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EXECUTIVE SUMMARY 

Carbines, G.D.; Michael, K.P. (2007). Status of the non-commercial scallop (Pecten 
novaezealandiae) fishery in Paterson Inlet, Stewart Island, and information needs for future 
management. 

New Zealand Fisheries Assessment Report 200714.27 p. 

In response to growing public concerns over declining scallop numbers in Paterson Inlet, Stewart 
Island, the Ministry of Fisheries funded a limited stock assessment research project 
(SCA2002/03). The objectives of this project were to assess the status of the stock and investigate 
factors that may have caused a reduction in the productivity of Paterson Inlet scallops. Two areas 
of relatively high scallop density and one low density area were identified and sampled using drift 
video observations and dive surveys conducted between 24 and 29 November 2003. Scallop and 
clucker (shells of scallops that had recently died) densities were estimated, population length 
frequency was sampled, and a sub sample of scallops was taken to investigate size at maturity. 

Since 1990 there has been a significant drop in the relative density of scallops in Paterson Inlet. In 
2003, legal-sized scallops (over 100 mm) have declined to 16% of the 1990 levels. Differences in 
sample sizes and numbers of areas sampled in 1990 and 2003 presented difficulties in 
determining changes in size structure of Paterson Inlet scallops. The length frequency 
distributions sampled in 1990 and 2003 were similar. The 2003 data are bimodal and show some 
evidence of a missing year class and the apparent lack of larger legal-sized scallops. Insufficient 
numbers of pre-reproductive scallops were available to determine size at maturity. 

Previous reports of diseased (gaping) scallops from the public and low numbers of scallops 
recorded during the March 2003 volunteer dive club survey suggest heightened mortality. The 
index of mortality, estimated at 10-17% for the three areas, is within the range considered normal 
for this species and the size structure of cluckers indicates no size selective mortality has occurred 
since the fishery closure in 2001. The number and size distribution of single valves sampled on 
this survey suggest high and size selective mortality at the sites sampled. Most valves were larger 
than legal size, suggesting fishing mortality has historically been high. No diseased scallops were 
found to confirm disease mortality may have been responsible for the decline in stock size. 

Based on model fits of available tag and recapture growth data, Paterson Inlet scallops could 
grow to legal size in 1.5 years (in their second summer). While Paterson Inlet scallops appear to 
be longer lived than scallops in other areas, their growth is relatively fast and not likely to be 
limiting productivity. 

Fishing pressure increased from 1990 to 2001, whereas the relative abundance of scallops 
declined. There are no current data on stock size, recruitment strength, or harvest levels to inform 
management. Further, the increasing fishing effort and catch (until the fishery closure) represents 
a heightened risk to the stock. In the absence of any active management, a number of passive 
measures could be investigated. As Paterson Inlet scallops are relatively long lived, an increase in 
minimum legal size would maintain a higher minimum spawning stock. Rotational area closures 
in addition to the seasonal closure could also be considered to help maintain sufficient spawning 
stock. The success of these strategies will depend on fisher cooperation and compliance measures. 
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1. INTRODUCTION 

Scallop (Pecten novaezealandiae) support an important local non-commercial fishery in Paterson 
Inlet, Stewart Island. Since 1987, public concerns over declining scallop numbers in Paterson 
Inlet have been reported to the Ministry of Fisheries (McKinnon 1992). These concerns were 
reinforced by the MAF Fisheries South's recreational fishing survey (Teirney et al. 1992). The 
initial management response to these concerns was a reduction in the daily bag limit from 20 
scallops per fisher per day to 10 in 1991, followed by a prohibition of dredging in 1993 (Elvy et 
al. 1997). Despite these measures, members of the public continued to raise concerns over stocks 
declining further, and demanded management intervention and research from the Minister of 
Fisheries and MFish to assist the stocks to rebuild. 

Initial evidence of a decline in the Paterson Inlet scallop fishery came from a 1993-98 
recreational fishing diary scheme focused solely on Paterson Inlet. Fishers recorded scallops and 
paua as the principal target species, and noted their respective catch and effort (Carbines 1998). 
The diary scheme was implemented to monitor changes in CPUE (catch/hour) following changes 
in the management regime. The total number of trips recorded targeting scallops over the six 
years was relatively low (n = 180). Following the ban on dredging in 1993, the observed CPUE 
climbed from 15.5 fish/hour to 45.5 fish/hour in 1996, but subsequently declined to 16.7 fish/hour 
by 1998 (Carbines 1998). Since then, experienced and knowledgeable divers have been unable to 
find scallops in areas where scallops commonly occurred previously. In response, the Minister of 
Fisheries prohibited the taking of scallops from Paterson Inlet for two years, starting 1 October 
2001. In March 2003, a volunteer dive club survey sampled 17 sites (5 m circular search, 78.5 m2) 

throughout Paterson Inlet, and found only 11 legal (over 100 mm) and 32 sub-legal scallops 
(Appendix 1). 

