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EXECUTIVE SUMMARY 

Ayers, D.; Francis, M.P.; Griggs, L.&, Baird, S.J. (2004). Fish bycatch in New Zealand tuna 
longline fisheries, 2000-01 and 2001-02. 

New Zealand Eiheries Assessment Report 2004/46.47 p. 

Data fiom the Ministry of Fisheries Obsaver Programme were used to quantify the extent of fish 
bycatch caught on tuna longlines in New Zealand waters during the 2000-01 and 2001-02 fishing 
years. These data provide information on which fish species appeared as bycatch, the catch per unit 
effort (CPUE) of the most common of these species, and estimates of total catch Data were 
summarised according to geographical location (North and South regions), and by fleet (foreign and 
charter, or domestic). Biological data were analysed for some of the major bycatch species. The 
proportion of fish alive at recovery and the proportion that were discarded were estimated. The size, 
sex, matuTity composition, and catch weight of blue shark, porbeagle shark, mako shark, and Ray's 
bream were also determined. 

Total fishing effort continuid to increase, with at least 9.3 million hooks set in 2000-01 and about 
10.5 million in 2001-02. The increase was due to increased domestic effort. 

Observer coverage (as a percentage of the total effort) was greatest on chartered Japanese vessels in 
southern waters (7%87%). Coverage of domestic vessels increased slightly over previous years, and 
increased in geographical range. Despite this, the observer coverage of domestic vessels is very low 
(2-3%), and may affect the veracity of some results. 

The species most commonly recorded by observers in the tuua longhe fishery were blue shark 
(Prionace glauca), albacore tuna (Thunnus alalunga), and Ray's bream (Brama brama). Catch per 
unit effort in 2000-01 and 2001-02 did not differ greatly f?om those of previous years, though there 
appears to be a decline m catch rates during recent years for most species. For all data fcom 1988-89 
to 2001-02, catch rates for many species in the northern region were higher than in the southem 
region. Dealfish (Trachiptm trachyptm), deepwater dogfish species, and Ray's b m m  clearly 
showed the opposite trend. Catch rates for school shark (Galeorhinus galeus), mako shark (Isum 
oryrinchus), porbeagle shark (Lamna n w ) ,  and blue shark were fairly consistent throughout both 
regions. 

Total estimated catches for the thee pelagic shark were generally higher than previous estimates. 
Estimated catches of blue shark were 1478 t and 1969 t in 2000-01 and 2001-02, respectively. For 
porbeagle sharks, the estimated catch weights were 98 t and 76 f and for makos, 694 t and 340 t for 
2000-01 and 2001-02. Estimates of the total catch of Ray's bream were 9.5 t in 2000-01 and 31 t in 
2001-02. 



1. INTRODUCTION 

It is well known that tuna longhe fishing in New Zealand waters has an associated catch of non- 
targeted species (Francis et al. 2001,2004). As an active member of the Ecologically Related Species 
Working Group under the Commission for the Conservation of Southern Bluefin Tuna, New Zealand 
has an obligation to produce estimates of the numbers of non-target fish species taken in the tuna 
longline fishery. A more general responsibility of the Ministry of Fish& is to determine the effects 
of fishing on associated or dependent species taken as bycatch of normal fishing operations. To 
achieve these aims, analyses were undertaken on observer data and commercial fishing data lium the 
tuna longline 6shery. In addition, New Zealand is developing a National Plan of Action (NPOA) on 
sharks, as a result of an FA0 initiative to improve the assessment and management of shark fisheries 
worldwide. Estimates of shark bycatch from tuna longhe fisheries will be beneficial to the 
development of this NPOA. 

Tuna longline fishing, while considered more environmentally sound than other fishing methods, often 
catches non-targeted species. Catch rates of these species tend to be low, though for some target 
species, areas, and seasom the. catch rates can be high (Francis et al. 2000,2001,2004). Observers 
have r.ecorded over 70 non-target fish species in the New Zealand Exclusive Economic Zone (EEZ), 
though only 12 species (or species pups)  are commonly observed. Since 1988, the most commody 
observed species has been blue shark (Prionace glauca). Albacore tuna (Thunnm alalunga), Ray's 
bream (Brama b m ) ,  southern bluek tuna (?'hum maccoyii), .porbeagle shark (Lwnna nasus), 
and dealfish (Tra&iptem trachyptenlr) have been caught frequently as we!. The otber major species 
observed were (ordered by decreasing abundance) lancetfish (Alepisauru~ferox and A. brm'roslris), 
moonfish (Lnmpric gwtahrs), oilfish (Ruw~pretiosus), deepwater dog6sh (several species of sharks 
of tlx order Ssualiformes), swordfish (Xiphias gladius), butterfly tuna (Gasterochism melampus), 
mako shark ( I s m  oxyinchusf, rudderfish (Centrolophw niger), school shark (Galeorhinus galeus), 
bigeye tuna (Thunnus obenrs), and yellowtin tuna (Thunnus albacares). 

Some of the main bycatch species are oceanic sharks. Lncreased demand for shark 6ns has led to an 
increase in shark landmgs over the last few decades (Bonfil 1994, Hayes 1996, Stevens 2000). 
Oceanic sharks are vulnerable to ovemshing, due to thQr generally low reproductive rates, long life 
spans and possibly slow gowth, and their segregation by age and sex (Compagno 1990, Fogarty et ai. 
1989, Hoenig & Gruber 1990). This work should provide more information on the status of some of 
these shark populations. 

Billfish suecies are commonly cawkit in 1-e fkheries targeting tuna Bailey et a]. (1996) reported - - 
that blue-marlin was the mo$ co& bycatch species in the westan tropical PXSC longline fishery, 
whereas short-billed s~earfish s red om in ate in Australia. In New Zealand, broadbill swordfish are 
caught commonly, andas&iped &En are occasionally taken (Francis et al. 2004). Only swordfish can 
be retained by commercial fishers; the other billfish species must be returned to the water alive or 
dead. The policies pertaining to billfish species are of interest to both commercial and recreational 
£ishers. Commercial fishers view the practice of dumping marlin as a waste of valuable resources, and 
have sought a change in regulation that allows them to keep dead marlin. Recreational fishas, 
however, are concerned about potential effects on the recreational striped marlin i%hery, especially 
fishing effort that may target striped marlin. There is some support for their position, as a recent study 
showed that the commercial catch per unit effott (CPUE) is negatively correlated with the CPUE 6um 
the recreational fishery (Holdswortb et al. 2003). That study also suggested that a recent rise in 
recreational CPUE was directly attributable to the moratorium on the landing of marlin by commercial 
fishers. 

The present shldy was carried out under Ministry of Fisheries research project ENV2002101. The 
objective was to estimate the catch rates; quantity, and discards of non-target fish, particularly oceanic 
sharks, broadbill swordfish, and marlins, caught in the longline fisheries for tuna, using data &om 
obs+ and commercialfishing returns for the 2000-01 and 2001-02 fishing years. This is the 
fourth study to examine this topic; the previous three were described by Francis et al. (1999, 2000, 
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2004). This study adds estimates for two additional years to the time series of catch rates sad total 
catches for the major species of bycatch. 

2. METHODS 

2.1 Data sources 

New Zealand tuna Iongline fishery data are available for 200041 and 2001-02 from two sources: 
commercial fishing data and observed f i shg  data The commercial data are h m  the Tuna 
Longlining Catch Effort Retums (TLm) and Catch Effort Landing Returns (CELR) that longline 
fishers are required to submit to the Ministry. These data are stored in a database (tuna) which is 
managed by NWA for the Ministry of Fisheries. These returns underestimate bycatch because much 
of it is discarded at sea. Analyses and descriptions given here for the entire tuna longlining fleet are 
based on these data. 

