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1 Background 

Hake/BG1 proposes that there are a number of unsettled scientific issues which need to be addressed before the 

impact of increases in the TAC allocations to hake longlining (as proposed in Government Gazette, 2021) on the 

resource and the fishery can be said to have been assessed.  One of these issues is that there may be spatial 

interactions between the two gear types, trawls vs longlines.  These interactions may be competitive, implying that 

where and when there are longline sets, there are few trawls and vice versa.  In 2017, in order to reduce and 

manage potential conflict, the South African Longline Hake Association (SAHLLA) and the South African Deep Sea 

Trawling Association (SADSTIA) signed a code of conduct.  The provisions in this agreement include the following: “If 

another vessel is already about to deploy its gear or already fishing, the later vessel must immediately select another 

area and repeat the process”.  The concern here is that if trawl skippers are prevented from setting their trawl at a 

preferred location and time because of the presence of static gear, i.e. a longline set(s), trawl CPUE is less than it 

would otherwise have been.   

Two of the main implications of such a process and its impacts are, for the trawl fishery,  

(a) potential for lower TACs from the Operational Management Plan (OMP) than might otherwise have been 

the case, and  

(b) an increase in operational costs per ton of trawled hake.   

However, a number of factors need to be confirmed before one can conclude that such a reduction in CPUE is 

occurring and, if such a reduction is occurring, whether it has a material impact.  These are the following: 

1. To demonstrate that the potential for competition is present, i.e. that the two fisheries overlap in space and 

time such that there could be competition between them.   
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2. That at an operationally meaningful time scale and spatial scale there is competition for space to fish, viz. 

there is a negative relationship between the amount of effort for the two gear types.   

3. That the competition referred to above causes reduced CPUE levels in one or both fisheries 

4. That the reduction in CPUE levels referred to above it sufficiently large to be a concern for further escalation 

of the extent of competition, as may occur if more of the TAC is allocated for hake longlining operations.  

Two additional technical papers have been prepared on this topic, viz. HAKE/P3 and HAKE/P4.  These papers address 

the possibilities (1) and (2) described above, and contain the following results: 

• HAKE/P3 – this document presents a number of high level data summaries which suggests that the degree of 

overlap between the two fisheries is sufficient to suggest that there could be spatial competition between 

the two fisheries. 

• HAKE/P4 – this document carries out more detailed analyses and shows that at operationally meaningful 

temporal and spatial scales, there is evidence of a negative relationship between the number of trawls and 

the number of sets. 

Neither of these documents has quantified the cost of the negative spatial interaction that is highlighted in HAKE/P4, 

i.e. they do not address points (3) and (4) listed above.  The intention is that the International Panel of 2022 will be 

asked for guidance as to how best to assess and quantify (3) and (4).  The content of HAKE/P3 and P4 is as follows.     

HAKE/P3 carries out a first analysis of the longline and deep-sea trawl CPUE datasets to determine whether the 

spatial overlap between the two fisheries is such that the potential for spatial competition and conflict exists.  The 

document shows that there have been important changes in the distribution of hake longline effort between 1994 

and 2021.  These can be seen in the composite figure here, Figure 3.  From a peak in 2006 the number of sets on the 

South Coast (as defined in HAKE/P3) declines to a very low level by about 2015 and remains very low.  The number 

of sets on the West Coast increases from 2010 to reach a plateau by 2014 which persists until 2021.  Error! 

Reference source not found. of HAKE/P3 (Top panel LHS) shows the point in time that a code of conduct between 

SADSTIA and SAHLLA was signed to regulate competition for space to fish at sea.  The timing of this code of conduct 

appears to be a logical result of an increase in recent years (at that time) of a large shift in longline effort from the 

South Coast to the West Coast.  The shift itself appears to be congruent with CPUE trends shown in Figure 2, taken 

from HAKE/P3.  These illustrate declines in hake longline CPUE which may have driven the relocation of longline 

fishing further west in search of improved catch rates, although input from the hake longlining fishery is that this was 

not the case.   

Other Tables and Figures presented in HAKE/P3 provide additional outputs which show, for example (see Figure 3 

here) that the number of hooks in use in the fishery increased substantially over time, and that fishing depth (see 

Figure 3 here) also increased over time.  Both of these processes increase the potential for conflict between the two 

fisheries.   

HAKE/P3 therefore confirms that at a high level, there is potential for conflict between the two fisheries, and also 

that changes in the dynamics of the hake longline fishery are such that the conditions for conflict have been 

enhanced since about 2015, due to the increase in the number of hook and the length of longline sets, as well as an 

increase in the spatial overlap between the two fisheries both positionally and as confirmed separately by overlap in 

the depth of fishing. 

