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ABSTRACT 
Marine reserves have increasingly been recognised for their potential to address the pervasive problem of 
unsustainable harvest of fisheries worldwide. Abalone catch around Stewart Island has been in decline since the turn 
of the century despite being managed under NZ’s quota system. A nested logit model is applied to spatially recorded 
catch and effort data between 1998 and 2003 to capture the two level decision making process of divers. On any 
given day, divers decide whether to go diving at all, and if yes, which of the 16 statistical areas around Stewart Island 
to visit. Weather conditions, patch-specific levels of catch per unit of effort and distance used as explanatory 
variables lead to a reasonably good fit, and the model can be used to simulate the imposition of a network of no-take 
areas as an additional management tool to NZ’s quota system. Suitable areas are selected according to criteria that 
yield the ‘least economic impact’. The results show that most effort redistributes to adjacent areas, which could 
potentially outweigh the benefits of no-take areas. This highlights the fact that incorporating fishermen behaviour is 
crucial in the marine reserve debate. 
Keywords: management tool, marine reserve, nested logit model, network, simulation. 
 
INTRODUCTION 
In 2000 the FAO [15] estimated 18% of the world’s commercial fish stocks to be fully exploited and 47% to be 
overexploited. Despite elaborate and intensive management efforts since World War II, commercially valuable fish 
stocks are dwindling. For example, the recent northern cod disaster on the Grand Banks in Canada took place despite 
a high degree of harvest control by a government committed to moderate exploitation and employing world-class 
marine scientists [17]. Lauck et al. [23] point to the inherent and persistent scientific uncertainty that surrounds the 
marine environment, which renders management controls of single fish species, bar multi-species systems, futile and 
leads to what is now commonly known as serial depletion, i.e. fishermen are successively moving down the marine 
food web by substituting lower trophic level fish species for higher level ones. Marine reserves or so called no-take 
areas, which are closed to all forms of fishing, have increasingly been recognized for their bifold potential as 
ecosystem preservation and fisheries management tools [33,35]. Field studies from widespread international sites 
support predictions by biologists that marine reserves foster increased densities and larger average sizes of fish 
within reserves [7,8,14]. Rowley [35] points to the potential of increased fishery yields, either by emigration of large 
fish across the border of reserves into adjacent fishing patches or by the export of larvae, which may enhance 
recruitment. Some studies provide direct evidence of enhanced yields in adjacent fisheries [1,34], but effort tends to 
concentrate on the borders of reserve boundaries reversing the beneficial effects of enhanced stocks [24]. Murawski 
et al. [29] demonstrate that the effectiveness of closures in temperate marine systems crucially depends on the co-
existence of stringent, complementary management regulations limiting the amount of effort. The paucity of direct 
evidence of the fishery yield benefits provided by no-take areas has prompted theoretical modelling studies in the 
ecological domain, which more than often neglect to incorporate economic behaviour [44]. Some interdisciplinary 
studies originating in the biological literature do account for economic variables [4,32,11,31] but approach the 
problem mainly from a natural science angle. Recently, economic representations by Conrad [9], Holland & Brazee 
[20], Hannesson [17] and Sanchirico & Wilen [37] of simulating the benefits of reserves, given certain biological 
parameters, have added to the literature. Bockstael & Opaluch [5] used discrete choice modelling for the first time to 
analyse and predict fishers’ location choices. Holland [19] and Wilen & Smith [44] have adopted this novel approach 
to predict the behavioural responses of fishermen to the imposition of no-take areas. Given the poor management 
performance of paua around Stewart Island, NZ, within recent years, a nested logit model is applied to identify the 
determinants of diver behaviour. Paua has been managed under NZ’s quota system since the mid 1980s but the 
particular biological characteristics of paua suggest the need for additional spatial management measures.  In absence 
of any biological information, we simulate the imposition of a network of no-take areas according to the criterion of  
‘least economic impact’ in order to provide policy advice on the effect of participation and effort distribution 
decisions. The subsequent section provides background information on the NZ Paua industry, specifically the 
Stewart Island fishery. We then describe the data set, followed by a section outlining the modelling approach used in 
deriving the results and a set of simulations. The last part concludes and adds some general comments on the 
viability of marine reserves as an additional management tool. 
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THE NZ PAUA INDUSTRY 
In New Zealand abalone are commonly known by their Maori name, paua. There are three species endemic to the 
shallow rocky coastlines of the North Island and South Island, as well as Stewart Island, Snares Island and the 
Chatham Islands: Haliotis iris (also know as the blackfoot paua), Haliotis australis (yellowfoot) and Haliotis 
virginea (whitefoot) [36]. Paua occupies rocky intertidal and subtidal habitats to a depth of 10-15 meters [45]. The 
commercial abalone fishery began shortly after World War II and profits were primarily derived from the iridescent 
shells used in jewellery and souvenirs, while the meat was discarded due to lack of demand [30]. Throughout the mid 
1960s the small domestic market slowly branched out to Southeast Asia, where canned abalone meat gained 
popularity. By the mid 1980s growing concern about the sustainability of paua resources led to the adoption of 
Haliotis into the quota management system (QMS). The Ministry of Fisheries determines a yearly nationwide total 
allowable catch (TAC), which is set according to the estimated maximum sustainable yield. Additional management 
tools include minimum legal size as well as gear restrictions. Divers are banned from using SCUBA to collect paua, 
and recreational paua catch, which has increasingly been putting strain on the efficiency of the quota system, is 
limited to 10 paua per person per day.  
The choice of paua to simulate the effects of no-take areas as an additional management tool is motivated by a 
number of factors. Abalone is a valuable resource worldwide, as well as nationally. The growth of international 
markets has led to intensified fishing pressure, and the wild fisheries of abalone have been showing symptoms of 
overfishing in terms of declining harvests worldwide over the past two decades [39]. Over-harvesting, poor 
enforcement of fishery regulations and disease are seen as the major contributors, and some species, such as the 
Californian white abalone (Haliotis sorenseni), are on the brink of being listed as endangered [42]. New Zealand is a 
key player in the international abalone market with the third largest production of over 1,000 metric tons per year as 
of 1999. Paua is among New Zealand’s top 10 seafood export species and commercial catch has been divided into 
eight quota management areas (QMAs) since the 1986-87 fishing season [3]. It is gathered by hand while free diving 
in shallow waters, usually not more than 6m off the coastline of New Zealand. Virtually all the commercial catch is 
made up of the blackfooted paua H.iris, with the majority of harvest being derived from the South Island (PAU 7), 
Stewart Island (PAU 5) and the Chatham Islands (PAU 4). Paua 5, more specifically Paua 5B (PAU 5B) around 
Stewart Island, is the area of interest primarily because of its poor management performance in recent years. From 
1995 onwards, PAU 5 was subdivided into the three QMAs of Fiordland (PAU 5A), Stewart Island (PAU 5B) and 
the Catlins/Otago (PAU 5D) for reporting purposes. These areas were further divided into 17, 16 and 11 statistical 
areas, respectively, in 1997. Annala et al. [3] provide catch per unit of effort (CPUE) indices for the various paua 
management areas. While catch rates appear fairly stable in most of the areas (including PAU 5A and PAU 5D), 
CPUE in PAU 5B displays a steady decline between 1984 and 1999 as shown by Figure 1. 
 