Reasons for the decline in Paterson Inlet scallops are unknown. Scallop popUlations are likely to be 
highly variable from year to year (Shumway 1991, McKinnon 1992). Scallops grow rapidly (albeit 
with considerable variation), have high natural mortality, and exhibit highly variable recruitment 
(Shumway 1991). Such a life history results in highly variable biomass, catch, and CPUE in most 
scallop fisheries, and reliance on relatively few year classes (Caddy & Gulland 1983, Orensanz et 
al. 1991, Shumway & Sandifer 1991). For northern stocks of P. novaezelandiae, Cryer (1994) 
showed that recruited biomass in any given year could not be predicted from historical biomass 
estimates, or even from the biomass in the previous year together with estimates of removals by 
the fishery when known. 

Given that variation in production is a characteristic of scallop fisheries, it is possible that several 
years of poor settlement or recruitment may have contributed to the decline in Paterson Inlet stock 
size. There are a number of other factors that may also have contributed to the long-term decline in 
the stock. Paterson Inlet is a relatively sheltered and shallow embayment, and the recreational stock 
has been subjected to increasing harvesting pressure from divers. Consequently, historical fishing 
pressure may not have been sustainable. The effects of this increasing effort may have been 
exacerbated by the practice of fishing parties accumulating catch over the duration of their trip. This 
saw fishers on some vessels catching their entire trip bag limits in a single day, and then continuing 
to catch additional scallops to eat onboard (Steve Logie, Fisheries Officer, Invercargill, pers. 
Comm.). Increasing fishing effort could potentially have a major impact on the stock, both through 
removals and by reducing the density of spawning sized scallops and limiting production. However, 
historical fishing effort cannot be quantified. 

Post spawning and disease mortality may also be significant factors in stock decline. However, 
disease mortality is much more difficult to detect as moribund scallops are rarely seen or sampled to 
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identify the disease agents. Large numbers of recently dead shell, where both shells remain hinged 
together by a ligament (cluckers), indicate heightened mortality, but the cause of death is difficult to 
determine. At the request of MFish, "no microscopic examination of scallops for disease was 
required for this project" (Annala 2002a). Rather, MFish proposed a method for making an 
assessment of the health of the scallop population based on the presence of live scallops and 
cluckers (Annala 2002a). 

Environmental changes, such as increases in fine sediment loading or fresh water influx in shallow 
areas, may also lead to heightened mortality. It seems unlikely, given the limited amount of localised 
development around Paterson Inlet, that such physical environmental factors have caused the 
widespread, long-term decline in stock. 

Currently, Paterson Inlet scallops are subject to the same takeable size restriction (100 mm) as 
northern scallops, but the bag limit is less (10). Among northern stocks, most individuals are 
sexually mature at about 67-73 mm shell length, at least two years after settlement (Williams & 
Babcock 2005). No data are available on the size of sexual maturity of Paterson Inlet scallops. 
Northern scallops are short lived (6-7 years) while Paterson Inlet scallops are relatively long 
lived (8-10 years), growing to larger sizes (175 mm) (Michael & Cranfield 1992). The current 
minimum legal size (MLS) assumes only one reproductive season before recruitment into the 
fishery. 

The Ministry of Fisheries requires cost-effective information from which to develop both an 
understanding of the fishery and strategies to better manage it. hnportant considerations are 
whether Paterson Inlet scallops are likely to be less productive (i.e., slower growth) than in 
northern areas, whether disease mortality in Paterson Inlet scallops has reduced the population, 
and whether the minimum legal size of Paterson Inlet scallops and level of exploitation are 
appropriate for the stock (Annala 2002b). 

The present study aimed to investigate the stock status and productivity of Paterson Inlet scallops to 
attempt to determine the reason for the decline in stocks. The project reviewed available data on 
Paterson Inlet scallops and undertook some limited sampling. To date there has been little research 
on Paterson Inlet scallops. The Department of Conservation carried out initial abundance surveys 
from 1988 to 1990 (results presented by McKinnon (1992» and Michael & Cranfield (1992) 
conducted a preliminary survey in 1990 to estimate density and population length frequency 
distributions from timed swim samples. While no estimates of population size could be made, 
because the area sampled at each site could not be determined, only relative density estimates 
could be used to compare between areas. 

