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Abstract. Tag–recapture data for kingfish obtained from a cooperative tagging programme were used to assess 
the usefulness of such information for estimating movement and life-history parameters. Numbers tagged and 
recaptured varied among fishing zones, seasons and years. Recapture rates varied among areas, fishers and sizes 
of fish. Small fish showed less movement than large fish, but few fish >1000 mm TL were tagged. The majority 
of fish were recaptured within 50 km of where they were tagged, although there was an indication that fish that 
were at large longer moved further. The maximum distance moved was 3000 km and the maximum time at liberty 
was 1742 days. Quantitative analyses of life-history parameters from data collected in cooperative tagging 
programmes are generally not possible because there are usually no estimates of fishing effort, tag-related 
mortality and tag loss. These are likely to vary not only along the coast, but also among taggers. Cooperative 
tagging programmes provide some useful biological data (e.g. movement from point x to point y, and growth), but 
dedicated tagging programmes may be needed for estimates of other life-history parameters (e.g. mortality) and of 
abundance. 

Introduction 

Cooperative tagging programmes, in which government 
agencies supply tags and equipment to volunteer anglers to 
mark a range of fish species, are thought to be a cost-
effective method of studying fish populations (e.g. Saul and 
Holdsworth 1992; Morton et al. 1993; Begg et al. 1997), 
especially for less abundant species. Of the reasons why 
such tagging programmes are initiated, many are primarily 
socially oriented (Kearney 1988). Of the scientific reasons 
for tagging, the main types of information that are collected 
are (Kearney 1988; Hilborn et al. 1990) (i) migration and 
investigations of stock structure (e.g. Schweigert and 
Schwarz 1993), (ii) estimates of growth and life span of a 
fish (e.g. Francis and Francis 1992), (iii) estimates of rates 
of mortality or exploitation (e.g. Myers et al. 1996), 
(iv) determination of population or stock size (e.g. Myers et 
al. 1997), (v) stocking success (e.g. Leber et al. 1996), (vi) 
verifying age by chemical marking of bony parts (e.g. Clear 
et al. 2000), (vii) studying recruitment patterns and (viii) 
stock assessment (e.g. Punt et al. 2000). Of the assumptions 
that underlie the interpretation of results from such studies 
(Table 1), many are the ideal assumptions, and analysts 
involved in dedicated tagging programmes have devised 
techniques to deal with violations of assumptions (e.g. 

Kimura 1976; Pollock et al. 1991; Hearn et al. 1998; Hoenig 
et al. 1998a, 1998b). Few cooperative tagging studies have 
examined whether assumptions are violated (see Table 1) or 
assessed the usefulness of such programmes for obtaining 
information about movement and life-history parameters. 

The cooperative New South Wales (NSW) Fisheries 
Gamefish Tagging Programme began in 1973. Eight species 
comprise >60% of the fish tagged. Yellowtail kingfish 
(Seriola lalandi, Carangidae) is the second most abundant 
species tagged (ª10% of all fish tagged) and the most 
abundant species recaptured (ª34% of all recaptures). 
Kingfish are generally thought to move long distances, but 
quantitative information is scarce. Most information on their 
movements is in the form of maps showing where fish were 
tagged and recaptured (e.g. Baxter 1960; Pepperell 1985; 
Saul and Holdsworth 1992) and there have been few 
quantitative analyses (but see Gillanders et al. 1999). With 
the exception of Baxter (1960), all tagging studies of 
kingfish have involved use of cooperative tagging 
programmes. 

Data for kingfish obtained from the cooperative NSW 
Fisheries Gamefish Tagging Programme were used to assess 
the utility of such information for determining patterns of 
movement and estimating life-history parameters. The 
objectives were to (1) investigate patterns of tagging and 

© CSIRO 2001 10.1071/MF99153 1323-1650/01/020179 



        

180 

Table 1. Dedicated v. cooperative tagging programmes
Stocking success not included (this is unlikely to be part of a co-operative tagging programme). Ideal assumptions are listed, but many techniques to cope with non-compliance have been (and

are still being) developed

B
ronw

yn M
. G

illanders et al. 
Reason for tagging study Assumptions	 Dedicated tagging programme Co-operative tagging programme

Migration • Behaviour of tagged fish same as untagged fish, i.e. • Effort can be spread evenly over entire study area • Tagging effort may be difficult to control and uneven in
(and investigations of tagged fish migrate and are harvested at same rate as • Catch and effort statistics can be incorporated into space and time
stock structure) untagged fish design • Recapture patterns influenced by uneven distribution of

• Tagged fish fully mixed with mainstream population • Effort can be devoted to tagging entire size range tagging effort
• Pattern of recoveries represents pattern of distribu • Rates of tag loss/mortality can be more easily esti • Catch-and effort-information difficult to obtain, making
tion of tagged individuals mated and controlled some analyses difficult
• Tagging representative of age/size structure • Experienced taggers • Size range of fish tagged difficult to control
• Low incidence of non-reporting • Expensive in terms of time and cost • Rates of tag loss and mortality of fish due to tagging very 
• Tagging has no effect on subsequent survival difficult to estimate, but known to vary among taggers
• Year-to-year survival is assumed constant (in a • Relatively low cost
multi-year study) • Large numbers of fish can be tagged
• Independent estimates of population sizes are avail • Recorded species may be incorrect
able (for estimating migration rates) 

