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EXECUTIVE SUMMARY

A two-week pilot survey of recreational fishing in Karumba was conducted during August, 2002. Anglers from 434 fishing trips were interviewed at “The Point” and “Town” boat ramps. Thirty-nine percent (39%) of fishers came from Qld, 29% from NSW, 26%% from Victoria, with the remaining minority (6%), from South Australia, Tasmania, and Western Australia. The majority of fishers (52%) were highly experienced fishing in Karumba, having visited for greater than 5 years.

The total recreational fishing effort in Karumba for August, 2002, was 15716 (( 1637 SE) vessel hours, or 3926 (( 617 SE) fishing trips at an average of 4 hours per fishing trip. The majority (>90%) of fishing trips involved an aluminium dinghy of 3.5 – 4.5 m in length crewed by two people. Not all legal sized fishes were retained; for example, anglers kept only 38% of legal-sized barramundi, 75% of legal-sized grunter, and 88% of legal-sized blue salmon.

The total recreational fishing catch (fish retained by anglers) in Karumba for August 2002 was estimated to be 6.4 tonnes, although taking into account the sampling variability, could be as high as 12 tonnes.  The most common species kept (by numbers) was blue salmon (Eleutheronema tetradactylum – 3051 ( 6101 SE), Grunter Bream (Pomadysus kaakan  975 ( 2750 SE) and Pikey (Black) Bream (Acanthopagrus palmaris; 569 ( 3238 SE).  These estimates are preliminary and need to be viewed with caution, taking into account the large standard errors.

Power analysis revealed that a minimum sample size (number of fishing trips sampled) capable of detecting a 20% reduction in catch rates of all species was 1000.  Given that the pilot study achieved a sample size of 434 from 11 days of sampling, data from 1000 fishing trips is achievable within an entire fishing season. To ensure that all species fished during the entire season (February-August) are adequately represented, separate sampling trips would have to be made during the main fishing months (March-Aprill; May-June; July-August.).

Specific recommendations on the nature and logistics of an on-going recreational fisheries monitoring program are provided in the report. However, a monitoring program can only be of use if the outcomes (i.e. trends detected) have “management teeth”, i.e. can lead directly to management actions. This can be achieved by explicit definition of baseline standards, trigger points, and management response. Such definitions must consider input from all stakeholders. The current situation provides an opportunity to involve the Karumba angling community, which is unique and committed to the fishery, in the process of managing their stocks effectively. Suggestions on how this may proceed are provided. 

1. Introduction

Information on the catch and effort of recreational fishing in the Southern Gulf of Carpentaria is required to ensure the sustainability of fishing activities, and preserve the unique environment and wilderness aspects of this area.  The Southern Gulf includes some of the prime recreational fishing locations in Australia with estimates upwards of 80,000 visitors to Karumba and Burketown each year during the winter season (Kehoe, 1999).  However, a review by Hart (2002) found a lack of recreational fishery monitoring programs in the area.  

The objectives of this pilot study were:

1. To obtain estimates of mean and variability in harvest rates of the principal target species in the Karumba recreational fishery.

2. To use the estimates of mean and variance to undertake simulations of optimal design for a long-term monitoring program.

3. To report on the logistics and make recommendations for undertaking a monitoring program for recreational fisheries in the Southern Gulf Region.  

2. Methods

2.1. Survey Design and Data Collection

The pilot study was undertaken at Karumba between the 9th and the 23rd August 2002. An access point survey design (Pollock et al., 1994) was implemented, with the access points being two boat ramps at Karumba.  Preliminary counts of boat trailers indicated that “The Point” ramp received most of the effort, and sample days were allocated accordingly (8 days at “The Point”, and 3 days at “The Town” ramp). The Carpentaria shire council in Normanton prepared a Council Shire Notice informing people about the survey and requesting assistance in the interviews. The notice was prominently displayed at boat ramps. 

Anglers were asked to participate in a 2 minute prepared questionnaire, and for those who complied, the following questions were asked:

· Length of angling trip and details of target species.

· What was their experience (in days/years), and were they visitors or locals?

· Type and quantity of fishing gear used, and vessel size

· Numbers kept (legal sized), numbers of legal-sized released, numbers of undersize released. Species identification were restricted to the 12 most common that most people could identify with reasonable certainty. These are listed in Table 2.  