The Ministry of Fisheries did not want new tag-recapture work included in this project. and 
requested we reanalyse Olsen's (1994) data (Annala 2002b & c). In December 1991, Olsen 
(1994) tagged 1849 scallops in four sites in Paterson Inlet, and another 150 sub-legal (less than 
100 mm in length) at the Bravo site in July 1992 (See Figure 1). Scallops were caught by diving 
and tagged with small plastic disc tags cemented to the upper valve. Altogether 110 recaptures 
were made; only 89 had data on length at release and recapture. There were no data on date 
released and recaptured; recaptured scallops were at liberty for 22-730 days, with about 60% at 
liberty for less than one year. Data collected were analysed using the program FABGROW (Saila 
et al. 1988). Olsen (1994) concluded that Paterson Inlet scallops reach 100 mm in 1.5 years, 
growing to a maximum size of 175 mm in 8-10 years. However, these data also suggest that 
growth is highly seasonal, occurring mainly over the summer months (Olsen 1994). Although 
scallop growth can be highly variable within a region, Paterson Inlet scallops appear to grow 
faster than Nelson-Marlborough scallops, which reach 100 mm in 2.5 years (Bull 1976), or 
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Hauraki Gulf scallops (100 mm in 1.66 years; Allan (1985)), or Bay of Plenty scallops (3.25 years 
to reach 100 mm: Walshe & Allan (1982)), but this may be due to inter-annual variation and the 
years in which these studies were undertaken. Olsen's (1994) von Bertalanffy growth model 
estimate of K = 2.004 X 10-3 and 1-= 140.34 may be in error as a value of K closer to about 0.74 
would be required to get a scallop to 100 mm in 1.5 years with an 1-= 140.34. 

The present study reviewed available data on Paterson Inlet scallops, including a re-analysis of 
Olsen's (1994) tag and recapture data, and completed a limited survey in Paterson Inlet in 2003. 
This document fulfils the reporting requirement of the MFish research project, SCA200203 -
Production of scallops in Paterson Inlet. 

2. OBJECTIVE 

To investigate the productivity of scallops in Paterson Inlet, Stewart Island. 

2.1 Specific objective 

To determine the size composition, growth rates, and size at maturity of scallops in Paterson 
Inlet, Stewart Island. 

3. METHODS 

3.1 Estimates of scallop density and population length frequency 

3.1.1 Diver survey design 

A limited random stratified dive survey of Paterson Inlet scallops was undertaken to estimate 
scallop density and size structure in three areas of relatively high historical densities. Potential 
survey strata were selected from historic data (Michael & Cranfield 1992, Olsen 1994), a recent 
voluntary dive club survey (1-2 March 2003, 17 sites - Appendix 1), and interviews with local 
fishers. Relative density was then confirmed with observations using a towed underwater video 
system (Morrison & Carbines 2006) on 24 November 2003. Three areas (strata) were chosen and 
their boundaries mapped and sample stations randomly generated within each area (Figure 1). 
Higher density strata were North Arm (sampled 25-26 November) and the Neck (27-28 
November), and a lower density stratum in Prices Inlet (29 November) was also sampled during a 
day of rough weather. Numbers of stations in each stratum are given in Table 1. At each station, 
scallop density was sampled by divers using an 8 m radius circular search (201 m2) and divers 
collected all live scallops and cluckers and clocks (separated shells) in order to estimate density of 
live animals, length frequency distribution, and natural mortality. All shells were measured to the 
nearest millimetre (maximum axis parallel to the hinge) and a subsample of live animals was 
taken over the available size range to estimate size at sexual maturity and meat condition. 
Relative scallop density (scallops per diver hour) and length frequency distributions were 
compared with results from the 1990 survey (Michael & Cranfield 1992). 

Cluckers can be used in shellfish fisheries to estimate natural mortality, provided an estimate of 
mean ducker "life" (i.e., the time between death and decomposition of the ligament holding the 
shells together) is available (Shumway 1991). Estimated mean clucker life can range from 28 
days for Chlamys tehuelcha (Orensanz 1986) to over a year for Placopecten mageUanicus (Dickie 
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1955). However, the mean clucker life of Pecten novaezealandiae is unknown, but is known to 
persist in excess of 55 days for Northland scallops (Mark Morrison, NIW A, Auckland, pers. 
comm.). 

Abundance of cluckers was expressed as an index of mortality (lm) (Ciocco 1996): 

Im= C/(C +L) 

where, 
C = number of cluckers, L = number of live individuals. 

When clucker life is known, annual finite natural mortality rate can be estimated from the 
proportion of cluckers to live scallops. Scallop clucker life in Paterson Inlet was' assumed to be 
about 90 days (D - 90 days) as follows (Ciocco 1996): 

A = 1 - exp-[(C/D) (IlL) t 

where, 
A = annual finite mortality rate (yr-l) 
D = estimated mean clucker life (days) 
C = number of cluckers 
V = number of live scallops 
t = time in days (365) 

3.2.1 Evidence of disease 

No samples were to be collected unless moribund or visibly diseased scallops were found (Le., with 
cysts, lesions, or in abnormally poor condition) (Annala 2002a). If diseased scallops were found 
during the dive survey, the whole scallop would be fixed in 10% formalin in filtered seawater, and 
sent to Greta Point for histological processing for an indication of the pathogen responsible. 

3.3 Size at maturity and minimum legal size 

During the dive survey (24-29 November 2003) a subsample (63%) covering the available size 
range of the scallops collected was measured (to the nearest millimetre maximum axis parallel to 
the hinge), dissected, blotted dry, and the following items were weighed (+/- 0.1 g) for: 

1. whole animal in its shell (green weight); 
2. whole animal without the shell (soft tissue weight); 
3. meat weight (adductor + gonad); 
4. gonad only. 