0
50

100
150
200
250
300
350

19
84

19
85

19
86

-87

19
87

-88

19
88

-89

19
89

-90

19
90

-91

19
91

-92

19
92

-93

19
93

-94

19
94

-95

19
95

-96

19
96

-97

19
97

-98

19
98

-99

Year

C
PU

E 
(k

g 
pe

r d
iv

er
-d

ay
)

 
Figure 1. CPUE in PAU 5B, 1984-1999 

 
More recently, landings and quota levels shown by Figure 2 point to symptoms of unsustainable harvest as catch 
remains below the total allowable commercial catch (TACC) and has taken a marked decline since shortly before the 
turn of the century. Figure 2 shows that although NZ’s market based quota system is hailed as one of the most 
effective regulative measures to promote sustainable catch, some species, such as paua in PAU 5B, show signs of 
overexploitation. Amidst problems of by-catch, high-grading, recovery rate and multi-species catch, by far the most 
significant problem the ITQ system faces is setting the correct level of TAC [2]. Methods to estimate the TAC in the 
abalone fishery are based on yield- and egg-per-recruit models, which rely on the assumption that CPUE is some 
constant proportion of a homogeneously abundant stock [6]. However, Breen [6] points out that CPUE is not a good 
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index of paua abundance due to its heterogeneous nature, i.e. stable catch rates do not necessarily indicate a stable 
biomass [3]. 
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Figure 2. Paua 5B (PAU 5B) landings and quota levels in NZ, 1995-2001 

(Source: Ministry of Fisheries, www.environment.govt.nz/indicators/marine/fish) 
 