Growth • Behaviour of tagged fish same as untagged fish • Although measurements more accurate, still possi • Estimated rather than measured sizes and many people
• Tag no impediment to growth	 bility of human error measuring means that measurement error more difficult to
• Recoveries not influenced by size of fish • Possible to tag complete size range control
• Measurement errors accounted for • Taggers experienced and careful • Measurement error can be dealt with in some analyses
• Recovery rate not influenced by growth rate (e.g. GROTAG), and outliers can be deleted if sample

sizes are large
• Size range of fish tagged difficult to control
• Generally less care taken when measuring and tagging
• Recorded species may be incorrect

Mortality	  • Tagged individuals are representative of the total • Rates of tag loss/mortality more easily estimated • Taggers have highly variable rates of tag loss/mortality
population • Tagging mortality can be minimized by set up of • Less care in tagging may lead to uncontrolled mortality
• Recovery effort similar among age/size classes tagging vessel • Rates of tag loss may not be low
• Sampling is random • Possibly better recapture rates through rewards • Recorded species may be incorrect 
• Low non-reporting among fishers
• No tag loss – or rates of tag loss are known or can be
estimated
• Mortality rates are not influenced by tagging
• Tagged fish have the same mortality and recovery
rates
• Month of tag recovery is correctly tabulated
• Fate of each tagged fish is independent of the fate of
other tagged fish 

Stock size	 • Recovery effort uniform and covers total population • Under-reporting of recaptured fish may be a prob- • Catch-and-effort data needed
• Emigration/immigration constant or known lem but use specialized tags where amateurs not • Under-reporting of tagged or recaptured fish a problem
• Total catch known involved	 • Recovery effort may not be uniform
• Percentage of tags returned from recaptured tagged • Recorded species may be incorrect
fish known and unbiased

Validation of ageing • Date of tagging and recapture are correctly known • Relatively high costs • Low probability of long-term recovery may be enhanced

through chemical mark- • Tag does not affect growth of fish by large numbers of tagged fish

ing (e.g. tetracycline,

SrCl2 )
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recaptures to determine whether they were uniform in 
distribution among fishing zones, seasons and years, 
(2) investigate size of fish at tagging and recapture to 
determine the size range of the population that was being 
sampled and obtain estimates of rates of growth, 
(3) determine whether recapture rates vary between 
experienced (tagged between 20 and 906 fish) and 
inexperienced (tagged 1–4 fish) taggers and therefore 
whether differences in rates of tag loss or tagging mortality 
between fishers and/or areas may be possible, and 
(4) investigate patterns of movement in relation to days at 
large, size of fish and season of recapture. 

Materials and methods 

Tagging programme 

Kingfish were tagged as part of the NSW Fisheries Gamefish Tagging 
Programme, which was initially restricted to a few anglers in New 
South Wales. It now services the Indo–west Pacific region (Pepperell 
1985) and has the cooperation of >190 angling clubs. It is promoted 
and publicized primarily through angling clubs. Kingfish have only 
been tagged as part of this programme in Australian (99.9%) and New 
Zealand (0.1%) waters. The majority of kingfish (99.6%) were tagged 
along the eastern coast of Australia from Queensland to Victoria. 

Tagging methods 

Kits of tagging equipment and instructions were supplied to anglers 
(usually through clubs). No formal training was provided to anglers. 
Instructions suggested that, if possible, anglers should remove the 
hook or otherwise cut the line as close as possible to the fish and 
return the fish to the water as quickly as possible after tagging, and if 
the fish was brought on board that it should be kept on a smooth, cool, 
wet surface. In addition, anglers were asked to keep the tag applicator 
as clean as possible, and diagrams with preferred tag placement were 
provided (see below). Catching, handling and tagging procedures 
were, however, unlikely to be similar among anglers. 

Three types of tags were used for tagging kingfish: nylon-headed 
single-barbed spaghetti tag (type A; used in 91% of releases), stainless 
steel-headed spaghetti tag (type S) and T-bar anchor tags (type M; see 
Pepperell 1990 for further details). 

Anglers were asked to insert tags of type A and M behind the 
dorsal pterygiophores and to place type S tags in the anterior dorsal 
musculature, but according to Pepperell (1990) tags were commonly 
placed elsewhere. After each release, anglers were requested to 
complete a tag card with information on the species, length and weight 
of the fish (and whether these measurements were actual or 
estimated), location of release, date of tagging, and information 
relating to the angler and the boat. Upon recapturing a fish, anglers 
were requested to supply the same information as taggers and to 
supply the tag number of the recaptured fish. All records of tagging 
and recapture were sent to NSW Fisheries. No offers of rewards were 
indicated on the tags, although those tagging and recapturing fish were 
sent a certificate with tag and recapture information including time at 
large and details of movement. 

Distribution of tagging and recaptures by area, season and year 

The numbers of fish tagged and recaptured were categorized by 
season and area (in bands of 1∞ latitude). For example, the 1∞ band 
between 33∞S and 34∞S is referred to as the 33∞ band. Numbers of fish 
were separated by season (austral) in which they were tagged or 
recaptured. Three latitude bands (30∞, 33∞ and 34∞) that had the 
greatest numbers of fish tagged and recaptured were used to 

investigate numbers of fish tagged and recaptured by year. These data 
were used to determine whether patterns of tagging and recaptures 
were uniform in distribution among fishing zones, seasons and years. 