Shell length was regressed on all four weight measures. The gonad-length regression was used as 
an indicator of size at maturity rather than simply visual gonad stages (Bonardelli & Himmelman 
1995, Williams & Babcock 2005). 
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Figure 1: Paterson Inlet showing the strata boundaries of the three areas surveyed and the location of stations within them. 
Stars are the four tagging sites from Olsen (1994). 

8 



3.4 Reanalysis of growth estimates 

In December 1991, 1849 scallops were tagged at four sites in Paterson Inlet (Figure 1), and 
another 150 at Bravo (site 3) in July 1992 (Olsen 1994). The Bravo site was searched quarterly by 
divers and a total of 56 scallops (6.5%) was recovered from the 855 scallops tagged. Another 33 
were returned to the Ministry of Fisheries from this area by recreational fishers, resulting in an 
overall return rate of (10.4%) at this site (Olsen 1994; see Appendix 2). The estimates of growth 
parameters were made only from these data as 21 scallops were recovered from the other three 
sites (1.8% recovery). 

3.4.1 Estimating growth from tag data 

Francis (1988a) developed the program GROTAG to estimate growth rates from the incremental 
growth of recaptured marked fish. The precision of growth estimates from the GROTAG model 
depends on the marking and recapture of an adequate number of marked individuals (n about 500) 
spread over the entire size range of the population, and preferably at liberty over various periods of 
time. Francis (1988b) and Francis & Francis (1992) used GROTAG to estimate growth of marked 
fish (Rhombosolea plebeia and Mustelus lenticulatus, respectively) that were at liberty for various 
periods after marking. Cranfield et al. (1996) and Cranfield & Michael (2001) also used GROTAG to 
estimate growth in surf clams that were recaptured after one year at liberty. 

GROTAG fits growth of tagged individuals to a re-parameterised von Bertalanffy model in which 
parameters have near-linear properties (Francis 1988b). This model replaces the conventional 
parameters La and K with ga and gp. The parameters ga and gp are better descriptors of growth 
information in tagging data than the conventional von Bertalanffy parameters (Francis 1988a, Francis 
1988b). The relationship between the two sets of parameters is given by: 

Loo = ( f3 g a - a g fJ)I( g a - g fJ ) 

k = -log e[ 1 + ( g a - g fJ )/( a - f3 ) J 

Where gaand gp. are the mean annual growth increments at sizes a and fJ, respectively, and where a 
and f3 are chosen to cover the size range of scallops at tagging 

The original GROTAG model frequently did not fit incremental growth data from shellfish well 
because annual growth tended to zero asymptotically with increasing size rather than linearly as the 
von Bertalanffy model predicts. Francis's (1988a) original GROTAG model was modified to 
incorporate this asymptotic reduction in growth rate at a transitional length L' (model 2, Cranfield et 
al. 1996). 

Olsen's (1994) tag data were sparse, did not cover the size range of the population well, and most 
importantly gave number of days at liberty instead of dates of release and recapture. These data were 
therefore reanalysed using both GROTAG and regression of annualised increments against length at 
tagging. 
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4. RESULTS 

4.1 Estimates of scallop density and population length frequency 

A total of 560 live scallops (70 cluckers and 1296 clocks) were sampled, 127 (15/823) in the North 
Arm, 430 (54/437) in the Neck, and only 5 (1/36) in Prices Inlet (Table 1). Little can be concluded 
about the population in Prices Inlet due to the low numbers of scallops present there. Total scallop 
densities were highest at The Neck followed by the North Arm, and considerably lower at Prices 
Inlet (Table 1). The minimum commercial densities are about 0.04 m2• 

A survey of Paterson Inlet in 1990 used timed swim sampling: divers collected all scallops 
encountered and recorded sampling time, expressing the relative density of scallops as scallops 
per diver hour (Michael & Cranfield 1992). It is not possible to make temporal comparisons of 
actual scallop density from these data, but it is possible to compare relative densities as the 
standardised catch of scallops per diver hour at all areas (Table 2) as three sites were sampled in 
both 1990 (Michael & Cranfield 1992) and 2003. 

Survey comparisons show that the relative abundance of Paterson Inlet scallops has dropped 
dramatically from a total of 139 legal-sized scallops per hour in 1990 to only 23 scallops per hour 
in 2003 (16.5 %). This dramatic decline is evident at all areas (Table 2). The relative number of 
sub-legal scallops has also declined at North Arm and Prices Inlet, but has increased at The Neck. 

Table 1: Station details: size of each area (Area), the number of stations sampled (Stations), number 
of live scallops (Live scallops) with the numbers of c1uckers/c1ocks in parentheses. Number of legal
sized scallops 100 mm and greater (Legal-sized), mean catch of all sized scallops per station (Mean 
catch) and s.e. in parentheses, and mean density of all sized scallops per m2 and s.e. in parentheses 
Mean density). 

Legal-sized Mean catch (se) Mean density 
Area/stratum Area (m2) Stations Live scallops m2 (s.e.) 

