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EXECUTIVE SUMMARY 

Resource sharing and the allocation of fisheries resources between recreational and commercial 
user groups has long been a contentious management issue in New South Wales (NSW). The 
introduction of a general recreational fishing fee in March 2001 generated considerable funding 
that was used to undertake significant changes in the management of fisheries in NSW. Lake 
Macquarie was zoned a ‘Recreational Fishing Haven’ (RFH) following extensive community 
consultation. This management initiative changed the allocation of fisheries resources in this 
waterway between the recreational and commercial sectors. This major re-allocation of access to 
the estuarine fisheries resources in Lake Macquarie has undoubtedly created additional recreational 
fishing opportunities. Thus, there was an important need to assess whether the recreational fisheries 
in this RFH were improving and providing better quality recreational fishing. This report focuses 
on comparisons made between two separate daytime recreational fishing surveys of Lake 
Macquarie (including Swansea Channel). The first annual survey was done during the pre-RFH 
period (March 1999 to February 2000) and the second annual survey was done during the post-
RFH period (December 2003 to November 2004). These annual surveys provide a snapshot of the 
recreational fishery of Lake Macquarie before RFH implementation and after RFH implementation. 
The same complemented, on-site, survey design was used in both surveys. The shore-based fishery 
was assessed by using a roving(effort)-roving(harvest) design combination and the boat-based 
fishery was assessed by using a roving(effort)-access(harvest) design combination using stratified 
random sampling methods. 
 
The two recreational fishing surveys provide evidence of a relatively productive recreational 
fishery in Lake Macquarie. Comparisons made between the two separate daytime recreational 
fishing surveys indicate that the post-RFH recreational fishery was very different to the fishery that 
had existed prior to the implementation of the RFH. We documented statistically significant 
increases in recreational harvest for some prized recreational species and also some significant 
decreases for some other important recreational species. Overall, the indicators of recreational 
fishing quality that we examined indicated that the post-RFH fishery had improved in many ways 
since the pre-RFH survey period. A summary of the evidence provided in this report is that: 
 
(a) the recreational harvest in both survey years was dominated by a relatively small number of 
taxa, however, the composition and relative contribution of these dominant taxa changed markedly 
between survey years. These changes occurred even though there was no significant difference 
between survey years in the total annual harvest, by number or weight, for the whole fishery; 
 
(b) the recreational harvest of dusky flathead, tailor, sand whiting and trumpeter whiting (number 
and weight) and large-toothed flounder (weight only) increased significantly during the post-RFH 
survey year; 
 
(c) the recreational harvest of common squid, yellow-finned leatherjacket and sand mullet, by 
number and weight, decreased significantly during the post-RFH survey year; 
 
(d) total fishing effort (boat and shore combined) showed little change (about 2%), however, 
different trends were evident in the boat-based and shore-based fisheries. Fishing effort in the 
larger boat-based fishery increased by about 13% but this change was not statistically significant. 
In contrast, there was a statistically significant reduction of about 22% in the level of shore-based 
fishing; 
 
(e) seasonal harvest rate comparisons between survey years tended to confirm the increasing or 
decreasing trends found in the annual recreational harvest estimates for the main species; 
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(f) comparisons of length frequency information, mean and median lengths between survey years 
indicated that most species were harvested at larger sizes during the post-RFH survey year. The 
mean and median sizes of dusky flathead, sand whiting, tailor, common squid, yellowfin bream, 
blue swimmer crab, large-toothed flounder and sand mullet were all larger during the second 
survey year. 
 
This survey provides the first snapshot (point estimate) of the Lake Macquarie recreational fishery 
following the establishment of the waterway as a RFH. On-site surveys of recreational fishing are 
valuable tools for collecting information to describe the status of a fishery and any changes that 
may have occurred since previous survey periods. On-site surveys of the recreational fishery 
should be repeated regularly (every 3-5 years) to monitor the recreational fishery in Lake 
Macquarie. 
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1. INTRODUCTION 

Resource sharing and the allocation of fisheries resources between recreational and commercial 
user groups has long been a contentious management issue in New South Wales (e.g. NSW 
Parliament - Fisheries Inquiry Commission 1880). Since the Fisheries Inquiry of 1880, the 
recreational sector has continued to grow and this has led to increased conflict with the commercial 
sector as both groups strive to maximise their share of limited fisheries resources. An extensive 
investigation into the hydrology, geology and ecology of Lake Macquarie was initiated in 1955 as a 
result of emphatic allegations that the fish stocks in Lake Macquarie had been depleted by 
commercial over-exploitation (see Baas Becking 1959; Baas Becking et al. 1959; Davis 1959; 
MacIntyre 1959; Spencer 1959; Thomson 1959a, 1959b, 1959c, 1959d, & 1959e; Wood 1959a & 
1959b). Similar allocation disputes within NSW have been concentrated in other estuarine 
fisheries, usually near large metropolitan areas such as Botany Bay and Sydney Harbour (Ruello 
and Henry 1977, State Pollution Control Commission (SPCC) 1981, Henry 1984). 
 
Over the past 100 years, the ecosystem of Lake Macquarie has been placed under increasing stress 
by the combined effects of heavy industry, coal mining, the construction and operation of power 
stations, commercial and recreational fishing, tourism, non-extractive recreational usage and a 
variety of agricultural and urban land uses within the catchment system of the Lake (SPCC 1983, 
Lake Macquarie Taskforce 1999). These stresses have had negative impacts on the Lake Macquarie 
ecosystem and on the amenity and quality of the recreational and commercial fisheries of Lake 
Macquarie (Lake Macquarie Taskforce 1999). In response to public concerns about these issues, 
the NSW government established a taskforce in 1998 to address the issues affecting the health of 
Lake Macquarie. The Lake Macquarie Taskforce (1999) report provided a comprehensive 
assessment and integrated plan for improving the conditions of Lake Macquarie and its catchment. 
The report documented the conflicting views of local commercial and recreational fishing groups 
about the status of the fisheries resources within the Lake and their preferred management options 
(Lake Macquarie Taskforce 1999). Thus, there was a need to collect quantitative information to 
describe the recreational fishery of Lake Macquarie and to compare the relative size of commercial 
and recreational harvests. A survey of daytime recreational fishing, commenced in March 1999 and 
completed at the end of February 2000, provided the baseline quantitative information needed to 
describe and assess the status of the recreational fishery in Lake Macquarie (Steffe and Chapman 
2003). 
 
The introduction of a general recreational fishing fee in March 2001 generated funding that was 
used to undertake significant changes in the management of fisheries in NSW. Extensive 
community consultation was undertaken to identify suitable estuarine areas that could be zoned 
‘Recreational Fishing Havens’ (RFH). The intent was that areas declared ‘Recreational Fishing 
Havens’ would improve recreational fishing opportunities by removing commercial fishing from 
them. Thirty locations, including the whole of Lake Macquarie, were declared ‘Recreational 
Fishing Havens’ during the period May to September 2002. This resulted in a total estuarine area of 
27% being made substantially free of commercial fishing (some RFH areas still have limited 
commercial fishing). This major re-allocation of access to the estuarine fisheries resources in NSW 
has undoubtedly created additional recreational fishing opportunities. Thus, there was an important 
need to assess whether these ‘Recreational Fishing Havens’ were actually improving the 
recreational fisheries. 
 
The previous recreational fishing survey done in Lake Macquarie during 1999-2000 (Steffe and 
Chapman 2003) provided a pre-RFH benchmark that could be used to assess any post-RFH 
changes that had occurred in the fishery. Hence, another survey of recreational fishing was done so 
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that we could assess changes in the harvest, effort and quality of fishing that had occurred after the 
implementation of the RFH. 
 
 

2. OBJECTIVES 

The principal aims of this project were: 
 
• To estimate the level of daytime recreational fishing effort and harvest in Lake Macquarie 

during the annual period, December 2003 to November 2004 inclusive. 
 
• To assess changes in the fishing effort and harvest of recreational fishers that had occurred 

since the establishment of Lake Macquarie as a Recreational Fishing Haven (RFH) in May 
2002. 

 
• To use selected indicators of recreational fishing quality to assess changes in the Lake 

Macquarie fishery after its establishment as a Recreational Fishing Haven. 
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3. METHODS 

3.1. General comments 

Data comparisons are derived from two separate recreational fishing surveys of Lake Macquarie 
(including the Swansea Channel). The first annual survey was carried out during March 1999 to 
February 2000 inclusive and represents a snapshot of the recreational fishery (boat and shore) 
before the area was declared a Recreational Fishing Haven. The second annual survey was carried 
out during December 2003 to November 2004 inclusive and represents a snapshot of the 
recreational fishery covering a period of 1.5 to 2.5 years after the area was made a Recreational 
Fishing Haven. The same survey methods were used for both survey years, however, the level of 
daily replication was greater in the second survey period (see Table 1). Description of study area 
and access for recreational fishers to the fishery. 
 
An error in the structure of a database query was found during the preparation of comparative data 
analyses from the two survey periods. This error resulted in the overestimation of the harvest 
(number of fish and weight) reported for the first survey period by Steffe and Chapman (2003). All 
fishing effort and harvest rate estimates reported by Steffe and Chapman (2003) are correct. 
Revised harvest estimates for the first survey period are presented in this report. 

