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Executive Summary 

The Victorian Government is committed to ensuring that commercial netting near river mouths in the Gippsland Lakes 
does not interfere with spawning fish moving into and out of rivers during spawning season. 

To meet this commitment, DEPI has undertaken this study to provide information about commercial fishing for black 
bream in the Gippsland Lakes, specifically: 

• Patterns in fishing behavior that could interfere with spawning fish moving into and out of rivers during the 
spawning season; 

• The effectiveness of river flow-based closures on fishing to protect spawning fish near river mouths; and 

• The potential impacts of these closures on the fishery. 

Australian bass and estuary perch are also important fish species that, along with black bream, can be found during the 
spawning season near the mouths of rivers. The infrequency and low level of catch indicate that commercial fishers do 
not target Australian bass or estuary perch in the Gippsland Lakes. This investigation focuses therefore on the 
relationships between river height, catch, effort and catch rates and the outcomes that various closure scenarios may 
have on commercial fishing for black bream. 

Ten years (2003 to 2012) of historical catch and effort data reported by Gippsland Lakes fishers and Mitchell River height 
and flow data were used in these analyses. The impacts of river height-based closures at 1, 2 and 3m were investigated. 

The study found that although the average Gippsland Lakes commercial black bream catch during the spawning season 
is higher than in the non-spawning season, the frequency of commercial mesh and haul seine fishers harvesting Large 
(>150kg) or Very Large (>250kg) quantities of black bream is low regardless of season or river height. Large and Very 
Large catches are not correlated with spawning season and occur at all river heights and seasons. 

Catch quantities for mesh net fishers increased with increasing river height in the spawning and the non-spawning 
seasons. Catch correlations are, however, mostly influenced by small catches (<50kg) and not well correlated with Large 
or Very Large catches. Catches by haul seine fishers do not generally increase with increasing river height. 

Given the low frequency of Large and Very Large catches, their occurrence across all river heights and the impact of 
closures on the number of fishing events, river height-based closures are not an efficient mechanism to ensure that 
commercial netting near river mouths in the Gippsland Lakes does not interfere with fish moving in and out of rivers 
during the spawning season. 

When the results of this research are considered along with the 2012 DEPI black bream stock assessment, commercial 
fishers do not cause a significant impact on the spawning success or subsequent recruitment to the fishery.
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Introduction 

The Gippsland Lakes region supports several commercial and recreational fisheries of which black bream 
(Acanthopagrus butcheri) is the largest. Commercial harvest is predominantly by mesh and haul seine net and had a 
reported catch in 2011-2012 of 96 tonnes (Kemp et al 2013). The most recent estimate of Victorian recreational black 
bream catch, from the National Indigenous and Recreational Fishery Survey for 2000-2001, is approximately 203 tonnes 
(Henry and Lyle 2003) of which approximately fifty percent was caught in the Gippsland Lakes (Kemp et al 2013).  

Gippsland Lakes commercial and recreational fisheries are regulated by management controls that include size and bag 
limits, gear restrictions and area closures. Commercial fishing is permanently banned from rivers flowing into the 
Gippsland Lakes and within 400m of the mouths of these rivers. The Victorian Government is, however, committed to 
ensuring that commercial netting near of river mouths in the Gippsland Lakes does not interfere with spawning fish 
moving into and out of rivers during spawning season. This commitment reflects community concern that high catches by 
commercial fishers operating near river mouths may be impacting adversely on the sustainability of the Gippsland Lakes 
fishery. 

Australian bass (Macquaria novemaculeata) and estuary perch (M. colonorum) are also important recreational fishing 
species that, along with black bream, can be found during the spawning season near the mouths of rivers that flow into 
the Gippsland Lakes (Allen et al 2002; Hindell et al 2008; Koehn 1990). The average annual black bream harvest 
between 2003 and 2012, approximately 60 tonnes, was about 98 per cent of the combined bream, Australian bass and 
estuary perch catch. The average annual catches of estuary perch and Australian bass were 1,037 and 18 kilograms, 
respectively, with catch of the latter species reported in three years of the ten year period. 

The infrequency and the quantities of catches indicate that commercial fishers do not target Australian bass or estuary 
perch in the Gippsland Lakes. This investigation focuses therefore on the relationships between river height, catch, effort 
and catch rates and the outcomes that various closure scenarios may have on commercial fishing. 

Objectives  
To provide information about commercial fishing for black bream in the Gippsland Lakes, specifically: 

• Patterns in fishing behavior that could interfere with spawning fish moving into and out of rivers during the 
spawning season; 

• The effectiveness of river flow-based closures on fishing to protect spawning fish near river mouths; and 

• The potential impacts of these closures on the fishery. 

Materials and Methods 

Data collection 

Catch and effort data and fishery areas 
Daily commercial catch and effort data for the Gippsland Lakes over the ten year period 1 January 2003 to 31 December 
2012 was provided by the Department of Environment and Primary Industries Catch and Effort Unit and included Total 
Catch of black bream (kg), Gear Type (mesh net or haul seine), Effort (mesh net = metres of net x number of lifts; Haul 
seine = number of shots) and Area Code. 

The Gippsland Lakes are divided into 13 fishing areas (Area Codes) for which commercial fishers are required under the 
Fisheries Regulations 2009 to report their catch monthly to the Victorian Government (Table 1, Figure 1). Areas Codes 
01, 02, 03, 11, 12 and 13 were not included in the analyses undertaken for this report because they were fished less than 
20 days per year on average and were not significant contributors to commercial fishing activity.  
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Table 1. Area Codes and fishing areas used by comme rcial fishers to report their Gippsland Lakes catch es. 
Areas used in analyses are in bold. 

Area Code Fishing area Area Code Fishing area 

01 Lake Coleman 08 Jones Bay 

02 Lake Wellington West 09 Bancroft Bay 

03 Lake Wellington East 10 Reed Bay 

04 Lake Victoria West 11 Bunga Back Lake 

05 Lake Victoria East 12 Lake Tyres 

06 Lake King South 13 Cunningham Arm 

07 Lake King North   

 

 

Figure 1. Map of the Gippsland Lakes indicating com mercial fishing Area Codes and area names. 

River flow and height data 
Daily river height and flow rate data were extracted from the Department of Environment and Primary Industries Data 
Warehouse (http://data.water.vic.gov.au/monitoring.htm). Maximum daily river height (metres) and maximum flow rate 
(ML/day) for the Mitchell, Nicholson and Tambo rivers, the three major rivers that flow into the Gippsland Lakes, were 
used in the analyses (Figure 2).  

Data for the period 1 January 2003 to 31 December 2012 for the Mitchell and Tambo rivers was used in the analyses. 
Only data for 29 May 2004 to 30 December 2012 was available for the Nicholson River. 

Monitoring stations for each river are between 13 and 30 km from the river mouth (Appendix 1). 

River height was used as a proxy for flow rate because it is the measure used to communicate flood levels to fishermen 
and the general public and it has recognisable units (metres). A non-linear regression test was used to determine if river 
flow rate and height are significantly correlated. 

Using river height data from one river (e.g. the Mitchell River) provides a simple method of interpreting results if rivers 
exhibit similar flow patterns. A correlation test was used to examine this hypothesis.  
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Figure 2. Locations of the Mitchell (Jones Bay), Ni cholson (Jones Bay) and Tambo rivers (Lake King Nor th) in 
the Gippsland Lakes. 

Analyses 
Three approaches were used to determine what influence increasing river height has on the Gippsland Lakes 
commercial black bream fishery: 

• Correlating catch, effort and catch rates with river height;  

• The frequency and magnitude of high water events; and 

• The relationship between high water events and catch. 

These analyses provide an overarching examination of the mesh and haul seine fishery by spawning and non-spawning 
seasons and by fishing area. 

