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Cover notes: 
 In the text, we refer to the fish as Pagrus auratus, not snapper, which is the 
common name. Following the usual convention, the full Latin name is give on the first 
instance of being written in each paragraph. Following references within the paragraph 
are as P. auratus. 
 Pagrus auratus belongs to the family Sparidae in the Teleostei class of bony fishes. 
The full name of the fish is Pagrus auratus Bloch and Schneider (1801) (Sparidae, 
Teleostei). 
 The name is of interest. Pagrus and porgie, or porgy, another common name for 
Sparid fishes in the northern hemisphere comes from phaeger the Latin name for Pagrus, 
which is derived from the Greek phagein meaning “to eat”. Thus, the Latin name Pagrus 
auratus means a choice eating fish (= Pagrus) that has a golden colour (= auratus). It is a 
nice name and highly appropriate. The Maori name for Pagrus auratus is Tamure. Tamure is 
also the name of the hip-shaking hula best known today from Tahiti. It may well be that 
the rapid shaking of a hooked P. auratus reminded Maori of this ancient dance. Both the 
Latin and Maori names reflect the high value attached to this choice eating fish. 
 The cover background image is taken from a facsimile of the original chart of the 
Tasman Bay-Golden Bay area by James Cook created in January-February 1770. Cook 
did not enter the Tasman Bay-Golden Bay, simply describing the broad entrance to the 
two bays as Blind Bay. 
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INTRODUCTION 
 Our plan for the management of Pagrus auratus in the Tasman Bay-Golden Bay 
region of the South Island of New Zealand is both positive and pragmatic from the 
points of view of both fishermen and conservationists. Nonetheless, we are concerned 
by the lack of robust biological information about P. auratus in the Tasman Bay-Golden 
Bay region. We discuss ways of dealing with the current lack of biological information 
and how to build up a store of useable biological knowledge as the implementation of 
our plan proceeds. 
 Our plan for the management of Pagrus auratus in the Tasman Bay-Golden Bay 
region is divided into four sections. 
 
SECTION 1 discusses ideal management strategy and how ideal management strategy 
can be converted into practical options. 
 
SECTION 2 starts with a review of the literature dealing with marine reserves up to 
January 2008 and concludes that none of the marine reserve strategies published in the 
literature provide a satisfactory management scheme in the context of the practical 
options discussed in Section 1. Section 2 continues with the development of a 
mathematical model (the Hannesson model) aimed at a pragmatic marine reserve strategy 
for Pagrus auratus in the Tasman Bay-Golden Bay region. Our strategy aims at measurable 
outcomes that can be used to test the effectiveness of the proposed marine reserve. 
 
SECTION 3 deals with the implementation of our marine reserve strategy in the 
Tasman Bay-Golden Bay region. 
 
SECTION 4 addresses a Business Plan for the funding and on-going management of a 
marine reserve for Pagrus auratus in the Tasman Bay-Golden Bay region. Exact definition 
of costs and cost recovery is difficult to predict at this stage of the development of a 
Business Plan. Nonetheless, we have estimated funding costs in what we believe is a 
conservative manner. 
 
 The motivation for our plan to manage Pagrus auratus in the Tasman Bay-Golden 
Bay region is rooted in the idea that management of any fish species, including P. auratus, 
should be based primarily on the biology of the fish. We do not believe that the 
Maximum Sustainable Yield model that is used to manage the Tasman Bay-Golden Bay 
stocks of P. auratus is based on the biology of P. auratus, and is, therefore, not a tenable 
management option. In this plan we develop a model that is based on the biology of P. 
auratus, even though our knowledge of the biology of P. auratus is embarrassingly slight. 
Our model seeks a way to use what biological information that we have presently 
available, while making an on-going effort to gather the missing data needed to make a 
robust biology-based model to manage stocks of P. auratus on the Tasman Bay-Golden 
Bay region. 
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SECTION 1: IDEAL MANAGEMENT FOR PAGRUS AURATUS  
SECTION 1 A: Current management options for Pagrus auratus  in the Tasman 
Bay-Golden Bay region. 
 We are interested in alternative methods of fisheries management. It is difficult 
to accept that the current state of fisheries management in New Zealand marine waters 
that is based on Maximum Sustainable Yield (MSY) estimates of allowable catch for the 
Quota Management System (QMS) is ideally suited to all of the species to which it is 
applied. At the political level, there is clearly disagreement about the QMS approach. For 
example, Commentary I: “ ’Tis so! ‘Tis not!” has two news releases by two parties involved 
with the current Labour Party Coalition. They are Independent Labour (Mr Anderton is 
the party leader for Independent labour and the Minister of Fisheries at the time of 
writing) and the Green Party. The Green Party is not a coalition member as is 
Independent Labour but has an agreement to support the coalition, thereby holding the 
casting vote. The news releases make comments on the celebration, or otherwise, of 20 
years of QMS management in New Zealand. A couple of short quotes will give you a 
flavour of the two different points of view. 
(i) Metiria Turei, Green Party Fisheries Spokesperson: 
“Since the introduction of the QMS New Zealand's fish stocks have declined to a point where some have 
already collapsed and others are on the verge," Fisheries Spokesperson Metiria Turei says. 
"This system has major flaws. For example it is completely dependent on good research about the health 
of the fish stocks. But for 80 percent of the landings, no one knows whether the fish stock is healthy 
enough for a sustainable harvest or not. Continuing to allow quota to be taken out of the sea, with so 
little information is entirely irresponsible.” 
(ii) Jim Anderton, Independent Labour, Minister of Fisheries: 
New Zealand's Fisheries Minister Jim Anderton last night paid tribute to those involved with the 
establishment of the Quota Management System (QMS). "The quota system was not universally popular 
when it was introduced, but now that twenty years have tested it, we can measure its success: Export 
revenue from fishing has increased seven fold over the last twenty years. We have an internationally 
competitive industry with no subsidies."  
 There is something to be said for both opinions. The Report from the Fishery 
Assessment Plenary, May 2007 (FAP2007) issued by the Ministry of Fisheries (it is free on 
request) provides data on actual catch rates, the quota (Total Allowable Commercial 
Catch, TACC) and in some cases further information about how various statistics are 
derived. Some fish stocks are, indeed, severely depleted. Other stocks are not so 
depleted. Some stocks have been more-or-less steady at round about the TACC level for 
many years. Whether that is the result of the TACC, or a result of the actual biomass, or 
a result of continuously changing fishing practice, is not so clear. But on the issue of 
“good research about the health of the fish stocks”, if that is taken to mean a good understanding 
of the basic biology of the fish upon which TACCs are calculated, then Metiria Turei is 
substantially correct. We know very little about the biology of most commercial species 
in New Zealand waters. The fishing industry funds (by compulsory levy) the Ministry of 
Fisheries to collect more and more data about age estimates and estimates of biomass, 
which are the only two variables used in most models of the TACC. Little money is 
spent on any biology of marine fishes that goes beyond collecting fish at different times 
and places over their life cycle. The National Museum and other Museums struggle to 
cope with the morphological systematic taxonomy of open ocean fishes and 
invertebrates. Museum and University fieldwork on their biology is near zero. 
Consequently, we do not know whether some stocks of fish, or maybe all stocks of fish, 
have declined to the biological point of no return from which they cannot recover their 
historical levels of abundance even if fishing stops altogether. You can understand why 
we are interested in alternative ways to manage fish stocks. 
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 The commercial fish stock of interest to us in this discussion is the stock of 
Pacific snapper Pagrus auratus in the Tasman Bay-Golden Bay region. The Tasman Bay-
Golden Bay region is shown in Map 1: e) Map of the general Tasman Bay-Golden Bay region.  
Commercial fishing for P. auratus is limited to the areas indicated as Tasman Bay and 
Golden Bay in Map 1a. The Marlborough Sounds are closed to commercial fishing. 
There is a recreational and customary Maori rights fishery in the Marlborough Sounds, 
but catch rates for P. auratus in the Marlborough Sounds are not well known. The Cook 
Strait is a formidable barrier to fish movement with strong currents and a sharp descent 

to deep water between the South and North Islands of New Zealand. This leads to a 
high degree of isolation for the stocks of P. auratus in the entire Marlborough Sounds, 

 

Map1. Maps showing details of the Tasman 
Bay-Golden Bay region that are mentioned in 
the text.  
a) Location of existing reserves.  
b) Points of release of tagged Pagrus auratus.  
c) Recapture locations of tagged fish.  
d) Computed paths of migration for tagged 
fish.  
e) Map of the general Tasman Bay-Golden Bay 
region. 
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and the Tasman Bay-Golden Bay. Evidence for isolation will be introduced below. Such 
a more-or-less isolated stock (or perhaps an isolated group of stocks) of P. auratus is ideal 
for the study of alternative management schemes. 
 Notwithstanding the general comments of Metiria Turei and Jim Anderton, what 
is a reasonable objective for an alternative management for Pagrus auratus in the Tasman 
Bay-Golden Bay region? The answer to this question is fairly straightforward: increase 
the sustainable catch from the current low levels to levels closer to the historical catch 
levels. That seems like a worthwhile objective. But what are the current levels of catch, 
and what were the historical levels of catch, and how is the current level of catch going 
to be increased to a higher, sustainable level? 
 The FAP2007 provides a comparison of actual landings in tonnes and the TACC 
in tonnes. The landings in tonnes, and the TACC in tonnes, are shown in Figure 1: 
Landings and TACC for Pagrus auratus in the Tasman Bay-Golden Bay regional fishery plotted 
against time. The TACC data dates from 1986-1987 when the QMS was introduced. The 

disparity over time in 
historical catch landings 
makes the minor changes 
that have occurred since 
1986-1987 when the TACC 
was introduced difficult to 
read on the graph. 
Therefore, the right hand 
side of the graph in Figure 1 
from 1986-1987 to 2006-
2007 is coloured as shown.  
 The text in 
FAP2007 that accompanies 
the landings/TACC data 
emphasises that TACCs 
over the last 20 years of 
QMS have been 
consistently set at levels 
that will assure the 
“rebuilding” of the biomass 
of the stock of Pagrus 
auratus in the Tasman Bay-
Golden Bay region. We 
assume that “rebuilding” 
means to be able to regain 
its historic levels of catch. 
The FAP2007 does not 
provide estimates of the 
biomass of P. auratus in the 
Tasman Bay-Golden Bay 
region. One would, 
however, expect that the 
TACC itself would increase 
with increasing biomass, 

and, thus, reflect the rebuilding of the stock over time.  
 A reasonable expectation of the QMS is that after 20 years of TACCs set to 
rebuild the stock, then the stocks should shows signs of rebuilding. Moreover, the 
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Figure 1. Landings and TACC for Pagrus auratus in the Tasman Bay-Golden Bay 
regional fishery plotted against time. The yellow line is the record of landings in tonnes 

from 1932 up to the introduction of the QMS in 1987.  The red points and line are the 
TACCs and the blue points and line the actual landings. The black line is a lowess-

smoothed curve through the landings data. The coloured lines are explained in the text. 
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rebuilding should be more or less at the same rate as the decline in the stocks. After all, 
the basic model that sets the TACC levels does not include terms for differences in net 
regional production over time. Thus, the model assumes that biomass of Pagrus auratus 
will increase in the total absence of fishing, levelling off at the original virgin stock level. 
Clearly, nothing like rebuilding to historical levels is evident in Figure 1. 
 Furthermore, the difference between the catch rate and the TACC offers an 
indicator, albeit weak, of the state of the biomass of the stock.  If the TACC is set at a 
certain level and the catch rates never reach that level, then either the fish involved are 
not worth the effort to catch, or the TACC does not reflect the true state of the biomass. 
The discrepancy between the red and blue lines in Figure 1 shows that the difference 
between the TACC and the landed catch (in staggered yearly units) has been negative 
since 1990; suggesting that the TACC was greater than the amount of P. auratus that 
could be caught; or that P. auratus are not worth catching. 
 What has gone wrong? There two options. Firstly, that the model is correct, but 
has been either misapplied, or the fishermen have been dishonest in their reported 
landings. Secondly, that the basic management model is wrong.  
 For the first option, it is difficult to be dishonest about landings in the New 
Zealand commercial fishery. Quotas are rigorously policed and the flow of fish from the 
sea to the table is monitored at enough points to detect excess catch rates. 
 For the second option, all models are testable by their outcomes. This is the basis 
of modern science. If the model, or more correctly the hypothesis, is applied and it does 
not work, then we conclude the model is wrong. We do not conclude that the model is 
right and it is the fish, or fishermen, that are wrong. The indifferent response to stock 
rebuilding in the face of TACCs specifically set to induce stock rebuilding strongly 
suggests that the model underlying the TACCs is wrong. 
 There is another, more general argument, that also strongly suggests that the 
basic model underlying the TACCs that drives the QMS is wrong. The Fisheries Act that 
determines the management of all fisheries in New Zealand requires that a particular 
theory of fisheries management be used exclusively. The theory that is embedded in the 
Fisheries Act is the Maximum Sustainable Yield model. The name, Maximum Sustainable 
Yield, is a publicist’s dream. No management theory could have a more evocative name 
to sell to politicians. The strange Marxist dialectical basis of the MSY model is explored 
in Commentary II: Maximum Sustainable Yield may be Marx’s Last Stand, but our immediate 
concern is how to test the applicability of the MSY-based model to the management of 
stocks of Pagrus auratus. 
 In 1993, the New Zealand Fishing Industry interests in quota of Pagrus auratus 
took the Minister of Fisheries to court over the issue of setting quota for P. auratus. 
Included in the evidence was the graph in Figure 2: Comparison of actual yields of Pagrus 
auratus to the theoretical predictions of the MSY model. Figure 2 and its captions are a direct 
photocopy from the evidence presented. The graph shows the historical relations 
between catch and biomass compared with the MSY predictions of catch and biomass. 
The graph in Figure 2 shows the scatter of actual yields of P. auratus in the Auckland 
fishery for P. auratus. No statistics are needed to show that the actual yield has little 
correlation with the theoretical MSY yield. The judge’s comments can be more or less 
summarised as saying that it was irrelevant in New Zealand law as to whether the 
stipulated MSY model in the Fishery Act was demonstrable nonsense or not. The 
wording of the Fisheries Act was not open to discussion by the courts. Only errors made 
by the Minister in how he or she applied the Act could be open to redress. 
 In practice and in theory the MSY model does not work for Pagrus auratus. The 
basic management model is wrong. Many studies of MSY over the last 50 years have 
shown that the MSY theory is unsuitable for fisheries management and, worse still, likely 
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to cause collapse of the fisheries to which it is applied (e.g. Larkin, 1977). What, then, is a 
suitable model for management of the fishery for P. auratus in the Tasman Bay-Golden 
Bay region? 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

