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SUMMARY 

The reported bycatch of NZ dolphin substantially understates the actual level of bycatch, due to very low 

levels of self reporting by fishermen and low observer coverage. Current total bycatch is estimated at 32 – 

40 Hector’s dolphins per year off the east coast of the South Island, 42 – 55 Hector’s dolphins per year 

off the west coast of the South Island and 2.4 – 3.8 Maui dolphins per year off the west coast of the North 

Island. All of these estimates substantially exceed PBR. The CVs on the catch rates and total catch 

estimates indicate a high level of uncertainty. Observer coverage of 81 – 91% would be required to 

achieve estimates of dolphin bycatch with a CV of 30% or better, from observer programmes or video 

monitoring. The New Zealand government is proposing to introduce video camera monitoring for all 

inshore gillnet and trawling vessels. This would substantially increase the amount of information on 

dolphin bycatch. Video monitoring would be feasible off the east and west coasts of the South Island 

where dolphin densities are relatively high. For low density populations, robust estimates of bycatch are 

unlikely to be obtainable without substantially exceeding PBR. Likewise, determining the effectiveness of 

current protection measures by monitoring population size is unlikely to be successful due to the low 

statistical power of being able to detect population trends for Maui dolphins. For small populations such 

as vaquita, Maui dolphin and the smallest populations of Hector’s dolphins, precautionary protection 

measures are likely to be the only effective way to ensure bycatch is sustainable and avoid further 

population declines. 

 

 

 

 

  



 

INTRODUCTION 

During the period 2000-2006 bycatch was estimated at 110 – 150 New Zealand dolphins (Hector’s and 

Maui dolphins) per year (Davies et al. 2008). Current bycatch is expected to be lower, due to substantial 

improvements in dolphin protection implemented in 2008. On the other hand, new information on 

dolphin distribution (MacKenzie and Clement 2014, 2016) indicates that the overlap between dolphins 

and fisheries is much higher than previously thought (Davies et al. 2008). 

 

This paper provides updated estimates of nationwide bycatch under the current level of protection and 

compares these with Potential Biological Removals (PBR). Issues relating to low observer coverage are 

identified and explored. We endorse the New Zealand (NZ) government’s plans to implement 

comprehensive video camera monitoring, provided an appropropriate proportion of the footage is 

reviewed, and provide some advice on sampling design and the need for human observers as well as 

cameras. 

 

 

MATERIALS AND METHODS 

Data on dolphin deaths observed by government observers on fishing vessels are available on a website 

created by Dragonfly Consulting for the NZ Ministry for Primary Industries (Abraham et al. 2017). Here 

we use these official data to estimate the total number of dolphins caught. We estimated the number of 

gillnet fishing effort in units of days (average length of gillnet used per day = 1195 m) in order to explore 

sampling issues affecting the accuracy and precision of the bycatch estimates. Unlike metres of net, 

fishing days can be considered independent sampling units. 

 

Additional data on the catch rate of Hector’s dolphins in gillnets come from video monitoring in 2003-

2004 (McElderry et al. 2007) and 2012-2013 (MPI 2013). We estimate a dolphin catch rate for trawling 

based on observer data, using a simple bootstrapping approach. Observer coverage in this fishery has 

been very low. We also used bootstrapping to estimate dolphin catch rates in  the gillnet fishery, taking 

1,000 bootstrap samples from years in which data are available from observers or video monitoring, 

following the approach used by Baird and Bradford (2000). 

 

For Maui dolphins off the North Island west coast we incorporated recent estimates of population trends 

in our assessment of the likely level of ongoing bycatch, using both frequentist and Bayesian approaches. 

We followed Wade et al.’s (2012) approach of fitting a linear regression to the natural log of the 

abundance estimates. To investigate evidence for a difference between the two most recent estimates, we 

calculated a 95% confidence interval of the difference. We also carried out a Bayesian linear regression 

of the last three estimates, in OpenBugs (Lunn et al. 2009) using the package R2OpenBugs (Sturtz et al. 

