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Abstract 

GLM methods are applied to compliance data on confiscations (and abandonments) and on 

policing effort to estimate recent trends in the amount of abalone that is poached. The results 

suggest that poaching has decreased somewhat in the last year; however the estimated poaching 

levels are well above the required target. 

 

Introduction 

The Generalised Linear Models (GLMs) applied previously by Brandão and Butterworth (2011, 2013, 

2014) are updated to include the further data now available. The aim of these GLMs is to obtain 

overall annual rates of increase in the number of confiscations (which throughout this paper include 

abandonments) and in policing effort in a manner that takes into account possible monthly effects 

and, in the case of policing effort, the fact that various types of policing exercises are carried out. 

 

 

Data 

Monthly data on confiscations and policing effort obtained from one of the Directorates within the 

CD (Directorate: Compliance) for the period of April 2008 to March 2015 are used in the present 

analyses. Data for the period April 2014 to March 2015 are new compared to those used for the 

analyses carried out by Brandão and Butterworth (2014).  

 

Compliance data are available for “All Zones (A to G)” (Cape Town to Arniston) region including 

Saldanha Bay as well as disaggregated into two regions: Zones A-D and Zones E-G. The policing effort 

types included in the analyses are as have been selected by scientists from the abalone working 

group as being those most likely to have resulted in abalone confiscations. These are: vehicles 

inspected, slipway inspections, coastal patrols, road blocks and sea patrols.  
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Methods 

GLMs are used to investigate the variation of the number of confiscations of abalone as well as that 

of the policing effort that has occurred. Trends in the number of confiscations and in the policing 

effort are modelled in two ways: one by including the covariate “year” which is a factor which 

represents the year (i.e. a categorical nonlinear relationship is assumed between the number of 

confiscations/policing effort with the time period), and alternatively by including the covariate 

“Time” (essentially the date) which represents a continuous value for the year and month to which 

the data record applies (i.e. a linear relationship is assumed between the number of 

confiscations/policing effort with the date).  

 

The expected policing effort (assuming a linear relationship with time) is modelled as: 

   E exp month typeP Time                                                             (1) 

where  

P  is the policing effort, assumed to have an overdispersed Poisson distribution, 

  is the intercept, 

month  is the month effect,  

type  is the type of policing effect, where the “type” factor is associated with the different types of 

policing such as coastal patrols, permit checks, restaurant inspections, road blocks, sea 

patrols, slipway inspections and vessels inspections, and 

Time  is the time (date) representing the year and month to which the data applies, and   is the 

associated coefficient. 

 

When an other than linear (categorical) relationship is assumed between policing effort and time, the 

expected policing effort is modelled as: 

   E exp month type yearP                                                                    (2) 

where  

year   is the year effect (2008 to 2015). 

 

A weight is applied to each of the GLMs above to account for different levels of variance (beyond 

Poisson) in the data for the different measures of policing. The weight applied to the data is given by 

the inverse of the estimated overdispersion parameter obtained by fitting the GLM of Equation (1) 

(without the “type” factor) to each separate data set for the different types of policing employed. 

 

The same procedure as for policing effort is applied to the number of confiscations. The one 

difference in the GLMs is that the type effect does not apply in this case. No weighting of the data is 

performed in this case. 

 

Note that throughout “year” refers to Model-year, e.g. 2009 means the period October 2008 to 

September 2009. 
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Results 

Table 1 shows the parameter estimates for the GLMs fitted to the policing effort data and to the 

number of confiscations for the “All Zones (A to G).  

 

For policing effort, whether a linear or nonlinear function is assumed over time, a slight positive 

trend is evident (Table 1 and Figure 1). An decrease of 1.2% per year is obtained assuming a linear 

relationship, instead of the increase of 1.4% estimated previously. Under the categorical (other than 

linear) approach, a slight increase remains apparent. 

 

For the number of confiscations, an increasing trend (25% per year) is obtained if a linear relationship 

is assumed (Table 1). Under the categorical analysis, an increase is also evident (Table 1 and Figure 

1), although a substantial drop is estimated for 2012, there have been substantial increases for both 

2013 and for 2014, and a slight drop in 2015 though note the large CI for 2015 for which only six 

months of data are available.  

 

The instantaneous annual rates of increase obtained from the linear GLM are: 

 Confiscations:  25% (s.e. = 4.8%) 

 Policing effort: -1.2% (s.e. = 1.2%) 

 

Together these suggest that removals from poaching have been increasing at an instantaneous 

rate of 26.0% p.a. (s.e.=5.5%) over the last three years. This corresponds to a net increase of 30% 

over one, 68% over two, and 118% over three years. 

 

 

Disaggregated by Region 

The analyses above pool data across all regions. Results might be biased if there has been a shift in 

policing effort allocation across regions over time. This has been addressed by disaggregating the 

compliance data by regions (Zones A-D and Zones E-G) and repeating the GLM analyses.  

