion of tags
recaptured to total cod caught should be the same
for all countries, and if the same proportion of re-
captured tags is recovered from the catch and returned,
the ratio of returns to total cod caught should also
be the same. The latter ratios are therefore calculated
and the resulis for each of the European countries
compared with the ratios for Canada as a standard.

Experience with the returns of tag releases from
many experiments does not always inspire confidence
in our ability to get a complete record of the recap-
tures. However, widespread publicity, relatively high
rewards and frequent contacts between official col-
lectors and fishermen have given remarkably high
percentage returns from some Canadian tag ex-
periments (McCracken, contr. no. 16, for Lockeport
taggings), suggesting that the numbers of recaptures
which are not returned must be a small fraction of
the total. During the period of these experiments
Portugal has also made special efforts to increase
the return of tags. The relative success of the publicity
and collection by both these countries is therefore
confirmed by the fact that during the period 1956
through 1958, when the bulk of the returns were made,
the average ratio of tags returned to total cod captured
was the same for Clanada and Portugal. The table

shows, however, that the ratic for Canada and
Portugal is four times that for Spain and seven times
that for France. Few tags were returned by Italy, and
landings have not yet been reported in the same
detail as for other countries, so that data for Italy
were not included in the table. It is concluded that
a high proportion of the tag recaptures by France,
Italy and Spain are not returned.

On the basis of the above comparisons, the num-
bers of tags returned by Spain have been rnultiplied
by four and those returned by France and Italy
have been multiplied by seven., Their adjusted
returns have been added to actual numbers returned
by Portuguese and Canadian fishermen as a first
estimate of total recaptures. These adjusted returns
have been used throughout the remainder of the pa-
per.

a—  40-49 cm [XI10}
30k —a— 50-59"
—a . 60-69 "
--g-- 70-19°
-—-0--. &0-89"
a 50-99 "
.20 -
lag n'
ok
1 1 1 L A
1955 ‘56 ‘57 58 's9 ‘60

Figure 1. Logarithm of annual returns of Lthe 1955 Petersen yellow
disk tagged cod, in 10-cm length classes.
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Effects of Size at Tagging on Returns

The lengths of the tagged cod ranged from 30 to
130 cm. However, the proportion of different sizes
tagged and relcased was approximately the same as
their occurrence in the caiches. As a result, the bulk
of released fish were between 40 and 80 cm. The
logarithm of the adjusted returns of each 10-cm
length group was plotted against year of recovery,
The slopes of lines joining the logarithm of successive
annual returns give estimates of total mortality rate
by length groups (Ricker, 1958).

Figure 1 shows the slopes for the 1955 Petersen
disk tag returns and illustrates a feature common
to returns from each tagged group: slopes for the
different sizes in each tagged group are the same.
We conclude that there are no detectable trends in
the apparent total mortality rateswithsize. McCracken
noted some differences in percentage returns by
size-group and we might a priori expect to find that
different sizes of fish were not equally vulnerable
to capture. However, on the basis of the results of
this experiment, we can only conclude that numbers
of returns are too small, compared with the normal
variations in rates of return, to permit a meaningful
study of such differences by size. In the subsequent
analysis we have treated tagged cod of all sizes as
equally vulnerable to mortalities,

Methods of Analysis

Beverton and Holt {1957) and Ricker (1958)
review carlier methods available for analysis of tag
returns. They point out several sources of variations
in the rate of recapture and return of tags and how
these may be expected to affect estimates of the
mortality rates. Following their lead we may rewrite
the basic catch equation in the form

F —{(F + Xt
= I— 1
o PRN: g (I—e ) )
where ni = the numbers of tagged fish returned
during time t
N: = the number of tagged fish present at
the beginning of time t
F = instantaneous rate of fishing during
time t
== qf, where f = effective fishing effort
q = catchability coefficient
X = instantaneous rate of non-fishing mor-

tality during time t
= M 4+ M’ where M = instantaneous
rate of matural
mortality dur-
ing time t

1V, 13

M’ = instantaneous
rate of extra
“natural” mor-
tality of tagged
fish from deaths
or loss of tags
during time t

(Z = F + X = the apparent total mortality
rate of tagged fish)

e == base of natural logarithms

R = the fraction of the tagged fish which
survive or retain their tags up to the
beginning of time t = 0

P = the fraction of total recaptures during

time t which are returmed.

Ricker (1958) classes the product PR in this equation
as Type A error, and points out that it affects the
estimate of fishing mortality rate but not of the total
mortality rate. The term M’ is classed by Ricker as
Type B error, which, by adding to M, affects the
estimate of the total mortality. Various methods for
estimating the magnitude of these errors have been
suggested,

Considering Type A errors first, it is apparent that
if two groups of tags or types of tags are at large at
the same time we may write the catch equation for
the larger group of releases and returns in logarith-

mic form as follows:
log PR + log N:

logne =

— (F 4+ M)t

+ log (l—e

F+ M )

= log PR + log N: + log A.

Similarly for the smaller group of releases and
returns we may write

log n;, = log PR’ 4 log Ni + log A.

If the sustained total mortality rates from these
two groups are the same, then by subtraction we
obtain

log nt — log n; =
log PR — log PR’ + log Nt — log N; {2)

That is, the difference in the position of parallel
lines drawn through logarithins of returns of two
groups of tags reflects the difference in numbers
tagged initially, and the difference in the magnitudes
of the Type A errors. If the product PR is assumed
equal to unity we obtain from equation (2} a value
for —log PR’ which is a measure of the relative
Type A error for the second group of tags. If tag
experiments are appropriately designed, various
combinations of tag types and procedures may be
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made to yield information on the magnitudes of the
Type A errors,

Estimation of the magnitudes of Type B errors
may also be made by comparing returns from
various tagged groups with each other and with the
amount of fishing effort, using a method of analysis
suggested by Paloheimo (1958). Disregarding Type
A errors for purposes of exposition, and putting t = 1,
we may note with Paloheimo that if the exponential
term e—FtX of equation (1) be expanded as a
power series, then by retaining terms to the second
order only we obtain the approximation
n — FN (I —F—JQLx)

from which F— - - {1l — Fi_;ix) (3)

N
. . F4 X
If the period t is chosen to be rather short, T

is small and F differs little from :% In such a case we
may rewrite equation {3) as

=) )

Fromm the data on hand it appears that these
conditions for the use of equation (4) may be met
if instead of setting t equal to periods of a year,
we deal with tag returns by quarters of the year.
In the analysis presented below we have therefore
calculated several sets of F:, using observed quar-
terly ni, but assuming different quarterly values
for X: and employing different values of iniual N
= PR N, where N, 15 the number of fish tagged
and values arc assigned to PR from the consideration
of relative Type A errors.

Calculations of this sort result in various sets of
F: for a given set of nt, depending on the magnitude
of both Type A and B errors which have been used,
A choice of appropriate Type A and B errors may
then be made by noting that Ft = qf. and calculating
the correlation coefficients between F: and fi,
assuming constancy of q.

Changes in the value of the correlation coefficient
are not a sensitive test of the different hypotheses
of errors, particularly when these are underestimates.
This follows from the fact that successive values of
Fi in any set are related rather than independent.
The effect of a change in the relative size of N; at
the beginning of the set thus tends to be accelerated
uniformly throughout the set. Underestimates of the
error terms result in estimates of initial N; which
are large relative to n:. They therefore have little
influence on the size of the F:, hence its correlation
with fi. However, if returns are available over a
sufficiently long period for the tagged population

to be significantly reduced, small changes in the
parameters give rise to large changes in the F;
calculated from the later returns. Errors in the
selection of values for the Type A and Type B errors
will then become rapidly magnified in the calculated
F: and lead to a rapid lowering of its correlation
with f.

Given an increasing arithmetic series of possible
values for the correction terms, it is evident that if
the other assumptions are reasonably well met the
correlation coefficients will change little for the
initial values of the series, up to and including the
“best” values. Beyond this, however, larger values
for the correction terms will lead to rapidly decreasing
correlations, The ““best” values will then be those
immediately preceding the set which results in a
marked fall in the correlation coefficient. In some
cases it may be advisable to use only parts of the
sets of Fr and i to detect the interval of correction
terms first leading to a marked decrease in the
correlation. In the following analyses, however,
most of each set of Fy has been used.
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Figure 2. Logarithm of annual recoveries from tag releases in
1955 (A}, and 1956 (B), with 93%, confidence limits from Poisson
frequency distribution. Lines have been fitted by evye.