The reason for this is that paua are known to form large aggregations on reefs, possibly to enhance fertilization, 
shelter or feeding [26]. Divers tend to move amongst patches targeting large aggregations to maximise rent. Thus, 
fishing would result in a reduction of large patches while smaller patches would persist longer. McShane [26] points 
out that a small reduction in the frequency of large aggregations would directly relate to a large decrease in relative 
abundance. Movement of adult paua occurs over a very small spatial scale so that they are considered sedentary [3]. 
However, patches are loosely connected with each other so that local populations are aggregated into 
metapopulations. Given the fact that abalone are broadcast spawners, the spatial dimensions of such metapopulations 
depend on the scale of larval dispersal [39]. While fishing intensity has led to a low relative frequency of large 
patches in southern New Zealand, there are also other factors that are important in the spatial variation in paua 
abundance [26]. Growth, sizes and recruitment are found to vary over short distances and are influenced by wave 
exposure [3] and water movement [26]. Given the biological facts of paua, it has been suggested that spatial 
management measures reflecting small local populations would be more appropriate than the current quota system 
geared towards large quota management areas [27]. The present management quota boundaries do not necessarily 
represent discrete paua stocks [3], yet stock assessment models assume that a paua stock in any specific QMS has the 
same growth and mortality characteristics in all parts of the stock. CPUE is assumed to be a constant proportion of a 
paua stock with homogeneous biology, habitat and fishing pressure within the modelled area, when biological facts 
and diver behaviour clearly outline the heterogeneous nature of paua clusters. Large changes in the number of 
patches, and thus relative abundance, over large areas of coastline are only expected to occur over long periods of 
time, even with heavy fishing, since catch quotas restrain harvest [26]. Yet, average depletion might mask the 
disproportionate depletion of local stocks resulting in small-scale recruitment failure. Stock estimates by Annala et 
al. [3] come with the caveat that serial depletion could cause model results to be overly optimistic. Given the 
heterogeneous nature of abalone, Shepherd & Brown [39] suggest that no-take areas can play a vital role in 
addressing area-specific needs to meet the downfalls of broad-scale regulatory measures. When located in key areas 
of larval sources and places of high recruitment or rapid growth, a network of small no-take areas can be crucial to 
the maintenance of egg production, and thus recruitment. In fact, rotational closures and marine reserves are 
currently under consideration as a potential management tool to enhance recruitment in paua fisheries in southern 
New Zealand [16]. 
 
DATA AND PRELIMINARY ANALYSIS 
To simulate the effects of no-take areas fine-scale spatial data are required. We need daily observations on diver-
specific catch at each location and some measure of duration to compute a catch per unit of effort index. Ideally, we 
would also like a breadth of explanatory variables relevant to divers’ daily participation and location decisions, such 
as depth of paua harvest, boat characteristics, beach prices and diver-specific traits. Not all this data are available, but 
the most crucial data input, i.e. statistical area of catch, estimated weight of catch, fishing date, gathering duration 
and the number of divers per client permit, are recorded by the Ministry of Fisheriesa. The Ministry of Fisheries 
provided two raw datasets for PAU 5B around Stewart Island. The first one spans the time period from 01 January 
1998 to 01 October 2001, where paua catch is divided into the 16 statistical areas B1 to B16. The second data set 
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covers the time period 01 October 2001 to 05 August 2003, where catch is broken down into the new, 84 smaller 
statistical area units of P5BS01 to P5BS84 in PAU 5B, and where data is recorded per diver. Commercial catch is 
solely made up of the blackfooted paua H. iris. The latter data set was merged with the former by fitting the new 84 
statistical areas to the original 16 areasb. The National Institute of Water and Atmospheric Research (NIWA) has 
recorded daily climatological observations at the Invercargill Airport from 01 January 1990 to 01 July 2003 on the 
total rainfall in mm (RAIN), the mean temperature in °C (MEAN), the daily mean sea level pressure in hPa (MSLP), 
the mean wind speed in metres per second (WIND) and the maximum gust speed in metres per second (GUST). 
Distance is used as an approximation to the costs paua divers incur when choosing a statistical area. Given the 
Island’s small size (65 km long and 40 km at its widest), it is reasonable to assume that all diving boats leave from 
and return to Halfmoon Bay within one day, as Oban is the only settlement providing accommodation, storage and 
safe anchoring. Similarly, divers arriving from across the Foveaux Strait usually undertake trips of several days’ 
length and would initially anchor in Halfmoon Bay before choosing a diving patch. Figure 3 shows the geographical 
locations of the 16 statistical areas (Halfmoon Bay is located within the inlet by Bullers Point). The midpoint of the 
mouth to the inlet by Bullers Point is selected as the starting point. Distances are measured on the map between the 
midpoints of the statistical areas tracing the coastal outline of the island. The ‘switching point’ lies between area B4 
and B5, i.e. it is cheaper (in terms of distance travelled) to approach area B4 heading around the north of the island, 
but B5 around the south of the islandc.  
 