Figure 2: Comparison of actual yields of Pagrus auratus to the theoretical predictions of the MSY model 
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SECTION 1 B: Is there an ideal management strategy that can lead to successful 
alternative management models for Pagrus auratus in the Tasman Bay-Golden 
Bay region? 
 As you can see from Commentary II: Maximum Sustainable Yield may be Marx’s Last 
Stand, fisheries management models can be strange, almost biology-free, constructions 
from a scientific point of view. A reasonable expectation of alternative management 
models from a commonsense perspective is that a model for managing wild fish caught 
in an unconstrained ocean environment should be based on some biological properties 
of the fish, not based on a Marxist dialectical model from 1918. One basic scheme for 
management of Pagrus auratus based on what can be construed as general biological 
properties would look as in Figure 3: Relationships between the biology of Pagrus auratus, and the 
fishery for P. auratus (although many other models based on the same approach could no 

doubt be devised). 
 The scheme in Figure 3: Relationships between the biology of Pagrus auratus, and the fishery 
for P. auratus avoids any mathematical interpretation by using “and”, “together with” and 
“leads to”.  This basic scheme can be rendered into many different mathematical formats 
by specifying the quantitative relationships. Our interest in this scheme at this stage is 
that it highlights the basic requirements of any biology-oriented model for the 
management of Pagrus auratus. There are two basic requirements in statements (1) and (2) 
in Figure 3. 

Figure  3 : Relati ons hips  be tween  the  biol ogy  o f  Pagru s aura tus ,  and the  f i s her y for  P.  au ra tus 
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 Firstly, quantitative knowledge about the basic biology of Pagrus auratus itself is 
needed, in addition to the parallel quantitative data about the biology of the environment 
within which P. auratus lives. 
 Secondly, quantitative knowledge is needed about the effects of fishing on rates 
of production of Pagrus auratus and rates of catch of P. auratus, as well as the parallel data 
on the effects of fishing on the environment within which P. auratus lives.  
 How much of these data requirements about the biology of Pagrus auratus do we 
have available in a quantitative data format? Table 1: Biological data for Pagrus auratus in  

Table 1: Biological data for Pagrus auratus in the Tasman Bay-Golden Bay region 
No. Category Amount and quality 
1 Biomass data A great deal of data but the quality is likely to be 

poor and based on estimated parameters rather 
then reliable measurements 

2 Movement data Limited, and mostly derived secondarily from 
experiments aimed at biomass or age 

3 Environment data Poor data, obtained as fragmentary observations 
at different places and times 

4 Fishing pressure, 
including co-caught, or 
by-catch species 

A great deal of data, mostly accurate, but highly 
gear-dependent 

5 Basic biology of Pagrus 
auratus  

 

 a. Predator prey 
relationships 

Poorly known for present conditions but some 
historical data in the form of gut-content surveys 
conducted in other parts of the species’ range 

 b. Age estimation and 
growth rate 

A great deal of fungible age estimation data are 
based on otoliths, and some age estimation data 
is based on scales.  

 c. Growth rates Little reliable growth data other than that 
inferred from age estimates 

 d. Feeding Poorly known other than historical gut-content 
surveys from other parts of the range. 

 e. Genetics Limited information aimed at stock structure, 
not fish biology 

 f. Behaviour Virtually unknown for wild fish, but some 
baseline data from tank studies 

6.  Eco-interactions with 
other species 

 

 a. Predator prey relations 
of Pagrus auratus 

Unknown other than historical gut-content 
surveys from other parts of the species’ range. 

 b. Species assemblages  Poorly known 
 c. Oceanographic effects 

on eco-interactions 
Unknown 

 d. Biomass interactions 
between other species 
and Pagrus auratus 

Unknown 

 
the Tasman Bay-Golden Bay region lists in general terms the kinds of quantitative data 
that a general biological model of P. auratus in the Tasman Bay-Golden Bay region 
would require, as well as the amounts and quality of the data that are currently 
available. 
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 It is clear from Table 1: Biological data for Pagrus auratus in the Tasman Bay-Golden Bay 
region that little of the most basic biological data has been collected for Pagrus auratus 
in the Tasman Bay-Golden Bay region. Of the fourteen categories of data in Table 1, 
only three categories have a lot of data available: biomass estimates, catch data and 
age estimates. A limited amount of data is available for movement of P. auratus in the 
Tasman Bay-Golden Bay region, although that was collected in passing in an age 
estimation experiment. There are also data available on the distribution of juveniles 
in Tasman Bay-Golden Bay carried out as part of the stock biomass studies. All of 
the biologically important data in Table 1 is more or less unknown. Clearly, a 
biological model for P. auratus in the Tasman Bay-Golden Bay region that takes into 
account the categories of needed data in Table cannot be developed at this stage of 
data collection. 
 Commentary II: Maximum Sustainable Yield may be Marx’s Last Stand, takes the reader 
through to the somewhat a-biological conclusion that catch rates for fish managed by 
the MSY model are actually managed on the assumption that given a fixed yield (for 
example as an industry target quota), then age and biomass are inversely related. The 
unfortunate side effect of this fundamental property of fisheries management models 
used in MSY management is that little data other than age, biomass and catch rates 
are collected by fisheries managers. Even the data that we have for movement of 
Pagrus auratus in the Tasman Bay-Golden Bay region and elsewhere has been largely 
recovered as a side effect of age estimation studies and tag dilution exercises designed 
to estimate biomass. The few genetic studies carried out on New Zealand fish have 
been searches for population markers to divide overall biomass into manageable 
units, not to understand the genetic structure of populations. Similarly, the juvenile 
studies have been intended as predicators of abundance, not as information about 
the biology of juvenile P. auratus.  
 We need not only new models to predict yields, but also some kind of strong 
safeguard against the apparent extinction (according to the Green Party) that appears 
to threaten local populations of many fish species in New Zealand. 
 If we had all of the quantitative biological data that we needed, we could then 
model the fish stock as a functioning biological system, and then test what the effects 
of fishing pressure would be. But we do not have this information. What can we do? 
There are basically three options available: Do nothing; Import a best-practice 
method of fisheries management from overseas; or, apply the Precautionary 
Principle. Let us explore these options. 
1. Do nothing. 
 New Zealand has developed two Do nothing options for fisheries management 
that might work well in the Tasman Bay-Golden Bay. The first of these options is the 
high tax regime in New Zealand. The high tax rate drives up the exchange rates and 
thus cuts both pre-tax and post-tax profits. Coupled with New Zealand’s no-subsidy 
approach to primary production of all kinds, the high tax and no subsidy regime 
creates a do nothing policy in which fishermen can no longer afford to fish. A variant 
on this scheme would be to drop tariffs on imported salmon from Chile. Salmon for 
sale at lower prices than Hoki could well reduce fishing effort with little effort and 
cost in fisheries management. 
 The second Do nothing option comes under the general heading of customary 
fisheries. It is a part of the Treaty of Waitangi settlement conditions that local Maori 
may petition the Minister of Fisheries to close certain areas to commercial fishing 
(Mataitai) to protect availability of fish and shellfish for customary use. The Ministry 
of Fisheries has monitored none of these closures. Whether such closures have 
protected or damaged the fisheries therein is entirely unknown. There is already a 
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Mataitai petition to close part of the Marlborough Sounds to commercial fishing. 
Continuation of Mataitai to all of the Marlborough Sounds and the neighbouring 
Tasman Bay-Golden Bay region will ensure that the problems of fisheries 
management in these areas will simply go away.  
2. Import a Best-Practice Method of Fisheries Management from Overseas. 
 Importation of best practice from overseas is almost the leitmotiv for New 
Zealand government supported science in general. For measurement science, the 
kind of science to which Fisheries Management Science belongs, importation of best 
practice seems to be essential (a further discussion of imported measurement science 
is available in Can Science Save New Zealand; or Can New Zealand Save Our Science? 
http://robert.gauldie.com available as a free pdf download). But importing fisheries 
management schemes from overseas where they already have a track record of failure 
is not a productive use of government science funding. Importing best practice also 
becomes a deadly trap when science is controlled by government in the single, 
government-owned science provider environment that we have in New Zealand. 
Governments are typically as much concerned about avoiding blame, as they are 
concerned about achieving success. Best-practice is a familiar blame-avoidance ploy 
used by governments the world over.  
3. Apply the Precautionary Principle. 
 Ah! The Precautionary Principle! Anything that comes with such an evocative 
name has to be treated with a great deal of cynicism. The Precautionary Principle 
comes into the category of Pearly Gates outcomes. This is similar to responding to 
the question How do I get to Heaven? by showing a painting of the Pearly Gates. 
Politicians dearly love the Pearly Gates type of outcomes. It allows them to promise 
everything and do nothing. This is possibly the best-known aspect of the big-P 
version of the Precautionary Principle. There are, however, some potentially useful 
outcomes that might be derived for the Precautionary Principle if it is used in its 
little-p, common-sense applications version. Thus, there are two Precautionary 
Principle options for the management of Pagrus auratus. 
a. Version 1: The big-P Precautionary Principle. 
The Big-P version of the precautionary principle is more or less as follows: keep 
dropping quota until both the fishery and the problem disappear. This is, in fact, 
what has been happening in the QMS management of the Tasman Bay-Golden Bay 
regional fishery for Pagrus auratus. Although this is the preferred political option, i.e. 
the same old same old with a new name, it will confer only political benefits. 
b. Version 2: the little-p precautionary principle 
The little-p version of the precautionary principle version tackles the distressed 
fishery for Pagrus auratus in the Tasman Bay-Golden Bay region in two steps that 
proceed in parallel. 
Step #1: Take what biological data that we already know, even if it does not fill us 
with confidence, and use it to construct a new, fail-safe management procedure for 
the Tasman Bay-Golden Bay region. 
Step #2: While the Tasman Bay-Golden Bay fishery for Pagrus auratus is protected by 
the fail safe management scheme, then start collecting the biological data for P. 
auratus that is missing from Table 1. The collection of such data is aimed at amassing 
the data needed to construct a robust biology-based model. 
The Version 2: the little-p precautionary principle approach is more-or-less a common 
sense approach to the management of Pagrus auratus in the Tasman Bay-Golden Bay 
region that is worth examining in more detail. 
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Figure 4: The lower jaw of Pagrus auratus 

 
SECTION 1 C: Implementing the Little-p precaut ionary princ iple  Approach to 
Fisheries Management of Pagrus auratus in the Tasman Bay-Golden Bay Region. 
 The basic biological data needed for step 1 of the Version 2: the little-p precautionary 
principle are in short supply. In the absence of such data, what constitutes a fail-safe 
management procedure? The most common approach to a fail-safe management 
procedure is to set up some kind of marine reserve. Thus, when the commercial fishery 
fails, a population capable of restocking the main fishery is held safe in the marine 
reserve. At first sight this looks like a commonsense, straightforward type of approach. 
Lock up part of the fish stock in a no fishing reserve where they are safe, and continue to 
fish outside the reserves using conventional management and/or beneficial migration out 
of the reserves. But a closer look reveals at least three fundamental problems: (1) what 
has driven the decline in abundance that has resulted in a need for a reserve? (2) How big 
does the reserve have to be? and, (3) How will the effect of the reserve be measured? 
1. What has driven the decline in abundance that has resulted in a need for a 
reserve? 
 The basic assumption of marine reserves is that fishing pressure (i.e. over-fishing) 
has caused the decline in fish stocks. This is such a self-evident assumption,  
     fishing ⇒ decrease  
          therefore 
   no-fishing ⇒ increase,  
that it is usually passed over without a second thought. There are, however, other 
possible causes for a persistent decline in stocks of Pagrus auratus in the Tasman Bay-
Golden Bay region, as well as different outcomes to no-fishing other than the expected 
increase in biomass. 
 Firstly, pollution in the general sense (not necessarily toxic chemical industrial 
pollution) is a possible source of the stock decline for Pagrus auratus in the Tasman Bay-
Golden Bay region. The diet of P. auratus consists of small invertebrates, mostly 
echinoderms, crustaceans and molluscs. The teeth batteries of P. auratus in Figure 4: The 
lower jaw of Pagrus auratus clearly form 
the crushing plates that deal with 
echinoderms, crustaceans and mollusc 
shells. The gut content surveys from 
elsewhere in New Zealand have shown 
that P. auratus will also take 
polychaetes, fish and probably any 
dead animals that it can find, but the 
large crushing batteries in the lower 
jaw clearly indicate that P. auratus is 
primarily an echinoderm, crustacean 
and mollusc predator. We can be more 
specific about the kind of molluscs 
predated by P. auratus. The primary 
source of this kind of food must be 
suspension feeder gastropods and 
bivalves, attached bivalves and 
suspension feeders in sand-gravel higher energy environments; i.e. the Tawera /Glycimeris 
(bivalves) and Maoricolpus (turret shell gastropod) environment. These suspension feeding 
gastropods and bivalves are major diet components of both P. auratus and the small 
predatory gastropods that feed on bivalves. Deposit feeders, both bivalves and 
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gastropods, are too deeply embedded for P. auratus to access in the muddy environments 
in which deposit feeding bivalves and gastropods thrive. 
 Surveys of the stomach contents of Pagrus auratus in the Auckland harbour 
showed a change over time (from 1928-1968) in the diet that shifts in favour of 
crustaceans. Examination of the stomach content data confirms the predominance of 
crustacean, echinoderm and suspension feeding molluscs in the diet. Stomach content 
data from 1928 to 1968 are summarised in Table 2: Changes in the diet of Pagrus auratus in the 
Auckland fishery between 1928 and 1968. Typically, the organisms in the diet of P. auratus are 
found in shallow water, 1-25 m, gravel-sand-mud mixture bottoms near rocky faces with 
reasonable currents that maintain suspension feeder conditions. Thus, the trophic 
position of P. auratus is at both ends of the food chain.  The suspension feeding molluscs 
are close to the bottom of the food chain and the crustaceans and polychaetes are mainly 
scavengers and detritus feeders that are, in effect, near the top of the food chain. Thus, 

 
Table 2: Changes in the diet of Pagrus auratus in the Auckland fishery between 1928 and 1968. 