— 75 —

Results
Apparent total mortality rates

The logarithms of the annual (adjusted) recoveries
from the two groups of tags released in 1955 —
Petersen yellow disks on cod caught by handlines
(YD:HL), and Lea hydrostatic tags on cod caught
by handline (LH:HL) — are plotted in Fig. 2A.
Logarithms of annual recoveries of the threegroups re-
leased in 1956 — YD :HL,¥D:0OTand LH:OT—are
plotted in Fig. 2B. The numbers of tagged fish in
commercial catches may reasonably be considered
to follow the Poisson distribution. We have therefore
calculated approximate 95%, Poisson limits for the
annual recoveries as suggested by Ricker (1937);
these limits are also shown in Fig. 2. Straight lines
have then been fitted by eye to the logarithms of
successive annual returns of each tag group. Dis-
regarding returns during the year of release, the
line fitted to the 1955 YD:HL HKes within the confi-
dence limits for the first four years’ returns, and a
parallel line fitted to the LH:HL falls within the
confidence limits for the first three years’ returns.
It appears that for this period there is no reason to
reject the hypothesis that average annual total
mortality rates for the two groups were constant and
the same, although there appears to have been a
subsequent decrease. The period of constancy fulfills
the conditions required by equation (2) for estimating
the relative magnitude of the Type A errors. A
similar conclusion may be drawn for the slopes of
lines through the logarithms of recoveries of the
three 1956 tag groups, although in this case an
hypothesis of uniform total mortality could be used
to describe returns in all years following the season
of tagging.

In both years’ taggings the points describing 1958
returns are above the average total mortality lines,
while those for 1959 and 1960 are all Lhelow them.
This suggests that annual mortalities are not actually
uniform, although the differences are so small that
the annual returns could not be used to establish
the source of the mortality difference. The similarity
in pattern for the two years’ experiments suggests
that it may reflect changes in the rate of fishing from
year to year. More striking, however, is the major
difference in the apparent total mortality rate
(slopes) in the releases in the two years, suggesting
Type B errors. The possibility of these types of
variation is examined in more detail below, making
use of the fact that there have been greater differen-
ces in the seasonal than in the annual fishing effort.

Type A errors

Since total mortalities within releases of the same
year are the same, the relative magnitude of Type

i
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A errors may be examined by comparing differences
in positions of lines between the groups, using
equation (2). Table 3 summarizes for the 1955
release the data on actual numbers released and the
calculated numbers returned, based on the position
of the total mortality lines in 1958 (Fig., 2A)

Table 3
Summary of data for 1955 releases

Group tagged N, log N, Calc. nt, log nt, —log P'R” P'R’
1955: YD:HL 2,638 3.42 160 2.22

LH:HL 1,208 3.08 48 1.68
Difference 0.34 .54 0.20 0,63

According to equation (2), if PR = 1 then

—log PR’ = log nyy; — log ng, — (log N,
— log N}
= (.54 —0.34
= 0.20
from which PPR’ = 0.63.

That is, correcting the 1955 returns for the difference
in initial numbers tagged, the LH:HL tags were
returned only 63% as commonly as the YD:HL.
This difference may be compounded of differences
in relative initial survival rate and relative efficiency
of return.

The 1956 returns may be similarly compared.
However, in that year some of the tagged cod
released were YD:HL, while the remaining two
groups were caught by otter trawls, YD:OT and
LH:OT. The comparison between the YD and LH
returns cannot therefore be made until a correction
is introduced for the difference in method of original
capture, This may be accomplished by comparing
returns of 1956 YD :HL and YD:OT, as in Table 4.

Table 4
Summary of data for 1956 releases
Group N log N, Cal. nt, log nt, —log R R Ad- Ad-
tagged Jjusted justed
logn, ny,

1956

YD:OT 917 2.96 57.3 1.77 1.92  83.2

YD:HL 48B3 2,68 43.7 1.64 .64 43.7
Difference 0.28 0.13 0.15 0.71 126.9

Since the type of tags in this comparison is the
same, it is evident that all tags should be equally
visible. Therefore, in the product PR the efficiency
of returns of the recaptures (P) must be the same.
The whole difference in rates of returms must be
duesolely to differences in initial survival. Substituting
in equation (2), therefore, we have
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log R — log R* = log i — log n’ — (log Ni — log N{)

= 0.13—0.28
= —0.15.
Putting R* = 1 we then have
—log R = 0.15
R =0.71. .

That is, initial survival of otter-trawl-caught fish
was only 719, of that of handline-caught fish.

To compare YD with LH returns for 1956 in the
same manner as in 1953, it is therefore necessary to
increase the known returns of otter-trawl-caught
fish by (100—71)/71 = 419}. This is shown for the
YD:OT tags in Table 4. Correcting the LH:OT
tags similarly, we may compare the 1956 returns of
YD and LH tags (Table 5).

Table 5
Further comparison of data for 1956 releases

Group tagged N, log N, Cal. »t; Ad- log —log P'R’ PR’

justed  Ad-
n, justed
Ny
1956
YD:HL+OT 1,400 3.15 109.6 126.9 2.1¢
LH: 0T 592 2.77 324 457 1.66
Difference 0.38 - .44 .06 0.85

From equation (2), putting PR = 1, we again have
—log PR’ = 0.44 — 0.38 = 0.06
PR’ ~ 0.85

That is, the Lea hydrostatic (LH) tags of the 1956
release were returned only 85% as commonly as
the Petersen vellow disks (YD).

In none of the above comparisons is it possible to
calculate actual values for Type A error terms.
However, from the relative values derived from
comparing various groups of releases we may make
an approach to separating the product PR into its
components, thereby arriving at estimates of the
order of magnitude of errors from different sources,
as well as their minimum actual values. Thus, in
the 1956 comparison it was found that the method
of capture was of major significance, otter-trawl
capture reducing returns to only 709, of those from
handline capture. In the second 1956 comparison,
changing tag type gave relative returns of LH tags
which were only 85%, of the YD, apparently due
to lowered efficiency of returning the recaptures.
The 1955 and 1956 tags were of the same type and
indistinguishable to fishermen. The component of
P'R’ due to non-return of recaptures must therefore
have heen the same for both releases. Setting
R’ =1 for the 1956 releases, we have a maximum
estimate of relative P’ for LH tags of 0.85 which

should apply equally to 1955 and 1956 releases.
Applying this to the relative P'R’ for 1955 releases
we have (— log P'R’) y055 — (— log P) 1056 =
(—log R’) j05s = 0.13 whence R’ 1955 = 0.74.
That is, initial survival of LH tags in 1955 was at
most only 759, of the initial survival rate of the YD
tags treated in the same way. We have no information
to suggest why there should have been such a dif-
ference but it is significant that the order of attach-
ment of the two types of tags was not randomized
in the release, a higher proporticn of the LH tags
being applied at the beginning of the release (June),
and YD) alone being used during September at the
end of the tagging. It is possibly significant for future
experiments that this difference is associated with an
effect on returns comparable to that from changing
the method of capture in the 1956 experiments.

The positions of the total mortality lines on which
the above comparisons are based were not accurately
determined. The actual values used in the above
comparisons are thus subject to errors, of which we
have no good measure. However, the results do give
scveral estimates of the order of magnitude of
components of the Type A errors. They may therefore
be used to provide trial values of the product PR
or PR’ in the subsequent analyses.

Type B errors

The slopes of the logarithms for annual recoveries
for the 1955 and 1956 releases, shown in Fig. 2,
are different. They suggest total mortalities of

Z1955 = 0.65

Zygs6 = 0.90.
Since the tag releases were apparently mixed in the
same population, it is reasonable to suppose that
the true natural mortality rate was very nearly the
same. A major share of the difference in apparent
total mortality may therefore be due to Type B
errors. )

In assessing the possible importance of this error
we have used the inethod of Paloheimo (equation (4))
to calculate quarterly Fi: from the quarterly tag
recoveries, assuming first of all that there were no
Type A errors; that is, we have used the uncorrected
No in the calculations. Various values of annual X
have been assumed, distributed evenly among
quarters. The results of the calculations are given
in Table 6 for three values of annual X: 0.15; 0.30;
0.45; for 1955; and 0.30; 0.45; 0.60; for 1956, The
resulting series of F; have then been compared with
estimates of the quarterly fishing effort, fi, which
18 shown in the last column of Table 6.