Estimates of mortality 

The instantaneous rate of mortality was estimated from the slope of 
the relationship between the natural log of number of recaptures and 
months at large. Data for the first 35 months at large were used for the 
calculations. The greatest rates of tag loss are likely to occur in the 
first few months after tagging, therefore a second analysis was done in 
which the first two months of data were removed. 

Size at tagging and recapture 

The database only gives total length for size at tagging. Improbably 
sized fish (e.g. <200 mm and >3 m) were deleted from the database 
(<1% of tagged fish). Both fork length (FL) and total length (TL) were 
given for size at recapture. For 9% of recaptures, FL only was 
reported. Where this occurred, FL (mm) was converted to TL by use 
of [TL] = 1.122 � [FL] + 9 (Gillanders et al. 1999). 

From mark–recapture data, rates of growth were estimated by 
maximum-likelihood methods and use of the computer program 
GROTAG (Francis 1988b). The growth model fitted was Francis’s 
(1995) mark–recapture analogue of Schnute’s (1981) size-at-age 
model. This provides estimates of g1 and g2, the mean annual growth 
of fish of lengths y1 and y2 respectively, where y1 and y2 are chosen to 
span the range of lengths at tagging. A simple three-parameter model 
was initially fitted and then additional parameters (growth variability, 
seasonal growth variation, measurement error, and curvature in the 
model) were added in a step-wise manner by selecting the parameter 
that gave the greatest increase in log likelihood. Likelihood ratio tests 
were used to determine whether addition of extra parameters resulted 
in significantly better fits (Francis 1988b). There was no way of 
estimating measurement error without using the current data set; 
therefore, measurement error was not fixed and this may have 
compromised estimates of growth. After fitting of the growth model, 
plots of residuals against length at tagging, time at liberty and 
expected growth increment were examined for any possible lack of fit 
of the model. 

Direction and movement of fish 

Movement of kingfish was determined from maps illustrating release 
and recapture locations, although we acknowledge that data on 
movement may be confounded with differing patterns of effort. Maps 
were only used to show recaptures of fish moving >50 km. To 
determine whether fish may have been moving in different directions 
by season, maps were separated by season in which fish were 
recaptured. Distances moved are expressed as the minimum distance 
travelled (in kilometres) between release and recapture. 

Results 

Approximately 17190 tagged kingfish were released 
between 1974 and 1995. The number of fish tagged per year 
increased over the first 10 years of the programme but has 
shown a general decline since 1984 (Fig. 1). In total, 1376 
recaptures were reported, although some recaptures (7.8%) 
contained little or no useful information because initial 
tagging data had not been returned. This equates to a 
recovery rate of 8%. The majority of tag returns were made 
by amateur fishers (56%), although this figure may be 
higher because in 8% of returns the status (amateur or 
professional) of the fisher was unknown. 



       

  

     

  

  

 

  

 

  

 

  

 

    

 

 

182 Bronwyn M. Gillanders et al. 

Fig. 1. No. kingfish tagged each year as part of the NSW Fisheries 
Gamefish Tagging Programme. 

Distribution of tagged/recaptured fish 

Most of the fish tagged and recaptured along the east coast 
of Australia were off the NSW coast (Fig. 2). Tagging and 
recaptures were not evenly distributed among areas and 
the distribution of tagging/recaptures among seasons was 
not the same for all areas (Fig. 2; contingency table of 12 
areas by 4 seasons: tagging c2 = 2557.75, df 33, P 
<0.0001; recaptures c2 = 232.94, df 33, P <0.0001). 
Within NSW, the greatest numbers of tagged and 
recaptured fish were obtained from the 30∞ band (Coffs 
Harbour region). For each region, the greatest numbers of 
fish were generally tagged in summer (December– 
February), although the greatest number was tagged in 
autumn (March–May) for the 36∞ band (Narooma to 
Merimbula region). Although more fish were recaptured in 
summer from the 30∞ band, recaptures in both summer and 
autumn dominated the more southern NSW regions 
(Fig. 2). Within three main areas (the 30∞, 33∞ and 34∞ 

Fig. 2. No. kingfish (a)  tagged and (b)  recaptured each season along the east coast of Australia. 
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bands), tagging of fish and recaptures varied widely 
among years suggesting that effort and/or abundance 
varies among years (Fig. 3). About 2% of all kingfish were 
tagged around Lord Howe Island (31∞30¢S,159∞00¢E), and 
the remainder were tagged relatively close to the coast of 
mainland Australia. 

Fig. 3. Distribution of kingfish (a) tagged and (b) recaptured each 
year for the three areas where most tagging occurred. 

Recapture rates 

Recapture rates for fish tagged in the different areas varied 
greatly among areas of recapture (Table 2). The 30∞ band 
had the highest recapture rate (12%), whereas the 36∞ band 
had the lowest recapture rate (4.4%). The remaining areas 
had recapture rates between 5% and 9%. Recapture rates 
also increased with increasing size of fish (Fig. 4a). 