North Arm 4256 24 125 (15/823) 104 5.29 (1.11) 0.026 (0.006) 

The Neck 2505 24 430 (54/437) 244 18.74 (4.12) 0.093 (0.021) 

Prices Inlet 1674 9 5 (1136) 0 0.63 (0.24) 0.003 (0.001) 

All areas 
combined 7135 57 560 (70/1296) 348 9.91 (2.00) 0.049 (0.010) 

4.2 Length frequency distributions 

Few individuals were found below 80 mm in any stratum (Figure 2). The overall proportion of 
sub legal scallops has increased from 24.8% in 1990 to 37.9% in 2003, but little can be inferred 
from this as the relative density has declined by over 80%. Both surveys were conducted in spring 
(October 1990 and November 2003), enabling direct comparison of the size structure of 
especially the first three year classes. The other feature of the 2003 samples is the lack of scallops 
over than 130 mm in length (Figure 3). The combined percent length frequencies for both surveys 
are similar in distribution (Figure 3). However, the 2003 data are more truncated, possibly 
because of the few scallops sampled. It also has a bimodal distribution with length structures 
consistent with age 1+ and 2+ scallops. 
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Table 2: A comparison of the relative abundance of scallops surveyed at three areas in Paterson Inlet 1990 (Michael & Cranfield 1992) and 2003. The 
1990 survey data are given for nearby and equivalent areas to those sampled in 2003. This includes the combined dive time for all divers (Total dive 
time), total numbers of scallops sampled (No.), numbers of legal, greater than 100 mm in length scallops, (Legal-sized) and sub-legal (Sub-legal), the 
percent sub-legal (% percent sub-legal), and the relative numbers of legal-sized scallops per diver hour (Legal scallops per diver hour). 

1990 2003 

Scallops Legal Scallops Legal 

Total Legal- Sub- % sub- Scallops Total Legal- Sub- % sub- scallops 

Area dive time No. sized legal legal per diver hr dive time No. sized legal legal per diver hr 

Saw dust 49 262 251 11 4.3 307.0 
NWArm 67 374 287 87 23.3 257.0 
Nann 116 636 538 98 15.5 278.1 380 125 104 21 16.8 16.4 

Neck inner 82 432 403 29 6.7 295.0 
Neck outer 50 59 57 2 4.0 68.0 
Neck 132 491 460 31 6.3 209.0 438 430 244 186 43.3 33.4 

Kaipipi 
outer 66 102 95 7 7.3 86.0 
Kaipipi 
inner 110 140 99 41 29.3 54.0 
Prices Inlet 176 242 194 48 20.0 66.0 104 5 0 5 100.0 0.0 

Survey 
totals 1126 3468 2609 859 24.8 139.0 922 560 348 212 37.9 22.6 
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Figure 2: Length frequency distribution of scallops at three strata in Paterson Inlet surveyed in 
November 2003. 
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Figure 3: Percent length frequency distributions of scallops surveyed in Paterson Inlet in November 
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4.3 Estimates of natural mortality (M) 

Mortality estimates using c1ucker ratios (Ciocco 1996) are given for each area in Table 3. The 
index of mortality and annual finite natural mortality rates were considerably higher at Prices 
Inlet than at either the North Arm or The Neck. However, this may be due to the small numbers 
of live scallops sampled at Prices Inlet. 

Table 3: Index of mortality (1m) and annual finite natural mortality rate (A) based on the ratio of live 
scallops to cluckers (shells of dead scallops held together by a ligament between the two valves). 
Clucker life assumed to be greater than 90 days. 

Number of Number of Number of Index of Annual finite natural 
Area live scallops c1uckers single valves mortality (1m) mortality rate (A) 
North Arm 125 15 823 0.106 0.381 
The Neck 430 54 437 0.111 0.397 
Prices Inlet 5 1 36 0.167 0.556 

Total 560 70 1296 0.110 0.395 

The length distribution of c1uckers is shown in Figure 4, and is similar to the sample population (see 
Figure 2), indicating no size selectivity of recent mortality. 
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Figure 4: Length frequency distribution of cluckers (hinged shell) collected throughout Paterson 
Inlet in November 2003. 
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Length frequency distribution of clocks (both curved and flat valves combined) shows that most 
valves were over than 100 mm (Figure 5). Unlike either live scallops (see Figure 3) or cluckers (see 
Figure 4), clocks (which represent mortality previous to cluckers) had notable numbers in excess of 
130 mm (Figure 5). 
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Figure 5: Length frequency distribution of all clocks collected throughout Paterson Inlet in 
November 2003. 

4.3.1 Evidence of disease 

No diseased animals were observed during the 2003 survey and consequently no scallops were fixed 
in formalin for histological processing. No indication or identification of a pathogen was therefore 
possible. 