Correlation between catch, effort and catch rates a nd river height 
To determine if a correlation between river height and catch, effort or Catch per Unit Effort (CPUE) exists, the total daily 
catch and effort for a fishing area (i.e. Area Code) was plotted against maximum daily river height. Appendix 1 contains a 
detailed discussion of the statistical analyses used.  

Each combination of Area Code, Gear Type (i.e. mesh net or haul seine) and Spawning Category (i.e. non-spawning or 
spawning season) was analysed separately to account for interaction between variables. Targeting of specific species 
has not been considered and it is assumed that fishers have the same likelihood of catching any species during any 
fishing event. 

The spawning period was defined as September to February to capture the inter-year variability over a ten year period 
(Kemp et al 2013). 

Classifying catches by size 
Mesh net and haul seine catches were classified as Large or Very Large based on their percentage ranking (i.e. 
percentile) within the distribution of the larger catches during this period:  

• Large catches exceed 90 per cent of all recorded catches; and 

• Very Large catches exceed 97.5 per cent of all recorded catches. 

Commercial catches and catch rates were higher during the five years between 2008 and 2012 than during the previous 
five years (2003 to 2007) and were therefore used for the purposes of classifying catch. 

Large and Very Large catches varied between fisheries (Table 2). Large and Very Large catches for mesh net fishing 
provide a more conservative benchmark of catch and will be used in further discussions.  

Mitchell River 

Nicholson River 

Tambo River 



 

Gippsland Lakes Black Bream 
Investigating the impacts of net fishing near river  mouths during the spawning season 

5 

 

Table 2. Average, Large and Very Large catches for m esh net and haul seine fishers from the Gippsland L akes 
2008–2012. Large and Very Large catches represent ca tches >90 per cent and >97.5 per cent, respectively , of the 
distribution of total catch. Values in brackets ind icate the catch weight rounded down to the nearest 50kg 
interval. 

 Mesh net fishery (kg) Haul seine fishery (kg) 

Average catch 62 90 

Large catch (90%) 169 

(150) 

264  

Very Large catch (>97.5%) 280 

(250) 

478  

 

Frequency and magnitude of high water events which most affect catch 
The daily maximum height of the Mitchell River during the period 1 January 2003 to 31 December 2012 was partitioned 
into 0.5m intervals (i.e.>0m, >0.5m, >1m up to >8.0) to describe the frequency of river heights.  

Catches during the period 1 January 2003 to 31 December 2012 were partitioned into 50kg intervals (i.e. 0–49kg, 50–
99kg up to 1050–1099kg) to illustrate the pattern of catches per fishing event. 

Catch intervals were tabulated against river height intervals for mesh and haul seine fisheries, spawning and non-
spawning seasons and fishing area to investigate the influence of river height on catch. 

CPUEs were partitioned into 0.05 kg/effort intervals (i.e. 0–0.049, 0.05–0.099 up to 0.95–1.0kg) for mesh nets and 
50kg/effort intervals (i.e. 0–49kg, 50–99kg up to 1000–1049kg) for haul seines and tabulated against river height 
intervals to investigate the influence of river height on CPUE. This analysis found that further consideration of CPUE is 
not warranted because of the similarities in the patterns of it and catch quantity. 

Other descriptive statistics of the black bream fishery include the proportion of catch obtained at each 50kg catch interval 
for the mesh net and haul seine fishery during spawning and non-spawning seasons. 

Consequences of imposing closures to the fishery 
A proportion matrix based on ten years of historical fishing data was developed to determine the consequences of 
applying area closures on the Gippsland Lakes commercial fishery. The proportion (expressed as a percentage) of catch 
quantities obtained at each catch interval was calculated for each area and season and at different river heights. The 
impact of closing the fishery was defined as the difference between the proportions of black bream caught prior to 
closure and the proportions harvested after a closure. 

Scenarios for closing the fishery at each 1m level from 1m to 5m were analysed by season and fishing area. As haul 
seine fishers mainly fish when river height is 2m or less and there were no positive correlations of catch with river height 
and only mesh netting data was used in these analyses. 

Daily maximum height data for the Mitchell River was fitted to a decay model (Appendix 1) to determine the amount of 
time it takes river height to fall and predict when fishing should resume. 

Results 
River flow and height data 
Flow rate and height are highly correlated for all three rivers indicating that either measure is suitable for the subsequent 
analyses (Appendix 1). 

River heights in the Mitchell, Nicholson and Tambo rivers are significantly correlated indicating that any of them can be 
used in further analysis (Figure 3). Because river height at the Mitchell River monitoring station is used to monitor flood 
events, it was used in subsequence analyses.  
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Figure 3. Maximum daily river heights (m) for the M itchell, Nicholson and Tambo rivers from 29 May 200 4 to 31 
December 2012 (Data Warehouse (http://data.water.vi c.gov.au/monitoring.htm).  

Correlation between catch, effort and catch rates w ith river height 
Correlations between river height and catch, effort and CPUE varied between fishing gear type, spawning season and 
fishing area (Table 3). Increases in catch and CPUE with increasing river height occurred mainly for mesh netting. 
Increases in effort with increasing river height were only observed in Jones Bay (for mesh netting for the spawning and 
non-spawning seasons), Lake Victoria West (for mesh netting for the spawning season) and Lake King South (for haul 
seine netting for the spawning season). There was little difference between patterns in correlation for spawning and non-
spawning seasons for mesh net fishing; however there was generally little correlation with river height for haul seine 
fishing. Outputs of statistical analyses are presented in Appendix 2.  

 

Occurrences of Large and Very Large catches 

For mesh net fishers,  9,954 fishing events over ten years showed that: 

• 7 per cent of fishing events resulted in Large catches; 2 per cent resulted in Very Large catches; 

• 8 and 6 per cent of fishing events resulted in Large catches during spawning and non-spawning periods, 
respectively; 

• 2 and 1 per cent of fishing events resulted in Very Large catches during spawning and non-spawning periods, 
respectively; 

• 42 per cent of all fishing events occurred when river height was <1m; 

• 95 per cent of all fishing events occurred when river height was <2m; and 

• 99 per cent of all fishing events occurred when river height was <3m. 

For haul seine fishers, 1,898 fishing events over ten years showed that: 

• 11 per cent of fishing events resulted in Large catches; 6 per cent resulted in Very Large catches; 

• 12 and 11 per cent of fishing events resulted in Large catches during spawning and non-spawning periods 
respectively; 

• 6 per cent of fishing events resulted in Very Large catches during both spawning and non-spawning periods.; 

• 52 per cent of all fishing events occurs when river height is <1m; 

• 97 per cent of all fishing events occurs when river height is <2m; and 

• 99 per cent of all fishing events occurs when river height is <3m. 
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Table 3. Summary of the correlations between river h eight and catch, effort, and CPUE by season for (a) mesh 
nets and (b) haul seines. “+” and “-” indicates whe re catch, effort, or CPUE increases or decreases with  
increasing river height. Blank cells indicated no s ignificant correlation. 

a) Mesh net 

Season Area Code Fishing Area Catch Effort CPUE 

Spawning 04 Lake Victoria West + +  

Spawning 05 Lake Victoria East +  + 

Spawning 06 Lake King South + - + 

Spawning 07 Lake King North +  + 

Spawning 08 Jones Bay + + + 

Spawning 09 Bancroft Bay + -  

Spawning 10 Reed Bay    

Non-spawning 04 Lake Victoria West    

Non-spawning 05 Lake Victoria East    

Non-spawning 06 Lake King South + - + 

Non-spawning 07 Lake King North +  + 

Non-spawning 08 Jones Bay + + + 

Non-spawning 09 Bancroft Bay  - + 

Non-spawning 10 Reed Bay +   

 
b) Haul seine 

Season Area Code Fishing Area Catch Effort CPUE 

Spawning 04 Lake Victoria West -  - 

Spawning 05 Lake Victoria East    

Spawning 06 Lake King South + + + 

Spawning 07 Lake King North +   

Spawning 08 Jones Bay    

Spawning 09 Bancroft Bay -  - 

Spawning 10 Reed Bay -  - 

Non-spawning 04 Lake Victoria West -  - 

Non-spawning 05 Lake Victoria East    

Non-spawning 06 Lake King South -  - 

Non-spawning 07 Lake King North    

Non-spawning 08 Jones Bay    

Non-spawning 09 Bancroft Bay    

Non-spawning 10 Reed Bay    
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Frequency and magnitude of high water events which most affect catch 
The height of the Mitchell River exceeded 1m approximately 202 times per year (55 per cent) and 3m approximately 
twice per year (0.6 per cent) on average between 2003 and 2012 (Figure 4). 