More reliable fish bycatch data are coUected by Ministry of Fisheries observers and stored in the 
observer database (I-line), which is also managed by NIWk These observed data represent a 
proportion of the total fishing effort. These data can be more comprehensive than the commercial data, 
as the observers sometimes record data on lengths, weights, and the sex of the bycatch. In addition, the 
accuracy of these data is often better than the commercial data, as the processed and discarded catches 
are recorded, as is the propoxtion of catch alive and dead on recovery. 

2.2 Data treatment 

Data fmm the observm database were obtained for the fishing years 200041 and 2001-2002. These 
data are the primary focus of the current analyses. Data for the f i s h  years 198849 to 1999--2000 
were also extracted, for comparison and identijication of long-term trends. 

Three distinct fleck of vessels operated inNew Zealand waters dwing this period: foreign licensed 
v&els (primarily Japanese), foreign vessels chartered by New Zealand companies, and domestic 
owner-operator vessels. The foreign licensed vessels fished the early p a  of this period, until the end 
of the 1994-95 fishing year. A New Zedand company began chartering foreign vessels in 198849, 
and this fleet has fished most years since. In 1988-89, domestic vessels became involved in the tuna 
longline fishery.'These vessels had sporadic effort in the early part of the decade, but effort has 
increased steadily since then. In this study we use data ftom domestic vessels that fished since the 
1994-95 fishing year. 

In ow analyses, the foreign and chartered vessels are grouped into a single fleet because they generally 
fished in similar areas with similar gear. Observer coverage of these fleets was low in early years, and 
combining them produces better coverage of the actual fishing effort. In addition, one large domestic 
vessel is included in this fleet for the analyses, because it W e d  with and used similar methods to the 
charter vessels. Throughout this report italics denote these speczc groupings of vessels. Thus, the 
foreign and charter fleet is defined as the foreign and chartered vessels, plus one domestic vessel. The 
domestic fleet is defined as domestic vessels excluding the one that fished with the other group. 

A geographical distinction is made in the analysis. Data were allocated to a north (N) region, a 
southwest (SW) region, or a southeast (SE) region (Figure I). The north region was defined as being 
north of latitude 39" 30' S on the west coast. and north of 43" 45' S on the east coast. The southwest 
region was defined as being west of Cook strait, south of 39' 30' S, and west of 169" E at the southern 
end of the South Island. The southeast region definition follows. Of the different regional boundaries - 
examined, this definition of region is the best when all years of data are included. 
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In 2000-01 and 2001-02, no domestic vessels were observed in either of the southern regions, and 
only three trips by foreign and charter vessels were observed in the north region (two of these 
consisted of only two sets at the end of a southern trip). This distribution of fishing effort is consistent 
with that in recent years, in which foreign and charter vessels have fished primarily in the south. The 
spread of the data in the most recent fishing years showed similar patterns to that in previous years, 
where most effort was expendedin the southwest region. This indicated that we should continue to 
perform analyses on a single south region (i.e., southwest and southeast regions combined), but also 
examine any diffaences between the east and west effort 

This geographical distinction results in the data being partitioned into four strata, based on fleet and 
region, for use in the CPUE analyses. The use of these strata reduces within-stratum variances. Note, 
however, that some of these strata are necessarily small, and that the factors used in their constnrction 
are not independent. 

It is also possible to stratify the data by season, as this could potentially affect the catch rates of certain 
species. Exploratory analyses suggested that the data are not distributed qenly enough for this to be of 
benefit, though general comments are made about seasonal effects. 

One improvement in the current analysis over previous analyses is the inclusion of more accurate data 
on the number of observed hooks. Previously, analysis proceeded on the assumption that all hooks on 
an observed set were observed. More refined data have been obtained to allow estimation of the actual 
number of hwks observed on each set. Thus the number of hooks observed in each set is estimated 
from the proportion of the haul observed (based on the haul duration and time recorded as unobserved 
in the observer events logs) multiplied by the number of hooks set. The total catches and average catch 
rates (number of fish per 1000 hooks) are now estimated more accurately by the inclusion of tbis 
information. This correction has also been applied to the data from the fishing years 1988-89 to 1999- 
2000. 

Exploratory analysis of the observer data for the two most recent fishing years indicated that there 
were problems with some length-weight data reported by one observer in 2001-02. The values 
recorded by this observer are considered unreliable. Thus, all the length-weight data reported by this 
observer from two domestic vessels (19 sets representing about 19 822 hooks) have been excluded 
from the length and weight analysis for 2001-02. 

Identification of some species during the early years o f  the observer programme was unreliable 
(Francis et al. 2004). Species affected by this problem include mako and porbeagle sharks, and the two 
species of lancettish. There do not appear to be any problems of this nature in the most recent two 
years' data. When data from earlier years are used, they are grouped according to the procedures 
identified in Francis et al. (2004). 

2.3 Catch per unit effort analysis 

Catch per unit effort was defined as the number of fish caught per 1000 hooks set. The basic unit of 
sampling was an individual set; a set i has information on the number of fish caught (c,) and the 
amount of effort expended (where u, is the number of hooks). As mentioned above, all hooks on a set 
may not be observed. In the calculation of DUE we use the estimated number of observed hooks. For 
each of the major bycatch species, CPUE values were calculated for each fleet and geographical 
region in each fishing year. Some minor grooming of the data occurred before CPUE analyses were 
camed out. Observations were removed from the dataset if there were known problems associated 
with them. 

Previous analyses have used a mean of ratios estimator (Equation I), which defines a CPUE for each 
set, and then averages this over all observed sets to obtain a measure for the entire fishery.. Following 
the suggestions of Bradford (2002), we now use a ratio of means estimator (Equation 2), which is 
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commonly known as a ratio estimator. This defines CPUE as the average catch of the fishery per 
average effort of the fishery. 

The primary reason for this change is that the ratio of means estimator is less affected by large catch 
rates than the mean of ratios estimator. A more detailed discussion and comparison of these two 
estimators was presented by Bradford (2002). 

Although the aim of this report is to summarise data from the most recent two f ~ b i n g  years, it was 
necessary to calculate the CPUE for the previous 12 years as well, because of the use of a different 
CPUE estimator. Therefore, values presented in this report are not identical with those published 
previously. The effect of this change is that the CPUE indices tend to be slightly smaller than those 
reported previously, though the trends remain the same. 

The variance of the ratio estimator is not the same as the commonly used formula for the variance of a 
mean. The ratio estimator is not unbiased, but it is approximately so with large sample sib; Its 
approximate variance is estimated by: 

where 

and p,, is the population mean of the effort variable. There has been some indication that the 

estimator vir(j) is correlated with the mean of the effort variable (ii ). An adjusted estimator, 

has been suggested to alleviate this problem (Thompson 1992). If Equation 3 is used, it is necessary to 
obtain information on effort fiom all of the commercial fishery. This is obtained fiom the TLCER 
forms. Equation 4, however, requires only the effort h m  observed trips. 

It is also possible to estimate the variance by bootstrap. Both the analytical and the bootstrap 
approaches have been taken in this analysis, and comments are made about the differences between 
them. Analytical estimates of confidence intervals and variances are presented unless otherwise noted. 

2.4 Estimation of total Catches 

The: standard estimator for total catch is f = @ , where N represents the total number of hooks set in 
the entite fishery. This value is calculated for each stratum separately, and then these are summed to 
give the total for the entire New Zealand EEZ. 

