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NON-TECHNICAL SUMMARY 

If wild stocks are to be managed effectively then information on the level of catch 

and fishing effort is needed from both the commercial and recreational harvesting 

sectors, so that managers can assess the impact of management options on 

fisheries. 

The penaeid resources of New South Wales are the most economically important 

wild stocks managed solely by the NSW state government. Annual landings 

average about 2,000 tonnes and are worth around $32 million at the point of first 

sale. Approximately 42% and 31 % of this production by weight and value 

respectively, comes from harvesting in estuaries. The catch in estuaries is 

comprised of significant quantities of eastern king, Penaeus plebejus, school 

Metapeneaus macleayi, and greasyback prawns Metapenaeus bennettae. The 2 most 

important species are the eastern king (42% and 58% by weight and value of 

production) and the school prawn (44% and 34%). 

A comment by Ruello (1975) and data from an omnibus survey commissioned in 

1981 by the then NSW Agriculture & Fisheries suggested that recreational fishers 

were significant harvesters of prawns in NSW. Funding was obtained from the then 

Fishing Industry Research and Development Council for a project to quantify in terms 

relative to the commercial catch, the catch of penaeids in NSW by recreational fishers. 

We used roving creel survey techniques to provide estimates of catches of the three 

major penaeid species in four NSW coastal estuaries (Wallis Lake, Tuggerah Lakes, 

Lake Illawarra and Coila Lake) for the summer seasons of 1991-92, 1992-93 and 1993-

94. Roving creel surveys were used to ensure representative samples. There were 

many more access points to each estuary than could have been covered by 

scientific staff. 

We assume when using roving creel survey techniques that these provide data 

that are an unbiased estimate of mean catch per unit effort (CPUE) for the fishery. 

Because interviews were done whilst the fisher is still fishing, fishers who fish 

longer have a greater probability of being interviewed. If these individuals were 

.. 
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only the best or worst fishers, then estimates of CPUE would be biased. We 

therefore tested this assumption by comparing estimates of CPUE between 

completed and uncompleted prawning trips (roving creel surveys) and found no 

differences between estimates. We concluded therefore that roving creel surveys 

were an appropriate technique to use on estuaries in NSW to collect information 

on prawning effort and CPUE in the recreational fishery for prawns. 

The roving creel surveys were stratified by moon-phase, day-type, tidal state and time 

of night. Subsamples of interviews provided information on the length and species of 

prawns caught. A total of 3,360 interviews were done over the whole survey period 

and 10,835 prawns were sampled. Estimates of commercial catches were obtained 

from monthly returns by commercial fishermen Overall, recreational catches were 

estimated to be 28% of the total commercial prawn catches from these estuaries over 

the three years of the study, with recreational catches representing 57% (± 5%) of the 

commercial catch for Lake Illawarra, 30% (± 3% ), for Tuggerah Lakes, 17% (± 3% ), for 

Wallis Lake and 10% (± 2%) for Colla Lake. 

The species composition of the recreational catch differed from the commercial catch, 

with the recreational fishery taking almost exclusively king prawns in Wallis Lake, 

Lake Illawarra and Colla Lake. In Tuggerah Lakes the recreational catch was made 

up of equal proportions of eastern king and school prawns. The commercial fishery 

in Lake Illawarra and Wallis Lake took a muCh greater proportion of school prawns, 

with 30 - 50% of the annual catches being this species. 

The lengths of eastern king prawns in samples were similar between commercial and 

recreational catches but those of school prawns in Tuggerah Lakes (the only estuary 

where a comparison could be made for this species) were longer in samples from 

recreational than commercial catches. There were marked differences in catch rates 

between tidal and non-tidal areas for Tuggerah Lake, but no differences in catch rates 

between tidal and non-tidal areas in Lake lliawarra. Catch rates also varied between 

methods. The catch rate of 2m wide hauling (drag) nets was five times that of scoop

nets used in the same subareas. Recreational prawning in Wallis Lake was done 

predominantly on the ebb-tide in the dark of the moon. 

This study demonstrated that night time surveys of recreational fisheries for penaeids 

can produce estimates of catch with acceptable levels of variance. Considering the 
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difficulties of surveying fishers at night, the techniques used in this study should 

work equally as well during day time. 

There can be little doubt that the quantity of prawns caught by the recreational fishery 

will impact upon the level of catch of the commercial fishery and the prawn resources. 

Most of the catch of school and eastern king prawns in estuaries are immature 

individuals. There is the risk therefore that this harvest may affect levels of 

recruitment to the spawning stocks. The impact of the recreational catch will 

probably be greatest upon the eastern king prawn resource and the commercial catch 

for this species because this species comprised the major proportion of the recreational 

catch. Eastern king prawns are probably the most susceptible of the penaeid species 

off NSW to over-exploitation, it is likely to have a lower natural mortality (because it 

is longer living) and is exploited in estuaries whilst being an immature animal. The 

recreational fishery for prawns in NSW needs to be considered by managers when 

developing management options for the eastern king, school and greasyback prawn 

fisheries of NSW. 

It is likely that the methodology used in this study could be used to survey the 

recreational fisheries for other penaeid resources in estuaries. This study provides a 

guide to the level of sampling required to extend the coverage to an estimate of the 

recreational catch in NSW. The relatively low variation in mean CPUE over a full 
season within an estuary indicates that estimates of the state-wide catch could be 

achieved by concentrating survey effort on counts of prawners, with relatively low 

survey effort directed to interviews. 

,-
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FIG. 1 .  Annual production by weight of prawns caught by the commercial fishery 

in New South Wales. No data were available for the estuarine catch prior 

to 1979-80. Data for 1993-94 are approximately 97% completed on the 

"LCATCH" database. 
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BACKGROUND INFORMATION 

In 1993-94 commercial fisheries around Australia landed about 20,000 tonnes of 

species of the family Penaeidae, worth A$ 278 million (Anon 1995). Recreational 

fisheries for some of these species occur in all states except South Australia 

(Kailola et al. 1993), yet little appears to be known about the capacity of these 

fisheries to harvest wild stocks of prawns. This dearth of information is of 

concern when one considers that most stocks of penaeids around Australia are 

being heavily exploited. 

The penaeid resources of New South Wales are the most economically important 

wild stocks managed solely by the state government. Annual landings average 

about 2,000 tonnes, being worth around $32 million at the point of first sale. 

Approximately 42% and 31 % of this production by weight and value 

respectively, comes from harvesting in estuaries (Montgomery and McDonall 

1988; Fig 1). The catch is comprised of significant quantities of eastern king 

prawns, Penaeus plebejus, school Metapeneaus macleayi, greasyback Metapenaeus 

bennettae, and royal red prawns Haliporoides sibogae. The 2 most important species 

are the eastern king (42% and 58% by weight and value of production) and the 

school prawn (44% and 34%). 

Eastern king, school and greasyback prawns are endemic to the waters off 

Australia (Grey et al. 1983; Kailola et al. 1993). These species are found along the 

east coast of Australia within the boundaries of around 21° S to 42 ° S for eastern 

king, and 25 ° S to 38 ° S for school and greasyback. Royal red prawns live in the 

Indian and Western Pacific oceans in the waters off New Zealand, Madagascar, 

Japan and Australia. The life cycles of eastern king, and school prawns have both 

an estuarine and oceanic phase whilst greasyback and royal red prawns live 

entirely within estuarine and oceanic waters, respectively. With the exception of 

eastern king prawns, each species appears to constitute several discrete stocks 

within NSW (Ruello 1977). Eastern king prawns on the other hand form one stock 

along the east coast of Australia (Mulley and Latter 1981; Montgomery 1990). 

l. 

l. 
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Data from an omnibus survey commissioned in 1981 by the then NSW Agriculture 

& Fisheries, suggested that the catch of prawns by the recreational fishery in NSW 

was between 1000 and 2000 tonnes. This is greater than the reported landings over 

the same period from estuaries by the commercial fishery. The number of 

respondents in the survey was, however, very small, thus estimates of catch and effort 

from the survey were subject to very large error. Nonetheless, the results suggested 

that recreational fishers were significant harvesters of prawns in NSW. 

We therefore approached the then Fishing Industry Research and Development 

Council for funding for a project that would provide information on the catch of the 

recreational fishery for prawns expressed as a relative proportion of the commercial 

catch. 

OBJECTIVE 

To determine the impact of the recreational prawn fishery in NSW on the 

commercial fisheries for the same species. 
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FIG. 2. The most popular type of gear used by recreational fishers to catch 

prawns is the scoop net. The gear used though varies in technology (see 

text) . 
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FIG. 3. Other types gear used by recreational prawners are the scissor net (a) and 

the drag net (b) .  

L 
L 
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The gear used by prawners 
with scoop nets varies in 
technology; from an above 
water torch and net (left), to 
some form of floating device 
to hold prawns and a 6 volt 
battery that powers an 
underwater light (bottom). 



a 

Push or Sci.Ssor net. 

b 

Drag are on foot by 2 people in shallow nets hauled water. 
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INTRODUCTORY TECHNICAL INFORMATION 

The Recreational Fishery 

The recreational fishery for prawns occurs in estuaries only, and operates from spring 

to autumn, from Noosa Heads in southern Queensland (26° S) to George's Bay in 

Tasmania ( 41° S). Eastern king and school prawns are the main species caught. A 

variety of gear types are used to catch the prawns. Regulations governing the 
dimensions for these gears in NSW are outline in the Fisheries Management Act 1994 

of NSW (Appendix 1). The gears used are: 

(i) Scoop Net. Scoop netting is the most popular method used by 

recreational prawners and is used whilst either wading in 

shallow areas or over the side of a boat. A sock of net is 

supported on a hand held frame. Prawners use lights to 

spot prawns moving in the water column. The type of 

gear used varies between prawners. Some prawners use 

above surface torches whilst others tow small floating 

objects that carry a 6 volt motorcycle battery to power 

underwater lights (e.g. front cover and (Figure 2a). 

(ii) Scissor or Push Net. This is a bag of net supported by a frame in the shape of a 

pair of scissors. It is pushed across the bottom in shallow 

water (Figure 3a). 

(iii) Haul or Drag Net. The net is similar in design to a pocket net, with a 

weighted footrope and buoyant headline. The footrope 

and headline are separated by a stake at each end of the 

net. The net is dragged through shallow water by 2 

people (one holding each stake), then pulled onshore to 

sort the catch (Figure 3b). 
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The Commercial Fishery 

The commercial fishery for prawns in estuaries operates from spring to autumn, and 

extends from Swain's Reef in Queensland (21° S) to Gippsland Lakes in eastern 

Victoria (38° S). Eastern king and school prawns are exploited both offshore and in 

estuaries, while greasyback and royal red prawns are exploited only in estuaries and 

oceans, respectively. Prawns are exploited year round in oceanic waters. 

A variety of gear were used by commercial fishers operating in the estuaries 

studied during this project. Regulations concerning the dimensions for these gears 

and areas where these can be used is outline in the Fisheries Management Act 1994 of 

NSW (Appendix 1). These are: 

(i) Running net. 

(ii) Hauling net. 

(iii) Snigging net. 

A wall of net is set into a slight current, usually between the 

shore and a vessel, in areas of shallow water. The prawns 

are "run" along the net to the vessel and then lifted onboard. 

The net has 2 long wings and a section in which to 

concentrate and retain the catch. The wings of the net have a 

spreading device (Dan Zeno) between the headline and 

footrope to stop the net pulling together when it is hauled. 

The negatively buoyant net is set from a vessel by running 

the rope connected to one end out from and perpendicular to 

the shoreline; then the net is set parallel to the shore, and 

finally the rope connected to the other end of the net is run 

out on the way back to shore. 

The net is similar in shape and is set in a similar manner to a 

haul net. The gear is set in a "pear" shape from a vessel. 

One rope is connected to a Dan buoy and run out from a 

vessel, then the net is set and the other rope run out back to 

the Dan buoy. The first rope is picked up again. The net is 

towed forward until it is closed (when the ropes are parallel) 

and is then winched on board the vessel. 
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(iv) Pocket net. 

Survey Techniques 

This is a trawl shaped net but with a longer pocket leading 

to the codend. The net is used at night during the run out 

tide in channels with a strong current. It is held in place by 

stakes driven into the sediment during the slack neap tide. 

The headline is tied near the top of the stake, then weights 

are tied to the footrope and slid down the stakes to keep the 

headline and footrope separated. Prawns swim into the net 

with the current and are forced into the codend by the 

current' s strength. The codend is lifted periodically onboard 

a dinghy to empty out the prawns. 

Information on catch and fishing effort is collected from a range of sources that 

are dependent (e.g. log books and records of landings) or independent of the 

fishing industry (e.g. surveys by telephone or mail and intercept surveys). 

Intercept surveys are one of the most common types of independent surveys used 

to collect data on recreational fisheries (see Malvestuto et al. 1978, 1983; Hayne 

1991; Robson 1991; Pollock et al. 1994). Fishers can be interviewed by staff when 

they have completed their fishing trip (known as access point surveys) or whilst 

they are fishing (known as roving creel surveys). Access point surveys have the 

advantage of interviewing fishers at the end of their trip so that information on 

the total catch is collected, provided that the coverage of the fishery is complete. 

These are limited to those situations where fishers enter the fishery at few access 

sites (e.g. boat ramps) so that research staff can interview sufficient fishers to 

obtain representative sample sizes. Data collected by roving creel survey 

techniques suffer from the disadvantage that total catch must be estimated 

through extrapolation. It is assumed when calculating total catch that the mean 

catch rate of fishers does not vary over the time available for fishing. Roving creel 

survey techniques do have the advantage however, of being useful in those 

situations where fishers enter the fishery through more access points than can be 

covered by staff to provide a sample size of interviews that is considered 

representative for the fishery. 

r . 
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METHODOLOGY 

Details of the methods used during this project are given in Montgomery and 

Reid (Appendix 2), Reid and Montgomery (Appendix 3) and West (Appendix 4). 

We have provided a summary of these below. 

Choice of study sites. 

The four estuaries chosen for this study are shown on Figure 4. More detailed 

maps of each estuary can be found in Appendix 4 (pg. 29). The estuaries studied 

were: 

(i) Wallis Lake (32°17 S) has a plan area of approximately 100 km2; 

(ii) Tuggerah Lakes (33°17 S) consists of three interconnected estuaries, namely, 

Tuggerah, Budgewoi and Munmorah Lakes, with a total plan area of 

approximately 80 km2; 

(iii) Lake Illawarra (34°33' S) has a plan area of 34 km2, and 

(iv) Coila Lake (36°01' S) has a plan area of approximately 8 km2. .. 

Estuaries were selected on the criteria of: 

(i) The importance of each estuary to the commercial prawn fishery operating 

in estuaries for the whole of NSW. Information on the catch by species of 

prawn, by estuary was collated from the NSW Fisheries' "LCATCH" 

database. This is made up of records from Form 19 that details by month 

and estuary each commercial fisher's catch by species (kg) and the total 

number of days fished. Commercial fishers are compelled by law to 

complete on a Form 19 details of their fishing practice for the previous 

month. This is then verified by the NSW Fisheries' fisheries officer 

responsible for that district. 

(ii) Whether the location of the estuary was within that area of NSW identified 

from the omnibus survey as contributing 80% of the catch of prawns by 
recreational prawners. 

,-
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(iii) The relative importance of each estuary to the recreational fishery for 

prawns. Fisheries Officers of the NSW Fisheries stationed at coastal districts 

were asked to rank in importance in terms of recreational catch and effort, 

the estuaries in their district. 

Information on recreational catch and effort 

We used roving creel surveys because there were more access points to each 

estuary than could have been covered by scientific staff so that representative 

numbers of prawners were interviewed. 

Roving creel surveys were done on a random stratified design by staff from a 

private consulting company (Kewagama Research; see Appendix 4.) .  The staff at 

Kewagama Research were experienced in doing surveys of recreational fishers. 

We were able therefore to use experienced personnel and at the same time give 

the surveys a certain independence by having interviews not directly associated 

with NSW Fisheries. 

The main assumption of roving creel surveys is that these data give an unbiased 

estimate of catch per unit effort (CPUE) for completed trips and therefore the 

fishery. Because interviews are done whilst the fisher is still fishing, those who 

fish longer have a greater probability of being interviewed. If these individuals 

are better or worse fishers, then estimates of CPUE will be biased. We therefore 

tested this assumption by doing access point and roving creel surveys at the same 

time on Tuggerah Lakes and Lake Illawarra. Differences in CPUE between access 

point and roving creel survey techniques were tested for significance using a 

paired t-Test. 

A complete description of the roving creel survey design used in this project can 

be found in Reid and Montgomery (Appendix 3) and the report on the 

methodology used in surveys from Kewagama Research (Appendix 4). Surveys of 

recreational prawners commenced in January 1991 and concluded in March 1994. The 

months covered in the study were January 1991 - March 1992; November 1992 -

March 1993; and November 1993 - March 1994. 

,-
1 
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The stratification variables for the design were day-type (weekend+public 

holiday /weekday), moon-phase (dark/light), tidal state (ebb/flood/slack) and time 

of night (before/ after midnight). The a priori stratification of sampling effort was for 

approximately two-thirds of nights to be chosen from the dark period, and 

approximately two-thirds of shifts to include the period of the ebb-tide. Field staff 

were rostered to carry out intercept surveys on 11 nights per month, with 7 in the 

lunar 'dark' and 4 in the lunar 'light' period. The 'dark' was defined as 7 days before 

and after the new moon, plus the date of the new moon. The 'light' was the remainder 

of the lunar month. Shifts were of 4 h duration on the larger lakes (Wallis, Tuggerah 

and Illawarra) and 2.25 hours on Lake Colla. Time-blocks for the rosters were from 

last light (equivalent to nautical twilight defined by Lomb (1993)) to first light. 

Subareas were defined for each estuary. These were chosen on the basis that 

prawning was known to occur in the area and that head-counts of prawners operating 

in each subarea could be counted in 10 minutes. The procedure for each survey shift 

was based on progressive count methods (Hoenig et. al. 1993). It was not feasible to 

do more than one head count in each subarea per shift because of the relative little 

time available during the ebb tide at night compared to the time taken to traverse the 

estuaries. In each subarea, a head-count of prawners and interviews were completed, 

with a maximum of 30 minutes total time being allowed for each subarea. The 

starting position and direction of travel were randomly allocated for each shift. For 

each month of the survey period, one night in the dark of the moon period was 

allocated to a head count of prawners for the whole estuary, to provide information 

on the coverage of the survey subareas in accounting for the effort for the entire 

estuary. 

During interviews, prawners were asked for information on the number of nets 

being used, number of people in the fishing party, number of people actually 

prawning, and the time the person started prawning. This was recorded together 

with the time of interview. The catch was weighed with a spring balance to the 

nearest 0.01 kg and for a subset of interviews in each subarea (about 30% of the total 

interviews), a subsample of 10 randomly chosen prawns (approximately lOOg) were 

processed to determine species composition and distribution of lengths. 

., 
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For each lunar month, for each cell of the stratification - the prawner counts were 

multiplied by the appropriate factors to give an estimate of the total number of 

prawners over all available nights of the month. Lengths of prawns in samples were 

pooled to give annual distributions of lengths of prawns caught for each species. 

Information on commercial catch and effort 

Information on catch and fishing effort were extracted from the "LCATCH" database 

of NSW Fisheries and collated by year and method. 

Information on the sex and species composition, and sizes of prawns caught by the 

commercial fishery were collected in the field by staff from the NSW Fisheries 

Research Institute. In the 1992/93 and 1993/94 seasons, on nights chosen randomly 

from the roster for the creel surveys, staff took 2-3 random samples (500 g) per night 

from the catches of commercial fishers operating on each estuary. The total weight of 

each species caught in the estuary was recorded by fisher and method, for each night. 

Prawns in samples were separated by species and sex and had their length measured 

as the straight line distance between the base of the eye orbit and the centre of the 

posterior margin of the carapace (carapace length, CL). Lengths of prawns were 

weighted to the total catch by the fisher and method. These were then summed to 

give annual distributions of lengths. 
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RESULTS 

The results of this project are contained in the manuscripts by Montgomery and 

Reid (Appendix 2) and Reid and Montgomery (Appendix 3) which will be 

submitted to peer reviewed scientific journals. We have provided a summary of 

these below. 
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FIG. 5. Mean CPUE (Kg per prawner per hour) (± S.E.) calculated from data 

collected by access (A) and roving creel surveys (R) of the same prawners 

using scoop (S) or drag (D) nets on Tuggerah Lake (TUGG) and Lake 

Illawarra (ILL W). 

Patterns in recreational catch, effort and CPUE 

The results presented by Montgomery and Reid (Appendix 2) showed that roving 

creel surveys gave an unbiased estimate of mean CPUE for recreational prawners. 

There were no differences in mean CPUE between data from surveys of prawners 
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who had completed their prawning trip and those done whilst people were 

prawning (Fig. 5). We concluded that roving creel surveys were an appropriate 

technique to use on estuaries in NSW to collect information on prawning effort 

and CPUE in the recreational fishery for prawns. 

A total of 3,360 interviews were done during roving creel surveys on the four 

estuaries. Comparisons of monthly head-counts of prawners for the whole estuary 

with those for each subarea during roving creel surveys showed that our surveys 

covered close to 100% of the prawning effort during each lunar month. Further, 

response rates by prawners to interviews were virtually 100% during each survey. 

Most prawners operating on each estuary were residents of the local area (Table 1 ). 

Prawners from Sydney made up a significant proportion of the people prawning at 

Wallis Lake and Tuggerah Lakes but were not a large proportion of the population 

prawning on Lake lliawarra. Those from Newcastle comprised a large proportion of 

the prawning population at Wallis Lake, but surprisingly were not a large proportion 

of those prawning on nearby Tuggerah Lakes. The prawning population at Lake 

lliawarra was made up mainly of local residents, whilst Canberra residents were a 

significant proportion of the people prawning on Colla Lake. 
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Table 1. Spatial distribution of residing area of prawners by number and percentage 

as determined from postcode information collected during interviews on 

roving creel surveys. 

Lake 

Wallis Tuggerah Illawarra Coil a 

no. % no. % no. % no. % 

Local* 626 41.2 1497 69.1 1629 80.4 478 64.9 

Sydney metropolitan area 254 16.7 399 18.4 122 6.0 32 4.3 

Newcastle area 514 33.8 135 6.2 9 0.4 1 0. 1 

Wollongong area 4 0.3 4 0.2 - - 11 1.5 

Canberra area 1 0.1 10 0.5 8 0.4 157 21.3 

OtherNSW 113 7.4 91 4.2 252 12.4 41 5.6 

Interstate 7 0.5 18 0.8 4 0.2 15 2.0 

Overseas 0 0.0 1 0.0 2 0.1 0 0.0 

No code 0 0.0 11 0.5 0 0.0 1 0. 1 

Total 1519 2166 2026 736 

* Postcodes considered 2420- 2250- 2500- 2530-
within the local area 2439 2269 2529 2549 

Table 2 provides details on the number of prawners operating per night on each 

estuary for all strata in the survey season of 1993-94, whilst Figure 6 shows the 

number of prawners by method. Similar patterns in numbers of prawners operating 

by each method were found in each season of surveys (Fig. 6; Appendices 5.1 to 5.3). 

Scoop netting was the dominant method used by recreational prawners on each 

estuary to catch prawns (Fig. 6). No less than 80% of the effort on each estuary was by 

some form of scoop netting. Drag netting was the next most popular method. Over 

the whole survey period, only 17 interviews were recorded of people who used 

scissor nets. 
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FIG. 6. Estimated total numbers of prawners using scoop-nets or drag-nets each 
month during the survey period. 
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Table 2. Estimated mean number of prawners per night by moon-phase (M), day
type (D), tide (T) and fishing method for the 1993-94 season. D =dark and L 
= light moon phases. 

Location No. of No. of No. of dra -netters 

M D T N mean se Total N mean se Total N mean se Total 

Wallis D WD RI 10 0.00 0.00 0 7 0.00 0.00 0 10 0.00 0.00 0 

tidal D WD RO 25 0.36 0.17 19 18 21.17 4.42 1101 25 0.00 0.00 0 

D WE RI 5 0.00 0.00 0 3 0.00 0.00 0 5 0.00 0.00 0 

D WE RO 9 0.56 0.44 12 6 36.83 14.57 810 9 0.00 0.00 0 

L WD RI 4 0.00 0.00 0 3 0.00 0.00 0 4 0.00 0.00 0 

L WD RO 13 0.00 0.00 0 11 2.64 1.63 158 13 0.00 0.00 0 

L WE RI 3 0.00 0.00 0 2 0.00 0.00 0 3 0.00 0.00 0 

L WE RO 5 0.20 0.20 6 5 18.40 10.80 534 5 0.00 0.00 0 

3 7  2603 0 

Tuggerah D WD RI 7 0.43 0.43 22 7 0.00 0.00 0 7 0.00 0.00 0 

tidal D WD RO 18 56.06 15.12 2915 18 5.39 3.07 280 18 0.00 0.00 0 

D WE RI 3 1.33 1.33 29 3 0.00 0.00 0 3 0.00 0.00 0 

D WE RO 6 80.00 26.64 1760 6 4.67 1.69 103 6 0.00 0.00 0 

L WD RI 3 0.00 0.00 0 3 0.00 0.00 0 3 0.00 0.00 0 

L WD RO 11 19.64 9.33 1178 11 0.09 0.09 5 11 0.00 0.00 0 

L WE RI 2 3.00 3.00 8 7  2 0.00 0.00 0 2 0.00 0.00 0 

L WE RO 5 33.60 24.47 9 74 5 2.80 2.80 81 5 0.00 0.00 0 

696 7  470 0 

Tuggerah D WD n.a 25 9.32 2.44 485 25 0.00 0.00 0 25 20.96 5.50 1090 

non-tidal D WE n.a 9 5.33 2.25 117 9 0.00 0.00 0 9 17.56 7.24 386 

L WD n.a 15 2.20 1.50 132 15 0.00 0.00 0 15 2.13 0.95 128 

L WE n.a 7 7.71 2.02 224 7 0.00 0.00 0 7 7.71 2.81 224 

957 0 1828 

Illawarra D WD RI 7 0.00 0.00 0 7 0.00 0.00 0 7 0.00 0.00 0 

tidal D WD RO 18 65.22 9.88 3391 18 6.83 1.62 355 18 0.00 0.00 0 

D WE RI 3 0.00 0.00 0 3 0.00 0.00 0 3 0.00 0.00 0 

D WE RO 6 67.33 26.32 1481 6 6.33 2.95 139 6 0.00 0.00 0 

L WD RI 2 0.00 0.00 0 2 0.00 0.00 0 2 0.00 0.00 0 

L WD RO 12 23.25 8.08 1395 12 2.00 1.12 120 12 0.00 0.00 0 

L WE RI 2 0.00 0.00 0 2 0.00 0.00 0 2 0.00 0.00 0 

L WE RO 4 2200 8.86 638 4 0.00 0.00 0 4 0.00 0.00 0 

6906 614 0 

Illawarra D WD n.a 25 10.08 3.07 524 25 20.60 6.01 1071 25 0.16 0.16 8 

non-tidal D WE n.a 9 8.78 4.26 193 9 23.56 12.11 518 9 0.44 0.44 10 
L WD n.a 14 5.00 2.25 300 14 5.65 3.14 339 14 0.29 0.29 1 7  

L WE n.a 6 4.50 3.72 131 6 2.33 2.33 68  6 0.00 0.00 0 

1148 1996 35 
Coila D WD n.a 25 5.88 1.92 306 25 0.00 0.00 0 25 0.44 0.26 23 

D WE n.a 9 1.67 0.69 3 7  9 0.00 0.00 0 9 0.00 0.00 0 

L WD n.a 14 3.21 2.48 193 14 0.00 0.00 0 14 0.00 0.00 0 

L WE n.a 7 3.71 1.66 108 7 0.00 0.00 0 7 0.14 0.14 4 

643 0 27 

shore-scoopers boat-scoopers 
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At least 80% of prawning effort on each estuary occurred during the run-out tide 

(Table 2). In Wallis Lake effort was concentrated almost exclusively to tidally affected 

areas whist in the other estuaries effort was distributed across tidal and non tidal 

areas. On weekends in the dark period on Wallis Lake there were approximately 

double the number of prawners that were there on weekend light periods, while for 

weekdays, the dark period had ten-fold the number of prawners counted in the light 

period. There was a similar pattern in the other estuaries, with number of prawners in 

the dark period being approximately double that of the light (Table 2). In all 

estuaries, January was the month with the greatest effort (Fig. 6). 