% Organisms 1928-1931 
(Powell, 
1937) 

1965-1966 
(Godfriaux, 
1970) 

1967-1968 
(Colman, 1972) 

Change ± 

%Molluscs 16.6 11.9 9 - 

%Echinoderms 30 12.5 19.6 - 
%Crustaceans 30 57 39 + 
%Fish 13.1 6 5 - 
%Polychaetes 10.4 12.6 19.5 + 
 
P. auratus occupies a somewhat ambivalent trophic position in the food chain. The lower 
that the position of an organism is in the food chain, then the higher are its population 
numbers. If the trend from 1928 to 1968 towards increasing crustacean predation by P. 
auratus that is evident in Table 2 continued from 1968 to the present, then population 
numbers of P. auratus must have declined; regardless of fishing effort. 
 It is reasonable to suspect that the gravel-shellgrit-sand-mud mixture benthos in 
shallow water is sensitive to soil runoff that would shift the gravel-shellgrit-sand-mud 
ratios towards a higher mud mixture that would favour deposit feeders and scavengers. 
This is particularly likely where the runoff has a sufficiently high organic component to 
create a gel-like mud interface with the benthos. Suspension feeders cannot cope with 
this kind of environment and are replaced by deposit feeders. Consequently, one would 
expect Pagrus auratus abundance to decline in such altered environments. Fortunately, 
there is a published experiment that indirectly supports this expectation.  In 1997, 
Hayward et al. (1997) repeated as closely as possible the sampling stations of Powell 
(1937) to examine the changes in bottom fauna since Powell’s benchmark survey. 
Hayward et al. (1997) found significant changes in the sediment quality and consequent 
changes in the bottom fauna. Overall, the harbour sediments shifted to high silt loads 
resulting in a shift in bottom fauna favouring organisms adapted to muddy environments 
including large suspension feeders such as Atrina zealandica and various buried deposit 
feeders. The Tucetona (Glycimeris)-Tawera suspension feeder associations that were a 
significant part of the diet of Pagrus auratus had all but disappeared. We quote here the 
abstract of the Hayward et al. (1997) paper in its entirety: 
 A resurvey of Powell's classic study of subtidal, soft-bottom communities in the Waitemata 
Harbour, Auckland, was undertaken to determine the nature of faunal changes between the 1930s and 
1990s. Samples were dredged and associations were intuitively deduced largely on the basis of molluscs 
and echinoderms, in a similar fashion to Powell's 1930s study. 
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 Away from the wharves and marinas the soft-bottom fauna is still remarkably rich and diverse, 
and retains a similar gross pattern to the 1930s. Fourteen mollusc species (dominantly carnivorous 
gastropods) appear to have disappeared or suffered major reductions in abundance within the harbour. 
This has resulted in the disappearance of two of Powell's associations (Tawera-Tucetona, Amalda) from 
the outer harbour. There has also been an apparent reduction in the abundance and range of the 
turritellid Maoricolpus roseus and a number of associated species of the shelly channel sediments in the 
centre of the harbour. 
  Since the 1930s at least nine New Zealand mollusc species (mostly deposit- and suspension-
feeders) and one crab appear to have colonised the harbour, and nine others seem to have increased in 
abundance. The establishment of extensive horse mussel (Atrina) beds north-east of North Head is the 
most significant of these changes. Three exotic bivalves (Limaria orientalis, Theora lubrica, Musculista 
senhousia) introduced in the 1960s and 1970s have become so abundant in the harbour that they are 
now codominant characterising species of six of the eight associations recognised in the 1990s. 
 The exact causes of many of these observed changes will never be determinable. Some may be 
natural (e.g., spread of Atrina), but many are attributable to human activities associated with New 
Zealand's largest city (e.g., TBT poisoning, closure of sewage outfalls, increased sediment, fresh water and 
pollutants, ballast water introductions, dredging). 
 There is also indirect evidence from a study of the effects of sediment load in 
streams that supports the general detrimental effects of high sediment loads on fish 
communities in New Zealand rivers (Richardson & Jowett, 2002). But in a broad sense 
little emphasis has been put on understanding the basic relationship between Pagrus 
auratus and its environment beyond statistical analyses of any factors measured by other 
than fisheries management agencies (e.g. air-water temperature) that could be correlated 
with biomass and age estimates. 
 The Tasman Bay-Golden Bay region, like the Hauraki Gulf and much of the 
inshore marine waters of the rest of New Zealand, is subject to a great deal of soil runoff 
from farming, forestry and urban development. In the past, it was the policy of the then 
Ministry of Works to develop channelisation of New Zealand rivers to protect farming 
land from flood inundation. Channelisation of rivers has resulted in huge amounts of soil 
being dumped straight into the sea without any of the settling (and consequent re-
fertilisation) of soil on low-lying farmland.  The New Zealand Ministry of Works 
published a book (Acheson, 1968) that describes flood management engineering of New 
Zealand rivers in great detail. From engineering and farming perspective, flood control in 
New Zealand has been as important for economic, health and humanitarian reasons as it 
has been successful for engineering reasons. Acheson’s book is remarkable testimony to 
what New Zealand engineers can achieve when they are given a difficult problem to 
solve. All of the protective dykes and embankments in New Zealand farmland, and the 
concrete stream channels in New Zealand cities, all result in some degree of degradation 
of the inshore marine benthos resulting in losses of habitat suitable for Pagrus auratus. It 
is one of the great ironies of fisheries management policy that fishermen are continually 
and loudly blamed for destroying the economics of fishing by overfishing, while farmers, 
foresters and urban developers are just as continually and just as loudly praised for their 
contribution to the New Zealand economy that results in the degradation of the fish 
habitat upon which the fishermen’s livelihood depends. In the last section of this study 
we focus on applying New Zealand’s engineering skills to restore the P. auratus habitat 
without hampering the continuing development of farming, forestry and urban 
development. But for the moment, bear in mind that the assumption that the decline in 
stock of P. auratus is caused by overfishing is not always correct. 
2. How big does a marine reserve have to be? 
 Marine reserves also raise issues about the long-term survival of the species. 
Many of the ideas put forward for marine reserves are in breach of Mayr’s Law, and 
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more likely to do harm than good. The Biological Species concept of Ernst Mayr (Mayr, 
1970) can be organised in the form of Mayr’s Law. The first part of Mayr’s Law can be 
written as follows: 
Any given population of a species has a probability of extinction that depends on both time and the 
inverse of the size of the population, Pextinction =f (t,1/N). 
The second part of Mayr’s Law is the corollary of the first part of Mayr’s Law: 
The probability of replacement of an extinguished population by migration from another population of the 
same species is the inverse of the probability of extinction, Prepalcement = f (1/t, N). 
Thus, for small populations over long periods the probability of extinction is high; and 
for small populations over short periods the probability of replacement is high. Mayr’s 
Law depends, however, on the integrity of the species over its range. If the species is 
irreversibly divided into one or more subgroups then the probability of extinction is 
initially dependent on Pt,1/N, but this probability of extinction is offset by the process of 
speciation. If a large stock of a species of fish is broken into a large open fishery and a 
scattering of reserves that are small in comparison to the open part of the fishery, then 
the probability of extinction of the reserves becomes high. Similarly, re-stocking of the 
reserves may take place, but at a rate dictated by the abundance of the species in the 
open fishery. Thus, the perceived advantages of a reserve as a safe refuge for a heavily 
depleted fishery may be far less than the danger of extinction of the species altogether. 
3. How will the effects of the reserve be measured? 
 Different reserve strategies can be expected to have different outcomes. But the 
expected outcomes for a commercial reserve are an increase in the biomass available. i.e. 
an increase in the total catch of the species, in the adjacent open fishery. The expected 
outcomes for a conservation reserve are different. A conservation reserve should not 
only increase biomass to virgin levels, but also maintain a sufficiently large and 
genetically diverse population to minimise the probability of extinction. Thus, the marine 
reserve that we need must be structured around both commercial and conservation 
issues in such a way that the reserve model can make specific, experimentally testable 
predictions. This approach combines a fail-safe conservation reserve with a predicted, 
commercially accessible fish biomass increase outside the reserve. If we  can develop this 
kind of marine reserve in the Tasman Bay-Golden Bay region, then we can anticipate a 
stabilised population of Pagrus auratus that can supply over time the biological data that 
are missing from Table 1: Biological data for Pagrus auratus in the Tasman Bay-Golden Bay region. 
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SECTION 2: DEVELOPING A FAIL-SAFE MARINE RESERVE 
STRATEGY FOR THE PAGRUS AURATUS  FISHERY IN THE 
TASMAN BAY-GOLDEN BAY REGION 
SECTION 2 A: Which marine reserve model could be used in the Tasman Bay-
Golden Bay region? 
Commentary III: Review of Marine Reserves summarises the reviews of 50 papers dealing with 
marine reserves that were published between 1975 and 2008. Our review focussed on the 
kinds of issues relevant to the fishery for Pagrus auratus in the Tasman Bay-Golden Bay 
region. Our vision of the ideal structure and function of the ideal marine reserve for P. 
auratus in the Tasman Bay-Golden Bay region naturally leads to a series of questions that 
can be laid out as a table. The table in Commentary III: Review of Marine Reserves is organised 
into seven columns: (1) Date, (2) Citation, (3) Model type, (4) Is the model 
parameterised? (5) Are there quantitative model predictions? (6) Is there an experimental 
test of the predictions of the model? (7) comments. The terms used are self-explanatory. 
The classification into model type is in relation to the needs of the P. auratus fishery in 
the Tasman Bay-Golden Bay region. 
 What useful information for a marine reserve for Pagrus auratus in the Tasman 
Bay-Golden Bay region can be gleaned from the review of the marine reserves literature? 
Observation 1. Reef and littoral marine reserves appear to work as intended, restocking 
areas outside the marine reserves with adult fish by spillover from the marine reserve. 
There is a great deal of variation in the spillover effect most of which is reported to be 
density-dependent, rather than dependent on the natural migratory behaviour of the fish. 
There are some reef and littoral marine reserves that work as intended for some species 
in the reserve, but not for other species; or they may not work for any species. 
Observation 2. Open ocean no-take marine reserves do not appear to work as intended. 
Such reserves may even be harmful resulting in an apparent decline in biomass. There is, 
however, evidence that trawl surveys (and, thus, Catch per Unit Effort estimates) often 
used to monitor the no-take marine reserves are weak discriminators of the effects of 
marine reserves over less than 10-year periods of sampling. An open ocean no-take 
marine reserve may not show beneficial effects as rapidly as a marine reserve in a reef or 
littoral area; or may show no benefits at all. At first sight this situation appear a little odd, 
but this is only because of the prior assumption that:  
    fishing ⇒ decrease, 
        therefore,  
  no-fishing ⇒ increase,  
Fishing effort on open ocean fishes may trigger ecological responses to the decline in 
certain species that overrides any natural resilience in the stocks of the species so that 
they cannot recover even in no-take zones. 
Observation 3. The species that show beneficial increases in number and density in reef 
and littoral marine reserves often showed biological properties that do not match the 
biological properties of the species that are implied in the conventional fisheries 
management parameters that are used to model catch rates outside the reserve. Thus, 
mortality M, internal rate of increase r, size structure, growth curves, etc., were often 
different within the marine reserves than those assumed to apply outside the marine 
reserves. Marine reserves, therefore, may require a great deal of seat-of-the-pants 
management based on real, experimentally observed natural history features that equate 
to M, r, size and age, rather than the idealised parameters that are fabricated from age 
and biomass estimates. 
Observation 4. It is noteworthy that the damage to fisheries from conventional fisheries 
management modelling that has lead to the need for marine reserves has not deterred 
conventional fisheries management modellers from trying to re-brand themselves as 
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marine reserve management modellers while using the same flawed models that damaged 
the fisheries in the first place. 
SECTION 2 B: A new model for marine reserves for Pagrus auratus in the 
Tasman Bay-Golden Bay region. 
 None of the models that have been put forward to manage, or explain, the likely 
effect of marine reserves contains a specific migration component. There are various 
density-dependent spillover estimates but none of these are tied to specific quantitative 
migratory behaviours of fish. We develop a robust prior model that predicts a 
relationship between the size of marine reserves and fish population density, and apply it 
to data from a large fish tagging experiment in Tasman Bay-Golden Bay, New Zealand. 
The model is based on theoretical work by Hannesson (1998). Our adaptation of 
Hannesson’s model emphasises fish migratory behaviour, a common-sense dictate for 
marine reserve size. We have available a large set of tagging data for Pagrus auratus that 
describe time at liberty, and distance between points of capture and recapture. These 
data, and background fish biology data for the Tasman Bay-Golden Bay fishery, were 
used to derive population parameters of the model and produce quantitative predictions 
about the response of fish population density to changes in reserve size. These 
predictions can be tested experimentally.  
1. What are our objectives in using the Hannesson model? 
 Conservationists and fishermen have a common objective: the long-term 
sustainability of fish stocks. Conservationists and fishermen are, however, famously 
antipathetic to each other’s point of view on how this is to be achieved. Conservationists 
tend to view marine reserves as a kind of National Park, an area where fishing is not 
allowed, which is managed to maintain a virgin biomass in a virgin ecosystem. Fishermen 
tend to view marine reserves as components of managed fishing areas, areas in which 
fishing is not allowed, which are managed to maintain a significant proportion of the 
virgin biomass as a reservoir for the benefit of commercial fishermen. Whether the 
ecosystem within the marine reserve reaches anything like virgin ecosystem or virgin 
biomass is of concern to the fishermen only to the extent to which it may be beneficial to 
the fishery outside the reserve. We refer to the former as “conservation” marine reserves, 
and the latter as “economic” marine reserves. We explore the relationships between both 
types of marine reserves and an associated fishery, and estimate the size of marine 
reserves that can satisfy the needs of both conservationists and fishermen. 
 The idea that fish can be buffered against over-exploitation by refugia in the 
form of marine reserves has become an important political issue for management of the 
commercially and recreationally desirable, and valuable, stocks of Pagrus auratus. 
Conservation marine reserves as refugia figure prominently in the plans of the New 
Zealand Department of Conservation that administers marine reserves under the terms 
of the Marine Reserves Act (www.doc.govt.nz/conservation/Marine-and-
Coastal/Marine-Reserves/). Reserved areas for juvenile fish are an integral part of the 
management of the Tasman Bay-Golden Bay fishery for P. auratus. A voluntary closure to 