4.4 Size at maturity and minimum legal size 

Biological data were taken over the available size range from 124 scallops collected at the North 
Arm and 234 at The Neck (Figure 6). Very few animals were available below 80 mm or above 135 
mm (see Figure 2). For each animal, total (green) weight, animal weight (without the shell), meat 
weight (adductor and gonad) and gonad weight are shown by shell length in Figure 7. All weight 
measures increased exponentially with shell length (Figure 7). Animal weight, meat weight, and 
gonad weight when transformed to the log and plotted against shell length suggest a more 
substantial change in trajectory for gonad weight below 80 mm (Figure 8). However, insufficient 
pre-reproductive animals (n = 4) were present for a regression of log gonad mass on log shell 
length (Figure 9) that could be used to estimate size at maturity (Bonardelli & Himmelman 1995). 
More data are required from animals below 80 mm to reliably estimate size at maturity. 
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Neck in November 2003. 
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4.5 Growth 

4.5.1 Description of available tagging data 

Recapture data are given in Appendix 2. We assume all scallops were released on the same day in 
the analysis, as we could not differentiate between the scallops released in December 1991 and 
those in July 1992 in the data. The frequency of lengths at release for recaptured scallops shows 
growth data from two size groups and not the entire size range of the Paterson Inlet scallop 
population (Figure 10). Only 27 individuals below minimum legal size were recaptured. Of the 89 
recaptures, only 63 showed measurable growth and this is probably due to the short time at liberty 
(less than 6 months). Furthermore, Olsen (1994) recaptured some scallops up to four times, but as 
tag numbers are not given in the data, we cannot identify mUltiple data from individual scallops. 
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Figure 10: Length at release of scallops tagged and recaptured from the Bravo Group, Paterson 
Inlet, Stewart Island (Appendix 2, data from Olsen (1994». 

The number of recaptured scallops in Olsen's (1994) tagging data is small (n = 89): 200 data 
points are considered marginal for analysis with GROTAG, and tagging data with 500 recaptures 
are advised for good estimates of growth rate. Estimates of growth rate in the Paterson Inlet 
scallop population will be driven by the growth of juvenile scallops. Only 27 small scallops 40-
75 mm in length (at tagging) were recaptured (Table 4). Most of the recaptured scallops were at 
liberty for less than a year and these data may produce a bias in the estimates of mean annual 
growth rates. 
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Table 4: Time at liberty for recaptured scallops by size (see Appendix 2); legal sized (100 mm and 
greater in length) and sub-legal (less than 100 mm). 

Total 
Days at liberty No. legal size No. sub-legal size recaptures 
1-183 42 3 45 
184-365 15 16 31 
366--730 15 8 13 

Total 62 27 89 

Growth increments were annualised and plotted against length at release (Figure 11). Indications 
of strong seasonal growth given by Michael & Cranfield (1992), the short time at liberty of a 
large proportion of recaptured scallops, and the uncertainty of a summer or winter release of sub
legal scallops may explain some of the high variation in growth shown in scallops under 70 mm 
in length at release and the number of large scallops that did not grow at all. The regression 
coefficient (r2 = 0.865) shows a good correlation between length at release and annualised 
increment shown by the solid regression line and 95% confidence intervals indicated by the 
dotted line. Mean annualised growth is estimated by: 

Mean annual increment (y) = 79.838+(-0.573*length at release (x» 

We analysed Olsen's 1994 data with two simple GROTAG models (Table 5), the von Bertalanffy 
Modell and the extended model allowing asymptotic reduction in growth rate (model 2) given in 
Cranfield et al. (1996). Because of the large number of recaptures at liberty for less than a year 
and the possibility some of the recaptured tagged scallops were released in July 1992 rather than 
December 1991, we did not model seasonal growth. No estimates of measurement error were 
available. We used a L* of 140 mm in model 2 to provide a comparison with modell, but the 
limitations of the data above and absence of a wide size range of scallops at tagging did not 
warrant further analysis with model 2. These limitations also precluded simulations of confidence 
intervals for ga and gil' Growth parameters were also estimated with the growth models of Dunn 
(unpublished model), and parameters estimated from these models and from Olsen (1994) are 
given in Table 5. Model fits shown in Figure 11. 

Table 5: Estimates of mean annual increment (~ & g~) at size (a & f}), and the transitional length L* 
from GROTAG and Dunn's models. Von Bertalanffy growth parameters Loc and K have been 
estimated from GROTAG parameters. 

Model a Ga B gil L* Loc K 
Annualised inc 40 56.9 120 11.1 NA 139.4 0.85 
GOTAG model 1 40 52.5 120 10.6 NA 140.2 0.74 
GOTAG model 2 40 52.6 120 8.5 140 135.4 0.80 
Dunn growth model 40 53.0 120 10.9 NA 140.7 0.75 

Olsen (1994) 140.3 0* 
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Figure 11: Annualised length increments of Paterson Inlet scallops against length at release from the 
data of Olsen (1994). Regression shown as solid line and 95 % confidence intervals as dotted line. 
GROTAG model fits for the linear model (short dash line), the extended model of Francis in 
Cranfield et al. 1996) where L* was set at 140 mm (dash dot line), and Dunn's model (unpublished) 
(long dash line); model fits are similar and difficult to distinguish. 
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5. DISCUSSION 

5.1 Status of the fishery 

This project aimed to investigate the stock status and productivity of Paterson Inlet scallops to 
attempt to determine the reason for the recent decline in stocks. The project reviewed available data 
on Paterson Inlet scallops and undertook some limited sampling and comparisons. Given the low 
level of sampling and the likely variability of scallop distribution in Paterson Inlet, these data should 
be used with caution as the three areas sampled, based on historical data and fishers' perceptions of 
the distribution of scallops, may not be representative of either the current distribution of scallops in 
the inlet or the status of the stocks. 