Periodic counts of number of trailers and origin of license plates were made, and the town of Normanton was visited to evaluate the logistics of obtaining an estimate of recreational fishing from that area. Photographs were taken of various specimens to confirm species identification with Allen (1999) and a tropical fish expert (Dr Steve Newman, Department of Fisheries, WA).  

2.2. Data analysis

Summary Statistics

Data from 434 fishing trips overm 11 fishing days were analysed and summary statistics made of the principal variates of interest – catch, effort, catch rate, fisher experience and state of origin of fishers. The appropriate catch rate for an access point survey, where the probability of sampling is independent of trip length, is the ratio-of-means harvest rate (Bradford,2000; Crone and Malvestuto, 1991). Unless otherwise specified, catch (or harvest) in this report shall signify what is caught by the anglers, and shall include fish caught and released. Fish retained or kept by anglers shall be referred to as ‘retained’ or ‘kept’.

Estimation of total catch and effort

The total fishing effort for a sample of days was estimated from counts of number of trailers at the boat ramps, and counts of boat retrievals and launches. Estimation of vessel harvest rates and variances followed methods of Hoenig et al., (1997), Jones et al., (1995) and Pollock et al., (1997; 1994). These were scaled up to estimates of total effort and total catch for August 2002. The total catch was estimated by multiplying the catch rate by the estimate of fishing effort in fisher hours. All equations, including those used for converting lengths to weights are described in Appendix A.  Estimates of total catch and effort are preliminary and rely on a number of assumptions (described in Appendix A) and need to be viewed with caution. 

Power analysis

The power of various sampling strategies to detect changes in the ratio-of-means harvest rate of the target species was investigated by simulation (Bradford, 2000; Bradford and Francis, 1999; Manly, 1991). Only three species were investigated (P. kaakan [grunter], E. tetradactylum [blue salmon], catfish spp.). Other species were not sufficiently abundant to enable a simulation to be performed. The simulations addressed the question: What is the power (1-(; sensu Peterman, 1990) of tests designed to detect a decline in mean catch rate (ratio-of-means) of 10%, 20%, 30%, 40% or 50% at sample sizes of 100, 250, 500, 750, and 1000 respectively.  The simulations establish the required sample size necessary for an on-going monitoring program at various levels of power. Note that tests are symmetrical, that is, detecting a drop of x% is logically equivalent to detecting an increase of 100x/(100-x) % (Bradford and Francis, 1999).  Hence, the results will apply equally to increases of 11%, 25%, 43%, 67%, and 100%. The procedure is as follows:

1. Create a modified version (e.g. reduce mean by 10%) of the original data set.

2. Generate 1000 pairs of data of a sample size 100 from original and modified sets using random sampling with replacement

3. Analyse differences with a t-test (assuming equal variances) and estimate the proportion (P) of tests in which the differences are statistically significant (p < 0.05). P is a measure of the power of the test for that particular sample size.

4. Repeat steps 2 and 3 with sample sizes of 250, 500, 750, 1000.

5. Repeat steps 1-5 with mean harvest rate differences of 20%, 30%, 40%, 50%

6. Find the smallest sample size (if any) with P > 0.8.  This will be the appropriate sample size for monitoring catch rates of the target species.

All analyses and simulations were performed in the R software package (R Development Core Team, 2000). 

3. Results

3.1. Angler demographics and fishing patterns

Table 1 summarizes relevant facts of the angler origins and fishing patterns derived from counts of vehicle registration plates. Thirty-nine percent (39%) of fishers came from Qld, 29% from NSW, 26%% from Victoria, with the remaining minority (6%), from South Australia, Tasmania, and Western Australia. 

The majority of fishers (52%) were highly experienced fishing in Karumba, having visited for greater than 5 years (Table 1). Many fishers had over 10 years experience fishing the southern Gulf. 28% of fishers were moderately experienced, with 2-5 years experience in fishing in the area. Only a minority (19%) stated it was their first trip, or first season in fishing in the Southern Gulf waters. 

Most fishing trips (59%) were begun during the top of the tide (3 hours either side of high tide), and most (72%) finished during the middle of the tide (Table 1). This is mostly a reflection of the state of the tides at this time of year. 

The average trip length was 4 hours, however the distribution of start and finish times was different. Most parties preferred to start in the mornings, before 9 am, with a second ‘phase’ of starts immediately after lunch, around 1 pm (Figure 1). By contrast, the finishing time for most fishing trips was evenly spread between 10 am and 4 pm (Figure 1).  