Catch per unit effort data for the Gulf of St.
Lawrence cod fishery are available from unpublished
records of the Biological Station, St. Andrews, N. B.
For the small Canadian otter trawlers (26—50 GT)
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Table 6
Fishing mortality rate caleulated from tag returns for 1955 and 1956 releases, assuming different rates of non-fishing
mortality (X) but no initial tagging mortality, and complete reporting of recaptured fish; together with relative
fishing effort for the same period

1955 releases 1956 releases Galeu-
lated
fishing

N, n, P B N, n, . . effort
- Calculated number of No. of TN, Calculated number of No. of L= N,
by tagged fish at beginning returns tagged fish at heginning  |returns
+ | of each time t, (N, of each time ¢, {N,)
€ | when N, (YD:HL) = 2,638 Sx, when N, (YD:HL) = 483 o oyx
& | No (LH:HL) = 1,208 N N, (YD:QT} = 917 1N
2 N, (LH:0T) = 592 2
PR’ =1.00 100 1.00 PR’ =1.00 100 1.00
X =015 0.30 0.45 0.15 0.30 0.45 X =030 045 0.60 030 0.45 0.60
1955
Iv. 3600 3346 3220 | 47 [0.013 0.015 0.016 3.1
1956
I .. 3421 3059 2833 | 371 |(0.117 0,134 0,149 40.4
II . 2932 2483 2180 | 162 [0.058 0,070 0,082 26,2
I 2665 2148 1795 ( 183 [0.073 0.093 0,114 21,2
Iv. 2387 1815 1463 | 31 |0.013 0.018 0.023 1692 1620 1386 | 21 | 0,013 0.014 0.017 | 4.2
1957
I .. 2269 1654 1278 | 79 (0,036 0.051 0.068 1550 1429 1173 | 117 | 0.082 0.091 0.114 | 19.4
II . 2108 1458 1068 | 132 |0.066 0.099 0.140 1325 1167 901 | 89 | 0.072 0.084 0,113 | 22,7
I 1902 1225 829 | 119 [0.066 0,106 0.165 1144 958 693 | 100 | 0.095 0,117 0.169 | 24.3
AT 1716 1071 628 | 22 |0.013 0,022 0,038 965 762 504 | 15 | 0.016 0.021 0.033 | 11.0
1958
I.. 1631 972 541 | 95 [0.061 0.107 0.208 881 667 420 | 74 | 0.091 0.125 0,211 | 28.5
I . 1478 810 397 | 91 0065 0.124 0.276 746 526 293 | 56 | 0.081 0.120 0.230 | 29.2
I 1335 664 269 | 61 |0.048 0.100 0.274 638 417 200 | 36 | 0.060 0.096 0.216 | 21.2
Iv. 1226 557 183 3 |0.002 0,006 0.018 557 339 139 | 3 | 0.006 0.009 0.024 | 3.6
1959
I.. 1178 514 161 | 27 |0.024 0.056 0.195 514 300 95| 22 | 0.045 0.08L 0,286 | 65.0
I . 1108 451 118 | 33 [0.031 0.079 0.348 455 247 61 | 12 | 0.028 0.053 0,238 | 229
III 1035 387 74 | 22 |0.022 0.061 0.374 411 209 41 | 8 | 0.020 0.041 0.236 | 19.4
Iv. 975 338 46 3 lo0.003 0,009 0.072 374 179 28 | 9 | 0,025 0.055 0.421 | 3.0
fishing in northern 4 T they give catch per unit
effort in terms of total cod catch per trip. Catch per
trip is used in this paper rather than catch per hour sl
{which is also available) since it is available for a .
rather larger sample of the fishing fleet, and during .
the period considered it appears that there has heen . .
no significant change in the length of time fished per 1ot e
trip nor in the seasonal distribution of the fishing effort, -, .
The European fleet fishes the same stock offish, but at ¥0.30 .
a different time and place, and no comparative osl . .
fishing studies have yet been made. Therefore, it
has been further assumed that European catch per .
unit effort in the first quarter was the same as average e
c/f for the Canadian small otter trawlers during the T ——— i S S—
[A+] 20 30 40 50 60

preceding three quarters. Total effort by quarters
has been calculated by dividing these indices of
quarterly c/f into total quarterly cod landings reported
in the ICNAF Statistical Bulletins for the same
areas and periods,

Figure 3 shows the plot of quarterly F: for total
1955 tag returns against f,assuming annual X = 0.30.

f, ('000 of small otter-trawl unirs)

Figure 3. Relation between quarterly fishing mortality rate, Fy,
caleulated from returns of tags released in 1955, assuming the
sustained non-fishing mortality (X) = 0.30, but no Type A
errors, and effort, f;, calculated from records of catch per unit
effort and total quarterly landings by small Capadian otter

trawlers.
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One point falls down and to the right of the general
array. This point represents the tag returns and the
effort calculated for the European fleet during the
first quarter of 1959, and occurs in approximately
this position for plots of returns from both the 1955
and 1956 tag releases.

During the first quarter of 1959 ice conditions in
the Gulf of St, Lawrence prevented the fleet from
fishing on the stock in 4 Vn and southern 4 T
until later in that year than was usual for them.
It appears quite possible, therefore, that although
their total catch was high, the change in condi-
tions resulted in much of their fishing efiort
being devoted to a different stock than formerly. In
our cowmnparisons of ¥; and fi for various values of
X, it was found that changes in the position of this
point alone contributed a major share to variations
in the magnitude of the correlation coefficients, It
was therefore decided that the effects of changing
the X were more faithfully reflected by the correlation
coefficients if this possibly aberrant point were
rejected than if it were left in.

Omitting the point for 1959, first quarter, the
correlation coefficients (r) for F: on ft have been
calculated for different values of X, using the total
n¢ from all groups of tags released each year, starting
with the beginning of the fourth quarter of the year
of release through 1959. The results are as follows:

1955 release 1956 release

1';!0:5-2 0.91 Tx—0,30 == 080
r'x—0.30 = 0.94 Ty—=0.45 — 0.83
Txeo4s = 0.17 Tx—o0.60 = 0.22

It is apparent that the best fit for the 1955 data
is obtained with an X = (.30, while that for 1956
is with X = 0.45, apparently reflecting the presence
of the Type B errors. These results confirm the
conclusion that Type B errors were significantly
higher in 1956 than m 1955.

Such high levels of the non-fishing mortality
components in both years suggest that there may
still be a large component of Type B error in the
1955 releases. It should be noted, however, that
since Type A errors have not been accounted for
in this initial comparison, the initial Ni used was too
large throughout. Therefore the correlation between
Ft and f: would not have decreased markedly untii
the trial value for Type B errors became large enough
to compensate partially for the Type A errors as
well. That is, X values which yield the best correlation
coefficients must contain overestimates of the true
value of Type B errors, although the relative values
between releases of 1955 and 1956 should not be
seriously affected.

Calculation of mortality rates

Values for the actual fishing mortality rates may
be derived following the above described techniques,
but using various hypotheses of Type A and Type B
error in combination. A second set of calculated F:
values has been so calculated and is shown in Table 7.
In this case we have accepted the “*best” X values
derived in the preceding section, and combined
them with various values for PR or P'R’. The results
are described by the following table:

1955 releases 1956 releases

X =030 X = 0.45
rpr ~1.00 = 0.94 rpr—1.00 = 0.83
Iprge =090 = 0.93 rpr—o.50 = 0.83

rpr—g.70 = 0.81
Ipr=o.60 = 0.68

TpR' =0.60 = 0.89
rpr — o.8s = 0.65
PR’ =0.51

A test for the homogeneity of each of these series
(Rider 1939) indicates that the final value in each
case is significantly different from the other three,
In the case of the 1955 tag release we may therefore
reject the hypothesis that there was an initial loss
of all tags of 159, in addition to the 40%, loss assumed
for the Lea tags alone. In the 1956 release it appears
that a reduction of 30% in the effective initial
survival of only otter-trawl-caught cod (which com-
prised 75%, of the total) gives an upper limit to the
magnitude of the Type A error.

The above comparisons have resulted in two
mdependent sets of estimates of the fishing mortality
rates on the Gulf of St. Lawrence cod stock during
the period of the tagging experiments. It remains
to compare these sets. For the comparison we again
make use of correlation coefficients. If the two tag
releases were to give identical estimates of fishing
mortality, the F¢ for the 1955 releases, plotted
against F: for the 1956 releases during the same
period, should fall along the 45° diagonal (i.e., a
slope of 1,00), with a correlation coefficient of 1.00.

As a base line for assessing the effects of Type A
and Type B errors on the mortality estimates we
have first calculated this regression line for the 1955
and 1956 sets of Fi when only Type B errors are
considered, i.e., when Xijgs5 = 0.30 and Xjg5 =
0.45, and no corrections are made for P or R (Hypo-
thesis 1). These results may be compared with plots
of the Fi's for the case where P'R’yg55 = 0.60 and
PRigssor — 0.80, 0.70 and 0.60. The results are
given in Table 8.