Since 1990 there has been a significant drop in the relative density of scallops in Paterson Inlet 
(Michael & Cranfield 1992). Overall, in the areas sampled in 2003, legal-sized scallops per diver 
hour have declined to 16% of the 1990 level. More productive areas in 1990 supported a relative 
density of legal-sized 280-310 scallops per diver hour compared to 16-35 at the two productive 
areas in 2003. These data support fishers' observations of a significant decline in the fishery. 

The size structure of the populations sampled in 1990 and 2003 were similar, although there was 
some evidence of a missing year class indicated by the bimodality in the 2003 distribution 
compared with the 1990 survey. This may be an artefact of the differences in sample sizes and 
numbers of areas sampled in 1990 and 2003. Further, the apparent absence of larger legal-sized 
(> 100 m) scallops may indicate size selective mortality, either through fishing or natural 
mortality (including disease). Scallops in Paterson Inlet are thought to be long lived (8-10 years, 
Olsen 1994), and given the fishery has been closed for only two years, it is unlikely that 
significant numbers of scallops would have grown to larger sizes, especially if fishing pressure on 
this size group has severely reduced the abundance. 

MFish proposed a method for making an assessment of the health of the scallop population based 
on the presence of live scallops, new clocks and old clocks (Annala 2002a). As directed, mortality 
was estimated by site using the ratio of live scallops to cluckers (Ciocco 1996). The index of 
mortality gives a good indication of mortality in bivalves, but doesn't give an indication of the 
temporal scale over which it has occurred. Estimates of clucker life are required to put these data 
in context. The clucker life assumed in the estimates of annual finite natural mortality, D = 90 
days, based on incomplete data from the northern scallop fishery, will have a major effect on the 
estimate. Estimates of annual finite natural mortality rates should not be used without a 
reasonable estimate of clucker life. The abiotic environment of Paterson Inlet (soft sediments, 
relatively low tidal current, and reduced oceanic swell influence) combined with relatively low 
seawater temperatures, suggest cluckers could persist for long periods on the seabed. 

Observations of diseased (gaping) and low numbers of scallops before the March 2003 volunteer 
dive club survey suggest heightened mortality over that time. No gaping scallops were observed 
during the survey and the index of mortality at 10-17% for the three areas sampled is within the 
range considered as normal for this species (Shumway 1991). Further, if we assume clucker life is 
less than two years, the size structure of cluckers indicates no size selective mortality has 
occurred since the closure of the fishery. Single scallop valves can also give an index of both 
historical and size selective mortality. Length frequency distribution of clocks (both curved and flat 
valves combined) shows that most valves were over 100 mm, thus implying fishing mortality, as we 
would not expect disease to be size selective (Figure 5). 
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Biological data were taken over the available size range, but very few animals were available below 
80 mm. Gonad weight plotted against shell length suggests a more substantial change in trajectory 
for gonad weight below 80 mm (Figure 8). However, insufficient pre-reproductive animals were 
present (n = 4) to validate any conclusions and a regression of log gonad mass on log shell length 
could not be used to estimate size at maturity (Bonardelli & Himmelman 1995). More data are 
required from animals below 80 mm to be able to estimate size at maturity. Scallops in other 
areas mature at about 65 mm (Bull 1976, Morrison 1999, Williams & Babcock 2005). 

Based on model fits, Paterson Inlet scallops could grow to legal size in 1.5 years (in the second 
summer). The gap in scallops sized between 60 mm and 100 mm may be the result of discrete 
spawning event(s) over a short time period and/or the settlement and survival of single cohorts of 
scallops. Growth of scallops is not likely to be limiting productivity in Paterson Inlet as it appears 
similar to scallops in other areas (e.g., Hauraki Gulf scallops grow to legal size in their second or 
third summer; Morrison (1999). 

Fishing pressure continued to increase from 1990 to 2001, while the relative abundance of 
scallops declined. There are no data on scallop catch and effort to determine annual landings, or 
size structure data for the population to investigate recruitment. Further, there is no evidence of 
disease. Short-term mortality indicated by cluckers does not explain the decline. There are 
insufficient data to determine the status of the stock or reasons for its decline. However, scallop 
valves provide an index of both historical and size selective mortality and most valves were over 
100 mm, suggesting that fishing mortality is more likely the source of their demise. 