fishing was agreed for Tasman Bay in 1994 that runs from 1 October to 1 April and 
excludes trawling inside 2 nautical miles off Pepin Island and the Boulder Bank in 
Nelson, across 1.25 nautical miles off Ruby Bay, then 2 nautical miles off the coast to 
Astrolabe Island (shown in outline in Map 1a). For 2005 the closure was extended to 1 
May. In Golden Bay, there is a 12-month voluntary closure to trawling inside a line from 
Collingwood to Rangihaeta Head, to Tarakohe. In addition, the Tonga Island Marine 
Reserve adjacent to the Abel Tasman National Park occupies about 30 km of the 
shoreline of Tasman Bay-Golden Bay from Separation Point to Adele Island along the 
promontory that separates Golden Bay from Tasman Bay (place names are shown in 
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Map 1 a). The current reserves were aimed at preventing fishing on spawning and 
juvenile nursery grounds. 
 Landings of Pagrus auratus in the Tasman Bay-Golden Bay fishery have fluctuated 
over the years, but are presently at such low levels that most fishermen in the area land P. 
auratus more or less on a by-catch basis rather than as a targeted species (Figure 1). There 
is no evidence that this fishery is rebuilding, even slowly. Catch landings of P. auratus 
from the fisheries management area comprising the Tasman Bay-Golden Bay fishery 
have shown a continuous decline since the late 1970s. Stock-recruit relationships for P. 
auratus are poorly known, so it is not clear whether the decline is due to stock 
management decisions or to environmental factors. The decline has continued despite 
the presence of the existing marine reserves for juvenile P. auratus that are described 
above. In spite of the uncertainty that this situation raises for the likely benefits of 
marine reserves, it is useful to examine the potential benefits of more extensive marine 
reserves (either conservation or economic) in the Tasman Bay-Golden Bay fishery. 
 There has been limited investigation in the science literature of the quantitative 
consequences for catch rates from the establishment of conservation marine reserves. 
Much that has been published has been confined to models based on a priori assumptions 
or discussions centred on social impacts of marine reserves. This approach is 
unavoidable until predictions of the effects of conservation marine reserves have been 
published, and the ideal of the conservation marine reserve tested against observed data. 
There have been relatively few direct experimental investigations on the effects or 
potential effects of economic marine reserves on fisheries management.  
 One of the simplest theoretical approaches that lends itself to prediction of 
experimentally, and theoretically, testable data is that of Hannesson (1998). We use 
Hannesson’s model as a tool to examine the consequences of reserve size as a function 
of catch rates, mortality rates and migration rates. We believe that migration rates are key 
to the notion of marine reserves. It is self-evident that if there is no migration out of a 
marine reserve then the marine reserve cannot be considered as a part of the 
management of a commercial fishery outside the reserve. If, however, migration does 
occur, then the migration rate and rate of natural increase within the marine reserve will 
be the key elements of the impact of the reserve on an adjacent commercial fishery.  
 Migration data for fish are difficult to acquire. Tagging studies often have 
accurate information about the point at which fish were tagged, but little data about the 
exact point of re-capture. The Pagrus auratus tagging exercise described in Gauldie (2000) 
provided accurate location data for the point of release and re-capture of 711 specimens 
of P. auratus.   
2. The migration-movement data used modelling the marine reserve for Pagrus 
auratus . 
a. The context of the tagging data that produced the migration data. 
i. Release of tagged fish. 
 Tasman Bay and Golden Bay were the combined site of a key tagging experiment 
undertaken related to age, growth, and the natural and fishing mortality of Pagrus auratus. 
Reports of the results of the experiment have been fragmentary (Kirk et al., 1988 
unpublished data; Francis et al., 1992; Gauldie, 2000); no single report has provided a 
complete account of the full data set and its implications for understanding the impact of 
the biological properties of P. auratus on the fishery.  
 Details of the tagging procedures are summarized here from the unpublished 
account given by Kirk et al. (1988). A total of 4,657 Pagrus auratus were tagged from 
chartered commercial pair-trawl vessels. Effort was made to ensure the capture of 
healthy fish by restricting the duration of tows to 6 to 75 minutes, and by using knotless 
cod-ends. Average depth of trawling was 5 m, ranging from 3 m to 14 m. Cod-ends were 
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emptied directly into holding tanks on board the fishing vessels. Healthy fish were 
singled out and tagged with Hallprint loop tags inserted in the muscle anterior to the 
dorsal fin. Fish longer than 45 cm were generally double tagged (14.8%) to help estimate 
the loss of tags. Fish with inflated swim bladders were vented by lateral perforation with 
a hypodermic needle (5.8%). Fork lengths were measured at tagging and rounded down 
to the nearest cm because of the need for haste in measuring live fish. Release locations 
are accurate to about ±100 m (Map 1b). Depth at the point of initial capture, tagging and 
release was recorded in meters. 
ii. Recapture of tagged fish. 
 In order to recover the otoliths, a reward of $20 was offered to fishermen for 
return of whole fish to the Ministry of Fisheries. Over the course of the experiment 
1,099 Pagrus auratus were returned. Tagged fish were recaptured from 52 locations in 
Golden Bay and Tasman Bay (Map 1c). When the fish were returned for the tag reward 
they were measured to the nearest millimetre fork length, and the point of recapture, 
including depth if possible, was recorded. Details of growth of tagged fish are given in 
Gauldie (2000). Of the 1,099 fish returned for the reward, the geographic coordinates of 
the point of recapture could be identified for the 711 fish that are the basis of this study. 
 Recapture location was most often reported by fishermen as a fishing mark, or as 
approximate beginning- and end-points of trawls. The geographic locations of the 
recorded marks were identified in discussion with experienced fishermen who could 
identify the location of each mark. For trawls, the mid-point was taken as the arbitrary 
point of capture. The error in locating the point of recapture depends on the length of 
tow and the accuracy of the fishing mark positions given by the fishermen. We have 
assigned an error of ±5 km to the recapture data. 
 Tagging Pagrus auratus with loop tags resulted in death or damage to many of the 
tagged fish. The high rates of tagging mortality and damage are discussed in Gauldie 
(2000). The probable effect of such damage is to reduce the migratory behaviour 
observed. Thus the distances travelled and the times at liberty are likely to be 
underestimates. 
iii. Movement paths of tagged fish. 
 It was evident from the distribution of recapture points that in many cases the 
tagged fish had migrated around large landmasses. We computed the shortest ocean path 
between release and recapture and have used this distance in our calculations and 
discussions. The true path in most cases will be longer than the computed distance that 
will make our estimates of apparent speed (discussed below) a minimum. Depth at 
release (below) ranged from less than 1 meter to 9 meters, with a median depth of 4 
meters. This depth distribution may indicate that tagged Pagrus auratus remained close to 
the coastline, although it may also reflect fishing practice.  The release-to-recapture paths 
assumed to have been taken by tagged fish are shown in Map 1d. 
 Tagging studies of the movement of Pagrus auratus in the Hauraki Gulf in the 
north of New Zealand showed a similar degree of mobility with no relationship between 
time at liberty or size of fish and distance travelled (Crossland, 1982). Crossland (1982) 
treats all areas in the mobility range as equivalent habitat for P. auratus. We follow 
Crossland’s (1982) assumption of equivalent habitat. 
 The map of the Tasman Bay-Golden Bay area in Map 1e shows the shortest 
ocean migration paths for recaptured Pagrus auratus. One fish was recovered in deeper  
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Figure 5. a ) Histogram of the 
frequency of minimum distance 
travelled in kilometres from 
release to recapture, n = 711. 
The curve shows the cumulative 
percentage of Pagrus auratus 
movement.  
b) Histogram of the logarithm of 
the distances binned at 5 km 
intervals from release to recapture. 
The curve shows the cumulative 
percentage of fish movement.  
c ) Plot of log10 apparent 
swimming speed plotted against 
days at liberty fitted with a 
straight-line regression and a 
lowess-smoothing curve. 
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water (50 m) midway between the South Island and the North Island, but it was not 
included in this data set.  
 Tagged fish were caught over a wide area, from the Marlborough Sounds to the 
West Coast of the South Island (Map 1d). A histogram of the frequency of the minimum 
distance between release and recapture points is shown in Figure 5a: Histogram of the 
frequency of minimum distance travelled in kilometres from release to recapture binned at 5 km 
intervals to reflect the uncertainty of catch location The histogram of the logarithm of 
distance binned at intervals of log10 distance equal to 0.1 is shown in Figure 5b: Histogram 
of the logarithm of the distances binned at 5 km intervals from release to recapture. The median 
distance between release and recapture was about 14 km, and approximately 75% of fish 
were recaptured within 25 km of their release points. The pattern of fish movement does 
not appear to depend on release point. It is evident from Map 1b that more than 95% 
were recaptured in the Tasman Bay-Golden Bay area, although some of the recaptured 
fish had dispersed into the Marlborough Sounds and along the West Coast. This 
apparent distribution could also be affected by the pattern of fishing effort and/or the 
accessibility to fishermen of fish that moved out of the area. 
iv. Quantitative aspects of the observed swimming speed of Pagrus auratus .  
 The apparent velocity (distance/time) of fish migration (the observed swimming 
speed) was estimated from the computed shortest ocean distance between the points of 
release and recapture and the time at liberty for tagged Pagrus auratus. The logarithm of 
the apparent velocity (log10 km.year-1) is plotted against days at liberty in Figure 5c: Plot of 
log10 apparent swimming speed plotted against days at liberty. The data in Figure 5c are fitted with 
lowess smoothing curves and a linear regression. Lowess curves provide a weighted 
running median value that allows the viewer an intuitive assessment of the shape of the 
underlying trend in the data. There are three peaks in the lowess curve fitted to the plot 
of log10 km year-1 against days at liberty in Figure 5c. The distances from the first to the 
second peak and the second to the third peak correspond to 349 and 360 days 
respectively. The tagging commenced in October, and the peaks fall in the known 
January spawning period.  
b. A brief description of the Tasman Bay-Golden Bay fishery for Pagrus auratus .  
 There is no simple pattern in the catch history, but peaks at 1957, 1967, 1978 and 
1989 in Figure 1 may reflect a 10-11 year cycle of recruitment in the Tasman Bay-Golden 
Bay fishery. The power spectrum from the Fourier transform of time series of the catch 
landings implies peaks at 7 and 14 years. 
 The management assumptions of the Tasman Bay-Golden Bay stock of Pagrus 
auratus (which does not include the Marlborough Sounds into which small numbers of 
tagged fish migrated) are summarized in FAP2007. The back-calculated virgin stock size 
assumed for 1930 was estimated to be about 21,000 tonnes, and the equilibrium (BMSY) 
stock size aimed at is about 5,600 tonnes, yielding an annual MSY of 480-490 tonnes. 
The present quota of 160 tonnes per year is intended to rebuild the stock to the BMSY 
of 5,600 tonnes in the years 2007-2008.  
 Our objective is to develop a marine reserve strategy that could serve both 
conservation and commercial interests. To do this, we need to explain what we mean by 
these two apparently disparate ideas about marine reserves. 
i. Conservation marine reserves. 
 The Department of Conservation in New Zealand has a vision “to create a network 
of marine reserves where the habitats and their life are left natural and undisturbed by people”, 
(www.doc.govt.nz/conservation/Marine-and-Coastal/Marine-Reserves/). 
 Thus, the objective of a conservation marine reserve for Pagrus auratus in the 
Tasman Bay-Golden Bay fishery is to create a sub-population, or stock, that can remain 
at the natural carrying capacity required of the conservation marine reserve. The natural 
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carrying capacity is assumed to function independently of factors external to the marine 
reserve, i.e. that the marine reserve is an isolated, self-maintaining population that is part 
of a natural and undisturbed habitat. We define conservation reserves to be areas closed 
to fishing and managed to maintain a virgin biomass within a virgin ecosystem. The idea 
that P. auratus is managed as part of an undisturbed habitat implies knowledge of all the 
other species that comprise the natural habitat for P. auratus. Such information is not 
available. But, if it is assumed that the conservation marine reserve should contain the 
breeding population that sustains the reserve, then because P. auratus is an annual 
spawner, sufficient numbers of adult fish must be trapped within the boundaries of the 
reserve for at least one year to assure recruitment. The number that must be trapped 
within a notional reserve imposed upon freely migrating fish can be estimated from the 
frequency distribution of the observed migration rate in tagged fish.  
 How many spawning adult fish must be trapped in the conservation marine 
reserve to form the maintenance population implied in a natural and undisturbed habitat? 
There is no general theory from which to calculate the size of such a maintenance 
population. Nor do we have enough information about the basic biology of Pagrus auratus 
to decide a priori how many fish are needed to maintain a healthy population over what 
range of habitats, and in what kind of ecological mix of other species. At present, a rule 
of thumb approach based on the proportion of fish needed to maintain a stable net 
outflow from the reserve is the only way to estimate the size of the maintenance 
population.  
ii. Economic marine reserves. 
 Economic marine reserves are not precisely defined in the New Zealand context. 
However, the Ministry of Fisheries implementation plan for marine protected areas 
(Anon 2004 p. 15) discusses “The completion of stock strategies… to ensure those fisheries with 
highest risk and opportunity (in terms of improving fisheries management outcomes, including 
maintenance of biodiversity) are completed first”. The coupling of “marine protected areas” with 
“stock strategies” and “improving fisheries management outcomes” implies that at least one goal of 
the marine reserve (or “marine protected area”) is to improve catch in an associated fishery. 
This essentially commercial purpose is in accord with an economic marine reserve, as 
opposed to the predominantly environmental purpose of a conservation marine reserve. 
 Therefore, we define the objective of an economic marine reserve aimed at Pagrus 
auratus is to create a sub-population in a restricted access area that will increase, or 
stabilize, the economic benefits (including commercial and recreational benefits) in the 
remaining open access area. We define economic reserves to be areas closed to fishing 
and managed to maintain a significant proportion of the virgin biomass as a reservoir for 
commercial fishing outside the reserve. A full bio-economic analysis for the Tasman Bay-
Golden Bay fishery for P. auratus requires more information than is currently available, 
but the potential for economic benefits can be assessed from Hannesson’s (1998) bio-
economic model by developing a quantitative relationship between the catch rate in the 
open access area as a function of the size of the marine reserve, the natural rate of 
increase of the fish, and the migration rate of the fish. 
SECTION 2 C: APPLYING THE HANNESSON MODEL TO MARINE 
RESERVES FOR PAGRUS AURATUS  IN THE TASMAN BAY-GOLDEN 
BAY REGION. 
(i). Derivation of the Hannesson model. 
 Hannesson (1998) assumes a fish stock that obeys the logistic law of growth, so 
that, in the absence of exploitation, 
 