It is apparent that Hypothesis 2 which postulates
that Type A error reduced the effective total 1955
releases to the equivalent of total YD:HL plus
only 60%, of the LH:HL releases, and the total
1956 releases to the equivalent of all HL releases
plus 80%/, of the OT releases, in addition to the
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Table 7
Fishing mortality rate calculated from tag returns for 1955 and 1956 releases, assuming given values of non-
fishing mortality (X) and various rates of initial tagging mortality, and incomplete reporting of recaptured fish

1955 releases l 1956 releases
N n, | N, n,
Calculated number of - n NT-I-Xq Calculated number of ﬁ-ﬁ-xq
. |tagged fish at beginning 5’ F~2t LR tagged fish at beginn. g Foor ol ™
& jof each time t, when £ N, 2 of each time t, when é N, 2
= N, (YD:HL) = 2,638 > Ny (YD:HL) = 483 | =
& [N, (LH:HL) = 1,208 S N, (YD:OT} =917 | °
2 PR =015|98 PR =0.15 | N, (LH:OT) = 592 |.2
o L Z i 4
PR =090 0.60 PR’ =051 |# | PR’ =090 0.60 PR’ =0.51 | R =0.80 070 0.60 © | R — 0.80 0.70 0.60
X =030 0.30 0.30 X =0.30 0.30 0.30 | X =045 045 0.45 X=1045 045 0.45
1955 |
v .|...... 3243 2932 2492 | 47 0.015 0.017 0.020
1956
) G 2963 2675 2267 |371. 0.139 0,155 0.186
I o....... 2393 2125 1746 [162] 0.073 0.082 0.101
II |...... 2064 1816 1456 183 0.097 0.110 0.140
IV .|...... 1740 1509 1175 | 31 0.019 0.022 0.028 1374 1270 1128 | 21 0.016 0.018 0.020
1957
I ... 1584 1370 1060 | 79 0.053 0.062 0.081 1208 1115 989 117 0.108 G.118 0.134
I |...... 1394 1196 907 1132 0.103 0.122 0.164 968 886 773 | 8Y 0.102 0.112 0.130
I |...... 1166 982 714 |119 0.112 0.134 0.190 781 708  GO7 [100! 0.146 0.162 0,191
vV .|...... 967 797 548 | 22 0.024 0,029 0.043 603 538 448 | 15 0.027 0.030 0.036
1058
) S P B76 718 487 | 95 0.119 0.148 0.226 525 467 386 | 74 0.161 0.183 0.226
Ir |...... 721 574 361 | 91 0.14¢ 0.179 0.301 399 347 275 | 56 0.161 0.187 0.242
It .f...... 582 445 248 | 61 0.115 0.153 0.293 304 257 193 | 36 0.134 0.160 0,219
IV |...... 481 354 172 | 3 0.007 0.009 0.018 238 196 138 | 3 0,013 0.016 0,023
1959
I, 443 326 157 | 27 0.065 0.086 0.196 210 172 120 | 22 0.117 0.145 0.215
11 | ...... 385 277 120 | 33 0.093 0.132 0.333 167 133 87 | 12 0.079 0.100 0.158
Inr ...... 325 225 80 | 22 0.073 0,107 0.333 138 108 66 8 0.063 0.082 0.137
... 280 188 53| & 0.011 0,017 0.061 116 B3 51| 9 0.086 0.113 0.206
| !

Type B error, gives best agreement. Evidently
various other combinations of A and B error terms
could give a slightly better approximation to the

Table 8
The agreement between sets of F: based on 1955 and
1956 releases, under various hypotheses

Hypothesis | Magnitude of Type A| r Js]opc 1957-59 | 1957-59
no. €ITOr correction average | average
| | annual | annual
’ | X | Friessy | Fi9s6)
1 No Type A error 10.73 | 0.87 0.24 0.28
2 1955 initial LH tags !
reduced to 60% 0.81|0.92 0.37 0.37
¢.f. 1956 initial OT
tags reduced to B0Y,
3 1955 initial LH tags
reduced to 609, 0.81(0.80 0.37 0.44
c.f. 1956 initial OT
tags reduced te 709
4 1955 initial LH tags
reduced to 609, 0.72,0.54 0.37 G.59
c.f. 1956 initial OT
tags reduced to 60%, | |

ideal of a high r with a slope of 1.00. But examination
of the array of average annual F: values indicates
that further manipulation of the data with Type A
and B errors of this general order of magnitude
would not appreciably affect the estimate of fishing
mortality rate. Hypothesis 4 is included in the set to
indicate the effect on F: of including estimates of
Type A error corrections which were rejected in the
earlier comparisons.

On the basis of the foregoing information on the
tagging procedures and fishing, we conclude that
in this cod tagging cxperiment mortality estirnates
which do not take into account both Type A and B
errors may significantly underestimate the rate of
fishing on the cod stock. From the comparisons
shown in Table 8 it seems reasonable to conclude
that an average annual value of F = (.40 is near
the true value for this fishery during the period 1957
to 1959.

Given this result, it is tempting to continue the
calculations to provide estimates of the remaining
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parameters of the catch equation. Thus, from the
plots comparing quarterly F; with fi, and noting that
F: = gfi, we may estimate the catchability coefficient
q, when effort units are expressed in terms of trips
by small Canadian otter trawlers. For Hypothesis
2 of Table 8 we have s

Qpess) = 4.76 x 10_4

Qnessy = 4.65 x 10
These values of ¢ may be used to calculate the
approximate fishing mortality rate in other years
for which effort data can be similarly derived.

Finally, we may, given an estimate of total mor-
tality from some other source, derive values for M
and M’. One such estimate of Z = 0.50 for Gulf of
St. Lawrence cod stocks was calculated for the
period 1955 to 1958 in the report of the ICNAF
Mesh Assessment Working Party {Document 20, 1961
Annual Meeting). Subtracting our estimate of F we
have directly M = 0.10. From the foregoing estimates
of X we get M'(1955) = 0.20, M’(lgsg) = (.35.

To the extent that the logic of these manipulations
of the tag return data is formally correct, we are
justified in concluding that the introduction of
correction terms results in estimates of the mortality
rates which more faithfully reflect true values for
the fishery than was possible without such corrections,
However, it will be apparent that the correlation
cocfficients used to detect the trends of the major
departures from various hypotheses of tag errors
are not sensitive enough to provide a measure of the
reliability of the sampling errors in either the original
data or in the correction terms introduced; nor at
the moment have we attempted to use any other
measure of these errors. Pending further study of
this rather formidable statistical problem, we are
left with the conclusion that the estimates derived
by the use of the correction terms are more nearly
of the correct order of magnitude than are those
derived without their use. In licu of a more satisfactory
treatment, they may be taken as provisicnal “work-
ing” values for these important population para-
meters.

Summary

Returns over several years from cod tagged with
either Petersen yellow disk or Lea hydrostatic type
tags and released in tag experiments begun in 1955
and 1956 indicated that the average annual total
mortality rate was constant for releases within a
particular year, although it was different between
the two years’ releases. Comparisons among the
various groups of releases within and between year
of release suggest that Type A and Type B errors
(Ricker, 1958) had major effects on returns. Measures
of the relative order of magnitude of the Type A
errors are obtained from comparisons of the pro-
portion returned per unit time, corrected for dif-

ferences in initial numbers tagged, Type B errors
are estimated from differences in the rate of return
between years, relative to the fishing effort.

Although total annual mortality rates were re-
latively constant, there were significant seasonal
differences which appear to be highly correlated
with changes in estimated seasonal fishing effort.
Quarterly fishing mortality rates are calculated from
tag returns using different hypotheses of Type A and
Type B errors. The results for each year’s releases
are compared with the fishing effort and with each
other, Closest agreement is obtained between the
series derived from the two years” releases when
intermediate levels of Type A and Type B errors
are included; the resulting estimates of fishing mor-
tality are appreciably higher than when such errors are
neglected. Pending a more careful statistical treat-
ment, these higher fishing mortality rates and the
catchability coefficients and natural mortality rates
associated with them appear more likely to reflect
the true rates than do the uncorrected data.

Acknowledgements

I am indebted to a numher of people for their
assistance during preparation of this report. Dr,
W. R. Martin, scientist-in-charge of the groundfish
investigations at the Biological Station, St. Andrews,
suggested the study and reviewed the findings with
me at various stages in the analysis, The tagging
experiments were designed by Dr. F. . McCracken
and carried out under his guidance. He discussed
them with me and kindly made the results available
for this additional analysis. Mrs. I. Thompson carried
out most of the rather lengthy sets of calculations,
Mr. J. E. Paloheimo made a number of helpful
suggestions during analysis and preparation of the
manuscript. It is a pleasure to acknowledge my
indebtedness to these people and to thank them for
the parts they played.

References

BEVERTON, R. J. H. and 8. J. HOLT. 1957. On the dynamics
of exploited fish populations. Fisk. Inuest., Lond., Ser. 2, 19,
McCRACKEN, F. D. 1959, Cod tagging off northern New
Brunswick in 1955 and 1956. Pragr, Rep. Atl. Cst. Sta., No, 72:

8—19,

McCRACKEN, F. D. 1962. Comparison of tags and techniques
from recoveries of Subarea 4 cod tags. This Symposium, No. 16.