Of the fish recaptured, 93% were caught within 
12 months of tagging. Although some fish were tagged up 
to 20 years ago, none of the recaptured fish were at large 
for more than 5 years. Numbers of recaptures per month-

Table 2. Percentage of kingfish recaptured by area tagged 

Latitude bandA Recaptured (%) No. tagged 

Queensland 8.4 987 

28∞ 5.0 744 

29∞ 5.6 195 

30∞ 12.1 3734 

31∞ 7.4 985 

32∞ 7.6 1480 

33∞ 6.0 3124 

34∞ 6.4 2378 

35∞ 5.6 1224 

36∞ 4.4 1631 

37∞ 5.2 172 

South of 38∞ 5.9 102 

AEach latitude band is the northern limit of a 1∞ band 

Fig. 4. Recaptures of kingfish. (a)  Recapture (%) by size of fish 
tagged; numbers above the bars are numbers of fish tagged. (b)  No. 
fish recaptured v. months at large: y-axis, logarithmic scale; •  , no. 
fish tagged; solid line, relationship between no. returns and months at 
large for the first 35 months; dotted line, after removal of the first two 
months from the data set. 
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at-large decreased rapidly for the first six months and then 
showed a gradual decrease until 30 months, after which 
time few recaptures occurred (Fig. 4b). The relationship 
between the number of returns (Y) and the months at large 
for the first 35 months was explained by the equation ln(Y) 
= 4.553 – (0.143 ¥ months); R2 = 0.80, indicating an 
instantaneous mortality rate of 0.143. This rate, however, 
assumes that there is no tag loss and that overall fishing 
effort is constant over the duration of the study; these are 
unlikely to be the case. When the first two months were 
removed from the analysis the instantaneous mortality rate 
was 0.125 (ln(Y) = 4.112 – (0.125 ¥ months); R2 = 0.80). 

Of the >1525 fishers that have tagged kingfish, 30% 
tagged one fish (3% of all fish tagged) and 78% of fishers 
tagged <10 fish each (22% of all fish tagged; Fig. 5). Six 
fishers have tagged >200 fish each and these represent 14% 
of all fish tagged. Recapture rates for these six fishers vary 
greatly, but on the whole were greater than recapture rates 
for fishers tagging only 1–4 fish (Table 3). The recapture 
rate of fishers tagging 1–4 fish was below that of the overall 
recapture rate (ª4.8% v. 8%), whereas two-thirds of the top 
six fishers had recapture rates above the overall rate 
(Table 3). 

Fig. 5. Frequency distribution showing number of kingfish tagged 
by individual fishers and line indicating how the distribution relates to 
the total number of kingfish tagged. Six fishers tagged >175 fish each, 
together accounting for 14% of all kingfish tagged. 

Size at tagging and recapture 

All fish tagged were between 200 and 1400 mm long; there 
was a strong indication that fishers rounded measurements 
to the nearest 50 and/or 100 mm (54% of fish had values 
that ended in 50 or 100 mm intervals; Fig. 6a). At recovery, 
fish ranged from 300 to 1400 mm long (Fig. 6b). Rounding 

Table 3. Recapture of fish tagged 
Overall recapture rate for all kingfish, 8% 

No. tagged No. recaptured % recaptured 

(a) Top ranked fishers 

1 906 130 14.3 

2 568 77 13.6 

3 259 16 6.2 

4 233 35 15.0 

5 205 21 10.2 

6 204 10 4.9 

(b) Fishers tagging ª125 fish 

1 129 8 6.2 

2 126 12 9.5 

3 124 13 10.5 

4 124 10 8.1 

5 124 2 1.6 

(c) Fishers tagging ª50 fish 

1 51 11 21.6 

2 51 0 0.0 

3 50 8 16.0 

4 50 4 8.0 

5 50 3 6.0 

(d) Fishers tagging 20 fish 

1 20 3 15.0 

2–4 20 each 2 each 10.0 

5–10 20 each 1 each 5.0 

11 20 0 0.0 

(e) Fishers tagging 1–4 fish 

1 fish 460 (460 fishers) 22 4.8 

2 fish 402 (201 fishers) 19 4.7 

3 fish 393 (131 fishers) 19 4.8 

4 fish 396 (99 fishers) 19 4.8 

of measurements to the nearest 50 or 100 mm was not as 
pronounced in the recapture data (31% of fish) as in the 
tagging data. Differences in the percent of fish rounded to 
the nearest 50 or 100 mm varied between tagging and 
recapture (c2 = 6.22, df 1, P <0.05). When tagging fish, 
fishers are likely to be in a hurry to return the live fish to the 
water in as short a time as possible, whereas upon recapture 
fish may be kept and measured precisely. The distribution of 
lengths at recovery (mean size 576 mm ± 147 s.d.) had 
shifted to the right compared with the distribution of lengths 
at tagging (mean size 515 mm ± 141 s.d.; Figs 6a, 6b). 

Fish recaptured within 30 days of release were used to 
estimate measurement error. Assuming that no measurable 
growth occurred in this period, the length-at-release should 
equal the length-at-recapture. The frequency distribution of 
fish at large for <30 days showed that fishers were just as 
likely to underestimate the length of fish as they were to 
overestimate the length of fish (Fig. 6 c). The mean 
difference in size of fish between tagging and recapture for 



 

 

  

 

 
 

 

 

185 Analysis of tag–recapture data on kingfish 

Fig. 6. Length–frequency histograms of kingfish (a) tagged (mean 
size 515 mm, 141 s.d.) and (b) recaptured (mean size 576 mm, 147 
s.d.) between 1974 and 1995 as part of the NSW Fisheries Gamefish 
Tagging Programme, and (c) distribution of differences in length 
between tagging and recapture for all recaptured fish (bars) and for 
fish recaptured within 30 days (solid line). 

these fish was 11.6 mm (± 0.4 s.e.), suggesting that the bias 
in measurements between tagging and recapture was small 
relative to the size of the fish. 