2005) in program R (R Core Team 2015). The model was adapted from the simple regression model 

presented in Kéry (2010) and used the natural log of each abundance estimate. Vague prior distributions 

were used for all parameters. Four independent Markov chains were initiated at random steps and run for 

10,000 iterations each. The first 5,000 iterations of each of these chains were discarded as “burn-in” 

samples. Convergence of the four chains was assessed with the R-hat statistic (Gelman et al. 2003) and 

through visual inspection of convergence plots. The posterior distribution of the slope was used to 

estimate the probability of population increase or decrease. 

 

There are no robust estimates of bycatch in recreational gillnet fisheries, although catches are known to 

occur (Dawson 1991; DOC 2017). Gillnets can be legally used by amateur fishers for most of the year in 

South Island harbours and year-round in the harbours in Maui dolphin habitat. 

 

We provide updated PBR estimates for Hector’s and Maui dolphins. The PBR method (Wade 1998) aims 

to ensure that human-caused mortality is below levels that could lead to population depletion. It is based 



 

on a logistic model with maximum net productivity level (MNPL) at 0.5K. MNPL is the population size 

that results in the maximum number of individuals being added to the population per year. At MNPL one 

would expect the population growth rate to be approximately 0.5 Rmax (Slooten and Dawson 2008). As 

the goal is to ensure populations stay at or above MNPL (i.e. above 0.5 K), the population growth rate 

used in the PBR calculation is 0.5 Rmax.  For marine mammals MNPL is thought to be between 0.5 K and 

0.85 K (Taylor and de Master 1993). The method explicitly takes into account uncertainty and 
potential biases in the available information.  PBRs were calculated using using the following 
equation: 
 

PBR = Nmin x 0.5 Rmax x Fr 
 

Where Nmin = 20th percentile of the population size estimate, Rmax = Maximum annual population 

growth rate and Fr = Recovery factor. 

 

In the design of the PBR method, a range of mortality limits were evaluated based on whether at least 

95% of the simulated populations met two criteria: (1) populations starting at MNPL stayed at or above 

MNPL after 20 years, and (2) populations starting at 0.3 of K recovered to at least MNPL after 100 yr 

(Wade 1998). Simulations indicated that using the 20th percentile of the population size estimate met 

those criteria (Wade 1998). Nmin estimates for Hector’s dolphin populations from the most recent 

population surveys (MacKenzie and Clement 2016, Baker et al. 2016) were used to calculate PBR. When 

data on productivity are available it is recommended that they be used (Wade 1998). Rmax has been 

estimated for NZ dolphin at 0.018 (Slooten and Lad 1991). PBRs based on the default value for cetaceans 

in general (0.04) are also included for comparison. 

 

Simulations that included plausible levels of bias in the available information indicated that Fr needs to be 

≤ 0.5 to meet performance criteria (1) and (2) above (Wade 1998). Taylor and Wade (2000) showed that 

using N (rather than Nmin) and Fr 1.0 resulted in many of the simulated populations being depleted below 

0.5 K. They also carried out robustness trials, exploring plausible flaws in the data or assumptions, 

including biases in abundance and mortality estimates (Taylor and Wade 2000). For endangered species 

an Fr of 0.1 is recommended (Wade and Angliss 1996; Wade 1998). For example Nmin for North Atlantic 

right whale is 476 individuals, Fr is 0.1 because it is Endangered and the PBR is calculated at 1 individual 

per year (NMFS 2015). With a PBR this low “any mortality or serious injury for this stock can be 

considered significant” and the management goal is to reduce fisheries mortality to as close to zero as 

practicable (Fisheries and Oceans Canada 2014, NMFS 2004, 2015). 

 

 

RESULTS 

NZ dolphins are protected from bycatch in fishing nets in 19% of their habitat. Both gillnets and trawling 

have been banned in approximately 5% of the habitat of Maui dolphin and 8% of the habitat of Hector’s 

dolphin (Forney et al. 2017). Gillnets are banned in an additional 14% of Maui dolphin habitat and 11% 

of Hector’s dolphin habitat.  

 

A total of 140 NZ dolphin entanglements were reported in New Zealand’s progress reports to the IWC for 

the period 1985-2016 (Table 1). On average, 4.5 NZ dolphin entanglements were reported per year, with 

higher numbers during periods when interviews with fishers (1985-1988) or observer programmes (e.g. 