The estimated variance of these totals is given by v&@) = N2 v&(j), or alternatively by 

v&(?) = N2 vZrCi,). In this analysis we examine both of these estimators and a third one using the 
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bootstrap variance for v e ) .  Comments on the differences in the estimators are made where 
appropriate. 

2.5 Catch weights of oceanic sharks, Ray's bream, and striped marlin 

The total estimated catch weights of blue, mako, and porbeagle sharks, Ray's bream, and striped 
marlin were calculated h m  the estimated numbers caught. Observers measured the weight and length 
(generally fork length) of many of the fish caught. We assume that the size composition and sex mtio 
of the observed samples is representative of the catch in each region The length-fkequencies were 
converted to propoItions of the measured sample, and the number caught in each length class was 
calculated as the proportion multiplied by the estimated total number caught in each region. These 
numbers were converted to weights by mulfplyhg by the mean weight for the length class (as 
determined fiom a length-weight regression'calculated using all data in the observer database). 
Estimated weights were then summed over all length classes, sexes, and geographical regions to 
provide an estimate for the total weight caught during the fishing year. The length-weight regressions 
were as follows: 

Blue sharks, males: logloweight = -5.802 + 3.28210gloFJ., N = 1666, R' = 0.942 
Blue sharks, females: logloweight = -6.196 + 3.48510gl& N = 3053, RZ = 0.948 
Porbeagle sharks, ak logloweight = -4.669 + 2.92410g1$% N = 2457, R2 = 0.934 
Mako sharks, all: logloWeight = -4.622 + 2.84nogl& N = 1016, R2 = 0.955 

Concern has been expressed over the quality of the observer data on Ray's bream (Francis et al. 2004). 
To circumvent those concerns, Francis et al. (2004) calculated the length-weight regression for this 
species h m  a sampleof 122 fish caught in trawl surveys. Since that analysis was carried out, 12 other 
'trawl surveys have collected length and weight data on an additional 810 fish. Data from b e  fish 
were used to calculate the length-weight relationship. 

Ray's bream, all: logloweight = -2.224 + 3.28810gl&L N = 932, R~ = 0.952 
. . 

We are also interested in the weight of striped marlin caught. Previous d y s e s  have used only a mean 
weight for each fish, rather than a regression equation (Francis et al. 2000). We have calculated a 
length-weight relationship, though the data are sparse. This relationship agrees with the average values 
used previously. 

Striped marlin, all: logloweight = -2.817 + 2.02410gl&L N = 15, R' = 0.902 

2.6 Status of fish on recovery and subsequent treatment 

The status of fish at the time of recovery (retrieval to the side of the vessel), and the subsequent 
treatment of the catch, were recorded by the observers. The data fkom these observations were 
analysed for the 200041 and 2001-02 hhing years. Fish status was recorded as alive, dead, killed by 
crew, or unobserved. Fish recorded as killed by crew were treated as alive on recovery. Fish treatment 
was recorded as retained, b e d ,  discarded, lost, or unobserved. Retained and finned fish were 
grouped to reflect the fish that were processed in some way, whereas the discarded and lost fish were 
categorised as not processed. 



3. RESULTS 

3.1 Fishing effort and observer coverage 

Four chartered Japanese vessels and one large domestic vessel made up the foreign and charter fleet 
dwing 2000-01 and 2001-02. In 2000-01, these vessels set a total of 302 longlines (947 000 hooks). 
Of these, almost 819 000 hooks (about 87%) were observed on 272 sets. In 200142, these vessels set 
322 longlines (983 000 hooks). Observer coverage was similar to the previous year, with 275 sets 
observed, accounting for over 773 000 haoks (about 79%). Table 1 shows the total numbers of hooks 
set and observed for all years from 1988-89 to 200142. The percentage of hooks observed for each 
fleet is presented in Table 2. 

The domestic fleet operating in 2000-01 and 2001-02 consisted of 159 owner-operator vessels, of 
which 110 fished both fishing years. Over 7400 longlines were set in 2000-01, and 8133 were set in 
200142. This equated to over 8.5 million and 9.5 million hooks being set in the two fishing years. 
These values are the greatest numbers of domestic hooks recorded, showing that the trend to increased 
domestic effort is continuing. 

Observer coverage in the domestic fishery remained sparse, despite an effort to increase coverage. 
Twenty-four vessels from the domestic fled were observed during these two fish& years. Only 202 
sets (241 000 hooks) were observed in 2000-01. Coverage was even lower in 2001-02, with 123 sets 
observed (145 000 hooks). Total coverage of hooks for these two years is 2-3%. - .  

The two fleets differed substantially in fishing practices (Murray et al. 1999, Francis et al. 2004). 
Historically, foreign and charter vessels mostly used a kuralon mainline with 250C-3600 hooks, while 
domestic vessels used shorter monofilament lines with 300-1700 hooks. The foreign and charter 
vessels have started to modify their behaviour, and are now fishing with gear that is more similar to 
that of the domestic vessels. The two fleets used different hook types. 

Over 95% of theforeign and charter sets targeted southern bluefin tuna in the southern regions (the ' 

remainder targeted bigeye tuna in the north). The domestic vessels predominantly targeted bigeye tuna 
(74% of sets), and occasionally targeted southern bluefin tuna (15%) and albacore tuna (8%). Most 
domestic fishing effort was expended in the north. Figures 1 and 2 show the starting locations of al l  
recorded sets in 2000-01 and 200142, respectively. 

Since tunas and many bycatch species are highly migratory, it is important that observer coverage 
spans as large a geographical area as possible. Historically, however, observer coverage on domestic 
vessels has focussed on the Bay of Plenty and ~ I O U I I ~  East Cape. The most recent two years have seen 
an increase in geographical area covered by observers, and, as such, are probably more reflective of 
the entire fleet than data &om previous years. Both years had observer coverage of vessels that fished 
far offshore, and 200041 bad observations !?om the west coast ofthe North Island. The foreign and 
chaner fleet has been observed almost in its entirety, and, as such, its geographical range is well 
represented. Locations of observed sets in 2000-01 are presented in Figures 3 and 4 respectively. 

Most hookson observed sets were themselves observed (Table 3). Of the 474 sets observed in the 
2000-01 fishing year, all hooks were observed on 304 sets (64.1%). When all hooks per set were not 
observed, the average percentage of hooks observed was 94%. The average for all sets was 97.8% of 
books observed. 

The 200142 fishing year was slightly less well observed. Of the 398 observed sets, only 180 had all 
the hooks observed (45.2%). The remaining sets averaged 89.0% of hooks observed. For all observed 
sets in 2001-02, the average was 94% hooks observed. In comparison with individual set data fkom 
previous years (1988-89 to 1999-2000), in which an average of 95.8% hooks in each set was 
observed, the coverage per set for 200W1 was above average and that for 2001-02 was slightly 
below average. 

9 



Most of the southern region fishing effort (and observational effort) occurred in the SW region (see 
Figures 1-4). In the past two years, only 75 000 hooks were observed in the SE region, in comparison 
with 1.4 million observed in the SW region. The SE observations came fbm two observed trips, one 
in each year. In 2000-01, two foreign and charter vessels fished in the SE region, though only one 
was observed. A few domestic vessels also undertook short trips here. The 200142 fishing year was 
similar; one of the two foreign and charter vessels fishing in the SE area was observed. About five 
domestic vessels also made a few sets in this area 

Clearly, any trends observed in a combmed southern region will be driven by the behaviow of the SW 
region. It is concluded that the analysis should retain only a single southern region, as trends observed 
in the SE may represent vessel or trip effects, rather than regional effects. 

