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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 increased substantially in the last year with poaching levels well above 

the required target. 

 

Introduction 

The Generalised Linear Models (GLMs) applied previously by Brandão and Butterworth (2011, 2013) 
are updated to include further data now available. The aim of these GLMs is to obtain overall annual 
rates of increase in 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 2014 are used in the present 
analyses. Data for the period April 2013 to March 2014 are new compared to those used for the 
analyses carried out by Brandão and Butterworth (2013).  
 
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 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 TimeP D E J � � �                                                       (1) 

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

monthD  is the month effect,  

typeE  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 J  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 P D E G � � �                                                             (2) 

where  

yearG   is the year effect (2008 to 2014). 

 
A weight is applied to each of the above GLMs 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 typeE 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 increase of 1.4% per year is obtained assuming a linear 
relationship, which is lower than the 2.7% estimated previously. Under the categorical (other than 
linear) approach, a slight increase remains apparent. 
 
For the number of confiscations, an increasing trend (23% per year) is obtained if a linear relationship 
if 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, though note the large CI for 2014 which consists of only six months of data.  
 
The instantaneous annual rates of increase obtained from the linear GLM are: 
 Confiscations:  23% (s.e. = 6.4%) 
 Policing effort: 1.4% (s.e. = 1.4%) 
 
Together these suggest that removals from poaching have been increasing at an instantaneous 
rate of 21.8% p.a. (s.e.=6.6%) over the last three years. This corresponds to a net increase of 24% 
over one, 55% over two, 92% over three, 139% over four, and 197% over five 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 and 2014 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 increase in effort over the last four years, with peaks in 
2012 and 2014. 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. 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 by an increase in 2013 and a large further increase in the last year. For all regions, the 
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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 0.315 (0.114) 0.313 (0.115) -0.024 (0.616) -0.043 (0.645) 
February 0.071 (0.121) 0.068 (0.122) -0.056 (0.621) -0.094 (0.650) 

March -0.031 (0.124) -0.034 (0.125) 1.036 (0.504) 0.978 (0.528) 
April 0.140 (0.121) 0.117 (0.121) 0.169 (0.656) -0.052 (0.678) 
May 0.067 (0.124) 0.043 (0.123) 0.847 (0.563) 0.606 (0.579) 
June 0.070 (0.123) 0.045 (0.123) 0.784 (0.570) 0.524 (0.586) 
July 0.222 (0.119) 0.196 (0.118) 0.934 (0.554) 0.655 (0.569) 

August 0.360 (0.116) 0.332 (0.115) 0.508 (0.603) 0.209 (0.621) 
September -0.228 (0.133) -0.257 (0.133) 0.988 (0.549) 0.671 (0.562) 

October 0.177 (0.118) 0.180 (0.119) 0.773 (0.524) 0.812 (0.548) 
November 0.097 (0.120) 0.098 (0.121) 0.758 (0.525) 0.778 (0.549) 
December 0 0 0 0 

     
Time (yr-1) ― 0.014 (0.014) ― 0.232 (0.064) 

     
2008 -0.161 (0.110) ― -0.925 (0.597) ― 
2009 -0.041 (0.083) ― -0.679 (0.435) ― 
2010 0 ― 0 ― 
2011 0.052 (0.082) ― 0.314 (0.332) ― 
2012 0.114 (0.080) ― -0.397 (0.398) ― 
2013 -0.100 (0.085) ― 0.289 (0.334) ― 
2014 0.042 (0.103)  1.032 (0.362)  

     
coastal 0.148 (0.081) 0.148 (0.082) ― ― 

road -3.881 (0.124) -3.881 (0.125) ― ― 
sea -4.974 (0.142) -4.974 (0.143) ― ― 

slipway -0.032 (0.077) -0.032 (0.078) ― ― 
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 0.286 (0.151) 0.286 (0.152) -0.556 (0.740) -0.577 (0.746) 
February -0.004 (0.161) -0.004 (0.163) -0.001 (0.633) -0.043 (0.638) 