1998) were conducted. In years when separate statistics were provided, the reported Maui dolphin 

entanglements were 2, 3, 2 and 1 in 2000, 2001, 2002 and 2012 respectively. Three trawl entanglements 



 

of Hector’s dolphin were reported in 2006 and one more in 2016. Entanglements reported to the IWC 

include those reported by government fisheries observers or fishers, and some of the entanglements from 

video monitoring, the stranding record or caught by recreational fishers. For example, the two dolphins 

reported for 2015 were both thought to be caught in recreational gillnets. This dataset does not include all 

known entanglements. 

 

Data on dolphin deaths reported by government observers on gillnetting vessels are available on the 

website of Dragonfly Consulting (Abraham et al. 2017). We used these official data on fishing effort, 

observed effort and observed dolphin bycatch (Table 2, Figure 1) to estimate a total number of  dolphins 

caught off the east and west coast of the South Island. The number of fishing days was estimated using 

the average length of net used per day (1195 m). 
 

 
Figure 1. Summary of observer coverage and observed Hector’s dolphin bycatch off the east coast of the South Island from 2003-2014 (downloaded from 

Dragonfly Consulting; Abraham et al. 2017). 
 

 

Off the east coast of the South Island, the level of observer coverage increased from less than 1%  in the 

2005-2006 fishing year to 3% in 2007-2008 and to 9% in the first two years after the dolphin protection 

measures were extended in 2008 (Table 2). Observer coverage then declined to 4, 0, 3 and 2% 

respectively from 2010 to 2014. The CVs on catch rates and estimated total catch indicate a high level of 

uncertainty (Table 2). We estimate that observer coverage of 81 – 91% would be required to achieve 

estimates of dolphin bycatch with a CV of 30% or better. 

 

Observed bycatch off the east coast of the South Island was 0, 1 or 2 dolphins per year (Table 2). Data 

from the first two years after the current protection measures were introduced, suggested a reduced catch 

rate (0.005 – 0.007) and reduced number of dolphins caught (11 – 22 individuals per year). However, in 

the last two years the observer programme reported catch rates (0.010 – 0.015) and estimates of the total 

number of dolphins caught (32 – 40) were similar to those from the 2007-2008 fishing season, just before 

the current protection measures were introduced. 



 

Year Reported  Estimated total bycatch 

 

bycatch 

nationwide 

Banks 

Peninsula 

East Coast 

South Island 

West Coast 

South Island North Island Nationwide 

1985 3 621     

1986 0 951     

1987 15 441     

1988 22 291     

1989 6      

1990 1      

1991 0      

1992 2      

1993 3      

1994 8      

1995 0      

1996 0      

1997 2      

1998 14 16 (CV 0.39) 2     

1999 5      

2000 10  35-463 73-963  110-1503 

2001 13  35-463 73-963  110-1503 

2002 8  35-463 73-963  110-1503 

2003 0  35-463 73-963  110-1503 

2004 2  35-463 73-963  110-1503 

2005 11  35-463 73-963  110-1503 

2006 4  35-463 73-963  110-1503 

2007 1  99 (CV 0.99) 55-73   

2008 0  30 (CV 0.98) 55-73   

2009 2  11 (CV 0.96) 42-55   

2010 1  22 (CV 0.68) 42-55   

2011 0   42-55   

2012 3   42-55 4.97 (0.28-8.04) 5  

2013 1  32 (CV 0.98) 42-55   

2014 0  40 (CV 0.99) 42-55 3.72 (3.28-4.16) 6  

2015 2    2.4-3.8  

2016 1    2.4-3.8  

Total 140      
 

Table 1: Number of reported Hector’s and Maui dolphin entanglements in fishing gear in New Zealand’s national progress reports to the IWC Scientific 
Committee. In most cases, the year in column one is the calendar year.  Data sources for estimates not calculated in this paper:  1Dawson (1991); 2Baird and 

Bradford (2000); 3Davies et al. (2008); 4Slooten and Davies (2011); 5Currey et al. (2012); 6Slooten (2014). 