Foreign and charter vessels fished during the autumn-winter months ody,whereas domestic vessels 
fished throughout the year (Figure 5). The observer coverage was not uniform throughout the year on 
domestic vessels; it was concentrated during summer. One new development is that the observations 
of domestic vessels included data fbm October and November of 2001. In previous fishing years, 
these months had no observer coverage. There were also observations in August, September, and 
December, for which historically there had been little coverage. 

3.2 Species composition and CPUE of the observed catch 

The main species observed as bycatch in the observed tuna longline sets in 2000-01 and 2001-02 
were the same as those observed in previous years (Francis et al. 2004). The main species caught on 
observed vessels was blue shark (Table 4). Albacore tuna, Ray's bream, and southern bluefin tuna 
were caught frequently as well. Other major species observed were porbeagle shark, dealfish, 
lancetfish, moonfish, oilfish, deepwater dogfish, swordfish, butterfly tuna, mako shark, ruddafish, 
school shark, bigeye tuna, escolar, yellowfin tuna, and rmnfish The spatial distributions of the 
observed catches of these species were similar to those given by Francis et al. (1999). 

For the main bycatch species, CPUE values were calculated for each fleet (domestic and foreign and . 
charter) and geographicat region (north and south). The numbers of observed hooks used in these 
calculations are given in Table 5. The CPUE indices are presented for the 14-year period f b m  198% 
89 to 2001-02 in Figure 6. The indices for the hrst 12 years are not identical to those presented by 
Francis et al. (2004) because of the use of the ratio of means estimator, and the reduction in the 
numbers of observed hooks. Although the absolute values differ, the indices showed almost identical 
trends. 

The CPUE results from the domestic fleet should be interpreted with caution because the observer 
coverage of this fleet is very low and it does not cover the full geographical or temporal range of the 
fishing effort. contrasts between the total and observed effort can be seen in Figures 1-4. Species that 
inhabit the Bay of Plenty and East Cape regions will likely be well represented in the samples, but 
species that inhabit other regions may not be. The results of the CPUE analysis for the foreign and 
charter fleet are considered to be both reliable and indicative of the true CPUE for this fleet. 

For most species, the data suggest a continuation of the trends observed in the last analysis (Francis et 
al. 2004). All shark species, except deepwater dogfish, had their maximum CPUEs in the 1994-95 or 
1995-96 fishing years. Since then the vaIues have dropped. For the north foreign and charter fleet, the 
CPUE increased in the final year for both blue sharks and mako sharks. Both blue and mako sharks 
have higher CPUEs in the north region. Catch rates for porbeagle and school sharks on foreign and 
charter longlines were slightly higher in the south region in 2000-01, but were similar in both north 
and south regions in the following year. The deepwater dogfish CPUE indices show that the species 
that form this group are caught primarily in the south region by the foreign and charter fleet. The most 
recent CPUE values for these species are substantidy lower than the previous values (roughly 25- 
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33% of the size). The observed increase in CPUE between 2000-01 and 2001-02 for all shark species 
for the north foreiw and charter vessels may be a result of the distribution of the observed fishing 
effort in those years (cf. Figures 3 and 4). 

For bony fish bycatch, the& were some exceptions to the general kend in recent years. A large 
increase was seen in the catch rate of Ray's bream by foreign and charter vessels in southem waters in 
2001-02. This marks a return to the level observed in 1996-97. The catch rate for oillish by northern 
foreign and charter effort in 200041 was the highest yet recorded, and mok similar to that observed 
in 1996-97 and 1997-98, than in 1999-2000 and 2001-02. Similarly, a substantial increase in catch 
rate was observed in 2001-02 for lancetfish (both species w m b i i )  from the northern domestic fleet. 
However, generally the results given here for the most recent fishing years are consistent with 
previous analyses. 

The CPUEs of tuna species in the last two years did not show any great depanhres *om previous 
trends. The domestic fleet showed a decline in CF'UE for albacore and yellowfin tuna and also for 
broadbill swordtish. These observatiom appear to be part of a longer decline, though the observer 
coverage of this fleet has been low in recent years and its distribution within the northern region has 
varied spatially and temporally among years. 

CPUE trends for striped marlin were similar to those observed for the main shark and tuna species 
(Figuie 7). There were no catches in the south region, and the north region shows an apparent decline 
in the last two years fium a historic high in the mid to late 1990s. The domestic fleet caughtmarlin at a 
higher rate than the foreign and charter fleet. 

I 3.3 Numbers of fish caught 

Estimates of total numbers of fish caught in 200041 and 2001-02 are presented in Figure 8; the 
actual estimates are in Appendix 1. Comparison with the estimates from the 1998-99 and 1999-2000 
fishing years is not advised, as those years did not use data fiorn domestic vessels due to insufficient 
observer coverage (see Table 2). This is a problem, given that most effort in those years was from the 
domestic fleet. 

Total catch estimates for most of the shark species were similar to those estimated in previous years. 
Blue shark, porbeagle shark, school shark, and deepwater dogfish had catch estimates that were within 
the ranges previously seen, though deepwater dogfish seem to be at the low end of their range. Mako 
sharks, however, showed a large increase in total catch. The values for 2000-01 and 2001-02 were 
double the highest previous yearly catch. Reported TLCER catches in these two years were also higher 
than those seen previously. 

Bony fish bycatch species for which total catch estimates were calculated showed typical numbers in 
2000-01 and 2002-02, except for lancetbh, moonfish, mdderEsh, and Ray's bream, which 'all 
showed substantial increases in the 2001-02 fishing year. The large value for lancetfish is likely due to 
a substantial increase in CPUE h m  the domestic fleet in noahern waters (the high value for the 
previous year seems to be due to a combination of high domestic and foreign and charter CPUEs). 
Reported catches paralleled the estimated catches. 

In 2001-02 the southern foreign and charter fleet recorded an increase in CPUE for Ray's bream and 
rudderfish. The observed northern foreign and charter vessels showed increases in ruddertish and 
moonfish CPUE. Note, however, that the northern foreign and charter fleet consisted primarily of a 
single trip by one vessel, which is not trpical behaviour for the foreign and charter fleet in general. 
Rudderfish and moonfish also showed an increase in domestic CPUE, which likely had more effect on 
the estimates of total catch. 



Of the tuna species, only southern bluefin tuna and butterfly tuna showed similar estimated total 
catches to previous years. These estimates were similar to the 1998-99 and 1999-2000 estimates 
because these species were caught mainly by foreign and charter vessels. 

The other tuna species all showed a large increase in estimated total catch in 2000-01, which persisted 
until 2001-02 for bigeye tuna and broadbii swordfish. The reported catches of these species also 
showed increases. The results for albacore tuna are interesting, in that there was a notable drop in the 
estimated catch in 200142, while the reported catch remained high 

Most marlins reported on TLCER forms were striped marlin, with only a few blue (Makoira mazar) 
and black (M. indica) marlins. The number of striped marlin reported by fishers has decreased in the 
last two years, after reaching a peak of 1651 in 1998-99. The number reported in 2000-01 was 507 
and in 200142,156 fish, and most of these were caught by domestic vessels. 

Striped marlin were caught by observed vessels only in the northern region Seven fish were recorded 
by observers in theforeign and charter fleet in 2000-01, and none was observed in this fleet in the 
following year. Observers of the domestic fleet recorded 74 striped marlin in 2000-01 and 11 in 2001- 
02. Observers reported that all marlins were discarded, with the exception of a few that were lost off 
the line. 

Table 6 shows the number of marlin observed during each month of the most recent two fishing years, 
as well as the total numbers of hooks set and observed for those months. Most d i n  were observed in 
February, though this also corresponds with the period of heaviest observer activity. The observer 
coverage for the 2001-02 fishing year was lower than for the previous year, which may partially 
explain the large difference in observed nukbers of marlin. The total estimated marlin catch is 
presented in Figure 7. 