Estimates of annual mean CPUE for each season and estuary are shown in Table 3 

whilst Appendix 5.4 provides estimates of mean CPUE for separate strata. When 

comparing mean CPUE between estuaries, we were limited to scoop netting because 

this was the only method with representative sample sizes from each estuary. The 

major difference in mean CPUE between the four study sites was the significantly 

greater values for Wallis Lake (Table 3). The CPUE for scoop netting in Wallis Lake 

over the whole survey period was almost double that for the tidal areas in the other 

Lakes (Table 3). In 1992-93, the CPUE for Colla Lake was similar to that of Wallis 

Lake but was less than that for the other 3 estuaries over the remainder of the whole 

survey period (Table 3). 

The mean CPUE for scoop-netting in the tidal subareas in Tuggerah Lakes was almost 

double that of the non-tidal subareas for the total survey period (Table 3). In Lake 

Illawarra though, mean CPUE did not differ between tidal and non tidal areas. 

There was no clear pattern in mean CPUE for scoop netting between dark and light 

lunar phases of the moon within each estuary or between years (Table 3). Significant 

differences in mean CPUE between dark and light phases were found in Wallis Lake 

(1992-93, 1993-94), in the tidal areas of Tuggerah Lakes (1991-92) and Lake Illawarra 

(1991-92, 1993-94) and in Coila Lake in 1992-93. In the non tidal subareas of Tuggerah 

Lakes in 1991-92, mean CPUE for drag nets was greater during the light than the dark 

phases. 
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Table 3. Mean CPUE (kg per prawner per h) for dark and light moon-phases (see 
text) in tidal and non-tidal subareas of each estuary 

Location Year Moon ohase 

Wallis 1991 /2 D 106 0.39 0.06 
tidal 1991 /2 L 3 0.25 0.01 

1992/3 D 206 0.49 0.03 
1992/3 L 67 0.31 0.04 
1993/4 D 206 0.46 0.03 
1993/4 L 43 0.3 0.06 
Total 631 0.43 0.02 

Tue:e:erah 1991 /2 D 88 0.18 0.02 
tidal 1991/2 L 19 0.32 0.04 

1992/3 D 119 0.3 0.05 
1992/3 L 54 0.17 0.03 
1993/4 D 120 0.23 0.03 
1993/4 L 43 0.3 0.09 
Total 443 0.24 0.02 

Tue:e:erah 1991 /2 D 49 0.17 0.04 26 0.87 0.18 
non-tidal 1991 /2 L 6 0.14 0. 11  8 0.36 0.09 

1992/3 D 37 0.09 0.02 63 0.61 0.1 
1992/3 L 38 0.07 0.02 33 0.39 0.09 
1993/4 D 44 0.07 0.01 75 0.48 0.06 
1993/4 L 19 0.06 0.01 24 0.3 0.06 
Total 193 0.1 0.01 229 0.52 0.04 

Illawarra 1991 /2 D 70 0.18 0.03 
tidal 1991/2 L 21 0.54 0.07 

1992/3 D 241 0.27 0.02 
1992/3 L 102 0.23 0.02 
1993/4 D 210 0.24 0.02 
1993/4 L 112 0.17 0.02 
Total 756 0.24 0.01 

Illawarra 1991 /2 D 42 0.26 0.07 2 0.56 0.19 
non-tidal 1991/2 L 1 1  0.42 0.20 1 0.94 -

1992 /3 D 161 0.22 0.01 7 0.29 0 .11 
1992 /3 L 76 0.28 0.04 1 0.2 -

1993/4 D 225 0.19 0.01 2 0.2 0.13 
1993 /4 L 66 0.18 0.02 1 0.55 -

Total 581 0.22 0.01 14 0.37 0.08 
Coila 1991 /2 D 42 0. 13 0.03 7 0.17 0.03 

1991 /2 L 10 0.08 0.02 1 0.28 -

1992/3 D 155 0.48 0.04 13 0.73 0.48 
1992/3 L 59 0.19 0.04 5 0.66 0.66 
1993/4 D 124 0.08 0.02 5 0.05 0.03 
1993/4 L 48 0.04 0.01 0 - -

Total 439 0.24 0.02 31 0.47 0.22 

Drag-nets were used only in the non-tidal areas of estuaries. Comparisons between 

scoop netting and drag netting were possible only for Tuggerah Lakes because this 

was the only estuary in which both methods were commonly used. Drag-netting had 

a significantly greater mean CPUE than scoop netting (P<0.05) for each of the survey 

years for both light and dark lunar phases. The mean CPUE over the whole survey 

Srnnn nr'117 

N mP;in Sf' N mean -
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period was 0.51 kg/prawner h for drag-nets and 0.12 for scoop-nets. There were no 

differences in mean CPUE between boat-based and shore-based scoop netting. Mean 

CPUE and standard error (SE) for boat-based and shore-based scoop netting in Lake 

Illawarra over the whole survey period were 0.23 (± 0.01) and 0.23 (± 0.01), 
respectively. Comparable values for Tuggerah Lakes were 0.27 (± 0.03) and 0.24 (± 

0.02), respectively. 

Comparison of commercial and recreational catches 

Estimates of monthly catch for the commercial and recreational fisheries are shown in 

Figure 7. Table 4 gives the annual catch for the recreational fishery as a proportion of 

the commercial catch. An.�ual catch for the recreational fishery expressed as a 

proportion of the commercial catch fluctuated greatly (Table 4), although these 

showed less inter-annual variation than the commercial catches for Wallis, Tuggerah 

and Illawarra Lakes (Fig. 7). Coila Lake differed from the others in that the closure of 

its mouth in January 1993 led to large catches in 1992-93, but relatively few prawns 

were caught in 1993-94. 

The recreational catch was comprised almost exclusively of eastern king prawns in 

Wallis, Illawarra and Coila Lakes, while in Tuggerah Lakes the proportions of eastern 

king and school prawns were similar, with greasyback prawns comprising 10-22% of 

the catch (Fig. 8). The brown tiger prawn, Penaeus esculentus was the only other 

prawn species found during surveys of recreational prawners; 6 individuals were 

identified from the total of 10,835 prawns measured in subsamples. The commercial 

catches showed much higher proportions of school prawns in Wallis Lake (33-52%) 
and Lake Illawarra (35-53%; Fig 9b ). 

Greasyback prawns comprised 26-38% of catches in Wallis Lake with negligible 

catches of this species in the other lakes, apart from Tuggerah Lakes with 13% in 1993-

94. 

Annual distributions of lengths of eastern king prawns in samples from each estuary 

are shown in Figure 9a, and those for school prawns from Tuggerah Lakes are shown 

in Figure 9b. There were less than 50 school and greasyback prawns in pooled 

samples for the other estuaries; too few to warrant constructing similar distributions. 

The sizes of eastern king prawns in samples were similar between commercial and 

recreational catches for Wallis, Tuggerah and Illawarra lakes, however for Coila Lake, 
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the distributions showed differences in both 1992-93 and 1993-94. In 1992-93 the 

recreational catches had relatively more longer prawns, while the converse was the 

case in 1993-94. School prawns in samples from recreational catches contained 

relatively more longer prawns (hence longer mean length) than those from 

commercial catches (Fig. 9b ). 

Table 4. Seasonal estimates of prawn catch (tonnes) by recreational (r) and 

commercial (c) fishers. Approximate standard errors are shown as (:±5E). 

Tuggerah Wallis Illawarra Coil a 

r c r/c(%) r c r/c(%) r c r/c(%) r c 

92 5.74 17.98 31 .9 4.52 32.71 13 .8 8 .95 15.27 58 .6 0.42 5.10 
(±0.92) (±5.1) (±1 .72) (±5.3) (±1 .93) (±12 .6) (±0. 13) 

Nov 92-Mar 93 12.52 64.86 19 .3 10.22 67.19 15 .2 12.80 19.03 67.3 3.04 31 .38 
(±2.01) (±3. 1) (±2.64) (±3.9) (±1 .58) (±8.3) (±0.69) 

Nov 93- Mar 94 17.41 37.42 46.5 6.62 23.75 27.9 13.68 27.49 49 .8 0.24 0.85 
(±3.12) (±8.3) (±1 .31) (±5.5) (±1 .64) (±6.0) (±0.07) 

Total 35.67 120.3 29.7 21 .36 123 .7 17.3 35.43 61.79 57.3 3.70 37.33 

r/c(%) 

8.2 
(±2.5) 

9.0 
(±2.2) 

282 
(±8.2) 

9.9 

r 

r 

Jan-Mar 

(±3.82) {±3.2) (±3.41) (±2.8)· (±2.99) (±4.8) (±0.71) (±1.9) 
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FIG. 7. Estimates of total catch of prawns by commercial and recreational fishers 
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commercial catches (C) of fishers operating on each estuary in the study. 
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FIG. 9a. Annual distributions of lengths of eastern king prawns in samples taken 

from the catches of recreational and commercial fishers over the survey 

period. 
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FIG. 9b. Annual distributions of lengths of school prawns in samples taken from the 

catches of recreational and commercial fishers operating in Tuggerah lakes 
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DISCUSSION 

This project has provided estimates of catch with acceptable levels of variance for 

recreational fisheries for prawns in four estuaries. In doing so it has demonstrated 

that it is possible to do independent surveys at night of fisheries for penaeids. Results 

from this project have shown that recreational prawners are significant harvesters of 

the eastern king, school and greasyback prawn stocks in NSW. 

Recreational prawners used either scoop netting or drag netting to catch prawns. 

Differences in catch rates between prawners operating drag nets and those using 

scoop nets can be attributed largely to the non passive nature of the former gear. As 

the name implies, drag nets are dragged across the bottom and so disturb those 

prawns not actively swimming in the water column. This gear also covers a greater 

area per unit time than the scoop net. 

The great variability in the proportion of recreational to commercial catch between 

estuaries may be a function of the area of shallow grounds available for prawning. 

Juvenile prawns live in the shallow areas in estuaries (Young 1978; Young and 

Carpenter 1977), but are spatially distributed through the estuary principally by 

differences in tolerances to salinity (e.g. Coles and Greenwood 1983). Wide expanses 

of shallow areas provide recreational prawners with the opportunity to harvest more 

efficiently than in deeper estuaries (e.g. Wallis Lake). Prawners not only cover more 

area but are able to exploit the entire water column. This is particularly the case near 

the mouth of intermittently opening estuaries (Roy 1984) where prawners target 

prawns as they migrate to oceanic waters to mature (e.g. Ruello 1977; Montgomery 

1990). Prawners in Tuggerah Lakes and Lake Illawarra were able to cover large areas 

of the Lake by wading, whereas in Wallis Lake prawners were limited to fishing from 

a boat because this estuary was far deeper than the other two. 

The proportion of the recreational catch to commercial catch may be biased upwards 

through unreported landings from the commercial fishery, though this is thought not 

to have been significant. Information on levels of catch in the commercial fishery 

came from the "LCATCH" database of NSW Fisheries and was not validated for 

quantities of prawn caught. Results of two tagging studies done in Tuggerah Lakes to 

t"-
1 

l 
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assess the exploitation rate on prawns by commercial and recreational fishers also 

suggested that recreational fisheries were significant harvesters of prawns. Recapture 

rates were 9 and 7%, and 5 and 2% for commercial and recreational fisheries, 

respectively. 

The prominence of eastern king prawns in the catches of recreational prawners is 

probably associated with differences in behaviour between species. Penn (1983) 

discussed the effects on catchability of prawn behaviour. He categorised eastern king 

prawns as being nocturnal, strongly burrowing and most catchable at night. Racek 

(1959) and Ruello (1975) also found eastern king prawns to be most active at night and 

to emigrate in the surface waters of night ebb tides to oceanic waters during spring

summer. School prawns on the other hand do not burrow as deeply as eastern king 

prawns, are more active during the day time than the former species, and move in the 

bottom or mid-water (Racek 1959; Ruello 1975). Greasyback prawns peak in activity 

levels at dawn and dusk (Racek 1959). These behavioural differences appear to be 

related to light intensity (Wassenberg and Hill 1994). 

Recreational prawners predominantly use scoop nets to catch prawns moving in the 

water column at night. This practise renders eastern king prawns more susceptible 

than school prawns to capture by these fishers because eastern king prawns move in 

the water column at night whereas school prawns move along the substrate. 

Commercial fishers use some more active types of gear than recreational prawners 

and operate both during the day and night. Consequently there is more likelihood 

that the proportion of school prawns in their catches will be greater than in 

recreational catches. School prawns are more susceptible to capture by active types of 

gear, particularly during day time, because they do not burrow as deep in the 

substrate as eastern king prawns and so are more easily disturbed by fishing gear. 

The impact upon prawn stocks of harvesting in estuaries is probably greater than 

suggested by the contribution the estuary catch of each species makes to the total catch 

of prawns in NSW. Firstly, the proportion of the catch taken in estuaries in terms of 

numbers caught will be greater than the proportion by weight because individuals in 

estuaries are smaller than those from oceanic waters. Secondly, harvesting prawns in 

estuaries targets immature individuals. The size at first maturity for female eastern 
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king prawns is approximately 42 mm CL (Courtney et al. in press) whilst that for 

school prawns is around 22 mm CL but varies between stocks (Ruello 1973 and 

Glaister 1977). These are longer than the lengths of most individuals caught in 

estuaries. Catching relatively large quantities of immature prawns has the potential to 

affect recruitment to the spawning stock. 

This impact will vary between species because school prawns comprise discrete 

stocks (Ruelllo 1977) whereas eastern king prawns are a unit stock (Montgomery 

1990) along the east coast of Australia. Little else is known about the dynamics of 

school prawn populations other than that production is associated to river discharge 

(Ruello 1973, Glaister 1978). The effects upon the spawning stock of eastern king 

prawns of changes in recruitment from different estuaries is very complex. Fishing 

pressure is not uniform off the east coast of Australia, so that as individuals grow and 

move northwards they are exposed to different levels of natural and fishing mortality. 

Gordon et al. (in press) combined the concept of the Baranov (1918) catch equation 

with the compartmentalised approach of Glaister et al. (1990) to assess the effects 

upon yield of eastern king prawns of variations in recruitment from different 

estuaries. Essentially this effect depends upon the rate of movement of eastern king 

prawns along the coast of NSW. The longer it takes prawns from an estuary to reach 

offshore prawn grounds where fishing pressure is high, the less impact this 

recruitment will have upon the stock because the bulk of the recruits are lost from 

yield through natural mortality. 

The most important biological question for prawns relevant to management, is 

optimum size at first capture. This has both an economic and biological aspect. The 

size may vary between prawns from different estuaries. In the case of school prawns 

it will be because of differences in growth and mortality between stocks, whilst for 

eastern king prawns, it will be a "trade off" between rate of movement, mortality and 

growth. Simulations using the yield per recruit models of Beverton and Holt (1957) 

and Gordon et al. (in press) showed that greater yield per recruit of eastern king 

prawns would be obtained if optimum size at first capture was longer than is 

currently the case (15-20 mm CL; Montgomery unpublished data). 

r· 

r 
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There can be little doubt that the quantity of prawns caught by the recreational fishery 

will impact upon the level of catch of the commercial fishery and the prawn resources. 

This project is an example of using roving creel survey techniques in hours of 

darkness to estimate the level of catch in a fishery. Malvestuto (1983) and Hayne 

(1991) list as a disadvantage the fact that roving creel surveys cannot be done at 

night. This may be the general case as we have been unable to find any examples 

of studies that have used intercept survey methods to estimate the catch of fishers 

operating at night. The recreational fishery for prawns in NSW may be the 

exception because prawners use battery powered lights to spot prawns in the 

water column and are therefore easily identified by the bobbing of their light. 

Further, we are unaware of any other study in the peer reviewed literature that 

has surveyed a fishery for penaeids. We conclude that roving creel surveys have 

been used successfully at night to show that the recreational fishery is a significant 

harvester of penaeids in NSW. The methodology used in this study may be 

applicable to other penaeid fisheries in Australia and internationally. 
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RECOMMENDATIONS AND IMPLICATIONS 

The basic piece of information required by managers to manage a resource is the level 

of catch by user groups of the particular resource. This study has been successful in 

demonstrating that surveys of recreational fisheries for penaeids that operate at night 

can be done to provide estimates of catch with acceptable levels of variance. 

Considering the difficulties of surveying fishers at night, the techniques used in this 

study should work equally as well during day time. Results in this study have shown 

clearly that recreational fishers are significant users of the prawn resources of NSW. 

The recreational fishery for prawns in NSW needs to be considered by managers 

when developing management options for the eastern king, school and greasyback 

prawn fisheries of NSW. Overall, the estimate of catch by the recreational fishery for 

prawns in the estuaries studied was 30% of the commercial fishery operating in the 

same estuaries. The importance of the recreational fishery as harvesters of prawns has 

added significance when it is considered that eastern king prawns comprised the 

major proportion of the catch. Eastern king prawns are the longest lived of the 

penaeid resources off NSW and therefore would be expected to have a lower natural 

mortality and, as a consequence, be more susceptible to over-exploitation than the 

other penaeids. 

The significance of harvesting prawns whilst in estuaries is even greater when catch is 

considered as numbers of prawns. School and eastern king prawns in estuaries are 

smaller than those in oceanic waters so that it takes more individuals from estuaries 

make up the same weight as that from the oceanic catch. Further, eastern king 

prawns in estuaries are immature individuals, so significant harvesting is taking place 

before individuals have had a chance to spawn. 

Clearly, the most important question relevant to management of prawn stocks, is 

optimum size at first capture. This size may vary between prawns from different 

estuaries. We recommend that investigations be done to determine whether sizes at 

first capture for prawns in estuaries need to be increased. 
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Penaeids are one of the most economically important groups of seafood resources in 

Australia. As such it is important for managers to have information on the level of 

catch by both recreational and commercial user groups. It is likely that the 

methodology used in this study could be used to survey the recreational fisheries for 

other penaeid resources in estuaries in Australia. This study provides a guide to the 

level of sampling required to extend the coverage to an estimate of the recreational 

catch in NSW. The relatively low variation in mean CPUE over a full season within 

an estuary indicates that estimates of the state wide catch could be achieved by 

concentrating survey effort on counts of prawners, with relatively low survey effort 

directed to interviews. 
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APPEND1X1 

Regulations for fishing for prawns in the estuaries 

studied. 



FISHERIES MANAGEMENT ACT 1994--REGULATION 
(Fisheries Management (General) Regulation 1995) 

NEW SOUTH WALES 

PART 3-FISHING GEAR 
Division 3 - Lawful commercial nets 

Prawn net (hauling) 

29. (1) It is lawful to use a hauling net for taking prawns in the waters 
specified in the Table to this clause if the net (including hauling lines) 
complies with the description as set out in relation to those waters in that 
Table and the following conditions are complied with: 

(a) The net is used only by the method of hauling. 

(b) The net is not set or staked at any time. 

( c) The net is landed on the tray of a boat or in sufficient depth of 
water to enable prohibited size fish that are taken in the net to 
escape. 

(d) There is no seine net (prawns) on the boat from which the net is 
used. 

(2) It is also lawful to use a try net in the waters specified in the Table 
to this clause to facilitate the taking of prawns by the means of a prawn 
net (hauling) if the try net complies with the following description: 

The net is attached to a frame not exceeding 0.6 metre in width 
and 0. 5 metre in height, with a total length from the centre of the 
plane to the extremity of the net not exceeding 2 metres; mesh not 
less than 30 mm nor more than 36 mm. 

(3) It is also lawful to use a haupng net to take other fish ( other than a 
prohibited size class of fish) which are taken by the net when it is being 
lawfully used for taking prawns. 

(4) For the purposes of this Regulation or any other instrument under 
the Act, a net described: 

2 

3. 

(a) in subclause (1) or in the Table to this clause may be referred to as 
a prawn net (hauling); and 

(b) in subclause (2) may be referred to as a try net (prawns). 

(a) 

(b) 

(a) 

(b) 

(a) 

(b) 

TABLE 

PRAWN NET (HAULING) 

Waters-Tuggerah Lakes (other than that part described in Schedule 2). 

Description of net-Total length not exceeding 140 metres; mesh throughout 
not less than 30 mm nor more than 36 mm; length of each hauling line not 
exceeding 140 metres. 

Waters-Lake lllawarra (other than that part described in Schedule 2). 

Description of net-Total length not exceeding 140 metres; mesh throughout 
not less than 30 mm nor more than 36 mm; length of each hauling line not 
exceeding 220 metres. 

Waters-Botany Bay, Georges River, Shoalhaven River and St. Georges Basin. 

Description of net-Total length not exceeding 90 metres; mesh throughout not 
less than 30 mm nor more than 36 mm; length of each hauling line not 
exceeding 220 metres. 

4. (a) Waters-Lake Macquarie, .together with all its inlets, bays, creeks and 
tributaries within the following boundaries: commencing at the southernmost 
extremity of Wangi Wangi Point, and bounded then by a straight line to the 
northernmost extremity of Galgabba or Stony Point, bi the foreshore generally 
northerly to a point distant about I ,OOO 1netres southerly from the southern 



point of the junction of the waters of the entrance with those of the lake, then 
by a line drawn west about 800 metres, then by a line drawn northerly to a 
point about 800 metres west of the western extremity of Marks Point and then 
by that line to Marks Point, and then by the eastern, northern and western shore 
of Lake Macquarie and its tributaries to the point of commencement. 

(b) Description-of net-Total length not exceeding 20 metres; mesh throughout not 
less than 30 mm nor more than 36 mm; length of each hauling line not 
exceeding 65 metres. 

5. (a) Waters-Myall Lakes, Booloornbayte Lakes, the Broadwater (Myall Lakes) and 
Smith's Lake. 

(b) Description of net-Total length not exceeding 140 metres; mesh throughout 
not less than 30 mm nor more than 36 mm; length of each hauling line not 
exceeding 130 metres. 

6. (a) Waters-That part of Wallis Lake included within the following boundaries: 
commencing at a post marked "FD" situated at the high water mark of Pipers 
Bay (the post being located by a line bearing 186 degrees from an electricity 
pole numbered 14808, situated at the eastern end of Pipers Bay Drive Forster), 
then bounded by a line bearing 217 degrees to a second post marked "FD" 
situated at the high water-mark .on the southern side of Big Island, then to a 
third post marked "FD" situated at the high water mark of Wallis Island, 
bearing 245 degrees from the second post, then southerly, westerly and 
northerly along the high water mark of Wallis Island to a jetty located on the 
western side of Wallis Island, then westerly along the length of the jetty to its 
end, then to a fourth post marked "FD", situated at the high water mark on the 
foreshore of Coomba Park, bearing 246 degrees and 30 minutes from the end of 
the jetty, then generally southerly, easterly and northerly by the high water 
mark of Wallis Lake to the point of commencement. 

(b) Description of net-Total length not exceeding 140 metres; mesh throughout 
not less than 30 mm nor more than 36 mm; length of each hauling line not 
exceeding 140 metres. 

7. (a) Waters-Port Jackson (including the Parramatta and Lane Cove Rivers and 
Middle Harbour). 

(b) Description of net-Total length not exceeding 60 metres; mesh throughout not 
less than 30 mm nor more than 36 mm; length of each hauling line not 
exceeding 130 metres. 

8. (a) Waters-Wallagoot Lake and Blackfellows Lake. 

(b) Description of net-Total length not exceeding 90 metres; mesh throughout not 
less than 30 mm nor more than 36 mm; length of each hauling line not 
exceeding 190 metres. • 

9. (a) Waters-Coila Lake and Wallaga Lake. 

(b) Description of net-Total length not exceeding 75 metres; mesh throughout not 
less than 30 mm nor more than 36 mm; length of each hauling line not 
exceeding 130 metres. 

I 0. (a) Waters-Tweed River and Terranora Inlet. 

(b) Description of net-Total length not exceeding 40 metres; mesh throughout not 
less than 30 mm nor more than 36 mm; length of each hauling line not 
exceeding 220 metres. 

11. (a) Waters-Any other waters (except inland waters and the Manning River). 

(b) Description of net-Total length not exceeding 40 metres; mesh throughout not 
less than 30 mm nor more than 36 mm; length of each hauling line not 
exceeding \ 30 metres. 

Prawn net (hauling): Manning River 

30. (1) It is lawful to use a hauling net for taking prawns in the 
Manning River if the net (including hauling lines) complies with the 
description set out in subclause (2) and the conditions set out in 
subclauses (3), (4) and (5) are complied with. 

(2) The net must comply with the following description: 

(a) The total length of the net must not exceed 40 metres. 

(b) The mesh throughout must not be less than 30 mm nor more than 
36 mm. 



(c) The net must have no attachments except spreader poles and 
hauling lines. 

( d) The hauling line run on the first leg to the net must not be longer 
than 220 metres. 

( e) The hauling line running from the n.et to the motor boat used to 
assist in shooting the net must not be longer than 90 metres, and 
not be shorter than 60 metres. 

(3) The net must be used only by the method of hauling, and must not 
be set or staked at any time. 

(4) The net must be shot and hauled as follows: 

(a) One end of the hauling line run on the first leg to the net must be: 

(i) attached to a fixed point on shore; or 

(ii) anchored ashore; or 

(iii) attached to an unpowered boat which itself is secured on 
shore. 

(b) The line must then be cast from a motor boat, and the net then 
shot. 

(c) The second hauling line must then be cast (or laid out) from the 
motor boat as the boat moves in a circular path so as to return to a 
landing-up point neat the shore end of the first hauling line. 

(d) The second hauling line must be attached to a point on the motor 
boat by the line's extremity only (that is, one end must be attached 
to the net, and the other end secured to the boat to prevent loss of 
the line overboard). 

( e) The second hauling line must not be towed until all of it has been 
shot away free of tangles, knots or anything else which would 
effectively shorten it. 

(f) Once the shooting and hauling of the net have commenced, they 
must continue until the hauling lines have been removed from the 
water and the net landed in such depth of water, or onto the tray of 
the boat in such a way, as to enable any prohibited size fish taken 
in the net to escape. 

(g) Once any prohibited size fish have been allowed to escape, the net 
must be fully removed from the water. 

(5) The net must be operated in accordance with the determination (if 
any) by the fisheries officer for the time being charged with the 
supervision of the Manning River as to the number of commercial fishers 
to constitute the crew operating the net. 

(6) For the purposes of this Regulation or any other instrument under 
the Act, a net described in this clause may be referred to as a prawn net 
(hauling). 

Prawn net (set pocket) 

31. (1) It is lawful to use a set pocket net for taking prawns in the 
waters specified in the Table to this clause if the net complies with the 
description as set out in relation to those waters in that Table and the 
following conditions (in addition to those in subclause (2), if applicable) 
are complied with: 

(a) The net is used only by the method of setting. 

(b) Hauling lines are not attached to the net. 

(c) The net must not be left unattended during the period it is set. 



m 

net must be the water when it is not rn use. 

Regulation or any other instrument under purposes 
a net described 

pocket). 
in this clause be referred to as a prawn net 

TABLE 

PRAWN POCKET) 

! . Waters-That pa.rt of the Myall River from Lhe junction of the Myall River 
with the Broadwater downstream to the road bridge between Tea Gardens and 
Hawk's Nest. 

(b) Descripiion of net-Total length not exceeding 20 metres; mesh throughout not 
less than 30 mm nor more than 36 mm. 

