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EXECUTIVE SUMMARY 

Paul, L.J. (2002). Size structure of hapuku (Polyprion oxygeneios) and bass (P. mricanus) 
populations in New Zealand. 

New Zealand Fkheries Assessment Report 2002Ll6.17 p. 

Length frequency data for both groper species, hapuku and bass, were obtained from trawl surveys, 
research records taken from commercialcatches, and from fisheries observers' records. They are 
collated by species, region, depth, and vessel. 

Data on bass were mainly available only from some observed commercial trawl catches, and &om 
observed line fishing trips to the Kermadec Islands. They are reviewed in less detail. 

Bass tend to be slightly larger than hapuku. The females of both species tend to be slightly larger than 
the males. 

cook Strait hapuku start maturing at about 70 cm, with 50% maturity at 80 85 crn (males), 85 90 cm 
(females). Most hapuku caught during trawl surveys of the Stewart-Snares shelf, Chatham Rise, and 
eastern shelf of the South and North Islands are (on the basis of sue) immature. 

There is an increase in the size range of hapuku with increasing depth. Within equivalent depth 
intervals, there is an increase in size of hapuku iiom south to north, although the smallest (20 50 cm) 
fish have been caught off northern New Zealand. The relevance of these observations to the poorly 
known life history of hapuku is unknown. 



1. INTRODUCTION 

This report addresses the O v d l  Objective of Project HPB1999/01: 'To characterise the groper 
fishery from existing data", and the requested addition to the project "to examine data from fisheries 
observers". Separate reports deal with the structure and characteristics of the commercial fishery; 
CPUE trends in several regional target fisheries for groper; and the issue of whether there are separate 
stocks of bass (Polprion americanm) and hapuku (P. oxygeneios) in New Zealand waters. 

There is always merit in acquiring information on the size mcture of exploited fish populations, 
particularly when - as with the two groper species - there is ndnimal information on their age 
structure. Size structures are most commonly used to ascertain whether the larger fish in a population 
are being removed at an excessive rate, perhaps indicative of overfisbing. Length frequency data can 
also be used to determine, at least qualitatively, patterns of recruitment of small fish (usually 
juveniles) into exploited stocb. In long-lived and slow-growing fish species, however, both these 
approaches become problematic. This is likely to be the case for the two New Zealand gropers, but 
there is so little published information on the biology of these species that a collation of existing 
information on their sizes is considered usehl. In conjunction with information on length at maturity, 
it will, at a minimum, demonstrate whether commercial fisheries are taking juvenile or mature fish. 

2. SOURCES OF INFORMAT~ON 

Length fiquencies of commercially taken groper were given by Johnston (1983), derived &om the 
Cook Strait line fishery, and Roberts (1986.1989) fiom commercial fisheries around New Zealand but 
with most fish &om the Cook Strait h e  i d  s&et fisheries. They are replotted here to show what is 
assumed to be the main size distniution of bass and ha~uku in the commercial catch. They are also the 
best available data on the sizeat maturity for hapuku. 

Groper (mainly hapuku) are taken in small numbers, and measured, during research trawl surveys. AU 
records were extracted, and where adequate sample sizes exist have been compiled by region 
(Figure I), depth zone, and year. The data from the two large offshore areas, Chatham Rise and 
StewartSnare shelf, are useM in that they show the size range of fish which were used to derive the 
first yield estimates from these two regions. 

Length frequencies have been combined by regions which approximate as closely as possible the 
regions used in a complementary study of the fishery Paul 2002a). In the latler, 'Southland' was the 
southemmost region, as commercial catches were mainly taken from rough ground around the 
Southland coast, Stewart Island, and adjacent banks and pinnacles. In this study, the southemmost 
region is more appropriately called the Stewart-Snares shelf, the open seafloor &om which the trawl 
survey samples were taken. The nominal boundaries are similar. 

3. HAPUKU SIZE FREQUENCIES 

3.1 Commercial catches 

The largest measured samples of commercially caught bass and hapuku are shown in Figure 2. 

The bass measured by Roberts (1989) were 50-130 cm in length, with most fish 70-100 cm. Males 
and females had a similar size distribution, but there were relatively more females over 100 cm. 
Although sample sizes were small (177 and 142 fish), the size distribution was quite flat over the main 
size range. The median size of bass, about 90 cm, was larger than that of the hapuku, about 80 cm, 
taken in the same study. 