March -0.037 (0.163) -0.037 (0.165) 1.224 (0.508) 1.161 (0.513) 
April 0.100 (0.160) 0.088 (0.160) 0.330 (0.647) 0.143 (0.643) 
May -0.095 (0.168) -0.106 (0.168) 1.013 (0.563) 0.804 (0.557) 
June -0.004 (0.164) -0.015 (0.164) 0.946 (0.569) 0.717 (0.563) 
July 0.221 (0.156) 0.209 (0.155) 0.434 (0.631) 0.183 (0.626) 

August 0.326 (0.153) 0.315 (0.152) 0.692 (0.596) 0.420 (0.590) 
September -0.248 (0.175) -0.258 (0.175) 0.347 (0.644) 0.054 (0.640) 

October 0.089 (0.158) 0.089 (0.159) 0.997 (0.523) 1.039 (0.528) 
November -0.090 (0.165) -0.090 (0.167) 0.905 (0.530) 0.926 (0.534) 
December 0 0 0 0 

     
Time (yr-1) ― -0.001 (0.019) ― 0.253 (0.064) 

     
2008 0.205 (0.142) ― -0.459 (0.579) ― 
2009 0.281 (0.113) ― -0.365 (0.438) ― 
2010 0 ― 0 ― 
2011 0.078 (0.118) ― 0.267 (0.373) ― 
2012 0.309 (0.112) ― -0.157 (0.414) ― 
2013 0.080 (0.118) ― 0.597 (0.349) ― 
2014 0.264 (0.141)  1.203 (0.377)  

     
coastal 0.289 (0.102) 0.289 (0.103) ― ― 

road -3.825 (0.162) -3.825 (0.164) ― ― 
sea -5.104 (0.187) -5.104 (0.189) ― ― 

slipway -0.024 (0.099) -0.024 (0.101) ― ― 
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 0.314 (0.137) 0.312 (0.145) 0.849 (0.947) 0.836 (0.947) 
February 0.115 (0.143) 0.112 (0.152) -0.267 (0.965) -0.290 (0.965) 

March -0.078 (0.150) -0.083 (0.159) -0.164 (0.923) -0.200 (0.923) 
April 0.090 (0.147) 0.064 (0.154) -0.910 (1.400) -1.210 (1.400) 
May 0.138 (0.145) 0.110 (0.152) -0.290 (1.100) -0.610 (1.100) 
June 0.052 (0.148) 0.023 (0.156) -0.310 (1.170) -0.640 (1.170) 
July 0.167 (0.144) 0.135 (0.151) 1.787 (0.739) 1.449 (0.739) 

August 0.352 (0.138) 0.319 (0.145) -0.910 (1.590) -1.260 (1.590) 
September -0.301 (0.163) -0.336 (0.171) 1.955 (0.727) 1.592 (0.727) 

October 0.154 (0.142) 0.157 (0.150) -1.090 (1.340) -1.070 (1.340) 
November 0.202 (0.140) 0.203 (0.149) -0.002 (1.000) 0.010 (1.000) 
December 0 0 0 0 

     
Time (yr-1) ― 0.019 (0.018) ― 0.152 (0.110) 

     
2008 -0.648 (0.142) ― -3.700 (2.290) ― 
2009 -0.454 (0.101) ― -1.992 (0.879) ― 
2010 0 ― 0 ― 
2011 -0.003 (0.089) ― 0.402 (0.394) ― 
2012 -0.160 (0.093) ― -1.168 (0.627) ― 
2013 -0.320 (0.097) ― -0.966 (0.581) ― 
2014 -0.341 (0.126)  0.517 (0.594)  

     
coastal -0.056 (0.104) -0.056 (0.111) ― ― 

road -3.971 (0.145) -3.971 (0.154) ― ― 
sea -4.884 (0.170) -4.884 (0.180) ― ― 

slipway -0.070 (0.103) -0.070 (0.110) ― ― 
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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