The long-term average height of the Mitchell River is 1.15m. The river exceeded 2m about 13 times per year between 
2003 and 2012. Five and 3 per cent of the 9,954 mesh net and the 1,898 haul seine events, respectively, occurred when 
the river height exceeded this level. Fifty-four and 79 per cent of these events resulted in catches <50kg for mesh net 
and haul seine fishers, respectively. Given the frequency of river heights >2m was low, the frequency of commercial net 
fishers harvesting Large or Very Large quantities of black bream was also low. Very Large catches occurred 32 times for 
mesh net fishers and five times for haul seine fishers when river height was >2m over this period. 

 

Figure 4. The average number of times the Mitchell River attained a specified river height per year be tween 2003 
and 2012. Data labels represent occurrences as a pe rcentage per year.  

Mesh netting 

Analysis of the Gippsland Lakes black bream mesh net fishery over the ten year period 2003 to 2012 (Table 4) showed 
that:  

• 57 per cent of all fishing events occurred when river height was >1m; 67 per cent of these catches were <50kg 
and 9 per cent were Large catches (>150kg); 71 per cent of all Large catches and 77 per cent of all Very Large 
(>250kg) catches were caught at river heights >1m. 

• 5 per cent of all fishing events occurred when river height was >2m; 54 per cent of these catches were <50kg 
and 16 per cent were Large catches; 10 per cent of all Large catches and 17 per cent of all Very Large catches 
were caught at river heights >2m. 

• 0.7 per cent of all fishing events (70 out of  9,954) occurred when river height was >3m; 36 per cent of these 
catches were <50kg and 31 per cent or 22 fishing events were Large catches; 3 per cent of all Large catches 
and 7 per cent of all Very Large catches were caught at river heights >3m. 

• Large catches occurred 736 times out of  9,954 fishing events (7 per cent); Very Large catches occurred 189 
times out of  9,954 fishing events (2 per cent). 

• For mesh net fishers, Large and Very Large catches accounted for 15 and 6 tonne, respectively, of the 
approximately 100 tonnes harvested in 2012-2013.  

Haul seine 

Analysis of the Gippsland Lakes black bream haul seine fishery over the ten year period 2003 to 2012 (Table 5) showed 
that:  

• 48 per cent of all fishing events occurred when river height was >1m; 76 per cent of these catches were <50kg 
and 10 per cent were Large catches (>150kg); 42 per cent of all Large catches and 47 per cent of all Very Large 
(>250kg) catches were caught at river heights >1m. 
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• 3 per cent of all fishing events occurred when river height was >2m; 79 per cent of these catches were <50kg 
and 11 per cent were Large catches; 3 per cent of all Large catches and 4 per cent of all Very Large catches 
were caught at river heights >2m. 

• 0.3 per cent of all fishing events (6 out of 1,898) occurred when river height was >3m; 83 per cent of these 
catches were <50kg and 16 per cent or one fishing event was a Large catch; 0.5 per cent of all Large catches 
and 0.8 per cent of all Very Large catches were caught at river heights >3m. 

• Large catches occurred 215 times out of 1,898 fishing events (11 per cent); Very Large catches occurred 116 
times out of 1,898 fishing events (6 per cent). 

• For haul seine fishers, Large and Very Large catches accounted for 12 and 9 tonne, respectively, of the 
approximately 2012-13 100 tonnes commercial harvest. 

Table 4. The number of mesh net fishing events that  resulted in catch at a given river height between 2003 and 
2012. All regions and spawning seasons combined. Gr eyscale code represents the scale of fishing events  as a 
percentage of total fishing events recorded. 

 

 

Table 5. Number of haul seine fishing events that r esulted in catch at a given river height from 2003– 2012. All 
regions and spawning seasons combined. Greyscale co de represents the scale of fishing events as a 
percentage of total fishing events recorded. 

 

 

Bream catch (kg)
River 
height 
(m)

0-     
49

50-
99

100-
149

150-
199

200-
249

250-
299

300-
349

350-
399

400-
449

450-
499

500-
549

550-
599

600-
649

650-
699

700-
749

750-
799

800-
849

850-
899

900-
949

950-
999

1000-
1049

1050-
1099

Number 
of 
events

8.0 - 8.49 1 1

7.5 - 7.99

7.0 - 7.49 1 1 2

6.5 - 6.99 3 1 1 5

6.0 - 6.49

5.5 - 5.99 1 2 1 1 5

5.0 - 5.49 2 3 1 1 7

4.5 - 4.99 2 1 1 4

4.0 - 4.49 3 1 1 1 6

3.5 - 3.99 8 2 3 1 1 2 17

3.0 - 3.49 9 7 3 1 1 2 23

2.5 - 2.99 27 13 9 7 5 6 1 1 1 1 71

2.0 - 2.49 196 59 26 15 9 6 2 313

1.5 - 1.99 1017 253 115 59 28 15 6 6 2 1 1 1 1504

1.0 - 1.49 2551 578 261 167 81 22 24 17 10 3 3 2 3719

0.5 - 0.99 3204 543 152 107 61 18 9 9 3 3 2 4111

0.0 - 0.49 149 14 3 166

Number 
of events

7169 1473 576 360 187 70 46 34 19 8 7 2 2 1 9954

0 0 to 0.99% 1% to 4.99% 5% to 9.99% 10% to 24.99% 25% to 50%

River 
height (m)

0-    
49

50-  
99

100-
149

150-
199

200-
249

250-
299

300-
349

350-
399

400-
449

450-
499

500-
549

550-
599

600-
649

650-
699

700-
749

750-
799

800-
849

850-
899

900-
949

950-
999

1000-
1049

1050-
1099

Number of 
events

8.0 - 8.49

7.5 - 7.99

7.0 - 7.49

6.5 - 6.99

6.0 - 6.49

5.5 - 5.99

5.0 - 5.49 2 2

4.5 - 4.99

4.0 - 4.49

3.5 - 3.99

3.0 - 3.49 3 1 4

2.5 - 2.99 7 2 1 1 1 12

2.0 - 2.49 33 3 1 2 39

1.5 - 1.99 152 14 9 6 2 3 1 2 3 1 193

1.0 - 1.49 498 62 31 15 13 15 5 4 3 3 3 2 1 1 1 1 658

0.5 - 0.99 679 68 66 34 27 21 10 7 8 1 2 1 4 4 1 933

0.0 - 0.49 46 4 3 1 2 1 57

Number of 
events

1420 150 113 55 44 40 19 12 13 6 8 2 3 4 4 1 1 1 1 1 1898

Bream catch (kg)

0 0 to 0.99% 1% to 4.99% 5% to 9.99% 10% to 24.99% 25% to 50%
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The catch per fishing event was low (<50kg) about 70 per cent of the time over all areas fished (Figure 5). The 
proportions of Large and Very Large catches was low for mesh net fishers (4 and 2 per cent, respectively) and lower for 
haul seine fishers (about 2 and 1 per cent, respectively). 