PALOHEIMO, ]J. E. 1958. Determination of natural and
fishing mortalities of cod and haddock from analysis of tag
records off western Nova Scotia. J. Fish Res. Bd Can., 15:
1371—81.

RICKER, W, E, 1937. The concept of confidence or fiducial
limits applied to the Poisson frequency distribution. J. Amer.
statist. Ass., 32: 349-56.

RICKER, W. E. 1958, Handbook of computaticns for biological
statistics of fish populations. Bull. Fish. Res. Bd Can., No. 119.

RIDER, P.R. 1939, An iniroduction to modern statistical methods,
New York, John Wiley and Sons, Inc., 220 pp.



— 8l —

v, 13, 14

14.
Sonic Fish Tracking

By

PARKER S. TREFETHEN*

The need for knowledge by fishery agencies of
fish movements has long been recognized and many
techniques, such asdisc tags, streamer tags, dyes, and
tattoos, have been devised to obtain this important
information. Valuable data have been accurnulated
by these methods for population studies, catch
evaluation, timing of migrations, and delays during
migration, but none of these tags are able to produce
minute-by-minute information on fish movements in
specific areas or on the behavior and orientation of
fish in response to specific stimuli in their natural
environment. Detailed information on behavior of
fish is necessary for understanding migrations and
predicting changes in migratory routes, for providing
adequate fish passage facilities for certain species of
fish, and in the management of a fishery,

In thc absence of a suitable tag for observing
detailed movement patterns of fish, the Bureau of
Commercial Fisheries undertook a programme to
develop special equipment that could be employed
to observe adult salmon as they migrated upstream.
Dr. Gerald Collins initiated this research and investi-
gated the possibility of utilizing mechanical noise-
makers or radio transmitters attached to a fish, but
these techniques were unsatisfactory and it became
apparent that underwater sound was the only fea-
sible method that could be employed.

The Seattle Development Laboratory of Minnea-
polis-Honeywell Regulator Company under contract
to the Bureau designed a sonic tag and produced
receiving equipment that would ‘“home” automati-
cally on the tag’s signal and track the fish to which the
tag was attached. The first usable tag was an aluminum
capsule 0.86 inches in diameter and 2.37 inches
long, and weighed from 0 to 2 grams in water. This
was a self-contained battery-operated unit that
produced a pulsed 132 ke signal detectable for eight
hours, and had a tracking range of 250 feet.

This tag was employed for three years to ohserve
fish behavior, but after its initial use it became ob-
vious that the life and tracking range of this tag was
too short and its operation too unreliable for prolonged
experiments. During this three-year period, however,
the advances in sonic and electronic engineering and
in subminiaturization of electronic parts made it
possible to design and produce a tag with more
desirable characteristics.

* Bureau of Com. Fish., Seattle, Wash., U.S.A.

The basic tag now in use was designed for us by
Automated Controls Company, Alderwood Manor,
Washington. It is capable of producing a tracking
signal for 24 to 60 hours in fresh water at a range of
500 to 1200 feet; in salt water the range is reduced to
about one-third. The dimensions have been de-
creased to 1.8 inches long and 0.6 inches in diameter,
while the weight has been increased by only 6 grams.
The frequency of the signal, 132 ke, and the pattern
of the signal from the tag are similar to those of the
tag previously employed.

Thenew tag is constructed in two units: {1) the trans-
ducer-oscillator unit which contains the resonating zir-
conium-titanate crystal, printed circuits and necessary
electronic components to stabilize the signal in varying
temperatures; and (2) the battery unit which contains
the power supply. By using different types of minia-
ture batteries and by varying the number of cells in
a battery unit the duration of signal can be controlled
without altering the dimensions. By increasing the
length of the battery unit and utilizing a longer
battery, the duration can be increased to over 5 days
and the range to over 1500 feet.

The components of each unit are assembled to fit
within buterate-plastic shells that, when joined,
form a completed tag. This tag is waterproof and
capable of withstanding water pressures at depths of
more than 100 feet. Attachment to a fish is made with
a hog-ring device that is cemented to the tag and
clamped into the fish behind its dorsal fin.

This tag has been successfully employed to track
fish in salt and fresh water, in shallow water and deep
forebays of dams and in rapidly flowing water that
is not extremely turbulent. We have found that adult
migrant salmon appear to prefer water less than
30 feet deep, that they tend to follow a shoreline
and that there is a difference in their behavior
between daylight and darkness. Fish have been
tracked up to 15 hours, but the duration was usually
limited by personnel endurance rather than by the
equipment,

We have demonstrated that individual fish can
be kept under constant observation in their natural
environment with specialized sonic equipment. To
accomplish this, it was necessary to employ a tag
that is larger than tags used in the usual tagging
programmes. Because of its size, and the method of
application, its effect on natural behavior patterns is
an important consideration in the analysis of the
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results, We have attempted o miniinize the effect of
handhing while attaching the tag, by keeping the
fish under water at all times. About one out of four
fish tagged in this manner reacted to the procedure by
swimming rapidly around a tagging hox for several
seconds; the others showed no visible reaction. The
fish was then held up to four hours to eliminate the
cffect of the tagging.

The sonic properties apparently do not affect the
behavior of adult migrant fish. Tagged and untagged
chinook salmon (Oncorhynchus ishawyischa) and steel-
head trout {Salmo gairdneri}, tagged with a sonic tag
and placed in fast flowing and in quiet water, exhibited
no visible differences in their behavior patterns.
Several investigators have concluded that fish, when
subjected to frequencies between 0.005 and 70 ke,
became quickly adjusted to the new sound after an
initial “start” and accepted it as part of the large
volume of noise normally encountered in their
environment.

Another factor that might have affected the
validity of the information being collected was the
weight of the tag and its drag as it was carried through
the water. In so far as possible we streamlined the
tag to reduce the drag, but it remained relatively
large and the weight was foreign to a fish. A series of
tests, designed to compare the movement of tagged
and untagged fish through different water conditions
in a fisheries behavior laboratory, were conducted to
examine the effect of the tag being employed and,
also, the effect of a smaller tag that weighed 12 to
15 grams. No effect was observed between tagged and
untagged fall-run chinock salmon and blueback
salmon of the Columbia River. An apparent effect
was observed on spring-run chinook salmon, but we
are not certain that the observed behavior is the result
of the sonic tag and handling, for in other types of
experiments the behavior of spring chinook salmon
appears very erratic. More experiments are necessary
before we can assume that the tag does not affect
behavior of spring chinooks.

Throughout our behavior experiments we have
utilized receiving equipment that has been only
slightly modified from the original design. This
automatic tracking system is servo-powered, utilizing
four receiving or detecting barium titanate trans-
ducers and four receiver channels for tracking a
tagged fish. Two of the transducers are used for
tracking in azimuth and two are for tracking in
elevation, A 132 kc sound source (sonic tag) in the
common axis of a pair of transducers produces a
signal in each transducer. As it is moved from the
common axis toward the axis of either transducer
the output from one rapidly increases toward a
maximum, while the output of the opposite trans-
ducer decreases. The two signals are used to balance

each other in a difference amplifier and the sharply
defined null provides sensitivity to vertical and hori-
zontal angular displacement from the common axis.
These detecting transducers are clustered around the
echo-ranging transducer and when the tagis in the null,
or common axis, the ranging system is aimed at the
tagged fish, The exact position of the fish is deter-
mined by echoes from sound impulses emitted by
the ranging unit. These echoes are transformed into
electrical energy and displayed on a calibrated
cathode-ray tube that shows distance and direction;
the depth of the fish can be calculated.

The four receivers, each of which is connected to
one of the four detecting transducers, use a t-r-f
circuit with a band pass of + 1| ke, For accurate and
dependable operation a delicate balance between
the receivers must be maintained and a signal level
of 5 microvolts is required at the receiver grids.

In view of electronic developments since the original
design of the tracking system, our equipment is
obsolete and improvements must be made to increase
the dependability and accuracy of our observations-
on fish behavior, In a new tracking system, a single
channel would replace the four-channel receiver to
climinate the delicate balance necessary between
channels for accurate tracking. A front-end switching
unit would separate azimuth and elevation signals
received from a sonic tag and activate an improved
servo-system to aim echo-ranging equipment at a
tagged fish. A high-gain circuit would be employed
but the bandpass would be decreased to about 500
cycles or less. This would effectively increase the
range of our present tag by eliminating some of the
signals or noise now received with the 1 ke band pass.
A reduction in noise will also increase the duration
that the tag signal can be detected.

New equipment will include a tunable receiver
capable of detecting signals over a wide range of
frequencies. This will allow us to select a tag fre-
quency most suitable to the water condition, and
minimize signal attenuation in turbulent water and
in a marine environment. This type of receiver will
eliminate the precise adjustment of tag signal that
is now necessary before use and enable us to continue
tracking a tagged fish regardless of any frequency
shift that might be caused by temperature or pressure
changes. The ability to utilize lower frequencies will
enable us to reduce the size of the sonic tag by nearly
one-half, while maintaining the present charac-
teristics. Also, it is conceivable that several tags of
different frequencies could be employed at the same
time, so that more than one fish could be tracked
in a specific area.