3.2. Description of study area and access for recreational fishers to the fishery 

Lake Macquarie (33003’S 151036’E) is a large coastal lagoon situated to the south of the industrial 
city of Newcastle, the second largest coastal centre in New South Wales (NSW) on the east coast of 
Australia (Fig. 1). Lake Macquarie has a surface area of about 115 km2, a total catchment area of 
about 700 km2 and an average depth of about 6 to 7 meters (Baas Becking et al. 1959, Roy et al. 
2001). The Lake is a wave-dominated barrier estuary (Roy et al. 2001) which is connected to the 
ocean by a permanently-open channel at Swansea. The Swansea Channel is a relatively narrow, 
shallow area that is characterised by strong tidal currents. The relatively small size of the Swansea 
Channel in comparison to Lake Macquarie makes it a barrier that restricts tidal exchange between 
the Lake and the ocean to about 1% of the Lake volume each tidal cycle (Spencer 1959). The semi-
diurnal tidal range in NSW coastal waters is about 2.0 meters but within the Lake itself the tidal 
range averages only 6 millimeters (SPCC 1983). Lake Macquarie contains approximately 1.0 km2 
of mangroves, approximately 13.4 km2 of seagrass and approximately 0.7 km2 of saltmarsh 
vegetation (Roy et al. 2001). 
 
The fisheries resources within Lake Macquarie and the Swansea Channel were accessible to 
recreational fishers from boats and from the shore. Boat-based fishers were able to access the 
recreational fishery from a great number of access points (Figure 1, Appendix 1). During the 
survey periods, there were 38 public boat ramps, more than 2100 boat moorings, a multitude of 
private homes located on the edge of the Lake from which small boats could be launched and 9 
caravan parks located near the Lake (some of these had their own boat ramps). Shoreline access to 
the recreational fishery was diffuse, even though there were large areas of shoreline which were not 
very accessible because of the vegetation, topography or restrictions to public access. There were 
31 public wharves and jetties (Lake Macquarie Taskforce 1999) and there were about 1060 private 
jetties in 1998 (Central Mapping Authority - Department of Land and Water Conservation) 
throughout the Lake (Fig.1). There were two recognised camping grounds and all 9 caravan parks 
around the Lake provided access to the shoreline. The two outlets which discharge heated water 
from the power stations and adjacent areas within the thermal plumes were popular recreational 
fishing areas and were accessible to shore-based anglers during the first survey period. 
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Figure 1. Map of Lake Macquarie showing the spatial extent of the survey and the 

boundaries used to divide the fishery into the Northern Lake, Southern Lake and 
Swansea Channel areas. Circled numbers refer to recognised boat ramps, see 
Appendix 1 for location descriptions. 
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Recreational anglers were excluded from the immediate vicinity of the hot water outlet at the 
Eraring power station during the second survey period. This area had previously received high 
levels of shore-based angling effort, particularly during Winter and Spring. Most of the Swansea 
Channel was accessible to shore-based anglers. The channel has long areas of breakwall and some 
public jetties that were all frequently used as fishing platforms by anglers. 

3.3. Survey design 

The same complemented, on-site, survey design (see Pollock et al. 1994 for a review of angler 
survey methods) was used to assess the recreational fisheries prior to and after the implementation 
of the Recreational Fishing Haven in Lake Macquarie. The shore-based fishery was assessed by 
using a roving(effort)-roving(harvest) design combination whereas the boat-based fishery was 
assessed by using a roving(effort)-access(harvest) design combination. Stratified random sampling 
methods were used with days being the primary sampling unit for all strata. By definition, a survey 
day started at sunrise and ended at sunset. 

3.3.1. Spatial and temporal sampling frames and stratification 

The spatial sampling frame (geographical boundary) of the two recreational fishing surveys is 
shown in Figure 1. Lake Macquarie (Fig. 1) was stratified into three distinct areas: (a) the Swansea 
Channel area; (b) the Northern Lake area; and (c) the Southern Lake area; to improve the precision 
of the estimates of effort and harvest for the total fishery. These spatial strata were selected to 
reflect major differences in fish habitats, commercial fishing practices (prior to the creation of the 
RFH) and perceived differences in recreational fishing quality among the three areas. 
 
The temporal sampling frame of each survey spanned a one year period. Each survey year was 
stratified into seasons and day-types within season (Weekdays and Weekend days). Public holidays 
were classified as weekend days. The sequence of seasonal sampling differed between survey 
years. Survey work done during the first survey year covered Autumn, Winter, Spring, and then 
Summer, whereas, the sequence of surveying during the second survey year was Summer, Autumn, 
Winter and then Spring. This difference in the sequence of seasonal sampling is important when 
considering seasonal comparisons between survey periods because the Summer season 
comparisons are based on a four year difference whilst the Autumn, Spring and Winter seasonal 
comparisons are based on a five year difference between sampling periods. 

3.4. Data collection for the boat-based and shore-based recreational fisheries 

Two independent datasets were collected and used to estimate recreational fishing effort and 
harvest rates. These datasets consisted of: (a) progressive counts of recreational fishing effort; and 
(b) interviews with recreational fishing parties. These two datasets were then used to obtain 
estimates of boat-based and shore-based recreational harvest. 

3.4.1. Progressive counts of recreational fishing effort 

Estimates of recreational fishing effort for the boat-based fishery and the shore-based fishery were 
made with progressive counts on randomly selected survey days. Progressive counts were made 
separately of all boats and all shore-based persons that were observed to be involved in some type 
of recreational fishing activity. These recreational fishing activities included all forms of angling 
and the setting, checking and retrieval of crab nets, but excluded activities such as spearfishing, bait 
collecting and prawning. We specifically excluded boats traveling across the estuary and anglers 
moving along the shore from the counts (even when recreational fishing gear was visible) when it 
was not possible to determine their destination or their immediate intent to engage in any 
recreational fishing activity. All boats engaged in drift fishing were included in the counts when 
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they were observed traveling to start another “drift” upstream. Drift fishing was common 
throughout Swansea Channel and the Southern and Northern Lake areas. 
 
The time needed to complete a circuit of the entire Lake Macquarie fishery by boat was determined 
during a pilot study. These data were used to schedule the starting times for the progressive counts 
by picking one of a set of discrete possible starting times as recommended by Hoenig et al. (1993). 
The starting location and direction of travel were randomly selected for each scheduled progressive 
count. This progressive count method will, under very general conditions, provide unbiased 
estimates of fishing effort during the day (Hoenig et al. 1993). The collection of recreational effort 
data by means of these progressive counts was, in a statistical sense, independent of the collection 
of interview data. The number of replicate progressive counts done during each survey year for 
each area of the Lake, and for each day-type stratum within each season is summarised in Table 1. 
The level of replication achieved during survey years 1 and 2 respectively represents annual 
sampling fractions of about 20% and 35% for the weekend day-type stratum and about 9% and 
16% for the weekday stratum (Table 1). 

3.4.2. Interviews with recreational fishing parties 

Fishing parties were approached and asked to participate in the survey by providing information 
about their fishing trip and their harvest. Attempts were made to interview all recreational fishing 
parties encountered (shore-based and boat-based), however, during periods of high recreational 
activity it was necessary to systematically subsample every second or third fishing party 
(depending on the number of fishing parties available for interview). The number of days spent 
interviewing recreational fishing parties and the number of interviews obtained are summarised for 
each day-type within each season for both survey years (Table 1). Refusals to provide information, 
or to show the fish retained, were also recorded (Table 1). We asked co-operative recreational 
fishers about their targeting preferences during their current fishing trip, the time they started 
fishing and their fishing locations. We also recorded the number of fishers in the fishing party 
(non-fishers were not included as part of a fishing party). The retained catch was identified by field 
staff and, whenever possible, measurements of all fish (fork length), crabs (carapace length) and 
squid (mantle length) were taken to the nearest whole centimetre. When fishers were in a hurry to 
leave the ramp and it was not possible to measure all fish, crabs and squid, the survey personnel 
were instructed to record counts of the identified harvest and attempt to measure a sub-sample of 
the harvest. Machine-readable interview forms were used to record the information from 
interviews. 
 
Most interviews with recreational fishing parties were done in areas that had public access. 
Therefore, we assumed that the fishing activities of recreational fishers using the public boat ramps, 
wharves and easily accessible shoreline were representative of recreational fishing parties that used 
private access points to enter and leave the fishery. Although we did not formally test this 
important assumption, we have no reason to expect that fishers using private access points and 
other upstream boat ramps would have behaved differently to those fishers that used the public boat 
ramps within the survey area because these populations of fishers (regardless of where they entered 
the fishery) use the same methods to target the same species in the same fishing grounds within the 
survey area. Some limited interview data from fishers using private access points was collected 
during the surveys. A graphical comparison of these private access point data and the public access 
point data did not show any major differences between them. 

3.5. Estimation methods 

The following sections provide brief explanations of the estimation methods used to calculate: (a) 
fishing effort; (b) harvest rates for the boat-based and shore-based fisheries; and (c) harvest. 
Equations for estimating total recreational fishing effort, recreational harvest rates, and total 
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recreational harvest for the boat-based and shore-based fisheries are provided by Steffe and 
Chapman (2003). Detailed explanations of the statistical procedures used can be found in Cochran 
(1953), Robson (1960, 1961 & 1991), Yates (1965), Malvestuto (1983), Hayne (1991), Hoenig et 
al. (1993 & 1997) and Pollock et al. (1994 & 1997).  

3.5.1. Effort estimation for the boat-based and shore-based recreational fisheries 

Estimation of recreational effort was done separately for the boat-based fishery (units of boat 
hours) and the shore-based fishery (units of fisher hours). The base level of effort estimation was a 
day-type stratum within a season for each of the three areas in the Lake Macquarie fishery (see 
Figure 1). The progressive counts of recreational fishing boats and shore-based fishers were 
expanded separately to estimate the daily effort for each fishing day that was sampled. These daily 
effort replicates for each area were expanded to estimate day-type stratum totals within each 
season. Seasonal estimates of effort were obtained by adding the estimates from the day-type strata 
together. Total fishery effort estimates (boat-based plus shore-based) were calculated after the 
conversion of the boat-based data into units of fisher hours. Whenever strata were combined their 
variances were additive. 