  

dS

dt
= rS(1 ! S)

      (1) 
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where S is the fraction of the stock, and r is the rate of natural increase. The stock is 
measured as a fraction of the carrying capacity of the area. We thank  Dr. Hannesson for 
the time taken to explain to us the details of his model. 
 Hannesson’s model considers the effect of an area set aside for marine reserve, 
occupying a fraction m of the total area. The fish stocks inside (Sm) and outside (So) the 
reserve are measured as densities, expressed as a fraction of the carrying capacity of each 
sub-area. The dimensionless migration rate of the fish, z, reflects the percentage of fish 
moving at any instant. The rate of change of density of fish outside the marine reserve is 
 

dS
o

dt
= rS

o
(1 ! S

o
) + zm(S

m
! S

o
) !Y

   (2) 
 
where Y is the catch rate of fish outside the marine reserve expressed as density (see 
Hannesson 1998 for derivation of this equation). Thus, at equilibrium  
 

dS
o

dt
= 0

 
and 
 

Y = rS
o
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) + zm(S

m
! S

o
)      (3) 

 
The catch rate Y is related to the size of the stocks within and outside the marine reserve, 
the size of the marine reserve, the natural rate of increase and the migration rate of the 
fish. It is important to note that Hannesson’s equation (3) refers to the equilibrium 
conditions when the catch rate is balanced exactly by the other factors in the model. 
iii. Estimation of Tasman Bay-Golden Bay fishery parameters for the Hannesson 
model. 
 Now that we have a model of how the various parameters of the fishery balance 
each other at equilibrium, how can we estimate the parameters that drive equation (3) so 
that we can predict the catch rate Y under different conditions? 
 About 650 of the tagged Pagrus auratus were caught within 10 km of the coast in 
Tasman Bay and Golden Bay, and about 15 were caught beyond this distance in these 
bays. About 30 fish were caught in the Marlborough Sounds. From these data we infer 
that the primary area of the Tasman Bay fishery is in the near-shore area of Tasman Bay 
and Golden Bay, an area of the order of 2,500 km2. Enough fish were caught in the 
Marlborough Sounds for it to be considered part of the fishery. If that is the case then 
the area increases to about 4,400 km2. We take the area of 2500 km2 as the size of the 
effective fishery in the Tasman Bay-Golden Bay region. 
 We derive other parameters from the analyses in FAP2007. We assume that the 
carrying capacity is equal to the assessment of the virgin biomass, 21,000 tonnes; 
expressed as density that is about 8 tonnes/ km2 (21,000 tonnes/2,500 km2). The density 
of the equilibrium stock is about 2 tonnes/ km2, derived from the estimate of the 
equilibrium stock (5,600 tonnes/2,500 km2). The stock density at equilibrium S, 
expressed as a percentage of the carrying capacity, is therefore about 0.25 (2 
tonnes/km2/8 tonnes/ km2). The Maximum Sustainable Yield (MSY) catch rate 
expressed as density, Y, is about 0.02 (500 tonnes/21,000 tonnes). If the stock is truly in 
equilibrium, then the MSY must be a minimum estimate for the growth rate of the 
population of Pagrus auratus because there will be other causes of mortality, and therefore 
r ≥ 0.02. The New Zealand Ministry of Fisheries estimates that the instantaneous rate of 
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natural mortality is 0.06 (FAP2007). This implies that r is of the order of 0.08 or more. 
This is because the rate of natural increase cannot be less than the minimum estimate for 
the growth of the population, i.e. r ≥ 0.02 plus the instantaneous rate of natural mortality 
0.06. If r is less than 0.08, then P. auratus will die out under present equilibrium stock 
assumptions. 
 The rate of fish movement, z, can be estimated from the release and catch 
locations of tagged fish in this experiment. An estimate of the distance travelled per year 
can be derived from the distance between the release and catch locations and the number 
of days at liberty. These values range from almost zero to about 3,500 km/yr. The 
highest values are for fish that were quickly recaptured and are probably not 
representative of long-term movement. Figure 6: Calculated annual rate of movement of tagged 
Pagrus auratus in km/year as a function of days at liberty shows annual movement rate as a 
function of days before recapture for fish that have been at liberty for at least six 
months. 
 

Figure 6. Calculated annual rate of movement of tagged Pagrus auratus in km/year as a function of days at 
liberty. Only fish at liberty for at least six months are shown. 
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 From the data in Figure 6: Calculated annual rate of movement of tagged Pagrus auratus in 
km/year as a function of days at liberty, it is apparent that Pagrus auratus can be highly mobile, 
capable of moving large distances in a short time, although the apparent rate of the 
movement decreases with days at liberty. The range of movement rate for fish at liberty 
for at least six months is between 1 and 285 km/yr, the average is 27 km/yr, and the 
standard deviation is about 39 km/yr. The cumulative distribution of the calculated 
annual rate of fish movement (Figure 7: Cumulative histogram (%) of calculated annual rate of 
movement of tagged Pagrus auratus in km/year) shows a similar relationship, with a relative 
rapid increase in cumulative percentage to about 30 km/yr, past which the rate of 
increase drops. 

 
 The rate of motion in Hannesson’s (1997) equations is an instantaneous rate, 
equivalent to the percentage of population changing location at each instant. If z = 0 
then there is no change in the population distribution, if z = 0.5 then half of the 
population can end up anywhere in the area, and if z = 1 then every unit of the 
population can end up anywhere in the area.  
 The Tasman Bay-Golden Bay Pagrus auratus fishery in this study has an area of 
2,500 km2. This is equivalent to a circle with a radius of about 28 km. On an annual basis, 
this is similar to the typical distance travelled by the tagged fish, implying that z for this 
P. auratus population is close to 1. If we include the Marlborough Sounds, then the area 
of the fishery is equivalent to a circle with a radius of about 37 km, and it is still likely 
that z is close to 1. In our models we consider values in the range 0.25 ≤ z ≤ 1.0. The 
results below show that the implications for reserve size are relatively insensitive to z in 
this range.  
iv. The conservation marine reserve version of the model. 
 Using the parameters discussed in iii. Estimation of Tasman Bay-Golden Bay fishery 
parameters for the Hannesson model above and equation (3), it is possible to consider how 
large a conservation reserve is required to maintain both a virgin ecosystem and, by 
migration out of such a conservation reserve, support for a sustainable Pagrus auratus 
fishery in Tasman Bay-Golden Bay.  
  

Figure 7. Cumulative histogram (%) of calculated annual rate of movement of tagged Pagrus auratus in km/year. 
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 By re-arranging Hannesson’s equation, m can be expressed as the function  
 

! 

m = Y " r(S
o
" S

o

2[ ] / z(Sm " So)[ ]   (4) 
 
As described above, we derived a value of 0.02 for Y from the FAP2007 analysis. A 
conservative value for r includes the effects of fishing and the natural mortality of the 
stable population, i.e. r = 0.08. As discussed above, values of 0.25-1.0 are appropriate for 
z. With these variables fixed it is possible to consider how variations in Sm and S0 affect 
the size of the reserve, m. 
 The size of marine reserve, m, that is required if the population density in the 
reserve is at the carrying capacity or virgin biomass (Sm=1), and if z varies from 0.25 to 1 
is shown in Figure 8: Conservation reserve model showing the area of the reserve (m) necessary to 
maintain a sustainable fishery expressed as a function of population density outside conservation marine 
reserves (So). Unless it is necessary for the population density outside the reserve to be 
relatively high, i.e. S0 > 0.75, then the area of marine reserves necessary to maintain a 
sustainable fishery can be of the order of 5-10% (m = 0.05-0.10) of the total area, 
depending on the value of z. In the case of the Tasman Bay-Golden Bay fishery this 
would require 125-250 km2 of reserves. If the Marlborough Sounds were included in the 
fishery then the area required for marine reserves would be of the order of 220-440 km2. 
What does the analysis shown in Figure 8 imply about current marine reserves for Pagrus 
auratus in the Tasman Bay-Golden Bay region?  
 Currently there is one reserve in Tasman Bay and Golden Bay, the Tonga Island 
reserve, which covers an area of 1,835 Ha (18.35 km2). In terms of Hannesson’s model 
for this reserve, m is therefore of the order of 0.01 and would require values of z close to 

1.0 to function as either a conservation reserve with indirect benefits to the fishery or an  
economic reserve. 
 Alternatively, we can look at how large the catch, Y, can be with the present 
reserve area. Figure 9. Conservation reserve model showing the sustainable catch rate (Y) as a function 
of population density outside conservation marine reserves (So) when Sm=1, the virgin biomass, shows 

Figure 8. Conservation reserve model showing the area of the reserve (m) necessary to maintain a sustainable fishery 
expressed as a function of population density outside conservation marine reserves (So) when Sm=1, i.e. the virgin 
biomass, for different values of migration rate z. 
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how the catch Y varies as a function of So for conservation reserves, given Sm=1.0, 
0.25≤z≤1.0, r=0.08 and m=0.01. For these conditions, Y has a maximum value of 0.021– 
0.025 when So has a value of about 0.45. For the case of the Tasman Bay-Golden Bay 
fishery this equates to a catch of about 440-500 tonnes. 

 
 
 
v. The economic marine reserve version of the model. 
 It is also possible to consider the role of an economic reserve, one in which the 
population density in the reserve is allowed to be less than the virgin biomass, i.e. Sm can 
be less than 1.  
 In Figure 10: Economic reserve model showing the area of reserve (m) necessary to maintain a 
sustainable fishery we assume the same values for the fishery parameters as above, and 

allow both Sm and So to vary. Figure 10 shows the results for moderate to extensive fish 

Figure 9: Conservation reserve model showing the sustainable catch rate (Y) as a function of population density 
outside conservation marine reserves (So) when Sm=1, the virgin biomass. 