We have emphasized the development of auto-
matic tracking equipment in anticipation of long-
term fish behavior studies when fish might be tracked
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for days or weeks. It is possible, however, to develop
a simpler system that could be mechanically positioned
by aurally differentiating signal strength; thus, with
two or more systems fish could be tracked by trian-
gulation. However, this type of equipment wouid
probably be limited to specific areas from stationary
observation points.

The ability to utilize sonic equipment to observe in
detail the behavior of individual adult salmon has
been adequately demonstrated. Although we will
continue to use the present tracking system to accu-
mulate data on salmon behavior, efforts are being
directed toward the design and production of new
equipment to realize fully the potential of this research
tool. A new tracking system design will be based on
our experiences coupled with the latest advances
in sonic and electronic engineering. The increased
accuracy, reliability, and sensitivity will enable us
to consider the use of this tool in a marine environ-
ment for extensive observations on salmon and other
species of fish, some shellfish and marine mammals,

In our development programme we have accumu-
lated considerable experience in the use of sonic
equipment in small boats. We gladly offer our

v, 14

assistance in the installation and operation of equip-
ment, the interpretation of data or in tagging-
tracking operations. We are hopeful that other fishery
agencies will utilize this research tool and contribute
basic as well as practical information on behavior
patterns of aquatic animals.

Summary

An early sonic tag used for 3 years has been re-
placed by an improved device. A new plastic tag
now in use is 0.6 inch in diameter, 1.8 inches long,
and weighs 4—6 grams in water. A continuous 132 kc
signal can be traced at a distance of 500 to 1200 feet
for 24—60 hours. The range can be increased to
over 1500 feet for more than 5 days by increasing the
length of the tag.

The tag is constructed in two sections: (1) the
transducer oscillator unit and (2) the battery unit.
It withstands water pressure at depths of over 100 feet.
Fall-run chinook salmon (Oncorkynchus tshawytsha)
and bluecback salmon (0. nerka) are not affected by
the sonic or physical properties of the tag.
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15.
Some Investigations of Haddock Movements

By

RODNEY JONES*

Introduction

One way of investigating fish movement is by the
tagging and recapture method. In a recent paper
{Jones, 1939) there is a description of some haddock
tagging experiments and a method of analysis of the
results, It was found that to a large extent haddock
appear to move independently of one another, and
it is desirable to reconcile this with the other known
facts about haddock biology. In particular, it is
necessary to reconcile random movement with the
fact that there is a wide variation in the mean lengths
of haddock from adjacent areas and that these dif-
ferences tend to become greater rather than smaller
as the fish grow older. ~

Tagging and Movement

The simplest way of demonstrating a set of tagging
recapture records is by means of a diagram showing
the positions of liberation and recapture, and the
period at liberty of each fish returned. Such a diagram
can he very useful, but it shows nothing of the actual
movements of the fish as they travel from the release
to the recapture positions; only the end points of
each journey are fixed, and we require to deduce
something about the rest of the journey. To do this
it is first necessary to decide whether the fish are
moving independently of one another or not. If on
encountering each other the fish tend to remain
together then it is easy to see that in time a series of
random encounters will lead to the formation of
shoals. This is the case with herring, hut probably
less so with haddock. The comparatively uniform
distribution of haddock as shown by trawling records
suggests that it is not a shoaling fish but that it is
more likely that the individuals move more or less
independently of one another. Aggregation on good
feeding or spawning grounds could still occur by
chance and does not have to be explained by postu-
lating a true shoaling habit.

The simiplest case is when the individuals are
moving quite independently of each other, and the
net effect is then simply one of dispersion, To allow
for the fact that haddock do show some migratory
tendencies, the simplest assumption that can be
made is that the movement of a haddock at any
instant is the resultant of two components: (i} a

* Marine I:éxboratory, Aberdeen, Scotland.

directional tendency (V) and {(ii) an undirected or
random component (a?} which measures the way in
which the movement of an individual at any instant
departs from the overall direction. If (i) is large and
(ii) is small, the fish will tend to move in a particular
direction. On the other hand, if (i) is small and (ii)
is large, the individuals will disperse, possibly to a
sufficient extent to mask their mean direction of
travel, Estimates of these components of movement
can be obtained from tag returns by using the fol-
lowing two formulae:

Zrcos
V = -
Bt

1 [§ 2
2 _ . il
and a 5 [E .

where, for each fish returned:

(¥ rcos §)?
t

apparent ‘‘straight line” distance travelled,

number of days free,

8 = individual direction of travel measured from
the average direction of travel.

n = number of returns.

These equations can be interpreted as follows:—

In the first equation, the quantity r cos § measures
the displacement of a fish along the mean direction
of travel of the group as a whole. Thus for a single

o
fish the quantity r_cc;s is simply the mean daily

travel of the fish in that direction, The quantity “V”
is therefore a measure of the mean daily travel of
the group as a whole. The significance of the quantity
a? is more difficult to define. It measures the rate of
movement, excluding any directional component,
and is in units of miles?/day. This is because it is
dependent on both the swimming speed of the fish
and also on the average distance travelled between
each change of direction (Beverton and Holt, 1857).
A given rate of dispersion could be the result of a
number of fish swimming rapidly with frequent
changes of direction or more slowly with less frequent
changes. It is not possible from the distribution of
returns alone to discriminate between these alter-
natives, and instead one obtains a parameter (a?)
dependent both on swimming speed and on mean
distance travelled between each change of direction.
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One feature of interest arose from the application
of these formulae to North Sea haddock tag data.
When there is a marked variation in the values of
V for different fish the estimate of a2 obtained from
the formula can be grossly overestimated. This can
easily happen if there are just one or two fish which
happen to undertake extremely long migrations in
comparatively short periods of time. In extreme
instances such returns can be ignored, but often it is
not possible to do this objectively. Values of a2 obtained
from tagging results can therefore be quite variable,
and the haddock tagging data gave results that
ranged from 2 to 20 miles?/day, a variation that is
too great for some purposes. More reliable esti-
mates of a? are required, as they can be important
when making assessments of the effects of movements
across boundaries. It is useful therefore to see if
there are any other ways of estimating the para-
meter a?, and one way of doing this is described below.

Growth and Movement

It is known, from a study of the mean sizes of
North Sea haddock, that the size of 0 group fish
is nearly uniformn throughout the northern North
Sea, but that at later ages the distribution of sizes
is such that areas of high and low growth rate can
easily be distinguished (Thompson, 1929). For a
given age the smallest haddock are found in the deep
northern North Sea basin, and the largest off the
east coast of Scotland, and in the region of the Great
Fisher Bank and to the south-east of it. The size
differences between the slow and fast growing areas
are also found to increase with age,

If a section ABC is drawn from the fast growing
Scottish east coast area, to the slow growing northern
area (Fig. 1), it is found that the gradient in mean
size at age is not constant along this line, but has
a maximum at an intermediate point B. How is
the persistence of this gradient to be reconciled with
the degree of dispersion shown by tag returns? This
question can be partly answered by reasoning along
the following lines. If the fish at position B are mov-
ing quite independently of one another, they
disperse in all directions. At the same time, the
position B becomes occupied by fish that were pre-
viously sitvated around it. Fish coming in a direction
parallel to the size contours are the same size as
those that have just left. Those that approach at
right angles to the size contours consist of larger fish
coming from one direction and smaller fish coming from
the other. If as a first approximation one supposes that
the size gradient at the position is linear, and that
the numbers approaching from either direction are
equal, it follows that the mean length of the two
groups when they meet is the same as the mean length
of the group that has just dispersed. The fact that
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Figure 1. The mean lengths of three-year old haddock in different
parts of the North Sea.

some growth occurs during this interval does not
invalidate this argument and can be allowed for
by saying, as a first approximation, that the mean
size of the fish at B after a short interval is the same as
it would have been if there had been no mixing.
By reasoning in this manner it is possible to under-
stand how a size gradient can persist, even when
there is a considerable amount of mixing.

At the ends of this section, this argument does not
hold. At one end is the Scottish coastline. This means
that, when mixing occurs, there is an influx of smaller
fish from the seaward direction, but no compen-
sating influx of larger fish from the opposite direction.
The net effect of mixing there is to make the mean
length less than it would have been in the absence
of movement. In the deep northern North Sea basin
the effect of mixing is to introduce fish of a larger
size from all around, so as to increase the observed
mean length.