Growth of recaptured fish ranged from a decrease of 350 
mm to an increase of 800 mm, for fish that were at large 
between 0 days and 5 years (Fig. 6c). The best-fitting 
GROTAG model indicated annual growth rates of 260.3 
mm (± 8.1 mm s.e.) and 131.1 mm (± 7.3 mm s.e.) for 400 
mm and 600 mm fish respectively. This model was 
equivalent to the Case 1 model of Francis’s (1995) mark– 
recapture analogue of Schnute’s (1981) growth model, 
namely 

1b – aDt – aDtDY = – Y + [Y e + c(1 e  ) ] b ,– t t 

where yb – yb 
2 1 

a = ln --------------[ ]lb lb 
2 – 1 

blb blb y – y2 1 1 2and c = -----------------------------------
b b b

lb 
– y + y – l1 1 2 2 

where Yt is size at marking, b describes curvature in the 
model (estimated at 5.66 ± 0.568 for best fit model), Dt is 1, 
l1  =  y1 + g1 and l2  =  y2 + g2. Plots of standardized 
residuals against length at tagging, time at liberty and 
expected growth increment showed no pattern (correlations 
were 0.022, 0.003 and 0.005, respectively), suggesting that 
the model was appropriate. 

Movements of fish 

The majority of fish were recaptured within 50 km of the 
locality where they were tagged (Table 4, Fig. 7), although 
there was some evidence that fish that were at large longer 
may have moved further (Fig. 7). There was also an 
indication that larger fish (>750 mm TL) moved greater 
distances than smaller fish (e.g. fish <600 mm TL; Fig. 8), 
although one fish 310 mm TL moved 678 km. Larger fish 
also showed greater variability in distance moved than 
smaller fish (Fig. 8); however, few fish of >1000 mm TL 

Fig. 7. Frequency distribution of numbers of kingfish v. distance 
moved for fish at large (a) �30 days, (b) 31–180 days and (c) >180 
days. 
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Table 4. Movement of tagged kingfish between areas 
Values are percentage of fish recaptured in each area. In bold, percentage of fish remaining in the same area in which they were tagged. 

n, sample size 

Tagging Recapture area 
area 

n 26 27 28 29 30 31 32 33 34 35 36 37 38 

26 49 100 
27 28 96 4 
28 37 97 3 
29 11 55 45 
30 450 1 96 1 1 1 1 
31 73 86 10 3 1 
32 113 90 8 2 
33 187 1 2 2 82 11 3 
34 152 1 1 1 82 15 1 
35 69 19 77 4 
36 71 4 10 11 69 4 1 
37  9  11  22  11  44  11 
38 6 50 17 17 17 

Fig. 8. Distance (mean + s.d.) moved by different size classes of 
kingfish. Numbers above the bars are sample sizes. 

were tagged. It is also important to note that movements of 
fish may be influenced by differing patterns of effort. 

Information for 119 fish that moved more than 50 km 
was separated by season of recapture (Fig. 9). Few of the 
fish recaptured in winter had moved long distances, and this 
presumably reflects a combination of fishing effort and 
abundance of fish (Fig. 9c). Similar numbers of fish moving 
long distances were recaptured in the remaining three 
seasons. Three fish moved from NSW to northern New 
Zealand (>2000 km) and all were recaptured in autumn 

(Fig. 9b). Seven other fish moved >500 km, including one 
fish moving from The Peak in NSW (33∞56¢S,151∞56¢E) to 
Lord Howe Island (31∞30¢S,159∞00¢E) and another moving 
from Whale Beach in NSW (33∞37¢S,151∞21¢E) to Barren 
Island in Queensland (22∞02¢S,149∞58¢E) (Fig. 9d). 
Movements along the coast of eastern Australia were much 
more frequent than offshore movements (e.g. to New 
Zealand or other islands in the Pacific), although this is 
likely to reflect fishing effort. 

Discussion 

Cooperative tagging programmes may be undertaken for 
both scientific and socially oriented reasons (Kearney 
1988). Frequently, those involved believe that they are 
tagging fish to aid scientific research. Thus, it is important 
that the programmes have a clear set of scientific objectives 
and that assumptions for different objectives are recognized 
a priori (Table 1). The following discussion identifies areas 
that may require consideration in conducting quantitative 
analyses of life-history parameters and in setting up a 
cooperative tagging programme. 

Distribution of tagged and recaptured fish 

The distribution of both tagged and recaptured fish varied 
along the east coast of Australia, by season and by year. 
Whether this reflects fishing effort or changes in abundance 
of fish is not known, because no catch-and-effort 
information was collected and there are no estimates of 
abundance for this species. The distribution of tagged or 
recaptured fish along the coast of NSW was broadly similar 
to the catch of the commercial fishery, as were the numbers 
of fish tagged and recaptured each season (Table 5). 
Without catch-and-effort data, tagging data can only be used 
to provide an indication of distance and direction travelled, 
but these parameters cannot be expressed in more 



 

Fig. 9. Movement of kingfish by season in which they were recaptured; only fish moving >50 km are shown. Movements shown to the right of 
the coast are southerly movements; those to the left represent northwards movement of fish, with the exception of one fish moving to Lord Howe 
Island (L.H.I.) and three fish moving to New Zealand (N.Z.). Numbers in the left corner of the boxes are fish that moved >50 km but were 
recaptured in the same general area as they were tagged; numbers in the right corner are fish recaptured <50 km from their release point. The size 
of the arrow is proportional to the number of fish. 