3.5.2. Harvest rate estimators for the boat-based and shore-based fisheries 

Boat-based fishing parties were approached at boat ramps when they returned from their fishing 
trip. The harvest rate information collected during these access point interviews is based on 
completed trips (Malvestuto 1983, Hayne 1991, Pollock et al. 1994, Pollock et al. 1994 & 1997). 
When the objective is to estimate total harvest, and the interview data are derived from completed 
trips, the correct harvest rate estimator to use is the ‘ratio of means’ (Jones et al. 1995, Pollock et 
al. 1997). This estimator is essentially the ratio of mean harvest to mean effort on a given day. The 
mean daily ‘ratio of means’ estimator calculated for each base stratum was used for estimating the 
harvest of the boat-based fishery. 
 
The diffuse access across large stretches of shoreline and breakwater compelled us to use roving 
survey methods to locate shore-based fishers. The shore-based fishery within the survey area was 
searched entirely at least once (usually many times) during each survey day by interviewers, thus 
providing coverage of the entire shore-based fishery on each survey day. Shore-based fishing 
parties were approached during their fishing trips by field staff. Therefore, the harvest rate 
information collected during these interviews was based on incomplete trips which documented 
only part of the total effort and harvest for these fishing trips (Robson 1961 & 1991, Pollock et al. 
1994). The use of roving survey methods introduced a sampling bias because the probability of 
interviewing a group is proportional to the duration of their fishing trip. That is, parties that fish for 
longer time periods are more likely to be encountered by field staff moving through the fishery, 
termed the ‘length-of-stay’ bias (Robson 1991, Pollock et al. 1994, Pollock et al. 1997, Hoenig et 
al. 1997), which means that harvest rates and discard rates derived from roving survey methods 
tend to be based on samples that contain an over-representative number of longer trips and an 
under-representative number of short trips. Roving survey methods require the following 
assumptions be made: (a) the harvest rate for the portion of fishing trip documented is the same as 
the harvest rate for the entire trip; and (b) the harvest rate of interviewed fishing parties is 
representative of the whole fishing population, which is the expected outcome for estimates derived 
from randomly selected samples (Malvestuto 1983, Phippen and Bergersen 1991, Pollock et al. 
1994, Hoenig et al. 1997). When the objective is to estimate total harvest, and the interviews are 
based on incomplete trips, the correct harvest rate estimator to use is the ‘mean of ratios’ (Jones et 
al. 1995, Pollock et al. 1997, Hoenig et al. 1997). This estimator is essentially the mean of the 
individual harvest rates for all fishers interviewed on a given day. The ‘mean of ratios’ was used 
for estimating the harvest of the shore-based fishery. Hoenig et al. (1997) used simulation 
procedures to show that the ‘mean of ratios’ estimator has a large variance caused by the inclusion 
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of high harvest rates resulting from very short, incomplete trips that have harvested some fish 
already. These authors found that the truncation (exclusion) of all short incomplete trips reduced 
the variance greatly without inducing an appreciable bias. Hoenig et al. (1997) recommended the 
truncation of short trips less than 20-30 minutes but noted that there was a trade-off between the 
level of truncation used and the number of interviews that were discarded. We examined the 
relationship between the harvest rate and the duration of the fishing trip for shore-based interviews 
to determine the most appropriate level of truncation. We found that by discarding all incomplete 
trips that had been in progress for less than 30 fisher minutes, we were able to remove the 
interviews with the most extreme harvest rates and hence minimise the variance of the harvest rate 
estimator. The adoption of this truncation criterion resulted in the removal from harvest 
calculations of 104 (7.2%) usable shore-based interviews from the first survey period and 171 
(7.5%) usable shore-based interviews from the second survey period. We had routinely asked 
shore-based fishing parties about the intended finishing time for their current trip. We retained and 
used shore-based interviews with fishing parties that had completed their trips but had fished for 
less than 30 fisher minutes. We believe it is logical to keep and use the data from these complete 
short trips, regardless of the small amount of time fished or the amount of harvest taken, because it 
is these short trips that are under-represented in roving surveys due to “length-of-stay” bias. The 
mean daily ‘mean of ratios’ estimator calculated for each base stratum was used for estimating the 
harvest of the shore-based fishery. 
 
Seasonal harvest rates were calculated by combining estimates derived from day-type strata within 
each season. The contribution of each day-type stratum to the estimated seasonal harvest rate was 
weighted by the relative size of each day-type stratum within the season (Pollock et al. 1994). This 
means that a greater weighting was given to the weekday stratum because there are more weekdays 
in a month than there are weekend days in a month. 

3.5.3. Harvest estimation for the boat-based and shore-based fisheries 

The complemented survey designs used to assess the recreational fisheries used different on-site, 
contact methods to estimate effort and catch. Harvest estimation in the boat-based fishery used 
interviews derived from completed trips, whereas the shore-based fishery used interviews derived 
from incomplete trips. Thus, boat-based harvest was calculated as the product of boat-based effort 
and the mean daily ‘ratio of means’ harvest rate. Shore-based harvest was calculated as the product 
of shore-based effort and the truncated mean daily ‘mean of ratios’ harvest rate. Harvest estimation 
for both the boat-based and shore-based fisheries was done for each day-type stratum in a season. 
Seasonal estimates of harvest for the boat and shore fisheries were obtained by adding the estimates 
from the day-type strata together. Total fishery harvest estimates for each season were calculated 
by adding the boat-based and shore-based harvests together. Whenever strata were combined their 
variances were additive. 
 
We did not attempt to make expanded estimates of harvest for any taxon that was considered to 
have been “rare” throughout the survey period - defined as any taxon that had been recorded from 
two or less interviews during a survey year, regardless of the number of individuals harvested in 
those trips. This definition of rarity was applied separately during each survey year to the boat-
based and shore-based fisheries. All taxa which did not meet the criterion for rarity were classified 
as common taxa and expanded estimates of harvest were made for these taxa. 
 
We converted the length measurements of fish, cephalopods and crabs taken during interviews into 
weights using length to weight keys (see Steffe and Chapman 2003). The remaining unmeasured 
component of the harvest (i.e. those fish seen during interviews but only counted) were assigned 
the median weight for that taxon as calculated from the pooled interview data for each season 
within a survey year. We used a median weight rather than a mean weight (as is traditionally done 
in angler surveys) because many of the estimated weight frequency distributions were highly 
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skewed, making the median a better estimate of the centre of the population (Sokal and Rohlf 
1969). In some cases, the use of a mean would have resulted in higher estimates of harvest. We 
calculated medians separately for the boat-based and shore-based fisheries. When no measurements 
had been made for a taxon in a particular fishery (e.g. the boat fishery), we used the available 
measurements from the other fishery (e.g. the shore fishery). In some cases, measurements were not 
available for some taxa and so we could not estimate weights. 

3.6. Statistical comparisons between survey periods 

Annual estimates of recreational fishing effort and harvest (total fishery, boat-based fishery and 
shore-based fishery) and seasonal estimates of harvest rates for the boat-based and shore-based 
fisheries have been made for each survey period. We have presented 95% confidence limits for 
each of these estimated values. The 95% confidence limits provide information about the plausible 
range that contains the true value of the parameter that has been estimated. Thus, when comparing 
any two estimates of interest it is important to determine whether the confidence intervals overlap. 
When the confidence intervals overlap we cannot be 95% certain that the two estimates being 
compared are different. Thus, we conclude that in this case there is no statistically significant 
difference between the two estimates (p>0.05). Conversely, when the confidence intervals do not 
overlap we can be 95% certain that the two estimates are different. Thus, we can conclude that a 
statistically significant difference exists (p<0.05) between the two estimates. 

3.7. Indicators of recreational fishing quality 

An assessment of a recreational fishery can be improved if reliable indicators of fishing quality are 
available. We present two indicators of recreational fishing quality for the boat-based and shore-
based fisheries in the Lake Macquarie fishery so that comparisons can be made between survey 
periods. The indicators are: (1) recreational harvest rates for the main species of recreational 
importance as determined by their relative harvest sizes in each survey year; and (2) size-frequency 
distributions for these same species. The harvest rates are based on calculations made using total 
fishing effort (non-directed effort) for a stratum. We present harvest rates for the boat-based and 
shore-based fisheries for each season and for each of the three Lake areas in units of number of fish 
per fisher hour. The amalgamation of these harvest rate data into larger groupings (e.g. annual or 
total Lake harvest rates) were not done for any taxon because they mask the trends seen at smaller 
spatial and temporal scales and do not enhance the assessment of the recreational fisheries. Size 
frequency distributions are presented for the entire fishery (boat and shore fisheries combined) 
during each of the two survey years. 
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4. RESULTS 

4.1. Recreational fishing effort 

We estimated that about 970,500 and 993,300 fisher hours of daytime recreational effort (boat and 
shore fisheries combined) was expended in the Lake Macquarie fishery during the first and second 
survey years respectively (Table 2). This represents an overall increase in recreational fishing effort 
of about 2.3% (no significant difference, p>0.05) since the first survey (Table 2). 
 
We estimated that about 681,800 and 769,300 fisher hours of daytime recreational boat-based 
effort was expended in the Lake Macquarie fishery during the first and second survey years 
respectively (Table 2). This represents an overall increase in boat-based recreational fishing effort 
of about 12.8% (significant difference, p<0.05) since the first survey (Table 2). The boat-based 
effort accounted for 70.3% and 77.4% of the annual effort for the total fishery (boat and shore 
combined) during the first and second survey years respectively (Table 2). 
 