These considerations lead to the conclusion that
the effect of mixing along a size gradient is to reduce
the apparent magnitude of the gradient at the ends,
but not necessarily in the middle. This is, in fact,
in agreement with the observed gradients along the
section ABC.
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If it were possible to measure the ““true gradients”
at all points (i. e. the gradients that would be observed
in the complete absence of movement), it ought to
be possible to calculate how much random move-
ment was necessary to account for the observed ones.
Although this cannot be done, it is still possible to
calculate a rate of movement from other criteria,

It has been explained how, in the centre of the
section, movement may have scarcely any effect on
the mean size. It will have one effect, however, and
that is to increase the variance of the individual fish
lengths there, A group of individuals disperses from
a point and is replaced by individuals of various sizes
from all round. The net effect is to increase the variance
of the fish lengths at the original position by an
amount that depends on the varjation in the mean
sizes around it. The actual rate of increase of this
variance depends partly on the degree of mixing
(i. e. the value of a?) and partly on the actual (i. e.
observed) size gradient. It is also necessary to allow
for an increase in variance due to natural variations in
the growth rates of different fish. A formula relating
these variables is derived in a later section, and will
be used below to derive further estimates of the
coefficient of random dispersion.

Application of Theory
The formula can be written simply as:
a? gi

2
where Vi is the rate of increase in variance at age f,
gt is the maximum observed gradient in the mean
lengths at age “t”, a% is the coefficient of diffusion,
and I is the natural rate of increase in variance due
to variations in individual growth rates. V: and gt
can be estimated from observed growth data, and a?
and I can then be calculated from the formula, provi-
ded independent estimates of Vi and g2 can be
obtained from at least two areas.

Two areas for which data are available are the
Buchan Deeps (statistical square C13) and the area
north of latitude 59° N. In the former the gradient
‘ey’ in the mean length of 3 year old haddock is
0.07 cm/mile; in the latter area it is more difficult to
assess, but is approximately 0.017 cm/mile.

Estimates of the variance of individual haddock
lengths, at different ages, have been made from data
collected by F.R.S. “Explorer’” in the North Sea in
1957. Estimates were obtained of the “within haul”
variances of the lengths, for a considerable number of
hauls, and mean values are given in Table 1 for the
Buchan Deeps area, and the area north of latitude
59° N, If these data are plotted, the rates of increase
of variance with age can be obtained from the slope

Ve =

+ 1

of each curve. For 3 year old fish these estimates of V.
are
Northern North Sea

2 cm? per year = 0.0055 cm? per day
Buchan Deeps area

3 em? per year = 0.0082 cm?® per day

Table 1
Showing the relationship between age and the variance
of the lengths of North Sea haddock

Age Northern North Sea  Buchan Deeps Area
1.5 ot 1.5 2.5
20 oLl 2.3 3.5
25 i 3.2 5.0
330 (...l 4.2 6.4
35 L., 3.2 8.0
4.0 ... 6.1 9.3
4.5 i, 7.2 10.7

Substitution of these values into the above formula
gives:

Northern North Sea  0.0055 = 0.00014 a? + I

Buchan Deeps area 0.0082 = 0.0025a%* 4 1

By subtracting one equation from the other, I is
eliminated, and an estimate of a?® can be obtained.
Substitution of this value in either equation then
leads to an estimate of I. The results are:

a? = 1.1 miles? per day

I = 0.0054 cm? per day, or 1.97 cm® per year.

This value of a? {1.]1 miles? per day) is at the lower
end of the range of 2 to 20 miles? per day obtained
from tagging experiments. It must be remembered,
however, that these two ways of estimating a? are
quite different, and that either method could be
subject to considerable sampling variation. Alter-
natively, it is not impossible that tagged fish move
more than untagged fish, and this would account
for the higher values of a? obtained from tagging
experiments, Many more data will be required,
however, to discriminate between these alternatives.

Summary

Estimates of the coefficient of dispersion of haddock
have been made by two methods. Those made from
tag returns ranged from 2—20 miles?/day, but there is
a possibility that this method of estimation can some-
times lead to considerable overestimates. An estimate
based on the way in which the variance of haddock
lengths increases with age was much lower (1.1 miles/
day). It has yet to be decided which estimate is the
better, but many more data will be required to
determine this.

Theoretical Section

The effect of movement on the variance of the
mean lengths:
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X +Ecos, y+Esng

Figure 2. Locus of all possible positions of a fish at an instant
of time previous to its being at point A.

The thecretical approach adopted in this section is
a direct application of the approach used by Skellam
(1951).

In Fig. 2 is shown a circle of radius “¢” with a
centre ““A”. This central position represents the
co-ordinate position x, y and it is supposed that there
are a number of fish of age t years situated there.
As these fish are moving at random, they will,
during a short time interval “‘w”, move off in all
directions through a mean distance “¢”. At age
t + w, they will therefore be distributed around the
circumference of the given circle. This argument
can equally be applied in reverse. If there are a group
of fish of age t years at position A, then at a previous
age, t—w years, they musthave been distributed around
the circumference of the saine circle.

Let the mean length of fish aged t years at position
X, ¥ be denoted by M (x, v, t). Consider any point B
on the circumference of the cirele. This will have
co-ordinates x + ¢ cos 6, y 4+ e sin 6, so that at
age t years the mean length of fish there will be
M (x4 ecos 8, y 4- e sin 6, t). It will be supposed
that the variance of the length frequency distribution
of this group, and in fact of any group on the circle,
is o2

At a subsequent age, t + w, the centre of the circle
will be occupied by a certain proportion of the
fish that were previously situated around the circum-
ference. The variance of their lengths will then be
o2 + o where sl is the variance between the
mean lengths of the fish around the circumference.
This can be determined as follows:

First, 62 can be rewritten in the form:

1v, 15

on = E (M?) — [E (M).]?
now M2 = [M (x 4 ecosB, y + esin 8, t)]*
so that

E (M) = 211':[ [M (x+¢ cos 8,y + esin 6, t)]2d 6.

If this expression for M is expanded in a Taylor’s
serics, squared and integrated, an approximate
expression for E(M)? is obtained.

Itis
2/a M\2 g2 /a 2 M a2M
a__ Rl bl il : N
E(M)? = M? + 2(ax) +2(a§f)+ 2 axt
Me a2 M
2 ay?

... + terms of Order ¢* and higher.
where M = M(x, v, t).
Similarly, an expression for [E (M)]2 can be obtained,
and this is
Me? 2 M
ay2

Me2 a2 M
2 ox 2

[E (M)]* = M?* +

Subtracting this from the previous equation gives

. . 2
the required expression for o 2

=2 ) - G5
=2 \ex/ T\ay/lT
s rcpresents the increase in variance of the fish

atx.y, during the interval w,so that the rate of change
of variance per unit time can be written:

2 [/d M\?2 8 M\2

oo (o) + (o)

2% [\ex ax
In the limit, as ¢ and w tend to zero, this expression
comes to represent the differential of variance, with

respect to age.
Then, if e?/g is replaced by a? {Skellam, 1951)

d(c?) a? [(a l\/I)B (8 M)z]
st 2 [\ax + gy

It should be noted that the coefficient a? has
precisely the same significance as the diffusion para-
meter (a?) of Skellam (1951) and Jones (1959).
This formula can be further simplified if it is noted
that the expression in the square bracket on the right
hand side is simply the square of the maximum
gradient in mean length at the position x, y. Thus,
if g¢ represents this maximum gradient at age t,

8 (o) _ a8
ot 2
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This formula gives the rate of increase of variance,
in terms of movement and observed size gradient. It
could incidentally apply to features other than
growth., For example, if there were a gradient in
mean vertebral number this formula could be used to
relate the rate of change in the variance of vertebral
number to movement and vertebral number gradient.

It is likely that there is one other factor that could
cause the variance of the mean length to increase
with age, Different individuals grow at different
rates and this may cause a considerable increase
in variance with age.

To allow for this, let I be the rate of increase due
to natura] variations in the growth rates of different

individuals. Then (Vi) the observed rate of increase
in variance atage t will be given by

g p2
Vi= ra2gft +1
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16.
Comparison of Tags and Techniques from Recoveries of Subarea 4 Cod Tags

By

F. D. McCRACKEN#*

Introduction

Extensive cod tagging was carried out off Nova
Scotia and in the Gulf of St. Lawrence in the period
between 1930 and 1940 (McKenzie 1956). It was
resumed in 1953 off western Nova Scotia {Division4 X)
in the region of Lockeport, N. S., and in 1955 and
1956 in the western Gulf of St. Lawrence (Division 4T).
The fishery had changed rather markedly in both
regions between the 1930’s and 1950’s. OfF Lockeport
hooks were still the most important method of taking
cod, but small inshore boats were replaced by larger,
more mobile longliners. In the Gulf of St. Lawrence
otter trawling had become an important fishing
method for cod, virtually replacing the hook-and-line
fleet from northern New Brunswick. Also, as shown
by tag recaptures (McCracken 1959), the stock of
cod found in the western Gulf of St. Lawrence in
“summer” was being fished off eastern Nova Scotia
by a European trawler fleet in “winter”.