91% of fishing trips targeted more than one species, usually blue salmon and grunter, indicating the preponderance of bottom fishing at this time of year. Only 2% targeted barramundi, which requires casting or lure fishing (Table 1).

Table 1. Origins and fishing patterns of anglers encountered during the pilot study. Species’ code: Bsa-blue salmon, Gru-Grunter; Ksa-king salmon, Bar-barramundi, Brm-pikey bream

	State of Origin
	
	Fishing experience in Karumba
	
	State of the tide
	Beginning of fishing trip
	End of fishing trip 
	Target species
	

	Qld
	39%
	> 5 years 
	52%
	Top 
	59%
	12%
	“fish”
	91%

	NSW
	29%
	2 – 5 years
	28%
	
	
	
	Bsa
	4%

	Vic
	26%
	1st year
	19%
	Middle 
	39%
	72%
	Ksa
	<1%

	South Australia
	4%
	
	
	
	
	
	Gru

Bar
	<1%

2%

	Tasmania
	1%
	
	
	Bottom 
	4%
	12%
	Brm

Mud crab
	<1%

1%

	Western Australia
	1%
	
	
	
	
	
	
	


3.2. Catch and Effort Distribution

Over 10 species of fish were caught during 434 fishing trips from 11 fishing days (Table 2). Catfish were the most abundant (568), followed by blue salmon (488) and Grunter (486) (Table 2).  Only 38% of legal-sized barramundi, 75% of legal-sized grunter, and 88% of legal-sized blue salmon were retained. Undersized fish (not kept by anglers) were a significant component of the overall catch, especially for grunter - 74% of the catch, jewfish (75%), and jewlfish (85%).  Some species not counted in detail, e.g. Skippy’s (Leptobrama muelleri) were also very abundant (Table 2).
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Figure 1 Distribution of angling start (A) and finish (B) times. Vertical lines indicate the mean start and finish times. Average trip length was 4 hours.  

The average total number of fish caught (bottom fishing, which accounted for >98% of all fishing trips) was 4.8 fish per trip, of which 1.5 were cat fish (Figure 2). The average number of blue salmon (E. tetradactylum) and grunter (P. kaakan) caught per fishing trip was 1.21 and 1.22 respectively (Figure 2B and 2C). Effort distributions did not differ markedly between all fishing trips where at least 1 fish was caught (Figure 2E; mean = 4.2 hours), and fishing trips where no fish were caught (Figure 2F; mean = 3.6 hours). 

Table 2. Species list and summaries of fish caught at Karumba from 434 recreational fishing parties (>95% of parties were 1 or 2 person boat trips) during the 9th – 22nd August 2002. Species identification from various sources, but mostly Allen (1999). % value given for popular target species.

	Common Name(s)
	Species
	Total # caught
	% total catch retained
	# legal size kept (%)
	# legal size released
	# sub-legal release

	Barramundi
	Lates calcarifer
	24
	13%
	3 (38%)
	5
	16

	Black (Pikey Bream)
	Acanthopagrus palmaris
	91
	48%
	44 (71%)
	18
	29

	Catfish
	Mainly Arius and Euristhmus sp. 
	568
	
	
	
	

	Grunter
	Pomadysus kaakan
	486
	20%
	96 (76%)
	30
	360

	Jewlfish
	Nibea squamosa
	46
	13%
	6 (85%)
	1
	39 (85%)

	Jewfish
	Protonibea diacanthus
	59
	8%
	5 (33%)
	10
	44 (76%)

	Mackeral
	Scomberomorus sp.
	>10
	
	
	
	

	Mud Crab
	Scylla serrata
	177
	
	37 (100%)
	105@
	35

	Blue Salmon 
	Eleutheronema tetradactylum
	488
	64%
	311 (88%)
	42
	135

	King Salmon 
	Polydactylus macrochir
	16
	94%
	15 (100%)
	0
	1

	Yankee whiting
	Otolithes ruber
	>100
	
	
	
	

	Skippy’s (Beach Salmon)
	Leptobrama muelleri
	>200
	
	
	
	

	Sharks and rays
	
	unknown
	
	
	
	


@  this refers to the number of females (jennies) released
3.3. Total Effort

The estimated total fishing effort at Karumba for August 2002 was 15716 (( 1637 SE) or 3929 (( 1270 SE) fishing trips. Eighty-four percent (84%) of fishing trips (3315 ( 1160 SE) were undertaken at “The Point” boat ramp, and 16% (616 ( 518 SE) were undertaken at “The Town” boat ramp. 