HAKE/P4 goes beyond the level of analysis in HAKE/P3 to determine whether there is evidence that the nature of 

the trawl vs longline interaction is such that at an operationally meaningful temporal and spatial scale, the 

competition for space is such that where and when there are more longline sets, fewer trawls take place and vice 

versa.  The document uses a K-means clustering algorithm or alternatively a simple binning procedure to define 

spatial clusters that have dimensions of tens of kilometres.  Figure 1, bottom panel, shows the 200 cluster case, after 

application of the data trimming procedure described in HAKE/P4 – this involves eliminating unimportant clusters 

which jointly comprise less catch than other clusters and less than 5% of the catch in total.  These clusters are 
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analysed day by day in the fishery for the period 2015 to 2020 to determine the relationship between the number of 

longline sets and the number of trawls.   The results show, across different ways of defining spatial areas, that there 

is a negative relationship between the number of trawls and the number of longline sets, at the level of Cluster_Day, 

or Bin_Day – see Table 1 and Figure 4.  This suggests that the two gear types compete for space to fish, such that the 

presence of effort for one of the gear types is associated with a reduction in the amount of effort deployed for the 

other gear type.  One cannot conclude the direction of causality simply, viz. it is not clear whether setting longline 

gear causes a reduction in trawl effort in an area on a particular day, or alternatively whether setting trawl gear 

causes a reduction in the longline effort in an area.  It is however relevant that the static nature of longline gear 

means that while the gear is set, no trawl can cross the longline across its entire length, which is now greater than 20 

km in length, on average.  On the other hand, trawls do not occupy area in the same way and a longline set can wait 

for a trawler to pass before setting.  Once set, longline gear occupies the space for the duration of the soak time, 

typically 6-8 hours.   

These results all point to a competitive relationship for space to fish between the two fisheries, trawl vs longline. 

They do not quantify what impact this competition may have on the trawl or the longline CPUE levels, and this is the 

next piece of work that is needed.        
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Initial raw data with trawl and set locations 

 

Processed data with trawl and set locations 

 
 

Figure 1.  Top panel- A scatter plot of the location of offshore trawls and hake longline sets by the mid-point of the fishing event over all years.  
Bottom panel - For 2015 to 2020 only, following a run of the K-means algorithm with 200 clusters, after data trimming – only those clusters 
that make up 95% of the catch over all years are shown.  .   
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Figure 2.  CPUE trends in the hake longline fishery based on Somhlaba et al (2016). Units: kg / ‘000 Hooks ((source:  Somhlaba et al, 2016)).     
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Figure 3.  Various trends in the longline fishery.  Top LHS panel shows trends in the total annual number of sets split between the West and the 
South Coasts, and in total.  Top RHS panel shows trends in the total number of hooks per year, again split between the West and the South 
Coasts, and in total.  Bottom LHS shows the trend in the mean set length per annum in the hake longline fishery.  Bottom RHS panel shows the 
trend in the mean fishing depth per annum in the hake longline fishery.    
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Table 1.  GLM based estimates of the slope of the covariate ‘number of sets (n(SETS))’ when the dependent variable is the number of drags 
(n(DRAGS)).  For these analyses a record represents a single Cluster_Day or Bin_Day combination which is a record because there was at least 
one drag or one set in that Cluster_Day or Bin_Day.  For either of the Cluster_Day only, or Cluster then Bin_Day data preparation and spatial 
definitions, the data are first reduced to the highest ranked (by green weight catch) clusters which make up 95% of the total hake catch over 
the period 2015 to 2020 inclusive.  This involves 121(or 74 or 50) clusters when the K-means algorithm used a predefined and fixed number of 
500 (or 300 or 200) clusters.  GLMs were run using either the ‘identity’ or ‘log’-link functions, and the explanatory variable is either (a) n(SETS) 
and K-means clusters or (b) only n(SETS).  Two bin width options were explored when implementing the Bin_Days step, either 0.2 degrees or 
0.05 degrees (where a degree at the applicable latitude is approximately 100 km), but only for the 200 and 500 cluster options.     

 

M
o

d
el

# 

C
lu

st
e

rs

# 
C

lu
st

e
rs

, 9
5%

 

o
f 

C
at

ch

La
t/

Lo
n

g 
B

in
s;

 

B
in

 w
id

th
 in

 

d
eg

re
es

# 
C

lu
st

e
r_

D
ay

s 

in
 A

n
al

ys
is

# 
B

in
_D

ay
s 

in
 

A
n

al
ys

is
Tr

an
sf

o
rm

at
io

n

Ex
p

la
n

at
o

ry
 v

ar
ia

b
le

 

(D
ep

en
d

en
t 

va
ri

ab
le

 -
 

n
(D

R
A

G
S)

)

n
(S

ET
) 

p
ar

am
et

e
r 

es
ti

m
at

e
 in

 

tr
an

sf
o

rm
ed

 

d
o

m
ai

n

95
%

 R
an

ge

G
LM

50
0

12
1

n
/a

90
11

0
n

/a
N

o
n

e
n

(S
ET

S)
, K

-m
ea

n
s 

cl
u

st
er

-0
.7

48
(-

0.
77

7,
 -

0.
71

9)

G
LM

50
0

12
1

n
/a

90
11

0
n

/a
N

a
tu

ra
l L

o
g

n
(S

ET
S)

, K
-m

ea
n

s 
cl

u
st

er
-0

.7
88

(-
0.