 

Figure 10: Economic reserve model showing the area of reserve (m) necessary to maintain a sustainable fishery, 
expressed as a function of population density inside the reserve (Sm) when the population outside the economic marine 
reserve (So) varies from 0 to 0.8. 
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stocks in the reserve, 0.3≤ Sm≤1.0. These results show that unless it is necessary for the 
population density outside the reserve to be relatively high, i.e. S0 > 0.75, then the area of 
marine reserves necessary to maintain a sustainable fishery can be of the order 2-5% of 
the total area. In the case of the Tasman Bay-Golden Bay fishery, this would require a 
reserve of about 50-125 km2, about half of that required for a conservation fishery 
because of the acceptability of a lower value of So.  
 The maximum allowable catch can be estimated for the present reserve area if it 
is considered to be an economic reserve. The analysis in Figure 11: Economic reserve model 
showing the sustainable catch rate (Y) as a function of population density outside the reserve (So) shows 
that in this case, the maximum allowable catch varies from 0.015 to 0.025 (300-500 
tonnes) depending on what population density is acceptable for the economic reserve. In 
the case of Sm=0 the catch is reliant on the rate of growth, r. If there is no overflow from 

the reserve the growth rate alone determines the amount of fish available. 
 It is also possible to estimate whether the population outside the reserve will 
grow, given the parameters described above. Equation (2) describes the rate of change in 

density of fish outside the reserves. If 
dt

dS
o  is greater than 0, then the population outside 

the reserve will increase. Using values for the variables as above (Y = 0.02, r = 0.08, z = 
0.5) for conservation (Sm = 1) and economic reserves (S m= 0.25), then equation 2 shows 
that for both conservation and marine reserves there will be an increase in So for almost 
any reserve size if So is less than Sm (Table 3: Values of dSo/dt for a conservation reserve and 
Table 4:  Values of dSo/dt for an economic reserve). Reducing z to 0.25 increases the size of m 
necessary to increase the population, and increasing z to 1 decreases the size of m 
required. 
 
 
 
 

Figure 11: Economic reserve model showing the sustainable catch rate (Y) as a function of population density 
outside the reserve (So) when the population inside the economic marine reserve (Sm) varies from 0 to 1. 
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Table 3. Values of dSo/dt for a conservation reserve. Values of dSo/dt are shown for differing values of 
So and m, and for which Sm=1.0. Values for other variables are estimates for this fishery (see text). The 
reserve areas m, for which the population outside the reserve will increase are shaded. 
 

 
Table 4: Values of dSo/dt for an economic reserve. Values of dSo/dt for differing values of So and m, 
and for which Sm=0.25. Values for other variables are estimates for this fishery (see text). The reserve 
areas m, for which the population outside the reserve will increase are shaded. 
 

 
 The reserve size is important as the catch becomes larger. Table 5: Values of dSo/dt 
for a conservation reserve etc. and Table 6: Values of dSo/dt for an economic reserve etc., show that 
for a catch Y = 0.2, ten times the present catch (as in Tables 1 and 2, Y = .02), the area 
of reserve must be 2-3 times greater and the rate of recovery is significantly less. For a 
conservation reserve, m needs to be at least 0.3. For an economic reserve with Sm = 0.25 
there is no value of m that results in an increase in population density outside the reserve 
short of closing the entire fishery. 
 
 
 
 
 

      m      

So 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 
0.00 -0.020 0.030 0.080 0.130 0.180 0.230 0.280 0.330 0.380 0.430 0.480 

0.10 -0.013 0.032 0.077 0.122 0.167 0.212 0.257 0.302 0.347 0.392 0.437 

0.20 -0.007 0.033 0.073 0.113 0.153 0.193 0.233 0.273 0.313 0.353 0.393 

0.30 -0.003 0.032 0.067 0.102 0.137 0.172 0.207 0.242 0.277 0.312 0.347 

0.40 -0.001 0.029 0.059 0.089 0.119 0.149 0.179 0.209 0.239 0.269 0.299 

0.50 0.000 0.025 0.050 0.075 0.100 0.125 0.150 0.175 0.200 0.225 0.250 

0.60 -0.001 0.019 0.039 0.059 0.079 0.099 0.119 0.139 0.159 0.179 0.199 

0.70 -0.003 0.012 0.027 0.042 0.057 0.072 0.087 0.102 0.117 0.132 0.147 

0.80 -0.007 0.003 0.013 0.023 0.033 0.043 0.053 0.063 0.073 0.083 0.093 

0.90 -0.013 -0.008 -0.003 0.002 0.007 0.012 0.017 0.022 0.027 0.032 0.037 

1.00 -0.020 -0.020 -0.020 -0.020 -0.020 -0.020 -0.020 -0.020 -0.020 -0.020 -0.020 

      m      
So 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 

0.000 -0.020 -0.008 0.005 0.018 0.030 0.043 0.055 0.068 0.080 0.093 0.105 

0.025 -0.018 -0.007 0.004 0.016 0.027 0.038 0.049 0.061 0.072 0.083 0.094 

0.050 -0.016 -0.006 0.004 0.014 0.024 0.034 0.044 0.054 0.064 0.074 0.084 

0.075 -0.014 -0.006 0.003 0.012 0.021 0.029 0.038 0.047 0.056 0.064 0.073 

0.100 -0.013 -0.005 0.002 0.010 0.017 0.025 0.032 0.040 0.047 0.055 0.062 

0.125 -0.011 -0.005 0.001 0.008 0.014 0.020 0.026 0.033 0.039 0.045 0.051 

0.150 -0.010 -0.005 0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.040 

0.175 -0.008 -0.005 -0.001 0.003 0.007 0.010 0.014 0.018 0.022 0.025 0.029 

0.200 -0.007 -0.005 -0.002 0.000 0.003 0.005 0.008 0.010 0.013 0.015 0.018 

0.225 -0.006 -0.005 -0.004 -0.002 -0.001 0.000 0.001 0.003 0.004 0.005 0.006 

0.250 -0.005 -0.005 -0.005 -0.005 -0.005 -0.005 -0.005 -0005 -0.005 -0.005 -0.005 
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Table 5: Values of dSo/dt for a conservation reserve for differing values of So and m, and for which 
Sm=1.0, and catch, Y, is assumed to have increased to 0.2. Values for other variables are 
estimates for this fishery (see text). The reserve areas m, for which the population outside 
the reserve will increase are shaded. 
 

 
Table 6: Values of dSo/dt for an economic reserve for differing values of So and m, and for which 
Sm=0.25, and catch, Y, is assumed to have increased to 0.2. Values for other variables are 
estimates for this fishery (see text). The reserve areas m, for which the population outside 
the reserve will increase are shaded. 
      m      

So 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 
0.000 -0.100 -0.088 -0.075 -0.063 -0.050 -0.038 -0.025 -0.013 0.000 0.013 0.025 

0.025 -0.098 -0.086 -0.075 -0.064 -0.053 -0.041 -0.030 -0.019 -0.008 0.004 0.015 

0.050 -0.095 -0.085 -0.075 -0.065 -0.055 -0.045 -0.035 -0.025 -0.015 -0.005 0.005 

0.075 -0.093 -0.084 -0.076 -0.067 -0.058 -0.049 -0.041 -0.032 -0.023 -0.014 -0.006 

0.100 -0.091 -0.084 -0.076 -0.069 -0.061 -0.054 -0.046 -0.039 -0.031 -0.024 -0.016 

0.125 -0.089 -0.083 -0.077 -0.070 -0.064 -0.058 -0.052 -0.045 -0.039 -0.033 -0.027 

0.150 -0.087 -0.082 -0.077 -0.072 -0.067 -0.062 -0.057 -0.052 -0.047 -0.042 -0.037 

0.175 -0.086 -0.082 -0.078 -0.074 -0.071 -0.067 -0.063 -0.059 -0.056 -0.052 -0.048 

0.200 -0.084 -0.082 -0.079 -0.077 -0.074 -0.072 -0.069 -0.067 -0.064 -0.062 -0.059 

0.225 -0.083 -0.081 -0.080 -0.079 -0.078 -0.076 -0.075 -0.074 -0.073 -0.071 -0.070 

0.250 -0.081 -0.081 -0.081 -0.081 -0.081 -0.081 -0.081 -0.081 -0.081 -0.081 -0.081 

 
vi. How long will it take for the marine reserves to reach the equilibrium point? 
 Hannesson’s (1998) model allows us to ask the obvious question of how long it 
would take to reach the equilibrium point to which the Hannesson equations apply?  
 Equation (2) can be integrated by separation of variables so that 
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 Following integration and re-arrangement, equation (4) reduces to 
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 Equation (6) provides values for t, the time in years to reach equilibrium, as a 
function of So for different values of r, z, m and Sm. 
 For the existing Tonga Island marine reserve, one can set the values z = 0.08, m 
= 0.01, Y = 0 .02 and Sm = 1 (the standard conditions as in Table 5: Values of dSo/dt for a 
conservation reserve for differing values of So etc). The key unknown variable is r, the natural rate 

      m      

So 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 
0.00 -0.100 -0.050 0.000 0.050 0.100 0.150 0.200 0.250 0.300 0.350 0.400 

0.10 -0.091 -0.046 -0.001 0.044 0.089 0.134 0.179 0.224 0.269 0.314 0.359 

0.20 -0.084 -0.044 -0.004 0.036 0.076 0.116 0.156 0.196 0.236 0.276 0.316 

0.30 -0.079 -0.044 -0.009 0.026 0.061 0.096 0.131 0.166 0.201 0.236 0.271 

0.40 -0.076 -0.046 -0.016 0.014 0.044 0.074 0.104 0.134 0.164 0.194 0.224 

0.50 -0.075 -0.050 -0.025 0.000 0.025 0.050 0.075 0.100 0.125 0.150 0.175 

0.60 -0.076 -0.056 -0.036 -0.016 0.004 0.024 0.044 0.064 0.084 0.104 0.124 

0.70 -0.079 -0.064 -0.049 -0.034 -0.019 -0.004 0.011 0.026 0.041 0.056 0.071 

0.80 -0.084 -0.074 -0.064 -0.054 -0.044 -0.034 -0.024 -0.014 -0.004 0.006 0.016 

0.90 -0.091 -0.086 -0.081 -0.076 -0.071 -0.066 -0.061 -0.056 -0.051 -0.046 -0.041 

1.00 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 -0.100 
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of increase. The two tables of tequil versus So in Table 7: Time, tequil, to equilibrium for changing 
values of So show that if r = 0.08 (the conventional value for r), then the time to  
 
Table 7: Time, tequil, to equilibrium for changing values of So and r with z, m, Sm and Y  either constant 
or changing for Pagrus auratus in the Tasman Bay-Golden Bay region. 
(a) Conservation marine reserve conditions (Sm = 1) at the Tonga Island Marine Reserve 

r z m Sm Y tequil So 
0.08 0.8 0.01 1 0.02 500 0.5 
0.15 0.8 0.01 1 0.02 87 0.55 
0.2 0.8 0.01 1 0.02 53 0.6 
0.3 0.8 0.01 1 0.02 30 0.6 

(b) Economic reserve conditions, Sm = 0.5, r = 0.15, z = 0.8, So = 0.5, Y = 0.02 and m variable 
r z m Sm Y tequil So 

0.15 0.8 0.01 0.5 0.02 108 0.55 
0.15 0.8 0.05 0.5 0.02 114 0.5 
0.15 0.8 0.1 0.5 0.02 104 0.4 
0.15 0.8 0.2 0.5 0.02 78 0.4 
0.15 0.8 0.3 0.5 0.02 56 0.3 
0.15 0.8 0.7 0.5 0.02 27 0.3 
0.3 0.8 0.7 0.5 0.02 21 0.3 
0.4 0.8 0.7 0.5 0.02 18 0.35 

 
equilibrium will be 500 years at which time the ratio So/Sm will be 0.05. This is the 
situation for even a modest 440-500 tonnes stock rebuilding caused by the Tonga Island 
marine reserve which would be assumed to be at maximum carrying capacity, Sm =  1. It 
should be no surprise that the Tonga Island marine reserve should lead to such a slow 
stock rebuilding period. The conventional value of r = 0.08 is very low, implying a very 
slow rebuilding process. The value of r is largely determined by M, the mortality rate. 
Mortality rate M is indirectly estimated from the ogive (the downward right hand slope) 
of the estimated age frequency curve. Age estimates for Pagrus auratus are, however, a 
mess of politically dictated conventions supported by lots of arbitrary measurements, 
out-right data manipulation and very little experimental science (Gauldie, 2000). 
 The calculations in Table 7: Time, tequil, to equilibrium for changing values of So show that 
r has to be much higher, at least r = 0.3, for the Tonga Island marine reserve to show a 
beneficial commercial effect in even 30 years, all else being equal. It appears that reserves 
that are as small a fraction of the stock habitat as the Tonga Island marine reserve are of 
little practical value as commercial marine reserves. As conservation marine reserves, 
their value is equally dubious; at least until we have some real biological data on the 
stability of local populations of Pagrus auratus. 
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SECTION 3: IMPLEMENTATION AND MANAGEMENT OF A 
MARINE RESERVE FOR PAGRUS AURATUS  IN THE 
TASMAN BAY-GOLDEN BAY REGION. 
(i) Does the Hannesson model meet our objectives? 
(a) Are the outcomes of the marine reserves model biologically realistic? 
 Firstly, let us examine the outcomes of the Hannesson model under the 
assumption that all the model parameters are biologically reasonable. 
 Most of the tagged Pagrus auratus stayed within the Tasman Bay-Golden Bay 
fishery. Returns of tagged fish from the Marlborough Sounds and the West Coast, South 
Island were undoubtedly underestimates of the extent of the migration of tagged fish 
into those areas because of the lower commercial fishing effort. Nonetheless, the high 
proportion of the total number of tagged fish recaptured in the Tasman Bay-Golden Bay 
fishery (Gauldie, 2000) confirms the overall retention of P. auratus within the Tasman 
Bay-Golden Bay area. Genetic evidence from Bernal-Ramirez et al. (2004) confirms the 
apparent isolation of the Tasman Bay-Golden Bay population of P. auratus from other 
populations in New Zealand waters. Therefore, conclusions about the effects of marine 
reserves based on the migratory patterns of tagged P. auratus are likely to be valid. 
 The median distance travelled by tagged Pagrus auratus between release and 
recapture was 13.75 km, and approximately 75% of the tagged fish were recaptured 
within 25 km of the point of release. The implication of this level of movement is that 
while P. auratus is not a territorial or sedentary fish, its ability to swim long distances is 
generally confined within the Tasman Bay-Golden Bay area. The pattern of movement 
over time at liberty showed a tendency for a slight increase in mobility at yearly intervals 
corresponding to the time of spawning. This pattern of movement may indicate that 
there are specific spawning grounds to which P. auratus migrates at certain times of the 
year. Cyclical movement between spawning and adult feeding grounds will increase the 
migration rate and change the predictions of Hannesson’s (1998) model. The effect of 
spawning ground migrations would make z a function of t. This would require a different 
solution than the integral in equation (6). We do not have sufficient data to describe the 
function z = f(t), but we can guess from other integrals of this type of implicit equation 
that the solution of z for t would not necessarily be periodic.  
 The model results are relatively insensitive to z except at high and low values of 
S0, a desirable feature because z is difficult to measure because of the cost of tag recovery 
experiments, as well as the likely adverse effects of tagging on the health of the fish. In 
Figure 7: Conservation reserve model showing the area of the reserve (m) necessary to maintain a 
sustainable fishery expressed as a function of population density outside conservation marine reserves (So), 
reserve size m is inversely proportional to z. The term in the equation with z includes the 
factor (1- S0)