2. (a) Waters-Those parts of Wallis Lake included within the following boundaries: 
(i) the whole of that pa_rt of Wo!!omba Channel in Wallis Lake within the 
following boundaries: commencing at the line of mark at the 
southern point of the entrance to Wollomba River, and bounded then a 
straight line southerly to the northern shore of First Island at the southeastern 
foreshore corner of Oyster Farm No. by the northern shore of that island 
easterly to its extremity, and a straight line •th ,,,.,,,,r,,, to the 
mark of the northern shore of ,~~'~"u-~"J Island (being a about 180 metres 
southwesterly from the southeastem foreshore comer Fann No. 78-
44 ), by the northern shore of that island easteriy to the eastern 
foreshore corner of Oyster Farm No. 74-138, then by a straight line 
northeaster!y to the northern shore of Grassy Island at the most northerly 
southeastern foreshore boundary of Oyster Lease No, 59-36 I, by the northern 
shore of that islar1d easterly to its most eastern point, by a straight line north
northwesterly to the eastern extremity of Long Isiand, by the southern shore of 
that island generally west~rly to its western extremity, a straight line 
southwester!y to the eastern extremity of Sandy Island (such point being the 
most easterly foreshore corner of Oyster Fann No. 74-24), by the southern 
shore of that island westerly to its most western and then by a 

line westerly lo the point of commencement; the whole of that part 
of Bu!mer's Channel in Wallis Lake within the following boundaries: 
commencing at the northeastern corner of Oyster Lease No. 77-270 at the 
western end of Godwin Island, and bounded then by a straight line drawn wesl
northwesterly to the northeastem comer of Oyster Farm No, 72-l ! on 
Cockatoo Island, by the southern shore of that island generally westerly to its 
most western point, a line southeasterly to the most eastern point of 



Northern Twin Island, by a line south-southwesterly to the most eastern 
foreshore corner of Oyster Farm No. 76---112, by the southeastern shore of that 
island generally southwesterly to the most eastern foreshore corner of Oyster 
Farm No. 68-31, by a straight line south-southwesterly to the high-water mark 
of Wallis Island at the westerly prolongation of the northern boundary of 
Portion 206, Parish of Forster, by the high-water mark of that island generally 
northeasterly and southeasterly to the southeastern foreshore corner of Oyster 
Farm No. 71- 360, section I, and then by a line northeasterly to the point of 
commencement; (iii) the whole of that part of Stockyard Channel in Wallis 
Lake within the following boundaries: commencing at the northeastern corner 
of Oyster Lease No. 77- 270 at the western end of Godwin Island, and 
bounded then by a straight line drawn southwesterly to the southeastern 
foreshore corner of Oyster Farm No. 7 l- 360, section 1, on Wallis Island, by 
the high-water mark of that island generally southeasterly and southerly to the 
easterly prolongation of the southern boundary of Portion 221, Parish of 
Forster, by a straight line easterly to the most southerly comer of Oyster Farm 
No. 73-253, by a straight line northeasterly to the southeastern foreshore corner 
of Oyster Farm No. 73-216 on the southern end of Hadley Island, by the high
water mark of that island generally northwesterly and northeasterly to its 
northern extremity, by a line northerly to the northeastem foreshore comer of 
Oyster Farm No. 70-245 on the southern shore of Godwin Island, by the high
water mark of that island generally westerly, northwesterly, southwesterly and 
northerly to the northeastern comer of Oyster Farm No. 67-203, by a straight 
line westerly to the most western northeastern foreshore comer of Oyster Lease 
No. 81---43, and again by the high-water mark of Godwin Island generally 
southerly, westerly, northerly, southwesterly and northwesterly to the point of 
commencement. 

(b) Description of net-Total length not exceeding 20 metres; mesh throughout not 
less than 30 mm nor more than 36 mm. 

3. (a) Waters-The whole of Queen's Lake Entrance within the following boundaries 
commencing at the northeastern comer of Oyster Farm No. 81-179, and 
bounded then by a line northerly to the western bank of Queen's Lake 
Entrance, by the western bank generally northwesterly to the western foreshore 
comer of Oyster Farm No. 83-95, by a line southwesterly to the eastern 
foreshore corner of Oyster Farm No. 67-6, by the foreshore generally 
southwesterly to the eastern foreshore corner of Oyster Farm No. 70-198, by a 
line drawn northeasterly through the most westerly point of an island at the 
western entrance to Queen's Lake Entrance, to the northern bank of Queen ·s 
Lake Entrance, then easterly •and southerly, following the eastern bank of 
Queen's Lake Entrance generally southeasterly to a point east of the 
northeastern corner of Oyster Farm No. 81-179, and then by a line to the point 
of commencement. 

(b) Description of net-Total length not exceeding 20 metres; mesh throughout not 
Jess than 30 mm nor more than 36 mm. 

4 (a) Waters-That part of Watson Taylor Lake within the following boundaries 
commencing at the northern point of Benson Inlet, then north along the eastern 
shore of Watson Taylor Lake to the northwestern corner of Portion l 50, Parish 
of Camden Haven, County of Macquarie, then westerly to the northeast corner 
of Portion 70, Parish of Camden Haven, County of Macquarie, then south west 
along the shore of Camden Haven Inlet and Moore's Island to the south west tip 
of Moore's .Island, then southwest to the northern comer of Grassy Island to the 
island's most southerly point, and then to the point of commencement 

(b) Description of net-Total length not exceeding 20 metres; mesh throughout not 
Jess than 30 mm nor more than 36 mm. 

5 (a) Waters-Those parts of Tuggerah Lakes and Lake ll!awarra (and ocean water, 
adjoining) described in Schedule 3. 

(b) Description of net-~ Total length not exceeding 5 metres; mesh throughout not 
less than 30 mm nor more than 36 mm. -

6 (a) H'czrers-That part of Cathie Creek within the following boundaries the whole 
of that part of Cathie Creek north of a line bearing 110 degrees across the creek 
from a post (marked FAD) on the western bank of the creek to a Ti-tree 
(marked FAD) on the eastern bank of the creek. situated about 500 metres 
upstream from the Pacific Ocean. 

(b) Description of ncl--Total length not exceeding I O metres; length of pocket, 
from cod-end to cork line, not exceeding l O metres; mesh throughout not less 
than 30 mm nor more than 36 mm. 



7. (a) Waters-That part of Sussex Inlet within the following boundaries: the whole 
of the waters of that part of Sussex Haven and the adjacent waters of the 
Pacific Ocean within the following boundaries: commencing at the southeastern 
comer of Reserve 75,429 for Public Recreation notified in the Gazette on 14 
November 1952, and bounded then by a line drawn easterly to the point of 
junction of the eastern shore of Sussex Haven with the shore of the Pacific 
Ocean, by a line parallel to the western shore of the entrance to Sussex Haven 
to a point east of the southernmost extremity of that entrance, by a line 
westerly, and then by that shore northwesterly to the point of commencement. 

(b) Description of net-Total length not exceeding 5 metres; mesh throughout not 
less than 30 mm nor more than 36 mm. 

8. (a) Waters-Limebumers Creek from its confluence with the Hastings River 
upwards to its source. 

(b) Description of net-Total length not exceeding 20 metres; mesh throughout not 
less than 30 mm· nor more than 36 mm. 

9. (a) Waters-The whole of the main arm of the Clarence River seawards of the 
Ulmarra Ferry Crossing (excluding all creeks, tributaries, effluents and 
secondary or back channels of that river, that part of the left or northern bank 
between Brown's or Goodwood Island Wharf and the new (or eastern) opening 
in the Iluka Boat Harbour training wall and that part of the river which lies 
seawards of a line drawn from the north-westernmost comer of Portion 64, 
Parish of Taloumbi, to the north-westernmost comer of Freeburn Island and 
generally south of Freeburn Island and the main training wall that extends 
seawards from the easterly extremity of Freeburn Island). 

(b) Description of net-Total length not exceeding 20 metres; mesh throughout not 
less than 30 mm nor more than 36 mm. 

10. (a) Waters-Inlet cooling water canal to Munmorah Power Station. 

(b) Description of net-Total length not exceeding 20 metres nor less than I 8 
metres; mesh throughout not less than 25 mm nor more than 30 mm. 

11. (a). Waters-Smiths Lake. 

(b) Description of net-Total leng,th not exceeding 63 metres; length of pocket, 
bunt or bag not exceeding 9 metres; mesh throughout not less than 30 mm nor 
more than 36 mm; wings of net to be set at such an angle that the distance 
between the ends of the net does not exceed 45 metres. 

Prawn running net 

32. (1) It is lawful to use a running net for taking prawns in the waters 
specified in the Table to this clause if the net complies with the 
description as set out in relation to those waters in that Table and the 
following conditions are complied with: 

(a) If the net is not staked, the net is used only by the method of 
casting or shooting the net and picking up and landing the whole 
of the net into a boat in the manner known as "running the net" 
within l hour of the commencement of the casting or shooting. 

(b) In the case of a net that is being used for taking prawns in the 
waters of Lake Illawarra: 

(i) the net must be operated by at least 2 commercial fishers: 
and 

(ii) the net must not be operated by, or with the assistance of, 
any commercial fisher who is also operating, or assisting 
in the operation of, any other such net; and 

(iii) the net must not be staked (that is, the net must be used 
only by the method referred to in paragraph (a)). 

(c) In the case of a staked net: 

(i) the net is not set earlier than I hour before sunset; and 
(ii) the net is not set within 10 metres of the high water mark; 

and 



(iii) the net is not staked by means of a star or 3 sided stake; 
and 

(iv) no stakes.. are left in the water in the period between 
sunrise and 1 hour before sunset. 

(2) It is also lawful to use a running net to take other fish ( other than a 
prohibited size class of fish) which are taken by the net when it is being 
lawfully used for taking prawns. · 

(3) For the purposes of this Regulation or any other instrument under 
the Act, a net described in this clause may be referred to as a prawn 
running net. 

TABLE 

PRAWN RUNNING NET 

l. (a) Waters--Conjurong or Conjola Lake, Burrill Lake, Wallaga Lake, Tuross Lake, 
Durras Water, Cuttagee Lake, Middle Lake, Lake Wollumboola, Swan Lake, 
Coila Lake, Corunna Lake, Tilba Lake, Mummuga or Dalmeny Lake, Lake 
Birroul or Brou Lake, including all their respective bays, inlets and creeks. 

(b) Description of net-Total length not exceeding 75 metres; mesh throughout not 
less than 25 mm nor more- than 36 mm. 

2. (a) Waters-St. Georges Basin, Lake Macquarie, Tuggerah Lakes and Lake 
Illawarra, including all their respective bays, inlets and creeks (but excluding 
those parts of Tuggerah Lakes and Lake Illawarra described in Schedule 2) 

(b) Description of net-Total length not exceeding 140 metres; mesh throughout 
not less than 25 mm nor more than 36 mm 

Seine net (prawns) 

33. (1) It is lawful to use a seine net for taking prawns in the waters 
specified in the Table to this clause if the net (including hauling lines) 
complies with the description as set out in relation to those waters in that 
Table and the following conditioRs are complied with: 

(a) The net is cast or shot in the following manner: 

(i) a hauling line (to the end of which is attached a float or 
basket with a marker buoy affixed) is cast or shot from a 
boat; 

(ii) that hauling line, the net and a second hauling line is then 
cast or shot from the boat as it moves in a circular 
direction resulting in the boat returning to the marker buoy. 

(b) The net is hauled back on to a boat in such a way that both 
hauling lines are hauled to the same spot on the boat so as to 
avoid any trawling action. 

(c) The hauling in of the net, once commenced, is to continue 
uninterrupted until all portions of the net, including the hauling 
lines, have been removed from the water. 

( d) The net, if used in Borang Lake, is used with a boat having no 
engine or powered by M engine having no more than 12 kilowatts 
of motive power. 

( c) There is no prawn net (hauling) on the boat from which the net is 
used. 

(2) It is also lawful to use a try net in the waters specified in the Table 
to this clause to facilitate the taking of prawns by the means of a seine net 
(prawns) if the try net complies with the following description: 

The net is attached to a frame not exceeding 0.6 metre in width 
and 0. 5 metre in height, with a total length from the centre of the 
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TABLE 

SE!NE !'IBT 

Waters-The whole of Lake !lla,varra, 
that part described in Schedule 

net-'Tota.1 not 
not less than 30 m,n nor more 

220 metres. 

Waters-TI1e whole of 

net-Total not vA'LAA.AJlU)", 

mm nor more than 36 mm; 
140 metses. 

inlets and creeks 

inlets and creeks 

3. Waters-The whole of Lake Macquarie south of a line drawn between 
Wangi Point and Galgabba Point, its bays, inlets and creeks. 

(b) Description of net-Total length not exceeding 140 metres; mesh 
not less than 30 mm nor more than 36 mm; length of each hauling line not 

280 metres. 

4. (a) Waters-The whole of St. Georges 
creeks. 

including al! its inlets and 

(b) Description of net-Total length not exceeding 140 metres; mesh throughout 
not less than 30 mm nor ~more than 36 mm; length of each hauling line not 
exceeding 220 metres. 

5. (a) Waters-The whole of Queen's Lake and Watson Taylors Lake, including all 
their respective bays, inlets and creeks. 

(b) Description of net-Total length not exceeding 140 metres; mesh throughout 
not less than 30 mm nor more than 36 mm; length of each hauling line not 
exceeding !40 metres. 

6. Waters-That part of Wallis Lake and Coolongolook and Wa!lingat Rivers 
covering an area south and east of the following boundaries: commencing at 
the southeastem comer of Portion 71, Parish of Forster, then by a line 
southwesterly to the most southeastem point of Wallis Island, then the 
western foreshore of Wallis Island to a point directly east of the most 
point of Regatta Island, then west to that (Fisheries Division B.M. 18), 
then the eastern foreshore of Regatta Island to the most northeasterly point 
of that island, then north lo the most easterly point of Bandicoo! Island 
(Fisheries Division 13.M. 23), then west along Bandicoot Island to the most 
northwestem point on that island, then north a line drawn to the northern 
bank of Wallis Lake (Fisheries Division B.M. 24), then west along the northern 
bank of Wallis Lake to the entrance of the Coolongolook River, then west 
along the northern foreshore of the Coolongolook River, excluding the whole 
of the waters of Minimbah and Duck Guliy Creeks, to a point marked by a 
white post due north of the eastern extremity of Junction Point. then due south 
from that post to the eastern extremity of Junction Point, then extending across 
the Wallingat River on a bearing of 175 degrees to the northern foreshore 
corner of the jetty situated on the northwestern foreshore of Portion 66, Parish 
of Wal!ingat (and excluding all other waters of the Wal River) 

(b) Description of net-Total length not exceeding l 40 metres; mesh throughout 
not less fhan 30 mm nor more than 36 mm; length of each hauling line not 
exceeding l 40 metres. 

7. (a) Waters-The whole of the Mackay River extending from the Jerseyville 
Bridge upstream to the Kempsey Railway Bridge. 



(b) Description of net-Total length not exceeding 140 metres; mesh throughout 
not less than 30 mm nor more than 36 mm; length of each hauling line not 
exceeding 140 metres. 

8. (a) Waters-The whole of Borang Lake. 

(b) Description of net-Total length not exceeding 80 metres; mesh throughout not 
less than 30 mm nor more than 36 mm; length of each hauling line not 
exceeding 80 metres. 

Otter trawl net (prawns) 

34. (1) It is lawful to use an otter trawl net for taking prawns in the 
waters specified in the Table to this clause if the net complies with the 
description as set out in relation to those waters in that Table and the 
following conditions are complied with: 

(a) The net is used only by the method of trawling. 

(b) Not more than 2 nets are used at any one time in the Hawkesbury 
River (downstream from a line drawn between Juno Point and 
Eleanor Bluff), Clarence Rrver, Botany Bay, Port Jackson, Jervis 
Bay or Coffs Harbour. 

(c) Not more than 1 net is used at any one time in the Hunter River or 
in the Hawkesbury River upstream from a line drawn between 
Juno Point and Eleanor Bluff to the ferry crossing at Lower 
Portland. 

( d) No string, rope, wire, cord, netting or other material is fixed to 
any meshes that are within 25 meshes of the draw or closing 
string of the cod-end of the net. 

(2) Despite subclause (1) (d), an otter trawl net may have attached to it 
any of the following: 

(a) a draw or closing string at the end of the cod-end; 

(b) a frill of netting material, if the frill is not attached more than 5 
meshes from the last row· of meshes of the cod-end; 

(c) a chafing piece, in accordance with clause 55 (2). 

(3) It is also lawful to use an otter trawl net to take other fish which are 
taken by the net when it is being lawfully used for taking prawns if: 

(a) the fish are not a prohibited size class of fish and are not of a 
species the taking of which is prohibited; or 

(b) the fish are a prohibited size class of fish ( other than abalone or 
crustaceans), are not of a prohibited size and are taken in waters 
(other than inland waters) north of a line drawn due east from the 
lighthouse situated at Smokey Cape; or 

( c) the fish are a prohibited size class of fish (being crustaceans other 
than rock lobster) and are not of a prohibited size. 

(4) For the purposes of this Regulation or any other instrument under 
the Act, a net described in this clause may be referred to as an otter trawl 
net (prawns). 

TABLE 

OTTER TRAWL NET (PRAWNS) 

l. (a) Waters-All waters (other than inland waters and the Clarence River) 

(b) Description of net--Total length not exceeding l 1 metres (except in respect of 
a net used in ocean waters, in which case the total length of the net is not to 
exceed 33 metres or, if a maximum length for otter trawl nets (prawns) is 
specified in the boat licence for the boat from which the net is used, the length 
so specified); mesh of cod-end (or portion of the net capable of being used as a 
cod-end) not less than 40 mm nor more than 45 mm; mesh of net ( other than 
cod-end or the portion of the net capable of being used as a cod-end) not less 
than 40 mm nor more than 6d' mm; length of sweep attached to net (being the 
distance between the point of attachment to the otter boards and the net) not 
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FISHERIES MANAGEMENT ACT 1994 -- REGULATION 
(Fisheries Management (General) Regulation 1995) 

NEW SOUTH WALES 

Division 4 - Lawful recreational nets 

Hand-hauled prawn net 
48. (1) It is lawful to use a hand-hauled net for taking prawns in the 

waters specified in the Table to this clause if the net complies with the 
description as set out in relatioh- to those waters in that Table and the 
following conditions are complied with: 

(a) The net is not staked or set, or joined or placed together with any 
other net 

(b) The net is continuously and manually propelled and not used as a 
stationary net 

(c) The net is not attached to a hauling line. 

(2) -It is also lawful to use a hand-hauled net to take other fish ( other 
than a prohibited size class of fish) that are taken by the net when it is 
being lawfully used for taking prawns. 

(3) For the-purposes of this Regulation or any other instrument under 
the Act, a net described in this clause may be referred to as a hand-hauled 
prawn net. 

TABLE 

HAND-HAULED PRAWN NET 

l. (a) Waters-Any waters (other than inland waters). 

(b) Description of net-Total length not exceeding 6 metres; mesh throughout not 
Jess than 30 mm nor more than 36 mm. 

Push or scissors net {prawns) 
49. (1) It is lawful to use a push or scissors net for taking prawns in 

the waters specified in the Table to this clause if the net complies with the 
description as set out in relation to those waters in that Table and the 
following conditions are complied with: 

(a) The net is used only as a hand implement and is not staked or set, 
or joined or placed together with any other net. 

(b) The net is continuously propelled and not used as a stationary net. 
(c) The net is operated ctnly by 1 person without assistance from any 

other person. 
(d) Only 1 net is used by a person at any one time. 

(2) It is also lawful to use a push or scissors net to take other fish 
(other than a prohibited size class of fish) that are taken by the net when 
it is being lawfully used for taking prawns. 

(3) For the purposes of this Regulation or any other instrument under 
the Act, a net described in this clause may be referred to as a push or 
scissors net (prawns). 

TABLE 

PUSH OR SCISSORS NET (PRAWNS) 

I, (a) Waters-Any waters (other than inland waters). 

(b) Description of net-Net attached to a scissors-type frame; length of lead or 
bottom line between the lower extremities of the poles not exceeding 2.75 
metres; mesh not less than 30 mm nor more than '36 mm. 



Dip or scoop net (prawns) 

50. (1 )  It is lawful  to use a dip or scoop net for taking prawns in the 
waters specified in the Table to this clause if  the net compl ies with the 
description as set out in  rel at ion to those waters in that Table and the 
fol lowing conditions are complied with : 

(a) The net is used as a hand implement only and not staked or set, or 
joined or placed together with any other net. 

(b) Only 1 net is  used by a person at any one time. 

(2) It is also lawful to use a dip or scoop net to take other fish that are 
taken by the net when it is being lawfully used for taking prawns . 

(3) For the purposes of this Regulation or any other instrument under 
the Act, a net described in this clause may be referred to as a dip or scoop 
net (prawns) .  

TABLE 

DIP OR SCOOP NET (PRAWNS ) 

I .  (a) Waters-Any waters (other than i n land waters) .  

(b) Description of n et-Net attached to a frame, hoop o r  ring n o t  exceedi ng 0 . 6  
metre in  i ts greatest d iameter, with a handle o f  not more than 1 . 2 metres i n  
length , wi th a total length from the centre o f  the p lane o f  the frame, hoop or 
ring to the extremity of the net not exceed i ng 1 .25  metres ; mesh not l ess than 
20 mm . 



Montgomery S.S. & D.D. Reid Recreational Prawning in NSW 

APPENDIX 2 

Page 47 

Montgomery, S.S.  and D.D., Reid. A comparison of 

access point and roving creel survey techniques for 

estimating catch rate in recreational fisheries for 

penaeids. 

r 
I 
I 



Page 1 

A comparison of  access point and roving creel  survey techniques for 

estimating catch rate in recreational fisheries for penaeids . 

S.S.  Montgomery and D.D. Reid 

NSW Fisheries Research Institute, 

PO Box 21 Cronulla, NSW 2230 

Australia .  

Not to be cited without written permission from the authors . 



Page 2 

Abstract 

An important assumption of roving creel surveys is that mean catch per unit 

effort (CPUE) estimated from these data is an unbiased estimator of mean 

CPUE for completed trips .  Some approaches to calculating catch from these 

data also assume that the mean proportion of the fishing trip that has been 

completed at the time of the roving creel interview is 0.5 .  We tested these 

assumptions for the night-time recreational fishery for penaeids in two 

estuaries in New South Wales (NSW), Australia, by doing access point and 

roving creel surveys on the same five nights over the summer prawning 

season of 1992-93. This was part of a larger main study involving a random 

stratified roving creel survey of prawners in four estuaries to estimate the 

catch of recreational prawners in NSW. There were no differences in 

estimates of mean CPUE between survey techniques (Student's t-Test; � < 

0 .05) .  In some cases the mean proportion of a prawner's trip that had been 

completed at the time of interview during roving creel surveys was greater 

than 0.5 .  For these cases, estimators of total catch from roving creel surveys 

based on the doubling of catches from incomplete trips, would have 

overestimated total catch. Alternative estimators were used in our main 

s tudy. This study demonstrated that it is possible to do roving creel surveys 

of recreational prawners in NSW at night and provide data that give 

unbiased estimates of mean CPUE for the recreational fishery. 
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Introduction  

Information on the level of  catch, effort and catch per unit effort (CPUE) by 

both recreational and commercial user groups i s  essential i f  wild stocks are to 

be managed effec tively. Hilborn and Walters (1992) and Pollock et al. (1994) 

provide excellent reviews on the methods used to collect these data. These 

range from using sources that are dependent upon the fishing industry (e .g. 

log books and records of landings) to independent surveys of fishers by 

tra ined staff (e .g. surveys by telephone or mail and intercept surveys) .  

Intercept surveys are one of the most common types of independent surveys 

used to collect data on recreational fisheries (see Malvestuto et al . 1978, 1983; 

Hayne 1991 ;  Robson 1991 ;  Pollock et al. 1994) . Fishers can be interviewed 

when they have completed their fishing trip (known as access point surveys) 

or whilst they are fishing (roving creel surveys) .  Access point surveys have 

the advantage of interviewing fishers at the end of their trip so that 

information on the total catch is collected, but are limited to those situations 

where fishers enter the fishery at few access sites (e .g. boat ramps) .  Data 

collected by  roving creel survey techniques suffer from the disadvantage that 

total catch must be estimated by extrapolation of incomplete trip data. It is 

assumed when calculating total catch that (i) the mean (CPUE) does not 

depend on the time spent fishing and (ii) the mean proportion of the trip 

completed by fishers at the time of interview is 0.5 (e .g .  Wade et al. 1991 ) .  

Roving creel survey techniques do have the advantage however, o f  being 

useful in those situations where fishers enter the fishery through more access 

~-

I 

I 



Page 4 

points than can be covered by staff to provide a sample size of interviews that 

is considered representative for the fishery. 

If assumptions (i) and (ii) are violated then it is likely that estimates  of catch, 

effort and CPUE will be biased (e .g. Malvestuto 1983; Pollock et al .  1994) .  

Consequently, studies that use roving creel surveys need to test the 

underlying assumptions of this technique (e .g .  Phippen and Bergersen 1991 ) .  

There are many examples were intercept surveys have been used to  survey 

fishers during hours of daylight (e .g .  Von Geldern 1972; Malvestuto and 

Davies 1978; Phippen and Bergersen 1991 ) .  We are unaware though of any 

studies in the peer reviewed literature that have attempted to use intercept 

survey techniques to estimate catch and mean CPUE for fisheries that operate 

at night. It is generally accepted that roving creel surveys are impossible to 

do during this period of darkness (Malvestuto 1983; Hayne 1991 ) .  Further, 

we are unaware of any s tudy in the peer reviewed literature that has 

surveyed a fishery that targets species of the family Penaeidae (commonly 

referred to as shrimps or prawns) .  

In this paper we tested the null hypothesis that there was no difference in 

mean CPUE between data collected using access point and roving creel 

s urvey techniques.  This formed part of a larger, main study to quantify the 

c a tch of the recreational fishery for prawns in New South Wales (NSW), 

Australia (Reid and Montgomery unpublished data ) .  In this main s tudy we 

elected to use roving creel survey techniques because the size of the estuaries 

and number of a cces s points around them made it logistically too difficult to 

collect representative numbers of interviews using access point survey 
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techniques.  Consequently, we needed to know whether the mean CPUE 

calculated from data collected by roving creel surveys was an unbiased 

estimate of mean CPUE for completed trips by recreational prawners . 

The Fishery 

The commercial fishery lands approximately 3,000 tonnes of penaeids with a 

value of about $ 32 million per annum at the point of first sale. It is ranked 

second in economic importance amongst those managed solely by the state of 

New South Wales. Two species of prawn namely, eastern king, 

and school account for most of the catch, (36 

and 55% and 33 and 24% by weight and value, respectively) . These species 

are endemic  to the east coast of Australia, being distributed between 21 o S 

and 41  o S. Both have a life history s imilar to that described by Garcia and Le 

Reste (1981 )  for a typical of penaeid, including both an estuarine and oceanic 

phase ( Racek 1959; Ruello 1975; Young and Carpenter 1977; Ruello 1977; 

Coles and Greenwood 1983; Glaister et al . 1987; Montgomery 1990), though 

eastern king prawns in oceanic waters are known to move long distances in a 

northerly direction (Montgomery 1990) .  These are harvested in estuaries from 

September to April (inclusive) by commercial and recreational fishers and by 

commercial fishers year round in ocean waters . 

The recreational fishery for prawns operates during the hours of darkness 

and almost exclusively on the ebb tide. Fishing operations are not species 

specific and the methods used are push or scissor nets, dip or scoop nets and 

hand-hauled (drag) nets (Fig. 1 ) .  Scoop and drag nets are the most popular 

Penaeus 

plebejus Metapeneaus macleayi 
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amongst recrea tional prawners. All these types of gear are used whilst 

wading, but sccop-nets also are used from a boat. NSW Fisheries regulations 

cover method of use, maximum dimensions of nets and sizes of mesh used in 

nets. 

Materials and Methods 

Study Sites 

Two of the four estuaries studied by Reid and Montgomery (unpublished 

data) were chosen for this study (Fig. 2 ) .  The Tuggerah Lakes system (33° 17' 

S)  consists of three interconnected lagoons and has a total plan area of 

approximately 80 km2• The average depth of is about 1 . 6  m with the tidal 

range in the main body of water being less than 0 . 1  m. Lake Illawarra (34° 34' 

S) has an area of 34 km2 and a maximum water depth of 3 .5 m but a 

significant area is less than 1 m deep. The tidal range reduces from 1 .8 m at 

the entrance to the lake to approximately 0 .2 m 1 .5 km upstream. These 

estuaries were chosen on the basis that they were easily accessible from the 

NSW Fisheries Research Institute (34 °S) and were two of the most popular for 

recreational prawning in NSW. In the main study each estuary was divided 

into subareas on the basis that each subarea could be covered by survey staff 

in 30 minutes .  We chose three subareas within Tuggerah Lakes and two 

subareas within Lake Illawarra to compare simultaneous access point and 

roving creel techniques (Fig. 2). These areas were chosen because of their 

popularity with recreational prawners, they covered the main methods used 

by prawners and offered only limited points of access to fishers so that all 
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prawners in the sub area could be observed by staff at all times during the 

survey. 

Procedures 

Recreational prawners using scoop-nets were easily identified at night by the 

bobbing of their battery powered lights that they use to spot prawns moving 

in the water column. Those using drag-nets were generally recognised 

against the background of lighting from street lamps and houses and their 

use of easily accessib le beaches as bases .  Comparatively, fishers for fin fish at 

night do not use lights or very intermittently. The glow from the prawner's 

lights was also s ufficient for survey staff to do head-counts without the use of 

any extra artificial illuminating devices .  

