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1 Introduction

At a meeting of all groups concerned with the salmon by-catch issue,- held at the MAF

Freshwater Fisheries t*it" in Christchurch on 2 May tggl' a number of papers and

submissions were presented to the facilitator, Sir David Beattie' In a paper entitled "1

submission on the continuation of the Banlcs Peninsula exclusion zone", presented jointly by

Sanford (SI) Limited, Independent Fisheries Limited, Pioneer Fisheries Limited' and United

Fisheries Limited, seierat questions about informa esented in Freshwater Fisheries Report

to the figure of 34% which the rePort

salmon taken at sea in 1986187, and the

chery salmon. Acceptance of this hgure was

atch was unaccePtablY high'

To derive the f,rgure of 34% from the tag return data presented in FFR 100, several assumptions

need to be made. The submission poinls out that few of these assumptions are discussed in the

originar report, andto"s on to quesìion the validity of the report's conclusions. The submission

also questions the validity of applying this hguró to wild iul.on, given the apparent lack of

relevant data.

In the following report, these concerns are discussed in detail. The assumptions underlying the

frgure of 34% ur"'.*¡uined, and the changes to this figure which result from varying these

assumptions are examined. The question of whether or not the same figure can be assumed to

hold for wild f,rsh is considered in relation to t e data presented in FFR 100, and also in the

light of dat¿ which have come to hand since that report was published'

2 Coded-Wire Tag Returns

2.1 Background

coded-wire tagging (cwT) is a well established and widely used method,.developed in the uS,

for monitoring returns at maturity of hatch ry reared salmon. Currently, f,rsheries agencies

throughout the pacihc Northwesi of North America tag over 40 million salmonids annually

(Johnson 1990). In New Zealand, the method has been used since 1977 (Unwin, Lucas and

Gough 1981, 1988).

The cwT process relies on the use of a miniature Á8, coded so that it can be read under a

microscope, implanted into the nose cartilage of the young fish. since the tag cannot be seen

externally once-it is implanted, the adipot" Itn is also removed from tagged fi'sh' to leave a

visible mark. when aLggeo.hsh returns to fresh water after up to three years at 1e1, 
the

absence of this fin serves to indicate the presence of a tÃ8. The heads of tagged fish are

recovered from anglers (through a network of "Head Depots"), hatcheries, spawning streams

(via traps and/or foot surveys), and from salmon caught at sea'

cwl,s are usually applied to batches of 5000 - 10 000 fish, all bearing the same code' For

experimental releases of hatchery salmon,

of the survival of each batch, usually calcul

might be recovered from an initial release

u lSn confidence interval of (2.00 + 0'2

for groups of frsh released under different ex
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tagging programme. Most of the tags recovered during 1986187 were from such a programme,

involving the release of over 1. 1 million tagged salmon from Glenariffe between 1983 and 1985

(Unwin et al. 1989).

The other main use to which CWT data are put is to estimate the total returns from a given

hatchery or release agency. This was one of the needs which led to the CWT method being

developed in the US, where fishery managers faced the problem of identifying the contribution
made by each of the various North American and Canadian hatcheries to the high seas salmon

fishery. By tagging a known proportion of the fish released from each hatchery, the total return

for each hatchery can be calculated directly from the tag recovery data, assuming the same

survival rate applies to both tagged and untagged frsh (Palermo 1990). For the example given

in the preceding paragraph, suppose that the 10 000 tagged fish came from a total release of
100 000 fish. At a 2% survival, this represents a total return of 2000 * 280 fish. There is

an extensive literature on the assumptions and statistical models underlying the use of CWT data

in this way within the North American salmon f,rshery (e.g. Green and MacDonald 1987, Shaul

and Clark 1990, Geiger 1990), although the marine salmon "flshery" in New Zealand is very

much less complex, and many of the considerations in the US literature do not apply here.

The way in which CWT recoveries have been used in relation to the salmon by-catch issue

represents another application of the data, which was not envisaged when the various tagging

programmes were designed. On the contrary, the recovery of tags from sea-caught salmon,

along with those collected from salmon returning to fresh water, provides a somewhat fortuitous

opportunity to calculate the proportion of the returning salmon caught at sea. The key point
is that tagged salmon are effectively a "captive" population, for which the total population size

can, in principle, be estimated. The calculations presented in FFR 100 exploit this point.