3.4 Status of fish on recovery, and subsequent treatment 

The @ercentages of each of the main --target species recorded as alive or dead for the fishing years 
200041 and 2001-02 are shown in Table 7. Data are presented by fleet and north and south regions, 
for stratum sample sizes greater than 50. Data for domestic vessels are confined to the north region due 
to lack of observer coverage in the south. 

Most blue shark, mako shark, school shark, deepwater dogfish, Ray's bream, moonfish, oilfish, and 
rudderfish were alive when recovered Most dealfish were dead in 2000-01, whereas nearly half were 
alive in 2001-02. About half of the porbeagle sharks and lancetfish and 25% of the butterfly tuna were 
alive when recovered. These figures are similar to those shown for observed data from 1992-93 to 
1999-2000. (Francis et al. 2004). There were nb obvious differences between regions and fleets in 
these two years for most species.In the 200041 and 200142 fishing years, more than half of the 
albacore caught were landed dead. The percentage of albacore dead was greater for the domestic 
vessels, where about two-thirds were dead, compared with about onethird for the foreign and charter 
vessels. About two-thirds of swordfish were recovered dead in 2000-01 and 2001-02, again higher in 
the domestic fleet (threequarters) than theforeign and charter fleet (about half). Most striped marlin 
were recovered alive, 80% in 2000-01, and 73% overall h m  1992-93 to 2001-02. 

The treatment after capture for each of the main non-target species for the fishing years 2000-01 and 
2001-02 is shown in Table 8. Data are presented by fleet and north and south regions, for sample sizes 
greater than 50. 

Most blue, mako, porbeagle and school sharks, moonfish, butterfly tuna, albacore, and swordfish were 
processed in some way. AU dealfish, almost all of the deepwater dogfish and lancetfish, and most of 
the rudderfish were discarded. About two-thirds of Ray's bream were discarded. Oilfish was mostly 
diicatded by foreign and charter vessels, but was often retained by domestic vessels. Blue and 
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porbeagle sharks that were processed were generally finned only, with the rest of the carcass 
discarded. School sharks were mainly processed for the flesh. Mako sharks were maihly retained for 
their flesh by the Japanese chartered vessels, whereas domestic owner-operator vessels mainly finned 
those processed, and discarded about 50% of their observed catch ofmako sharks. 

Shark bycatch can be either processed for both its flesh and fins, or just finned with the rest of the 
carcass being discarded. Table 9 provides a comparison of the percentage of sharks b e d  only versus 
those processed fully. School shark were almost all processed fully. Blue sharks showed the opposite 
extreme, with over 99% of all retained fish finned. Porbeagle sharks were predominantly finned @y 
both fleets), although about 20% are processed. There was a notable difference between the fleets for 
mako s W .  The foreign andcharter fleet processed 96% of makos in 200041 and 84% in 2001-02. 
The domestic fleet, however, preferred to fin makos. Only 46% (in 2000-01), and 31% (in 2001-02) 
of makos were processed by this fleet. 

A considerable number of school sharks (a quota species) were recorded as discarded or lost. Further 
breakdown of this category shows that many school sharks were actively discarded by both the foreign 
and charter and the domestic fleets (Table 10). 

3.5 Length-frequency distributions and catch weights 

3.5.1 Sharks 

Length-kquency distributions of blue, porbeagle and mako sharks are shown in Figures 9-1 1. Data 
were pooled for 1992-93 to 2001-02, and separated by sex and geographic region. Differences in size 
composition between north and south regions were apparent for all three shark species. More large 
blue sharks were found in the north. Based on the length-frequency distributions and approximate 
mean lengths at maturity of 192.5 cm FL for males and 180 cm for females (Francis & Duffy in press), 
most blue sharks were immature (88.3% of males and 92.5% of females, overall). Greater numbers of 
mature blue sharks were found in northern New Zealand, with 26.5% of males and 8.1% of females 
mature. Based on length-frequencies and mean lengths at maturity of 145 cm FL for males and 175 om 
FL for females (Francis & DuEy in press), most porbeagle sharks were immature, but 32.4% of males 
in the north were mature. With mean length of maturity of 182.5 cm FL for males and 280 cm FL for 
females (Francis & D u e  in press), most female mako sharks were immature, while many males were 
mature, particularly in the southem region where 68.9% were mature. 

Total estimated catch weights of sharks were high. This is due to the increased estimated catch in 
numbers for most species. Estimated weights of blue sharks caught by all vessels in 2000-01 and 
2001-02 were 1478 and 1969 t respectively. For porbeagle sharks, the estimated catch weights were 
98 t and 76 t, and for makos, 694 t and 340 t for 200041 and 2001-02 respectively. 

3.5.2 Ray's bream 

Length-frequency distributions of Ray's bream are shown in Figure 12. Data were pooled for 1992-93 
to 2001-02 and separated by sex and region Most of the Ray's bream were caught in southern New 
Zealand and most were not sexed. Females mature at about 43 cm (Francis et al. 2004), and 90% of 
females in the south region were mature. 

  he estimated catch weights of Ray's bream were 9.5 t in 200041 and 31 t in 200142. 



3.6 Properties of estimators 

The estimation of average CPUE and total catch is relatively straightforward, but estimating the 
variances of these quantities can be more difficult. In this study we examined two analytical estimators 
and one bootstrap estimator of variance. The two analytical estimators are very similar: they differ 
only in the use of a population mean effort (from TLCER data) versus a sample mean effort (from 
observer data). Equations 3 and 4 show the precise difference. The bootstrap method generates a 
population of mean catch rates, and then uses the standard formula for a variance. 

The difference between the two analytical variance estimators was negligible. This was due to the 
relative consistency in fishing methods. The mean number of hooks on observed vessels was almost 
identical to the mean number reported on TLCER forms. Because of the similarities, we used only the 
estimates of variance based on the sample means (Equation 4). Of the two, this estimator has the better 
statistical propeaieg (l'hompson 1992), and also requires less data, which is a desirable trait'. 

The bootstrap estimates were generally similar to the analytical variance estimates. Figure 13 shows 
the CPUE and estimated total catch for blue shark, with both analytical and bootstrap estimated 
variances. Other species had similar results. Thae was very little difference in the estimated variances 
for the total catches. 

When the estimates and variances are calculated for each fleet separately (as they are for the CPUE 
results), a more noticeable difference arises. The domestic estimates of variance are similar for both 
the analytical and the bootstrap methods. However, there is a large difference between the estimates 
for the foreign and charter fleet. This is due to the high observer coverage for this fleet, and the 
presence of the finite popuIation correction factor in the analytical estimate. 

Formulae derived under standard sampling theory (for finite populations) incorporate the size of the 
sample relative to that of the population. As the sample size increases, we become more confident of 
our estimate of the parameter under investigation (in our case, the total number of fish). If we sample 
every member of the population we know, in theory, the exact total number of fish caught as bycatch. 
We are not unsure of our estimate at all, ind hence there is no variance about our estimate. This is 
guaranteed by the presence of the finite population correction factor in the variance estimator. The 
bootsttap estimate does not have this guarantee built in to it, and, as such, does not get smaller as the 
sample size approaches the size of the population If we explicitly add a finite population correction 
factor into the bootstrap estimate of the variance, it beha* more l i e  the analytical estimate. 

Differences between the two types of estimate also present themselves when the data are highly 
skewed. Most catch data are skewed, but the differences arise only in situations of extreme skewness. 
In these situations the bootstrap produces estimates that are smaller than those derived from the 
analytical formulae. These differences, however, are not large. 