We estimated that about 288,700 and 224,000 fisher hours of daytime recreational shore-based 
effort was expended in the Lake Macquarie fishery during the first and second survey years 
respectively (Table 2). This represents an overall decrease in shore-based recreational fishing effort 
of about 22.4% (significant difference, p<0.05) since the first survey (Table 2). The shore-based 
effort accounted for 29.7% and 22.6% of the annual effort for the total fishery (boat and shore 
combined) during the first and second survey years respectively (Table 2). 

4.2. Recreational harvest 

4.2.1. Whole fishery 

We recorded 60 taxa in the retained catch of recreational fishers (boat and shore combined) during 
the first survey year and 62 taxa during the second survey year (Table 3, Appendix 2). We 
estimated that about 543,700 fish, crabs and cephalopods (472,174 to 615,148 individuals - 
approximate 95% Confidence Limits) were harvested by daytime recreational fishers from the Lake 
Macquarie fishery during the first survey year and about 497,500 fish, crabs and cephalopods 
(461,356 to 533,548 individuals - approximate 95% Confidence Limits) were harvested during the 
second survey year (Table 3). The crab and cephalopod component of the harvest was quite large, 
accounting for 36.1% of the harvest (about 196,200 individuals – 147,294 to 245,192 approximate 
95% Confidence Limits) during the first survey year and 19.8% of the harvest (about 98,600 
individuals – 84,796 to 112,426 approximate 95% Confidence Limits) during the second survey 
year (Table 3). The finfish component of the harvest accounted for 63.9% of the harvest (about 
347,400 individuals – 295,317 to 399,519 approximate 95% Confidence Limits) during the first 
survey year and 80.2% of the harvest (about 398,800 individuals – 365,493 to 432,189 
approximate 95% Confidence Limits) during the second survey year (Table 3). In both survey 
years the recreational harvest was dominated by relatively few taxa (Table 3). The ten most 
commonly harvested taxa, by number, accounted for 88.0% and 93.2% of the daytime recreational 
harvest during the first and second survey years respectively (Table 3). However, the composition 
and relative contribution of these dominant taxa changed markedly between survey years (Table 3). 
For example, the total harvest (by number) of trumpeter whiting, dusky flathead, tailor and sand 
whiting, increased significantly since the first survey period (Table 3). In contrast, the total harvest 
(by number) of common squid, yellow-finned leatherjacket, and sand mullet decreased 
significantly since the first survey period (Table 3). Changes in total harvest (increases or 
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decreases) were also observed for luderick, blue swimmer crab, yellowfin bream, large-toothed 
flounder and flat-tail mullet but these observed changes were not statistically different (p>0.05) 
between the survey periods (Table 3). 
 
We estimated that about 178 tonnes of fish, crabs and cephalopods (152 to 205 tonnes - 
approximate 95% Confidence Limits) were harvested by daytime recreational fishers from the Lake 
Macquarie fishery during the first survey year and about 224 tonnes of fish, crabs and cephalopods 
(203 to 244 tonnes - approximate 95% Confidence Limits) were harvested during the second 
survey year (Table 4). The crab and cephalopod component of the harvest was quite large, 
accounting for 37.4% of the harvest (about 67 tonnes – 44 to 89 tonnes approximate 95% 
Confidence Limits) during the first survey year and 20.0% of the harvest (about 45 tonnes – 37 to 
53 tonnes approximate 95% Confidence Limits) during the second survey year (Table 4). The 
finfish component of the harvest accounted for 62.6% of the harvest (about 112 tonnes – 97 to 126 
tonnes approximate 95% Confidence Limits) during the first survey year and 80.0% of the harvest 
(about 179 tonnes – 160 to 197 tonnes approximate 95% Confidence Limits) during the second 
survey year (Table 4). In both survey years the recreational harvest was dominated by relatively 
few taxa (Table 4). The ten most commonly harvested taxa, by weight, accounted for 90.1% and 
93.5% of the daytime recreational harvest during the first and second survey years respectively 
(Table 4). However, the composition and relative contribution of these dominant taxa changed 
markedly between survey years (Table 4). For example, the total harvest (by weight) of dusky 
flathead, tailor, trumpeter whiting and sand whiting, increased significantly since the first survey 
period (Table 4). In contrast, the total harvest (by weight) of common squid, yellow-finned 
leatherjacket, and sand mullet was significantly less in the second survey period (Table 4). Changes 
in total harvest (increases or decreases) were also observed for luderick, blue swimmer crab, 
yellowfin bream, snapper and Australian salmon but these observed changes were not statistically 
different (p>0.05) between the survey periods (Table 4). 

4.2.2. Boat fishery 

We recorded 46 taxa in the retained catch of boat-based recreational fishers during the first survey 
year and 55 taxa during the second survey year (Table 5, Appendix 3). We estimated that about 
369,100 fish, crabs and cephalopods (304,983 to 433,279 individuals - approximate 95% 
Confidence Limits) were harvested by daytime recreational fishers from the Lake Macquarie 
fishery during the first survey year and about 378,200 fish, crabs and cephalopods (348,390 to 
407,972 individuals - approximate 95% Confidence Limits) were harvested during the second 
survey year (Table 5). The crab and cephalopod component of the harvest was quite large, 
accounting for 49.8% of the harvest (about 183,900 individuals – 135,321 to 232,399 approximate 
95% Confidence Limits) during the first survey year and 23.7% of the harvest (about 89,500 
individuals – 76,735 to 102,337 approximate 95% Confidence Limits) during the second survey 
year (Table 5). The finfish component of the harvest accounted for 50.2% of the harvest (about 
185,300 individuals – 143,332 to 227,210 approximate 95% Confidence Limits) during the first 
survey year and 76.3% of the harvest (about 288,600 individuals – 261,744 to 315,546 
approximate 95% Confidence Limits) during the second survey year (Table 5). In both survey 
years the boat-based recreational harvest was dominated by relatively few taxa (Table 5). The ten 
most commonly harvested taxa, by number, accounted for 90.0% and 95.1% of the daytime 
recreational harvest during the first and second survey years respectively (Table 4). However, the 
composition and relative contribution of these dominant taxa changed markedly between survey 
years (Table 5). For example, the total boat-based harvest (by number) of trumpeter whiting, 
yellowfin bream, dusky flathead and tailor have increased significantly since the first survey period 
(Table 5). In contrast, the total boat-based harvest (by number) of common squid and yellow-
finned leatherjacket has decreased significantly since the first survey period (Table 5). Changes in 
total harvest (increases or decreases) were also observed for blue swimmer crab, sand whiting, 
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luderick, large-toothed flounder, snapper and river garfish but these observed changes were not 
statistically different (p>0.05) between the survey periods (Table 5). 
We estimated that about 116 tonnes of fish, crabs and cephalopods (92 to 141 tonnes - approximate 
95% Confidence Limits) were harvested by daytime boat-based recreational fishers from the Lake 
Macquarie fishery during the first survey year and about 161 tonnes of fish, crabs and cephalopods 
(148 to 175 tonnes - approximate 95% Confidence Limits) were harvested during the second 
survey year (Table 6). The crab and cephalopod component of the harvest was quite large, 
accounting for 54.1% of the harvest (about 63 tonnes – 41 to 85 tonnes approximate 95% 
Confidence Limits) during the first survey year and 26.2% of the harvest (about 42 tonnes – 35 to 
50 tonnes approximate 95% Confidence Limits) during the second survey year (Table 6). The 
finfish component of the harvest accounted for 45.9% of the harvest (about 53 tonnes – 43 to 64 
tonnes approximate 95% Confidence Limits) during the first survey year and 73.8% of the harvest 
(about 119 tonnes – 108 to 130 tonnes approximate 95% Confidence Limits) during the second 
survey year (Table 6). In both survey years the recreational boat-based harvest was dominated by 
relatively few taxa (Table 6). The ten most commonly harvested taxa, by weight, accounted for 
92.7% and 93.8% of the daytime recreational harvest during the first and second survey years 
respectively (Table 6). However, the composition and relative contribution of these dominant taxa 
changed markedly between survey years (Table 6). For example, the total boat-based harvest (by 
weight) of dusky flathead, tailor, yellowfin bream, trumpeter whiting and sand whiting, have 
increased significantly since the first survey period (Table 6). In contrast, the total boat-based 
harvest (by weight) of common squid decreased significantly since the first survey period (Table 
6). Changes in total harvest (increases or decreases) were also observed for blue swimmer crab, 
luderick, snapper, Australian salmon, yellow-finned leatherjacket and sand mullet but these 
observed changes were not statistically different (p>0.05) between the survey periods (Table 6). 