A similar pattern was found when comparing the catch per fishing event for spawning and non-spawning season. For 
mesh net fishers, the proportion of >50kg bream catches during the spawning season was marginally greater than during 
the non-spawning season (Figure 6). For both mesh net and haul seine fishers, the proportion of <50kg black bream 
catches occurring during the non-spawning season (Figure 6, Figure 7) was marginally greater. There was no clear 
pattern for catches >50kg for haul seine fishers. 

 

Figure 5. Proportions of catch taken at each catch r ange interval for mesh net and haul seine fisheries . 
Spawning seasons and areas fished combined. 

 

Figure 6. Proportions of catch taken by mesh net fis hers during spawning and non-spawning seasons. Fish ing 
areas combined. 
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Figure 7. Proportions of catch taken by haul seine f ishers during spawning and non-spawning seasons. Fi shing 
areas combined. 

Consequences of imposing closures to the mesh net f ishery 
The impact of river height based closures on the mesh net fishery varied according to the height at which the closure was 
implemented and the fishing area (Table 6).  

A closure, for example, at 1m in Lake Victoria West during the spawning season would reduce the proportion of a >50kg 
catch events by 9.7 per cent; in contrast the same closure in Jones Bay would reduce catch events by 19.6 per cent. 

Table 6. Percentage change in the proportion of blac k bream catches if the Gippsland Lakes mesh net fis hery 
were closed during the spawning and non-spawning se asons at 1 and 2m. In the parentheses are the 
proportions of catch pre and post-closure. 

Closure 

height 

(m) 

Season Catch 

Lake 

Victoria 

(West) 

Lake 

Victoria 

(East) 

Lake King 

(South) 

Lake King 

(North) 
Jones Bay 

Bancroft 

Bay 
Reed Bay 

1 Non-

spawning 

>=0 (79.8,50.5) 

-29.3 

(86.2,54.8) 

-31.5 

(79.8,45.7) 

-34.1 

(51.1,32.4) 

-18.8 

(61.3,30.5) 

-30.8 

(95.5,49.2) 

-46.4 

(85.5,41.6) 

-43.6 

1 Non-

spawning 

>50 (8.4,3.1) 

-5.3 
 

(11.3,5) 

-6.3 

(24.4,15.7) 

-8.5 

(20.3,9.0) 

-11.3 
  

1 Non-

spawning 

>100 (5.9,1.9) 

-4.0 

 

- 
 

(11.1,6.2) 

-4.8 

(9.2,3.0) 

-6.2 
  

1 Non-

spawning 

>150 
    

(4.8,1.4) 

-3.4 
  

1 Spawning >=0 (65.7,20.3) 

-45.4 

(77.1,17.8) 

-59.3 

(72.7,20.9) 

-51.8 

(44.3,15.1) 

-29.2 

(59.4,17.4) 

-41.9 

(85.7,26.4) 

-59.3 

(98.6,29.3) 

-69.2 

1 Spawning >50 (14.0,4.3) 

-9.7 

(8.7,0.6) 

-8.1 

(14.5,2.4) 

-12.1 

(25.2,5.4) 

-19.8 

(21.7,2.1) 

-19.6 

(5.5,1.7) 

-3.8 
 

1 Spawning >100 (8.1,3.3) 

-4.8 

(4.8,0.3) 

-4.5 

(6.0,0.7) 

-5.3 

(13.0,2.3) 

-10.7 

(10.0,0.6) 

-9.4 
  

1 Spawning >150 
 

(3.3,0.0) 

-3.3 
 

(8.4,1.4) 

-7.0 

(4.2,0.2) 

-4.0 
  

1 Spawning >200 
   

(4.4,0.7) 

-3.7 
   

2 Non-

spawning 

>=0 
- 
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-3.9 
-  

(61.3,57.6) 

-3.7 

(95.5,91.1) 

-4.5 
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-6.3 

2 Spawning >=0 
 

(77.1,72.3) 

-4.8 
  

(59.4,55.6) 

-3.8 

(85.7,81.3) 

-4.4 

(98.6,95.3) 

-3.3 
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Closing the fishery at 1 metre 

Closing the fishery when the Mitchell River reached a height of 1m reduced the proportion of any quantity of black bream 
caught using mesh nets from between 44 and 99 per cent to between 15 and 54 per cent depending on the fishing 
region. For haul and mesh net fishers, a closure at 1m significantly reduced the number of Large and Very Large catches 
but also lowered the number of commercial fishing events by more than half.  

48 per cent of haul seine catch was taken when the Mitchell River is greater than 1m. This option reduced the average 
number of annual fishing trips from 117 to 51 (-65 per cent) due to the river reaching this level many times per year. 
Implementing and enforcing a 1m closure would be difficult because the fishery would be opened and closed many times 
per year due to natural flow variation and non-flood factors. 

Closing the fishery at 2 metres 

Closing the fishery at 2m will reduce the proportion of any quantity of black bream caught using mesh nets from 44-99 
per cent to 42–95 per cent depending on the fishing region. A closure at 2m for mesh net fishers reduced the number of 
Large and Very Large catches by eight and three per annum respectively and only had minimal impact on the number of 
fishing events. For haul seine fishers’ a closure at 2m reduced the number of Large and Very Large catches by less one 
per annum and also had minimal impact on their ability to fish. Two metre closures will have greatest impact on fishers 
operating in Jones Bay, Lake King North, Lake King South and Lake Victoria East but will have little effect (<0.9 per cent) 
on obtaining Large catches (refer Appendix 2). 

Closing the fishery at 3 metres 

Closing the fishery at 3m or more will reduce the proportion of any quantity of black bream caught using mesh nets from 
44-99 per cent to 43.9–98.5 per cent depending on the fishing region. A closure at 3m for both fisheries would have 
negligible impact on the number of fishing events but almost no impact on the number of Large and Very Large catches. 
Closures at 3m will have the greatest impact on fishers operating in Jones Bay, Lake King North, Lake King South and 
Lake Victoria East but will have little effect (<0.2 per cent) on obtaining Large catches (refer Appendix 2). 

Change in river height following high-water events 

The rate of decline in river height decreases over time (Figure 8). After a 6m flood, for example, the Mitchell River will 
return to its long-term average height in around 26 days (Table 7). The minimum amount of time the fishery would be 
closed per year depends on the number of times the river exceeds the closure height (Table 8). This estimation does not 
however take in to account the length of time it takes the river to reach its peak nor does it take into account events such 
as additional rainfall that may occur after the peak is reached. 

 

 

Figure 8. Decay curve (i.e. best-fit model) for Mit chell River height and time (days) following elevat ed waters. 
Long-term average height is 1.15m. 
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Table 7. The average number of days it takes for th e Mitchell River to be reopened after reaching its peak. 

 Peak river height (m) 

Opening river height (m) 6 5 4 3 2 1 

6 0      

5 1 0     

4 2 1 0    

3 4 3 2 0   

2 9 8 7 5 0  

1 26 25 24 22 17 0 

 

Table 8. The minimum number of days the fishery wou ld be closed per year based on the average number o f 
times the Mitchell River reaches its peak. River he ights > 4m not presented as the number of occurrenc es was 
less than once per year. 

  Peak river height (m) 

Opening river height (m) 4 3 2 1 

4 0 

   3 2 0 

  2 7 12 0 

 1 24 51 221 0 

 

Discussion 
Black bream in the Gippsland Lakes have been commercially exploited for over one hundred years. Catches over this 
period have being highly variable and are linked to changing environmental conditions that result in variable spawning 
success and recruitment. The Department of Environment and Primary Industries regularly assesses the status of bream 
stocks in the Gippsland Lakes. The 2012 stock assessment found that the fishery was sustainable but at a lower level of 
abundance than in the 1970s and 80s (Kemp et al 2013).  