The main study by  Reid and Montgomery (unpublished data) was based 

upon a random stratified design using roving creel survey techniques over 

three spring-summer seasons, namely, 1991-92, 1992-93 and 1993-94. Staff 

from a private company specialising in surveys of recreational fisheries did 

surveys for four hours on nights allocated on the basis of a random start date 

and fixed skip interval .  The start sub area and direction of travel by the creel 

survey clerk were also randomised. Thirty minutes was spent in each 

subarea. Surveys were generally done by staff in a boat or whilst wading. A 

count of prawners was done for 10  minutes immediately staff s tarted in a 

new a subarea and the remainder of the 3 0  minute period was spent 

interviewing prawners .  Prawners were asked for information on the number 

of nets being used, number of people in the fishing party, number of people 

actually prawning, and the time the party s tarted prawning, which was 

r • 
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recorded together with the time of interview. The catch was weighed with a 

spring balance to nearest O .O lkg. 

At the end of each interview on the nights when both access point and roving 

creel surveys were being done, s taff doing the roving creel surveys would 

give the interviewed prawner a numbered card. When the prawner had 

completed the fishing trip he/ she would take this card to staff doing access 

point surveys on shore . This prawner was then interviewed again and the 

information requested above was recorded in this case for a completed trip . 

The unique card number allowed us to associate information from 

incompleted with completed prawning trips for the same prawner. 

Access point surveys were done by staff from the NSW Fisheries Research 

Institute on nights randomly chosen from the pool of nights scheduled for 

roving creel surveys . These started at sunset and continued until sunrise in 

each of the selected subareas. Earlier observations had shown that there was 

no recreational fishing for prawns during daylight hours . 

Five nights were surveyed in the lunar months of January and February 1993, 

two of the most popular months for prawning by recreational fishers . 

Prawners were interviewed by staff when they had completed their fishing 

trip and were leaving the estuary. They were asked for information about the 

time they started prawning, where they had been prawning, the number of 

people in their party, the number in the party actually prawning, method of 

prawning used, number of units of each gear type used whilst prawning and 

the total amount of time spent prawning. The catch was then weighed as 

r, 
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above and all this information was recorded with the roving creel interview 

number1 where applicable. 

At the end of each nighfs surveys therefore1 we had three types of data: 

(a )  those from prawners interviewed by staff at access points only1 

(b ) those from prawners interviewed by staff doing roving creel surveys 

only1 

( c) those from prawners interviewed in both the roving creel (incomplete 

trips) and access point (completed trips) surveys . 

Data Analysis 

We calculated mean CPUE (kg/prawner/h) from the access point and roving 

creel survey data using the estimators recommended by Pollock et al. (1994) . 

Data from roving creel surveys were weighted by the proportions of the 

relevant factors in the stratified design. Data from type (c) for the same 

prawner were compared directly and those from type (a) were compared 

with those from type (c) .  Those calculated for individual prawners from 

dataset (c) were pooled between times within each subarea whilst types (a) 
and (b) were pooled across sub areas and survey dates for each estuary. 

Where applicab le prawning methods were analysed separatly. Data were 

tested for homogeneity of variances by Cochran's Test (�< 0 .05 ) .  Student t

Tests were used to test  the null hypotheses that there were no differences in 

mean CPUE between techniques .  

Our data also provided information on the estimated starting time for 

prawning (given by the prawner) and the time prawning finished (provided 

' . 
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by the interviewer) . We tested the assumption that the mean time of 

interview during roving creel surveys occurred half way through a prawner's 

fishing trip. The Student's -t-Test (� < 0 . 05) was used to test the null 

hypothesis that the mean proportion of the trip prawners had completed at 

the time of interview during roving creel surveys did not differ from 50%.  

Results 

A total of 58 records from both estuaries contained information for both 

roving creel and access point surveys . Seven hundred and forty two records 

had interviews done by access point surveys only, whilst 1 86 records were for 

roving creel surveys only. There were no differences in mean CPUE between 

survey methods for each subarea and estuary (Table l ;  Fig. 3 ) ,  irrespective of 

whether type (c) or type (a) and (b) data were compared .  

The mean proportion of  the trip completed by  prawners when interviewed 

during roving creel surveys differed (Students t-Test; P< 0 . 05)  from 0 .5  in 

subareas 204 (mean ± SE; 0 .7420 ± 0 . 0739)  and 308 (00 . 6976 ± 0 . 0673)  but not 

in subareas 201 (0.5944 ± 0 .0875), 210  (0 .5037 ± 0 . 1 038) and 3 1 0  (0 .42 1 5  ± 

0 . 0744) .  

I -
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Discussion 

This s tudy showed that the estimator of mean catch per unit effort (CPUE) 

calculated from data collected from roving creel surveys of recreational 

prawners is an unbiased estimator of mean CPUE for completed trips by 

prawners . There was no difference in estimates of mean CPUE between 

survey methods in each estuary. Therefore, roving creel surveys will provide 

unbiased estimates of mean CPUE that can be used to estimate the catch of 

recreational prawners operating in the estuaries s urveyed.  

Our decision to use roving creel rather than access point surveys for the main 

s tudy was based upon reasons of logistic efficiency and financial constraints . 

The access points to each estuary were numerous and prawning was 

concentrated within the few hours of run-out tide during night-time.  This 

specific timing of fishing effort ruled out the use of newer approaches to exit 

surveys such as a bus-route design (for examples see Pollock et al. 1 994) 

because the total time to cover the estuary was large compared to the 

available sampling time Gones and Robson 1991 ) .  

We were limited in  the areas that we could use in each estuary to compare 

techniques for the same reasons .  The criteria that we used to select the 

subareas from the main survey for use in the access point surveys were that 

(i) the subarea had very limited access so that two survey clerks could 

interview most people who had completed prawning trips within the 

subarea; and (ii) the subareas were popular amongst recreational prawners so 

that we would get reasonable sample sizes .  
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If there is a relationship between the duration of the fishing trip and catch in 

data collected by roving creel surveys then mean CPUE calculated from these 

data will not be representative of the fishery (Malvestuto et al .  1978; Pollock 

et al . 1994) .  Lucas (1963) indentified what he termed "length of stay bias", 

whereby the probability of intercepting a fisher is  proportional to length of 

the fisher's trip. If successful fishers stay longer they may be interviewed in 

disproportionate numbers and mean CPUE will overestimated.  Conversely, 

if they stay for shorter periods than less successful fishers, mean CPUE will 

be underestimated. Estimates of catch will likewise be biased because these 

are calculated from mean CPUE ( Robson 1961 ,  Wade et al . ,  1991 ) .  Previous 

studies on finfish (Carlander 1958; Von Geldren 1972; Malvestuto et al . ,  1978 

and Mac Kenzie 1991 )  also have found similar resul ts to the present s tudy, 

that roving creel surveys provide unbiased estimates of mean CPUE. 

Phippen and Bergersen (199 1 )  however, found s ignificant differences in mean 

CPUE between roving creel and access point surveys. But, these were not 

sufficiently different to greatly affect estimates of catch and therefore 

management decisions. 

Some methods for estimating catch from data collected from roving creel 

surveys also rely on the assumption that  the mean time of interview occurred 

half way through the duration of the fishing trip. Mean catch is then doubled 

to estimate the catch of completed trips (e .g .  Wade et al .  1991 ) .  In our study 

we found that in some cases the mean time of interview occurred more than 

half way through the duration of the prawning trip . In these cases doubling 

the mean catch would have overestimated values of catch for completed trips .  
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The estimator of catch used in the main study does not use this form of  

extrapolation. Rather, a s  recommended by Pollock e t  a l .  ( 1994), catch i s  

calculated as the product o f  the estimated mean CPUE from incompleted 

trips,  mean number of prawners operating and the number of hours available 

for prawning. 

Our s tudy is an example of using creel survey techniques in hours of 

darkness to estimate the level of catch in a fishery. Malvestuto (1983) and 

· Hayne (1991 )  list as a disacivantage the fact that roving creel surveys cannot 

be done at night. This may be the general case as we have been unable to 

find any examples of studies that have used intercept survey methods to 

estimate the catch of fishers operating at night. The recreational fishery for 

prawns in NSW may be the exception because prawners use battery powered 

lights to spot prawns in the water column and are therefore easily identified 

as prawners by the bobbing of their light. Roving creel surveys of  

recreational prawners operating in the estuaries of NSW will provide data 

that will give an unbiased estimate of mean CPUE and therefore can be 

reliably used to collect data from which to calculate the level of catch by  this 

user group. 
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Table 1 .  Summaries o f  Studen t-Tests comparing estimates o f  mean CPUE 

calculated from (A) completed and uncompleted prawning trips for the same 

prawners (datasets (a) and (b)) ,  and (B) access point and roving creel surveys 

done on the same nights (dataset (c) ) .  Cochran's statistic was non-significant 

in all comparisons . 

ns = Non-significant (� < 0 .05) ; ** = Significant (� > 0 .01 ) 

A 

B 

Treatment 

Tuggerah 

Scoop-net 

Drag-net 

lllawarra 

Scoop-net 

Tuggerah 

Scoop-net 

Drag-net 

Illawarra 

Scoop-net 

df 

18 

7 

30 

12  

7 

30 

t 

-0. 1 191  

-1 .5842 

-1 .6735 

-0. 0017 

0 . 1648 

0 .5674 

E 

0 .9065 

0 . 1572 

0 . 1 046 

0 .9986 

0 .8745 

0 .5809 

ns 

ns 

ns 

ns 

ns 

ns 
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Captions to Figures 

Figure 1 .  The main methods used b y  recreational prawners in NSW are a )  a 

scissors or push net, b)  scoop net (note that this prawner is being 

interviewed during a roving creel survey and c) hand-hauled or 

drag nets . 

Figure 2 Map of the coast of NSW with indents of Australia and the two 

estuaries and .;ubareas ( Q ) used in this study 

Figure 3 Mean CPUE (kg per prawner per h) calculated from data collected 

by access (A) and roving creel (R) surveys of the same prawners 

using scoop (S) or drag (D) nets on Tuggerah Lake (TUGG) and 

Lake Illawarra (ILLW). 

Figure 4. Mean CPUE (kg per prawner per h) calculated from data collected 

by access (A) and roving creel (R) surveys of recreational prawners 

using scoop (S) or drag (D) nets on Tuggerah Lake (TUGG) and 

Lake Illawarra (ILLW) . 
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Comparison of recreational and commercial harvesting of penaeid prawns in 

New South Wales, Australia 

D D Reid and S S  Montgomery 

Fisheries Research Institute, NSW Fisheries. 

(Not to be cited without the written permission of the authors) 

Abstract 

A night-time intercept creel survey, based on stratification by moon-phase, 

day-type and tidal state provided estimates of recreational catches of the three 

major penaeid species for four New South Wales estuaries (Wallis Lake, 

Tuggerah Lakes, Lake Illawarra and Colla Lake) for lunar months in the 

spring-summer seasons of 1991/92, 1992/93 and 1993/94. Subsamples of 

interviews provided information which enabled estimation of the length 

frequency distribution of the recreational catch and the composition by species. 

Estimates of commercial catches were obtained from official records of 

landings by commercial fishermen Overall, recreational catches were 

estimated to be 28% of the total commercial prawn catches from these estuaries 

over the three years of the study, with recreational catches representing 

57%(±5%) of the commercial catch for Lake Illawarra, 30% (± 3%) for Tuggerah 

Lakes, 17%(±3%) for Wallis Lake and 10%(±2%) for Coila Lake. The species 

composition of the recreational catch differed from the commercial catch, with 

the recreational fishery taking almost exclusively eastern king prawns Penaeus 

in Wallis Lake, Lake Illawarra and Coila Lake, whereas the 

commercial fishery in Lake Illawarra and Wallis Lake took a much higher 

proportion of school prawns Peneaus with 30 - 50% of the annual 

catches being this species. In Tuggerah Lakes, the proportions of eastern king 

and school prawns were similar for the commercial and recreational catches, 

but the proportion of greasyback prawns bennettae was higher in 

the commercial catches. The size distributions of eastern king prawns were 

broadly similar for the recreational and commercial catches in all but Coila 
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Lake. The only substantial numbers of recreationally caught school prawns 

were in Tuggerah Lakes, and here the mean length of prawns from recreational 

catches was larger than for commercial catches. Catch rates varied between 

estuaries, with cpue for Wallis Lake (.43 kg h·1 ±.02) being almost double that of 

the tidal subareas of Tuggerah Lake (.24 kg h·1 ±.02) and Lake Illawarra (.24 kg 

h·1 ±.01). There were marked differences in catch rates between tidal and non

tidal areas for Tuggerah Lake, but not in Lake Illawarra. Catch rates also varied 

between methods, with the 2m wide hauling (drag) nets showing five times the 

catch rates of the small scoop-nets used in the same subareas of Tuggerah 

Lakes. Recreational prawning on the ebb-tide in the dark of the moon was 

strongly favoured by prawners, partiCularly in the areas of the estuaries 

affected by tides. 

This study provides a guide to the level of sampling required to extend the 

coverage to an estimate of the statewide recreational catch. Precision of catch 

estimates can be optimised by concentrating survey effort on counts of 

prawners, with relatively low survey effort directed to interviews. '.fhe study 

also demonstrated that it is possible to assess Australian prawn fisheries by 

night-time roving creel surveys. 
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Introduction 

If wild stocks are to be managed effectively then information on the level of 

catch and the fishing effort exerted to take that catch is needed from both the 

commercial and recreational harvesting sectors . This information is used by 

managers to assess the impact on fisheries of management options and can 

be useful when assessing the relative abundances of individuals in the 

population . 

Hilborn and Walters ( 1 Si�2) and Pollock et al .  (1 994) provide excellent 

reviews on the methods used to collect these data. The methods use 

information that are either dependent (e .g .  records of landings) or 

independent (e .g .  telephone surveys) of the fishery being studied. Intercept 

surveys are one of the most common types of independent surveys used to 

collect data on recreational fisheries (see Malvestuto 1 983, Malvestuto et al. 

1 978; Hayne 1 991 ;  Robson 1991 ;  Pollock et al. 1 994) . Fishers can be 

interviewed by staff when they have completed their fishing trip (access 

point surveys) or whilst they are fishing (roving creel surveys) . Access point 

surveys collect information on the total catch provided coverage of the 

fishery is complete ( i .e a census), but are restricted to situations where 

fishers enter the fishery at few access sites (e .g.  boat ramps) so that research 

staff can interview sufficient fishers to obtain representative sample s izes . 

Data collected by roving creel survey techniques suffer from the 

disadvantage that total catch must be estimated through extrapolation. It is 

assumed when calculating total catch that the mean catch rate of fishers does 

not vary over the time available for fishing. Roving creel survey techniques 

do have the advantage however, of being useful in those situations where 

fishers enter the fishery through more access points than can be covered by 

staff to provide a statistically adequate number of interviews . 

There are few examples in the peer reviewed literature where information 

on patterns in catch, fishing effort and catch per unit effort (cpue) from both . 
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the commercial and recreational fisheries for a particular stock have been 

used together to assess the impact of management options on the s tock (e .g. 
salmonids, Churchward and Hickley 1 991 ;  O ' Connell et al .  1 992; red drum, 

Vaughan and Hesler 1 990) . We could not find an example in the peer 
reviewed literature of a recreational fishery that had been surveyed at night 

time, yet fisheries for some species operate during the day and night. Data 

collected by surveys during daylight on fisheries that operate during day 
and night, may be biased if effort and catch rates vary between day and 

night. 

Species of the family Penaeidae (commonly referred to as shrimps or 

prawns) are an example of marine resources that are harvested during day 
or night (Garcia and Le Reste 1 981 )  throughout the World.  These are 

valuable seafood resources around the world and in New South Wales 

(NSW), Australia, are the most economically important resource 

(approximately 1 6% by value at the point of first sale per annum of the 

seafood harvested in that state) managed solely by the s tate government of 

NSW. The catch is comprised principally of two species namely, eastern 

king, Penaeus and school prawns. These 

account for 36 and 55% and 33 and 24% of the catch by weight and value, 

respectively (Montgomery and McDonall 1 988) . Both species are endemic 

to the east coast of Australia, being distributed between 21 °  S and 41° S. 

Both have a life history similar to that described by Garcia and Le Reste 

( 1 98 1 )  for a typical penaeid by including both an estuarine and oceanic phase 

( Racek 1 959; Ruello 1 975a,b, 1 977; Young and Carpenter 1977; Glaister 1978 

a,b; Glaister et. al .  1 987, 1 990; Coles and Greenwood 1 983; Montgomery 

1 990) . However eastern king prawns deviate from this general pattern by 

moving distances of over 1 000 km in a northerly direction, once in oceanic 

waters (Montgomery 1 990),  whereas school prawns do not move as far away 

from the estuary from which they emigrated .  Eastern king prawns constitute 

a unit stock along the east coast of Australia, whereas there are several 

stocks of school prawns . As a result the two species have different stock 
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structures. Most of the eastern king prawn catch is taken at night, whilst 

school prawns are harvested during both day and night. 

In this paper we present the results of a s tudy done over 3 spring-summer 

seasons at night, to quantify in terms relative to the commercial catch, the 

catch of penaeids in NSW by recreational fishers. This information will 

allow managers to assess the impact on these resources of both commercial 

and recreational harvesting. Whilst this study was restricted to four estuaries, 

data from it  has allowed us to make suggestions on the design of any future 

projects to survey recreational prawners in all the coastal estuaries of NSW. 

The Fishery 

Commercial fishing for prawns occurs in 55 estuaries in the state of New 

South Wales . While no records are kept for levels of recreational prawning 

activities, information from questionnaires completed by Fisheries Officers 

in 1 99 1  showed that some recreational prawning occurred in al l  but 8 of 1 36 

NSW estuaries, 34 of these being in the highest of three rankings given by 

Fisheries Officers . 

Commercial 

The commercial fishery for all species of prawns in NSW had reported 

landings in 1 991  /92 of 2392t with a value of -$A21 mil lion at the point of 

first sale . The catch from estuaries accounted for 41 % of this production in 

1 99 1 / 92 (Pease and Scribner 1 994) . The fishery extends from Noosa Heads 

in southern Queensland (26 °S) to Gippsland Lakes in Eastern Victoria (38 °S) .  

Eastern king and school prawns are exploited both offshore and in estuaries, 

while greasyback prawns are exploited only in estuaries . School prawns 

made up approximately 75 % of the total prawn catch in estuaries and 13% 

of the oceanic catch, while eastern king prawns comprised 1 1 % of the 

estuarine prawn catch and 59 % of the prawn catch from oceanic waters in 

1 99 1  / 92 (Pease and Scribner 1 994) . Greasyback prawns made up 

approximately 5% of the estuarine prawn catch. 
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A variety of gear types are used to commercially fish for prawns in estuaries, 

namely running nets, hauling, seining, pocket nets and trawling (for 

descriptions of these gear types see Kailola et. al . 1 993) . 

The management plan for this fishery is currently under review. One of the 

favoured options for management is to reduce fishing effort, and thereby 

sustain or improve yield. One of the potentially important factors in the 

resolution of management plans is the impact of the recreational fishery as 

a harvester of estuarine prawn stocks . 

Recreational 

The recreational prawn fishery operates during the hours of darkness . The 

fishing methods used by recreational prawners are hand-hauled (drag) nets, 

dip or scoop nets and push or scissor nets (Montgomery and Reid 

unpublished) . Scoop nets are used from a boat or while wading, and the 

other nets are only used while wading. Regulations of the NSW Fisheries 

Management Act 1 994 Department Regulations cover the method of use, 

maximum dimensions of the nets and minimum mesh size (20mm for scoop 

nets) or minimum and maximum mesh size (30-36mm for hand-hauled and 

30-32mm for scissor nets) . 

The small amount of information on the level of catch in the recreational 

fishery indicated that substantial quantities of prawns were harvested by the 

recreational sector . Data from an omnibus survey carried out in 1 981 

(Pepperell 1 985) suggested that the recreational fishery for prawns in NSW 

was substantial, landing between 1 000 and 2000t per annum. This level of 

catch and exceeded the commercial estuarine catch at that time. However the 

number of respondents who were involved in recreational prawning 

activities was very small, thus the estimates of prawn catch and effort from 

this survey were subject to very large error. Further, Ruello ( 1975) estimated 

the recreational catch from Tuggerah Lakes in 1 967 to be 450t ; much greater 

than the commercial catch ( 1 1 0t) in that year (Thresher et. al. 1 993) . These 
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results suggested that recreational prawners harvested significant quantities 

of the prawn resources of NSW. 

Methods 

Study Sites 

Four estuaries were chosen for the study, namely Wallis Lake, Tuggerah 

Lakes, Lake Illawarra and Coila Lake. These were identified from pilot 

telephone surveys of NSW Fisheries Officers, an omnibus survey done in 

1 981 (NSW Agriculture & Fisheries 1 982) and official records of NSW 

Fisheries, as being amongst the most important estuaries for recreational and 

commercial prawning. 

Wallis Lake (32 °1 7'S 1 52 °25'E),  approximately 220 km north of Sydney, is a 

barrier estuary with a plan area of approximately 1 00km2 • Four rivers drain 

into this estuary. The tidal range varies from 1 .7m near the estuary mouth 

to 0 . 1 2m at a point 4.35km from the mouth (Nielsen and Gordon 1 986) . Most 

of the estuary is less than 3m deep.  

The Tuggerah Lakes system (33 °1 7'S 151 °30'E) consists of three 

interconnected lagoons - Tuggerah, Budgewoi and Munmorah Lakes, with 

a total plan area of -80 km2• The average depth is -1 . 6m (Batley et.  al. 1 990), 

with the tidal range in the main water body being less than . 1 m  (Collett et .  
al .  1 981 ) .  Tidal exchange between the lakes and the sea is very small, being 

about 1 % for Tuggerah Lake and less for Munmorah and Budgewoi Lakes 

(Batley et . al. 1 990) . 

Lake Illawarra (34 °33'S  1 50 °50'E) has an area of 34 km2, and a maximum 

water depth of 3 .Sm, with a significant area being less than 1 m  deep (Soros

Longworth & McKenzie 1 976) . The tidal range reduces from 1 .8m at the l ake 

entrance to -0 .20m at the Windang road bridge, 1 . 5 km away. 
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Coila Lake (36°01 'S 150°07E) has an area of -8 km2 and mean depth of 3m. 

Because this estuary opens intermittently to the ocean, the rate of tidal 

exchange is highly variable.The estuary was open to the ocean during the 

1991/92 season and until January during the 1992/93 season. 

Survey Design 

All four estuaries in the study had many access points for recreational 

prawners, so an intercept (creel) survey was the only practicable method for 

obtaining the required information for the estimation of catch and effort. The 

surveys were carried out by a private contractor (Kewagama Research) 

between January 1992 and March 1994. The months covered in the study were 

January - March 1992; November 1992 - March 1993; and November 1993 -

March 1994. 

The stratification variables for the survey design were day-type 

(weekend+public holiday /weekday), moon-phase (dark/light), tidal state 

(ebb/flood/slack) time of night (before/after midnight). A further stratification 

by tidal/non-tidal classification of subareas was included for the data analysis 

(post-stratification). The a priori stratification of sampling effort was for 

approximately two-thirds of nights to be chosen from the dark period, and 

approximately two-thirds of shifts to include the period of the ebb-tide. The 

lunar month was divided into two periods, namely the 'dark', comprising the 

seven nights before and after the new moon, plus the night of the new moon; 

and (ii) the 'light', which comprised the remaining nights of the lunar month. 

Field staff were rostered to carry out intercept surveys on 11 nights per month, 

with 7 in the lunar 'dark' and 4 in the lunar 'light' period. Choice of sampling 

nights was based on a random starting date and fixed skip interval. Shifts were 

4 h duration on the larger lakes (Wallis,Tuggerah and Illawarra) and 2.25 hours 

on Lake Coila. Time-blocks for the rosters were from last light (equivalent to 

'civil' twilight defined by Lomb (1993)) to first light. 

I 
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The procedure for each survey shift was based on progressive count methods 

(Hoenig et. al. 1 993) . Because of the distances involved in traversing the 

entire fishery in each estuary it was not feasible to have more than one head

count per shift. A maximum of 30 minutes was spent in each subarea. A 

head-count of prawners was done for the first 1 0  minutes, then the 

remainder of the 30 minutes was spent interviewing prawners . Those 

prawners interviewed had their  catch weighed on a spring balance to the 

nearest . 0 1  kg. Prawners were asked details of gear used (number of nets of 

each type and number of submersible and non-submersible lights) . 

Subsamples of prawns ( 1 0  prawns wherever available, approximately 80 to 

200g total weight) were taken from each of a subset of prawners 

(approximately 30% of interviews) .  The species and sex of prawns in the 

subsample were determined, and the carapace length of each prawn in the 

measured to the nearest mm. Other data recorded on the survey sheet were 

details of moon phase, tide and weather .  

The starting position and direction of travel for the creel survey were 

randomly allocated for each shift. For each month of the survey period, one 

night in the dark of the moon period was randomly allocated to a head

count of prawners for the whole estuary, to provide an estimate of the extent 

to which the survey subareas accounted for the effort operating in the entire 

estuary. 

The areas of each estuary for which the tidal influence can be separated from 

wind and other climatic effects cover only a small area in each of the four 

estuaries, extending only 0 .5  to l km beyond the entrance to Tuggerah and 

Illawarra Lakes, and a radial distance of Skm in Wallis Lake. In Coila Lake 

all subareas sampled were tidally affected when the lake was open, i .e .  prior 

to January 1 993 .  

For each data record from a tidally-influenced subarea, the time spent fishing 

on the runout tide during complete darkness as a proportion of the total 

r ., 
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time fishing, was computed by supplying the database with predicted times 

of low and high tides and commencement and cessation of darkness .  The 

predicted times of darkness were derived from Lomb ( 1 993) together with 

site specific data supplied by the Sydney Observatory (pers .  comm. Paul 

Payne, Sydney Observatory, Sydney NSW 2000) . Times for tidal states were 

calculated from tidal predictions and lags calculated on the basis of tide 

gauges in Wallis and Illawarra Lakes (Public Works Department NSW 1992; 

1 993) . For Coi la and Tuggerah Lakes, lag estimates were based on 

observations provided by the field staff. 

Expansion of sample catch and effort data 

Expansion of the survey data to give estimates of total catch and effort for 

all available days in the survey period required an estimate for the number 

of hours in the prawning night. For the period of the surveys, duration of 

darkness ranged from approximately 8.5 h in December and January to 9.5 . 

h in November and March, however considering the overwhelming effect of 

tide on the number of prawners, the duration of the prawning night was 

assumed to be 6 h, because this was the approximate mean duration of the 

run-out tide in the tidal subareas . 

Total recreational prawning effort was estimated for each combination of 

lunar phase, day-type, tidal /non-tidal subarea and fishing method. Total 

effort Fi i for stratum j in lunar month i, was obtained by calculating 

Fi i = hi di i xi i I Di i 

where h; = number of hours available for fishing in a night (assumed 6h) 

di i = total number of days from stratum j available in lunar month i 

Di i = number of surveyed days from stratum j in lunar month i 

xi i = mean number of prawners per night for stratum j in lunar month i 

For estimating the mean catch rate ( Ri i ,  the mean cpue over individual 

catches) the same stratification as for Fi i was used, apart from the day-type 

stratum, which was omitted so that the sample sizes would be adequate for 

all strata combinations .  
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Catch C;  i for stratum j in month i was then estimated as the product of 
estimated catch rate and estimated effort for that stratum: 

C; i  = Fi i R; i 
Total catch for lunar month i (C) was calculated by summing C;i over all j 

strata· C = L. F .  R . ' I ) I )  I )  

Approximate standard errors were computed by using the estimator for the 

variance of a product given in Goodman ( 1 960), i . e .  

var  C; j = R d  var(F; j )  + F;  j2var( Ri j )  + var(F; ) var( R; v ·  
An estimate of the variance of C; was obtained by summing var(Ci) over j 

(strata) . 

Results 

A total of 3360 interviews were completed over the full survey period, and 

1 1 87 subsamples, comprising 1 0  835 prawns were processed for species and 

length data. The response rate from prawners approached by field staff for 
interview was extremely high, with only 7 complete refusals and 22 partial 

refusals of an interview over the whole survey period. The monthly head

counts for the entire estuary for each of the study sites confirmed that the 

subareas surveyed accounted for virtually 1 00 %  of the recreational prawning 

effort. 

Estimates of Effort 

The estimated numbers of prawners per night (by estuary, moon-phase, day

type and tide) for the 1 993 / 94 season are given in Table 1 .  Patterns in the 

data for the other seasons were s imilar to those for the 1 993 / 94 season. 