3.4. Total Catch

Estimates of the most common species (by numbers) kept by anglers during August 2002 were blue salmon (3051), grunter bream (975), pikey bream (569), mud crab (343), king salmon (144), and jewl fish (72) (Table 3).  This amounted to a total estimated catch of 6.418 tonnes for the month (Table 3). Blue Salmon accounted for 50% of this (3.3 tonnes).

Table 3. Estimated total recreational catch of selected species by recreational angling vessels from Karumba during the period 1st – 31st August 2002.

	Common name
	Scientific name
	No. kept (( SE)
	No. released
	Estimated kg kept

	Barramundi
	Lates calcarifer
	27 (325)
	190
	128

	Black (Pikey) Bream
	Acanthopagrus palmaris
	569 (3238)
	442
	253

	Blue Salmon
	Eleutheronema tetradactylum
	3051 (6101)
	1696
	3271

	Grunter
	Pomadysus kaakan
	975 (2750)
	3828
	1958

	Jewlfish
	Nibea squamosa
	72 (592)
	496
	91

	Jewfish
	Protonibea diacanthus
	45 (624)
	524
	123

	King Salmon
	Polydactylus macrochir
	144 (832)
	18
	272

	Mud Crab
	Scylla serrata
	343 (1544)
	1515
	322

	
	
	
	
	

	TOTAL
	
	
	
	6418
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Figure 2. Distribution of total catch (A), catch of grunter (B), blue salmon (C), total effort (D), effort where a fish was caught [excluding catfish] (E), and effort where 0 fish were caught [excluding catfish] (F). Vertical dotted lines indicate the mean of the data. 

3.5. Power analysis

No tests were capable of detecting a 10% decline in catch rates, even those with a sample size of 1000 (Table 4). Declines of 20% in harvest rates of most species were detectable, but required a sample size of 1000. A 20% reduction in harvest rate of blue salmon (total numbers) was detectable with a sample size of 750 (Table 4). A 30% and 40% reduction was generally detectable with sample sizes of 500 and 250 respectively. 

Table 4. Power (1-() of simulated tests to detect specified reductions (10-50%) in mean angling catch rates of Grunter Bream (P. kaakan), blue salmon (E. tetradactylum), and catfish spp. at various sample sizes. Tests where power is greater than the conventionally accepted value of 0.8 are shaded. 

	Harvest rate reduction (%)
	Sample size (n)
	
	
	
	
	

	
	100
	250
	500
	750
	1000
	100
	250
	500
	750
	1000
	100
	250
	500
	750
	1000

	
	Legal-sized grunter
	Under size grunter
	Total grunter

	10%
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	20%
	0
	0
	0
	0
	0
	0
	0
	0
	0.09
	0.97
	0
	0
	0
	0.54
	1

	30%
	0
	0
	0.23
	0.96
	1
	0
	0.03
	1
	1
	1
	0
	0.30
	1
	1
	1

	40%
	0
	0.33
	0.99
	1
	1
	0.01
	0.99
	1
	1
	1
	0.09
	0.99
	1
	1
	1

	50%
	0.04
	0.93
	1
	1
	1
	0.47
	1
	1
	1
	1
	0.73
	1
	1
	1
	1

	
	Legal-sized blue salmon
	Under size blue salmon
	Total blue salmon

	10%
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	20%
	0
	0
	0.43
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0.31
	1
	1

	30%
	0
	0.94
	1
	1
	1
	0
	0
	0.02
	0.90
	1
	0
	0.87
	1
	1
	1

	40%
	0.41
	1
	1
	1
	1
	0
	0.07
	1
	1
	1
	0.39
	1
	1
	1
	1

	50%
	0.99
	1
	1
	1
	1
	0
	0.90
	1
	1
	1
	0.98
	1
	1
	1
	1

	
	Catfish spp. 
	