Some members of the public are concerned that large commercial catches of black bream are taken near river mouths 
during the spawning season impact on the sustainability of the fishery. The Victorian Government is committed to 
ensuring that commercial netting in the vicinity of river mouths in the Gippsland Lakes does not interfere with spawning 
fish moving into and out of rivers during spawning season.  

To meet this commitment, DEPI has undertaken this study to provide information about commercial fishing for black 
bream in the Gippsland Lakes, specifically: 

• Patterns in fishing behavior that could interfere with spawning fish moving into and out of rivers during the 
spawning season; 

• The effectiveness of river flow-based closures on fishing to protect spawning fish near river mouths; and 

• The potential impacts of these closures on the fishery.  

The relationship between catches, season and river height 
This study showed that the frequency of commercial mesh and haul seine fishers harvesting Large (>150kg) or Very 
Large (>250kg) quantities of black bream is low regardless of season or river height. Large and Very large catches did 
occur at all river heights and seasons. 

The distribution of catch quantities of black bream during spawning and non-spawning seasons by mesh net and haul 
seine fishers were similar. This analysis also suggests that Large and Very Large catches for black bream are also 
distributed about equally between the two seasons.  

Catch quantities for mesh net fishers increased with increasing river height in the spawning and the non-spawning 
seasons. Catch correlations are, however, mostly influenced by small catches (<50kg) and not well correlated with Large 
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or Very Large catches. Catches by haul seine fishers do not increase with increasing river height except for Lake King 
South. 

The impacts of river height-based closures on mesh and haul seine fisheries 
This study showed that using river height-based closures to limit Large and Very Large catches may impact on the 
economic performance of the fishery and displace fishing effort to other parts of the Gippsland Lakes. Preventing fishing 
during periods of high river height will reduce the number of Large and Very Large catch events but also the number of 
days available to fish.   

A fishery closure implemented at 1m, for example, would significantly reduce the number of Large and Very Large 
catches for haul and mesh net fishing but would lower commercial fishing events by more than half. It is, however, 
considered inappropriate to instigate a fishery closure at a level below the 1.15m average river height as the fishery 
would be closed for a large part of the year. 

A fishery closure implemented at 2m for mesh net fishers would cause a minor reduction in the number of Large and 
Very Large catches and have a minimal impact on fishing events. For haul seine fishers, a 2m closure would have a 
negligible impact on the number of Large and Very Large catches and a minimal impact on fishing events. This is 
because the majority of haul seine fishing is undertaken a river heights of less than 2m. 

A fishery closure at 3m for both fisheries would have almost no impact on the number of Large and Very Large catches 
and a negligible impact on fishing events. The amount of fishing activity that occurs at river heights greater than 4m is 
very low; fishery closures implemented at this river height were therefore not considered in this report. 

Analysis of river height characteristics show that there is a period of time after a river reaches its peak height that its 
height falls (i.e. decay). Decay can be uniform or punctuated by additional peaks and decay patterns that can occur, for 
example, as a result of additional rainfall. These patterns can cause prolonged closures and must be taken into account 
when determining the impacts of river height- based closures 

Given the low frequency of Large and Very Large catches and their occurrence across all river heights and the impact of 
closures on the number of fishing events, river height-based closures are not an efficient mechanism to reduce the 
number of these catches. 

Limitations of study 
The analyses undertaken in this study use black bream catch and effort and river height data collected over the ten year 
period 2003 to 2012. Future changes in fisher behaviour, weather or climate, black bream stock abundance or 
susceptibility to fishing, have not been considered in these analyses. 

Catches of black bream in waters adjacent to the 400m river mouth exclusion zones cannot be quantified due to the size 
of the fishing areas against which catch is reported. The extent that fishers may redistribute fishing effort in response to 
any fishing closure or the impacts of any redistribution also cannot be quantified.  

Conclusions 
This research showed that: 

• When considered along with the 2012 DEPI black bream stock assessment, commercial fishers do not cause a 
significant impact on the spawning success or subsequent recruitment to the fishery. 

• Given the low frequency of Large and Very Large catches, their occurrence across all river heights and the 
impact of closures on the number of fishing events, river height-based closures are not an efficient mechanism 
to ensure that commercial netting near river mouths in the Gippsland Lakes does not interfere with fish moving 
in and out of rivers during the spawning season.  

  



 

Gippsland Lakes Black Bream 
Investigating the impacts of net fishing near river  mouths during the spawning season 

15 

 

Acknowledgements 

The author would like to acknowledge the contributions of Dick Brumley, Peter Lawson, Simon Conron, James Andrews, 
Bill Lussier, Anthony Forster, Zac Lewis and Paula Baker in producing this research report. Khageswor Giri provided 
advice on statistical analyses.  

References 
Allen, G.R., Midgley, S.H. & M. Allen (2002). Field Guide to the Freshwater Fishes of Australia. Western Australian 
Museum 

Henry, G.W. and J.M. Lyle (2003). The National Recreational and Indigenous Fishing Survey. No. 99/158. 

Hindell, J.S., Jenkins, G.P., and B. Womersley. (2008). Habitat utilisation and movement of black bream Acanthopagrus 
butcheri (Sparidae) in an Australian estuary. Marine Ecology Progress Series 366, 219-229. 

Kemp, J., Brown L, Bridge, N. and S. Conron (2013). Black bream stock assessment  2012. Fisheries Victoria 
Assessment Report. No 42. 

Koehn, J.D. and W.G. O’Connor. (1990). Biological information for management of native freshwater fish in Victoria. 
Department of Conservation and Environment. Freshwater Fish Management Branch. Arthur Rylah Institute for 
Environmental Research. 



 

Gippsland Lakes Black Bream 
Investigating the impacts of net fishing near river  mouths during the spawning season 

16 

 

Appendix 1 – Data variables 

Environmental monitoring stations 

Mitchell River 

 

Figure 9. Metadata from the Glenaladale station of the Mitchell River. Source: DEPI data warehouse. Green  point 
in image indicates station location. 

Nicholson River 

 

Figure 10. Metadata from the Sarsfield station of th e Nicholson River. Source: DEPI data warehouse. Green point 
in image indicates station location.  
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Tambo River 

 

Figure 11. Metadata from the Ramrod Creek station o f the Tambo River. Source: DEPI data warehouse. Green 
point in image indicates station location. 

Correlation between river flow rate and height 

To determine if river height can be used instead of river flow in further analyses, river height and flow must be related to 
one another. To determine if river height significantly correlates with river flow, a non-linear regression analysis was used 
in the form of Y = a + brX, where a, b, and r, are constants of the model. A significant correlation was found for the 
Mitchell River (F(2,3138)=33539.8, p<0.001); the Nicholson River (F(2,3138)=14910.6, p<0.001); and the Tambo River 
(F(2,3138)=19324.8, p<0.001), indicating that either river height or flow can be used in subsequent analyses. River height 
was used to explore correlation with catch due to its use in regional declaration of flood warnings by the Bureau of 
Meteorology, its recognisable units (metres) to fishermen / public, and to interpret meaningful results and discussion. 