 

The results of these further GLMs are shown in Table 2-3 for Zones A-D and Zones E-G respectively. 

Figure 1 shows the results for the categorical analysis for Zones A-D as well as for the “All Zones (A to 

G)” as a whole (Cape Town to Arniston plus Saldanha Bay). The lowest row of plots in this Figure 

show the poaching level index as the ratio of the categorical factor estimates for confiscations and 

for effort each year, normalised as the average over the 2008 and 2009 years, together with the 

targeted decrease in poaching for 2010, 2011, 2012, 2013, 2014 and 2015 under the current abalone 

recovery plan. Figure 2 shows the similar plots for Zones E-G. 

 

For Zones A-D there is an estimated slight decrease in effort over the last three years, with peaks in 

2009 and 2012. However in broad terms for both A-D and the region overall there is an estimated 

approximate doubling of poaching over the 2009 to 2011 period though there is an appreciable 

(though not statistically significant) drop in poaching in 2012, followed by an estimated large 

increases in both 2013 and in 2014 and then a drop in 2015 (though this estimate is still higher than 

that estimated in 2013). Results in Table 3 and Figure 2 similarly indicate a large increase in poaching 

in Zones E-G until 2011 and a large (though not statistically significant) drop in 2012 again followed 
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by an increase in 2013 and a large further increase in 2014, followed by a drop in the last year 

(though this value is still much higher than that for 2013. For all regions, the estimated poaching 

levels are well above the target poaching level required under the abalone recovery plan, with levels 

in the last year having drastically increased.  
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Table 1.  GLM parameter/coefficient (and standard error) estimates for “All Zones (A to G) (Cape 

Town to Arniston) and Saldanha Bay. 

 Policing effort 

(year factor)  

Policing effort 

(linear) 

Confiscations 

(year factor) 

Confiscations 

(linear) 

January 0.352 (0.113) 0.353 (0.114) 0.097 (0.606) 0.077 (0.628) 

February 0.183 (0.118) 0.185 (0.118) 0.688 (0.537) 0.647 (0.558) 

March 0.081 (0.120) 0.085 (0.121) 1.234 (0.498) 1.172 (0.517) 

April 0.158 (0.120) 0.144 (0.119) 0.583 (0.575) 0.535 (0.593) 

May 0.112 (0.120) 0.099 (0.121) 0.922 (0.540) 0.853 (0.556) 

June 0.121 (0.121) 0.109 (0.120) 0.797 (0.552) 0.708 (0.568) 

July 0.179 (0.119) 0.168 (0.119) 1.384 (0.507) 1.274 (0.521) 

August 0.332 (0.115) 0.321 (0.115) 0.846 (0.547) 0.715 (0.563) 

September -0.222 (0.132) -0.231 (0.131) 1.032 (0.531) 0.880 (0.545) 

October 0.223 (0.116) 0.221 (0.117) 1.082 (0.507) 1.123 (0.526) 

November 0.137 (0.119) 0.136 (0.120) 0.923 (0.518) 0.944 (0.538) 

December 0 0 0 0 

     

Time (yr-1) ― -0.012 (0.012) ― 0.247 (0.048) 

     

2008 -0.135 (0.114) ― -0.906 (0.605) ― 

2009 -0.023 (0.086) ― -0.679 (0.443) ― 

2010 0 ― 0 ― 

2011 0.037 (0.085) ― 0.314 (0.338) ― 

2012 0.100 (0.084) ― -0.397 (0.405) ― 

2013 -0.110 (0.088) ― 0.289 (0.339) ― 

2014 -0.141 (0.089) ― 0.969 (0.302) ― 

2015 -0.087 (0.110) ― 0.826 (0.374) ― 

     

coastal 0.199 (0.077) 0.199 (0.077) ― ― 

road -3.910 (0.115) -3.910 (0.116) ― ― 

sea -4.891 (0.137) -4.891 (0.138) ― ― 

slipway 0.031 (0.074) 0.031 (0.075) ― ― 

vehicles 0 0 ― ― 
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Table 2.  GLM parameter/coefficient (and standard error) estimates for Zones A to D. 

 Policing effort 

(year factor)  

Policing effort 

(linear) 

Confiscations 

(year factor) 

Confiscations 

(linear) 

January 0.306 (0.147) 0.308 (0.149) -0.313 (0.697) -0.336 (0.704) 

February 0.142 (0.153) 0.059 (0.158) 0.848 (0.541) 0.802 (0.546) 

March 0.107 (0.154) 0.022 (0.160) 1.413 (0.505) 1.345 (0.509) 

April 0.092 (0.156) 0.067 (0.157) 0.803 (0.570) 0.766 (0.572) 

May -0.042 (0.162) -0.118 (0.165) 1.128 (0.542) 1.069 (0.542) 

June 0.022 (0.159) -0.045 (0.162) 0.998 (0.552) 0.916 (0.553) 

July 0.154 (0.154) 0.164 (0.154) 0.989 (0.553) 0.884 (0.554) 