4. DISCUSSION 

The results from these analyses suggest that although the CPUE of most bycatch species has been 
highly variable historically, most recent estimates of CPUE are within the historical levels, and show 
levels of variability that are also in line with previous results. There are, however, indications that 
shark CPUEs are low. 

Estimated total catch (and also reported catch) tended to increase over the study period. This is 
generally related to the increase in domestic fishing effort. The large increases seen in lancethh, 
Ray's bream, and rudderfish in 2001-02 cannot be explained solely by this increase in effort. The 
shark data tended to show smaller increases in estimated catch, in addition to decreases in the CPUE. 



It is clear that the series of CPUE and total estimated catch do not necessarily kflect the actual 
abundance of these species in the New Zealand EEZ. Many other factors can potentially affect catch 
rates. Bradford (2003) examined factors that might influence the catch of some of the more common 
non-target iish species. She determined that striped marlin catch rates are affected by the sea 
temperature and the depth of the lines. Both these trends are corroborated by research on marlin 
species in other areas (Fonteneau & Richard 2003, Goodyear 2003). 

Bradford (2003) also suggested that the month in which fishing occurs can affect the catch rate of non- 
target species. This should have little effect on the foreign and charter fleet, as it has a relatively well 
defined and short fishing season. The domestic fleet, however, fishes year round and the obsetver 
coverage is not proportional to effort. 

If the observer coverage of the domestic vessels is increased it may be possible to improve estimates 
by stratifying on a temporal variable (month or perhaps season). This was examined briefly during the 
course of these analyses, but the small numbers of observations in most strata led to problems. 

Exploratory analyses based on two southem regions do not show many strong trends. This is due to 
the small amount of fishing and observer coverage in the SE region. Only two foreign and charter 
vessels fished in this region between 2000 and 2002, and each of these made only one trip each year. 
Nine domestic vessels fished in the SE region during these two years, but they reported only a total of 
18 sets over the entire two-year period, none of which was observed. The potential for these data to be 
affected by unmeasured factors is quite high. As such, it seems best to include these data in a single 
south region analysis. 

Two species did show a difference in CPUE trends between the SW and the SE regions. These were 
porbeagle sharks and bu t tdy  tuna, both of which showed higher CPUE in the SE region. Both of 
these seem to be persistent trends, having been observed in most years examined. Furthermore, both 
these species had catch rates that were much higher in the SE region than in the north region. Previous 
analyses indicated that CPUE differed between the SW and SE regions for many species (Francis et al. 
2004). 

The precision of the estimates of CPUE and catches can be determined in a number of ways. The 
examination of three different-methods (two analytical formulae and one bootstrap estimate) here 
suggests that there is not much difference in the linal results. 

Many different methods may be used to estimate the mean catch rates and total catches, in this report 
we have used a ratio estimator, rather than averaging CPUE from individual sets. Sampling theory is 
sufliciently advanced to allow for many other approaches to be examined. We recommend the 
examination of ixgression estimators, as these may potentially improve the accuracy of the estknates 
by taking into account the effect of covariates. Furthermore, as we have taken a design-based approach 
to sampling theory in this report, we believe that developing a model-based approach may eliminate 
some problems with bias, and may also lead to better estimates. Thompson (1992) is a good reference 
for these issues. Also worthy of examination is the more advanced methodology which has been 
developed recently, such as the pseudo-empirical likelihood methods developed by Chen & Sitter 
(1999) and Chen et al. (2004). 
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Table 1: Numbers of trips and sets in the New Zealand tuna longline fshery, 1988-89 to 2001-02. 

Observed Observed hooks Set hooks 
Fishing Foreign + Foreign+ % on 
Year Trips Sets Domestic charter Total Domestic charter Total C E L h  

Table 2: Percentage of hooks observed by observers, based on the data in Table 1. 

Fishing year Domestic Foreign+ charter Total 



Table 3: Percentage of hoolrs observed on observed sets. 

Number of sets 
F i  year Percentage of 

hooks observed Domestic Foreign + chatter Total 

51-60 
61-70 
71-80 
8 1-90 
91-99 

100 
Total 

0-10 
11-20 
21-30 
31-40 
41-50 
51-60 
61-70 
71-80 
8 1-90 
91-99 

100 
Total 



Table 4: Numbers of  fuh recorded by  observers during 2000-01 and 2001-02, and the total observed 
catch since 1988-89. Totals for ~ o r b e a d e  and mako sharks are from 1992-1993. when these - 
Wo species were accurately and consistently distinguished by  observers. 

Species 

Blue shark 
Albacore tuna 
Ray's bream 
Southern bluefin tuna 
Porbeagle shark 
Dealfish 
Lancetfish 
Moonfish 
O i h  
Deepwater dogtish 
Broadbill swardtish 
Buttedy tuna 
Mako shark 
Rudderfish 
School shark 
Bigeye tuna 
Escolar 
Yellowfin hlna 

Sunfish 
Hoki 
Big scale pomEret 
Pelagic stingcay 
Thresher shark 
Striped marlin 
Banacouta 
Skipjack tuna 
Black barracouta 
Velvet dogfish 
Dolphinfish 
Spiny dogfish 
Shark, unidentified 
Flathead p o d e t  
Pacific blue& tuna 
Slender tuna 
Hapuku and bass 

Ray, unidentified 
Kin* 
opah 
Seal shark 
Shortbill speatdsh 
Bronze whaler shark 
Fanfish 
Snipe eel 
Wing6.9h 
Bigeye thresher 
Hake 

Scientific name 

Prionace glauca 
Thunnus alalunga 
Brama brama 
Thunnus maccoyii 
Lamna nosus 
Tmhipterur trachyptew 
Alepisaururferox &A. brevirostrk 
Lamprir guttntus 
Ruvettw pretiosw 
Squalifonw 
Xphias gladius 
Gasterochisma melainpus 
Lnrrus axynaxynnchus 
Centrolophus niger 
Galeorhinus galeus 
Thunnus obesus 
Lepidocybium flavobncnneurn 
Thunnus albacares 
MoIa mola 
Macruronus novaezelandiae 
Taractichthys longipinnis 
Pteroplatyhygon violacea 
Alopias vulpinus 
Tetraptum audax 
Thyrsites atun 
Katsuwonuspelamis 
Nesiarchus nasutus 
Zameus squumulosw 
Coryphaena hippum 
Squalus acanthias 
Selachii 
Taractes asper 
Thunnus orientalis 
Allothunnus fallai 
Polyprion oxygeneios & P. 
americanus 
Torpedinifonnes 
Seriola lalandi 
Larnpris irnmaculatus 
Dalatias Iicho 
Tetraphuus anptirostris 
Carcharhinus brachyunrs 
Pterycombus petersii 
Nemichthyidae 
Pteraclis velfera 
Alopias superciliosus 
Merluccius australis 

Total 

109 915 
49 256 
37 337 
26 678 
14 987 
11 744 
7 010 
6 324 
5 821 
4 754 
4 572 
3 491 
3 198 
3 140 
2 504 
1979 
1828 
1317 
1 239 
1 184 
1 135 

936 
832 
357 
336 
305 
285 
258 ' 
254 
174 
173 
158. 
154 
144 
89 

80 
67 
58 
56 
55  
50 
48 
45 
25 
21 
17 



Table 4 (continued): 