-1, amplifying the effect of small changes in the population density outside 
the reserve (S0) as it approaches the virgin biomass. In Figure 8: Conservation reserve model 
showing the sustainable catch rate (Y) as a function of population density outside conservation marine 
reserves (So) when Sm=1, the virgin biomass, catch Y is linearly proportional to z. The quadratic 
equation amplifies the effect of z when S0 is small, and as expected the catch approaches 
zero as S0 approaches the virgin biomass. 
 In consideration of conservation marine reserves, given the biological properties 
implied by current management strategy for Pagrus auratus in the Tasman Bay-Golden 
Bay fishery (r = 0.08, z ≥ 0.25), it is unlikely that a sustainable fishery will be achieved by 
maintaining both the present area of marine reserves and the desired catch rate. The time 
to equilibrium for either conservation or economic marine reserve conditions is in the 
range 18-500 years depending largely on the value of r, but with differing expectations 
for the other parameters in equation (5). Smith et al. (2006) also found that small areas of 
reserves relative to the extent of the fishery were either ineffective, or slow to take effect. 
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 If the population density within the conservation marine reserve is equal to the 
carrying capacity or virgin biomass, and if it is acceptable for the population density 
outside the reserve to be quite low, then it is possible to maintain the predicted 
sustainable catch (Y = 0.02) with a relatively small conservation marine reserve area m of 
the order of 0.05-0.10, or 125-250 km2 (Figure 8. Conservation reserve model showing the 
sustainable catch rate (Y) as a function of population density outside conservation marine reserves (So) 
when Sm= 1, the virgin biomass). This is more than six times the present conservation marine 
reserve area. If the population density within the conservation marine reserve is 
significantly less than the carrying capacity or virgin biomass (i.e., Sm ≈ 0.1, indicating 
that the population is rebuilding), then the required area of a conservation marine reserve 
to maintain the desired catch rate is of the order of 500 km2, more than 25 times the 
present conservation marine reserve area. But this means that the fishery will rebuild very 
slowly over hundreds of years. One of the key assumptions in our argument is that the 
effect of closure will be to rebuild the closed area towards its original carrying capacity 
and virgin biomass. The review of marine reserves in Commentary III generally confirms 
our assumption for littoral and reef fishes that we take to apply to Pagrus auratus in the 
Tasman Bay-Golden Bay region. In their study of the effect of area closures on Georges 
Bank, Link et al. (2005) showed that both diversity and fish size increased inside the 
reserve areas; support for our assumption that rebuilding to the original carrying capacity 
is likely after closure. In addition, Abesamis and Russ (2005) showed that density-
dependent spillover from marine reserves occurred, direct experimental support for a key 
assumption of our model. 
 An economic marine reserve based on elements of Hannesson’s (1998) model 
offers a much more promising scenario. If the population density within the economic 
marine reserve (Sm) is greater than about 0.3, and if it is acceptable for the population 
density outside the reserve to be less than about 0.75, then it is possible to maintain the 
predicted sustainable catch (Y = 0.02) with an economic marine reserve area m of the 
order of 0.02-0.05, or 50-125 km2 (Figure 9: Economic reserve model showing the area of reserve 
(m) necessary to maintain a sustainable fishery etc.). This is  about half the area required for 
conservation marine reserves. An economic marine reserve of this size is an attractive 
option because as Figure 9 shows, the solution is relatively insensitive to the population 
densities as long as they are in the broad ranges described above. 
(b) Are the outcomes of the marine reserve model biologically unrealistic?  
 Now, let us consider a second point of view that the biological parameters that 
we have used in the model are not biologically realistic. In particular, we are concerned 
that the value of the key parameter, the natural rate of increase r = 0.08 may not be a 
biologically realistic estimate. The estimate of r = 0.08 is based on the mortality rate of 
0.06 taken from the Ministry of Fisheries estimates, plus the growth rate estimate of r ≥ 
0.02 inferred from the equilibrium conditions assumed for MSY calculations. 
 Mortality rates of Pagrus auratus are poorly known from any direct estimates. 
Mortality rates are usually estimated from the slope of the ogive of the age frequency 
curve. Age estimates of P. auratus have fluctuated from a maximum of nearly 20 years up 
to 100+ years. Unfortunately, the evidence for old age in P. auratus is based on simplistic 
assumptions that make neither biological not scientific sense, but are essential to 
continued fisheries management modelling in the context of the MSY conditions that are 
mandatory for fisheries management in New Zealand. It is noteworthy that when the 
abundance of P. auratus was considered assured, then, at that time, a maximum age of 20 
years was considered biologically reasonable. It was only when the abundance of P. 
auratus went into a decline that it was considered necessary to steadily increase estimated 
age to match the steady decrease in stock abundance. This kind of fungibility of 
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estimated age does, by itself, make one dubious of the age, and therefore the mortality 
rates, assigned to P. auratus. 
 What, then, is the likely true mortality rate and the consequent likely true value of 
r, the natural rate of increase? We can draw some conclusions for the tagging study 
reported in Gauldie (2000) in which mortality rates were of the order 0.159, double the 
rate described from the Ministry of Fisheries estimates. The mortality rates from Gauldie 
(2000) are a direct experimental result, not an estimate from another fungible estimated 
of age. Higher values of r lead to higher catch rates Y for fixed value of m (the marine 
reserve area). Conversely, if catch rate Y is fixed, then m, the marine reserve area, can be 
reduced to a smaller value if r is increased. In addition, higher values of r lead to shorter 
times to equilibrium. Unfortunately, Gauldie (2000) also reported significant tagging 
damage to fish; enough damage to seriously discourage further experiments with loop 
tags. Tagging damage may have contributed to higher mortality rates. 
 A more serious problem is raised by the observations that mortality rates can 
change even after short periods of marine reserve closure. This is an hitherto unexpected 
effect of marine reserves on reef and littoral species of both fish and invertebrates that 
individuals increase in relative size while at the same time depressing recruitment into the 
larger size niches. This kind of k-selection is well known in New Zealand trout reserves 
when no-take conditions (e.g. WWII in New Zealand) resulted in small numbers of large 
fish and large numbers of small fish. If this effect is common to marine reserves, then 
mortalities in the larger fish spawning stock may drop considerably and a rather more 
complex recruitment than simple spillover, or out-migration of mature fish, may be 
required to model the effect of marine reserves. 
 Hannesson’s model has some mathematical properties that are independent of 
the biological properties implied by the various parameters of the model. The logistic 
growth model that Hannesson used to drive the basic shape of his model is reasonably 
neutral from a biological perspective. Almost any kind of fish growth pattern (individual 
or population) can be fitted to a logistic growth model. But the logistic growth model 
does have one basic property that requires attention from the biologist. The implication 
of the logistic growth model (and most other growth models) is that whatever causes 
drive the growth of the population in the logistic form have the property of being 
uniformly well-behaved over the full range of values assumed by the population. One 
way to explain this property is by analogy with the well-known Hooke’s Law. Hooke’s 
Law describes the reaction of a material (a spring, for example) to being stretched or 
compressed. We know from common experience that some materials can be stretched 
for a considerable distance and will still spring back to their original dimensions. But 
under excess strain this property deteriorates and the material will no longer re-assume 
the dimensions (strain) that it previously assumed at lower stress levels. This kind of 
fundamental property of materials is the sort of information that we would like to have 
for the Tasman Bay-Golden Bay population of Pagrus auratus. For example, if the logistic 
growth of the population is stopped by fishing pressure at some low population level, 
will the logistic growth processes still continue as before fishing when fishing pressure 
ceases or decreases? 
 In the Hannesson model the value of r, the natural rate of increase is treated as if 
it were a constant. This assumes that that the system to which r applies will be always 
uniformly well behaved over the range of value of population numbers of interest for 
Pagrus auratus in the Tasman Bay-Golden Bay region. Unfortunately, the only direct 
experimental evidence we have for r is from Gauldie (2000); results that are clouded by 
tagging damage. Other observations of r in fish populations have shown that r is 
sensitive to closure of marine reserves. These observations mean that we need to treat 
the outcomes of the Hannesson model with caution, i.e. careful monitoring of r is 
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needed if we are to continue to expect the predictions of Hannesson’s model to match 
observations. 
 With some knowledge of the likely benefits and the likely flaws of the Hannesson 
model, we can now address the question of how to implement the model as part of a 
little-p, commonsense, marine reserves strategy for the Pagrus auratus fishery in the 
Tasman Bay-Golden Bay region. 
(ii) How do we go about applying the Hannesson model to the fishery for Pagrus 
auratus  in the Tasman Bay-Golden Bay region? 
 Firstly, we opt for a substantial marine reserve area.  Referring to the data from 
the tables, we chose a marine reserve regime based on Y = 0.05. Sm = 0.8, m = 0.4, z = 
0.8, r = 0.159. This set of parameters looks forward to a higher fishing rate (Y = 0.05 
versus Y = 0.02) in the context of large area of marine reserve occupying 40% of the 
present fishing grounds for Pagrus auratus in the Tasman Bay-Golden Bay region. The 
modelled marine reserve has a reasonable time to equilibrium of 12 years. 
 The first problem with this approach is the sheer size of the marine reserve. A 
reserve of this size produces problems of both a political and a practical nature. At the 
political level, a closure of this magnitude will make most of us nervous if it is 
implemented by legislation and managed by government. If such a legislated reserve did 
not work, either because of management failure, or flawed modelling, then restoration to 
the present fishery would be very difficult. Given the present management failures 
coupled with the failures of predictive models, then a legislated marine reserve has a high 
probability of being merely a stalking horse for a marine national park. In terms of 
practical problems, historical fish grounds are based on fish behaviour as much as the 
economics of commercial fishing practice. There is no advantage in creating a 
commercial marine reserve that closes the fishing grounds and brings commercial fishing 
to a halt. 
 The way out of this double dilemma of politics and fishing practice may be for 
the quota holders for Pagrus auratus in the Tasman Bay-Golden Bay region to petition 
government for the right to impose a closure that is subject to a successful outcome. The 
quota holders would then manage the fishery in the context of the large marine reserve. 
The costs of management could be met in two ways. The first way is for the quota 
holders to meet the costs of management against the no-cost addition to their current 
quotas of any increases in catch rate when and if they occur. The second way if for the 
government to retain rights to any future increase in distributable quota for Pagrus auratus 
in the Tasman Bay-Golden Bay region and to finance the quota holders management 
costs against recovery of those costs against future sales of quota rights based on higher 
catch rates. 
 The second problem is the model itself. The devil in the details is the value of r, 
the natural rate of increase of Pagrus auratus in the Tasman Bay-Golden Bay region. The 
low value of r = 0.08 derived from FAP2007 reflects the official view of slow growth and 
extreme old age for P. auratus. The low value of r = 0.08 has obvious advantages in 
providing an a posteriori excuse for the failure of previous management strategies. But it 
has the equally obvious disadvantage of requiring a very long time for the fishery for P. 
auratus to recover its former levels of abundance. In effect, the low value of r = 0.08 
means that fisheries management measures based upon it, including marine reserves and 
Maitaitai, are all pretty much useless exercises aimed at meeting the public’s demand for 
action rather than serious management initiatives. If the rate of natural increase of P. 
auratus was really as low as r = 0.08, then the most likely option for stocks of P. auratus 
would be extinction. Fortunately, as anyone who reads Fishing News could likely guess, 
the direct evidence from fishermen contradicts the idea that r = 0.08. Far too many large 
P. auratus (2.5-7.5 Kg) are caught by recreational fishermen for r  to be so low. If it really 
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were that low, then the 2.5-7.5 kg specimens of P. auratus would be a thing of the past. It 
makes much more sense from a biological perspective that the maximum age is probably 
about 25 years, and that under ideal conditions r is much greater than 0.08. 
 The Tasman Bay-Golden Bay regional environment is far from “ideal 
conditions”; but just how far from “ideal conditions” is guesswork in our present state of 
knowledge. Forestry, farming, flood control, urbanisation and industrial development 
have all combined to create a wide-spread patchwork of degraded environments in the 
Tasman Bay-Golden Bay region, most of which are in the shore-to-50m depth zone that 
is the preferred habitat for Pagrus auratus. No marine reserve, no matter how big, can by 
itself turn back the effects of the forestry, farming, flood control, urbanisation and 
industrial development upon which the wealth, health and general well-being of the 
people of the Tasman Bay-Golden Bay region depends. This is because such degradation 
will continue at the same, or greater rate, whether marine reserves are in place or not. 
Clearly, we cannot estimate r, the natural rate of increase, from mortality rate and MSY 
conditions, or even direct experiment, if the ecosystem is being continuously degraded by 
runoff and other pollution created by the factors that drive the economy of the Tasman 
Bay-Golden Bay region. 
 What can be done about halting, or even reversing, environmental degradation? 
Environment engineering comes down to balancing costs against benefits. All of the 
environmental damage could be reversed if enough money was spent. But it is the dollar 
value of the benefits of restored environment that determines how much money can be 
spent in practice. Before we can start considering what role, if any, environmental 
restoration might have in the context of a marine reserve strategy for the Tasman Bay-
Golden Bay region, we should make an educated guess as to how much money might be 
available for both strategy management and environment restoration if the marine 
reserve strategy were to be successfully implemented. This is a form of counting chickens 
before the eggs are even laid, let alone hatched, but it is important to have some figures 
in mind to bring some reality to bear on a future fisheries management strategy for the 
Tasman Bay-Golden Bay region. 
 Our version of the Hannesson model predicts that over ten years the fishery for 
Pagrus auratus in the Tasman Bay-Golden Bay region will increase by 200 tonnes. At 
present lease cost of quota for Pagrus auratus is about $2:50 per kilogram green weight, 
therefore 200 tonnes is worth $500,000 per annum in added income produced by 
increased quota. We assume that the figure of $2:50 per kilogram green weight is the 
effective economic rent for quota. Assuming a valid commercial return on investment to 
be of the order of 10%, the capital value of quota would be $25 per kilogram green 
weight. Given a constant rate of increase in catch over the ten-year period, the total 
increase in quota lease income over ten years would be $2,500,000, if the model were 
correct. This is the total sum that can be prudently set against the total costs of managing 
the marine reserve strategy plus the simultaneous costs of offsetting environmental 
damage. 
 Another source of increased value in a restored fishery of any kind is the 
scientific value of the kinds of studies involved in both offsetting environmental 
degradation and understanding the effects of marine reserve in general. The problems of 
Pagrus auratus in the Tasman Bay-Golden Bay fishery are a microcosm of the same, or 
similar, problems for P. auratus and other inshore fish species throughout New Zealand. 
The scientific value of the biological data needed to understand both the true value of r, 
the rate of natural increase, that drives both the model and the strategy for environment 
restoration must be at least as great as the ten-year cumulative economic rent of the 
restored fishery, i.e. $2,500,000. Thus, the total available revenue for the marine reserve 
strategy, and the environment restoration strategy, for P. auratus in the Tasman Bay-
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Golden Bay region should be $5 million spent over a ten-year period. As we deal in more 
detail with the implementation of the marine reserve strategy for Pagrus auratus in the 
Tasman Bay-Golden Bay region, it will be in the context of having about $500,000 per 
year to spend. 
 Returning to the question of what can be done about environment degradation, it 
is obvious that the first step should be to map the fishing grounds of Pagrus auratus in the 
Tasman Bay-Golden Bay region to establish the faunal, physical and chemical 
characteristics of the existing environment that supports the existing populations of P. 
auratus. The second step is to examine the gut content of as many P. auratus as is 
practicable to establish what use P. auratus makes use of the resources within its existing 
environment. With gut content comes the concomitant measures of length, weight and 
sex from which condition indices may be derived. Unfortunately, no information of this 
type has been collected for P. auratus in the Tasman Bay-Golden Bay region.  
(iii) The mechanics of the little-p precautionary principle approach to the fishery 
for Pagrus auratus  in the Tasman Bay-Golden Bay region 
 Returning to our little-p precautionary approach, we have covered the two basic 
steps that we outlined for the little–p approach to a fisheries management strategy for 
Pagrus auratus based on marine reserves in the Tasman Bay-Golden Bay region. These are: 
Step 1: Put in place a fail-safe procedure 
 The predictions of the Hannesson model imply that the nearest that we can 
approach to a proper (although as yet unknown) fail-safe procedure is to put in place a 
large marine reserve. Such a marine reserve would require full consultation among the 
quota holders to develop a distribution of marine reserve area, or areas, that give both 
the fish and the fishermen the best chance of success.  
Step 2: Collect the data needed for a long-term management strategy based on the biological properties of 
Pagrus auratus in the Tasman Bay-Golden Bay region 
 Here, we collect a rare bonus: the same biological data for Pagrus auratus is needed 
for both the marine reserve fisheries management strategy, and the environmental 
restoration strategy. Thus, we collect a rare two for the price of one. 
 Firstly, we need to start right at the bottom of the system, so to speak, by 
benchmarking the existing environment and diet of Pagrus auratus. What long-term 
actions that come next, both in terms of the long term fisheries strategy and long-term 
habitat restoration, will depend on the results of the environment and gut content-fish 
condition survey. 
 Secondly, we need to examine the much more difficult to measure variable, 
biomass. The expectation of any fisheries management policy, whether it is commercial, 
conservation or Mataitai is that biomass will increase. How is an increase in biomass 
measured? 
 When a farmer wants to measure biomass he can count and/or weigh his sheep 
and cattle. The equivalent process of locating and weighing for a fish quota holder is 
much harder to carry out. Short of removing the entire stock in one sample, it may not 
be possible to measure biomass with sufficient accuracy to be able to detect changes in 
biomass over periods of less than ten years, given the most reliable biomass 
measurement method used to date, trawl surveys (Ratiken & Edwards, 2003).  
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SECTION 4: A BUSINESS PLAN FOR IMPLEMENTING A 
MARINE RESERVE IN THE TASMAN BAY-GOLDEN BAY 
REGIONAL FISHERY FOR PAGRUS AURATUS.  
 