2.2 Tag Recoveries and the rrAwareness Factoril

V/hen interpreting CWT return data, it can never be assumed that all tagged hsh have been

correctly identified. The missing adipose fin, while obvious to a trained fisheries worker
monitoring returns to a hatchery, is less obvious to a lay person such as an angler or trawler
crew member. Consequently, the number of tags actually recovered from any one source will
often under-represent the complete population of tagged f,rsh. In general, therefore, CWT
return data will tend to under-estimate the returns, and the total survival, from any given

release. This is not always a problem, particularly where the objective of the tagging

programme is to compare different experimental groups released under similar conditions.

Under-reporting of tags can usually be ignored in such cases, as all tag groups are likely to be

affected equally. However, where the tag recoveÍy data are "expanded", to allow for the

recovery of untagged f,rsh from the same release group on a pro rata basis, unrecovered tags

may need to be considered.

In the CWT literature, this problem is commonly dealt with by applying an "awareness factor"

(Unwin, Lucas and Gough 1987). This is simply a numerical measure of the extent to which

tag recoveries from a given source may be under-reported. In the US and Canada, where

determination of the hatchery contribution to the salmon sports fishery is an ongoing concern,

the awareness factor is estimated by catch-sampling programmes (Argue et al. 1977), or by

more indirect calculations based on the estimated total sports catch (Palermo 1990). For the
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sports fishery in the Strait of Georgia, the awareness factor for chinook salmon has been found

to vary signihcantly with time and between localities, but typically ranges from 20% to 50Vo

(Palermo 1990).

Awareness factors have not been directly measured in New Zealand, but will obviously vary
according to the mode of recovery (e.g. angler, by-catch, hatchery). Nevertheless, several

observations place broad limits on the possible values which can reasonably assigned to the

awareness factor. For each mode of recovery, these limits are discussed in the following
section.

2.2.1 Hatchery Recoveries

For tagged fish returning to a hatchery, t^g re.covery is taken to be I00To. All salmon

intercepted at a hatchery trap are individually examined, and may be measured, weighed, sexed

etc. (as at Glenariffe or Silverstræm), or closely inspected with regard to processing quality
(as at Tent Burn). Maintaining a watch for fin-clipped salmon is an integral part of hatchery

routine.

2.2.2 Angler Recoveries

The best estimates we can make of the awareness factor for anglers suggest a figure of between

50% and 60%. Data for the 1984 and 1985 Rakaia salmon f,rshing competitions, in conjunction
with tag recovery data for the Rakaia River over the whole angling season, yield an estimate

of the total angler catch for each season. The competition data are collected over a period of
5 days, during which all salmon landed are inspected for the presence of the adipose fin. This
provides an accurate estimate of the ratio of tagged to untagged salmon, and yields figures of
1:7.58 for 1984, and 1:4.08 for 1985 (Table 1). Assuming these ratios apply throughout each

season, the tot¿l number of tagged fish recovered from anglers, multþlied by the appropriate

ratio, gives an estimate of the total number of salmon taken by Rakaia anglers. This estimate

naturally depends on the awareness factor, increasing as the awareness factor decreases

(Table 1).

Comparison between these figures, and catch estimates for five seasons during which postal

survey data were collected, suggests that the figures for 1984 and 1985 are consistent with an

awareness factor of between 50% and 60%. This is higher than the figure for the Strait of
Georgia cited above, but is reasonable given the small size and scale of the salmon fishery in
New Zealand. Bearing in mind that "90% of the salmon are caught by L0% of the anglers",
most of the tagged salmon caught in any one season are taken by perhaps 1000 individual
anglers. Through the Head Depot network, and contacts built up between MAF staff, Fish and

Game officers, and the NZ Salmon Anglers, most if not all of these individuals are personally

known to at least one person within the tag recovery system. In a survey of Head Depot
operators, conducted after the 1988/89 season, operators estimated that, on average, they

recovered 67To of the tagged salmon landed. This figure may be a little optimistic, given the

1984 and 1985 data, and a figure closer to 50% would seem to be more realistic.
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2.2.3 Salmon By-Catch

Setting an awareness factor for sea-caught salmon during the 1986/87 is very much a matter

of guesswork. Over the last few seasons the tag recovery rate has undoubtedly been poor,

perhaps as low as20% - 30%. Prior to 1988, however, the rate would have been much higher.

Although tag recovery was largely dependent on the good will of the skippers and crew, most

crews cooperated by handing in the heads from any fin-clipped salmon that they encountered

while sorting the catch. While this undoubtedly yielded a good proportion of the tagged fish
actually caught, it is inevitable that some tags were missed. On several occasions, after tags

from a given landing had been supplied to MAF, additional tags from the same landing were

recovered from the packing house. In the opinion of the MAF officer who undertook most of
the tag recovery work, the recovery rate in 1986187 was probably about 80% - 90%.