 
Figure 3. Statistical areas B1 – B16 for PAU 5B 

 
Catch in each statistical area was summed over the time period of the dataset and plotted in Figure 4. The spatial 
behaviour of quota holders is clearly heterogenous with patches B12, B2 and B14 yielding the highest total paua 
catch of over 60,000 kg. B4, B13, B9 and B16 are among the least fished statistical areas, while the remaining 
patches lie somewhere in between. The spatial harvesting behaviour of permit holders supports the biological finding 
that paua tend to aggregate in clusters maintaining different levels of abundance. Note that the sizes of the individual 
statistical areas appear different in Figure 3, but since paua is harvested on rocky habitats to a depth of 10-15 meters, 
the actual ‘harvestable’ area is unlikely to be directly proportional to the size of the official catch reporting area.  
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Figure 4. Total quantity harvested by statistical area 

 
A total of 48 quota holdersd were actively diving for paua. Fifteen out of those clients made fewer than 10 dives, 
which are eliminated from the data set for later estimatione. Overall, the maximum number of clients active 
throughout the year remains fairly stable at around 22 to 30 clients. Diving activity histograms for the total number 
of hours dived by statistical area, the total number of divers by statistical area and the total number of trips taken by 
statistical area reveal strikingly similar patterns to the total amount of paua harvested in each patch. In later 
econometric analysis, the number of trips taken to any individual patch will serve as the dependent variable. Thus, 
the duration (i.e. hours dived) at any patch has to be highly correlated to the number of trips taken in order to 
produce consistent results. A simple Ordinary Least Square regression of duration on trips reveals a highly 
significant coefficient (5.387) with a p-value of 0.000 and a R-square adjusted value of 0.9712. The constant term is 
not significantly different from zero with a p-value of 0.229.  
 
MODELLING DIVING BEHAVIOUR FOR PAU 5B 
Bockstael & Opaluch’s [5] work on supply response decisions by fishing firms was the first to use a multinomial 
logit approach to deal with the behavioural motivations of fishermen. It has set the framework for subsequent work 
focusing on the use of a random utility model (RUM) [10,12,13,19,21,22,28,40,41,43]. The nature of the paua 
fishery suits the approach adopted by Wilen & Smith [44] to model the spatial behaviour of red sea urchin divers in 
Northern California, where the participation and the choice site decision are modelled jointly. We assume that on any 
given day between 01 January 1998 and 01 July 2003, paua divers face a series of discrete decisions that will 
influence the spatial distribution of effort as well as the overall level of participation. With no seasonal time 
constraints, divers choose on any given day whether to go diving or not. This choice will depend on a variety of 
factors, such as weather conditions, expected prices, expected abundance levels, the time elapsed since the last day 
fished and individual diver characteristics (such as the value of outside opportunities and leisure time, attitude 
towards risk, diver experience/skill and wealth). Once the decision to go diving has been made, divers choose among 
the 16 patches in PAU 5B based on spatially varying abundance levels and travel costs. These two decision nodes are 
econometrically best addressed by a generalized extreme value distribution (i.e. a nested logit model rather than a 
logit model). Figure 5 visualizes the decision nodes. 

Diver i 
 

 
 

    Not Dive               Dive 
 

     Not go 
 
     Area 1     2     3     4      5     6     7     8      9   10    11   12    13   14   15   16 

 
Figure 5. Daily participation and site choice decisions 

 
Each diver (i) faces (M+1) choices on any day t, where M represents the number of diving patches.  Divers also have 
the option of not diving. The utility of diver i from choice j (j = 1, …., M) can be defined by the RUM.  
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The subscript t is omitted in subsequent analysis to avoid cluttering. 

ijijij ZU εβ += '         (Eq. 1) 
Zij is the nonstochastic or systematic part of the random utility model, i.e. it does not vary over the individual divers 
in the data set. εij on the other hand, represents the stochastic or random component, which reflects the idiosyncrasies 
of the individual divers [25]f. The systematic component Zij describes the attributes of the choice sets.   

],[ iijij wXZ =          (Eq. 2) 
Xij represents the choice-specific attributes, which vary across choices and possibly across individuals, i.e. travel 
costs and resource abundance. wi captures diver-specific and time-specific characteristics that are constant across 
choices, i.e. weather conditions, diver individual traits, etc. McFadden [25] has derived an explicit representation of 
the probabilities given the assumption that the errors are independent and identically distributed (i.i.d.) with a 
Weibull (extreme value) distribution. The nested logit (NL) model then explicitly states the probability of choosing 
area j in the lower branch l (i.e. once the decision to dive has been made) as 
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    (Eq. 3) 

The inclusive value (Il) for the lower branch is defined as the log of the denominator of the lower model. The lower 
level alternatives are aggregated into the branch level composite alternative, so intuitively, the inclusive value 
describes the expected utility from choosing to dive. The NL model provides a convenient way to relax the 
assumption of independence of irrelevant alternatives (IIA) of a multinomial logit (MNL) model, which is a direct 
result of the initial assumption that the disturbances are mutually independent and homoscedastic. This would have a 
significant implication for the spatial modelling of paua diver behaviour. It implies that the odds of visiting area j 
instead of not diving do not depend on the number of other sites available, their characteristics and their costs. The 
MNL model would thus predict a uniform participation response to closure. This, in essence, is what most biological 
models assume, i.e. effort is uniformly distributed and the imposition of a no-take area leads to a proportionate 
decrease in effort. The NL model avoids the IIA assumption by dividing alternatives into subgroups that allow the 
variance to differ across groups but not within, i.e. the IIA assumption holds within the group ‘Dive’ of site-choice 
but not across the choice of participation. It provides an answer to the question of whether individual divers will 
decide to go diving, and if so, how many trips they will make and which patches they will visit. This, in turn, allows 
us to evaluate the elimination of specific diving patches, and enables us to predict subsequent changes in 
participation decisions and redistribution of trips. 
 