 

 

A serious problem is that low levels of observer coverage do not simply increase uncertainty in catch rate, 

but can also cause a negative bias in the catch rate estimate. Two dolphins were observed caught in 2009-

2010, the year with the highest observer coverage (269 days). In years with observer coverage of 200 or 

fewer days, 0 or 1 dolphin captures were observed. As expected, for very low levels of observer coverage 

the most likely outcome was failing to observe dolphin bycatch. For example in the 10 observer days 

during the 2005-2006 fishing season, the probability of observing zero bycatch was 0.75 for a catch rate 



 

of 0.029 (the 2006-2007 catch rate) and 0.92 with a catch rate of 0.011 (the 2007-2008 catch rate). 

Bootstrap sampling indicates that observer coverage < 200 days results in a high probability of failing to 

observe bycatch (Figure 2). 
 

 
Fishing 

year 

Gillnet 

effort (m) 

Observed 

(m) 

Gillnet 

days 

Observed 

days 

Observer 

coverage 

Observed 

catch 

Catch rate 

(CV) 

Total Catch 

(CV) 

2002-2003  5,313,000   -     4,446  0 0    

2003-2004  5,042,635   -     4,220  0 0    

2004-2005  4,376,412   -     3,662  0 0    

2005-2006  4,040,566   11,950   3,381  10 <0.01 0  -     -    

2006-2007  4,078,945   41,340   3,413  35 0.01 1 0.029 (1.00) 99 (0.99) 

2007-2008  3,409,007   113,930   2,853  95 0.03 1 0.011 (1.00) 30 (0.98) 

2008-2009  2,776,151   241,965   2,323  202 0.09 1 0.005 (1.00) 11 (0.96) 

2009-2010  3,471,280   321,680   2,905  269 0.09 2 0.007 (0.71) 22 (0.68) 

2010-2011  4,147,910   171,300   3,471  143 0.04 0 0  -    

2011-2012  3,541,465  0  2,964  0 0  -     -     -    

2012-2013  3,696,465   115,800   3,093  97 0.03 1 0.010 (1.00) 32 (0.98) 

2013-2014  3,231,531   79,910   2,704  67 0.02 1 0.015 (1.00) 40 (0.99) 

 
Table 2. Summary of gillnet fishing effort, observer coverage and observed NZ dolphin bycatch off the east coast of the South Island from 2003-2014. 

 

 

 

 

 
67 observer days, catch rate 0.015 (2013-2014) 

 
97 observer days, catch rate 0.010 (2012-2013) 

 
202 observer days, catch rate 0.005 (2008-2009 fishing year)  

269 observer days, catch rate 0.007 (2009-2010) 
 
Figure 2. Estimates of observed bycatch off the east coast of the South Island since 2008, with associated observer coverage and catch rate. 

 
To explore the effect of the number of observer days in more detail, we used the average observed catch rate 
of 0.008 (8 dolphins per 1000 days fishing) during the period 2009-2014 (Table 2) and tested different 



 

levels of observer coverage. The catch rate was kept constant at 0.008 and we took 1,000 bootstrap samples 
for observer coverage levels expected to result in 1, 2, 4 and 8 observed dolphin captures respectively. 
 
At relatively high levels of observer coverage, the results form an approximately normal distribution, 
centred on the expected value (e.g. 8 dolphins observed caught for 1000 days fishing observed; Figure 3). 
Because the results are bounded at 0 (it is not possible to observe fewer than 0 dolphin deaths) the 
distribution becomes progressively more skewed at low levels of observer coverage, with zero dolphins 
observed becoming an increasingly likely outcome for low levels of observer coverage. When the expected 
number of catches observed is close to one, the probability of detecting one dolphin catch and failing to 
detect bycatch are roughly equal (graph for 125 observer days in Figure 3). 
 
 
125 observer days (expected: 1) 

 

250 observer days (2) 

 

 

500 observer days (4) 

 

 

1000 observer days (8) 

 
 

Figure 3. Bootstrap results (n=1000) for a catch rate of 0.008 and observer coverage expected to result in 1, 2, 4 and 8 observed dolphin captures, respectively. 