In 1986/87, when 68 tonnes of salmon were landed, all of the 927 tags recovered from the by-

catch came from 42 tonnes, or 61% of the total landing. Most of these salmon were landed

at Lyttelton and processed in Christchurch, where MAF staff were on hand to collect and

tagged heads. No tags were collected from the remaining 26 tonnes, most of which were

landed into ports such as Nelson, Akaroa, and Dunedin. In FFR 100, this was allowed for by

assuming that tagged hsh were uniformly distributed throughout the full 68 tonnes, and

adjusting the recoveries upwards to include the remaining26 tonnes. Note, however, that this

adjustment is only partly related to the problem of unreported tags, and the need to consider

the awareness factor. The number of tags (1466) estimated to have been recovered at sea

assumes I00% recovery from the 42 tonnes, anrl makes no allowance for unrecovered tags.

Assuming a 90% awareness factor, for example, increases the estimated number of recovered

tags to 1629.

2.2.4 Other Recoveries

Approximately 0.5 % of the tags recovered during 1986187 did not fit into any of the above

three categories. Most of these were from spent carcases encountered during foot surveys of
known spawning areas, such as the Hydra 'Waters and Double Hill Flats in the Rakaia

headwaters. Most of these areas are surveyed infrequently, although Double Hill Flats, which
joins the Rakaia a few hundred metres above the Glenariffe confluence, is visited regularly

throughout the spawning season (April-May) by Glenariffe staff.

The tag recovery rate for these areas is unknown, but is likely to be low - perhaps no more than

rc% - 20%. However, since by dehnition all tagged f,rsh which enter these streams are strays,

the total number of fish involved is also likely to be low. In 1986187, only 6 tags were

recovered from Double Hill Flats.

3 The 1986/87 Salmon By-Catch

'We are now in a position to consider what effect unrecovered tags may have had on the

calculations for the 1986187 by-catch, and the estimate of 34% which was derived in FFR 100

for the proportion of returning salmon caught at sea. This figure is given in Table 9 on page

27 of that report, reproduced here as Table 2. The key entry in this table is the last line, which
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lists the total number of hatchery fish estimated to have been recovered from anglers,
hatcheries, other methods (carcases), and the by-catch. These estimates have been derived
using the methods outlined in Section 2.2 for calculating returns of untagged hatchery fish. The
estimated total recovery of 22 687 hatchery fish, from 4 302 tagged fish, represents a roughly
five-fold increase, and reflects the fact that approximately 20% of the hatchery fish released in
1983, 1984, and 1985 were tagged.

The figure of 22 687 fish assumes an awareness factor of I00% for all modes of recovery. As
pointed out in Section 2.2.3, the estimate of 7699 fish taken at sea allows for the fact that tags

were recovered from only 42 of the 68 tonnes landed, but makes no allowance for unrecovered

tags within the 42 tonnes. On this basis, the by-catch represents 33.9% of the total.

By varying the contribution from each mode of recovery (angler, hatchery etc.), we can readily
investigate how this estimate depends on the individual awareness factors. The hatchery

contribution remains at 13 244 fish, as required by the 100% awareness factor for hatchery
recoveries, but the remaining three contributions (angler, carcase, and by-catch) can all be

increased in proportion to the awareness factors discussed in Section 2.3. Calculations for a

range of plausible awareness factors are summarised in Table 3. To help the reader gain a
feeling for the numbers involved, I would recommend spending a few minutes with a pocket
calculator to verify these figures, and to explore the results for combinations of awareness

factors not covered in the table.

The main conclusion to be drawn from these results is that, over a wide range of possible

awareness factors, the estimated proportion of hatchery fish caught as a by-catch in 1986/87

varies relatively little, ranging between about 30% and 37 To . Awareness factors of 50% for
the sports fishery, and 85 % - 90% for the by-catch, which are plausible values for both
parameters, give a figure of 33% - 34%. Assuminga 100% recovery rate for the by-catch -

which we consider unrealistic - and a 50% recovery rate for anglers, the by-catch still
represents 30.5% of the returning fish.

4 Application to Wild Fish

The second major point raised in the industry submission concerns the assumption that the

figure of 34% can be applied to wild f,rsh. The submission states:

There is insufficient reliable data available to obtain a reasonable estimate of the
conesponding proportion for wild salmon. To assume the same proportion as

for hatchery-reared salmon does not appear to be iustified.