Fishing effort in Wallis Lake was predominantly by scoop-nets from boats 

(98%) ,  whilst  in Tuggerah approximately 20% of total effort used drag-nets, 

with 80 % scoop-nets (mainly shore-based);  in Lake Illawarra effort was 

divided between scoop-nets from boats (35 % of total) and s coop-nets used 
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while wading (643),  with a small amount of drag-netting (<1 3);  and in 

Coila Lake 80 3 of effort was by scoop-nets while wading, the remainder by 

drag-nets (Figure 2) . Only 1 7 prawners used scissor-nets; these were in 

Tuggerah Lakes . 

Effort in Wallis Lake was concentrated almost exclusively in the tidal areas, 

with a negligible number of prawners counted in shifts based on the run-in 

tide (Table 1 ) .  On weekends in the dark period there were approximately 

double the number of prawners of weekend light periods, while for 

weekdays, the dark period had ten-fold the number of prawners counted in 

the light period (Table 1 ) .  There was a similar pattern in the other estuaries, 

with number of prawners in the dark period being approximately double 

that of the light. In all estuaries, January was the month with the greatest 

effort (Figure 2) . 

Because of the very small number of prawners active on the run-in tide, 

surveys scheduled for periods covering the run-in tide almost always 

encountered zero prawners (Table 1 ) .  The estimates of the mean percentage 

of time for which prawning was on the run-out tide show that for tidally 

affected areas, more than 903 of the time spent prawning until the time of 
interview was on the run-out tide . For the subareas with minimal tidal 

movement, the mean percentage of time spent prawning during the period 

of the run-out tide at the estuary entrance, was generally about 80 3 .  

Estimates of Catch Rates 

Estimates of annual mean catch rates (cpue; kg prawner-h-1)  by moon-phase 

and method for each estuary are shown in Table 2 .  

(i) Comparison between Estuaries 

The major difference in cpue between the four study s ites was the 

significantly higher cpue for Wallis Lake (Table 2) . The cpue for scoop-

r 
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netting in Wallis Lake was almost double that  for the tidal areas i n  the other 

lakes. In 1 992 / 93 the cpue for scoop-netting in Coila Lake was equal to that 

for Wallis, but in the other years the cpue for Coila Lake was the lowest of 

the three estuaries . 

(iii) Comparison of ' tidal' and 'non-tidal' subareas 

Tidal and non-tidal areas can only be compared for Illawarra and Tuggerah 

lakes, as the data available for non-tidal subareas of Wallis Lake were 

extremely limited, reflecting the low numbers of prawners in these subareas. 

All subareas in Coila Lake were tidally affected until the estuary entrance 

closed to the sea in January 1 993 .  

For the to tal survey period, the mean cpue for scoop-netting in the tidal 

subareas of Tuggerah Lakes was almost double that of the non-tidal subareas 

(Table 2) . On an individual year basis, cpue for scoop-netting in the tidal 

areas was greater than for non-tidal subareas in 1 992 / 3  and 1 993 /4, but not 

in 1 991 /92 .  There were no s ignifi cant differences in cpue for scoop-netting 

between tidal and non-tidal areas in Lake Illawarra (t1335=1 .57, p=0.12) .  

(iv) Lunar effects 

The results of comparing mean cpue of the dark lunar period against the 

light (Table 2) were not consistent over the four estuaries : For Wallis and 

Coila Lakes, the mean cpue for the dark period of the moon was higher than 

that for the light period in each survey year . These differences were 

statistically significant (t-test, P< . 05) for each comparison with at least 20 

observations in each group . For Tuggerah Lakes, only the 1 991  / 92 tidal 

subarea data showed a significant difference in cpue between the moon

phases, with the light period having greater cpue (t107=2 .98, P= .003) . For the 

tidal subareas of Lake Illawarra, mean cpue was higher for the dark in 

1993 / 94 (t320=2 .83, p= . 005), but higher for the light period in 1 991 / 2  (t89=5.84, 

p=0 . 000) . 
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(v) Drag-nets compared to scoop-nets 

Drag-nets were used only in the non-tidal areas . Comparison between cpue 

for drag- and scoop-netting could only be made for Tuggerah Lakes because 

this was the only estuary in which both methods were commonly used 

(Table 2). The mean cpue over the total study period was 0 .52 kg prawner-h-1 

for drag-nets and 0 . 1 0  for scoop-nets . Drag-nets had a s ignificantly higher 

mean cpue than scoop nets (p< .05) for each of the study years for both light 

and dark lunar phases . 

(v) Shore-based compared to boat-based scoop-netting 

The mean cpue of shore-based scoop-netting showed no significant difference 

from boat-based scoop-netting for Lake Illawarra over the full sampling 

period (mean=0 .232 kg/prawner hour, se=0. 0 12, N=331 for boat-based; 

mean=0 .231 ,  se=0 .009 N= 1 006 for shore-based) . Similarly for Tuggerah Lakes 

there was no s ignificant difference in mean cpue between shore- and boat

based scoopers (mean=0.238, se= 0 . 0 19, N=412 for shore-based; mean= 0.269, 
se=0 .034 N=33 for boat-based scoopers) . 

Comparison of commercial and recreational catches 

The estimated weights of the recreational and commercial catches for each 

of the four estuaries are given on an annual basis in Table 3 and on a 

monthly basis in Fig 3 .  

There were large fluctuations in  the estimates of recreational catch as  a 

proportion of commercial catch between years, although the recreational 

catches for Wallis, Tuggerah and Illawarra lakes showed much less inter

annual variation than the commercial catches . Coila Lake differed from the 

others in that the closure of its entrance in January 1 993 led to large catches 

in 1 992/93, but relatively few prawns were caught in the 1 993 /94 season. 

The species compositions of recreational and commercial catches are shown 

., 
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in Figure 4 .  The recreational catch was comprised almost exclusively of 

eastern king prawns in Wallis, Illawarra and Coila Lakes, while in Tuggerah 

Lakes the proportions of eastern king and s chool prawns were almost equal, 

with greasyback prawns comprising 1 0-22 % of the catch. Only one other 

prawn species was reported from the recreational survey, namely the brown 

tiger prawn Penaeus for which 6 individuals were identified from 

the total of 1 0  835 prawns measured in subsamples . The commercial catches 

showed much higher proportions of school prawns in Wallis Lake (33-52%) 

and Lake Illawarra (35-53%) . 

Greasyback prawns comprised 26-38% of commercial catches in Wallis Lake 

with negligible catches .of this species in the other lakes, apart from Tuggerah 

Lakes with 13% in 1 993 / 4. 

Length compositions of commercial and recreational catches are compared 

in Figure S(a) eastern king prawns and S (b) school prawns . For eastern king 

prawns, the length distributions for the commercial and recreational catches 

overlapped completely for each of Wallis, Tuggerah and Illawarra lakes, 

however for Coila Lake, the distributions were different in both 1 992 /93 and 

1 993 / 94.  In 1 992 / 93 recreational catches had relatively more of the longer 

prawns, while the converse was the case in 1 993 /94. Comparisons for school 

prawns were possible for samples from Tuggerah Lakes only, because this 

was the only estuary where prawn numbers were sufficient to consistently 

provide representative samples. For school prawns, the distributions 

overlapped, but recreational catches contained relatively more larger prawns . 

Mean lengths of prawns in samples from recreational catches were longer 

than those from commercial catches in both years for which data were 

available (Figure Sb) . 

Discussion 

Comparisons of the estimates of recreational and commercial catches for the 

four estuaries indicate that the recreational component is a significant part 

esculentus, 
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of the total catch, particularly i n  Tuggerah and Illawarra Lakes, where many 

prawners are active. 

This study has provided information on the variability of catch rates between 

years, between estuaries, between lunar months and phases within a lunar 

month for an estuary, and between prawning methods . The environmental 

conditions encountered during our surveys encapsulated the widest range 

of conditions which would affect catch rate and fishing effort. Flooding 

during 1 991 / 92 meant that prawns were flushed to sea while prawners were 

discouraged by the extreme weather conditions . Similarly, extensive 

bushfires in January 1 994 had an effect on prawning effort during that 

month, and possibly for the remainder of the season. 

Differences in catch rates between prawners operating drag nets and those 

using scoop nets can be attributed largely to the non passive nature of the 

former gear. As the name implies, drag nets are dragged across the bottom 

and so disturb those prawns not actively swimming in the water column. 

This gear also covers a greater area per unit time than the scoop net. 

The proportion of recreational catch to commercial catch varied greatly 

between estuaries, which may be a function of the availability of prawning 

grounds. Juvenile prawns live in the shallow areas in estuaries (Young 1 978; 

Young and Carpenter 1 977) , but are spatially distributed through the estuary 

principally by differences in tolerances to salinity (e .g .  Coles and Greenwood 

1 983) . Wide expanses of shallow areas provide recreational prawners with 

the opportunity to harvest the available prawns more efficiently than in 

deeper estuaries (e .g .  Wallis Lake) . Prawners can not only cover more area 

but are able also to entire water column from the surface to the substrate. 

This is particularly the case near the mouths of intermittently opening 

estuaries (Roy 1 984) where prawners target prawns as they migrate to 

oceanic waters to mature (e .g .  Ruello 1 977; Montgomery 1 990) . Prawners in 

Tuggerah Lakes and Lake Illawarra were able to cover large areas of the lake 
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by wading whereas in Wallis Lake prawners were l imited to fishing from a 

boat because the lake was far deeper than the other two . 

The prominence of eastern king prawns in the catches of recreational 

prawners is probably associated with differences in behaviour between 

species . Penn (1 983) discussed the effects on catchability of prawn behaviour. 

He categorised eastern king prawns as being nocturnal, strongly burrowing 

and most catchable at night. Racek ( 1 959) and Ruello ( 1 975) also found 

eastern king prawns to be most active at night and to emigrate in the surface 

waters of night ebb tides to oceanic waters during spring-summer. School 

prawns on the other hand do not burrow as deep as eastern king prawns, 

are more active during the day time than the former species, and move in 

the bottom or mid-water (Racek 1 959; Ruello 1 975) . Greasyback prawns peak 

in activity levels at dawn and dusk (Racek 1 959) . These behavioral 

differences appear to be related to light intensity (Wassenberg and Hill 1 994) . 

Their behavioural pattern makes eastern king prawns more susceptible to the 

recreational fishery than school prawns. Recreational prawners 

predominantly use scoop nets to catch prawns moving in the water column 

at night. These behavioural patterns also explain the differences in species 

composition between recreational and commercial catches .  Commercial 

fishers not only use some more active types of gear than recreational 

prawners, but also operate both during the day and night. There is therefore 

a greater likelihood that their catches will contain more school prawns 

because of their day time fishing with active gear. 

The impact upon the stock of harvesting eastern king prawns in estuaries is 

probably greater than suggested by the contribution the estuary catch of this 

species makes to the total commercial catch of eastern king prawns in NSW. 

Firs tly, the proportion of the catch taken in estuaries in terms of numbers 

caught is greater than the proportion by weight because individuals in 

estuaries are smaller than those from oceanic waters . The 1 0-year mean catch 

J 

r 



I 

[ 

1 8  

o f  eastern king prawns in estuaries b y  commercial fishers i s  around 1 4 %  by 

weight of the total commercial catch of this species (Montgomery and 

McDonall 1 988), and we found in this study that the recreational catch 

around 30% of the commercial catch in estuaries . 

Secondly, harvesting eastern king prawns in estuaries targets immature 

animals. Sizes at firs t maturity for eastern king prawns is around 35 and 42 
mm CL for males and females respectively (Glaister 1 983; Courtney et al. in 

press); lengths that are longer than most individuals of this species caught 

in estuaries. This harvesting together with that for immature prawns in 

oceanic waters has the potential to affect recruitment to the spawning stock. 

This project is an example of using roving creel survey techniques in hours 

of darkness to estimate the level of catch in a fishery. Malvestuto (1983) and 

Hayne ( 1991 )  list as a disadvantage the fact that roving creel surveys cannot 

be done at night. This may be the general case as we have been unable to 
find any examples of studies that have used intercept survey methods to 
estimate the catch of fishers operating at night. The recreational fishery for 

prawns in NSW may be the exception because prawners use battery 

powered l ights to spot prawns in the water column and are therefore easily 

identified as prawners by the bobbing of their l ight. Further, we are unaware 

of any other study in the peer reviewed literature that has surveyed a fishery 

for penaeids. We conclude that roving creel surveys have been used 

successfully at night to show that recreational fishery is a significant 

harvester of penaeids in NSW. The methodology used in this study is 

possibly applicable to other penaeid fisheries in Australia and internationally. 

Information obtained from this survey which enables planning for estimation 

of statewide estimates of catch and effort follows: 

1 .  The precision of the total catch estimate is increased by putting as much 

survey resources as possible into the head-count data, while keeping an 

adequate level of sampling for catch rate estimation.  While coefficients of 
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variation for cpue are generally o f  similar magnitude to those for number of 

prawners per night (80- 120%) ,  an interview takes far less sampling time than 

the head count, thus the sample sizes for estimating mean catch rates are 

much higher than those for estimating mean number of prawners per night, 

hence the standard errors of the former are relatively lower. 

2.  The important variables for strati fication in surveys of recreational 

prawning are lunar month, lunar phase, tidal phase, day-type, tidal/ non

tidal subareas and prawning methods . 

3 . There is a strong preference of prawners for the ebb-tide and dark period 

of the lunar cycle .  Sampling can be limited to the period of the run-out tide, 

although there are significant numbers of recreational prawners active in the 

light period of the lunar cycle. Estimates of variability of prawner effort 

within and between lunar months and estuaries have also been provided. 

4. Occasional observations of larger than expected effort coinciding with 

periods of large cpue, support the contention that prawners may be attracted 

to travel to an estuary by reports of large catch rates . This invalidates the 

assumption of independence between catch rates and the number of 

prawners . The confounding of high catch rates in January with the major 

school holiday period causes difficulties in tes ting data for such a 

relationship.  

5 .  The major effects caused by closing of estuary entrances were ssen in the 

present study: The entrance to Coila Lake closed in January 1 993. This led 

to high cpue in January to March 1 993 (mean cpue 0.5 kg h-1 for scoop 

netters), then a reduction in cpue to approximately 0 . 1  kg h-1 in the 1993/94 

season, when few of the prawns had survived from the previous season. 

Commercial prawners recorded very little effort in Coila Lake in the 1993/94 

season. Many of the estuaries in NSW have intermittently opening entrances. 

.. 

. . 

f 

r 

f 



20 

6 .  The study found large differences between estuaries in the mix of methods 

used by recreational prawners and in the species mix of the catch . These 

differences mean that the logistics of the survey operation have to be tailored 

to the requirements of each estuary. 
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Figures and Tables 

Figures : 

1 .  Locality map, showing areas of major urbanisation (•) and estuaries 

included in this study ()1(1 .  

2 .  Estimates o f  monthly prawning effort by method for the four study sites . 

3 .  Estimated catches of prawns by month, by commercial and recreational 

fishers for each of the four study sites . 

4. Species composition of recreational and commercial catches from the four 

study sites. 

5 .  Length frequency distribution of (a) eastern king prawns for samples from 

all four study sites; and (b) school prawns from Tuggerah Lakes; in 
commercial and recreational catches. 

Tables : 

1 .  Estimated mean number of prawners per night by moon-phase, day-type, 

tidal state and fishing method. Data are for 1 993 /4 season . 

2 .  Mean cpue (kg prawner-h-1) for the each of the four study sites by year 

and moon-phase . 

3 .  Seasonal estimates of recreational and commercial catches of prawns for 

the four study sites 
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Table 1 .  Estimates of mean (per night) and total number of prawners 

by moon-phase (M), day-type (D), tide (T) and fishing method for the 

1993-94 season (November 1993-March 1994). D=dark, L=light moon-phases; 

WD=week-day, WE=weekend or public holiday; RI=run-in, RO=run-out tide. 

Location No. of shore-scoopers No. of No of drag-netters 
M D T mean se Total mean se Total mean se Total 

Wallis D WD RI 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 

tidal D WD RO 0.36 0.17 19 21.17 4.42 1 101 0.00 0.00 0 

D WE RI 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 

D WE RO 0.56 0.44 12 36.83 14.57 810 0.00 0.00 0 

L WD RI 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 

L WD RO 0.00 0.00 0 2.64 1 .63 158 0.00 0.00 0 

L WE RI 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 

L WE RO 0.20 0.20 6 18.40 10.80 534 0.00 0.00 0 

37 2603 0 

Tuggerah D WD RI 0.43 0.43 22 0.00 0.00 0 0.00 0.00 0 

tidal D WD RO 56.06 15. 12 2915 5.39 3.07 280 0.00 0.00 0 

D WE RI 1 .33 1 .33 29 0.00 0.00 0 0.00 0.00 0 

D WE RO 80.00 26.64 1760 4.67 1 .69 103 0.00 0.00 0 

L WD RI 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 

L WD RO 19.64 9 .33 1 1 78 0.09 0.09 5 0.00 0.00 0 

L WE RI 3.00 3.00 87 0.00 0.00 0 0.00 0.00 0 

L WE RO 33.60 24.47 974 2.80 2.80 81 0.00 0.00 0 

6967 470 0 

Tuggerah D WD n.a 9.32 2.44 485 0.00 0.00 0 20.96 5.50 1090 

non-tidal D WE n.a 5.33 2.25 1 1 7  0.00 0.00 0 17.56 7.24 386 

L WD n.a 2.20 1 .50 132 0.00 0.00 0 2 .13 -o.95 128 

L WE n.a 7.71 2.02 224 0.00 0.00 0 7.71 2.81 224 

957 0 1828 

Illawarra D WD RI 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 

tidal D WD RO 65.22 9.88 3391 6.83 1 .62 355 0.00 0.00 0 

D WE RI 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 

D WE RO 67.33 26.32 1481 6.33 2.95 139 0.00 0.00 0 

L WD RI 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 

L WD RO 23.25 8.08 1395 2.00 1 . 12 120 0.00 0.00 0 

L WE RI 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 

L WE RO 22.00 8.86 638 0.00 0.00 0 0.00 0.00 0 

6906 614 0 

Illawarra D WD n.a 10.08 3.07 524 20.60 6.01 1071 0.16 0.16 8 

non-tidal D WE n.a 8.78 4.26 193 23.56 12. 1 1  518 0.44 0.44 10 

L WD n.a 5.00 2.25 300 5.65 3.14 339 0.29 0.29 17 

L WE n.a 4.50 3.72 131 2.33 2.33 68 0.00 0.00 0 

1 148 1996 35 

Coila D WD n.a 5.88 1 .92 306 0.00 0.00 0 0.44 0.26 23 

D WE n.a 1 .67 0.69 37 0.00 0.00 0 0.00 0.00 0 

L WD n.a 3.21 2.48 193 0.00 0.00 0 0 .00 0.00 0 

L WE n.a 3.71 1 .66 108 0.00 0.00 0 0 .14 0 .14 4 

643 0 27 
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Table 2. Mean CPUE (kg per prawner per h) for dark and light moon-phases 

(see text) in tidal and non-tidal subareas of each estuary 

Location Year Moon ohase 

Wallis 199 1 /2 D 106 0.3938 0.0560 
tidal 1991 /2 L 3 0.2502 0.0130 

1992/3 D 206 0.49 1 1  0.0330 
1992/3 L 67 0.3 140 0.0378 
1993 /4 D 206 0.4571 0.0323 
1993 /4 L 43 0.30 1 1  0.0556 
Total 63 1 0.4308 0.0187 

Tue:e:erah 199 1 /2 D 88 0 .1832 0.0195 
tidal 1991 /2 L 19 0.3206 0.0409 

1992/3 D 1 1 9  0.2997 0.0459 
1992 /3 L 54 0 .1653 0.03 1 1  
1993 /4 D 120 0.2273 0.0303 
1993 /4 L 43 0.2985 0.0867 
Tota l 443 0.2404 0.0180 

Tue:e:erah 199 1 /2 D 49 0 . 1 713 0.035 1 26 0.8687 0. 1804 
non-tidal 199 1 /2 L 6 0. 139 1 0 . 1 136 8 0.3619 0.0887 

1992 /3 D 37 0.0926 0.0173 63 0.6142 0.0975 
1992/3 L 38 0.0702 0.0150 33 0.3858 0.0904 
1993 /4 D 44 0.0687 0.0133 75 0.4776 0.0638 
1993 /4 L 19 0.0562 0.0135 24 0.3037 0.0566 
Total 193 0 . 1 006 0.01 13 229 0.5241 0.0432 

Il lawarra 199 1 /2 D 70 0 . 1 755 0.0270 
tidal 199 1 /2 L 2 1  0.5395 0.0700 

1992 /3 D 241 0.2706 0.0226 
1992 /3 L 1 02 0.2272 0.0181 
1993 /4 D 2 1 0  0.2443 0.0179 
1993 /4 L 1 12 0 .1683 0.0153 
Total 756 0.2409 0.0101 

Il lawarra 199 1 /2 D 42 0.2636 0.0727 2 0.5556 0.1944 
non-tidal 199 1 /2 L 1 1  0.4216 0.2025 1 0.9378 -

1992 /3 D 161 0.2163 0 .0132 7 0 .2926 0. 1077 
1992 /3 L 76 0.2772 0.0347 1 0. 1974 -

1993 /4 D 225 0 . 1 940 0.0109 2 0. 1971 0 . 1287 
1993 /4 L 66 0. 1821 0.0185 1 0.5508 -

Total 581 0.2190 0.0100 14 0.3743 0 .0795 

Coila 199 1 /2 D 42 0. 1340 0.0278 7 0. 171 1 0.0263 
199 1 /2 L 10 0.0827 0.02 1 1  1 0.2802 -

1992/3 D 155 0.4759 0.0395 13 0 .7248 0 .4755 
1992/3 L 59 0. 1921 0.0403 5 0.6571 0.6571 
1993 /4 D 124 0.0801 0.0157 5 0 .0516 0.0300 
1993 /4 L 48 0.0429 0 .0129 0 - -

Total 439 0.2361 0.0163 3 1  0 .4659 0.2236 

Sroon nr::icr 
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Table 3. Seasonal estimates of prawn catch (tonnes) by recreational (r) and commercial (c) fishers . Approximate standard errors 
are shown as (± SE) .  

Wallis Illawarra Coil a 

r c r/c(%) r c r/c(%) r c r/c(%) r c r/c(%) 

Jan 92-Mar 92 5 .74 17.98 31 .9 4.52 32.71 13.8 8.95 15.27 58 .6 0.42 5 . 10  8.2 

(±0 .92) (±5 . 1 ) (±1 .72) (±5 .3) (±1 .93) (±12.6) (±0 .13 (±2.5) 
Nov 92-Mar 93 12.52 64.86 19 .3 10 .22 67. 19 15.2 12.80 19 .03 67.3 3 .04 31 .38 9 .0  

(±2 .01 )  (±3.1 )  (±2 .64) (±3.9) (±1 .58) (±8.3) (±0 .69 (±2.2) 
Nov 93-Mar 94 1 7.41 37.42 46.5 6 .62 23.75 27.9 13 .68 27.49 49.8 0 .24 0.85 28.2 

(±3. 12) (±8 .3) (±1 .31)  (±5.5) (±1 . 64) (±6.0) (±0 .07 (±8.2) 
Total 35. 67 120.3 29.7 21 .36 123.7 17.3 35.43 61 .79 57.3 3 .70 37.33 9 .9 

(±3.82) (±3.2) (±3.41 ) (±2.8) (±2.99) (±4.8) (±0.71 (±1 .9) 

Tuggerah 
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1 INTRODUCTION 

The following report has been prepared for the NSvV Fisheries Research Insti tute 
(FRI) in relation to consultant research work undertaken by Kewagama Research 
(KR) over the period November 1 99 1  to April 1994. 

In summary, thi s  work involved the design and conduct of a program of in tercept 
s urveys of recreational prawning activi ties on four NSW es tuaries - Coi la  Lake 
Lake Illawarra, Tuggerah Lakes and Wallis Lake. Conduc ted o ver three 
(summer) seasons, the surveys enable detailed estimates to be derived for 
recreational prawning catch and effort for these estuaries . During the project, 
completed survey ques tionnaires were despatched to FRI on a monthly basis 
with data entry, tabulation and analysis being under taken by FRI s taff. 

The main purp ose of this report is to provide users of the d a ta \Vi th 
com prehensive de tails of s tudy defini tions and relevan t methodologies, together 
with range and val idity information for the various data elenlen ts contained in 
completed ques tionnaires. (The above information is  con ta i ned in Sections 3 
through 5) .  

Survey area maps and sample copies of ques tionnaires and mon thly 
enumeration ros ters (Workload Control Sheets) are con tained in the Appendices .  
Several full sets of actual ros ter sheets for the entire survey have also been 
provided for each estuary as separate attachments . 

As a firs t-of- i ts-kind study, the project presented subs tantial  challenges in the 
design phase and although some difficulties were experienced in early s tages of 
enumeration (e .g .  problems with the precision of tidal predictions) ,  we are 
pleased to report that the initial s tudy design required li tt le al tera tion during the 
project, resulting in excellent comparabili ty of data ga thered a c r o s s  the three 
(summer) seasons involved. 

Other outcomes have also been pleasing, such as the excellent p ublic co
operation that the s tudy received (response rates of v irtual ly 1 00 %  were 
achieved on each es tuary) and mos t importantly, the high levels of effort coverage 
obtained in each case - close to 1 00 %  of total recreational pra wning effort  was 
provided by the comparatively small  areas of each estuary tha t were routinely 
sampled each month. 
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3 PROCEDURAL S UMMARY 

Details of sampling procedures and various s tudy defini tions are contained ir. 
Sections 4 and 5 .  The fol lowing is an overview discussion of relevant p rocedural 
aspects of the project ( including various design philosophies / i s s ues) and is 
presented in chronological order of  project phase:-

3-1 Initial Design and Development 

As mentioned earlier, the design phase of the project  presented substantial  
challenges, not the leas t of which being the inherent opera tional difficulties 
associ ated with conducting headcounts of recreation<:l prawners a t  night (and 
the fact that  peak prawning activity tends to occur in the 'dark '  phase of the 
moon, when ncitural visibil i ty is a t  i ts wors t) . 

The absence of relevant p revious research (both in  Aus tral ia  and overseas) also 
meant that no previously tes ted methodologies were available to assi s t  with 
instrument development, nor were there any exis ting da tasets (catch, effort etc . )  
to enable comparisons of data obtained. 

3-1 . 1  S tu dy Objectives 

The s tated objectives of the s tudy were : -

to  determine the number of recreational prawners a n d  hou r s  s pen t prawning 
in the four Lakes over the s pecified period 

to determine the dis tribu tion of catch per person per hour i n  these areas, in 
terms of both numbers and weight of each species o ver the specified period 

to determine the total prawn catch of recreational prawners b y  number and 
weight of each species, over the specified period 

to determine the s ize composi tion of the prawn ca tch of recrea tional 
prawners by species 

that all of the above para meters would be able to be analysed on the basis  of 
night type, prawning location and differences be tween lunar  mon ths  

3 
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3-1 .2 Effort Co11ce11tratio11s in Time and Space 
Due to the comparatively brief time-frame available in which to design the s tudy 
(November / December, 1 99 1 ), subs tantial resources were intensi vely deployed 
in the this phase. The main objective here was to obtain as much information as 
possible for each es tuary concerning peak times (in terms of night, month and 
year), tide states, moon phase and the preferred locali ties where recreational 
prawning occurs - and to develop an appropriate field me thodology which most 
cos t-effectively and consistently addressed these aspects across al l  four estuaries .  

To achieve this, a combination of tradi tional developmental research techniques 
( field pilot- tes tings etc . )  were employed, together wi th less- con ven t ional 
(quali tative research) techniques :-

firs tly, a qualitative assessment for each es tuary was undertaken through 
discussiODS with a range of informa tion sources (e . g .  local fi shing tackle 
shops, commercial operators / co"-ops, the fishing inspec tor and recreational 
prawners themselves) resul ting in a detailed and ex tremely consis tent 
'picture' emerging for each es tuary in terms of the hypo thes i sed pat terns and 
concentrations of recreational prawning in  terms of time, s p ace, tide and 
moon phase. 

at that time, several field observa tions of prawning ac ti v i ty \Vere also 
undertaken on each es tuary covering the times / areas / t ides etc .  where 
activity was reported to be concen trated and also  when / where l i t tle or no 
activity was expected .  During this fieldwork, various i ssues concerning night 
counting and interviewing procedures were also explored . 