4.2.3. Shore fishery 

We recorded 38 taxa in the retained catch of shore-based recreational fishers during the first survey 
year and 44 taxa during the second survey year (Table 7, Appendix 4). We estimated that about 
174,500 fish, crabs and cephalopods (142,978 to 206,082 individuals - approximate 95% 
Confidence Limits) were harvested by daytime recreational fishers from the Lake Macquarie 
fishery during the first survey year and about 119,300 fish, crabs and cephalopods (98,889 to 
139,653 individuals - approximate 95% Confidence Limits) were harvested during the second 
survey year (Table 7). The crab and cephalopod component of the shore-based harvest was quite 
small, accounting for 7.1% of the harvest (about 12,400 individuals – 6,061 to 18,705 approximate 
95% Confidence Limits) during the first survey year and 7.6% of the harvest (about 9,100 
individuals – 3,879 to 14,271 approximate 95% Confidence Limits) during the second survey year 
(Table 7). The finfish component of the shore-based harvest accounted for 92.9% of the harvest 
(about 162,100 individuals – 131,235 to 193,059 approximate 95% Confidence Limits) during the 
first survey year and 92.4% of the harvest (about 110,200 individuals – 90,488 to 129,904 
approximate 95% Confidence Limits) during the second survey year (Table 7). In both survey 
years the shore-based recreational harvest was dominated by relatively few taxa (Table 7). The ten 
most commonly harvested taxa, by number, accounted for 91.2% and 92.6% of the daytime 
recreational harvest during the first and second survey years respectively (Table 7). However, the 
composition and relative contribution of these dominant taxa changed markedly between survey 
years (Table 7). For example, the total shore-based harvest (by number) of trumpeter whiting and 
dusky flathead have increased significantly since the first survey period (Table 7). In contrast, the 
total shore-based harvest (by number) of sand mullet, six-spined leatherjacket and fan-bellied 
leatherjacket has decreased significantly since the first survey period (Table 7). Changes in total 
harvest (increases or decreases) were also observed for luderick, yellowfin bream, common squid, 
tailor, flat-tail mullet, yellow-finned leatherjacket, sand whiting, and tarwhine but these observed 
changes were not statistically different (p>0.05) between the survey periods (Table 7). 
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We estimated that about 62 tonnes of fish, crabs and cephalopods (51 to 73 tonnes - approximate 
95% Confidence Limits) were harvested by daytime shore-based recreational fishers from the Lake 
Macquarie fishery during the first survey year and about 62 tonnes of fish, crabs and cephalopods 
(47 to 77 tonnes - approximate 95% Confidence Limits) were harvested during the second survey 
year (Table 8). The crab and cephalopod component of the harvest was relatively small, accounting 
for 6.2% of the shore-based harvest (about 4 tonnes – 1 to 7 tonnes approximate 95% Confidence 
Limits) during the first survey year and 4.1% of the shore-based harvest (about 3 tonnes – 1 to 4 
tonnes approximate 95% Confidence Limits) during the second survey year (Table 8). The finfish 
component of the harvest accounted for 93.8% of the shore-based harvest (about 58 tonnes – 48 to 
69 tonnes approximate 95% Confidence Limits) during the first survey year and 95.9% of the 
harvest (about 60 tonnes – 45 to 75 tonnes approximate 95% Confidence Limits) during the second 
survey year (Table 8). In both survey years the recreational shore-based harvest was dominated by 
relatively few taxa (Table 8). The ten most commonly harvested taxa, by weight, accounted for 
95.3% and 95.6% of the daytime recreational shore-based harvest during the first and second 
survey years respectively (Table 8). However, the composition and relative contribution of these 
dominant taxa changed markedly between survey years (Table 8). For example, the total shore-
based harvest (by weight) of trumpeter whiting was significantly greater in the second survey 
period (Table 8). In contrast, the total shore-based harvest (by weight) of yellow-finned 
leatherjacket and sand mullet decreased significantly since the first survey period (Table 8). 
Changes in total harvest (increases or decreases) were also observed for luderick, yellowfin bream, 
dusky flathead, tailor, flat-tail mullet, common squid, blue swimmer crab, tarwhine, sand whiting, 
southern calamari and fan-bellied leatherjacket but these observed changes were not statistically 
different (p>0.05) between the survey periods (Table 8). 
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4.3. Indicators of Recreational Fishing Quality 

4.3.1. Recreational harvest rates 

Seasonal trends are evident in the harvest rate information, however, these data are highly variable 
which means that estimates of seasonal harvest rates are usually imprecise. Thus, most comparisons 
of harvest rates among seasons within a survey year or between survey years are not statistically 
significantly different (see Figs 2 to 23). A brief description of the harvest rate data that focuses on 
statistically detectable differences between survey periods is provided below for the main species 
of recreational importance. 

4.3.1.1. Trumpeter whiting 

In the Southern Lake area, the boat-based harvest rate observed during the Summer of the second 
survey year was significantly greater (p<0.05) than that measured during the Summer of the first 
survey year (Fig. 2). In the Southern Lake area, the shore-based harvest rates observed during all 
seasons of the second survey were found to be significantly higher than those measured during the 
corresponding seasons during the first survey year (Fig. 3). 

4.3.1.2. Luderick 

There were no statistically significant differences in seasonal harvest rates between survey periods 
for boat-based fishers (Fig. 4). In the Southern Lake area, the Spring harvest rate of shore-based 
fishers in the first survey year was significantly higher (p<0.05) than the corresponding season 
during the second survey year (Fig. 5). 

4.3.1.3. Blue swimmer crab 

There were no statistically significant differences in seasonal harvest rates between survey periods 
for boat-based fishers or shore-based fishers (Figs.6 & 7). 

4.3.1.4. Yellowfin bream 

In the Swansea Channel and the Southern Lake area, the boat-based harvest rates observed during 
Autumn of the second survey year were significantly greater (p<0.05) than those measured during 
the corresponding season in the same areas of the Lake during the first survey year (Fig. 8). In the 
Southern Lake area, the Winter harvest rate of boat-based fishers was significantly higher during 
the second survey year (Fig. 8). Also, in the Southern Lake area, the Summer harvest rate of shore-
based fishers was significantly higher during the second survey year (Fig. 9). 

4.3.1.5. Dusky flathead 

In the Southern Lake area, the boat-based and shore-based harvest rates observed during Winter 
and Spring of the second survey year were significantly greater (p<0.05) than those measured 
during the corresponding seasons during the first survey year (Figs. 10 & 11). Also, the Summer 
harvest rate of boat-based fishers was significantly higher in the Southern Lake area during the 
second survey year (Fig. 10). 
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4.3.1.6. Tailor 

In the Northern Lake area, the boat-based harvest rate observed during the Autumn of the second 
survey year was significantly greater (p<0.05) than that measured during the Autumn of the first 
survey year (Fig. 12). In the Southern Lake area, the boat-based harvest rates observed during the 
Autumn, Winter and Spring seasons of the second survey year were found to be significantly 
higher than those measured during the corresponding seasons during the first survey year (Fig. 12). 
There were no statistically significant differences in seasonal harvest rates between survey periods 
for shore-based fishers (Fig. 13). 

4.3.1.7. Common squid 

In the Southern Lake area, the boat-based harvest rates observed during Autumn and Winter of the 
first survey year were significantly greater (p<0.05) than those measured during the corresponding 
seasons of the second survey year (Fig. 14). For the shore-based fishery, harvest rates were 
significantly greater (p<0.05) in the Southern Lake area for Summer in the first survey year (Fig. 
15). 

4.3.1.8. Sand whiting 

In the Northern Lake area, the boat-based harvest rates observed during Summer of the second 
survey year were significantly greater (p<0.05) than those measured during the Summer of the first 
survey year (Fig. 16). There were no statistically significant differences in seasonal harvest rates 
between survey periods for shore-based fishers (Fig.17). 

4.3.1.9. Large-toothed flounder 

In the Swansea Channel, the boat-based harvest rates observed during Summer of the second 
survey year were significantly greater (p<0.05) than those measured during the Summer of the first 
survey year (Fig. 18). There were no statistically significant differences in seasonal harvest rates 
between survey periods for shore-based fishers (Fig 19). 

4.3.1.10. Yellow-finned leatherjacket 

In the Northern Lake area, the boat-based harvest rates observed during Summer of the first survey 
year were significantly greater (p<0.05) than those measured during the Summer of the second 
survey year (Fig. 20). For the shore-based fishery, harvest rates were significantly greater (p<0.05) 
in the Northern Lake area for Autumn, Winter and Spring in the first survey year (Fig. 21). 

4.3.1.11. Sand mullet 

There were no statistically significant differences in seasonal harvest rates between survey periods 
for boat-based fishers or shore-based fishers (Figs.22 & 23). 
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Figure 2. Recreational harvest rate estimates (fish per fisher hour) with 95% confidence 

intervals for trumpeter whiting taken by boat-based fishers in the Northern Lake, 
Swansea Channel and Southern Lake for each survey year. 
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Figure 3. Recreational harvest rate estimates (fish per fisher hour) with 95% confidence 

intervals for trumpeter whiting taken by shore-based fishers in the Northern Lake, 
Swansea Channel and Southern Lake areas for each survey year. 
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Figure 4. Recreational harvest rate estimates (fish per fisher hour) with 95% confidence 

intervals for luderick taken by boat-based fishers in the Northern Lake, Swansea 
Channel and Southern Lake areas for each survey year. 
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Figure 5. Recreational harvest rate estimates (fish per fisher hour) with 95% confidence 

intervals for luderick taken by shore-based fishers in the Northern Lake, Swansea 
Channel and Southern Lake areas for each survey year. 
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Figure 6. Recreational harvest rate estimates (fish per fisher hour) with 95% confidence 

intervals for blue swimmer crab taken by boat-based fishers in the Northern Lake, 
Swansea Channel and Southern Lake areas for each survey year. 
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Figure 7. Recreational harvest rate estimates (fish per fisher hour) and 95% confidence 

intervals for blue-swimmer crab taken by shore-based fishers in the Northern Lake, 
Swansea Channel and Southern Lake areas for each survey year. 