The observation that insuff,rcient datz are available to establish whether or not the same

proportion applies to wild salmon is, of course, correct. Had such data been available, no such

assumption would have been needed. In biological terms, we are assuming that during the
period when salmon are caught off the Canterbury coast, the geographical and seasonal

distribution of wild salmon is the same as that of hatchery salmon. At the time FFR 100 was

compiled, there was very little evidence to either support or refute this conjecture. However,

any major differences in the distribution of wild and hatchery fish at sea would be expected to

show up as variations in the ratio of wild to hatchery hsh sampled under different conditions.
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For example, if the migration patterns of wild and hatchery salmon were different, we might
expect to see the incidence of wild fish varying from month to month.

Analysis of the incidence of wild fish at sea from 1985/86 to 1990191, based on scale readings,

shows no evidence of any such variations. Figures for December and January (when available)

agree to within 2% ('îzble 4). The few data available for February landings also show no

signif,rcant monthly variation. Few data are available for salmon caught in areas other than

Banks Peninsula (Table 5), but there is again no evidence of significant differences between

regions. A third perspective on the data is given in Table 6, where the incidence of wild
salmon caught during 1988/89 is summarised for six individual vessels. Despite differences in
hshing gear and method of operation between these vessels, the incidence of wild salmon did
not vary significantly.

Despite these findings, we would still acknowledge that our original assumption remains

unproven. Given the diffrculty of enumerating the total number of wild salmon returning to
fresh water, which we would need to do in order to make an independent assessment of the

proportion caught at sea, this situation is not likely to change. Although the data presented

above show the assumption to be plausible, it will always remain open to challenge.

A point which was not mentioned in FFR 100, but was touched on at the meeting onMay 2,

concerns the low incidence of 4-year-old fish amongst hatchery returns. For this reason alone,

there are grounds for concern that wild stock may be more subject to catches at sea than

hatchery stock. The 17% incidence of 4-year-old f,rsh amongst wild salmon stocks means that

up to 17 % of the wild stock spends three years at sea, whereas very few hatchery hsh spend

more than two. Between 1985/86 and 1987188, when the by-catch was at its peak, the

proportion of wild salmon caught at sea could well have exceeded that of hatchery f,rsh.

5 Discussion

Although this paper has gone into considerable detail about how the results in FFR 100 were

derived, the key observation can be stated very simply. For any plausible combination of
awareness factors, the proportion of hatchery salmon caught at sea during 1986187 season was

between 3I% and37%, and was mostprobably abottt34%. This is identical to the figure

originally reported, based on unadjusted recovery datz.

In an early draft of FFR 100, several pages of discussion were devoted to the effect of
unrecovered tags on the estimates in Table 9 (Table 2 of this report). As has been

demonstrated, inclusion of these data made no difference to the report's results or conclusions.

Since most of the additional discussion was of little direct relevance in a report dealing

specifically with salmon caught at sea, this section was dropped from the final draft. In
retrospect, given the sensitive nature of the whole by-catch issue, this may well have been an

error of judgement. We would hope that the information presented in this report will remove

any remaining concerns about the validity of the estimates.

While it remains true that there is no direct evidence to support our assumption that the catch

rate for hatchery salmon applies equally to wild salmon, there is also no evidence that it does

not. Given MAF's responsibilities for the management of salmon at sea, adopting the position
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that the 34% catch rate for hatchery salmon in 1986187 does not permit any conclusions to be

drawn regarding the impact on wild salmon returns would seem to be unnecessarily

conservative.
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Table 1. Estimated angler catch for
coded-wire tag returns (1984,
results (L979-8L, 1987-88) .

the Rakaia
1985), and

River, based on
postal survey

Year 1-984 1985

Tagged salmon caught
Salmon caught during
competition

Total
Tagged
Ratio tagged: total-

Total salmon caught by Rakaia anglers,
assuming':

10OU awareness factor
672 ar^/areness factor
5OZ al¡/areness factor
332 ab/areness factor

by Rakaia angl-ers
Rakaia fishing

499

326
43

1:7 . 58

3 783
5 5L2
7 240

1_0 697

1 320

257
63

l-:4.08

5 385
7 692

1_0 5l_3

15 640

Estimated Rakaia salmon catch
7978/79
L979 / 80
1-e8O /8L
re86 / 87
L987 / 88

L2 270 + 2450
8 000 t L920
7 060 J 1530
7 600 t 2l-00
6 600 t l_600

Table 2. Estimated recoveries of
origín and method of caPture,

hatchery salmon by hatcherY of
L986/87.