	
	
	
	
	
	
	
	
	

	10%
	0
	0
	0
	0
	0
	
	
	
	
	
	
	
	
	
	

	20%
	0
	0
	0.13
	1
	1
	
	
	
	
	
	
	
	
	
	

	30%
	0
	0.7
	1
	1
	1
	
	
	
	
	
	
	
	
	
	

	40%
	0.33
	1
	1
	1
	1
	
	
	
	
	
	
	
	
	
	

	50%
	0.94
	1
	1
	1
	1
	
	
	
	
	
	
	
	
	
	


4. Discussion

This pilot study determined the parameters necessary for establishing a comprehensive baseline of data in the Karumba recreational angling fishery. The fishery is isolated, the nearest large town is Mt Isa, over 300km away, and consequently, over 99% of fishers are visitors who stay for relatively long periods and re-visit on an annual basis. This was verified by angler demographic data - 59% of recreational anglers have visiting Karumba to fish for more than 5 years. The fishery is relatively discreet, with only 2 boat ramps that can be used to launch dinghies. “The Point’ ramp received 84% of the total effort, with the remainder (16%) focused at “The Town” ramp. 

The distribution of catches reflects species movement patterns at this time of year.  Very few barramundi were caught, yet anglers kept an estimated 3 tonnes of blue salmon. August is the month of the spawning run of this species, and catches are normally highest at this time of year. When the survey commenced, the general consensus was that the salmon “run” had not yet begun. Mid-way through the survey however, catch rates increased substantially, indicating that the fish had started to migrate up the Norman River on their annual spawning run.  Very few people were targeting barramundi and catches were lowest of all the species. August is the coolest water month and the general view was that the barramundi were “off the bite.”

Interviews with fishers and locals revealed the following facts about the fishery. There are essentially three distinct ‘fisheries’ targeted by recreational anglers. The first begins immediately after the wet season, in February-March, when experienced fishers from the local North Queensland region arrive in Karumba to target Barramundi and Grunter Bream. This fishery tends to be over by the end of April and is known to result in substantial catches.  The second fishery consists of the ‘tourists’ who come to Karumba in the period May-August. They are usually older retiree’s who will stay a considerable length of time, e.g. 2 – 6 months, fishing consistently during this time. They target all species. The third fishery, which is essentially a subset of the second fishery, is the targeting of blue salmon during their annual spawning run up Norman River during August. Any sampling program aiming to determine overall catch and effort in the Karumba recreational fishery needs to ensure that the different fisheries are adequately sampled.  

The catch estimates are the first quantitative estimates to date from this region.  The estimate of fish kept was 6.4 tonnes, however the sampling variability was large and the amount kept may have been as high as 12 tonnes. Although these estimates are preliminary, they give an indication of the potential recreational catch that could come from the fishery.  The general angler sentiment was that this was the “worst” season in terms of catches on record, with a number of hypotheses being put forward to explain this scenario.  The most common one was that the water was too clear and too cold compared to a normal year in the Gulf and the fish simply stayed away.  The other related theory was the “drought” hypothesis. Drought (poor rainfall) on land due means drought on sea, and the previous wet season was one of the lowest on record.  The third most common hypothesis is that the stocks are under pressure with an increasing effort, and the “lower” catches are reflecting this.

This study specifically targeted the recreational anglers fishing from vessels launched at the two access points. However, a brief qualitative survey at the beaches north and south of the Sunset Tavern revealed a significant number of shore-based anglers, primarily at the high tide.  These anglers usually had one rod and fished for a shorter time than vessel-based anglers, catching mainly juvenile grunter that fed up in the shallows in the high tide. It is likely that this component of fishing is likely to increase in the future as more visitors opt for a simpler fishing experience.  Future surveys should take incorporate a survey of these anglers. The information, particularly on juvenile grunter catch rates, will be invaluable in a long-term monitoring program. 

The study also enumerated catfish, as this is the main target of indigenous fisheries (Kehoe, pers. comm.) and are very common. Catfish have been identified to have the potential to be a biological indicator for sediment contaminants as part of the overall Southern Gulf Environmental Information Program, and could be readily incorporated into on-going surveys as they are common and everyone catches them.  No attempt was made to distinguish between catfish species, as they are problematic even for experts, and anglers have no interest in doing so.  However there are some groupings that can be made, for example, the “salmon” catfish (Arius sp.) have distinct forked tails similar to blue salmon, while the other major species’ group (Euristhmus spp and Paraplotosus sp.) do not have the distinct forked tail.  Given the general worldwide demand for catfish as an edible species, there is a possibility that a fishery for them might develop in the future, and having a baseline record of abundance prior to major exploitation would be a good management strategy.

The weekdays/weekend distinction is usually important in recreational angling surveys (Pollock et al., 1994), however as 99% of all fishers were visitors on holidays, this distinction was not important in Karumba. In fact the opposite trend was suggested by anecdotal interviews, i.e. that effort on weekends was normally reduced as the anglers ‘rested’ on the weekends. This will need to be confirmed in future surveys, and accounted for in the survey design. 