Assessment of the recreational fishery of Lake Macquarie – Steffe et al. 
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Figure 8. Recreational harvest rate estimates (fish per fisher hour) with 95% confidence 

intervals for yellowfin bream taken by boat-based fishers in the Northern Lake, 
Swansea Channel and Southern Lake areas for each survey year. 
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Figure 9. Recreational harvest rate estimates (fish per fisher hour) with 95% confidence 

intervals for yellowfin bream taken by shore-based fishers in the Northern Lake, 
Swansea Channel and Southern Lake areas for each survey year. 
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Figure 10. Recreational harvest rate estimates (fish per fisher hour) with 95% confidence 

intervals for dusky flathead taken by boat-based fishers in the Northern Lake, 
Swansea Channel and Southern Lake areas for each survey year. 
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Figure 11. Recreational harvest rate estimates (fish per fisher hour) with 95% confidence 

intervals for dusky flathead taken by shore-based fishers in the Northern Lake, 
Swansea Channel and Southern Lake areas for each survey year. 
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Figure 12. Recreational harvest rate estimates (fish per fisher hour) with 95% confidence 

intervals for tailor taken by boat-based fishers in the Northern Lake, Swansea 
Channel and Southern Lake areas for each survey year. 
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Figure 13. Recreational harvest rate estimates (fish per fisher hour) with 95% confidence 

intervals for tailor taken by shore-based fishers in the Northern Lake, Swansea 
Channel and Southern Lake areas for each survey year. 
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Figure 14. Recreational harvest rate estimates (fish per fisher hour) with 95% confidence 

intervals for common squid taken by boat-based fishers in the Northern Lake, 
Swansea Channel and Southern Lake areas for each survey year. 
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Figure 15. Recreational harvest rate estimates (fish per fisher hour) with 95% confidence 

intervals for common squid taken by shore-based fishers in the Northern Lake, 
Swansea Channel and Southern Lake areas for each survey year. 
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Figure 16. Recreational harvest rate estimates (fish per fisher hour) with 95% confidence 

intervals for sand whiting taken by boat-based fishers in the Northern Lake, 
Swansea Channel and Southern Lake areas for each survey year. 
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Figure 17. Recreational harvest rate estimates (fish per fisher hour) with 95% confidence 

intervals for sand whiting taken by shore-based fishers in the Northern Lake, 
Swansea Channel and Southern Lake areas for each survey year. 
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Figure 18. Recreational harvest rate estimates (fish per fisher hour) with 95% confidence 

intervals for large-toothed flounder taken by boat-based fishers in the Northern 
Lake, Swansea Channel and Southern Lake areas for each survey year. 
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Figure 19. Recreational harvest rate estimates (fish per fisher hour) with 95% confidence 

intervals for large-toothed flounder taken by shore-based fishers in the Northern 
Lake, Swansea Channel and Southern Lake areas for each survey year. 

Assessment of the recreational fishery of Lake Macquarie – Steffe et al. 



56  NSW Dept of Primary Industries 

Autumn 99

Winter 99

Spring 99

Summer 99/00
0.00

0.01

0.02

0.03

0.04

0.05

0.00

0.01

0.02

0.03

0.04

0.05

0.00

0.01

0.02

0.03

0.04

0.05

YELLOW-FINNED LEATHERJACKET 
- BOAT FISHERY

NORTHERN LAKE

CHANNEL

SOUTHERN LAKE

SURVEY YEAR 1
(March 1999 to February 2000)

SURVEY YEAR 2
(December 2003 to November 2004)

H
ar

ve
st

 R
at

e 
(N

o.
 F

is
h 

pe
r f

is
he

r h
ou

r)

0.00

0.01

0.02

0.03

0.04

0.05

 Summer 03/04

Autumn 04

Winter 04

Spring 04
0.00

0.01

0.02

0.03

0.04

0.05

0.00

0.01

0.02

0.03

0.04

0.050.08

0.06

0.08

0.06

 
 
 
Figure 20. Recreational harvest rate estimates (fish per fisher hour) with 95% confidence 

intervals for yellow-finned leatherjacket taken by boat-based fishers in the 
Northern Lake, Swansea Channel and Southern Lake areas for each survey year. 
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Figure 21. Recreational harvest rate estimates (fish per fisher hour) with 95% confidence 

intervals for yellow-finned leatherjacket taken by shore-based fishers in the 
Northern Lake, Swansea Channel and Southern Lake areas for each survey year. 
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Figure 22. Recreational harvest rate estimates (fish per fisher hour) with 95% confidence 

intervals for sand mullet taken by boat-based fishers in the Northern Lake, 
Swansea Channel and Southern Lake areas for each survey year. 
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Figure 23. Recreational harvest rate estimates (fish per fisher hour) with 95% confidence 

intervals for sand mullet taken by shore-based fishers in the Northern Lake, 
Swansea Channel and Southern Lake areas for each survey year. 
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4.3.2. Size-frequency distributions 

Descriptive statistics of all measurements taken for each taxon by boat-based and shore-based 
fishers during each survey period are presented in Appendices 2 - 4. Here, we present length 
frequency distributions and comparisons between survey periods (shore and boat fisheries 
combined) for the main species of recreational importance. 

4.3.2.1. Trumpeter whiting 

A comparison of the length frequency distributions between the two survey periods shows great 
similarity between survey years (Fig. 24). There was no change in the mean and median fork 
lengths of trumpeter whiting between survey years (Fig. 24). 

4.3.2.2. Luderick 

A comparison of the length frequency distributions between the two survey periods shows that 
luderick taken during the second survey year were, on average, larger than those harvested during 
the first survey year (Fig. 25). Luderick harvested during the second survey year had larger mean 
and median fork lengths (Fig. 25). 

4.3.2.3. Blue swimmer crab 

A comparison of the length frequency distributions between the two survey periods shows that the 
crabs taken during the second survey year were, on average, larger than those harvested during the 
first survey year (Fig. 26). Blue swimmer crabs harvested during the second survey year had larger 
mean and median carapace lengths (Fig. 26). 

4.3.2.4. Yellowfin bream 

A comparison of the length frequency distributions between the two survey periods shows that 
yellowfin bream taken during the second survey year were, on average, larger than those harvested 
during the first survey year (Fig. 27). Yellowfin bream harvested during the second survey year had 
larger mean and median fork lengths (Fig. 27). 

4.3.2.5. Dusky flathead 

A comparison of the length frequency distributions between the two survey periods shows that 
dusky flathead taken during the second survey year were, on average, larger than those harvested 
during the first survey year (Fig. 28). Dusky flathead harvested during the second survey year had 
larger mean and median fork lengths but it should be noted that the minimum legal length for this 
species was increased from 33 cm TL to 36 cm TL in the period between the surveys (Fig. 28). 

4.3.2.6. Tailor 

A comparison of the length frequency distributions between the two survey periods shows that 
tailor taken during the second survey year were, on average, larger than those harvested during the 
first survey year (Fig. 29). Tailor harvested during the second survey year had larger mean and 
median fork lengths (Fig. 29). 
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4.3.2.7. Common Squid 

A comparison of the length frequency distributions between the two survey periods shows that 
common squid taken during the second survey year were, on average, larger than those harvested 
during the first survey year (Fig. 30). Squid harvested during the second survey year had larger 
mean and median mantle lengths (Fig. 30). 

4.3.2.8. Sand whiting 

A comparison of the length frequency distributions between the two survey periods shows that 
sand whiting taken during the second survey year were, on average, larger than those harvested 
during the first survey year (Fig. 31). Sand whiting harvested during the second survey year had 
larger mean and median fork lengths (Fig. 31). 

4.3.2.9. Large-toothed flounder 

A comparison of the length frequency distributions between the two survey periods shows that 
large-toothed flounder taken during the second survey year were, on average, larger than those 
harvested during the first survey year (Fig. 32). Large–toothed flounder harvested during the 
second survey year had larger mean and median total lengths (Fig. 32). 

4.3.2.10. Yellow-finned leatherjacket 

A comparison of the length frequency distributions between the two survey periods showed little 
similarity (Fig. 33). Yellow-finned leatherjackets harvested during the second survey year had the 
same mean length but smaller median total length indicating smaller fish were taken during the 
second survey year (Fig. 33). 

4.3.2.11. Sand mullet 

A comparison of the length frequency distributions between the two survey periods shows that 
sand mullet taken during the second survey year were, on average, larger than those harvested 
during the first survey year (Fig. 34). Sand mullet harvested during the second survey year had 
larger mean and median fork lengths (Fig. 34). 
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5. DISCUSSION 

The establishment of Lake Macquarie as a Recreational Fishing Haven (RFH) has changed the 
allocation of fisheries resources in this waterway between the recreational and commercial sectors. 
The removal of access for commercial fishers to Lake Macquarie occurred during May 2002 
thereby creating additional recreational fishing opportunities. This report focuses on comparisons 
made between two separate daytime recreational fishing surveys of Lake Macquarie. The first 
annual survey was done during the pre-RFH period (March 1999 to February 2000) and the second 
annual survey was done during the post-RFH period (December 2003 to November 2004). These 
annual surveys provide a snapshot of the recreational fishery of Lake Macquarie before RFH 
implementation and after RFH implementation. However, the representativeness of these two 
unreplicated survey periods as measures of pre-RFH and post-RFH conditions within the 
recreational fishery of Lake Macquarie remains unknown. 
 
The assessment of environmental disturbance or impacts arising from management interventions is 
made difficult because it is often uncertain whether a causal relationship exists between the 
management event (e.g. establishment of a RFH) that has occurred and any changes in fish 
populations or the recreational fishery that are measured at a later time. The changes in the 
recreational fishery that have been detected following the implementation of the RFH may be in 
part attributable to the impact of the management intervention and/or may be in part attributable to 
natural fluctuations in fish abundance and catchability. These can be large in an open system that 
allows migratory fish stocks to enter and leave the Lake. Nonetheless, the comparison between the 
two annual survey periods does show that real differences have occurred in the Lake Macquarie 
fishery since the first pre-RFH survey period. 
 