ESTIMATION 
Nested logit estimations and simulations are performed with NLOGIT (Version 3.0), an extension of LIMDEP, as it 
provides a range of modelling techniques tailored to the specific needs of discrete choice analysis. The utility of ‘not 
diving’ is normalized to zero, i.e. not diving yields no catch and hence no utility in this modelg. Xij is represented by 
the site-specific attributes of expected catch per unit of effort (CPUE) and travel distances to the various patches 
from the main port in Halfmoon Bay (DISTANCE). Under ideal circumstances, we would want to use patch-specific 
expected revenue and expected costs as explanatory variables. However, paua prices are not readily available and we 
concentrate on the monthly backward looking average of paua catch per unit of effort for each statistical area as an 
indicator of profitabilityh. Similarly, the costs associated with commercial diving activity are rarely recorded, but 
distance gives some approximation of the costs divers incur when visiting a specific area.  
Zl describes the attributes of the choice sets, i.e. ‘Not Dive’ and ‘Dive’. These include daily observations on the 
weather conditions described above, namely RAIN, MEAN, MSLP, WIND and GUST. In addition, a seasonal 
dummy is included indicating the winter season in the southern hemisphere from 01 March to 01 October 
(DSEASON). Ideally, we would want to include diver-specific traits, such as gender, income, education, etc. into the 
analysis. However, the information provided by the Ministry of Fisheries is commercially sensitive and there is no 
way of linking client key numbers with specific individuals. After eliminating all clients who had taken fewer than 
ten trips, the model was estimated for the time period 01 January 1998 to 01 July 2003, with 3,388 observations. 
NLOGIT interprets the data as an indication of how frequently individual patches are visited, given the explanatory 
variables.  Table I shows the estimation results of the NL model. At the first stage, NLOGIT displays the nesting 
structure with the proportions of choices made at each decision node. Out of all the choice occasions, divers decided 
to go diving nearly 75% of the time. Area 12 received the largest proportions of visits (13%), closely followed by 
Area 14 (9%) and Area 2 (7%).  
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Table I: Nested Logit Model estimation results 
  
Limb        (prop.) Branch         (prop.) Choice  (prop.)  Choice     (prop.)  
 
PAUA        1.0000 DIVE            .74830 AREA1      .04856  AREA9  .02458 
                     AREA2      .06840  AREA10     .03435 

AREA3      .03346  AREA11     .04619 
                     AREA4      .00948  AREA12     .12822 
                     AREA5      .02724  AREA13     .01451 
                     AREA6      .05271  AREA14     .09061 

AREA7      .04797  AREA15     .04708 
                     AREA8      .05123  AREA16     .02369 
                  NOTDIVE    .25170     NOTGO      .25170 
 
Maximum Likelihood Estimates                 
 
Dependent variable  STATISTICAL AREA       Chi squared          1955.031      
Number of observations             3,377 (11 observations skipped)       Degrees of freedom 10      
Iterations completed                  17          Pr[chi-sqrd > value] =  .0000     
Log likelihood function LU        -8369.574      
Restricted log likelihood LR    -9347.090      
LRI = 1-LU/LR   R-sqrd    RsqAdj  
No coefficients     .10458    .10441  
 

Variable   Coefficient    Standard Error   b/St.Er.  P[|Z|>z] 
 

Attributes in the location-specific utility functions 
CPUE      .0104     .0005      19.921     .0000 
DISTANCE  -.1122      .0080     -14.005    .0000 

Attributes of branch choice equations 
Constant     -4.3695         5.2331        -.835     .4037 
RAIN   -.0126     .0082      -1.538     .1241 
WIND     -.2299      .0437      -5.258     .0000 
MSLP    .0051   .0051           .992     .3211 
GUST   -.0650   .0191      -3.409     .0007 

                  MEAN       .0403          .0136               2.955        .0031 
DSEASON     -.8941         .1090      -8.203     .0000 

IV parameters 
DIVE          .8991         .3640       2.470     .0135 

                  NOTDIVE           .0000                 ........(Fixed Parameter)........ 
 