 

 

Catch rate estimates are also available from video monitoring off the South Island’s east coast 

(McElderry et al. 2007; MPI 2013), the same area as the observer data in Table 2. Two Hector’s dolphin 

captures were observed in video footage from 89 gillnet hauls in the 2003-2004 fishing season, a catch 

rate of 0.02 per haul (McElderry et al. 2007). There was no observer programme during 2002-2003, 

however observer programmes in the 2006-2007 and 2007-2008 fishing seasons resulted in similar catch 

rates of 0.01–0.03 dolphins per day of observer coverage. Estimated total bycatch from video monitoring 

in 2002-2003 (93, CV 0.69) was very similar to the observer estimate from 2006-2007 (99, CV 0.99). 

 

Two Hector’s dolphin captures were observed in video footage from 39 gillnet hauls in 2012-2013 (MPI 

2013). This catch rate of 0.05 (CV 0.71) was much higher than the catch rates of 0.010 and 0.015 from 

the observer programme in 2012-2013 and 2013-2014 (Table 2). If the sample of viewed video footage 

was representative, an estimated 159 (CV 0.70) Hector’s dolphins were caught during the 2012-2013 

fishing year off the east coast of the South Island. All of the video footage from one fishing vessel, which  

reported a dolphin capture, was viewed. For the remaining 5 fishing vessels participating in the video 



 

monitoring programme, 3 hauls were viewed (on average 7% of the hauls). Viewing all of the video 

footage would provide a robust catch rate from video monitoring during 2012-2013. At least 81% of the 

video footage would need to be viewed to achieve a CV of 0.30 or better. This would also help ensure 

that the video sample viewed was representative of the fishery as a whole. 

 

Off the west coast of the South Island, estimated bycatch was 73 – 96 Hector’s dolphins per year during 

2000-2006 (Davies et al. 2008). Since 2008, reported gillnet fishing effort in this area has reduced from 

1.5 – 2 million metres of gillnet per year to around 1 million (Abraham et al. 2017). This is likely to be 

partly due to the extension to the protection measures in 2008. However, new reporting criteria may have 

contributed. In recent years fishing effort is only reported if there were three or more vessels and three or 

more companies or persons fishing within an area (Abraham et al. 2017). Figure 4 gives an indication of 

the level of under-reporting of fishing effort off the west coast of the South Island. If we take the apparent 

reduction in fishing effort at face value, the estimated number of Hector’s dolphins caught per year off the 

west coast of the South Island is estimated to have dropped from 73 – 96 individuals per year to 42 – 55 

individuals per year since 2008 (Table 1). 

 

 

 
 
Figure 4. Map of fishing effort and observed captures in 2012 – 2013, demonstrating the problem with fishing effort reporting. Fishing effort is only shown if 

the effort could be assigned a latitude and longitude, and if there were three or more vessels and three or more companies or persons fishing within a cell. In 

this case, 79.1% of the effort is shown (downloaded from Dragonfly Consulting; Abraham et al. 2017). The Hector’s dolphin capture on the east coast was in 

an area where fishing effort was reported, however the dusky dolphin caught on the west coast appears in an area where no fishing effort was reported. 
 

 

Davies et al. (2008) estimated bycatch off the south coast of the South Island at 1.5 – 1.9 Hector’s 

dolphins per year. Insufficient information is available from observer programmes to allow estimation of 



 

the current level of bycatch in this area. There are no estimates of bycatch for the north coast of the South 

Island. As for the south coast of the South Island, this is an area where low observer coverage and/or very 

low population density make it difficult to estimate the level of bycatch. For example, sighting rates on 

aerial surveys off the east coast of the South Island range from 0.01 sighting per km of transect line in 

low density areas to 0.31 in high density areas. By comparison, sighting rates off the North Island and the 

north and south coasts of the South Island range from 0 to 0.004 per km of transect line (MacKenzie and 

Clement 2014, 2016; Slooten et al. 2006). 

 
 
Figure 5. Fishing effort and observed captures of whales and dolphins in trawl fisheries from 2000-2014  (downloaded from Dragonfly Consulting; Abraham 

et al. 2017). 