As a result of this work, the hypotheses formed from the above-mentioned 
qualitative research were consistently confirmed for each es tuary .  Al though this 
'proof' only referred to effort concentrations for the tirn.e of  year concerned, 
considerable confidence exis ted in terms of seasonal i �y  changes and therefore in 
opting for a survey design \Vhich focused on these peak times and the 
key geographic areas identified.  (Note: details of all pi lo t- tes t ing and results are 
contained in KR' s memo to FRI of 30 December, 1 99 1 )  

Of particular importance here was the s trong hypothes i s tha t  for each estuary, 
virtually all prawning effort was concentra ted in an ex tremely smal l  proportion 
of the total area involved.  Considerable efficiencies cou ld therefore be gained i n  
routinely and intensively sampling these areas from the outse t  o f  the s tudy 
proper - as opposed to unnecessarily consuming projPct resources in  conducting 
'headcount' runs in very large areas where no activity exi s ted . 

4 

largely 



Thus evolved the concept for the survey proper of sa1npling the ' known' areas of 
activity on a regular basis (initially 1 0  nigh ts per luna r month - u l tima tely 1 1  per 
month) and within this,  a disproportionately grea ter samp l ing in  the 
hypothesised peak times (e . g .  ebb tides, ' dark' phase of the moon) . However, to 
monitor the effort coverage provided by the s tandard survey areas and to ensure 
tha t  no s ignificant shifts occurred over time, routine ' vVhole es tuary '  headcount 
runs were also conducted on a once-per-month basis throughou t  the project, at 
both ' peak' and ' non-peak' times . Note: as mentioned earlier, coverage factors of 
close to 1 00 %  were revealed as a res ult  of this work, for all fou r  es tuaries . It 
should also be noted that prior to commencemen t of the survey proper, at least 
two 'whole estuary' headcount runs were conducted on each es tuary, revea ling 
coverage factors approaching 1 00% in each case. Fur thermore, 1ve note that over 
the course of the project, many other observations were made b y  local  field s taff 
(apart from s cheduled work, e .g .  a s taff member would make a quick check of :i. 
remote area, when he / s he happened to be in the v ic in i ty) resul t ing in  fur ther 
confirmation of these resul ts . 

3-1 .3 Nigh t Visio n and Other Design - re l a ted Issues 

In terms of the actual methods employed in coun ting / interv iew ing work, the 
design phase also addressed several issues and op tions : -

the use of mili tary-grade n igh t-vis ion equipment i n  headcounting work was 
thoroughly considered and several equ ipment op tions explored . From 
earlier experience with such equipmen t on conventiona l ni gh t creel survey 
work, i t  became quickly apparent that  ' l s t  genera tion ' technolo gy equipment 
was mos t inappropria te in this appl ica tion, due mainly to problems with 
'flaring' from prawning (and o ther) l ights . The la tes t techno logy (al though 
entirely suitable to the task) was rejected mainly on the bas i s of acquis i tion 
cos t (over $1 00,000 for the four estuaries ) .  Availabi l i ty  problems due to 
usage restrictions were also a factor 

after intensive tes ting on all four es tuaries, it became evident  that  in areas 
where much of the prawning ac tivi ty occurred, ex is ting l igh t sources 
( including prawning lights) were rou tinely sufficient to enab le accurate 
headcounting to be readily undertaken wi thout such eq uipnlen t - including 
for those operating with submers ible l ights, or no l i gh ts a t  a l l  

however, the u s e  o f  conventional b inoculars wi th nigh t- v is ion ' enhancement ' 

capabili ties ( i .e .  large lens diame ters / wide field of v iew I modes t 
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magnification) also proved useful (especial ly in de- l inea t ing prawners from 
anglers) and field s taff were equipped with these for the s ur vey proper 

the main problem area for headcoun ting con cerned those areas where poor 
l ight sources exis t  (e .g the more remote areas / wide expanses of the es tuaries) 
and prawners operating withou t  l ights in s uch areas (e . g . drag-netting) .  
Although comparatively time-consuming, a n  effective  me thodology was 
developed here which enabled accura te headcounts to be ob tained . In 
essence the procedure involved appropriate use of a combination of 
techniques, including: sys tematic low-speed coverage of the areas concerned; 
the careful use of any avai lable ' background ' l igh t to reveal po ten ti al 
prawning parties; and only where necessary, the use of spo t l i gh ting to 
quickly scan / il luminate large areas of water / shoreline ( thereby causing 
minimal annoyance to prawners/  anglers) .  Impor tan tl y, the impact  of the 
inefficiencies of this method upon overall resource us age was rela ti vely 
insignificant, as i t  mainly affecteci the work in who le es tuary hea d co u n t  runs 
(conducted once per month only) 

an important additional feature of the s tudy design concerns the ap plicati-:J:t 
of ' simultaneous'  counting and in terviewing for e<:ch s ub-area in rou tine 
sampling runs - i .e. up to 12 sub-areas were defined on each es tuary, such 
that  each could be fully counted and an adequate number of in terviews 
conducted, in well less than the one-hour maximum , th a t  is  generall y 
accepted as ' instantaneous'  for creel survey headcoun t ing p urposes .  This  
approach was shown to be more efficient than separate coun ting and 
interviewing runs, where significan t  ' back-trackiP g '  problems exis ted .  It  also 
caused less  dis turbance/ inconvenience to the pub l ic and enabled ex tremely 
precise sampling fractions to be ob tained for in ter v iew s  ob tained in each sub
area, for each night 

consistent application of the survey ins trument across  the four estuaries was 
seen as highly desirable , e .g .  to maximise comparab i l i ty , ro u t ine s amp l ing 
was conducted on the same nigh ts each month, for each es tuary.  Identical 
lunar and tidal phase sampling was also sough t for each es tuary . Howeve:· 
in several o ther respects, field procedures were ne ces s ar i ly  tai lor-made to 
each estuary, e .g .  ( i )  the duration of the ' s tandard survey runs '  varied 
substantially to provide adequate effort  coverage, fronl 2 .25 hours on Coila 
Lake to 4.5 hours on Wallis Lake and Tuggerah Lakes; and ( i i )  survey vessel 
usage also varied from virtually all shore-based w o rk on Coila  Lake, to the 
opposite situation on Wallis Lake, where prawnin g  ac ti v i ty i s  l argely boat
based. Further details and defini tions concern ing the s tu d y  des i gn are 
contained in Sections 3-5,  4 and 5 
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3-2 Recruitment 

For all but Tuggerah Lakes, where KR' s exis ting s taff were employed, field 
interviewers were newly-recruited from the local areas concerned . This 
involved the application of our s tandardised recrui tment procedures, which 
comprise:  detailed display advertisements and ' classified ' cros s - references in 
local newspapers; wri tten selection-tes ting of all appl icants ( l i teracy, numeracy, 
comprehension, map reading and s pecies identification);  and thorough 
interviewing/ assessment by senior field s taff of all applican ts . Knowledge of 
the local estuary, boat ownership and handl ing skills etc .  were a lso essential 
criteria for all  applicants .  

As has been our consis tent experience in other creel survey recrui tments, several 
high-calibre applicants emerged for each posi tion, enabling  excellent ' reserve' 
interviewers to be identified for each es tuary, in case of losses d uring the project. 
No s uch losses occurred and the fact that reserve in terviewers were only used on 
odd occasions when one member of an estuary 's  regular teanl w as unavailable is 
further tes timony to the overall quali ty and dedication of our fie ld s taff for the 
project. 

3-3 Training 

A comprehensive training session for all field interviewers was conducted in late 
November, 1 99 1  a t  Tuggerah Lakes (a central poin t for all concerned) .  Using a 
combination of ' class-room' sessions, small-group practi ce and actual field 
practice sessions (at nigh t) ,  famil iari ty was gained with all field procedures and 
problems over the three days involved .  I t  should also be noted tha t while s taff 
received thorough training here, cer tain aspects of the s tudy design were a t that 
stage unresolved, (e.g. the precise s tructure of the s urvey areas for each es tuary ) 
and field s taff subsequently assis ted in  the determina rion and refinement of 
these during December, 1 991 . 

Further staff training work occurred d uring the course of  the project wi th 
regular, less-formal sessions in the earlier s tages of the projec t  - including 
specific instruction / checking of prawn species iden tifi ca tion and measurement 
procedures by FRI s taff. 
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3-4 Enumeration of  First S eason 

After further development work (practice in terviewing, pi lot- tes ting, time-trials 
etc . )  during December, the survey proper commenced in the lunar month of 
January, 1 992 and continued for the firs t  season to include the lunar month of 
March 1 992. 

All staff were s upplied wi th a range of equipment and apparet including: 
uniforms; wet wea ther gear; wetsuit  boots; clipboards; pens; wa terproof 
sta tionery I torches; official identi ty cards and s igns for s urvey vessels; 
binoculars; high-quality s pring and pan-balance s cales for weighing catches; and 
precision 'dial '  cal ipers for measuring prawn carapace lengths in  sub-sample 
in terviews.  

In s ummary, the survey involved conducting combined coun t / interview runs 
for selected Sub-areas ( the ' s tandard run') for each es tuary on 1 0  nights per lunar 
month in accordance wi th a pre-determined ros ter (see Workload Control Sheets 
- Appendices G & H) . The duration of the ' s tandard ' run varied by estuary 
(from 2 .25 hours up to 4.5 hours) to enable adequate coverage of the Sub-areas 
involved under varying conditions (weather, peak pr a v/ n in g act ivity etc) . 

In addition to this, whole es tuary headcou n t  ru ns were conducted once per month 
on each estuary to provide a measure of the coverage provided by the ' s tandard 
run' in terms of catch and effort .  Due to the large expanses o f  water involved, 
these runs required substanti al amounts of time to complete and on two 
estuaries (Tuggerah and Wallis) ,  the work was conducted over two nights to 
obtain this coverage. 

The overall results from initial  counting/  in terviewing work were extremely 
pleasing with excellent coverage of total effort  being p rovided by the ' s tandard' 
survey areas and exceptional response rates and ros ter adherence also being 
readily achieved . The number of in terviews obtained each nigh t, whil st  
adequate in the init ia l  s tages, understand ably increased as f ie ld s taff gained 
familiarity I efficiency in their work . 

Similarly, our unders tanding of the tidal  pat terns on each estuary (a  by no 
means s imple matter) i mproved with tiirte and it is  fa i r  to say tha t this issue 
represented the mos t s ignificant operational / design problenl encoun tered in the 
project .  Clearly, there exis ts a range of data concerning t idal  s ta tes on these 
estuaries (note: Coi la  Lake was mostly closed to the sea during all three seasons), 
but unfor tunately, these were not sufficien t (nor in some cases accurate) to 
enable adequate prediction of tide states in roster prepara tion \vork . 
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Nevertheless, the resultant marginal over-representa tion of ' make' tides (as 
opposed to ebb) which occurred in the early s tages was accoun ted for in 
expansion of  the raw survey data .  Fur ther discussion o f  this i s s ue i s  contained 
in Section 4-3 

3-5 Review of  S tudy Design after First Season 

As mentioned earlier, the initial s tudy des ign required l i t tle  al teration after the 
firs t season. The modifications that were made to the saITtpl ing framework did 
not affect year-to-year da ta comparabi l i ty (certain Sub-areas were removed from 
routine sampling due to cons tant ' zero ' counts - none were added) . In fact, the 
changes provided increased data quality (and quan tity) by enabl ing an extra 
nigh t  of routine sampling to be conducted each month on al l  four es tuaries, 
within exis ting resources . It should also be noted that these changes were 
somewhat expected from the outset, but  could only have occurred after analysis 
of the first  season results,  the design for \Vhich, was necessar i ly  conservative :-

with the exception of Coila Lake, cer tain Sub-Arec:s  were excluded on each 
estuary from future routine sampling on the basis tha t  they revealed 
(virtual ly)  no prawning effort during the first season and th is was expected 
to continue in s ubsequent seasons ( for further details ,  s ee Sections 4- 1 & 5-1 )  

a s  a result  o f  this,  reductions i n  the duration of the ' s tandard '  
coun t / interview run on Illawarra, Tuggerah and VVall is  Lakes enabled 
resource s avings to be utilised in the form of an extra s ampling night each 
month on all  four es tuaries (i . e . from 1 0  to 1 1  nights ) . Thi s  in turn 
necessitated minor amendment to the defini tions of a Lunar Month and the 
Dark / Light Phases - see Section 4-3 for detai ls) . Minor al tera tions to ros ter 
s tructures were also made for Tuggerah and Wallis Lakes ( see 5 - 1  for details) 

the continued confirmation from monthly whole es tu 11ry co u n ts tha t the 
standard survey areas on each es tuary provided virtual ly  total  coverage of a ll 
prawning effort, also enabled a reduction in the number of these headcount 
runs conducted in the ' d ark'  phase of the moon from once-per-rn.on th to every 
second month . However, to provide fur ther verifica tion of  the effort coverage 
hypothesis , these resources were re- a l located to conduct ing headcoun t  runs 
during the phase of the moon in the second and th ird seasons of the 
survey. 
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3-6 Enumeration of Second and Third S easons 

The overall  enumeration of the remainder of the survey proceeded ex tremely 
well . As would be expected, the performance of interviewing s taff in-tproved 
consis tently with time. The already high-quali ty work from in terviewers in  
terms of response rates and clerical errors was  more than rn. ain tained and with 
increasing experience (and effectively more in terviev,ring t ime avai lable throush 
the removal of cer tain 'zero-count '  Sub-areas) our intPrviewers were able to 
produce subs tantially higher sample- takes of interviews each night .  In fac t, on 
nights where comparatively smal ler numbers of prawners were present, 
sampling fractions approaching 1 00 %  were achieved . Ye t, on the busier nights 
(e.g .  January s chool holidays, where l arger propor tion.s of ros ter times are 
consumed by the counting process) ,  adequate sample- takes were cons is ten tly 
achieved in both absolute and propor tional terms . 

In terms of tidal predictions, s ignificant improvemen ts were a l so achieved over 
the first season, resulting in very few 'errors ' in tida l. vu tco mes over the lat ter 
two seasons.  

Overall  adherence to other aspects of  the sampling pla n w a s  excel lent .  
Adherence to specified ros ter schedules \·vas excep tional throughou t  the whole 
s tudy - at no s tage did problems with sur vey vessels, punctual i ty  or bad weather 
prevent completion of a scheduled sampling run. In fac t, the only flaw in this 
regard occurred when the questionnaires for one nigh t ' s  routine s ampling were 
unfortunately mislaid by field s taff (previously no ti fi .�d to FRI s taff - Lake 
Illawarra, 4 March 1 994) . 

3-7 Qual ity Control Procedures 

To maximise the qual i ty of data obtained in the s tudy, a range of qual i ty control 
measures were routinely employed . Consisten t appl i ca t ion of the s ur vey 
instrument was ensured, firs tly through thorough training of field s taff and also 
by regular supervision and liaison with field s taff ( incl ud i ng a c tual  field 
observations of their work) .  

The clerical accuracy of all completed ques tionnaires w a s  a l s o  checked, firs tly hy 
the interviewers themselves and secondly, by KR's  fie ld and o ffi ce supervis or:,; .  
(Note: where occasional errors were detected here, thPse \vere ' fed-back'  to the 
interviewers concerned as part of an ongoing remedia l / trai ning process) . In 
addi tion to this, i t  is  unders tood that appropriate ra nge, logi c and val idi ty 
editing has been undertaken as part of coITtputer process ing by  FRI s taff. 
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Also, un-announced field 'spot-checks '  were conducted by KR' s supervisory s taff 
throughout the survey to ensure compli ance by field s taff \Vi th specified ros ters .  

Again, i t  i s  pleasing to report tha t  a l l  the above measures consis ten tly revealed 
exceptional performance from all our field s taff. No te: for securi ty and 
operational efficiency, copies of all ques tionnaires for the survey were retained 
by KR's field s taff and originals sent to our central office, which were in turn 
copied before despatch to FRI. Once all processing of the s tud y is completed 
and on the advice of FRI, both cop ies held by KR '\Vi i i  be 'des troyed under 
supervision ' .  
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4 . SAMPL I N G  AND OTHER METHODOLOGICAL I N FORMATION 

4-1 G eographic B oundaries of  the S urvey Areas 

For overall es tima tion p urposes, the geographic boundaries of each of the four 
estuaries were defined as the entire l ake (or lake sys tem) to a poin t as close as 
possible to the entrance to the sea (in practical / opera tional  safe ty terms) .  Any 
rivers / creeks which flow in to these lakes were excluded . (No te :  detailed maps 
showing the survey areas and sub-areas for each estuary are con tained in 
Appendices A through D) . 

For analysis purposes, each estuary was dissected into an appropriate number of 
Sub-areas from the ouL2t of the study.  Each of these Sub-areas was al located a 
unique identifying character, wi th numerics deno ting the Sub-areas determined 
in the fi rs t  season as forming the survey area for rou t ine night ly sam p ling (pea k 
prawning effort) and those wi th an iden tif i er being those parts of  th2 
estuary with l i t tle or no prawning effort expected . Th is numeric / a lpha sys tem is  
described in detai l  in Section 5 - 1 . 

4-2 Respondent, Species and Methods Criteria 

As a s urvey of recreational prawning, the scope of tlv=- s tudy was confined to 
prawning activity not associa ted wi th l icensed commerci al pra w ni ng opera tors 
in their normal (commercial)  activi ties . 

Importantly, while no difficul ties were encountered durin g  the s urvey in 
applying this definition, it  should be noted tha t  in theory, a commercial operator 
employing recreational prawning methods (e . g . scoop net) for non-commercial 
purposes would have been included in the s tudy by th is defini t ion .  

Therefore the primary field cri terion was 'method-based ' (scoop nets ,  scissor 
nets, drag nets e tc . )  and secondly, ' target-based ' . Note: scoop-netting of crabs at 
night i s  a somewhat common practice, al though mos t ly thi s  seern.s to be 
conducted in conjunction wi th prawning. Cases where respondents were 
identified as only targeting crabs (or angling etc . ) ,  are provided for in Response 
Status coding (see ' Scope '  exclusions in Section 5-3, I tem (xi ) ) .  

I n  terms o f  age cri teria, two defini tions were employed .  First ly,  for purposes of 
all headcounting (routine sampling or whole estuary coun ts ) ,  the age of the 
person prawning was not considered, for field prac r i .:a l i t y .  However, during 
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interviews, two ' counts ' were recorded for each party intervie\ved whereby the 
firs t, refers to the total number in the party, regardless of age and the s econd, 
refers to the number actual ly  prawning and aged five years or more . This age 
criterion is  consistent with many other creel surveys and is  appropria tely set as 
the age, below which a child is  usually unable to effectively par t icip a te in 
angling or prawning activi ty .  

I n  terms o f  species i n  the scope o f  the s tudy, four specifi c pra vvn speci es were 
iden tified as being of primary in teres t:  greasy-back prawn (Metilpenaeus 
ben n et tae); eas tern king prawn (Penaeus plebejus);  school pravvn (Metapenaeus 
macleayi);  and tiger prawn (Penaeus merguiensis ) .  Other pr a w n s  (as defined) were 
included in the s tudy and in very rare cases, these were repor ted \vhen detected 
in i nterviewing / sampling v.rork (e. g .  Coral Prawn, "Ki l ler Prawn" ) .  

4-3 Temporal S ampling ( including tides and m o 'J n  phases)  

4-3 . 1  Samp ling Nigh ts, Times a n d  Stra tifica tio1 1  - R o u tine S a mp ling R u 11s 

The survey was conducted in the lunar months of Janu ary 92 - M arch 92 ( l s t  
season), November 9 2  - March 9 3  (2nd season) and November 9 3  - March 9 4  (3rd 
season) . In the firs t season, a lunar month was defined (inclusively)  as 
commencing seven nights prior to the night of the New Moon for that calendar 
month and ending eight nights prior to the New Moon in the fol lowing month.  
For subsequent seasons, this definition was altered to commencing nine nights 
before the new moon and ending ten nights before the new moon in the 
fol lowing month . (Note: this change enabled an addi tional routine s ampling 
night to be [appropriately]  included in the earlier part of the Dark Phase each 
month and resul ted from information gathered durir.g the firs t season regarding 
delays in tidal s ta tes on the three 'open' es tuaries - Coila Lake was closed to the 
sea for a majority of the survey, details of which were rou ti nely recorded on 
Workload Control Sheets ) .  

Each lunar month was further dissected into i ts ' Dark ' and 'Ligh t '  moon phase.  I n  
the firs t season the Dark Phase was defined (inclusively) a s  the fir s t  twelve 
nights of the lunar month ( i .e .  ending on the fourth night after the New Moon) .  
The Light Phase was  therefore from the fifth night (inclusive) after the New 
Moon onwards .  In subsequen t seasons, the Dark Phase was defined a s  the firs t  
four teen nights of  the lunar month (s till ending on the four th night  after the New 
Moon, but commencing earlier due to the revised lunar month defini tion) . 
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Although some recreational prawning activ i ty can be (and occasional ly  is) 
undertaken during d aylight hours, the survey was confined to nigh t activity -
defined as after ' las t  l ight '  and before ' firs t l ight ' ,  per "Civi l  Twil ight"  times 
reported in The Sydn ey Sky Gu ide, Sydn ey Observatory Almanac for the periods 
concerned (Reference example - 1 992 edi tion : ISSN 1 035-959 1 ) .  Note: ' l as t / first 
l ight '  times are approximately 30 minutes la ter I earlier than sunset  and sunrise 
times .  

In terms of routine sampling, an eight cel l s tra ti fication ma trix (co vering n1oon 
phase, tide s ta te and time of night) was applied for each lunar month for each 
estuary. For the firs t season, the 1 0  nights per mon th of routine safftpling 
(numeric Sub-areas only) were s tratified as follows (figures shown in ( . . )  rela te to 
the second and third seasons where 1 1  nights of sampling were under taken each 
month) : -

S tra tifica tio 1 1  of R o 1 1 ti1 le S a mp lillg Nigh ts (101 1 1) e a ch L 1 1 1 1 a r  Mon th 

Before 
Midnight 

After 
Midnight 

Total 

No tes : 

D ark Phase Phase To tal 
Ebb Tide(a ) Make Tide(a ) Ebb Make Ti de(a )  

2(3)  1 2 6 (7) 

2 1 1 (b )  4 

4(5) 2 3 1 1 0 ( 1 1 )  

1 .  (a ) Tide s tate i s  defined i n  terms of tida l  ' flow ' a s  opposed t o  ' l evels ' 
and rela tes to those Sub-areas where the flow is observable (viz :  nearer 
to the mouth of the es tuary) - see Section 5-1 for further detai l s .  

2 .  (b )  In al terna te mon ths, the make t ide run in the  Light  Phase was 
conducted after midnight 
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3 .  Precise expansion o f  the raw survey data to provide es timates o f  total 
catch and effort, therefore requires complete 'benchmark'  da ta for the 
relevant sampling universes - in terms of hours of darkness contained 
within each cell of the s tratification matrix.  Note: these calcula tions 
have been undertaken by FRI s taff for each es t uary u s i ng appropriate 
' tidal delay'  data in each case 

Selection of the actual nights for rou tine s ampling each mon th 1vas undertaken 
by applying a separate random s tar t /  skip in terval method to the 'universe' of 
nights wi thin each of the Dark and Light Phases of each mon th . For example, in 
the Dark Phase (always a s ample interva l of two applied), select ions would 
ei ther be 1 ,3,5,7, etc.  or 2,4,6,8, etc. (note: n umerics here are no t d a tes but e.g.  the 
firs t, third, fifth nights of the Dark Phase, as defined) .  For the Light  Phase, 
usually a sample interval of 4 applied and a random star t  in  the range of 1 -4 
(inclusive) would therefore apply .  Note :  selected sampling d a tes for a particubr 
month were applied to all four estuaries for that mon th, for d a ta COfftparability 

Random allocations of selected nights to complete the quotas i n  the above 
s tratification m a tr ix were then undertaken, using a seemingly cumbersome, but 
necessary 'priori ty '  procedure for each es tuary . 

This par ticular selection method was chosen as i t  minimised any clustering of 
sample nights and therefore the impact of any (clustered) 1veather pat terns . It 
also provided a more practical outcome in terms of s taff ros ters (as i t  was, field 
staff in some cases were required to work five nights consecu ti vely, due to whole 
es tuary cou n ts being conducted on in tervening nights in the Dark Phase -see 4-3 .3  
below) .  

Note: for each es tuary, a p rescribed ros ter s tructure, including the  order in  
which Sub-areas were to  be enumerated (again, randomised), was provided each 
month. Complete details of selected sampling nights and rela ted information 
are contained on these rosters (Workload Control Sheets - see Appendices G fsr. 
H) and also as ' header' information on completed ques tionnai res (see 
Appendices E & F) . 

4-3 . 2  Selection o f  Prawnillg Pa r ties fo r foterview d1 1ri11g Ro 1 1 ti 1 1e  S a mpling 

As mentioned earlier, survey enumeration involved combined coun t / interview 
runs whereby the number of recreational prawners in the Sub-area would firs tly 
be counted and then interviews immedia tely conduc i-ed wi th an appropriate 
sample of these, before proceeding to the next Sub-area . Two types of interview 
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were conducted : ( i )  the 'normal '  interview where baseline catch and effort  data 
were obtained and (i i )  the ' subsample'  in terview where addi tional data was 
collected for a sample of  (up to) ten prawns from the responden t ' s ca tch 
(carapace lengths by species, and aggregate weights of species ) .  

For the 'Normal Interview',  responden t/party selections were m ade using a 
random start / skip interval method wi thin each Sub-ctrea . At  leas t one interview 
was sought in each Sub-area where one or more pravming par ties exis ted.  
Second/ subsequent interviews were apportioned on a "partly propor tional-to
size basis " whereby a second interview in each Sub-a�·ea would be sought from 
all Sub-areas, before any third or fourth in terview. Effective  ' field s tra t i fica tion ' 
was also undertaken whereby interviewers ensured tha t less common events 
such as drag-netting, p rawning from boat/ shore (cenain es tuaries) were 
adequately represented . However, apart  from such cases, in terv iewers were 
clearly briefed to at all times apply a "non-purposive" approacl1 to selection 
work . For example, ease / difficul ty of access to a prawning p a r t y  or the l ikely 
co-operation (or o therwise) of a par ty, were never to be consi dered.  

The above procedures were considered appropriate to ensure tha t  an adequate 
dis tribution of in terviews by area was ob tained wi thin the al lot ted tin1.e for each 
run. Understandably, this occasionally resulted in higher propor t ions (sampl ing 
fractions ) of in terviews from those Sub-areas toward� the end of  a run (no te :  
Sub-area order was varied for this and o ther reasons) . 

As mentioned earl ier, our field s taff acquired considerable j udgmental  ski l l  over 
time in terms of factors such as wea ther, visibili ty, likely effor t  concentra tions 
e tc .  and produced consis tently higher sample- takes of in terv ie 1;vs as the s tudy 
progressed.  

IMPORTANT: the use of the 'simul taneous ' count/ in terv iew method enables 
precise sampling frac tions to be calculated (and therefore s tandard errors) for 
each Sub-area / night throughout the s tudy.  

For the ' Subsample  I nterview',  selections were made from those selected for 
' normal interviews ' on the basis tha t  at leas t five such in ter views be completed 
per night  for each estuary, where possible .  Unless s ignifi can t clus tering of 
normal in terviews occurred (or low effort levels exis ted) ,  these fi ve in terviews 
were to be dis tributed across the Sub-areas, using a random s tar t /  sample 
in terval method as appropri a te, to select  the Sub-area� for inclus ion .  

Within each selected Sub-area, a selection was then made on the basis of the firs t  
par ty in terviewed (for 'normal in terview' ) where a catch o f  10 o r  more prawns 
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was revealed ( viz: 1 0  prawns was the required subsample size for these 
interviews) .  If a selected Sub-area did no t produce a n  eligible in terview, the 
s ubsample interview would be sought from the next Sub-area and so on.  
Accordingly, multiple subsample interviews were occasional ly ob ta ined for 
cer tain Sub-areas . 

4-3 .3 Samp ling Nigh ts and Times fo r Wh o le Estu a nJ Co uJ 1 ts 

In the firs t season, these headcount runs were conducted on each estuary once 
per month in January, February and March 1 992, on the n igh t (s) ,  closes t  to the 
night of the New Moon (and not previously selected for rou tine samp l ing 
purposes) .  For subsequent seasons three such counts  were conducted on the 
same selection basis, in the (al ternate) months of November 92(&93), January 
93(&94) and March 93(&94) . In terms of the t imes at  which these coun t ru n s  
were conducted, we note tha t these ru n s  were scheduled on each es t uary to 
maximally embrace the peak prawning effor t  for the selected n igh t ,  including 
scheduling for ebb t idal  flows for those Sub-areas nearer to the rn. o u th of the 
estuary. 