 

Mitchell River 

 

Nicholson River 

 

Tambo River 

 

 

Figure 12. Distribution of flow rate and river heig ht for the Mitchell, Nicholson, and Tambo Rivers. Ex ponential 
line of best fit also displayed. 
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An non-linear regression model was applied to river heights after elevated river height events occurred. A flood event 
was defined when the river exceeded 3 metres. This height was chosen to maximise the amount of data in the model 
and thereby maximising its accuracy. The model was described as: 

Y = A + B/(1 + D*X) 

where A, B and D are model constants; Y=river height (m), X=Days 

 

A significant correlation between river height and time (days) was found (F(2,29) = 469.17, p<0.001). Estimates of the 
model were R= 0.8557, B=2.1076, A=1.2065,  

Correlation between catch, effort and catch rates w ith river height in the Gippsland Lakes 

Catch = weight of black bream caught (kg) during a given day + C 

Effort (Mesh net) = Log (Number of hauls X mesh net length) 

Effort (Haul seine) = Log (number of shots) 

CPUE(Mesh net or Haul seine) = Log ((Catch / Effort(Mesh net or Haul seine)) + C)  

Effort and CPUE was logged transformed to meet the assumptions of Wald’s F test. A constant (C) of 7 was added to all 
catch to account for when there was zero catch (i.e. you cannot log a value of zero). The constant value was estimated 
based on residual plots of the model. The output of the model indicates if river height is positively, negatively or not 
correlated to catch, effort, or CPUE. 
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Appendix 2 – Analyses 

Catch, Effort and CPUE with river height 

A significant interaction was observed in the correlation between river height and logCatch and gear type, area fished 
and spawning season (F(area code, season, gear) =7.25, df,33,11851, p<0.01). Consequently, linear regression models were 
fitted for each gear type, spawning period, and region separately. 

 
Table 9. Statistical output of the correlation betwe en CPUE and river height by fishery and spawning seas on. 

Gear Season Region 

Wald 

statistic df F pr. Slope  

Mesh net Spawning Lake Victoria West 0.10 1,416 0.751 0.00011 

Mesh net Spawning Lake Victoria East 7.47 1,196 0.007 0.00121 

Mesh net Spawning Lake King South 30.19 1,901 <0.001 0.00093 

Mesh net Spawning Lake King North 46.23 1,836 <0.001 0.00174 

Mesh net Spawning Jones Bay 161.30 1,964 <0.001 0.00196 

Mesh net Spawning Bancroft Bay 0.06 1,142 0.799 -0.00007 

Mesh net Spawning Reed Bay 0.002 1,256 0.965 0.00001 

Mesh net Non-spawning Lake Victoria West 1.60 1,215 0.207 0.00053 

Mesh net Non-spawning Lake Victoria East 0.002 1,224 0.969 0.00002 

Mesh net Non-spawning Lake King South 73.73 1,932 <0.001 0.00102 

Mesh net Non-spawning Lake King North 20.29 1,789  <0.001 0.00090 

Mesh net Non-spawning Jones Bay 70.86 1,1040 <0.001 0.00101 

Mesh net Non-spawning Bancroft Bay 12.77 1,157 <0.001 0.00076 

Mesh net Non-spawning Reed Bay 0.52 1,285 0.471 0.00016 

Haul seine Spawning Lake Victoria West 6.75 1,21 0.017 -0.86901 

Haul seine Spawning Lake Victoria East 0.21 1,15 0.652 0.14115 

Haul seine Spawning Lake King South 6.45 1,225 0.012 0.19665 

Haul seine Spawning Lake King North 3.70 1,197 0.056 0.23918 

Haul seine Spawning Jones Bay 1.28 1,73 0.261 0.20273 

Haul seine Spawning Bancroft Bay 4.23 1,146 0.041 -0.18575 

Haul seine Spawning Reed Bay 9.91 1,368 0.002 -0.09215 

Haul seine Non-spawning Lake Victoria West 17.48 1,6 0.009 -0.44255 

Haul seine Non-spawning Lake Victoria East 2.82 1,32 0.103 0.39747 

Haul seine Non-spawning Lake King South 8.76 1,156 0.004 -0.30674 

Haul seine Non-spawning Lake King North 3.10 1,73 0.083 -0.38896 

Haul seine Non-spawning Jones Bay 2.15 1,2 0.381 3.42043 

Haul seine Non-spawning Bancroft Bay 0.001 1,113 0.979 0.00241 

Haul seine Non-spawning Reed Bay 1.65 1,243 0.199 -0.04819 
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Table 10. Statistical output of the correlation betw een catch and river height by fishery and spawning season. 

Gear Season Region 

Wald 

statistic df F pr. Slope  

Mesh net Spawning Lake Victoria West 12.89 1,416 <0.001 0.1942 

Mesh net Spawning Lake Victoria East 7.073 1,196 0.008 0.1446 

Mesh net Spawning Lake King South 19.30 1,901 <0.001 0.1720 

Mesh net Spawning Lake King North 42.31 1,836 <0.001 0.1897 

Mesh net Spawning Jones Bay 224.60 1,964 <0.001 0.2927 

Mesh net Spawning Bancroft Bay 7.07 1,142 0.009 -0.1460 

Mesh net Spawning Reed Bay 0.19 1,256 0.661 0.0189 

Mesh net Non-spawning Lake Victoria West 2.53 1,215 0.113 0.1081 

Mesh net Non-spawning Lake Victoria East 1.05 1,224 0.305 -0.0583 

Mesh net Non-spawning Lake King South 49.34 1,932 <0.001 0.1989 

Mesh net Non-spawning Lake King North 8.14 1,789 0.004 0.0753 

Mesh net Non-spawning Jones Bay 59.33 1,1040 <0.001 0.1355 

Mesh net Non-spawning Bancroft Bay 0.58 1,157 0.446 0.0420 

Mesh net Non-spawning Reed Bay 4.66 1,285 0.032 0.0817 

Haul seine Spawning Lake Victoria West 5.56 1,21 0.029 -0.7970 

Haul seine Spawning Lake Victoria East 0.02 1,15 0.875 0.0620 

Haul seine Spawning Lake King South 10.93 1,225 0.001 0.3058 

Haul seine Spawning Lake King North 5.29 1,197 0.022 0.2940 

Haul seine Spawning Jones Bay 1.45 1,73 0.231 0.2160 

Haul seine Spawning Bancroft Bay 3.98 1,146 0.048 -0.2150 

Haul seine Spawning Reed Bay 10.68 1,368 0.001 -0.1152 

Haul seine Non-spawning Lake Victoria West 17.86 1,6 0.008 -0.5090 

Haul seine Non-spawning Lake Victoria East 2.81 1,32 0.104 0.4420 

Haul seine Non-spawning Lake King South 9.86 1,156 0.002 -0.3790 

Haul seine Non-spawning Lake King North 3.75 1,73 0.057 -0.4840 

Haul seine Non-spawning Jones Bay 2.15 1,2 0.381 3.4200 

Haul seine Non-spawning Bancroft Bay 0.031 1,113 0.859 0.0190 

Haul seine Non-spawning Reed Bay 2.09 1,243 0.149 -0.0570 
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Table 11. Statistical output of the correlation betw een effort and river height by fishery and spawning  season. 