 

 

 

  

 

 

188 Bronwyn M. Gillanders et al. 

quantitative terms. It is also not usually possible to estimate 
abundance and mortality without catch-and-effort statistics 
(Saunders et al. 1990; but see Hoenig et al. 1998b). Seber 
(1986; 1992) provides comprehensive reviews of methods 
for estimating abundance. 

Table 5. Percentage of commercial catch between 1985 and 1995 
compared with percentage of fish tagged and recaptured as part 
of NSW Fisheries Gamefish Tagging Programme in each 1° band 

and season 

Area Season Commercial NSW Fisheries Gamefish 
fishery programme 

% of catch Tagged (%) 
Recaptured 

(%) 

28° 2 4 3 
29° 3 1 1 
30° 7 22 36 
31° 10 6 6 
32° 10 9 9 
33° 10 19 15 
34° 29 14 12 
35° 8 7 5 
36° 19 10 6 
37° 1 1 1 

Summer 38 45 46 
Autumn 21 23 24 
Winter 12 9 14 
Spring 29 23 16 

In cooperative tagging programmes, tagging and 
recaptures of fish are made throughout the year and cannot 
generally be controlled. In contrast, dedicated tagging 
programmes can tag groups of fish in blocks of time, and 
recaptures can be made some time later. One of the 
assumptions in many tagging models is that the tagged 
population is fully mixed with untagged fish and thus the 
tagged sample is representative of the target population 
(Table 1; Pollock et al. 1991), which is unlikely to be the 
case for cooperative tagging programmes. Recently, 
however, Hoenig et al. (1998a) have developed models that 
allow for incomplete mixing of newly tagged fish; such 
models would be applicable to both dedicated and 
cooperative tagging programmes. 

Recapture rates 

Tag-recovery information has traditionally been used to 
describe movement of fish in a qualitative way, largely 
because inequality of tag-recovery rates from different areas 
confounds estimates of migration rates with tag-recovery 
rates (Schwarz and Arnason 1990). Results of tag-recovery 
experiments may therefore be affected by non-uniform 
distribution of fishing effort. Spatial and temporal variations 
in fishing effort have been consistently ignored or 
overlooked as factors that may influence patterns of 

recapture of tagged organisms (Sheridan and Melendez 
1990). Areas without fishing effort will obviously have no 
recaptures and therefore recoveries per unit of fishing effort 
are often used rather than total recoveries (Hilborn 1990). 
Although it has been acknowledged that estimates of fishing 
effort are seldom good enough to enable appropriate 
corrections to be made (Kearney 1988), tagging studies 
should incorporate catch-and-effort statistics into the overall 
design (Hilborn 1990; Sheridan and Melendez 1990; Xiao 
1996). Differential recovery of kingfish among areas is 
likely to be related to fishing effort, although we have no 
quantitative data on effort. 

The present study on movement of kingfish found that 
some areas had different recovery rates. Recapture rates of 
kingfish among areas may reflect differential rates of tag 
loss, mortality of fish due to tagging and non-reporting of 
tag recoveries. These factors are difficult to calculate 
because they are often confounded with fishing mortality, 
natural mortality and movement (Hilborn 1990). Some 
attempt could, however, be made to estimate tag loss by 
double tagging fish, although in a cooperative tagging 
programme this may not provide meaningful data because 
of differences in the ability of taggers rather than true 
differences among areas. Tag loss may be significant in 
kingfish, because a previous study noted that the tubular 
body of the tag became worn as early as one week after 
tagging and abrasion increased over time until the tag was 
broken (Pepperell 1990). Because such abrasion was noted 
almost exclusively in kingfish, Pepperell (1990) suggested 
that this species may rub against hard surfaces in an attempt 
to dislodge the tag. Tag loss (and mortality of fish) due to 
tagging may also be estimated experimentally by holding 
fish in captivity (e.g. McGlennon and Parthington 1997), but 
whether such results reflect field conditions will not be 
known. 

Failure to report tag recoveries is identified as a major 
problem in many tagging studies (e.g. Crossland 1976; 
Hunter et al. 1986; Trumble et al. 1990; Shimada and 
Kimura 1994). In a study on halibut, non-reporting of tags 
changed with geographic area and over time as the fishery 
changed, and therefore it could not be corrected for 
(Trumble et al. 1990). Non-reporting of tags was estimated 
to be as high as 50% in one study and along with tag 
mortality and tag loss may have been as great as 66% in 
another study (Trumble et al. 1990; Shimada and Kimura 
1994). Non-reporting of kingfish tags is known from 
anecdotes, but the level of non-reporting is unknown. It 
may, however, be quite large if differences between 
recreational and commercial fishery catches and the 
contribution of each to recaptures are correct. 