The larger sample of hapuku measured by Roberts (1989) showed a clearer unimodal size structure. 
Males and females were mainly 50-100 cm, with a few fish to 120 crn (males) and 130 cm (females). 
The size distribution showed females, on average, to be a little larger than males, with a modal size at 
80-90 cm cf. 70-80 cm. 

The hapuku measured by Johnston (1983) had a similar size distri'bution to those of Roberts (1989), 
50-120 cm, with females being a little larger than males, althoughthe principal mode for both sexes 
was at 70-75 cm. 

3.1.1 Size at sexual maturity 

The work by Johnston (1983) provides the largest sample of hapuku in which maturity has been 
recorded (Figure 2). Males begin maturing at about 65 cm, and by about 95 cm all are mature. Females 
also begin mahning at 65 cm, and by 100 cm all are mature. From figure 9 in Johnson (1983), 50% 
maturity for males occurs at 82-85 cm, and for females at 87-89 cm. The principal mode of mature 
males is at 80-90 cm, while that of females is at 90-95 cm. 

32 Trawl surveys 

Although groper (mainly hapuku) are taken in only small numbers during haw1 surveys, most are 
measured. Trawl surveys have most regularly been undertaken around the South Island, on the 
Chatham Rise, and on the StewartSnares shelf region of the Campbell Plateau. The largest samples 
are £rom the east and south of the South Island. The data on fish sizes available fiom these s m y s  
represent ody those fish which are on the open seafloor accessl'ble to trawling. They are not 
representative of the fish caught commercially in these regions by other methods. Trawl surveys from 
Cook Strait northwards have been either smaller in scale or less regular, and insufficient groper have 
been measured fiom which to reliably determine the population size structure. 

3.2.1 Size distribution by region 

The regions chosen (see Figure 1) approximate the regions used for analysis of fisheries data 
elsewhere in this report. The Stewart-Snares shelf represents the southernmost "offshod' distribution 
of gropers around New Zealand (apart from stragglers reaching Auckland Island), and the Chatham 
Rise the easternmost. 

On eastern North Island trawl grounds the main size range of hapulcu is 50-100 cm, with a mode at 
50-60 cm (Figure 3). On the Chatham Rise the sue range is sirnilas, there is a mode about 55 cm, but 
the main mode is at 70 cm. The sample from the west coast of the South Island is small, with a range 
from about 55 cm to 120 cm. The samples !?om the eastern South Island and the Stew-Snares shelf 
are very similar to each other, but differ £ram those in other regions. Eastern South Island fish have a 
strong mode at 54-60 cm, and relatively few fish larger than 80 cm; Stewart-Snares shelf fish have a 
mode at 56-63 cm, and in this region there are few larger fish. 

Hapuku fust appear in trawl catches (and in line catches) at a length of about 50 cm, but more 
commoidy appear at about 50 cm (Francis et al. 1999). These small fish dominate the size distribution 
on the Stewart-Snares shelf, off the eastern South Island, and (to a lesser degree) the eastern North 
Isled. They are present on the Chatham Rise, although larger fish are more common there. Because 
there are likely to be differences in sue distribution with depth, it is necessary to make comparisons 
across equivalent depth zones. 



3.2.2 Size distribution by depth 

It is convenient to subdivide the available samples into depth zone units of 100 m, with the 300+ range 
including a few fish from deeper than 400 m, particularly on the Chatham Rise (Figure 4). Where 
sample sizes are adequate, there is a general trend for hapuku in each depth range to be smallest in the 
south (Stewart-Snares shelf and eastern South Island), and largest in the north and east (Chatham Rise 
and eastern North Island). Also, within the two shallowest depth zones (0-99, 100-199 m), the 
Chatham Rise samples, and to a lesser extent the eastern North Island samples, have a broader size 
distribution than do the eastern South Island and Stewart-Snares shelf samples. 

Most (70%) of the hap* in the Chatham Rise samples (Figure 4) came from two surveys by one 
vessel, Akebono Mum, which worked mainly in depths of less than 200 m around the Cnatharn Islands 
in 1983 and 1984. This vessel's catch is plotted separately (Figure 5) to detemiine whether there are 
size differences within the depth range 50-200 m. There is almost no difference in size range and 
mean size between 50-75 m and 151-175 m, and only a very slight increase in the 176-200 rn depth 
zone, although the sample size is too small to be certain of this. 