As mentioned earlier, whole es tu a ry co u n t  ru ns were also conducted in  the Light 
Phase for certain months in the second season (Febru ary & April 93) and third 
season (December 93 & February 94) . These were con ducted to  provide further 
data in rela tion to the coverage provided by routine sampling.  Monthl y  
selections were made o n  the basis of the night close s t  t o  the nigh t o f  the Full 
Moon (and not selected for routine sampling) . The timing of each ' run '  was a lso 
scheduled to embrace the maximum effort for the selected nigh t ( including ebb 
tid al flows for Sub-areas near the mouth) . 

Note:  in the very few cases where prawning activi ty was detec ted during whole 
es tuary cou n ts in Sub-areas o ther than those prescribed for routine s ampling, field 
s taff were ins tructed to conduct a conventional interview wi th these prawning 
parties to reveal any differences in catch / effort for thi:>se  areas . Al though some 
parties could not be accessed in such cases (shore-based prawn ing in  shallow 
water vs .  boat-based field staff), the resul ts of such ir, terviews rn.ust  necessarily 
be reviewed wi th considerable cau tion and are effecti vely inconsequen tial due to 
the extraordinary coverage levels revealed through this  work .  
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4-4 Response and other S ampling Considerations 

As a s trict rule, no substi tution of selected nights, t imes or par ties for in terv iew 
was allowable in routine sampling work. However, in iso la ted cases, this d id 
not apply to  whole es tuary cou n ts, where extremely bad wea ther caus ed the 
appropriate re-scheduling of two such runs (primarily to obvi a te ' to ta l  zero ' 
count si tuations and therefore avoid was te of field re ::;ources) . 

In terms of public response, an excep tional overal l resul t has been achieved in 
this s tudy. Response rates of virtually 1 00 %  have been cons is ten tly ob tained for 
each es tuary and this  is largely a ttributable to: use of an appropria tely brief 
interview structure; a modest but  effec tive p ublic awa reness campaign through 
local newspapers; and mos t  importantly, the professional i sm and sk i l l of our 
field  s taff. 

It  should also be noted tha t  the practices of conceal ing ca tches or ' convenien tly '  
ceasing prawning activity as the survey team approaches (a  concern in cree l 
surveys generally and specifically, where bag / size l imi ts exis t)  are cons idered to 
have been negligible. In fact, when asked to report on any s uspected s uch cases, 
our field s taff were only able to cite a few p oss ible  cases thro ug h o u t  the entire 
s tudy. 

Although of similar minori ty significance, i t  s hould be no ted that in  the early 
s tages of the second season, some response difficul ties \Vere encoun tered with a 
party of regular local prawners on Lake I l lawarra.  b 1)wever, the 
persis tence / profess ionalism of our local field s taff in  con tinu ing to a ttemp t to 
interview them (whenever randomly selected) and in jus tifying the impor tance 
of their co-operation, eventually 'won through'  with fu l l  co - opera t ion being 
received for the remainder of the study.  

A further isolated inci dent of concern to response quc.l i ty invol ved the refusal by 
one party on Coi la  Lake in the second season to al lovv a very large  ca tch of  
prawns to be weighed by our s taff. As  a resul t  of  this,  fiel d s taff provided a best 
estimate of the weight involved and this was noted on the ques tionnaire and 
separately reported to FRI s taff. 

It is wi th some confidence therefore, tha t  we sugges t tha t overa l l response bias 
(and other non-sample error) associated wi th the study i s  absol u tely minimal .  
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5 D ETAILS OF DATA ELEM ENTS - QUESTIONNAIRE FORMS 

The following s ub-sections provide a detailed discussion o f  each ' field '  con tained 
in the survey ques tionnaires, together wi th range and val idi ty information as 
appropriate. 

5-1 Data Elements Common to Wh o le Estuary Cc 1m t Forms and 
Co unt/In terview Forms for Routine S ampling 

The following information is m ainly contained in the 'header '  section of  the two 
ques tionnaire types (see Appendices E and F for cop i es ) : -

( i )  

( i i )  

Estuary: 

Sub-area 
Number: 

Coila Lake:  

Lake Il la warra :  

Tuggerah Lakes: 

Wallis Lake: 

( i i i )  D ate (D/M/Y) : 

one character, numeric only (valid codes : 
Vvallis = 1 ;  Tuggerah = 2; I l lawarra = 3; Coi la  = 4) 

two characters, zero-fill ,  alpha or nurn.er ic  - val id 
codes below: 

to tal estuary - 01 to 05, plt; s  A to E ( inclusive) 
l s t  season routine sampling - 01 to 05 
2nd season rou tine s ampl ing - 01 to 05 (no change) 

to tal es tuary - 0 1  to 1 0, plus A to C ( inclusive) 
l s t  season routine sampliP g - 01 to 1 0  
2nd season - 0 2  to 05, 0 7  t o  1 0  (0 1 & 0 6  excluded) 

total es tuary - 0 1  to 1 1 , plus A to I ( inclus i ve) 
l s t  season routine sampling - 01 to 1 1  
2nd season - 0 1  to 05, 09 to 1 1  (06 to 08 excluded) 

to tal es tuary - 01 to 1 2, plus A to I ( inclusive) 
l s t  season routine sampling - 0 1  to 1 2  
2nd season - 02, 0 5  to 09, 1 1  & 1 2  ( 0 1 ,  03, 04, & 1 0  
excluded) 

six characters (3 x 2), zero fi lt numer ic only - day 
month, year of the selected night  ( i . e . the night  
hours beginning on [ . . . . .  ] bas is �· )  

1 9  

f 

f 



Note*: Even in cases where a s cheduled run commenced after midnigh t, the date 
shown al l  Workload Control Sheets and questionnaires for that run refers to the 
previous day (i .e .  date of commencement of the selec ted sample night) 

( iv)  Day Type: one character, numeric oni y  (val id codes : 
vVeekday(WD) = 1 ,  
Weekend/ Public Holiday (WE / Hol ) = 2 

Note: wi th prawning activity occurring a t  night, i t  was detenYt ined tha t 'day 
type' c lass ification should be based on the ' type'  of the day the selec\:ed 
night, as this more reali s tical ly reflects behavioural differences in this  respect.  
Friday night selections were therefore classified to code 2 and Sunday nigh ts to 
code 1 ,  unless a Monday Public Holiday occurred the fol lowing day . 

(v) NSW S chool 
Ho ls :  

one character, numeric only (va l id codes 
Yes = 1, No = 2) 

Note :  criteria for classifying selections at the s tart and end of a period of school 
hol idays were as for Day Type  (see note above) 

(vi)  Roster No:  

Coila Lake: 

Lake Illawarra:  

one character, numeric on ly (val id  codes below) 

ALL THRE E SEASONS 
Ros ter 1 - last  l igh t onwards for 2 . 2 5  hours 
Ros ter 2 - 221 5  hrs to 0030 hrs 
Ros ter 3 - 0030 hrs to 0245 hrs 
Ros ter 4 - 2 . 25 hrs before firs t l ight  

ALL THREE SEASONS 
Ros ter 1 - last  l igh t  onwards for 3 . 5  hours 
Ros ter 2 - 2245 hrs to 021 5  hrs 
Ros ter 3 - 3 . 5  hours before fi rst l igh t 

Tuggerah & Wallis 1 ST SEASON 
Lakes : Ros ter 1 - las t l igh t  onwards for 4 . 5  hours 

Ros ter 2 - 4.5 hours before fi rs t  l ight  

2ND SEASON 
Roster 1 - last  l ight onwards for 4 hours 
Ros ter 2 - 4 hours before firs t  l igh t 
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Note: no al teration was made for 'middle ros ter ' types (e. g .  Ros ter 2 Lake 
Ill awarra), for varia tions caused by the reversion from Daylight saving towards 
the end of each season. However, las t / fi rs t  l ight times were of course adjus ted 
for thi s .  Note also:  al though provision exis ted on whole es tuary cou n t  forms for 
Ros ter No#, the above code system was not employed . Ins tead, speci fi c  s tart 
times were shown on individual Workload Control Sheets . 

(vii)  C/I Period two fields x 4 characters, numeric only (val id 
(or  Count Period)  ranges as per  24 hour clock and wi thin [or  close to] 
. . .  from/to the corresponding range for the individ ual Ros ter 

No#) . This is the actual time period for fie ld work 
conducted on each particular Note :  
midnigh t = 0000 hrs and a l l  t imes refer to offi ci al 
Daylight Saving or Eas tern Standard Time as 
appropriate 

(viii )  Tide: the actual tidal flow s ta te for each specifi c  Sub
area as observed by field s taff a t  the s t a r t  of 
counting for that  area . One charac ter, numeric 
only (valid codes : M ake t ide (R/ in )  = 1 ;  Ebb t ide 
(R/ out) = 2; Slack = 3; and no t appl icable* 
(N / A) = 4 

Note*: on each es tuary, cer tain Sub-areas were deten! : ined as  ' non- ti d a l '  i . e .  the 
flow of water was negligible and could not  be routinely asses s e d . The rn.ajority 
of Sub-areas on each es tuary fel l  into this ca tegory ( including a l l  with an 
alphabetic Sub-area identifier ) .  Those for which Tidal  codes 1 to 3 were valid 
are: Coila - Sub-areas 01 - 05; Illawarra - Sub-areas 07 - 1 0; Tuggerah - Sub-areas 
02 - 04; and Wallis - Sub-areas 05 - 09, 1 1  & 1 2 . In a l l  other cases,  code 4 (only) is  
valid for this field 

( ix) Moon: one character, numeric only (va l id  codes* :  
Dark Phase, Moon Up ( D / U) = 1 ;  Dark Phase, 
Moon Down ( D I D) = 2; _Li g h t  Phase, Moon Up 
( 'i" j U) = 3;  Light Phase, Moon Down (l / D) = 4 

Note*: Dark / Ligh t Phase of moon a s  defined earl ier  i :1 4 - 3 .  l. Moon up / down 
refers to whether the moon had risen or not a t  the s tar t  of that par ticul ar 
run / Sub-area and where any doub t exis ted (e .g .  due to hea v y  cloud co ver) this 
was sourced from data provided by the Sydney Obser v a tory (see also under 
4-3 . 1  earlier ) .  
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(x) Weather 
Observa tions:  

Wind 

Rain 

Cloud (cover) 

Tempera ture (a ir )  

four fields, al l  one charac ter, numeric only .  
Recorded from observa tions by fie l d  s taff a t  the 
s tar t  of each run / Sub-area .  Val id  co des below:  

less than 10 km / hr = 1 
1 0  - 20 km / hr = 2 
more than 20 km I hr = 3 

Nil = 1 
Light = 2  
Medium / heavy = 3  

less than 33 o/c = 1 
33 - 6 6 %  = 2 
rnore than 66 % = 3  

les s than 20 °C = 1 
20 - 25 °c = 2 
more than 25 °c = 3  

Note:  while the above observations did no t necessari ly involve em.pirical 
measurement, i t  s hould be noted that considerable t ime was devo ted d uring 
in terviewer training to maximise the consis tency and abso lute accuracy of thi s  
work (viz: certain field ' yards ticks '  were ap plied e .g .  below 20 k m  wind speed, 
only occasional small  'whi te water '  on exposed areas ) .  

(xi) Numbers of Prawners Counte d by Typ e  of Net U s e d ,  B o a t  vs . 
Shore-b ased and Prawning L ight Type 

In bo th whole es tuary cou n t ing and rou t i n e  sampling wo!k, headcounts  of 
recreational prawners (persons) were cond ucted for ind i v id ua l Sub-areas and 
according to the activities of each person / p arty ( in terms of n e t  type, etc . ), 
counts were progressively ' cricket-scored '  and ult im a tely tota l led for each of 
nine discrete categories . 

The nine ca tegories (see ques tionnaires) are formed from three v a riables : boat  
versus shored-based (wading) activ i ty ;  drag nets versus  other net  types ( e . g .  
scoop net, push ne t scis sor net) ;  prawning  l igh t usage and i f  s o ,  whether above 
water (arrow upwards)  or submersib le (arrow dowrnvard s ) .  For any (rare) cases 
not classifi able to one of these nine ca tegories,  an addi tiona l  co l u m n  was 
included ["All O thers (specify) ] .  
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Each of these nine fields  was original ly set  as two characters, numeric only. 
However, on some occasions during peak school holiday peri o d s ,  coun ts for 
certain Sub-areas did exceed 99 pra wners . 

Note :  as mentioned earl ier, the field cri teria  employed in this coun ting work 
contained no reference to age of responden ts and was prim a ri l y  me thod-based 
(see earlier discussion under 4-2) . 

5-2 Other Information Relevant to Wh o le Estuary Co 11 1 1 t Form s  

The information contained in 5-1  above embraces a l l  subs tan ti v e  d a ta elements 
con tained on these ques tionnaires . I t  s hould be noted howe ver,  that for the 
larger es tuaries, several

° 
quE:stionnaire pages and separa te n i g h ts of counting 

were required to complete a whole es tuary count .  

Also,  before despa tch of these ques tionnaires each mon th , cal cul a ti ons  were 
routinely made and recorded on the front page for each es t uary in terms of the 
coverage factor revealed from these coun ts . This  coverage ji1ctor equa tes to the 
proportion, tha t  the number of prawners counted in tllose S u b-areas covered by 
the routine s ampling run (for that time), represen ted of the to tal  prawners 
counted for all Sub-areas for the es tuary .  For example, on Coila  Lake, the 
coverage factor was calcula ted by dividing the sum of all pravvners in Sub-areas 
0 1 - 05 by the sum of  all  prawners in Sub-areas 0 1 -05 an d A - E  i n c l u sive .  

5-3 Other Inform ation Relevant to Count/Interview Forms - R o u t ine 
S ampling 

The following informa tion refers to data elements con tained i n  the remainder of 
the coun t / interview form (see Appendix F) . Note:  th i s  ques t ionnaire was 
designed to enable (under mos t circums tances) al l  count  and in terview data for a 
sample night for an individual Sub-area to be contained on the o ne form. Note 
also :  all  interviews were selected and conducte d on a ' p arty b a sis ' ,  defined as 
one or more people engaged in (join t-effor t )  prawninf; acti v i ty and 'pooling' of 
the ca tch . If presen t, the prawning ligh t was often a su i table add i tional 
determinant i . e .  where more than one l ight  exis ted, sep a ra te p a r ties were 
considered to exi st .  
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(i )  Interview Number: 

( i i )  Boat or Shore/Wad ing: 

a unique identifier (s uffix ) for each record 
- single character, numer i c on ly . Structured 
codes 1 to 6 on the ques t ionnaire .  In rare 
cases ·where more than 6 i n ter v iews were 
obtained for a parti cu lar Sub-area, 
appropria te amendments  h a v e  been made 
(7, 8,  9 etc . ) 

one character, numeric only ( va l id  codes 
Boa t = 1; Shore/ Wading = 2 )  

Note :  cases where prawners were opera t ing from a vessel 1,vhi ch was  tied to a 
wharf or any other access ible shore- line area (as opposed to a n chored or tied to 
e .g .  an oyster lease/ navigation po le) were classified a s  shore-based .  

( i i i )  Nets  (No.  o f  . .  . ) : three x single charac ter fields ,  n umer ic 
only, for the number of ea ch type of drag, 
scoop or 'o ther' nets in u s e  b y  th e par ty 
a t  the time of interviev.1 . Note :  ' o ther ' ne ts 
include s cissor and push nets . Also ,  zero
fill for appropria te cases 

(iv) Prawn Ligh ts (No. of  . . . ) :  two x single chara �- �er fie lds ,  n u meric 
only, for the number of  abo ve-surface and 
submersible prawning l igh ts in  use by the 
par ty , a t  the time of  interv iew . Note :  
torches and o ther conven tional  
ligh ting were excluded here , unless being 
used specifical ly as prawn ing l i gh ts . Also, 
zero-fi l l  for appropri a te ca ses 

(v)  Total Number of  People two charac ters , numeric  o n l v - i ncl uding 
in p arty (all  ages/whether al l  persons associa ted wi th each par ty ' s  
prawning or  not) :  prawning ac t iv i ty - even infan ts / non

par ticipants,  but  presen t i n  terms of e . g  
si t ting on the shore / 1n inding t h e  catch 

(vi)  Number of  People 
Actually Prawning 
Oight/netl> or  = 5 yr�) :  

tv,ro charac ters , numeric only  - equa t in g to 
the number actual ly  invol ved in prawning 
ac t iv i ty e . g us ing a net, l igh t or ho ld ing the 
ca tch wh i le wad ing a t  the t ime of i n terview . 
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Note: exclusion here of non-active party members and all  aged less than 6 years 
crea tes an effective ' core' effort  base.  No te also:  i t  is  this figure which is mos t 
directly comparable wi th headcounts obtained for the Sub-area o vera l l and 
therefore to be used in sample fraction calculation.  

(vii)  Time of  Interview: 

(viii )  (And) when did you 
actually start prawning 
tonight? 

four characters, numer ic only - 24 hour 
clock used, Dayligh t Saving or E as tern 
S tandard Time as appropr i a te .  Recorded 
precisely  by in terv iewers ,1 S ' s tar t  of in terview ' 
time ( to the one mi1rnte l eve l )  

as per  the above, b u t  recorded to t h e  degree 
of precision prov i ded by the respondent -
rarely better than the 5 m i nu te levet but 
in variably reported at be t ter than the 30 
minu te level - a l low i ng for ' ro unded ' hour ly 
effort  calculations [and CPUEJ  of  consi derable 
reliabi l i ty 

Note: in terms of ques tioning respondents here, interviewers were ins tructed to 
probe briefly but thoroughly for any breaks in activi ty (and excl u d e / adj ust  
times where appropriate) . Maximally accurate s tart  times were also sough t, by 
quickly clarifying with the respondent any cases where v ague s ta r t  t imes (e . g .  
"abou t three hours ago")  were ini tial ly reported . Usually t h i s  invol ved probi ng 
with . . . . .  "can you recall the t ilne when you actually s tarted J.mrwn ius ton igh t ? "  
A common response to this probe would b e  e .g .  "wel l we left ho1 1 1 t' a bit  after eigh t 
. . . a bou t 1 5  m i n u tes ( travel / set  up time)  . . .  probably a bo u t twt'1 1 ty pos t eigh t " .  

Note also: the precision o f  reported s tar t  times was the s ubjec t o f  a sep ara te (but 
parallel) s tudy by FRI s taff, whereby observations of a c tua l commencement (and 
cessation) of  prawning activi ty were made, enabling coITtpar i sons  with 
reported / recalled s tart times by responden ts . 

(ix) Weight of  Total Catch: four charac ters, nurneric, recorded in 
kilograms ( to two deci m a l  poin ts)  - to the 1 00 
gram level for larger ca tches * and to the 1 0  
gram level for smal l er C ZI  tches"  ( \V here 
pos sible) 

No te :  *to enable precise weighing of  the range of ca tch sizes, f ield s taff were 
equipped with two sets of scales (i) a spr i ng balance [0r ca tches ranging up to 1 0  
k g  (after this catches were necessar i ly d ivi ded ) and ( i i )  a s m a l l e r  pan balance for 
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weighing s ubsamples (see (xiii)  below) and smaller overall ca tches (us ual ly up 
to around 300 grams) .  The weights of  ca tches were r ,Jcorded as  precisely  as 
possible, including deduction of  the actual weight of  a.ny recep tacle in volved.  
However, for practical purposes (and security of catches) es tima tes of the 
weights of  certain receptacles were made (e . g .  the pocke t / end of a [wet ]  prawn 
net in which prawns are kept while con tinuing prawn i ng [wad ing ] ) - these were 
based on earlier actual tes t weigh ts of commonly-used equipmen t . Also, weel�, 
water and o ther foreign matter were routinely remov2d before weighi ng, to 
ensure a level of precision vvi thin the tolerances detailed a bo ve . Again, 

substantial practice /  tes ting of these methods was under taken before 
commencement of the s tudy proper .  Also, the precis ion of  s cales  was tes ted a t  
regular intervals throughout  the s tudy .  

(x) (And) could you tell me 
your home p ostcod e(s)  
please? 

three 'rows '  in each of which, a three 
character pos tcode 3escr ip tor (numeric and 
equi valent to the three d i g i ts of  the 
Australian pos tcod e*) and after the "x" ,  a s ingle 
charac ter, numeric - the number of 
respondents in the p ar ty  to \vhom that 
pos tcode (descr iptor) rela tes 

Note*: For example, three responden ts with the pos tcodes of (say) 2 1 60, 2 1 6 2  ar.d 
2 1 63 would be recorded on the one ' row'  as 2 1 6  x 3 .  The second and third rmvs 
therefore provide for a total of up to three different pos tcode descrip tors (as 
opposed to pos tcodes) for each par ty interviewed . Also, responden ts wi th an 
overseas home address were class ified according to the fol lowing pos tcode 
descriptors : UK = 994; Europe = 995; New Zealand = 996; Japan = 997; USA = 
998; and elsewhere = 999 . 

(xi)  Response S tatus: one character, numeric  only - valid codes 
belmv 

Full Response (Full = 1 ) : where all  required i ;1 forma tion v.ras ob tained 
for that  interview 

Full  Refusal (Ref = 2 ) :  where a l l  required i nforma tion i s  decl i ned 
for that in terview (note : ' obser ved ' data  s ti l l  
recorded in these cases e . g .  no . of people in 
party) 

Part Refusal  (P / Ref = 3 ) :  a s  for 2 above but  0 11 ly  some information 
decli ned 
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Language (Lang = 4) :  

Scope Exel us ions :  
(Scope = 5)  

(xii )  Comments 
(Quote I/view No#) : 

cases where the interv ie vv, or par ts thereof, 
could not be compk�ted due to foreign 
language or o ther comm uni ca t ion difficul ties 

cases where the acti vi ties of all people in the 
party were out  of the scope of the s tudy e .g 
recrea tional angler�, those targeting crabs 
only, or commercia l  pra-vvning opera tors 

a section for addi tional comments by the 
in terviewer, where the In ter view No# was 
cross-referenced in  each such case 

(xii i )  Subsample I nterview Number# 

In accordance with procedures described earl ier ( see 4-3 . 2) ,  subs ample 
in terviews were randomly selected from par ties reveal ing prawn catches in the 
init ia l  interview. Conducted as a cont inuation of tha t  in tervie\v, a sample of 1 0  
prawns (or less, i n  some cases where poor catches were prevalent) was 
randomly selected using a smal l  sampling scoop, after ' s t irri ng '  of the ca tch. 

The Subsample Interview Number (one character, alt..,ha or numeric) provides a 
l ink to d a ta collected in the in i tial  in terview for the selec ted party and equates to 
a repeating of the original In terview Number (see I tern ( i )  abo ve) . Note :  in  cases 
where no Subsample In terview was sough t for a par ticular Sub-area, this field 
remains b lank and where an interview \Vas sough t but no eligible party exis ted, 
the a lphabetic code (N) applies . Note:  in some cases, two subsample interview.::> 
were conducted for certain Sub-areas and the addi tional data (and Interview :\J"o) 
recorded on the form, as appropria te .  

(xiv) Subsample Interviews -
Aggregate We ight 
by S pecies 

six by three charac ter fields,  a l l  nurneric, zero
fi l l ,  for the aggrega te weigh t (grams*) for each 
species (including ' o ther '  and total)  revealed in  
the Subsample. That  i s ,  the prawns were 
firs t ly sorted by species and then aggregate 
weights ob tained for each s p ecies 

No te*: using a precision pan balance, maximum accuracy w a s  sough t at al l  times . 
However, due to a number of fa ctors (principally wind affec t ing the p an 
b alance) a ten gram precis ion level should be assumed for th is  s a mp l ing work 
overal l .  
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(xv) Subsample  Interviews -
Individual Carap ace 
Lengths by S p ecies  

len g th * i n  mms .  ( t \·VO charac lers ,  numeric), 

p l u s  speci es code (cne ch a ra c ll'r, a l p h a ) for 
up to 20 i n d i vi d ual  p r a w n s  ( u s u a l l y  1 0) in the 
subsample .  Spec ies codes :  C = greas y- ba ck; 
K = eas tern ki ng; S = schuol ;  T = l i ger;  
0 = o th er pra wn; U = pra w n  s peci es unknown 

Note*:  carapace lengths were measured us ing h i gh qual i t y  vernier cal ipers (with 
analog dial)  accordin g to procedures spec i fi ed by FRT (see 1 for 
graphic des cr iption ) .  
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Survey Area Maps 
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Survey Area Maps 
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� ewagama l\esearch R E C R E A T I O N A L P R 1\l-IN I N G S U R V E Y 1 9 9 1  - FU L L  COUNT FORM 

�: D il  t e  � Roster -

wallis l 

rn 
� 

Da te Hols 
'l\Jggerah 2 \,D 1 

D Mon th Yes 1 Ill.awarra J WE/ 
c'oila 4 Year liol No 2 

· · - · · 

S u b - B O A T  
A r e a ( a l l  n e t  t y p e s ) 
N o . # t Ligh t � L i g h t  N i l  i L i g h t 

DJ DJ DJ []] 

[[] DJ DJ DJ []] 

[[] DJ DJ DJ [IJ 

[[] \[[] DJ DJ [IJ 

[[] DJ DJ. DJ [IJ 

[[] DJ DJ DJ [IJ 

[[] .DJ DJ DJ [IJ 

[[] DJ DJ DJ [[] 

DJ 

Co u ri t  Pe r i od . T.if&  tl;.lQ!l liln;!_ fr an 
R/in 1 D/U 1 <lOkm 1 
R/out 2 0/0 2 10-20 2 
Slack 3 vu .  3 > 20km 3 
N/A 4 I..lb 4 

S H O R E  ( i n c l u d i n g  w a d i n g ) 

D r a g  Ne t O t h e r  Ne t s  l L i g h t ·· N i l  t L i g h t  � L i g h t 

DJ DJ DJ []] 

DJ DJ [IJ 

DJ DJ 

DJ DJ DJ []] 

DJ DJ DJ DJ 

DJ DJ []] 

DJ DJ DJ []] 

ITJ DJ [[] 

&!ln. � 
Nil 
Light 

Med-
Heavy 

1 <33°  
2 33-66 

>66°  
3 

--

N i l 

1 <20°  
2 20-25 
3 . > 2 5 °  

11 1 1· O t h 2 r s  
( s p e c i f y ) 

1 
2· 
3 

. . . . . . . . . . . . .  

. . . . . . . . . . . . . 

. . . . . . . . . . . . . 

. . . . . . . . . . . . .  

. . . . . . . . . . . . . 

. . . . . . . . . . . . .  

. . . . . . . . . . . . .  

. . . . . . . . . . . . . 

. . . . . . . . . . . . .  

. . . . . . . . . . . . . 

. . . . . . . . . . . . . 

. . . . . . . . . . . . . 

. . . . . . . . . . . . . 

. . . . . . . . . . . . . 

o o o o o • • • o o • • • I 

• • • • • • • • • • • • •  i 

. . . . . . . . . . . . .  

. . . . . . . . . . . . .  i 
I 

. . . . . . . . . . . . .  

. . . . . . . . . . . . . 

. . . . . . . . . . .  . . 

. . . . . . . . . . . . . 

. . . . . . . . . . . . .  

. . . . . . . . . . .  . . 

. . . . . . . . . . . . . 

. . . . . . . . . . .  . . 

. . . . . . . . . . . . . 

. . . .. . . . . . . . . . 

. . . . . . . . . . . . . 

. . .. . . . . . . . . . . 

. . . . . . . . . . . . . 

. .  . . . . . . . . . . . 

.. . .. . . . . . . . . . .. 
. 

. .  . .  . . . . . . . . . 

DJ . . . . . . .. . . . . . . 

. . . . . . . . . . . . . 