Recreational boat-ramp surveys suggested that the 
estimated harvests of kingfish from popular localities were 
53.0 (5.6 s.e.) t for September 1993 to August 1994 and 35.8 
(3.3 s.e.) t for a similar period in 1994–95 (Steffe et al. 
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1996). By comparison, the commercial catch for NSW for 
the 1993–94 and 1994–95 financial years was 346 t and 
292 t respectively. The present results suggested that 56% of 
kingfish were recaptured by recreational fishers and 36% by 
professionals. This suggests that disproportionate numbers 
of tagged fish are recovered by recreational fishers. Such a 
discrepancy may be explained by a range of factors, 
including geographic differences in effort between 
commercial and recreational fishers, differences in non-
reporting of tagged fish between commercial and 
recreational fishers and/or recapture of many undersized 
fish by recreational anglers. Internal tags are being 
investigated as an alternative to external tags in order to 
reduce reliance on voluntary returns and to eliminate 
problems of non-reporting (Trumble et al. 1990). Internal 
tags must be put in by trained taggers and the catch must be 
surveyed. This is only likely to be feasible for commercial 
operations and relatively abundant species; therefore, 
estimates of catch by recreational fishers will be unlikely. 

Observers can be placed aboard fishing vessels to 
monitor catches, find and return tags and collect samples 
from fish (e.g. otoliths). This is, however, likely to be 
expensive and may only be feasible for a dedicated tagging 
study. Pollock et al. (1991) describe a method for estimating 
the reporting rate of tags when a tagging study is combined 
with either a creel survey or a port sampling programme. 
The reporting rate is necessary for estimates of mortality 
rates. Another approach to estimating the tag-reporting rate 
is to conduct a study where one type of tag is the standard 
and the other type offers a high reward, but such a study 
assumes that all of the recaptured high-reward tags are 
reported (Henny and Burnham 1976; Pollock et al. 1991; 
Jenkins et al. 2000). 

Different taggers also had different recovery rates, which 
may be due to the effects of different tagging procedures 
among taggers. Poor tagging methods dramatically increase 
subsequent mortality (Schwarz and Arnason 1990) and tag 
retention increases with experience of the tagging team (e.g. 
Niva 1995). In one area (the 30∞ band), three of the most 
active and experienced taggers (recapture rates between 
10% and 15% versus overall average of 8%) tagged ª50% 
of the recaptures, and therefore the recapture rate (12%) in 
this area may in part be a reflection of the influence of these 
taggers. In an area where the recapture rate of an 
experienced tagger was high (15%), but many other taggers 
were involved, the contribution of the experienced tagger 
had no effect on the overall recapture rate (see 33∞ band, 
recapture rate 6%). 

Another factor contributing to differences in recapture 
rate both among areas and among fishers may be the types 
of tag used. Most kingfish were tagged with the type A tag 
(nylon-headed spaghetti tag), but this tag has had various 
models, each of which had different recapture rates 
(Pepperell 1990). Although Pepperell (1990) lists factors 

that may confound comparisons among different types of 
tags, differences in recapture rate among types of tags may 
result from differences in tag loss and in tagging-induced 
mortality. 

Recovery rates vary among areas, among fishers and 
among types of tags used. All these factors may influence 
analyses of life-history parameters and need to be accounted 
for. Without estimates of fishing effort, level of tag 
reporting, tag-related mortality and tag loss, more 
quantitative analyses, such as estimates of abundance and 
mortality, are not possible. Tag-related mortality and tag 
loss are not only likely to vary along the coast but may also 
vary among taggers; therefore, it is considered unlikely that 
cooperative tagging programmes will provide useful 
information for calculations of mortality, etc. (Table 1). 

Size of fish 

The majority of fish tagged and recaptured were between 
400 and 700 mm TL, yet this species reaches a maximum 
size of 2000 mm. Only 28% of tagged fish and 41% of 
recaptured fish were longer than the current NSW minimum 
legal size of 600 mm TL, although this size limit was 
implemented only in early 1990. Few very large fish were 
tagged, so the observed movement patterns are only for a 
subset of fish and may not be representative of the entire 
population (see also Table 1). 

The study suggested that small fish (<700 mm TL or 
ª620 mm FL) showed less movement than larger fish, but 
few fish of >1000 mm TL were tagged. In another study on 
S. lalandi (ex dorsalis) off the Californian coast, small 
(<600 mm FL) and large (>900 mm FL) fish showed very 
lit t le movement, whereas medium-size fish (610– 
900 mm FL) moved the greatest distances (Baxter 1960). 
Clearly, if the size range of fish that are tagged is limited, 
then extrapolating to the entire size range may be 
misleading (Table 1). Future tagging studies need to target 
very large fish. 

Kingfish showed annual growth of 260 mm and 131 mm 
for 400 and 600 mm TL fish respectively. Comparison of 
growth among tag–recapture data, size–frequency data, and 
ageing structures (e.g. otoliths, vertebrae) is difficult 
because comparisons are being made between age-based 
and size-based data (Francis 1988a, 1995). When the 
recommendations of Francis (1988a, 1995) for determining 
growth rates are applied in the present study, growth of 1
year-old fish estimated from calcified structures is 110 mm 
and from size–frequency data is 156 mm (both these being 
age-based estimates). Data from calcified structures were 
then used to determine the size of 1-year-old fish (533 mm 
TL), and tag–recapture data were used to estimate growth at 
this size(164 mm). By the same procedure, calcified 
structures, size–frequency data and tag–recapture data 
showed that 2-year-old fish (642 mm TL) grew 109 mm, 
129 mm and 116 mm respectively (see also Gillanders et al. 
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1999). Differences in growth among methods ranged from 
~20 mm to 50 mm, which, given the size of fish and 
potential rounding of tag–recapture data, is relatively small. 
Thus, tag–recapture data from a cooperative tagging 
programme may be useful for estimating rates of growth. 
These estimates of growth are greater than those found for 
the same species in New Zealand and USA (Baxter 1960; 
J Holdsworth, personal communication). 