3.2.3 Size dlstrlbution with time, vessel, and gear 

It might be argued that the regional differences in size distribution wae  the consequence of different 
regions being sampled in different years, or by different vessels. To investigate this, size frequencies 
of hapuku from the main repions were compiled separately by year, and restricted (within region) to 
surveys by the same vessel (Figure 6,7). There were some minor differences between years, but the 
size distn'butions within each region remained essentially similar. 

Eastern South Island 
The eastern South Island hapuku (RV Kaharoa, 1991-2000) had an essentially similar size 
distriiution over time. The apparent decline in numbers of Iarger fish may result fbm changes in 
strata boundaries, a change from winter to summer sampling, or may be an artefact of small sample 
sizes. 

Eastern North Island 
The eastern North Island hapulru (RV Kaharoa, 1993-96) had an essentially similar size distn'bution 
through time; the 1993 sample with a higher proportion of large fish was taken from a larger area 
including eastern Cook Strait. 

Stewart-Snares shelf 
The Stewart-Snares shelf hapdm (RV Tangaroa, 1993-96) had a main mode at 55-65 cm in each 
year; there were sub-modes within the size range 50-70 cm which appeared to shift forward with time, 
but at a slower rate than the growth curve proposed by Francis et al. (1999). 

In general, there is no evidence for a change in size distribution over time (i.e., during the 1990s) that 
is large enough to explain the observed differences in size between these regions. 

The Chatham Rise hapuku cannot be assessed; insufficient fish (n = 95) were caught in the main time 
series of 10 surveys (RV Tangaroa, 1991-2001) to show a trend 

Vessel and gear factors (e.g., trawl mesh size) may have influenced the size distribution of groper in 
the catch, but sample sizes are not large enough to investigate this. It is suspected, however, that 
hapuku 50 cm in length are likely to have been captured about equally in the range of nets and mesh 
sizes used & the different surveys. 



3.3 Scientific obse~er  data 

Moderate numbers of hapuku and bass have been measured by fisheries observers on commercial 
vessels (Figure 8). Most were measured oppommistically on vessels which were targeting other 
species, while some (mainly the 'ne-caught bass) were measured on vessels carrying out exploratory 
line fishing, primarily for this species, in the Kermadec FMA. 

Trawl-caught hap& are, on average, smaller than line-caught hap& and cover a smaller size range. 
The same appears to be true of bass, although the sample of tmwl-caught fish is small. 

Hapuku caught by trawl on Chatham Rise and the Stewart-Snares shelf have a similar size distriiution 
(Figure 9). This differs fiom the r e d h  from research trawl surveys, and may result fiom relatively 
more of the'cornmercially caught fish being taken h m  greater depths where the larger fish occur in 
both regions. 

Hapuku caught by line in the Kermadec FMA have a greater size range than those on Chatham Rise; 
the main size distribution in both areas is 60-1 15 cm, but in the Kennadec region there were large fish 
(115 cm to 136 cm) that were absent ffom the Chatham Rise catches. There are at least two possible 
explanations for this: the Kermadec population is still relatively unfishea; and the Kennadec fish were 
targeted fiom a rough-bottom habitat, while Chatham Rise fish were probably mainly taken as a 
bycatch of line-caught ling on open ground. 

Bass caught by line were predominantly h m  the Kermadec region, and although the main size mode 
was 60-100 cm there were numerous fish h m  100 cm to 166 cm, presumably representing the size 
range of a lightly fished population. 

Hapuku and bass caught on tuua longlines are small, mainly 50-70 cm. All were taken near the 
surface in waters where the depth exceeded 1000 m (see distriiution map in Bagley et al. (2000)). A 
single small specimen of each species is recorded; a 25 cm hap& and a 26 cm bass, both fiom off the 
Gisborne coast. Generally, though, the size range of these fish caught in the pelagic zone starts at 
about 50 cm, similar to the fish taken by bottom trawl. The geographic distri'bution of the smaller 
(50-60 crn) pelagic. fish differs by species; the small hapuku extend fkm North Cape to Stewart 
Island, while the small bass occur h m  Cook Strait northwards. 

4. DISCUSSION 

Few definite conclusions can be drawn fiom these length kequency data. Bass tend to be slightly 
larger than hapuku, and the females of both species tend to be slightly larger than the males. Hapuku 
in Cook Strait begin maturing at about 70 cm, 50% maturity for males is about 80-85 cm, females at 
85-90 cm. 