5.2 Considerations for future management 

Scallops generally are a highly productive species, normally characterised by their cyclic variability 
in recruitment, lack of a stock recruit relationship, and rapid growth, and are usually short lived in 
northern stocks (Shumway 1991). However, the Paterson Inlet fishery is atypical and could be 
considered a closed population system, that is, the Paterson Inlet stock is self-sustaining with 
minimal recruitment from out-side the inlet, and may represent a genetically isolated stock. Source 
and sink population scenarios are likely to operate within the inlet and not on a mesoscale that 
includes Foveaux Strait and other inlets. Consequently, there is more potential for a stock recruit 
relationship within Paterson Inlet, and the ability of the scallop population to maintain high larval 
production for recruitment may be dependent on maintaining a few localised high density source 
populations for successful broadcast spawning. High-density populations, especially in shallow 
water, as in Paterson Inlet, are vulnerable to exploitation, and disturbance or removal of high 
density patches of adults leads to lower fertilisation success (Williams & Babcock 2004, Williams 
2005). 

In the absence of fishing and size selective mortality, the scallop stock in Paterson Inlet may 
comprise an accumulation of eight or more year classes, buffering variability in recruitment. The 
relatively small minimum legal size and longevity of the Paterson Inlet scallop population, along 
with variable recruitment, increases the risk of over-fishing. 

There are no current data on stock size, recruitment strength, or harvest levels to inform 
management. Further, the increasing fishing effort and catch (until the fishery closure) represents 
a heightened risk to the stock, and to ensure fertilisation success it would be pertinent to let the 
population reach high densities before considering opening the fishery. In the absence of any 
active management, a number of passive measures could be investigated when the fishery is 
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reopened. As Paterson Inlet scallops are relatively long lived, an increase in minimum legal size 
would maintain a higher minimum spawning stock. Rotational area closures in addition to the 
seasonal closure could also be considered to help maintain sufficient spawning stock. The success 
of these strategies will depend on fisher cooperation and compliance measures. 

As a non-commercial fishery, the opportunity to collect data from the fishery does not necessarily 
have to be less than for a commercial fishery. Non-commercial stakeholders could record good 
data from the fishery at virtually no cost or lost opportunity. Developing this capability would 
need to be structured into a wider management plan for Paterson Inlet (and Stewart Island) 
scallop fisheries. 
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Appendix 1: Summary of the March 2003 volunteer dive club survey of scallops in Paterson Inlet Stewart Island (data held MFish Dunedin). Shown are the 
17 sites sampled (5 m circular search, 78.5 m2 ) with the numbers of legal size/sub-legal sized scallops in parentheses 
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Appendix 2: Tag recapture data given in Olen (1994) from the Bravo Group, Paterson Inlet Stewart 
Island (Figure 1). Length at release (Ll), length at recapture (L2), length increment in mm (Inc), and 
days at liberty (Liberty) 

Ll L2 Inc 
135 136 
129 133 
140 143 
124 128 
58 84 
58 84 
54 79 

142 145 
133 140 
136 139 
70 103 

129 133 
125 129 
116 118 
134 138 
122 125 
120 134 
115 125 
67 90 
63 100 
55 91 
48 84 
54 91 
51 90 
46 87 
57 106 
50 105 

113 131 
40 72 
40 72 

Liberty 
1 130 
4 130 
3 130 
4 130 

26 130 
26 130 
25 130 
3 222 
7 222 
3 222 

33 222 
4 222 
4 222 
2 222 
4 222 
3 222 

14 222 
10 312 
23 312 
37 312 
36 312 
36 312 
37 312 
39 312 
41 312 
49 409 
55 409 
18 409 
32 188 
32 188 

Inc Liberty Ll L2 
47 77 30 188 
36 71 35 188 
49 78 29 188 
46 75 
38 72 
36 67 
53 125 
36 102 

115 132 
37 105 

120 132 
132 132 
127 127 
139 139 
115 115 
152 152 
138 138 
153 153 
133 133 
137 137 
155 155 
119 119 
135 135 
121 121 
135 135 
131 131 
136 136 
132 132 
111 111 
121 121 

27 

29 188 
34 188 
31 188 
72 729 
66 503 
17 729 
68 464 
12 730 
o 22 
o 22 
o 22 
o 24 
o 24 
o 24 
o 24 
o 24 
o 24 
o 24 
o 24 
o 24 
o 24 
o 24 
o 24 
o 24 
o 24 
o 24 
o 55 

Ll L2 Inc 
149 149 
140 140 
118 130 
111 122 
126 135 
129 135 
134 136 
111 131 
125 130 
73 109 
61 113 
57 108 

121 121 
118 121 
125 130 
109 110 
111 118 
119 128 
134 138 
145 145 
134 134 
130 130 
134 139 
108 109 
116 118 
144 149 
142 142 
122 125 
125 129 

Liberty 
o 130 
o 130 

12 344 
11 344 
9 323 
6 323 
2 382 

20 382 
5 236 

36 380 
52 414 
51 443 
o 55 
3 130 
5 130 
1 130 
7 130 
9 130 
4 130 
o 130 
o 130 
o 130 
5 130 
1 130 
2 130 
5 130 
o 130 
3 130 
4 130 
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