83
4,

 -
0.

74
2)

 

G
LM

50
0

12
1

n
/a

90
11

0
n

/a
N

o
n

e
n

(S
ET

S)
-0

.8
23

(-
0.

85
0,

 -
0.

79
6)

G
LM

50
0

12
1

n
/a

90
11

0
n

/a
N

a
tu

ra
l L

o
g

n
(S

ET
S)

-0
.9

31
(-

0.
98

3,
 -

0.
88

0)

G
LM

30
0

74
n

/a
72

07
7

n
/a

N
o

n
e

n
(S

ET
S)

, K
-m

ea
n

s 
cl

u
st

er
-0

.6
69

(-
0.

70
6,

 -
0.

63
1)

G
LM

30
0

74
n

/a
72

07
7

n
/a

N
a

tu
ra

l L
o

g
n

(S
ET

S)
, K

-m
ea

n
s 

cl
u

st
er

-0
.4

24
(-

0.
45

6,
 -

0.
39

2)

G
LM

30
0

74
n

/a
72

07
7

n
/a

N
o

n
e

n
(S

ET
S)

-0
.7

20
(-

0.
75

6,
 -

0.
68

3)

G
LM

30
0

74
n

/a
72

07
7

n
/a

N
a

tu
ra

l L
o

g
n

(S
ET

S)
-0

.5
25

(-
0.

56
2,

 -
0.

48
7)

G
LM

20
0

50
n

/a
59

63
7

n
/a

N
o

n
e

n
(S

ET
S)

, K
-m

ea
n

s 
cl

u
st

er
-0

.6
49

(-
0.

69
3,

 -
0.

60
5)

G
LM

20
0

50
n

/a
59

63
7

n
/a

N
a

tu
ra

l L
o

g
n

(S
ET

S)
, K

-m
ea

n
s 

cl
u

st
er

-0
.3

27
(-

0.
35

4,
 -

0.
29

9)

G
LM

20
0

50
n

/a
59

63
7

n
/a

N
o

n
e

n
(S

ET
S)

-0
.7

75
(-

0.
81

8,
 -

0.
73

2)

G
LM

20
0

50
n

/a
59

63
7

n
/a

N
a

tu
ra

l L
o

g
n

(S
ET

S)
-0

.4
27

(-
0.

45
8,

 -
0.

39
5)

G
LM

50
0

12
1

0.
2

90
11

0
58

51
2

N
o

n
e

n
(S

ET
S)

-0
.7

90
(-

0.
83

0,
 -

0.
75

0)

G
LM

50
0

12
1

0.
2

90
11

0
58

51
2

N
a

tu
ra

l L
o

g
n

(S
ET

S)
-0

.8
94

(-
0.

96
6,

 -
0.

82
1)

G
LM

50
0

12
1

0.
05

90
11

0
13

10
05

N
o

n
e

n
(S

ET
S)

-0
.9

40
(-

0.
95

4,
 -

0.
92

5)

G
LM

50
0

12
1

0.
05

90
11

0
13

10
05

N
a

tu
ra

l L
o

g
n

(S
ET

S)
-3

.0
00

(-
3.

28
4,

 -
2.

71
5)

G
LM

20
0

12
1

0.
2

59
63

7
86

63
5

N
o

n
e

n
(S

ET
S)

-0
.8

29
(-

0.
86

1,
 -

0.
79

7)

G
LM

20
0

12
1

0.
2

59
63

7
86

63
5

N
a

tu
ra

l L
o

g
n

(S
ET

S)
-0

.8
93

(-
0.

94
9,

 -
0.

83
8)

G
LM

20
0

12
1

0.
05

59
63

7
16

89
69

N
o

n
e

n
(S

ET
S)

-0
.9

34
(-

0.
94

5,
 -

0.
92

3)

G
LM

20
0

12
1

0.
05

59
63

7
16

89
69

N
a

tu
ra

l L
o

g
n

(S
ET

S)
-3

.1
00

(-
3.

34
3,

 -
2.

86
5)



 MARAM/IWS/2022/Hake/P2 

8 
 

 

Use of actual longline set data 

 
Use of artificial longline set data, a random sample of 7% of the trawl data 

 

Figure 4.  Top panel:  For the 200, 300 and the 500 cluster cases, a plot of the number of drags (n(DRAGS)) vs the number of sets (n(SETS)) at 
the resolution of Cluster_Days.  Bottom panel:  For the 200, 300 and the 500 cluster cases, a plot of the number of drags (n(DRAGS)) vs the 
number of sets (n(SETS)) at the resolution of Cluster_Days, where for this case the sets are a random selection of 7% of the trawls and the 
true longline set level information has been excluded from the calculations.  As stated the top half of each of the two panels show the 
average number of drags on the y axis for given ‘numbers of sets’ to clarify the average relationship.  The bottom panels show all cases, except 
that larger dots represent more than one value (where a value is a Cluster_Day) as indicated by the legend.   

 