Power analysis revealed that a minimum sample size to be certain of detecting a 30% reduction in catch rates of the main species (including legal-sized and under-sized fish) was 750 (Table 4).  Given that the pilot study achieved a sample size of 434 from 11 days of sampling, a sample size of 750 is easily achievable within an entire fishing season. A more powerful test would be available with 1000+ samples. To ensure that all species fished during the entire season (March-August) are adequately sampled in order to estimate total effort and total catch, separate sampling trips would have to be made during the main fishing months (March-Aprill; May-June; July-August.)

A brief survey of the potential of undertaking angling surveys around the main fishing spots in the town of Normanton (80km inland from Karumba) was undertaken. The main fishing locations are along the Norman River, and although there is only one official boat ramp (near the Town bridge), I was reliably informed by the local angling shop owner that it receives only a minor proportion of effort compared to many local access points utilised by residents and indigenous people.  Estimates of recreational fishing effort and catch would have to be made via a roving creel survey utilising either a boat, or a 4 wheel drive capable of reaching all the different access points. Furthermore, the overall effort at Normanton was perceived to be a minor proportion  (<10%)of the effort at Karumba.  The only time any significant fishing effort is put in is during the “barramundi season” immediately following the close of the wet season (February-March). There is a weir at Normanton which is visited as a local hot spot to catch the barramundi as they flow over the wall. It may be possible to visit that a couple of times to obtain a snapshot of the catch and effort, however the cost-benefits of doing so need to be carefully considered. 

Although this pilot study was designed to establish the sampling and logistical issues necessary for a detailed recreational survey, comments on the usefulness of fisheries monitoring programs are pertinent.  The two main issues raised by Karumba anglers with a long-term history was that a) catches and catch rates have dropped, and b) the size limits of some of the most popular species, specifically Grunter Bream, should be raised.  Ideally, the success of a fisheries monitoring program requires that managers (in this case QDPI) have in place decision criteria and action plans that are implemented when a certain trend is detected by the monitoring program.  In TAC (Total Allowable Catch) and quota-managed fisheries, this usually means an alteration to the quota allocated to commercial fishers based on certain trends in catch rates, e.g. quotas will be reduced by 20% if the catch rate declines by 20% or more below the historical average.  To ensure that the outcomes of a monitoring program for recreational fisheries in the Southern Gulf have “management teeth”, there is a need to specify management actions to be taken as a result of trends detected by the survey data.  Specifically, three pieces of information are needed. 

1) What is the baseline standard against which all comparisons are made? For example, the catch rate of blue salmon obtained from this survey (August) was 0.3 fish per hour.  This could be set as the baseline for this species.

2) What is the deviation (trigger point) from this baseline that will “trigger” management action? This will depend on the power of the monitoring program to detect real change, and the biological interpretation of that change. A deviation of 30% would be a minimum under a sample size of 750. Managers need to decide what power they require from a monitoring program.

3) What is the management action to be taken when the trigger point is reached – e.g. close the fishery during August of the following year; increase the size limit by 10mm to protect the breeding stock; reduce the bag limit

The decisions made for 1)-3) can reviewed periodically, but the key stakeholders in the fishery need to be involved in the negotiations of the baseline standards, trigger point decisions, and management actions. Such processes give them a sense of ownership of the fishery, and can lead to more productive management goals, such as re-building of fish stocks to a target level. In particular, I believe the recreational anglers in Karumba because of their demographic status and long-term interest in the fishery, would be the ideal candidates to involve in this type of process. Many of the anglers consider Karumba as their second home. My suggestion is that the SGEIP program would be an ideal vehicle to drive this.

5. Recommendations 

The basic recommendation is that a recreational fishing survey be implemented to enable a proper estimation of the catch, effort and catch rates of the Southern Gulf recreational fishery.  The survey must able to detect significant trends that can trigger management action if it is to be of any use. To this end, it is recommended that initially, the survey be carried out over two consecutive years to establish at least one temporal dimension over which baseline standards can be set.  Specific requirements to b incorporated into the sampling design are:

· The target minimum sample size for each major species (Barramundi, Grunter, Blue Salmon) should be 1000.  

· Catch and effort data to be collected over the three main ‘fisheries’ identified in the text. This can be achieved by having three field sampling trips during the course of the main fishing season (1st March-31st August).