Larger fish were more likely to be recaptured than small 
fish. Previous studies have also found a strong positive 
relationship between the size of fish at tagging and the 
recovery rate of the different size classes (Saunders et al. 
1990). Differences in recovery rates among different size 
classes of fish need to be taken into account when growth is 
analysed over the entire size range and when ageing 
methods are to be validated for all age classes. Such 
differences may be due to size selectivity of fishing gear, 
size limits on the catch and/or differential rates of mortality 
due to tagging (Saunders et al. 1990). 

Movement of kingfish 

Long-distance movements along the NSW coast showed 
that the kingfish population is likely to be well mixed and 
that it is unlikely that more than one stock exists. Some 
mixing of kingfish between Australian and New Zealand 
waters was found. Three fish tagged in NSW were 
recaptured in New Zealand and one fish tagged in New 
Zealand was recaptured in Australia (Saul and Holdsworth 
1992). Large-scale movements along the east coast of 
Australia (>500 km) also occur. Although one kingfish 
moved to Lord Howe Island, movements of fish to other 
localities in the Pacific have not been observed. This may 
reflect a lack of fishing effort in this region. Results from a 
tagging study of a potentially wide-ranging fish where fish 
are mostly tagged within Australia may bias overall patterns 
of movement. If tagging also occurred throughout the 
Pacific, movement along the coast of Australia might not be 
the predominant pattern. For example, analysis solely of 
skipjack tuna tag-and-recovery data collected by Japan 
suggested patterns of movement different from those 
defined when data from two other data sets (South Pacific 
Commiss ion  and  In te r -Amer ican  Tropica l  Tuna  
Commission) were also included (Hunter et al. 1986). 
However, less common movements, such as the three fish 
that moved to New Zealand, may not be detected unless 
large numbers of fish are tagged over many years. In such 
instances, cooperative tagging programmes may be the only 
way to detect these fish. 

Missing tag information 

In 5.8% of recaptures (n = 80), there was no original tagging 
information available because taggers had not returned tag 
cards. Assuming that these fish have recapture rates similar 
to those of other fish, this may equate to at least 1000 

kingfish that were tagged and the tagging information was 
not returned. Similar problems have previously been 
reported (e.g. Crossland 1976; Saul and Holdsworth 1992), 
although in the New Zealand cooperative tagging 
programme non-return of tag reports was only 1.7% of 
recoveries (n = 9; Saul and Holdsworth 1992). To encourage 
the return of tagging information, there needs to be further 
communication with fishers and clubs to whom tags are 
given. 

Cooperative versus dedicated tagging programmes 

The NSW Gamefish Tagging Programme has tagged, on 
average, >500 kingfish per year for 20 years. Recaptures of 
kingfish have provided valuable information on movement 
and growth. There are, however, limits to the type of 
information that can be derived from such a programme 
without changes in emphasis. For example, in the absence of 
effort data, the current tagging programme violates 
assumptions for more quantitative analyses on the 
proportions of kingfish moving to and from areas of 
particular interest. 

Periodic reviews of programmes are necessary to ensure 
that they remain cost effective and maximize the amount of 
information recovered. The present programme may be 
enhanced by such a review, particularly with respect to 
focusing on the spatial and temporal distribution of fishing 
effort by recreational taggers. Further gains may also be 
made by focusing on tagging and measuring techniques (see 
Table 1). Cooperative tagging programmes cost less than 
dedicated tagging programmes and offer the prospect of 
movement and growth data across a wide range of species. 
Dedicated tagging programmes by research institutions 
offer greater prospects of more accurate size estimates, a 
clearer focus on the questions to be asked of the programme, 
and the capacity of the data-collection scheme to provide 
those answers. Hence, cooperative tagging programmes are 
an appropriate way to gain some useful biological data for a 
range of species, but for more quantitative analyses (e.g. 
estimates of abundance) dedicated tagging programmes may 
be needed. 

If cooperative and dedicated tagging programmes are 
conducted in the same general area then there may be 
problems between the two programmes. For example, if the 
dedicated tagging programme offers a reward and 
recreational fishers are involved in recapturing fish from 
both programmes then they may expect a reward whenever 
a tagged fish is returned. Recovery rates may then decrease 
when it is realized that not all tags have a reward. 

Cooperative tagging programmes generally target many 
species, but most fish that are tagged and recaptured 
typically represent only a few species. We recommend that 
there be a clear focus on the scientific objectives for these 
few species and that data be collected on factors such as 
reporting rate of tags, tag-related mortality and tag loss at 
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the same time as the cooperative programme is underway. In 
addition, the spatial and temporal distribution of tagging of 
fish needs to be considered and information collected on 
effort and abundance. Workshops should be conducted to 
train fishers in tagging (and measuring) techniques. Data 
collected from cooperative tagging studies should be 
regularly analysed and results reported to participants. From 
such reviews, problems (e.g. lack of return of original 
tagging information for some fish) could be identified and 
rectified. By all these means, the amount of information that 
can be obtained from a cooperative tagging programme 
should be maximized. 
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