Have there been changes in the recreational fishery since the exclusion of commercial fishing by 
the establishment of Lake Macquarie as a RFH? In an extractive fishery the estimation of harvest 
provides a direct measure of the impact of fishing. Thus, changes in the harvest (number and 
weight of fish, crabs and cephalopods) and the relative composition of the harvest between annual 
survey periods are important measures that were used to assess change in the recreational fishery 
through time. We found no significant difference in the total annual harvest of fish, crabs and 
cephalopods, by number or weight, between survey periods for the whole fishery (Tables 3 & 4). 
The recreational harvest in both survey years was dominated by relatively few taxa, however, the 
composition and relative contribution of these dominant taxa changed markedly between survey 
years (Tables 3 & 4). The recreational harvest of trumpeter whiting (119.8% by number, 138.2% 
by weight), dusky flathead (119.3% by number, 232.5% by weight), tailor (205.8% by number, 
539.2% by weight) and sand whiting (158.5% by number, 169.7% by weight) was significantly 
greater (p<0.05) in the second survey year (Tables 3 & 4). In contrast, the recreational harvest of 
common squid (-56.5% by number, -51.5% by weight), yellow-finned leatherjacket (-85.5% by 
number, -82.7% by weight) and sand mullet (-93.5% by number, -93.6% by weight) was 
significantly less (p<0.05) in the second survey year (Tables 3 & 4). Increased harvest levels during 
the second survey year were recorded for yellowfin bream (16.2% by number, 47.9% by weight) 
and luderick (0.3% by number, 30.6% by weight) but these changes were not statistically 
significant (Tables 3 & 4). Blue swimmer crab (-44.9% by number, -26.7% by weight) and flat-tail 
mullet (-49.1% by number, -31.9% by weight) had lower harvest levels during the second survey 
period but these changes were not statistically significant (Tables 3 & 4). The harvest of large-
toothed flounder was greater in the second survey period (49.6% by number but not statistically 
significant, 96.0% by weight p<0.05). These findings indicate that the post-RFH recreational 
fishery in Lake Macquarie was very different to the fishery that had existed prior to the 
implementation of the RFH. 

Assessment of the recreational fishery of Lake Macquarie – Steffe et al. 



74  NSW Dept of Primary Industries 

A better understanding of these changes between survey periods in the Lake Macquarie 
recreational fishery can be achieved by considering the factors that influence the size of harvest 
levels and how they may have changed since the first survey year. The major factors that influence 
the size of the recreational harvest are fishing effort, harvest rates and the size of fish, crabs and 
cephalopods taken. A discussion of each of these main factors follows. 
 
Fishing effort can influence the total harvest in two ways. Fishing effort can have a direct effect as 
measured by absolute changes in the time spent fishing (assuming harvest rate remains constant) 
and also an indirect effect which could be due to changes in the direction or targeting of fishing 
effort. The total fishing effort (boat and shore combined) in the fishery showed little change 
between survey periods (about 2.3% overall – not statistically significant – Table 2). However, 
different trends were evident in the boat-based and shore-based fisheries. The fishing effort 
expended in the larger boat-based fishery increased by about 12.8% during the second survey year 
but this change was not statistically significant. This additional boat-based fishing effort may have 
contributed to increases in the harvest of species that are targeted by boat-based drift fishing, such 
as, dusky flathead, large-toothed flounder and trumpeter whiting. Interestingly, there was a 
statistically significant reduction of about 22.4% in the level of fishing effort expended in the 
smaller shore-based fishery during the second survey year. This decreased fishing effort was 
mainly due to the exclusion of recreational fishers from the hot water outlet of the Eraring power 
station. This part of the Lake had been very popular with shore-based fishers during the Winter and 
Spring seasons of the first survey year. The hot water outlet site had been characterised previously 
by many large catches of luderick. The observed changes (increases or decreases) in harvest levels 
for different species cannot be explained by changes in effort alone. The proportional changes in 
recreational harvest between survey years are much larger than the corresponding proportional 
changes in fishing effort. This is true for both the boat-based and shore-based fisheries in Lake 
Macquarie. 
 
Changes in targeting may also help explain changes in harvest between survey years. It is plausible 
that less favoured species are targeted by recreational fishers whenever it becomes difficult to catch 
their favoured species. This behaviour leads to the targeting of whatever is available at the time and 
usually occurs when favoured species are less accessible to the recreational fishery. For example, 
changes in targeting behaviour would be expected to shift away from favoured species during 
periods of low abundance, low catchability or when the available resource is being used heavily by 
many commercial and recreational users as in the case of the pre-RFH fishery in Lake Macquarie. 
Conversely, changes in targeting behaviour would be expected to shift towards favoured species 
during periods of high abundance, high catchability or when the fishing pressure on the available 
resource is reduced by excluding a large user-group (i.e. the commercial sector) as in the case of 
the post-RFH fishery in Lake Macquarie. 
 
Do the seasonal harvest rate data for the boat-based and shore-based fisheries indicate any major 
changes in fishing quality since the first survey year? Seasonal trends are evident in the harvest rate 
data, however, these data are highly variable making it difficult to detect statistically significant 
differences between survey years (see Figs. 2 to 23). Trumpeter whiting, dusky flathead, tailor and 
sand whiting all had significant increases in recreational harvest, by number, during the second 
survey year. For these species, these observations were supported by the seasonal harvest rate 
comparisons made between the survey years. All of the significant harvest rate differences detected 
between corresponding seasons indicated that for these species the harvest rates were better during 
the post-RFH survey year. Common squid, yellow-finned leatherjacket and sand mullet all had 
significant decreases in recreational harvest, by number, during the second survey year. Seasonal 
harvest rate comparisons that were significantly different for common squid and yellow-finned 
leatherjacket indicated lower harvest rates during the post-RFH year, with the exception of a 
comparison between Autumn seasons which indicated that the harvest rate of common squid in the 
Swansea Channel area was better during the second year. The harvest rate data for sand mullet 
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were too imprecise for the detection of any significant seasonal differences. Yellowfin bream and 
large-toothed flounder harvests were estimated to be greater during the second year but these trends 
were not statistically significantly different between years. Even so, all of the significant harvest 
rate differences detected between corresponding seasons indicated that for these two species, the 
harvest rates were better during the post-RFH survey year. The estimated harvest of blue swimmer 
crab had decreased since the first survey year but this trend was not statistically significant. 
Unfortunately, the harvest rate data for blue swimmer crab were too imprecise for the detection of 
any significant seasonal differences. The recreational harvest of luderick, by number, remained 
relatively constant between survey years. Interestingly, a comparison of the Spring seasons showed 
that the shore-based luderick harvest rate from the Southern Lake area had been significantly better 
during the first survey year. This was the only significant statistical difference detected for any 
seasonal harvest rate comparison involving luderick and may be explained by the exclusion of 
recreational fishers from the Eraring hot water outlet during the second survey year. 
 
In summary, the harvest rate data have provided evidence of major changes in the Lake Macquarie 
fishery since the first survey year. These changes in seasonal harvest rates may be attributed to the 
effects of many inter-related factors, such as: (a) the availability of fish resulting from the removal 
of commercial fishing and/or natural fluctuations in abundance; (b) changes in targeting practices; 
and (c) increases in angler skill levels and technological improvements in fishing gear (e.g. the 
increased use of soft plastic lures may have led to increased harvest rates of dusky flathead). 
 
Is there any evidence to indicate that the size of fish, crabs and cephalopods has changed since the 
first survey year? Changes in the size of fish can be assessed: (a) directly by comparing length 
frequency distributions, and their associated mean and median lengths; and (b) indirectly by 
comparing proportional changes in harvest levels (total number of individuals compared to total 
weight) between survey years. The change in size is inferred whenever the percentage change in 
harvest by number differs from the percentage change in harvest by weight. For example, when the 
percentage change by weight is greater than the percentage change by number, it can be inferred 
that the average size of fish has increased. Conversely, when the percentage change in harvest by 
weight is less than the percentage change by number, it can be inferred that the average size of fish 
has decreased. 
 
An examination of comparative length frequency information, mean and median lengths between 
survey years indicated that most species were harvested at larger sizes during the post-RFH survey 
year. The mean and median sizes of dusky flathead, sand whiting, tailor, common squid, yellowfin 
bream, luderick, blue swimmer crab, large-toothed flounder and sand mullet were all larger during 
the second survey year (Figs. 24 to 34). The observed increase in mean size for dusky flathead was 
6cm, which was 3cm more than the increase in minimum legal length that had been implemented 
since the first survey period. Interestingly, the increases in the mean and median size of common 
squid, blue swimmer crab and sand mullet occurred during the second survey year when their 
estimated harvests (number and weight) had decreased. Trumpeter whiting had identical mean and 
median lengths during each of the survey years. Yellow-finned leatherjacket taken during the 
second survey year had a smaller median length but identical mean length to fish taken during the 
first survey period (Fig.33). 
 