Gear Season Region 

Wald 

statistic df F pr. Slope  

Mesh net Spawning Lake Victoria West 28.62 1,416 <0.001 0.0774 

Mesh net Spawning Lake Victoria East 0.18 1,196 0.669 0.0115 

Mesh net Spawning Lake King South 13.13 1,901 <0.001 -0.0678 

Mesh net Spawning Lake King North 0.01 1,836 0.891 -0.0019 

Mesh net Spawning Jones Bay 54.37 1,964 <0.001 0.0576 

Mesh net Spawning Bancroft Bay 17.80 1,142 <0.001 -0.1084 

Mesh net Spawning Reed Bay 2.17 1,256 0.141 -0.0339 

Mesh net Non-spawning Lake Victoria West 0.11 1,215 0.742 -0.0115 

Mesh net Non-spawning Lake Victoria East 0.32 1,224 0.568 -0.0193 

Mesh net Non-spawning Lake King South 24.93 1,932 <0.001 -0.0668 

Mesh net Non-spawning Lake King North 0.10 1,789 0.747 -0.0030 

Mesh net Non-spawning Jones Bay 40.96 1,1040 <0.001 0.0385 

Mesh net Non-spawning Bancroft Bay 7.60 1,157 0.007 -0.0905 

Mesh net Non-spawning Reed Bay 3.52 1,285 0.061 -0.0428 

Haul seine Spawning Lake Victoria West 3.17 1,21 0.090 0.1503 

Haul seine Spawning Lake Victoria East 0.36 1,15 0.553 -0.1090 

Haul seine Spawning Lake King South 12.81 1,225 <0.001 0.1178 

Haul seine Spawning Lake King North 8.34 1,197 0.004  -0.0297 

Haul seine Spawning Jones Bay 1.57 1,73 0.213 0.0159 

Haul seine Spawning Bancroft Bay 1.01 1,146 0.315 -0.0408 

Haul seine Spawning Reed Bay 0.62 1,368 0.431 0.0143 

Haul seine Non-spawning Lake Victoria West 0.28 1,6 0.618 0.0990 

Haul seine Non-spawning Lake Victoria East 0.02 1,32 0.882 -0.0150 

Haul seine Non-spawning Lake King South 0.94 1,156 0.332 -0.0413 

Haul seine Non-spawning Lake King North 2.15 1,73 0.146 -0.1068 

Haul seine Non-spawning Jones Bay - 1,2 - - 

Haul seine Non-spawning Bancroft Bay 0.27 1,113 0.599 0.0167 

Haul seine Non-spawning Reed Bay 1.10 1,243 0.294 -0.0186 

  



 

Gippsland Lakes Black Bream 
Investigating the impacts of net fishing near river  mouths during the spawning season 

22 

 

 Spawning Non-spawning  

 

Figure 13. Impact of implementing closures at 1m, 2 m, 3m, 4m, and 5m on the catch of mesh netting blac k 
bream in the Gippsland Lakes. Grid numbers indicate  percentage difference change in catch compared wit h 
non-closure levels. Colour provides a graphical rep resentation of percentage difference.

Non_Spawning Spawning

Catch

Lake 

Victoria 

(West)

Lake 

Victoria 

(East)

Lake King 

(South)

Lake King 

(North)

Jones 

Bay

Bancroft 

Bay

Reed 

Bay Catch

Lake 

Victoria 

(West)

Lake 

Victoria 

(East)

Lake King 

(South)

Lake King 

(North)

Jones 

Bay

Bancroft 

Bay

Reed 

Bay

> =  0 -29.3 -31.5 -34.1 -18.8 -30.8 -46.4 -43.6 > =  0 -45.4 -59.3 -51.8 -29.2 -41.9 -59.3 -69.2

>50 -5.3 -1.6 -6.3 -8.5 -11.3 -1.7 -2.0 >50 -9.7 -8.1 -12.1 -19.8 -19.6 -3.8 -1.1

>100 -4.0 -1.0 -2.8 -4.8 -6.2 -0.6 -0.6 >100 -4.8 -4.5 -5.3 -10.7 -9.4 -2.2 0.0

>150 -2.2 -1.0 -1.3 -2.5 -3.4 -0.6 -0.3 >150 -2.9 -3.3 -2.4 -7.0 -4.0 -2.2 0.0

>200 -1.2 -0.7 -0.7 -1.5 -1.6 0.0 0.0 >200 -1.5 -1.8 -1.3 -3.7 -1.6 -2.2 0.0

>250 -1.2 -0.7 -0.4 -0.8 -1.0 0.0 0.0 >250 -0.5 -1.2 -0.7 -1.8 -1.0 -0.5 0.0

>300 -0.3 -0.7 -0.1 -0.5 -0.4 0.0 0.0 >300 -0.4 -1.2 -0.6 -1.2 -0.7 -0.5 0.0

>350 0.0 -0.7 0.0 -0.3 -0.4 0.0 0.0 >350 -0.3 -0.9 -0.4 -0.6 -0.4 -0.5 0.0

>400 0.0 -0.7 0.0 -0.2 -0.1 0.0 0.0 >400 -0.3 -0.9 -0.2 -0.3 -0.3 -0.5 0.0

>450 0.0 -0.3 0.0 -0.2 -0.1 0.0 0.0 >450 0.0 0.0 -0.1 -0.1 -0.2 0.0 0.0

>500 0.0 -0.3 0.0 -0.1 -0.1 0.0 0.0 >500 0.0 0.0 -0.1 0.0 -0.1 0.0 0.0

>550 0.0 0.0 0.0 0.0 -0.1 0.0 0.0 >550 0.0 0.0 0.0 0.0 -0.1 0.0 0.0

>600 0.0 0.0 0.0 0.0 -0.1 0.0 0.0 >600 0.0 0.0 0.0 0.0 -0.1 0.0 0.0

>650 0.0 0.0 0.0 0.0 -0.1 0.0 0.0 >650 0.0 0.0 0.0 0.0 -0.1 0.0 0.0

>700 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >700 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>750 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >750 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>800 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >800 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>850 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >850 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>900 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >900 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>950 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >950 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>1000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >1000 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>1050 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >1050 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Catch

Lake 

Victoria 

(West)

Lake 

Victoria 

(East)

Lake King 

(South)

Lake King 

(North)

Jones 

Bay

Bancroft 

Bay

Reed 

Bay Catch

Lake 

Victoria 

(West)

Lake 

Victoria 

(East)

Lake King 

(South)

Lake King 

(North)

Jones 

Bay

Bancroft 

Bay

Reed 

Bay

> =  0 -1.6 -3.9 -2.9 -2.0 -3.7 -4.5 -6.3 > =  0 -2.6 -4.8 -2.8 -2.0 -3.8 -4.4 -3.3

>50 -0.6 0.0 -1.3 -1.5 -2.5 -1.1 -1.4 >50 -1.0 -0.9 -0.3 -1.4 -2.1 0.0 0.0

>100 -0.3 0.0 -0.6 -0.9 -1.8 -0.6 -0.6 >100 -0.6 -0.6 -0.2 -0.7 -1.3 0.0 0.0

>150 -0.3 0.0 -0.4 -0.5 -0.9 -0.6 -0.3 >150 -0.1 -0.3 -0.2 -0.6 -0.9 0.0 0.0

>200 0.0 0.0 -0.2 -0.3 -0.7 0.0 0.0 >200 -0.1 -0.3 -0.1 -0.4 -0.6 0.0 0.0

>250 0.0 0.0 -0.1 -0.1 -0.3 0.0 0.0 >250 -0.1 -0.3 0.0 -0.3 -0.5 0.0 0.0

>300 0.0 0.0 -0.1 -0.1 -0.1 0.0 0.0 >300 -0.1 -0.3 0.0 -0.2 -0.3 0.0 0.0

>350 0.0 0.0 0.0 -0.1 -0.1 0.0 0.0 >350 0.0 -0.3 0.0 -0.1 -0.2 0.0 0.0

>400 0.0 0.0 0.0 -0.1 0.0 0.0 0.0 >400 0.0 -0.3 0.0 -0.1 -0.2 0.0 0.0

>450 0.0 0.0 0.0 -0.1 0.0 0.0 0.0 >450 0.0 0.0 0.0 0.0 -0.1 0.0 0.0

>500 0.0 0.0 0.0 -0.1 0.0 0.0 0.0 >500 0.0 0.0 0.0 0.0 -0.1 0.0 0.0

>550 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >550 0.0 0.0 0.0 0.0 -0.1 0.0 0.0

>600 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >600 0.0 0.0 0.0 0.0 -0.1 0.0 0.0

>650 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >650 0.0 0.0 0.0 0.0 -0.1 0.0 0.0

>700 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >700 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>750 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >750 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>800 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >800 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>850 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >850 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>900 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >900 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>950 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >950 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>1000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >1000 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>1050 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >1050 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Catch