Most of the estimates are statistically significant at 5% significance level. Although the coefficients are not as 
directly interpretable as for a linear model, they provide a general indication of effects. The coefficients of the 
attributes CPUE and DISTANCE in the location-specific utility functions are highly significant and support the 
intuition that patch-specific catch per unit of effort measures impact positively on the choice of a specific patch, 
while the travelling distance has a negative impact. The coefficients of the attributes explaining the choice between 
‘Dive’ and ‘Not Dive’ also exhibit the correct signs: the probability of going diving on any given choice occasion is 
negatively impacted by RAIN, WIND, GUST and the dummy variable DSEASON, which indicates winter time. 
MEAN and MSLP both have a positive impact as they are indicators of warm weather. The constant term, RAIN and 
MSLP are insignificant at 5% significance level, but decrease the fit of the model when left out. Intuitively, we can 
explain these results as follows. Rain does not influence the riskiness or success of diving, and is also not necessarily 
an indicator of bad weather. MSLP, on the other hand, should have an impact. High and low pressure are usually 
associated with good and bad weather, respectively, but we suspect that the stationary measure of the MSLP at the 
weather station does not adequately reflect the pressure gradient force, which is the net force resulting from air 
moving from high to low pressure. Strong pressure gradients, which are identified by a tight packing of isobars, are 
associated with stronger winds, and the estimates of WIND and GUST show that it is the level of wind that has a 
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significant influence on the decision to go diving. Similarly, the mean temperature and the season of the year play a 
significant role in the decision process. The log-likelihood functions are evaluated at the unrestricted (LU = -
8369.574) and restricted (LR = -9347.090) estimates. The null hypothesis is that all the slope coefficients in the 
nested logit model are zero, i.e. the restricted parameter space consists of the constant term. The value of the chi-
squared statistic (= 1955.031) exceeds the critical value and we reject the joint hypothesis that the coefficients on the 
10 explanatory variables are all zero (Pr[chi-squared > value] = .0000). The measure of goodness-of-fit for discrete 
choice models is analogous to the conventional R2 calculated as a likelihood ratio index but it is not indicative of the 
fit of the model and the focus should really be on the likelihood ratio test. The nesting structure has a degenerate 
branch, i.e. the ‘NOT DIVE’ branch has only one single alternative, NOTGO. To identify the scaling of such a 
branch, the IV for the coefficient ‘NOT DIVE’ has to be normalized to zero or any other arbitrary number [18]. We 
reject the null hypothesis that the coefficient of the inclusive value parameter (IV) for the branch ‘DIVE’ is equal to 
zero, i.e. at 5% significance level DIVE is significantly different from zero. The positive sign of the coefficient 
indicates the positive expected utility divers gain from participation. The statistical significance of the IV for DIVE 
gives confidence in the correct specification of the model. The variances of the site participation choice are in fact 
different, and the estimation via maximizing random utility yields statistically significant and meaningful results. 
NLOGIT also reports a set of descriptive statistics for the variables CPUE and DISTANCE by statistical area. While 
mean and standard deviation (S.D.) measures provide no new information for the variable CPUE, S.D. estimates of 
DISTANCE provide an interesting insight. The measured distances should be exactly the same over any number of 
observations as each diver is assumed to leave from the same port. However, slight variations occur due to the 
calibration of data entries where patches had been visited subsequent to the visit of adjacent patches. S.D. measures 
of DISTANCE show unusual variation for Areas 4 and 5. A likely interpretation is that these areas are frequently 
visited as part of a trip to other patches.  
Table II shows ‘own’ and ‘cross’ value elasticities for each individual areai calculated by NLOGIT. The own 
elasticity of each area is positive and relatively inelastic for the attribute CPUE, e.g. a percentage increase in CPUE 
in Area 1 leads to a less than proportional percentage increase in the probability of Area 1 being visited by 0.265%. 
At the same time, the probability of any of the other areas (M-1) being visited decreases by 0.012% for each area, 
and the probability of not going diving at all decreases by 0.011% (i.e. the probability of participation increases). The 
cross elasticity is a measure of the degree to which the areas are substitutes or complements. The negative cross 
elasticities for all remaining areas (M-1) with respect to the attribute CPUE indicate that diving patches are 
substitutes for each other. Own elasticity measures for the attribute DISTANCE show slightly more responsive 
values. The probabilities of calling on Areas 3, 4 and 5 are strongly responsive to a percentage increase in distance. 
For example, the probability of Area 4 being visited decreases by more than 1% when distances increase by 1% 
implying elastic demand for this areaj. 
 