 

 

Observer coverage in Maui dolphin habitat off the west coast of the North Island is 14.6% for trawling 

vessels (IWC 2016). Observer coverage for gillnetting vessels in Maui dolphin habitat is estimated at 

12.7 % for vessels > 6 m (IWC 2016). Small vessels (<6m) commonly used by commercial gillnetters in 

the large harbours on the North Island west coast have no observer coverage. Observer coverage drops to 

2% when all gillnet vessels are included (MPI 2016). An expert panel estimated fisheries mortality of 

4.97 Maui dolphins per year (Currey et al. 2012). After two small extensions of the protected area for 

Maui dolphins this was estimated to have dropped to 3.25 – 4.16 per year (Slooten 2014). The most 

recent estimate of population decline for Maui dolphin is 2% per year (Baker et al. 2016; Slooten and 



 

Dawson 2016). This rate of decline combined with a maximum rate of increase of 1.8% (Slooten and Lad 

1991) would be consistent with a human-caused mortality of about 2.4 dolphins per year. 

 

Estimating the number of NZ dolphins caught in trawling is challenging. The catch rate in trawling has 

been estimated at 0.002 NZ dolphins per tow (Baird and Bradford 2000). Trawling is legal in >90% of the 

habitat of NZ dolphins. A simple bootstrapping exercise resulted in an estimate of 46 (CV 1.0) trawl 

catches per year for the South Island east coast. The North Island west coast and South Island north coast 

are hotspots for cetacean bycatch in trawling (Figure 5). NZ dolphin numbers are relatively low in these 

areas, possibly as a result of intensive inshore trawling and gillnetting activity in this area. The low 

densities of NZ dolphins make bycatch in the trawl fishery very difficult to detect. 

 

 

PBR estimates 

Updated estimates of PBR for regional populations of NZ dolphins are shown in Table 3. We applied the 

standard approach of using Nmin estimates over areas small enough to ensure that there is only one 

population and one fishery in each region (Taylor 2005). Given that Hector’s dolphin is listed as 

Endangered and Maui dolphin as Critically Endangered by both national (Department of Conservation) 

and international agencies (IUCN), we used a recovery factor of 0.1. 

 
 0-20 nautical miles 4-20 nautical miles 

 PBR 4% PBR 1.8% PBR 4% PBR 1.8% 

West Coast North Island 0.12 0.05   

     

North Coast South Island 0.18 0.08 0.18 0.08 

     

West Coast South Island:     

Hector  2.84 1.28   

Greymouth  2.04 0.92 0.07 0.03 

Okarito Lagoon  3.24 1.46 0.75 0.34 

Jackson Bay  0.19 0.09   

Milford Sound  0.05 0.02   

     

East Coast South Island:     

Cloudy-Clifford 1.60 0.72 0.77 0.35 

Kaikoura 0.51 0.23   

Clarence 0.19 0.09   

Pegasus 1.65 0.74 0.81 0.37 

Bank Peninsula north 4.14 1.86 2.34 1.05 

Bank Peninsula south 4.47 2.01 1.40 0.63 

Timaru 2.50 1.13 1.34 0.60 

     

South Coast South Island 0.35 0.16   
 

Table 3. Potential Biological Removal (PBR) for regional populations of Maui (west coast North Island) and Hector’s dolphins (all other populations), 

estimated following the methods of Wade (1998). We used two offshore ranges: Shoreline to 20 nautical miles offshore (full offshore range for which 

population estimates are available) and 4-20 nautical miles (proportion of the population outside protected areas) and two levels of Rmax, the default value of 

4% for cetaceans and the 1.8% Rmax estimate for Hector’s and Maui dolphins. 

 
Table 3 provides PBR estimates for the default Rmax of 4% for cetaceans as well as the Rmax of 1.8% 

estimated for NZ dolphins. We have provided estimates for the total population in regional areas as well 

as the population outside protected areas, though this clearly undermines the intent of the protected areas. 



 

Because dolphins inside protected areas cannot be caught, including them in PBR calculations results in 

unsustainable catch rates for dolphins outside protected areas.  