The recent taggings were undertaken mainly to
improve interpretation of stock divisions as indicated
by the more mobile fishery, and to assess fishing
rates as measured by tag recaptures. These were
primary aims in choosing the area for tagging,
type of tags and methods of capture. Since a variety
of tags and methods of capture were used in areas
where different methods of fishing take place, the
results provide an opportunity to compare efficiency
of tags and techniques.

Materials and Methods
Tag types

The Petersen disk tags, I.ea hydrostatic tags, strap
tags and attachments used in these experiments are
shown in Fig. 1. These tags are relatively standard
and thus only brief descriptions are required:

Petersen disk tags: Were about half-inch diameter,
plastic disks, with centre hole, numbered on one
disk, with return address on the other; colours used
were a combination of (a) one red and one white
disk, or (b) two yellow disks, with French or English
messages.

Lea hydrostatic tags: Were the familiar yellow and
blue cylinders with message enclosed, in English only.

Strap tags: Were numbered, uncolored, monel
metal straps of the type used for earmarking cattle.

* Fisheries Rescarch Board of Canada, Biological Station,
St. Andrews, N. B.

Figure 1. Tags and attachment materials used in tagging cod off
Lockeport. N.S., and in the Gulf of St. Lawrence.

Attachment position and methods

Throughout all the tagging experiments Petersen
disk tags were attached to the back of the fish by
means of a stainless steel wire through the flesh. They
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were positioned between the first and second dorsal
fins. Lea tags used in both the 1953 and 1955 tag-
gings were attached in the same position as the
disks by means of a stainless steel loop and wire.
Some of those used in 1956 were attached in the
same way, the remainder with a loop of monofila-
ment nylon (about 20 lb test) through the nape.
Strap tags were clamped to the ventral portion of
the caudal peduncle,

Catching and handling methods

Both hook and line and otter trawl were used
to capture fish for tagging. Most hook-caught cod
were taken by handline although a few cod were
taken for tagging by longline off Lockeport. Time
of the longline sets was limited to about one to two
hours. Otter trawling was carried out with a small
cotton trawl (40-foot headrope) and duration of
tows was restricted to about 20 to 40 minutes, depen-
ding mainly on size of catch. Attempts were made to
keep catches small to avoid crushing fish in hauling.

Cod for tagging were taken from the hook or codend
of the trawl and placed in a tank of running water on
the deck of the vessel. Their reactions were observed
for varying periods before tagging and attempts
were made to pick only those fish which appeared
to be in “good condition”. The criteria for *‘good
condition” included vigorous swimming, maintenance
of an upright position, lack of apparent injury and
lack of damage to skin and scales. The degree of
culling for condition was subjective and probably
varied with the person doing the tagging. However,
within each experiment one person did all the tagging.

Fish were held during tagging in troughs supplied
with running water, and after tagging were returned
to a tank on deck. Their reactions were observed
again and those showing poor condition (mainly swim-
ming with difficulty) were discarded. All tagged
fish were released at the surface.

Results from Lockeport Cod Tagging

Area and time of tagging

About 1,800 cod were tagged and released off
Lockeport, N. S., between May 27 and Octoher 20,
1953, The tagging area extended alongshore ahout
15 miles each side of Lockeport. Most fish were released
on inshore grounds, less than 10 miles from shore
and at depths hetween 20 and 35 fathoms. A few
were released on the inner edge of Roseway Bank,
ahout 20 miles offshore from Lockeport.

Although application of different tag types was not
randomized, an attempt was made to keep the
cumulative frequencies for various tags released in
reasonable proportions. How effectively this was
done is shown in the accompanying short tabulation:

Percentage released, by months
Number
Tag type released May— July— |September—
L June August October
' - N

Disk .........: 605 | 30 ‘ 41 29
Lea hydrostatic | 991 21 | 36 23
Strap ........ | 263 ‘ 20 | 33 47

Distribution of returns

Distribution of returns from the Lockeport tagging
has been reported by McCracken (1956), and only a
brief summary is pertinent to the analysis in this paper.

Table 1 Cod tagging summary, Division 4 X (off Lockeport, N.S) in 1953

1 Size groups (cm} Per cent
Tag type Capture 40—49 50—59 60—69 70—79 80—89 90+ Total | total
l method returns
Lea hydrostatic ........... i Handline No, released 131 243 194 149 53 63 893
‘ No. returned
1953—54 42 76 62 55 11 11 263 32
Yellow disk .............. Handline No. released 40 92 66 50 21 15 284
I No. returned
1953—54 19 46 47 28 8 B 170 | 60
Red and white disk ....... Handline No. released 61 93 51 29 24 19 277 |
No. returned
1953—54 30 56 33 13 13 9 166 39
Strap (monel metal) ...... Handlinc No. released | 39 48 68 53 31 13 252
No. returned |
| ' 1953—54 [ 17 17 14 6 3 [e1] 27
[ No. released No. returned 9%, returned |
Lea siveiniinerannncsneas Longline 98 38 39
Disc ..oovviiiiininininan Longline 44 24 55
SEap cioeiiieriiieeas Longline ! ! 11 5 45
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Most returns came from the tagging region or
adjacent inshore grounds and only minor seasonal
depth migrations were apparent. Almost all re-
turned cod were taken by hook and line, either from
handline or set line, but these were not recorded
separately. Returns were highest in *“summer”,
the season of tagging, and relatively low in ““winter”
even though cod landings from the vicinity were
high in winter. In winter cod were being fished
somewhat deeper than in summer, and deeper than
the depths of 20 to 35 fathoms where tagging was
carried out. Most returns were made by local fisher-
men, virtually all of whom were informed about the
tagging and the information we required. In addition,

1v, 16

one of our staff was in the area almost continually
during the period when recaptures were heing made,

Comparison of tag types

Return information is summarized in Table 1. It is
apparent that Petersen disk-type tags produced much
the highest percentage return: 609%, total returns
for yellow disks and 599, for the combination of
red and white disks. Lea hydrostatic tags produced
total returns of 329, and the monel metal strap tags
27%. Returns of disk tags were about the same
in the last 6 months of 1953 (includes the tagping
period} as in 1954. Returns of hydrostatic tags

A
401
Disk tags
(561

Tt 3o /$
- Strop tags
© . (252)

20 ~ Lea tags

\ - {893)
N
1or
]

301~ 1953 returns
- tsg;
E 20} i (243
. (a4 ~
5 . Tt

1954 returns N
ok {36}
Disk ond Leoc togs
] i A i | 1

40-49 50-59 60-69 70-79

80-89 90-99

Length (10-cm groups)
TFigure 2.
A. Size composition of tagged and released cod at Lockeport, N.S.; number of fish in brackets.
B. Percentage returns in relation to size of fish at tagging for 1953 and 1954 ; number of fish in brackets.
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decreased in 1954 to about half those of the 1953
period, while returns of strap tags in 1954 were
slightly higher than in the 1953 period. Tagged
fish were returned in number for only a relatively
short period, about 18 months. Percentage returns
of disk tags were highest throughout this period
(McCracken 1956), but the time period was so short
that the results do not provide a good comparison of
how well tags stayed on.

Method of capture for tagging

At the beginning of the experiment some longlines
were set and fish from these sets were tagged. The
method was abandoned relatively early since a high
proportion of the cod caught surfaced with mouth
agape and operculi distended. Some of the fish
caught in this way were tagged after placing them
in the deck tanks and observing their behaviour.
Percentage returns from these tagged fish were
similar to those caught by handline (except for strap
tags and only 11 of these were tagged (Table 1)).
The results suggest that longline methods of capture
could be used if necessary, so long as the high rate
of discard for fish in “poor condition®™ was feasible.

Sizes tagged and recaptured

The size compositions of fish caught by handline
and tagged with disk, hydrostatic and strap tags are
shown in Fig. 2A. Although the size of fish released
ranged between 40 and 125 c¢m, only those between
40 and 89 cm were considered to be numerous enough
to provide consistent percentage returns. Size com-
positions for both disk- and hydrostatic-tagged fish
were similar, with modes between 50 and 59 cm.
Strap-tagged cod were slightly larger with a mode
between 60 and 63 cm. Among the longline-caught
cod (not shown) there tended to be fewer large fish,
above 70 cm, than in the handline-caught fish.

Examination of the data revealed no differences
between tag types for percentage returns by size.
Throughout the size range tagged and released in
quantity, 40 to 90 cm, there were no really marked
differences in percentage returns by size of fish in
either 1953 or 1954 (Fig. 2B). In 1953 percentage
returns were slightly higher in the medium size group.
In 1954 returns of the 80 to 89 cm group were low,
but this may be unreal since percentage returns in-