Table II: Elasticities 
 

CPUE     DISTANCE 
Own elasticity Cross elasticity   Own elasticity Cross elasticity 

(M-1)     NOTGO   (M-1)    NOTGO 
 

Area 1  0.265  -0.012 -0.011  -0.514  0.024 0.021 
Area 2  0.468  -0.025 -0.022  -0.763  0.033 0.029 
Area 3  0.387  -0.026 -0.023  -0.987  0.035 0.030 
Area 4  0.192  -0.008 -0.007  -1.085  0.026 0.022 
Area 5  0.331  -0.037 -0.032  -0.929  0.036 0.031 
Area 6  0.443  -0.032 -0.028  -0.785  0.035 0.030 
Area 7  0.340  -0.032 -0.028  -0.446  0.025 0.022 
Area 8  0.286  -0.020 -0.017  -0.264  0.016 0.014 
Area 9  0.223  -0.017 -0.014  -0.212  0.013 0.011 
Area 10  0.242  -0.017 -0.015  -0.169  0.011 0.009 
Area 11  0.233  -0.017 -0.015  -0.105  0.007 0.006 
Area 12  0.317  -0.023 -0.020  -0.158  0.011 0.009 
Area 13  0.203  -0.022 -0.019  -0.276  0.016 0.014 
Area 14  0.335  -0.021 -0.018  -0.339  0.019 0.017 
Area 15  0.316  -0.019 -0.016  -0.427  0.022 0.019 
Area 16  0.262  -0.015 -0.013  -0.515  0.023 0.020 



         IIFET 2004 Japan Proceedings 

 9

SIMULATION OF NO-TAKE AREAS 
The closure of a patch can be simulated by setting the CPUE of the area in question to a very large negative number 
(such as –1,000) or the distance to a very large positive number (1,000). This has the effect of reducing the indirect 
utility of the selected patch to a very large negative number resulting in the prediction that no trips are taken to this 
area. Table III displays the simulation results of imposing a network of 4 no-take areask.  
 

Table III: Simulation results for a network of no-take areas 
       Baseline prediction             Scenario: closure AREA 4, 5, 13, 16 
  Number % Share Number % Share ChgNumber ChgShare
NOTGO  719 21.30  828 24.53 109 3.24%
AREA1  155 4.58  186 5.50 31 0.93%
AREA2  144 4.26  173 5.13 29 0.87%
AREA3  117 3.45  141 4.18 24 0.73%
AREA4  79 2.34  0 0.00 -79 -2.34%
AREA5  127 3.76  0 0.00 -127 -3.76%
AREA6  145 4.30  174 5.16 29 0.87%
AREA7  181 5.37  217 6.43 36 1.06%
AREA8  193 5.70  232 6.87 39 1.17%
AREA9  192 5.70  232 6.86 40 1.16%
AREA10  203 6.00  244 7.23 41 1.22%
AREA11  214 6.33  257 7.62 43 1.30%
AREA12  220 6.52  265 7.86 45 1.34%
AREA13  187 5.52  0 0.00 -187 -5.52%
AREA14  186 5.52  224 6.64 38 1.12%
AREA15  167 4.96  202 5.98 35 1.02%
AREA16  148 4.39  0 0.00 -148 -4.39%
Total  3377 100.00  3375 100.00 -2 0.00%

 
       Baseline prediction             Scenario: closure AREA 4, 5, 9, 16 
  Number % Share Number % Share ChgNumber ChgShare
NOTGO  719 21.30  831 24.62 112 3.32%
AREA1  155 4.58  186 5.52 31 0.94%
AREA2  144 4.26  174 5.15 30 0.89%
AREA3  117 3.45  141 4.18 24 0.73%
AREA4  79 2.34  0 0.00 -79 -2.34%
AREA5  127 3.76  0 0.00 -127 -3.76%
AREA6  145 4.30  174 5.15 29 0.86%
AREA7  181 5.37  218 6.45 37 1.07%
AREA8  193 5.70  233 6.89 40 1.19%
AREA9  192 5.70  0 0.00 -192 -5.70%
AREA10  203 6.00  244 7.24 41 1.24%
AREA11  214 6.33  258 7.64 44 1.32%
AREA12  220 6.52  266 7.87 46 1.35%
AREA13  187 5.52  224 6.64 37 1.11%
AREA14  186 5.52  224 6.65 38 1.13%
AREA15  167 4.96  203 6.00 36 1.04%
AREA16  148 4.39  0 0.00 -148 -4.39%
Total  3377 100.00  3376 100.00 -1 0.00%
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To yield the management benefits of marine reserves, such as insurance against environmental and management 
failure as well as a sustainable means of stock enhancement, the closure of a number of patches has to be simulated 
simultaneously. A network of areas is more favourable to larval spill over effects and is thus preferred to a large 
single area. The results from trip proportions, descriptive statistics, elasticities and geographical location have to be 
interpreted so as to minimize the economic impact of effectively removing profitable fishing grounds. The baseline 
prediction in terms of the number of trips to each individual area (and its percentage share out of all trips) is 
computed by NLOGIT and compared to the scenario when certain areas are closed for fishing, e.g. the closure of 
Areas 4, 5, 13 and 16 result in the increase of the percentage share of the choice NOTGO by 3.24%, which translates 
into an overall reduction of effort by 109 trips. Some effort redistributes to the remaining areas, notably to Areas 11 
and 12 by a change in the percentage share of 1.30 % and 1.34%, respectively. Experimental simulations have been 
performed for closures of high CPUE areas, low CPUE areas, as well as combinations of both extremes across all 
statistical areas. Areas 3, 4 and 5 distinguish themselves by yielding the smallest redistribution and participation 
effects. In particular, the smallest percentage change in the number of trips taken to Area 4 (-2.34%) concurs with the 
observation that Area 4 has the smallest proportion of visits, the smallest levels of CPUE and yields a minor 
redistributive impact on effort (i.e. cross elasticity levels are negligible). However, Area 4 also is the furthest 
distance from the port and as such is elastic with respect to distance. Descriptive statistics have shown that Areas 4 
and 5 seemed to be frequently targeted as part of one trip, thus it would be logical to assume that the closure of Area 
4 would lead to a diminished demand for Area 5, mainly because of its geographical location (see Figure 3).  
With Areas 4 and 5 as a starting base, various other areas are added individually according to the criteria of 
percentage changes in the number of trips and levels of cross elasticity. These values have direct implications for the 
redistribution of effort and the participation decision. In addition, the geographical positioning of such no-take areas 
needs to be taken into account. The selected no-take areas should be spaced out in order to achieve the desired 
‘network’ effect. The best results with respect to participation and distribution impacts are achieved for closures of 
Areas 4, 5, 13, 16, and Areas 4, 5, 9, 16. Table III shows that a network of such no-take areas around Stewart Island 
would lead to a reduction in participation by only 109 to 114 trips between 1998 and 2003. Effort tends to 
redistribute, mainly to the areas 9, 10, 11 and 12. Undoubtedly, displaced effort might outweigh any stock 
enhancement benefits gained by this regulatory measure, however, such conclusions have to incorporate biological 
and economic information jointly. In the absence of any biological input, the economic data suggest that imposing 
no-take areas according to ‘least-impact’ criteria need not lead to substantial economic losses. Larval spill over 
effects over the longer time horizon might potentially even outweigh such economic losses, as hypothesized by 
Polacheck [32]. The results here clearly support Sanchirico & Wilen’s [37] claim that economic analysis is an 
indispensable component of simulating the effects of no-take areas, but biological information about water currents, 
transfer rates, recruitment rates, etc. has to be incorporated in order to make more accurate predictions.  
 