· Consideration be given to enumerating shore-based fishing effort as well as vessel-based effort.

· An estimate of total effort to be obtained for the fishing year. This will require appropriate stratification of sampling units, and while a significant proportion of the data could be gathered during the main survey trips, a person in Karumba will need to take boat trailer and shore counts of fishers at random sampling days during the year.  It may be possible to pay personnel from the Barramundi hatchery to undertake spot counts on certain days.

· A liaison connection be established with the Karumba recreational angling fraternity to develop a “share-management” approach, with a view to long-term sustainability and other discrete goals. This liaison could provide practical results, such as the provision of biological specimens for research purposes.
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8. Appendices

Estimation of total effort

Most equations have been adapted from Sumner et al., (2002). The fishing effort (hours) on a sampling day was estimated as follows:
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where e is the fishing effort, I is the count of boats and 
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 is the mean daily fishing effort (4 hours). The estimated variance 
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where 
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 is the sample size (days) for stratum k, 
[image: image8.wmf]km

e

 is the effort for stratum k on day m and 
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 is the mean daily fishing effort for stratum k. The variance associated with the estimate of the mean, with finite population correction (Neter et al., 1988) is
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where is Nk the total number of days in stratum k. The total effort for stratum k is estimated as  
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The variance associated with 
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The standard error is calculated by the usual method


[image: image14.wmf](

)

k

k

E

V

E

SE

ˆ

)

ˆ

(

=

                                                                                     (6)

The total effort is estimated by summing the effort for each strata as follows
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where n is the number of strata. Similarly, the variance of 
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The standard error of 
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 is calculated by the usual method.
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Estimation of total catch

The ratio-of-means catch rate for each stratum (
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) is estimated as:


[image: image21.wmf]å

å

=

=

=

=

k

k

n

j

k

kj

n

j

k

kj

k

k

k

n

L

n

c

L

c

H

1

1

ˆ

                                                                            (10)

where nk is the number of vessels where the catch was recorded, ckj is the catch for boat j, and Lkj the effort, in hours, for boat j. The variances for 
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 and 
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 can be calculated by the usual method described in (2) without the finite population correction factor. 

Variance of 
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 is estimated using the formulae of Kendall and Stuart (1969)  
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The covariance term was assumed to be zero. The total catch for stratum k is estimated as 
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The variance was estimated using the formula described in Kendall and Stuart (1969).
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where the covariance term is assumed to be 0. The total catch was estimated by summing the catch for each strata as follows
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The variance of 
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The standard error of 
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 is estimated by the usual method
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Estimation of the weight of the catch

Total weight (in kg) was estimated by:

a) Assuming a mean length of catch for each species.  This was generally a few cm greater than the legal minimum length (Table A1).

b) Converting that length to a weight estimate in kg using a length-weight relationship obtained from various sources (Table A1).

c)          Multiplying the estimated weight by the total estimated catch for that species.

Table A1. Length-weight relationships for angling species caught at Karumba.

	Common name
	Scientific name
	Length-weight equation
	Legal minimum length (cm/mm)
	Assumed mean length# 
	Source for equation

	Barramundi
	Lates calcarifer
	W=1.96(10-2L2.917
	60
	70
	FishBase

	Black (Pikey) Bream
	Acanthopagrus palmaris
	W=4.47(10-2L2.793
	23
	27
	FishBase*

	Blue Salmon
	Eleutheronema tetradactylum
	W=2.908(10-6L3.174
	400
	450
	Newman (unpublished data)

	Grunter
	Pomadysis kaakan
	W=6.57(10-2L2.713
	40
	45
	FishBase

	Jewlfish
	Nibea squamosa
	W=1.28(10-2L2.94
	45
	
	FishBase$

	Jewfish
	Protonibea diacanthus
	W=1.28(10-2L2.94
	60
	
	FishBase

	King Salmon
	Polydactylus macrochir
	W=7.918(10-6L2.917
	600
	650
	Newman (unpublished data)

	Mud Crab (males)
	Scylla serrata
	W=2.29(10-4L3.00
	150
	160
	Knuckey, 1999


# for purposes of obtaining a preliminary estimate of weight of the catch

* length-weight relationships obtained from FishBase and assumed to be the same as pink snapper (Pagrus auratus), which is a closely related Sparid of similar morphology

$.no length-weight relationships available for this species; assumed to be the same as Jewfish, as both species are related and of similar morphology
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