Lake 

Victoria 

(West)

Lake 

Victoria 

(East)

Lake King 

(South)

Lake King 

(North)

Jones 

Bay

Bancroft 

Bay

Reed 

Bay Catch

Lake 

Victoria 

(West)

Lake 

Victoria 

(East)

Lake King 

(South)

Lake King 

(North)

Jones 

Bay

Bancroft 

Bay

Reed 

Bay

> =  0 -0.3 0.0 -0.4 -0.5 -0.7 0.0 -0.9 > =  0 -0.1 -1.2 -0.3 -0.3 -0.7 -0.5 0.0

>50 -0.3 0.0 -0.2 -0.4 -0.5 0.0 0.0 >50 0.0 -0.9 -0.1 -0.3 -0.5 0.0 0.0

>100 0.0 0.0 -0.1 -0.2 -0.3 0.0 0.0 >100 0.0 -0.6 0.0 -0.3 -0.5 0.0 0.0

>150 0.0 0.0 -0.1 -0.1 -0.2 0.0 0.0 >150 0.0 -0.3 0.0 -0.3 -0.4 0.0 0.0

>200 0.0 0.0 -0.1 0.0 -0.1 0.0 0.0 >200 0.0 -0.3 0.0 -0.2 -0.4 0.0 0.0

>250 0.0 0.0 0.0 0.0 -0.1 0.0 0.0 >250 0.0 -0.3 0.0 -0.2 -0.2 0.0 0.0

>300 0.0 0.0 0.0 0.0 -0.1 0.0 0.0 >300 0.0 -0.3 0.0 -0.1 -0.2 0.0 0.0

>350 0.0 0.0 0.0 0.0 -0.1 0.0 0.0 >350 0.0 -0.3 0.0 -0.1 -0.1 0.0 0.0

>400 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >400 0.0 -0.3 0.0 -0.1 -0.1 0.0 0.0

>450 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >450 0.0 0.0 0.0 0.0 -0.1 0.0 0.0

>500 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >500 0.0 0.0 0.0 0.0 -0.1 0.0 0.0

>550 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >550 0.0 0.0 0.0 0.0 -0.1 0.0 0.0

>600 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >600 0.0 0.0 0.0 0.0 -0.1 0.0 0.0

>650 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >650 0.0 0.0 0.0 0.0 -0.1 0.0 0.0

>700 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >700 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>750 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >750 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>800 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >800 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>850 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >850 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>900 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >900 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>950 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >950 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>1000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >1000 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>1050 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >1050 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Catch

Lake 

Victoria 

(West)

Lake 

Victoria 

(East)

Lake King 

(South)

Lake King 

(North)

Jones 

Bay

Bancroft 

Bay

Reed 

Bay Catch

Lake 

Victoria 

(West)

Lake 

Victoria 

(East)

Lake King 

(South)

Lake King 

(North)

Jones 

Bay

Bancroft 

Bay

Reed 

Bay

> =  0 0.0 0.0 -0.3 -0.3 -0.3 0.0 0.0 > =  0 0.0 -0.3 -0.1 -0.1 -0.2 -0.5 0.0

>50 0.0 0.0 -0.2 -0.3 -0.3 0.0 0.0 >50 0.0 -0.3 0.0 -0.1 -0.2 0.0 0.0

>100 0.0 0.0 -0.1 -0.2 -0.2 0.0 0.0 >100 0.0 -0.3 0.0 -0.1 -0.2 0.0 0.0

>150 0.0 0.0 -0.1 -0.1 -0.1 0.0 0.0 >150 0.0 -0.3 0.0 -0.1 -0.2 0.0 0.0

>200 0.0 0.0 -0.1 0.0 -0.1 0.0 0.0 >200 0.0 -0.3 0.0 -0.1 -0.2 0.0 0.0

>250 0.0 0.0 0.0 0.0 -0.1 0.0 0.0 >250 0.0 -0.3 0.0 -0.1 -0.1 0.0 0.0

>300 0.0 0.0 0.0 0.0 -0.1 0.0 0.0 >300 0.0 -0.3 0.0 -0.1 -0.1 0.0 0.0

>350 0.0 0.0 0.0 0.0 -0.1 0.0 0.0 >350 0.0 -0.3 0.0 -0.1 -0.1 0.0 0.0

>400 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >400 0.0 -0.3 0.0 -0.1 -0.1 0.0 0.0

>450 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >450 0.0 0.0 0.0 0.0 -0.1 0.0 0.0

>500 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >500 0.0 0.0 0.0 0.0 -0.1 0.0 0.0

>550 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >550 0.0 0.0 0.0 0.0 -0.1 0.0 0.0

>600 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >600 0.0 0.0 0.0 0.0 -0.1 0.0 0.0

>650 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >650 0.0 0.0 0.0 0.0 -0.1 0.0 0.0

>700 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >700 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>750 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >750 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>800 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >800 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>850 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >850 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>900 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >900 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>950 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >950 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>1000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >1000 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>1050 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >1050 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Catch

Lake 

Victoria 

(West)

Lake 

Victoria 

(East)

Lake King 

(South)

Lake King 

(North)

Jones 

Bay

Bancroft 

Bay

Reed 

Bay Catch Lake Victoria (West)Lake Victoria (East)Lake King (South)Lake King (North)Jones Bay Bancroft BayReed Bay

> =  0 0.0 0.0 -0.2 -0.2 -0.2 0.0 0.0 > =  0 0.0 -0.3 0.0 -0.1 -0.2 0.0 0.0

>50 0.0 0.0 -0.2 -0.2 -0.2 0.0 0.0 >50 0.0 -0.3 0.0 -0.1 -0.1 0.0 0.0

>100 0.0 0.0 -0.1 -0.2 -0.2 0.0 0.0 >100 0.0 -0.3 0.0 -0.1 -0.1 0.0 0.0

>150 0.0 0.0 -0.1 -0.1 -0.1 0.0 0.0 >150 0.0 -0.3 0.0 -0.1 -0.1 0.0 0.0

>200 0.0 0.0 -0.1 0.0 -0.1 0.0 0.0 >200 0.0 -0.3 0.0 -0.1 -0.1 0.0 0.0

>250 0.0 0.0 0.0 0.0 -0.1 0.0 0.0 >250 0.0 -0.3 0.0 -0.1 -0.1 0.0 0.0

>300 0.0 0.0 0.0 0.0 -0.1 0.0 0.0 >300 0.0 -0.3 0.0 -0.1 -0.1 0.0 0.0

>350 0.0 0.0 0.0 0.0 -0.1 0.0 0.0 >350 0.0 -0.3 0.0 -0.1 -0.1 0.0 0.0

>400 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >400 0.0 -0.3 0.0 -0.1 -0.1 0.0 0.0

>450 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >450 0.0 0.0 0.0 0.0 -0.1 0.0 0.0

>500 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >500 0.0 0.0 0.0 0.0 -0.1 0.0 0.0

>550 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >550 0.0 0.0 0.0 0.0 -0.1 0.0 0.0

>600 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >600 0.0 0.0 0.0 0.0 -0.1 0.0 0.0

>650 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >650 0.0 0.0 0.0 0.0 -0.1 0.0 0.0

>700 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >700 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>750 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >750 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>800 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >800 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>850 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >850 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>900 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >900 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>950 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >950 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>1000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >1000 0.0 0.0 0.0 0.0 0.0 0.0 0.0

>1050 0.0 0.0 0.0 0.0 0.0 0.0 0.0 >1050 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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0 0 to -0.99%  -1% to  -2.99%  -3% to -9.99%  -10% to -24.99%  -25% to -50% <  -50%



 

 

  



 

 

 

 
 
  



 

 

  



 

 

 

 

 

 

 

 

 