Species 

Gemfish 
Skate 
H k e r h e a d  shark 
Oceanic whitetip shark 
P i l o w  
Barracudina 
Blue marlin 
Barracuda 
R a g w  
Frostfish 
Unicornfish 
Remora 
Sawtooth eel 
Pelagic stargazer 
Ribald0 
Black marlin 
Bluenose 
False frostfish 
Squid 
Black mackerel 
Manta ray 
Great white shark 
Scalloped dealfish 
Blue cod 
Carpet shark 
Cwkie-cutter shark 
Marlin, unspecified 
octopus 
Broadnose seven gill shark 
Pelagic butterfish 
Large headed slickhead 
Bigeye scabbard fish 
Brown stargazer 
Basking shark 
Cubehead 
M m f i s h  
Blue mackerel 
Frigate tuna 
Sharpnose seven gill shark 
Pufferfish 
Red cod 
S ~ P  
Seahorse 
Snapper 
Sprat 
Tiger shark 
Tasmanian d e  
Wahoo 
White warehou 

Scientific name 

Rexea solandri 
Rajidae 
Sphyrna zygaena 
Carcharhinus longimamcs 
Naucrates ductor 
Magnisudis prionosa 
Makaim mazara 
Sphyraena novaehollandiae 
Icichthys australis 
Lepidopus caudatus 
Lophotus capellei 
Echeneidae 
Sem'vomer spp. 
Pleuroscopus pseudodorsalh 
Morn moro 
Makaira indica 
HyperogIyphe antarctica 
Paradiplospinus gracilis 
Cephalopoda 
Scombrolabrax heterolepis 
Mobula japanica 
Carcharodon carcharias 
Zu elongatus 
Paraper& colias 
Cephaloscylliwn babellum 
Isirtius brasiliensis 
Istiophoridae 
Cephalopoda 
Notoryllchus cepediamcs 
Schedophilus maculahis 
Rouleina spp. 
Benthodesmus elongatur 
Xenocephalus armahis 
Cetorhinus maximus 
Cubiceps baxteri 
Caristius spp. 
Scomber australasicus 
A d  thazard 
Heptranchiasperlo 
Sphoeroides pachygmter 
Pseudophycis bachus 
Thaliacea 
Hippocampus abdominalis 
P a m  awahis 
Sprattus spp. 
Galeocerdo nrvier 
Tubbia tasmanica 
Acanthocybiwn solandri 
Seriolella caerulea 

2001-02 Total 



Table 5: Numbers of observed hooks used in the CPUE and estimated catch analyses, presented by 
geographical region (A', north; S, south). 

Fishing 
year 

1988-89 
1989-90 
1990-91 
1991-92 
1992-93 
1993-94 
1994-95 
199W6 
1996-97 
1997-98 
1998-99 
1999-00 
2000-01 
2001-02 

Total 

Total 

0 
0 
0 
0 
0 
0 

65 694 
162 922 
79 991 
69 611 
35 264 

0 
238 984 
144 716 

797 182 

Foreign and chater 

Total Total 



Table 6: Numbers of hooks set and absented, and numbers of striped marlin observed by month for the 
2000-01 and 200142 fishing years. 

Domestic Foreign and chatter 
Number of Number of Number of Number of 

Number of hwh marlin Number of hooks marlin 
Mo'nth hoob set observed observed hooks set observed observed 

October 2000 
November 
December 
January 2001 
February 
March 

May 
June 

July 
August 
September 
October 
November 
December 
January 2002 
February 
March 

April 
May 
June ' 

J ~ Y  
August 
September 



Table 7: Percentage of main shark species that were alive. or dead when observed, for the fishing years 
200041 and 2001-02, by fleet and region. 

Species 

Blue shark 

Porbeagle shark 

Mako shark 

School shark 

Fleet 

Domestic 

Foreign + charter 

Total 

Domestic 

Foreign + charter 

Total 

Domestic 

Foreign + charter 

Total 

Domestic 

Foreign + charter 

Total 

Total 

Area Year 

Noah 2000-01 
2001-02 

Noah 2000-01 
2001-02 

South 2000-01 
2001-02 
2000-01 
2001-02 

North 2000-01 
2001-02 

Noah 2000-01 
2001-02 

South 2000-01 
2001-02 
2000-01 
2001-02 

North 2000-01 
2001-02 

Noah 2000-01 
2001-02 

South 2000-01 
2001-02 
2000-01 
2001-02 

North 2000-01 
2001-02 

North 2000-01 
2001-02 

South 2000-01 
2001-02 
2000-01 
200 1 4 2  

Deepwater dogfish Domestic North 2000-01 
2001-02 

Foreign + charter North 2000-01 
200142 

South 2000-01 
200142 
2000-01 
200 1-07. 

% alive % dead No. observed 



Table 7 (continued): Percentages of main non-target teleost species that were alive or dead when observed, 
for the fishing years 200041 and 2001-02, by fleet and region. 

Species Fleet 

Ray's bream . Domestic 

Foreign + charter 

Total 

Domestic 

Foreign + charter 

Total 

Domestic 

Foreign + chatta 

Total 

Domestic 

Foreign + chatter 

Total 

Domestic 

Foreign +charter 

Total 

Rudderfish Domestic 

Foreign + chatter 

Total 

Area 

North 

North 

South 

North 

North 

South 

North 

North 

South 

North 

North 

South 

North 

North 

South 

North 

North 

South 

Year % alive %dead No. observed 



Table 7 (continued): Percentages of main non-target tuna and billf~sh species that were aliire or dead when 
observed, for the fuhing years 200041 and 2001-02, by fleet and region. 

Species Fleet 

Albacore Domestic 

Foreign + charter 

Total 

Butterfly tuna Domestic 

Foreign + charter 

Total 

Swordfish Domestic 

Foreign + charter 

Area 

North 

North 

South 

North 

North 

South 

North 

North 

South 

Year % alive %dead No. observed 



Table 8: Percentages of main shark species that were discarded or lost, and retained or fmed, for the 
fisbhg years 2000-01 and 2001-02, by fleet and region. 

Species Fleet 

B l k  shark Domestic 

Foreign + charter 

Total 

Potbeagle shark Domestic 

Foreign + chuter 

Total 

Mako shark Domestic 

Foreign + clwter 

Total 

School shark Domestic 

Foreign + charter 

Total 

Deepwater dogfish Domestic 

Foreign + charter 

Total 

Area 

North 

North 

South 

North 

Noah 

South 

North 

North 

South 

North 

North 

South 

North 

North 

South 

Year 

2000-01 
200142 
2000-01 
2001-02 
200041 
2001-02 
2000-01 
2001-02 
2000-01 
2001-02 
200Q-01 
2001-02 
2000-01 
2001-02 
2000-01 
200142 
200041 
2001-02 
2000-01 
2001-02 
2000-01 
2001-02 
200041 
2001-02 
2000-01 
2001-02 
200041 
2001-02 
20006 1 
2001-02 
200041 
2001-02 
2000-01 
2001-02 
2000-01 
2001-02 
2000-01 
2001-02 
2000-01 
2001-02 

%discarded %finned No. 
or lost or retained observed 



Table 8 (continued): Percentages of main non-target teleost species that were discarded or lost, and 
retained, for the tishing years 2000-01 and 2001-02, by fleet and region. 