CONCLUSION  
The Stewart Island paua industry has undergone marked declines in commercial catches recently notwithstanding 
extensive regulation by New Zealand’s quota system. This situation could be addressed by the imposition of no-take 
areas as an additional management tool. Such a proposal would, no doubt, meet with opposition from the fishing 
industry as fishers feel that valuable diving grounds are taken away from them. Detailed data collected by the 
Ministry of Fisheries between 1997 and 2003 allow the estimation of a nested logit model of diver behaviour. On any 
given day, divers make the decision whether to go diving and if yes, which statistical area to choose. These two 
decision nodes are captured by weather specific variables in the first instance and by location-specific variables, 
namely catch per unit of effort and distance, in the second. Despite the parsimonious fit, the model turns out to be a 
good fit with variables exhibiting sensible signs and being highly significant. The model can be used to simulate the 
closure of a number of no-take areas according to the criterion of minimum economic impact. However, without 
biological data we cannot be sure of the benefits of such reserves and there is room for further research taking an 
interdisciplinary approach to arrive at more accurate policy predictions. It has been the aim of this paper to highlight 
the importance of economic input into the marine reserve debate when addressing the pressing problem of 
transcendent unsustainable exploitation.  
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ENDNOTES 
                                                           
a The Ministry of Fisheries requires paua divers to fill in a daily Catch Effort and Landing Returns (CELR) form. 
b Patches have to be large enough for travel distances between patches to be economically significant, and the biological 
parameters of paua have to be significantly different from each other to reflect the heterogeneous nature of diver behaviour. 
c Surface distance comparisons (latitude/longitude) show that map distortions are too small to have any significant impact on the 
measurement of distances.  
d Paua quota holders are typically small organisations or individual divers who are self-employed. 
e Such clients can be seen as outliers who have sold their quota after a few experimental dives or hold a very small quota 
reflecting the part-time nature of their participation. 
f The random component varies across the individual divers and takes account of omitted independent variables that influence the 
choice of the decision maker but are unknown to the analyst. 
g In reality, the utility of not diving is not zero given the value of outside employment opportunities, recreation, etc. 
h Expected catch per unit of effort is calculated by dividing paua catch (kg) by the number of hours dived, averaged over each 
month for each statistical area. 
i The cross elasticity is the same for all options within the branch ‘DIVE’ reflecting the fact that the IIA assumption holds within a 
branch. 
j We suspect that the elasticity calculations are simply a reflection of the effect distances have on the choice of a diving patch as 
these values are fixed. However, because of the calibration it seems useful to report these values. 
k Any number of closures can be simulated. With the addition of biological information, the choice of how many areas should be 
closed would become less discretionary. 