 

Most PBRs are less than one individual per year, with a minimum of 0.03 – 0.07 for the offshore 

Greymouth region on the South Island west coast and a maximum of 2.01 – 4.47 dolphins per year for the 

full distribution off southern Banks Peninsula on the South Island east coast. The estimated 32 – 40 NZ 

dolphins caught per year in gillnet fisheries off the east coast of the South Island (Table 2) compares with 

a PBR of 3 – 15 individuals for that area. PBRs for the whole South Island range from 4 to 24, depending 

on the value used for Rmax, and which offshore range is used. Current estimates of Hector’s and Maui 

dolphin bycatch far exceed PBRs. No bycatch estimates are available for the north and south coasts of the 

South Island. The PBRs for these two areas are well below one individual per year. For these areas 

monitoring bycatch in real time, in order to ensure bycatch does not exceed PBR, is not practicable using 

observer programmes and/or video monitoring. 

 

DISCUSSION 

Estimates of current gillnet bycatch off the east coast of the South Island are on the order of 30 – 40 

Hector’s dolphins per year, based on observer data. Data from video camera monitoring could improve 

this estimate if made available for analysis. Off the west coast of the South Island an estimated 42 – 55 

Hector’s dolphins are caught each year in gillnets. We estimate current bycatch of Maui dolphins at 2.4 – 

3.8 individuals per year. All of these estimates exceed PBR. 

 

The relatively high level of continuing bycatch off South Island east coast is consistent with independent 

data on Hector’s dolphin survival rates from Banks Peninsula (Gormley et al. 2012). Research using 

photographic capture-recapture analysis shows a 5.4% improvement in survival rates in this area – one of 

the South Island east coast hotspots for Hector’s dolphins. Partial protection of this population has 

reduced a 6% per year population decline to a decline of around 1% (Gormley et al. 2012). The 

probability of population recovery was recently estimated at 41%, compared to 7% previously (Gormley 

et al. 2012). For the remaining populations, the most recent population estimates (MacKenzie and 

Clement 2016) are lower than estimates from before 2004 (Slooten et al. 2004; Dawson et al. 2004; 

Slooten and Dawson 2016) and the rate of decline is consistent with the continued level of bycatch. 

 

We estimated trawl bycatch at 46 (CV 0.99) Hector’s dolphins per year off the east coast of the South 

Island. Other areas with high levels of inshore trawling effort have relatively low dolphin densities and no 

estimates are available for these areas. Likewise, no estimates are available for the number of Hector’s or 

Maui dolphins caught in recreational gillnet fisheries. 

 

Low and sporadic observer coverage in New Zealand’s inshore fisheries results in a high level of 

uncertainty of the level of fisheries mortality in gillnet and in particular trawl fisheries (Baird and 

Bradford 2000; Dawson and Slooten 2005; Rowe 2009; Abraham et al. 2010; Thompson et al. 2013). The 

first observer programme (Baird and Bradford 2000) achieved the highest level of observer coverage 

(22.6%). Baird and Bradford (2000) recommended increasing observer coverage to 56 – 83% in order to 

obtain robust estimates of bycatch (CV of 30% or better) for the Banks Peninsula. We estimate that 

observer coverage of 81 – 91% would be required to achieve a CV of 30% for observer programmes or 

video monitoring off the east coast of the South Island. 

 

Dolphin densities are relatively high off the east (and west) coast of the South Island. Given the high level 

of observer coverage required in these high density areas, it may not be possible to obtain statistically 

robust bycatch estimates for areas with much lower dolphin densities. The east coast of the South Island 

has 3000 or so gillnet fishing days per year. An observer coverage of 81 – 91% would result in a bycatch 



 

estimate with a CV of 30% or better. Off the North Island, and north and south coasts of the South Island, 

Hector’s and Maui dolphin population density is an order of magnitude lower.  

 

Accurate real-time monitoring of bycatch is unlikely to be feasible for areas with low dolphin density. 

However, the risk of gillnet and trawl fisheries to these small populations is high. In areas with very low 

dolphin density, managing bycatch may be the only way to ensure these populations are not extirpated 

(e.g. transition away from fishing methods known to cause dolphin mortality). For example, the PBR for 

Maui dolphins is 0.05 – 0.12 per year. It would be extremely difficult to determine, using observer 

programmes or video monitoring, whether this level of bycatch is exceeded. In very small populations 

(such as Maui dolphin and vaquita) it becomes very difficult to accurately estimate bycatch and 

population size (Slooten and Dawson 2016), let alone establish a causal link between protection measures 

and either increasing population size or decreasing bycatch. 