August 0.275 (0.150) 0.287 (0.150) 1.077 (0.546) 0.949 (0.546) 

September -0.260 (0.171) -0.281 (0.172) 0.649 (0.587) 0.498 (0.588) 

October 0.134 (0.153) 0.120 (0.155) 1.292 (0.511) 1.338 (0.516) 

November -0.067 (0.161) -0.082 (0.164) 1.072 (0.524) 1.095 (0.529) 

December 0 0 0 0 

     

Time (yr-1) ― -0.028 (0.017) ― 0.276 (0.048) 

     

2008 0.248 (0.146) ― -0.464 (0.585) ― 

2009 0.290 (0.116) ― -0.365 (0.447) ― 

2010 0 ― 0 ― 

2011 0.066 (0.122) ― 0.267 (0.380) ― 

2012 0.290 (0.116) ― -0.157 (0.422) ― 

2013 0.078 (0.122) ― 0.597 (0.356) ― 

2014 0.020 (0.124) ― 1.216 (0.326) ― 

2015 0.202 (0.145) ― 1.103 (0.384) ― 

     

coastal 0.353 (0.097) 0.353 (0.096) ― ― 

road -3.832 (0.153) -3.831 (0.152) ― ― 

sea -5.106 (0.176) -5.106 (0.175) ― ― 

slipway 0.072 (0.096) 0.042 (0.098) ― ― 

vehicles 0 0 ― ― 
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Table 3.  GLM parameter/coefficient (and standard error) estimates for Zones E to G. 

 Policing effort 

(year factor)  

Policing effort 

(linear) 

Confiscations 

(year factor) 

Confiscations 

(linear) 

January 0.401 (0.128) 0.402 (0.136) 0.859 (0.770) 0.849 (0.879) 

February 0.193 (0.134) 0.195 (0.143) -0.201 (0.962) -0.220 (1.100) 

March -0.005 (0.140) -0.001 (0.149) 0.129 (0.884) 0.100 (1.010) 

April 0.179 (0.136) 0.151 (0.144) -1.150 (1.380) -1.180 (1.570) 

May 0.225 (0.134) 0.198 (0.142) -0.550 (1.110) -0.590 (1.270) 

June 0.169 (0.136) 0.142 (0.144) -0.600 (1.130) -0.650 (1.290) 

July 0.189 (0.135) 0.164 (0.143) 2.039 (0.696) 1.977 (0.790) 

August 0.346 (0.131) 0.322 (0.139) -1.170 (1.390) -1.240 (1.580) 

September -0.217 (0.150) -0.239 (0.159) 1.674 (0.715) 1.591 (0.811) 

October 0.229 (0.132) 0.226 (0.141) -0.490 (1.050) -0.470 (1.200) 

November 0.281 (0.131) 0.280 (0.140) 0.133 (0.884) 0.140 (1.010) 

December 0 0 0 0 

     

Time (yr-1) ― -0.015 (0.014) ― 0.152 (0.110) 

     

2008 -0.660 (0.138) ― -3.650 (2.340) ― 

2009 -0.453 (0.098) ― -1.992 (0.895) ― 

2010 0 ― 0 ― 

2011 -0.013 (0.087) ― 0.402 (0.402) ― 

2012 -0.165 (0.090) ― -1.168 (0.639) ― 

2013 -0.338 (0.095) ― -0.966 (0.592) ― 

2014 -0.428 (0.097) ― 0.156 (0.424) ― 

2015 -0.477 (0.128) ― -0.551 (0.812) ― 

     

coastal 0.009 (0.095) 0.009 (0.101) ― ― 

road -3.996 (0.133) -3.996 (0.141) ― ― 

sea -4.705 (0.162) -4.705 (0.174) ― ― 

slipway -0.013 (0.095) -0.013 (0.101) ― ― 

vehicles 0 0 ― ― 
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Figure 1.  Comparison of estimates of annual factors from the categorical model of equation (2) where these are 

estimated for each Model-year. Results are shown for confiscations (and abandonments) and for policing effort, with 

the lowest pair of plots reflecting the ratios as an index of the annual level of poaching, and the squares reflecting 

the 15% annual decrease in poaching sought under the current abalone recovery plan. The left side plots are for 

Zones A-D only, whereas the right side plots are for “All Zones (A to G)”. The confiscation plots are normalised to the 

2010 values with 95% CIs shown for the other Model-years. The effort and poaching index are normalised to their 

2008-2009 average values. 
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 Figure 2.  Comparison of estimates of annual factors from the categorical model of equation (2) where these are 

estimated for each Model-year. Results are shown for confiscations (and abandonments) and for policing effort, 

with the lowest pair of plots reflecting the ratios as an index of the annual level of poaching for Zones E-G only. The 

confiscation plots are normalised to the 2010 values with 95% CIs shown for the other Model-years. The effort and 

poaching index are normalised to their 2008-2009 average values. 
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