There are insufficient bassmeasurements h m  the New Zealand shelf to examine size d i s t r i ion  
with depth. Bass and hapuku were line-caught together at the Kermadec Islands; their distribution by 
depth at the steep pinnacles there was not examined (the nature of dropline fishing makes 
determination of catch depth complex) but may not, in any case, be representative of New Zealand. 

Most hap* caught during trawl surveys on the Stewart-Snares shelf were smaller than 80 cm and 
would have been immature. A high proportion of the bapuku caught during trawl surveys on the 
Chatham Rise, and on the eastern South Island and North Island shelf, would also have been 
immature. Trawl surveys avoid rough seafloor, so these size'distributions may not be representative of 
the populati6n size shcture in these regions. It seems likely that larger fish would be present on the 
un&m?able rough seafloor, but this cm-ot be assumed. 

- 



These are also the two regions where trawl surveys were used to set early biomass and yield estimates, 
and subsequently the TACS. Although this procedure is no longer considered valid (Annala 1993), no 
alternative analyses are at present possible. The original TACs have not been revised, and it is not 
known how reliable they are. Size frequency data alone will not resolve the issue, but future work 
which demonstrates whether the size range of groper (mainly hapuku) in these offshore regions. is 
similar to that around the mainland may contribute to a better understanding of the problem. 

There is an increase in the size range of hapuku with increasing depth. Within equivalent 100 m depth 
intervals, there is an i n m e  in the size of hapuku h m  south to north. The smallest (20 SO cm) 
hapuku and bass, however, have been taken by tuna longline off northern New Zealand, but in very 
small numbers. Their identity (hapuku andtor bass) is uncertain; groper this size are not easy to 
identify. The relevance of all these observations to the poorly known l i e  history of both species is 
unclear. 
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Chatham Rise 

Figure 1: The geographic regions used to summarise the trawl survey data reviewed in this study. They 
are based on Fishery Management Areas (WAS), and are similar to the regions used in studies on the 
commercial fmhery for groper. A separate non-FMA region is created for Cook Strait, combining the 
corners of four FMAs which subdivide the strait. The boundaries follow lines of latitude and longitude, to 
facilitate extraction of length frequencies from databases. 
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Figure 2: Length frequencies of bass and hapuku measured during studies based on commercial 
catches. The top four panels @ass and hapuku) are derived from figure 2 of Roberts (1989), 
percentage values for the original 10 cm units converted to fish numbers. Most of the fish are from 
Cook Strait. The lower two panels are derived from figure 10 of Johnston (1983), 1 em values 
combined h to  5 em units; open bars immature, closed bars mature fish. These fish are all from Cook 
Strait. The x-axis tick-marks and values in all panels are the lower bound of each size interval. 
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Figure 3: Length frequencies of hapuko taken during trawl surveys in the 1980s and 1990s, 
summarised by the regions defined in Figure 1. Insufficient fish were caught in the northeastern North 
Island, northwestern North Island, and Cook Strait regions to be plotted. 



Figure 4: Len@ frequencies of hapuku taken during trawl surveys in the 1980s and 1990s, from the 
five regions summarised in Figure 3, by depth zone. 
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Figure 5: Length frequencies of hapuku taken during trawl surveys of the Chatham Islands section 
of the Chatham Rise, by 25 m depth zones, Akebono Maru, 1983 and 1984. 
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F i r e  6: Length frequencies of hapuku from trawl surveys of the east coast of the South Island, by year and 
season (summer, winter), RV Kaharoa, 1991 to 2000. 
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Figure 7: Length frequencies of hapuku from trawl surveys of the east coast of the North Island, by year, RV 
Kaharoa, 1993 to 1996, and from the Stewart-Snares shelf, by year, RV Tangaroa, 1993 to 1996. 
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Figure 8: Length frequencies of hapuku and bass from observer data, by method; regions and 
years combined. The smaller (< SO em) bass and hapuku are not easy to distinguish, and 
misidentification ispossible. Bass 160 cm and larger (162-166, and 192 em) are grouped. 
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Figure 9: Length frequencies of hapuku and bass from observer data, by region and method; 
years combined. The smaller (< 50 em) bass and hapuku are not easy to distinguish, and 
misidentification is possible. Bass 160 cm and larger (162-166, and 192 em) are grouped. 