Hatchery
of origin Ang Ier By- catch Tota I

I'lethod of capture
Hatchery Other

Coded-wire tagged fish only

Si Ivenstream
Tent Burn
Gtenariffe
CoI eri dge
Rang i tata
Newhaven
l',1ísce[ [aneous

Tota I

3B
325

1 5ó0
76

10ó
3
1

2 109

43
10

573
18
40
'17

3

701

(41.0%)
( 1.8%>
(18.1%)
( 1 0.8%)
('14.7/")
(45.9%)
(42.8%>

<16.4%)

(36.2%)
(59.7/.)
<49.2%>
<45.5%)
<39.0%)( 8.1%)
<'14.3%,

(19.0%)

( 0.9%)
( 0.2%>
( 0.6%)
( 0.0%)
( 0.0%)
( 0.0%)
(14.3%>

< 0.5%)

(21.9%)
<38.2%)
(32.1%>
(13.7/")
(46.3%)
(45.9%)
(28.6%)

G4.'.\%)

1

1

20
0
0
0
1

23

105
,11

3 170
167
272
37

7

4 302

23
208

I 017
T3

'126
17

2

I 466

All fish of hatchery origin

Si Iverstream
Tent Burn
G Ienari ffe
Coteri dge
Rangi tata
Ner¡haven
l,'lisce[ [aneous

Tota I

44
B 672
3 429

657
409

't9
't4

13 244

55
231
915
116
166
136
23

(38.5%)
( 1.8%)
(13.6%)
( 8.8%)
(16.3%)
(40.2%)
(57.5%)

( 30.8%)
(66.1%)
(51.1%)
( 50 .0%)
(40.2%)
( 5.6%)
(35.0%>

(58.4%)

0.7/")
3.6%)
0.8%>
0.0%)
0.0%)
0. 0%)
2.5%)

0.4%)

(30.1%'
(31.8%)
(34.5%)
(4',1.1%)
(13.5%)
(54.1%)
( 5.0%)

G3.9%)

'143
"t3 124
6 711
1 313
1 018

338
10

43
4 174
2 314

540
443
183

2

1

47
53

0
0
0
,|

102't642 ( 7.2%) 7 699 22 6a7
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Tabte 3. Proportion of hatchery salmon caught at sea, L986/87, as
a function of the ahrareness factor for tags recovered from
the by-catch, and from anglers. All figures are based on a
10å aùareness factor for carcase recoveries.

By-catch
av/areness
factor

Angler av¡areness factor
402 502 60e"

100å

952
902
852
80å

752

29.52
30.6u
31_ . 8å

33.0å
34.42
35.82

30.5å
3L.62
32.82
34. Oz

35.42
36.9e"

3L.22
32.32
33.5å
34.82
36.L2
37.62

Table 4. Percentage incidence
at sea bY month, L985/ 86 -
are shown in brackets.

of wil-d salrnon among
L99O/9L. Numbers of

salmon caught
fish examined

Season December January February

\e85 / 86

L986 / 87

L987 / 88

Le88 / 8e

Lese / eo

LegO / eL

26.e (130)
24 .8 ( r-25)

e.5 (442)
4.5 (67)

38.7 (88)
24.5 (4e4)
25.2 (678)
rL.2 (285)

8.3 (84)
2.4 (r-66)

3l_. o (42)
Le.L 

_(2L)

2 -7 (73)
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Table 5. Percentage incidence of wild salmon amonq salmon caught
at sea by area of capture, L985/86 l99O/9L. Numbers of
fish examined are shown in brackets.

Conway Banks
River Peninsula Location
Banks Banks - lilaitaki not

Season Peninsula Peninsula River available
36.7 (4e ) 41. o ( 3e )

Le88 /89 r-0. 6 (r23) L3 .7 (L97',)

24.5 (637)
Le85 / 86

Le86 / 87

Le87 / 88

L989 /eO
L99O /91,

25.O (824)

e.r (42e) 10.0 (l-20)

2.e (306)

Tab1e 6. Percentage incidence of wil-d saÌmon amonq sal-mon caught
at sea by fishing vessel, 1988/89. Numbers of fish examined
are shown in brackets.

vessel å wild
fish

Vessel A l-8.8 (48)
Vessel B 27.O (1-70)

Vessel C 2L.3 (L27)
Vessel D 25.2 (119)
Vessel E 24 .8 (1,25)

Vessel F 25.4 (1,97 )