Similar observations were made when comparing the relative changes in harvest (percentage 
number versus percentage weight) for these same species (Tables 3 and 4). Large increases in size 
during the second survey year were inferred for dusky flathead and tailor, moderate size increases 
were inferred for trumpeter whiting, sand whiting, yellowfin bream, luderick, blue swimmer crabs, 
common squid, large-toothed flounder and yellow-finned leatherjacket (Tables 3 and 4). No change 
in size was evident for sand mullet (Tables 3 and 4). 
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The removal of commercial fishing after the establishment of the RFH in 2002 meant that fish 
previously harvested by commercial fishers were now available to the recreational sector only. This 
management change may have led to an overall decrease in fishing pressure and a concomitant 
reduction in the rate of fishing mortality (commercial and recreational combined) on the fish, crab 
and squid stocks within Lake Macquarie. Any reduction in fishing effort or fishing mortality rate 
may allow the standing stocks of fish, crabs and squid some additional time to grow before they are 
harvested. If so, it would be expected that the mean and median sizes of many species should 
increase within the Lake Macquarie fishery. This is consistent with the increases in sizes observed 
during the post-RFH survey year. 
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6. CONCLUSIONS 

This recreational fishing survey provides evidence of a relatively productive recreational fishery in 
Lake Macquarie and Swansea Channel. Comparisons made between two separate daytime 
recreational fishing surveys (the first done during the pre-RFH period and this second survey done 
during the post-RFH period) indicate that the post-RFH recreational fishery was very different to 
the fishery that existed prior to the implementation of the RFH. We documented statistically 
significant increases in recreational harvest for some prized recreational species and also some 
significant decreases for some other important recreational species. Overall, the indicators of 
recreational fishing quality that we examined indicated that the post-RFH fishery had improved in 
many ways since the pre-RFH survey period. A summary of the evidence provided in this report is 
that: 
 
(a) the recreational harvest in both survey years was dominated by a relatively small number of 
taxa, however, the composition and relative contribution of these dominant taxa changed markedly 
between survey years. These changes occurred even though there was no significant difference 
between survey years in the total annual harvest, by number or weight, for the whole fishery; 
 
(b) the recreational harvest of dusky flathead, tailor, sand whiting and trumpeter whiting (number 
and weight) and large-toothed flounder (weight only) had increased significantly during the post-
RFH survey year; 
 
(c) the recreational harvest of common squid, yellow-finned leatherjacket and sand mullet, by 
number and weight, had decreased significantly during the post-RFH survey year; 
 
(d) total fishing effort (boat and shore combined) showed little change (about 2.3%), however, 
different trends were evident in the boat-based and shore-based fisheries. Fishing effort in the 
larger boat-based fishery increased by about 12.8% but this change was not statistically significant. 
In contrast, there was a statistically significant reduction of about 22.4% in the level of shore-based 
fishing. 
 
(e) seasonal harvest rate comparisons between survey years tended to confirm the increasing or 
decreasing trends found in the annual recreational harvest estimates for the main species; 
 
(f) comparisons of length frequency information, mean and median lengths between survey years 
indicated that most species were harvested at larger sizes during the post-RFH survey year. The 
mean and median sizes of dusky flathead, sand whiting, tailor, common squid, yellowfin bream, 
blue swimmer crab, large-toothed flounder and sand mullet were all larger during the second 
survey year. 
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7. RECOMMENDATIONS 

1. This survey provides the first snapshot (point estimate) of the Lake Macquarie recreational 
fishery following the establishment of the waterway as a RFH. On-site surveys of 
recreational fishing are valuable tools for collecting information to describe the status of a 
fishery and any changes that may have occurred since previous survey periods. On-site 
surveys of the recreational fishery should be repeated regularly (every 3-5 years) to 
monitor the recreational fishery in Lake Macquarie. 

 
2. It would be prudent and cost-effective to incorporate some biological sampling of key 

recreational species (e.g. age composition and reproductive biology) into any repeat survey 
work. Biological information will be invaluable for interpreting and understanding the 
factors that influence major changes in fish populations between survey periods. 

 
3. Before future surveys or monitoring programmes are done in Lake Macquarie, it is 

recommended that statistical power analyses be done of the recreational fishing dataset 
collected during this study. Power analyses are vital for determining scientifically 
defensible and cost-effective survey designs that have sufficient statistical power to detect 
changes in the recreational fishery throughout time. 
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9. APPENDICES 

Appendix 1. Location of recognized boat ramps around Lake Macquarie. 

Ramp No. Ramp Location

1 Blacksmiths - Ungala Street

2 Pelican - Lakeview Parade

3 Pelican - off Naru Street (near airport)

4 Belmont South - Paley Crescent

5 Belmont - Brooks Parade

6 Valetine - Bennett Park off Dilkera Avenue

7 Croudace Bay - Thomas Halton Park, Bareki Road

8 Eleebana - Lions Park, Bareki Road

9 Speers Point - Cockle Creek, Creek Reserve Road

10 Marmong Point - Off Nanda Street

11 Bolton Point - Off Middle Point Road

12 Toronto - Lions Park,  Anzac Parade

13 Toronto - Wharf Street

14 Coal Point - Birraban Reserve Robey Crescent

15 Rathmines - Styles Point off Overhill Road

16 Rathmines - Rathmines Park off Dorrington Road

17 Balmoral - Letchworth Parade

18 Wangi Wangi - Kent Place

19 Wangi Wangi - Wangi Caravan Park (Watkins Road)

20 Wangi Wangi - off Dobell Drive (Wangi Wangi Beach)

21 Dora Creek - Dora Street

22 Bonnells Bay - Pendlebury Park, Grand Parade West

23 Balcolyn - Shingle Splitters Point King Street

24 Balcolyn - Balcolyn Street (near Progress Hall)

25 Sunshine - Sunshine Reserve off Sunshine Parade

26 Morisset Park - Lakeview Road

27 Wyee - Behind Mecca Caravan Park Ruttleys Road

28 Vales Point - off Peveril Street (The Cut)

29 Summerland Point - off Cams Boulevarde

30 Gwandalan - Garema Road

31 Gwandalan - off Koowong Road (Crangan Bay)

32 Gwandalan - off Gamban Road

33 Nords Wharf - Branter Road

34 Cams Wharf - Cams Wharf Road

35 Swansea - The Esplanade

36 Swansea - Fishermen's Co-op

37 Swansea - Coon Island 1 off Wallarah Street

38 Swansea - Coon Island 2 off Wallarah Street  

Project No. xx/xxx  Assessment of the recreational fishery of  Lake Macquarie – Steffe et al. 
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10. SURVEY PERSONNEL 

The following tables present lists of persons who worked in either the 1999/2000 and/or the 
2003/2004 survey as field staff. Persons are listed according to their affiliation with an organised 
group. We again thank all of the following personnel for their valuable contributions to this project. 
 
 
 

Survey personnel from the Lake Macquarie Concerned Anglers Group and NSW DPI 
Fishcare Volunteer program. 

 

Name Affiliation
Survey Year 1 

1999/2000 
Survey Year 2 

2003/2004 

Steve  Anderson 1 *
Tom Archbold 1 *
Brian Arnold 2 *
Col Austin 1 *
Liz Bailey 1 *
Ian Beresford 1 *
Winstone  Buffrey 1 *
George  Burrell 1 *
John  Cheyne 2 *
Graham Clark 2 *
Frank Druery 1 *
Bill Gray 1 *
Patricia Hall 1 *
Richard Hall 1 *
Graham Halley 1 *
Ron Hemsley 1 *
Brian Hilton 2 *
Jack Howell 1 *
Angelo Iacono 2 *
Lionel Jones 1 * *
Craig Jones 1 *
Lionel Jones 1 *  
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Survey personnel from the Lake Macquarie Concerned Anglers Group and NSW DPI 
Fishcare Volunteer program, continued. 

 

Name Affiliation
Survey Year 1 

1999/2000 
Survey Year 2 

2003/2004 

Alan Keft 1 *
John  Lightfoot 1,2 * *
Jan McLeod 1,2 * *
John  McLeod 1,2 * *
Dennis Morgan 1 *
Col Munro 1 * *
Gary Pearce 1,2 * *
Allen Rae 1 *
Ray Searle 2 *
Noel Stoops 1 * *
Rosalind Stoops 1 *
Kevin Turner 1 *
Noel Vidler 1 *
Ray Ward 1 *
Sam Wilson 1,2 * *
Gail Young 1 *

Affiliation Key: 

1 - Lake Macquarie Concerned Anglers Group

2- NSW DPI Fishcare Volunteers

* denotes participation in either survey year 1 and/or survey year 2  
 

Assessment of the recreational fishery of Lake Macquarie – Steffe et al. 



NSW Dept of Primary Industries  97 

Survey personnel affiliated with B&L Fishing and Cruises. 
 

Name Survey Year 1 
1999/2000 

Survey Year 2 
2003/2004 

Steve Baggs *
Jason Bennett *
Michael Chipchase *
Brett Corbett * *
Adrian Cornwall *
Ted Doggett *
Michael Ede *
Aaron Edwards *
Dane Haigh *
Elise Harris *
Dave Harris *
Chris Hird *
Ian Hobden *
Ian Hobden *
Ben  Howe *
Steven Jest *
Clyde Kelton *
Aaron Kinghorn *
Eric McGilvray *
Tim McGowan *
Brad Minors *
Steve Minors * *
Fiona Minors * *
Ben  Minors *
Linda  Minors *
Norma Minors *
Keith Morgan *
Micheal Mottley *
Will Paul *
Merilee Prangell *
Garth Quick *
Sharon Simington *
Ryan Spong *
* denotes participation in either survey year 1 and/or survey year 2  
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Survey personnel affiliated with the Swansea Australian Volunteer Coast Guard. 
 

Name Survey Year 1 
1999/2000 

Survey Year 2 
2003/2004 

Larry Baker *
Nola Ellis *
Norm Ellis *
Allan Ferrier *
John Green *
Mike Hawkins *
Garry Horgan *
Tony Mackay *
John Margarie *
Craig Mason *
T. Milton *
Bruce Oliver *
John Rains *
Kay Rains *
Bill Rogan *
Barry Shoesmith *
Peter Skinner *
Bob Suttie *
Jan Suttie *
Richard Taubman *
Alan Thomas *
Jack Ward *
Doug Young *
* denotes participation in either survey year 1 and/or survey year 2 
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