 

The current level of observer coverage means that even in areas with relatively high dolphin density 

observers are most likely to detect 1 dolphin capture per year or fail to detect any captures. This is a 

major challenge for obtaining robust estimates of either the catch rate or the total bycatch. Other problems 

associated with low observer coverage include the potential for bias (e.g. fishermen avoiding area with 

high dolphin densities on days they carry an observer) and increased pressure on observers and fishers to 

fail to report catches. 

 

An obvious solution to the challenges of designing observer programmes or video monitoring is to set 

quantitative targets, based on estimates of precision and bias. The New Zealand government is proposing 

to introduce video camera monitoring for all inshore gillnet and trawling vessels. If the footage is viewed, 

this would substantially increase the amount of information on dolphin bycatch. Video monitoring would 

be feasible off the east and west coast of the South Island where viewing 81 – 91% of the footage would 

provide robust estimates of bycatch. The effectiveness of video monitoring also depends on the “view” 

and image quality of the system, the system’s reliability, the skill and diligence of the people employed to 

view the resulting video records. Appropriate follow-through by the authorities is also required, and has 

so far been lacking (e.g. MPI 2013). 

 

Even if on-board video systems meet all expectations and are employed on all fishing vessels, there will 

be a need for on board observers to estimate drop-out (e.g. Tregenza et al. 1997; Hamer et al. 2011; 

Uhlmann and Broadhurst 2015). In the 2012-2013 video camera monitoring, one fisherman let out his 

gillnet as soon as he saw a dead dolphin in the net. On one occasion the dolphin was retained in the net, 

and reported. Another dolphin caught in the same net dropped out after the net was let out and left static 

for almost an hour. This capture was not reported.  

 

Other problems identified in recent video camera trials in New Zealand include camera failure and 

fishermen turning the cameras off or failing to turn them on (McElderry 2007; MPI 2013). In a current 

trial of video observation in New Zealand’s snapper fishery, 80% of the cameras failed. Most of these 

problems can be solved. Camera systems can be set up to activate automatically when the net is hauled 

and designed so they cannot be manually switched off. Cameras with a wide field of view may help 

ensure drop-out can be documented but will offer less detail in any one part of the image, which may 

compromise species identification or condition assessment. By far the largest problem is the time taken to 

review footage, and the question of who carries out that task. Viewing only a small fraction of the footage 

increases the risk that the catch rates are not representative of the full monitoring programme. 

 
Even with 100% video or observer coverage, bycatch estimation will remain problematic for very small 

populations ( e.g. North Island, north and south coasts of the South Island). Dolphin densities are very 



 

low in these areas and there is a very high risk of exceeding the PBR without being able to obtain a robust 

estimate of bycatch. 

 

The advantages of video monitoring include the ability to monitor for long periods, day and night. 

Installing and running the video equipment on board vessels is much cheaper than placing human 

observers on board. Challenges for video monitoring include drop out of marine mammals outside the 

view of the camera(s), technical problems and cameras being turned off or not turned on. The cost of 

viewing video footage is considerable and this can lead to only a small proportion of the footage being 

viewed.  

 

The solutions are relatively simple. If cameras are placed on sufficient numbers of vessels and a sufficient 

proportion of the video footage is reviewed to ensure monitoring coverage of 81 – 91% robust estimation 

of bycatch should be possible. Human observers would be needed to estimate drop out and ground truth 

the information in the video footage. If insufficient funding is available to do this throughout the range of 

Hector’s and Maui dolphins then the best strategy would be to implement high observer and camera 

coverage in some areas, until robust estimates of bycatch have been obtained, and then sample another 

area.  

 

A 68% probability of continued population decline for Maui dolphins is not encouraging and continued 

population monitoring has very low statistical power to detect population recovery or continued declines 

(Slooten and Dawson 2016). In addition, the population is unlikely to follow a steady rate of increase or 

decline. Populations that experience changes in survival and reproductive rates tend to follow non-linear 

patterns of growth or decline (Slooten and Lad 1991). In other words, a short-term population increase 

may in fact be part of a long term population decline, and vice versa. 
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