Species 

Rays bream 

Dealfish 

Moonfish 

Lancetfish 

O i s h  

Rudderfish 

Fleet Area Year 

Domestic North 2000-01 
2001-02 

Foreign + charter North 2000-91 
2001-02 

South 2000-91 
2001-02 

Total 20MM 1 
2001-02 

Domestic North 2000-01 
2001-92 

Foreign + charter North 2000-9 1 
2001-02 

South 2000-01 
2001-02 

Total 2000-01 
200 1-92 

Domestic North 2000-01 
2001-02 

Foreign+ charter North 2000-01 
200 1-02 

South 2000-01 
2001-02 

Total 2000-01 
2001-02 

Domestic North 2000-01 
2001-02 

Foreign + charter North 2000-01 
200 1-02 

South 2000-01 
2001-02 

Total 200(M1 
2001-02 

Domestic North 2000-01 
2001-02 

Foreign + charter North 2000-01 
2001-02 

South 2000-01 
2001-02 

Total 2000-01 
2001-02 

Domestic North 2000-01 
2001-02 

Foreign + charter North 200041 
2001-02 

South 2000-01 
2001-02 

Total 2000-01 
2001-02 

% discarded or lost % retained No. observed 



Table 8 (continued): Percentages of main ~on-target tuna and biUrish species that were discarded or Lost, 
and retained, for the fishing years 2000-01 and 2001-02, by fleet and region. 

Species 

Albacore 

Butterfly tuna 

Fleet 

Domestic 

Foreign + charter 

Total 

Domestic 

Foreign + charter 

Total 

Domestic 

Foreign + charter 

Total 

Area 

North 

North 

South 

North 

North 

South 

North 

North 

South 

Year 

2000-01 
2001-02 
2000-01 
200 1-02 
2000-01 
2001-02 
20oc-01 
200 1-02 
2000-01 
2001-02 
2000-01 
2001-02 
200061 
2001-02 
2000-01 
2001-02 
2000-01 
2001-02 
200041 
2001-02 
2000-01 
2001-02 
2000-01 
2001-02 

% discarded No. 
or lost % retained observed 



Table 9: Percentage of retained sharks that were f m e d  only or processed for flesh and fins. 

Species 

~ 1 u e  shark 

Mako shark 

Porbeagle shark 

School shark 

Fleet 

Foreign + charter 
Domestic 
Total 

Foreign + charter 
Domestic 
Total 

Foreign + charter 
Domestic 
Total 

Foreign + chatter 
Domestic 
Total 

Foreign + chatter 
Domestic 
Total 

Foreign + charter 
Domestic 
Total 

Foreign + charter 
Domestic 
Total 

Foreign + charter 
Domestic 
Total 

Fishing 
year Percent b e d  

Percent 
processed 

0.4 
0.3 
0.4 

0.2 
1 .o 
0.3 

95.7 
46.0 
65.9 

84.4 
30.8 
64.1 

17.1 
19.2 
17.2 

19.6 
26.7 
20.0 

98.6 
100.0 
98.7 

99.0 
- 

99.0 

Table 10: Distribution of lost and discarded school sharks. 

Fleet Fishing year Number discarded Number lost Total 

Domestic 2000-01 
2001-02 

Foreign + charter 2001M1 
200142 

Total 2000-01 
2001-02 

Number 
observed 

3 832 
662 

4 494 

3 069 
394 

3 463 

93 
139 
232 

64 
39 
103 

490 
26 
516 

230 
15 
245 

74 
2 
76 

97 
0 
97 
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Figure 1: Start positions for tuna longline sets reported on TLCERs and CELRs in 2000-01. The 
easternmost points are possibly errors where longitude was reported as west rather than east 



Domestic (N=8156: 

165"E 170" 175" 180" 175" 

Figure 2: Start positions for tuna longline sets reported on TLCERs and CELRs in 2001-02. The 
easternmost points are possibly errors where longitude was reported as west rather than east. 



Figure 3: Start positions of observed tuna longline sets in 2000-01. 



Figure 4: Start position# of observed tuna longhe sets in 2001-02. 
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Figure 5: Seasonal distribution of total and observed sets by fleet and fishing year. 
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Fishing year Fishing year 

Figure 7: Catch per unit effort and total catch estimates for striped marlin. -m- foreign and charter south; 
-a- foreign and charter north: -*- domestic south; -0- domestic north. Empty bars are 
estimated catch, black bars are reported catch. 
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Deepwater dogfkh Schoal shark 

89 91 93 95 97 99 01 
Fishing year Fishing year 

Figure 8: Estimates of total catch of shark species by year (white bars, with 95% coddeuce intervals 
calculated by analytical formulae (Equation 4)). Black bars are total catch reported on 
TLCERs. Fishing year is identified by the most recent calendar year (99 = 1998-99 fmhing 
year). Estimates for the 1998-99 and 1999-2000 tishing years are based only on foreign and 
charter data because of low domestic coverage. Catches will therefore be underestimated if the 
species is caught primarily by domedc vessels. 



89 91 93 95 97 99 01 

Fishing year 
~- - 

Fishina vear -, ~- 

Figure 8 (continued): Estimated catch for bony fish bycatch species. Fishing year is identified by the most 
recent calendar year (99 = 1998-99 fishing year). 
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Figure 8 (continued): Estimated catch for tuna species and swordEsh. Fishing year is identified by the 
most recent calendar year (99 = 1998-99 fshing year). 
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F i e  9: Length-frequency distributions of blue shark 
2001-02. n= sample size. 
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Figure 10: Length-frequency distributions of porbeagle sharks by sex and region. Pooled data from 1992- 
93 to 2001-02. n=sample size. 
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Qure 11: Length-frequency distributions of mako &arb 

2001-02. n= sample size. 
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Figure 12: Length-frequency distributions of Ray's bream by sex and region. Pooled data from 1992-93 to 
2001-02. n= sample size. 
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Figure 13: Comparison of analytical @eft panels) and bootstrap (right panels) estimates of variance for 
CPUE and total catch of blue shark. Analytical variances are calculated with Equation 4. -m- 
foreign and charter south; -0- foreign and charter north; -a- domestic south, -0- domestic north. 
Emply bars are estimated catch, black bars are reported catch. 



Appendix 1: Estimated catch of bycatch species (in thousands of fish). Domde data were not used in 
1998-99 and 1999-2000; results for these years are not complete. 

Fiihing Mako & Deepwater 
year Blue sharkPorbeagle shark Mako shark porbeade s h a h  dogfish School shark 

75.14 
62.66 
44.68 
46.23 
11.16 
20.25 
35.73 
35.94 
45.03 
14.29 
10.23 
53.95 
51.49 

Albacore 
tuna 

Ray's bream 
1988-89 13.24 
1989-90 11.47 
199C-91 11.05 
1991-92 12.28 
1992-93 9.37 
1993-94 13.86 
1994-95 9.35 
1995-96 3.61 
1996-97 8.94 
1997-98 4.77 
1998-99 4.15 
1999-00 3.46 
2000-01 4.79 
2001-02 16.80 

0.00 
0.00 
0.00 
7.46 
1.18 
2.79 
8.97 
4.44 
3.91 
3.98 
1.66 
3.72 
3.12 

Southern 
bluefin tuna 

0.00 
0.00 
0.04 
0.65 
0.15 
1.57 
4.13 
2.71 
3.03 
0.35 
0.15 
9.30 
7.20 

Broadbill 
swordfish 

5.84 
8.25 
7.12 
5.55 
0.59 
0.09 
0.62 
1.17 
2.91 
8.05 
0.48 
0.38 

18.69 
12.99 

Oilfish 
3.45 
5.66 

12.49 
15.68 
1.70 
0.17 
0.55 
2.06 
2.23 
2.67 
0.40 
0.18 
6.51 
5.72 

Butterfly tuna Bigeye tuna Yellowfin hma 

Rudderfish Striped marlin 
0.03 0.00 
0.23 0.17 
0.00 0.06 
0.92 0.00 
0.64 0.02 
0.10 0.01 
0.39 0.76 
1.20 1.49 
1.64 0.72 
1.85 1.62 
1.10 0.00 
0.75 0.00 
1.74 2.61 
3.73 0.70 