C PageOot[ 
NSW Temp 
~ &...1. 1 I I I I 

to 

'1 

2 I I I I I 
. - ' 

[I] DJ 

I DJ DJ 
. . 
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DJ [I] OJ 

OJ 

OJ 
' I 
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DJ I 
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OJ 
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DJ I 
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� e wagama r1-esearch IWA::Rl::llTICN/\L PMhNit-G SUf!VEY @ 1 9 9 1  

Sub-/l rea D.:ite Ros ter Period � \tirfL J&rL f r  cm tlQQ!l � � Numbe rt � Wa l l i s  l !Vin l D/U l < l Okm l N i l  < J J •  1 < 2 0 °  l l!lli 
T\Jgge rah 2 1 

D 
rvou t 2 DID 2 1 0 - 2 0  2 Light J J - 6 6  2 2 0 - 2 5  2 

Yes l to 
I l lawa rra J WE/ Slack J L/U J > 2 0 km  J Med- > 6 6 °  J > 2 5 °  J 
Coi l a 4 llol 2 

No 2 N//I 4 LID 4 Heavy J 

Ccwi t Record - Nurt>ers o f  People 

00/IT SllORE ( i nc l ud i ng wading) Al l O the r s  '{specify) 
( a l l  ne t  types )  Drag Ne t  other Nets 

Light Light N i l  Light Ligh t N i l t Lig h t  Ligh t N i l  
· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

DJ rn rn rn rn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  1 

Interview Number I l 2 J 4 5 
6 

floa t  or l l 1 l l l 
Shore/Wad i ng 2 2 2 2 2 2 

Nets ( No .  o f  . . . ) • Drag 

[l [l LJ [l • Scoop 

• O ther 

Prawn Li g h t s  ( No .  of . . . ) 

B B B B 8 8 • /llxJvc Sur face 
• Subnersible 

Total nuntier o f  people i n  

rn rn rn rn rn rn f)3 rty ( a l l  ages/'-"e the r  
prawn i ng  or no t )  

N\.JT"Oer of people ac tually 0 rn rn rn prawning ( l i g h t/ne t/ �  Syrs)  

Tirre of Interview 
(/lrd ) when did you a c tual ly 
s tart prawning tonight? 
(Probe : continuous e tc . )  

heigh t o f  Total Catch mrn rn. rn 
kg  lOg kg l Og kg lOg kg . 10g 

(/lrd ) Cou ld you tell rre 
your hare p::>s tcode ( s ) x x x x x x 
please? x x x x x x 

x x x x x 

Resp::>nse S ta tus  

1 2 J 4 5 l 2 J 4 5 l 2 ) 4 5 l 2 J 4 5 l 2 J 4 5 l 2 ) 4 
f\J l l R"f P/Rd l..onq Scope 

J 2 J 4 5 

C o m m C" n t· s ( q u o l 0  l 1 V i  <:' W  N o  I I :  
· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

. . . . . . . � . . .  . . . . . . . . . . . . . . . . . .  · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

. . . . . . . . . . . . .  . . . . .  · · · · · · · · ·  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . 

. . . . . . . . . . . . . . . . . . . . . . . . . .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

S u b - s a m p l e  
!"illTple To la l  

I n t e r v i e w N u m b e r I Weights 
(g rnms ) 

l 2 J 4 5 6 N 

ITJ ITJ ITJ 
G K S T O U G K S T O U  G K S T O U  G K S T O U  

ITJ DJ ITJ ITJ 
G K S T O U  G K S T O U  G K S T 0 U G K S T O IJ 

Grcusy K i ng 

ITJ [1J 
G K S T O U  G K S T 0 U 

. CC  OJ G K S T 0 U G K S T 0 U 

Schoo l 

ITJ 
G K S T O U  

OJ 
G K S T 0 U 

Tiger Other 

CD ITJ CD . 

G K S T O U  G K S T O U G K S T O U  

G K S T 0 U G K S T O U  G K S T 0 U 

E:.stu.1ry : NSW 
CLr 

- - ~ 
~ 

&...J_ I 
:§§ I I I ! l 

OJ 
M) 2 

I I ! I I 

j J ! ~ 

OJ OJ DJ [I] 

I I I I 

r -

l 

i 
I 

B 
I 

i 
~ I 

I 

-

1°11 I I I [3J 
I I / I I I I I / 

1 I I I / l I IJJ I I I I 1 1 I I I l I I I I /LLLLJ 
mrn rnrn rnrn rnrn 

lOq kg lOq ka 
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Estuary: COILA 

D•y/D;ate Doty Type 
(ie night hcs 
commencing WO ( 1 )  
on lhe p. w of or 

... ) WE/H O L  (2) 
Tue 28/ 1  D 

( 
Thu 30/1  D 

.. Fri 31 / 1  E 

{ Sat 1 /2  E 

Mon 3/2  D 

l Wed 5/2  D 

l 
Fri 7 /2  E 

Tue 1 1  /2 D 

f 
Sat 1 5 /2 E 

Wed 19/2  D 

Sun 23/2  D 

Roster 1. 

2. 

3.  

4 .  

Area Order  1 .  

2 .  

3 .  

4 .  

RECREATIONAL PR.A WNINC SUR V EY 
WORKLOAD CONTROL S H E ET 

M onth/Year: FEB RUARY, 1992  

N S W  
School Huls Roster A n.� .i  M o o n  O t h e r  Co m ments 
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APPEN DIX H 

Workload Control 
Sheet 

(2nd & 3rd Seasons -

92/93 & 93/94) 



Estuary: w AL us 

Day/Date Day Type 
(ie night !us 
commencing WD ( 1 )  

o n  the p.m of  or 
. .. ) WE/H O L  (2) 

Sun 5 1 12 D 

Tue 7 1 1 2 D 

Thur 9 1 1 2  D 

Sa t 1 1 1 1 2  E 

tvlon 1 3 1 1 2  D 

Wed 1 5 1 1 2  D 

Fn 1 7 l 1 2 E 

Tue 21 1 1 2  D 

Sa t 25 1 1 2  E 

Tue 2 8 1 1 2  D 

Wed 29 /1 2  D 

Thur 30 1 1 2  D 

Sun 2 / 1  E 

Rost e r  1.  

2.  

3.  

4.  

Area O r d e r  1 .  

2 .  

3 .  

4 .  

RECREATIONAL PRAWNING S URVEY 
WORKLOAD CONTRO L S H E ET 

Mon th/Year: D EC EMBER 1993 
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0030 to 0245 hrs 3 .5  hrs before 1 s t  l ight 4 hrs before 1 st l ight 4 hrs bdore 1 st  l ight 

2 .25 ltrs before 1 st 
l igh t 

1 -5 2-5, 7-1 0 1 -5,  9 - 1 1  2, 5-9, 1 2, 1 1  
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APPENDIX I 

Measurement 
Procedures - Prawn 

Carapace Length 
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Carapace Length Measurement 

A: Lateral View 

s 

• 
. 

A D  

C0-ro..pa..c...e.. 
, 

. B  C 

PA SU E 
I 

I 

a s  
H S  

Of 

VT 

-----
-- ---... _ __  ----- A 

G O  
PS 

B: Dorsal View 

PAS AO 

K<'y features  o r  t h e  carapace.  
A Lateral 11 low. 
B. Dorsal v iew.  

c H S  

A - e n t ennal  r idge  and a n t e n n a !  g roove ('1bo11e ) ;  A D  - adrostra l ridge a n d  g roo11a ; 
A N T  - a n t e n n a !  s p 1n E1 :  B � bra n c h locard iac r idQe and g roo11E1 ; B S  - brar'\ch ios teoa l  
�pine ; C - cervical  r idge and g roov� : E - f i r s t  (or ep iga!;t r ic )  toot h ;  G F  - g Q s t ra fron ta l 
r idge and groove ;  GO - g \l s t ro -o rb i ta i  r idg e and 9roove ; H - h<1pat ic  r idg" a n d  g roove ; 
H S - 11epat ic spin e ;  L T - l a s t  or d i s ra l  ros l ra l  tooth ; OS - orb i ta l  spif'\ e ;  PR - p o s rrosr 
ra l  rid g e ,  PAS - postros tra l  g roove;  PS - plerygos romia i  sp ine ;  A - ro5tru m ;  S - ser
r11!ed r id�e ( 5 t r id u i a t inQ or1ian) ; S U  - l o n g i t u d i n a l  !U !u re ;  VT - ventra l  rostral tooth.  
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Estimates of total effort and catch per unit effort by 

each strata for each season of surveys.  I. 
r. 

I .. 
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I . 

Location 

M 0 T 

Wallis 0 WO RI 
tidal 0 WO RO 

0 WE RI 
0 WE RO 
L WO RI 
L WO RO 
L WE RI 
L WE RO 

Tuggerah 0 WO RI 
tidal 0 WO RO 

0 WE RI 
0 WE RO 
L WO RI 
L WO RO 
L WE RI 
L WE RO 

Tuggerah 0 WO n.a 
non-tidal 0 WE n.a 

L WO n.a 
L WE n.a 

Illawarra 0 WO RI 
tidal 0 WO RO 

0 WE RI 
0 WE RO 
L WO RI 
L WO RO 
L WE RI 
L WE RO 

Illawarra 0 WO n.a 
non-tidal 0 WE n.a 

L WO n.a 
L WE n.a 

Coila 0 WO n.a 
0 WE n.a 
L WO n.a 
L WE n.a 

No. of 

mean 

0.67 

0.21 

0.00 

1 . 14 

0.00 

0.00 

0.00 

0.00 

9 .60 

49.23 

65 .00 

54.00 

19.00 

3 .00 

8 .00 

6.3 1 

22.60 

2.00 

8 .00 

0.00 

50.33 

101 .40 

12.83 

3 .00 

- · - -

4.50 

14.40 

0 . 1 7  

9.67 

-- · - -

16.67 

14.83 

0 .17  

7.25 

se 

0.44 

0.21 

0.00 

0.86 

0.00 

0.00 

0.00 

0.00 

4.87 

10.92 

26.41 

1 .29 

8 .00 

1 .58 

17.43 

2.00 

7.5 1 

0.00 

14.48 

44.25 

8 .56 

1 .00 

- ·  - -

1 .46 

8.63 

0 .17 

8.21 

- · - -

3 . 13 

7.01 

0. 17 

4.75 

Total 

21 

7 

0 

15 

0 

0 

0 

0 

43 

307 

1575 

845 

702 

608 

96 

0 

104 

4238 

202 

294 

64 
104 

664 
0 

1611 

0 

1318 

0 

411 

0 

39 

3379 
- - -

144 

187 

5 

126 

462 
- . 

213 

193 

5 

87 

498 

No. of 

mean 

1 .44 

23.36 

1 .00 

82.75 

0.00 

0.25 

0.00 

6.67 

2.40 

1 .69 

8.00 

6.00 

3.00 

0.00 

6.00 

0.00 

0.00 

0.00 

0.00 

0.00 

6.53 

18.00 

1 . 1 7  

0.00 

- - · - -

28.38 

50.20 

2 .17 

21.00 

- - -

0.00 

0.00 

0.00 

0.00 

se 

0.73 

6.07 

1 . 00 

50.39 

0.00 

0.25 

0.00 

6.67 

2.40 

0.82 

6.00 

0.00 

6.00 

0.00 

0.00 

0.00 

0.00 

0.00 

2.44 

9.61 

1 . 1 7  

0.00 

- - - -

10.06 

22.24 

2 .17  

21 .00 

- - -

0.00 

0.00 

0.00 

0.00 

Total 

46 

748 

13 

1076 

0 

8 

0 

87 

1977 

77 
54 

104 

78 

96 

0 

0 

78 

487 

0 

0 

0 

0 

0 

0 

209 

0 

234 

0 

37 

0 

0 

480 
. - -

908 

653 

69 

273 

1903 
-

0 

0 

0 

0 

0 

No. of 

mean 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

5.81 

3 .40 

2.67 

1 .33 

0.00 

0.00 

0.00 

0.00 

0.00 

- - -

0.13 

0.40 

0.00 

0.67 

- . - -

0.56 

0.50 

0.00 

2.00 

se 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

2.05 

2.71 

1 .71 

1 .33 

0.00 

0.00 

0.00 

0.00 

0.00 

- - -

0.13 

0.40 

0.00 

0.67 

- · - ·  

0.44 

0 .29 

0.00 

Total 

0 

0 

0 

0 

0 

0 

0 

0 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

186 

44 
85 

17 

333 

0 

0 

0 

0 

0 

0 

0 

0 

0 
-

4 

5 

0 

9 

18  
18  
7 

0 
26 
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Appendix 5 . 1 .  Estimates of mean (per night) and total number of prawners 

by moon-phase (M), day-type (D), tide (T) and fishing method for the 

1991-92 season (January-March 1992) .  D=dark, L=light moon-phases, 

WD=week-day, WE=weekend or public holiday, Rl=run-in tide, 

RO=run-out tide. 

shore-scopers boat-scooper~ drag-netters 



[ 

I 

r 

Location No. of No. of No.  of drag-netters 
M D T mean se Total mean se Total mean se Total 

Wallis D WD RI 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 
tidal D WD RO 2.00 1 .32 102 33.47 12.55 1707 0.00 0.00 0 

D WE RI 0.50 0.50 12 0.00 0.00 0 0.00 0.00 0 
D WE RO 0.50 0.33 12 48.00 19.23 1 152 0.00 0.00 0 
L WD RI 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 
L WD RO 0.83 0.51 44 7.00 3.02 371 0.00 0.00 0 
L WE RI 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 
L WE RO 0.50 0.50 10 14.00 9 .30 280 0.00 0.00 0 

180 3510 0 

Tuggerah D WD RI 1 .29 0.84 66 0.00 0.00 0 0.00 0.00 0 
tidal D WD RO 39.21 13.22 2000 2.32 1 .45 118 0.00 0.00 0 

D WE RI 15.50 10.47 372 4.50 4.50 108 0.00 0.00 0 
D WE RO 47.00 7.32 1 128 3.33 1.74 80 0.00 0.00 0 
L WD RI 0 0 0.00 0.00 0 
L WD RO 15.82 6.18 838 1 .36 1 .00 72 0.00 0.00 0 
L WE RI 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 

L WE RO 86.50 34.81 1730 1 .00 1 .00 20 0.00 0.00 0 

6134 398 0 

Tuggerah D WD n.a 5 .29 2.06 270 0.00 0.00 0 14.42 5 . 12 735 

non-tidal D WE n.a 4.80 3.43 115 0.00 0.00 0 17.20 5.84 413 

L WD n.a 7.50 3.22 398 0.00 0.00 0 7.50 2.88 398 

L WE n.a 10.44 7.07 209 0.00 0.00 0 16.89 8.66 338 

991 0 1883 

Illawarra D WD RI 1 .20 1 .20 61 0.00 0.00 0 0.00 0.00 0 

tidal D WD RO 45.47 9.13 2319 4.95 1 .45 252 0.00 0.00 0 

D WE RI 14.67 14.67 352 2.67 2.67 64 0.00 0.00 0 

D WE RO 38.43 9.99 922 5 .43 2.78 130 0.00 0.00 0 

L WD RI 26.00 22.59 1378 0.00 0.00 0 0.00 0.00 0 

L WD RO 21.70 8.09 1150 2.60 1 .34 138 0.00 0.00 0 

L WE RI 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 

L WE RO 41 .57 19.08 831 1 .43 0.97 29 0.00 0.00 0 

7014 613 0 

Illawarra D WD n.a 5.92 1.81 302 15.38 5.13 784 1 .04 0.70 53 

non-tidal D WE n.a 6.30 2.82 151 17.80 7.65 427 0.20 0.20 5 

L WD n.a 3.67 1 . 14 194 7.58 4.19 402 0.00 0.00 0 

L WE n.a 2.89 1 .37 58 16.67 9.97 333 0.89 0.89 . 18 

705 1947 76 

Coila D WD n.a 9.67 3 . 1 1  503 0.00 0.00 0 0.25 0.17 13 

D WE n.a 10.40 4.49 239 0.00 0.00 0 1 .00 0.77 24 

L WD n.a 4.17 1 .46 221 0.00 0.00 0 0.00 0.00 0 
L WE n.a 7.20 5.55 144 0.00 0.00 0 0.00 0.00 0 

1 107 0 37 

Appendix 5.2. Estimates of mean (per night) and total number of prawners 

by moon-phase (M), day-type (D), tide (T) and fishing method for the 

1992-93 season (November 1992-March 1993). D=dark, L=light moon-phases, 

WD=week-day, WE=weekend or public holiday, RI=run-in tide, 

RO=run-out tide. 

shore-scoopers boat-scoopers 
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Location No.  of shore-scoopers No. of No.  of drag-netters 
M D T mean se Total mean se Total mean se Total 

Wallis D WD RI 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 

tidal D WD RO 0.36 0.17 19 21.17 4.42 1 101 0.00 0.00 0 

D WE RI 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 

D WE RO 0.56 0.44 12 36.83 14.57 810 0.00 0.00 0 

L WD RI 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 

L WD RO 0.00 0.00 0 2.64 1 .63 158 0.00 0.00 0 

L WE RI 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 

L WE RO 0.20 0.20 6 18.40 10.80 534 0.00 0.00 0 

37 2603 0 

Tuggerah D WD RI 0.43 0.43 22 0.00 0.00 0 0.00 0.00 0 

tidal D WD RO 56.06 15. 12 2915 5.39 3 .07 280 0.00 0.00 0 

D WE RI 1 .33 1 .33 29 0.00 0.00 0 0.00 0.00 0 

D WE RO 80.00 26.64 1760 4.67 1 .69 103 0.00 0.00 0 

L WD RI 0.00 0.00 0 0.00 0.00 0 0.00 0.00 0 

L WD RO 19.64 9.33 1 1 78 0.09 0.09 5 0.00 0.00 0 

L WE RI 3.00 3.00 87 0.00 0.00 0 0.00 0.00 0 

L WE RO 33.60 24.47 974 2.80 2.80 81 0.00 0.00 0 

6967 470 0 

Tuggerah D WD n.a 9.32 2.44 485 0.00 0.00 0 20.96 5.50 1090 

non-tidal D WE n.a 5.33 2.25 1 1 7  0.00 0.00 0 17.56 7.24 

L WD n.a 2.20 1 .50 132 0.00 0.00 0 2 .13 0.95 

L WE n.a 7.71 2.02 224 0.00 0.00 0 7.71 2.81 

957 0 

Illawarra D WD RI 0.00 0.00 0 0.00 0.00 0 0.00 0.00 

tidal D WD RO 65.22 9.88 3391 6.83 1 .62 355 0.00 0.00 

D WE RI 0.00 0.00 0 0.00 0.00 0 0.00 0.00 

D WE RO 67.33 26.32 1481 6.33 2.95 139 0.00 0.00 

L WD RI 0.00 0.00 0 0.00 0.00 0 0.00 0.00 

L WD RO 23.25 8.08 1395 2.00 1 . 12 120 0.00 0.00 

L WE RI 0.00 0.00 0 0.00 0.00 0 0.00 0.00 

L WE RO 22.00 8.86 638 0.00 0.00 0 0.00 0.00 · 

6906 614 

Illawarra D WD n.a 10.08 3.07 524 20.60 6.01 1071 0.16 0.16 

non-tidal D WE n.a 8.78 4.26 193 23.56 12. 1 1  518 0.44 0.44 

L WD n.a 5.00 2.25 300 5.65 3 .14 339 0.29 0.29 

L WE n.a 4.50 3.72 131 2.33 2.33 68 0.00 0.00 

1 148 1996 

Coila D WD n.a 5.88 1.92 306 0.00 0.00 0 0.44 0.26 

D WE n.a 1 .67 0.69 37 0.00 0.00 0 0.00 0.00 

L WD n.a 3.21 2.48 193 0.00 0.00 0 0.00 0.00 

L WE n.a 3.71 1 .66 108 0.00 0.00 0 0.14 0. 14 

643 0 

Appendix 5.3. Estimates of mean (per night) and total number of prawners 

by moon-phase (M), day-type (D), tide (T) and fishing method for the 

1993-94 season (November 1993-March 1994). D=dark, L=light moon-phases, 

WD=week-day, WE=weekend or public holiday, Rl=run-in tide, 

RO=run-out tide. 
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Appendix 5 .4a. Estimates of mean monthly cpue (kg/prawner/hour) for Wallis Lake. 
Data for tidal subareas are based on ebb-tide only. 

Moon Month Tidal Non-tidal 

Phase mean se N mean se N 

Jan-92 0.4054 0. 1437 29 0.0314 0.0167 5 
Feb-92 0.2754 0.0651 22 0.0285 0.0091 4 

Dark Mar-92 0.4907 0.0870 44 0.0000 - 1 

Nov-92 0.6565 0. 1 142 28 0.6246 0. 1240 4 

Dec-92 0.5545 0.0780 27 0.0558 0.0042 2 

Jan-93 0.3374 0.0531 58 0.0110 0.0062 4 

Feb-93 0.6200 0.0660 5 1  0.0090 0.0018 2 
Mar-93 0.4354 0.0904 28 0.0000 - 1 

Nov-93 0.6490 0 .1046 35 0.2472 - 1 
Dec-93 0.4687 0.0780 3 1  0.0198 - 1 

Jan-94 0.2715 0.0364 49 0.0252 - 1 
Feb-94 0.3731 0.0540 42 0.0018 0.0018 2 

Mar-94 0.6119 0.0932 35 

Light Jan-92 0.2502 0.0130 3 
Feb-92 

Mar-92 
Nov-92 0 .1796 0.0391 9 
Dec-92 0.5144 0. 1460 10 
Jan-93 0.2798 0.0526 23 
Feb-93 0.3729 0.0660 13 

Mar-93 0.2543 0. 1 1 78 1 1  
Nov-93 0.3447 0. 1032 18 
Dec-93 0. 1428 - 1 
Jan-94 0.2050 0.1019 5 
Feb-94 0.1317 0.0605 7 

Mar-94 0.3733 0.101 1 13 

scoop-nets scoop-nets 

[ 
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Appendix 5 .4b. Estimates of mean monthly cpue (kg/prawner/hour) for Tuggerah Lakes. 
Data for tidal subareas are based on ebb-tide only. 

Moon Month Tidal Non-tidal Non-tidal 
Phase mean se N mean se N mean se N 

Jan-92 0.2404 0.0635 17 0. 1 1 10 0.0403 25 0.3429 0.0626 12 

Feb-92 0.1441 0.03 1 1  2 1  0.0889 0.0327 12 0.4445 0.0701 7 

Dark Mar-92 0.2068 0.0319 29 0.3794 0.0908 12 2 . 1 945 0.2910 7 

Nov-92 0.2340 0.0493 25 0. 1869 0.0880 4 0.4359 0. 1268 12 

Dec-92 0.4086 0. 1571 18 0.1919 0.0382 4 0.3305 0.0835 8 

Jan-93 0.4335 0.1680 23 0.0558 0.0122 13 0 .7356 0.2581 20 

Feb-93 0. 1811  0.0368 19 0.0667 0.0403 10 0.8984 0 .1625 15 

Mar-93 0.4816 0.1009 18 0.0866 0.0241 6 0.3289 0.0993 8 

Nov-93 0. 1368 0.0235 26 0.0472 0.0134 13 0.3766 0 .1 153 14 

Dec-93 0.3321 0 .1049 26 0.0537 0.0172 9 0.2756 0.0375 17 

Jan�94 0.0739 0.0140 27 0.0933 0.0359 12 0.2330 0.0777 14 
Feb-94 0.2360 0.0409 14 0.0509 0.0199 5 0.6827 0. 1050 18 
Mar-94 0.4105 0.0825 22 0. 1 108 0.0650 5 0.8590 0.2904 12 

Light Jan-92 0.3994 0.0899 6 0.0263 0.0164 5 0 .4632 0. 1890 2 
Feb-92 0.2358 0.0596 4 0.7032 1 
Mar-92 0.0799 0.0201 1 1  0.1006 0.03 1 1  5 0.328 1 0 .1067 6 
Nov-92 0. 1308 0.0598 14 0.0312 0.0123 6 
Dec-92 0.2468 0.0645 13 0.0840 0.0325 14 0.6777 0 .1690 15 

Jan-93 0.0810 0.0189 9 0.0699 0.0400 7 0. 1240 0.0238 1 1  
Feb-93 0.3153 0.0459 4 0.0783 0.0243 4 0 .1619 0. 1274 4 
Mar-93 0.0788 0.0086 5 0.0000 0.0000 2 0 .1846 0.0471 3 
Nov-93 0.0611  0.0156 4 0.0198 1 0.7500 - 1 
Dec-93 0.5004 0.4583 5 0.095 1 0.0216 4 0. 1476 0.0232 4 
Jan-94 0.1036 0.0295 8 0.04 1 7  0.0200 7 0 .1854 0.0603 9 
Feb-94 0.8059 0.2388 10 0.0328 0.0232 5 0.4880 0 . 1 705 5 
Mar-94 0. 1764 - 1 0.1056 0.08 10 2 0.3678 0. 1240 5 

scoop-nets scoop-nets drag-nets 

r 
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Appendix 5 .4c. Estimates of mean monthly cpue (kg/prawner /hour) for Lake Illawarra. 
Data for tidal subareas are based on ebb-tide only. 

Moon Month Tidal Non-tidal Non-tidal 

Phase mean se N mean se N mean se 

Jan-92 0.2493 0.0644 23 0.4267 0. 15 1 7  19 0.3612 -

Feb-92 0.2053 0.0819 10 0. 1322 0.0632 8 0.7500 -
Dark Mar-92 0.0635 0.0095 22 0. 1270 0.0199 15 

Nov-92 0. 1926 0.0320 26 0.2000 0.0278 24 0.0378 -

Dec-92 0.4413 0.0295 31 0.3039 0.0310 3 1  0.0000 -

Jan-93 0.4021 0.0768 52 0.2544 0.0251 57 0.4021 0 . 1 1 752 

Feb-93 0.205 1 0.0258 29 0. 1200 0.0141 45 
Mar-93 0.0932 0.0102 41  0 .1754 0.0390 4 
Nov-93 0.1633 0.0179 27 0.2233 0.0597 23 
Dec-93 0.2472 0.0246 50 0.1483 0.0113 82 0.0684 -

Jan-94 0.2130 0.0236 37 0.2389 0.0248 54 0.3258 -

Feb-94 0.2902 0.0353 26 0.2167 0.0183 48 
Mar-94 0.2072 0.0386 23 0 .1695 0.0409 18 

Light Jan-92 0.0821 0.0221 4 0.4078 0.2903 7 0.9378 -

Feb-92 0.7349 0.0419 14 0.0834 . 1 
Mar-92 0 .1947 0.0924 4 0.5666 0.3635 3 
Nov-92 0.3357 0.0325 23 0.5772 0.0630 5 
Dec-92 0.2605 0.0407 3 1  0.2505 0.0250 18 

Jan-93 0. 1434 0.0235 24 0.3746 0.0708 32 
Feb-93 0.0760 0.0232 1 1  0.0844 0.0123 18 0.1974 -

Mar-93 0.0827 0.0095 10 0.0554 0.0090 3 
Nov-93 0. 1572 0.0265 24 0 .1061 0.0096 5 
Dec-93 0. 1223 0.0126 26 0.3912 . 1 
Jan-94 0.2649 0.0394 35 0. 1387 0.0223 26 
Feb-94 0.1003 0.0081 15 0.2475 0.0318 29 0.5508 -
Mar-94 0.2844 . 1 0.0622 0.0146 5 
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1 
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Appendix 5 .4d. Estimates of mean monthly cpue (kg/prawner /hour) for Coila Lake. 

Data for tidal subareas are based on ebb-tide only. 

Moon Month Tidal Non-tidal Non-tidal 
Phase mean se N mean se N mean se 

Jan-92 0.1482 0.0252 25 0.1374 0.0382 
Feb-92 0.0212 0.0107 3 0.2160 0.0128 

Dark Mar-92 0.1475 0.0348 12 

Nov-92 0.2725 0.0540 11  0.8640 -

Dec-92 0.2646 0.0387 30 0.3233 0.1850 
Jan-93 0.9258 0.1003 39 1 .5789 1 .5789 
Feb-93 0.4071 0.0452 24 0.4749 0.3051 
Mar-93 0.4607 0.0646 25 0.0000 0.0000 
Nov-93 0.0289 0.0069 17 0.0498 -

Dec-93 0.0824 0.0173 48 0.0521 0.0387 
Jan-94 0.0998 0.0183 35 
Feb-94 0.0743 0.0149 11 
Mar-94 0.0492 0.0181 8 

Light Jan-92 0.1155 0.0193 6 0.2802 -

Feb-92 0.0335 0.0218 4 
Mar-92 
Nov-92 0.3268 0.0536 5 
Dec-92 0.2514 0.0783 13 0.8214 0.8214 
Jan-93 0.0879 0.0094 28 0.0000 -

Feb-93 0.0126 0.0126 2 
Mar-93 0.3871 0.0767 10 
Nov-93 0.0132 0.0052 10 
Dec-93 0.0143 0;0030 7 
Jan-94 0.0773 0.0100 23 
Feb-94 0.0067 0.0067 7 
Mar-94 0.0000 - 1 

N 

4 
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1 
4 
4 
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1 
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