SECTION 4 A: The Fundamentals of the Business Plan. 
1. Is there really any opportunity for a profitable fisheries management strategy in 
the Tasman Bay-Golden Bay fishery for Pagrus auratus? 
 The fishery for Pagrus auratus in the Tasman Bay-Golden Bay region has steadily 
declined in abundance since 1974. Consequently, the earning capacity of the P. auratus 
fishery in 2007 dollar value based on quota lease-value of $2.50 per kilo has dropped 
from a maximum of $4,250,000 per annum to the present minimum of $750,000 per 
annum. Two kinds of opportunities are created by this decline. Firstly, as we argue in the 
text of SECTIONS 1-3, the persistent decline indicates that current fisheries 
management strategies and not functioning effectively. Secondly, the difference in 
historical minimum and maximum catch indicates that there is considerable potential for 
creating increased value in this fishery if it is possible to even partially reverse the decline 
in abundance by using more effective fisheries management strategies. If the marine 
reserve model that we propose is correct in its predictions of increased abundance of P. 
auratus in the Tasman Bay-Golden Bay region, then the size of the added value is of the 
order of $5,000,000 in increased lease value earnings over a period of ten years of 
improved abundance. 
2. How can the implementation of a marine reserve fisheries management 
strategy in the Tasman Bay-Golden Bay fishery for Pagrus auratus  pay for itself as 
a business? 
 Quota for Pagrus auratus in the Tasman Bay-Golden Bay fishery has a negotiable 
market value: approximately $2.50 per kilo lease value to active fishermen. It has long 
been implied by government fisheries management policy that the government’s role as 
the nation’s fisheries manager has been to protect the value of the quota, and to build 
upon that value whenever possible. But, so far, the implied policy has failed in every 
fishery to which it has been applied. Our approach is to tackle the issue of value head-on 
by proposing a management system in which cost recovery is not by enforced “rental” of 
what is already the fishermen’s property, the quota, but by investment in the 
management of the fishery to increase the total value of the fishery so that management 
costs can be paid out of increased value. 
3. Market value implies a market place: what is the market place for our fisheries 
management plan? 
 The quota holders for Pagrus auratus in the Tasman Bay-Golden Bay region are 
the most obvious clients to whom we need to sell our new management strategy. The “ 
market-place” for the P. auratus fishery is, however, made a great deal more complex by 
the various groups who identify themselves as “stakeholders” in the Tasman Bay-Golden 
Bay fishery for P. auratus. In the general sense of the word stakeholder is usually reserved 
for people who have money (stakes) invested in the business. But “stakeholder” in New 
Zealand has come to mean anyone person or group that has influence with the 
government in power. We assume that our market is with true stakeholders, and that the 
benefits of our plan to the monetary stakeholders will also match the desired outcomes 
of the many interested party “stakeholders” who deo not actually have any direct or 
indirect financial interest in the abundance of P. auratus in the Tasman Bay-Golden Bay 
region. The monetary stakeholders include the following groups: the quota holders, the 
fish processors, the various commercial businesses in the region that rely in part on the 
income generated by the landings of P. auratus, local and national government agencies 
for whom the landings of P. auratus are part of their tax-base. There is, of course, nothing 
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to prevent any other groups from buying small amounts of quota for P. auratus and by 
virtue of their investment becoming genuine stakeholders in the fishery for P. auratus in 
the Tasman Bay-Golden Bay region. 
 The current size of the stakeholder market is a quota-lease value of about 
$750,000 per year representing a capital value of about ten times that amount (assuming 
that commercial earnings prior to tax are about 10% on capital. The predictions of the 
model that we use in the marine reserve strategy for the Pagrus auratus fishery in the 
Tasman Bay-Golden Bay region are that we can add value in terms of increased 
abundance of P. auratus to the value of about $250,000 per annum over a ten year period; 
about a 30% increase in the earning capacity of the fishery for P. auratus. 
 The problems faced by the fishery for Pagrus auratus in the Tasman Bay-Golden 
Bay fishery are shared to a greater or lesser degree by every inshore fishery in New 
Zealand. The common stakeholder of interest in all those other fisheries is the New 
Zealand national government. We think that their interest in a successful inshore 
fisheries management strategy is great enough to warrant a dollar for dollar matching of 
the increased value of quota in the Tasman Bay-Golden Bay fishery for P. auratus that we 
believe should be the basis for funding the implementation of our marine reserves based 
fisheries management strategy. 
4. Is there enough expertise available in the Tasman Bay-Golden Bay region to 
carry out the marine reserve strategy? 
 A significant part of the economics of the Tasman Bay-Golden Bay region is 
built around a small boat fishing industry and tourism related to the recreational use of 
the Tasman Bay-Golden Bay region and the Marlborough Sounds. The nature of the 
small boat/marine recreational industry generates a great deal of the expertise in fish 
handling, diving, water/fish/ bottom sampling and analysis that is necessary part of the 
implementation of the proposed marine reserve strategy. We are confident that the 
manpower and expertise resources are available in the Tasman Bay-Golden Bay region. 
5. A Marketing Plan for the marine reserve strategy. 
 Our primary constituency are the quota holders for Pagrus auratus in the Tasman 
Bay-Golden Bay regional fishery. Our secondary constituency are the stakeholders who 
draw direct economic benefits from the value of the landed catch of P. auratus. Our 
tertiary constituency are local and national government as well as the many self professed 
“stakeholder” groups who claim a notional interest in the management of the fishery.  
If we cannot convince our primary constituency, then we do not believe that the marine 
reserves strategy can be successfully implemented. We believe that the goal of increasing 
value to the quota holders provides the energy needed to drive any solution to the 
difficult problem of successful fisheries management. The all care and no fiscal 
responsibility approach taken thus far by the secondary and tertiary constituencies of the 
Tasman Bay-Golden Bay fishery for P. auratus has not helped to rebuild the fishery. 
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Commentary I: “ ’Tis so! ’Tis not!” A political impasse on the need 
for more research into New Zealand fishes. 
 Fisheries opinions are usually driven by consensus. Here are quotes from two 
political parties within the same coalition government that clearly have divergent views 
on the effectiveness of current management strategies for New Zealand’s marine fishes. 
Firstly, the view from the Green Party: 
 Fish in the sea could soon just be a memory. 
 NEW ZEALAND - The fisheries Quota Management System has been a failure and the 
 20th anniversary of its introduction should not be a time of celebration, says the Green Party.  
 "Since the introduction of the QMS New Zealand's fish stocks have declined to a point where 
 some have already collapsed and others are on the verge," Fisheries Spokesperson Metiria Turei 
 says. 
 "This system has major flaws. For example it is completely dependent on good research about 
 the health of the fish stocks. But for 80 percent of the landings, no one knows whether the fish 
 stock is healthy enough for a sustainable harvest or not. Continuing to allow quota to be taken 
 out of the sea, with so little information is entirely irresponsible. 
 Another flaw is that the cost of research on fish stock health is recovered from the industry. The 
 industry doesn't want to fund research that might tell them they have to cut back on their total 
 allowable catch, because the stocks are depleted. 
 "Part of the problem is that the QMS is seen as an absolute property right with very few 
 controls. As a result we have a few very powerful fishing interests who dominate the industry 
 and who fight against every step towards sustainability. 
 "That attitude is evidenced by their opposition to the Fisheries Amendment Bill, which will 
 make clear the Minister's power to make decisions in favour of sustainability when the 
 information is unclear or uncertain. 
 "The long term health of the fishing industry is absolutely dependent on the QMS being subject 
 to sustainability measures. Otherwise a few will profit from the short-term exploitation of this 
 critical resource. 
 "The QMS is only one tool for the sustainable management of the collective resource that is our 
 New Zealand fisheries. It has been wrongly elevated to the primary and almost exclusive tool. 
 Other measures are necessary to manage the fish stocks. 
 "We have already severely depleted Orange Roughy stocks and Hoki numbers are rapidly 
 declining. If we continue to behave in this way there will be no more fish  in the sea let alone on 
 our plates."  
(SOURCE: TheFishSite News Desk) 
 
Secondly, the official view from the Government: 
 New Zealand's Fisheries Minister Jim Anderton last night paid tribute to those involved with 
 the establishment of the Quota Management System (QMS). "The quota system was not 
 universally popular when it was introduced, but now that twenty years have tested it, we can 
 measure its success: Export revenue from fishing has increased seven fold over the last twenty 
 years. We have an internationally competitive industry with no subsidies."  
 He was speaking at a dinner celebrating the 20th anniversary of the introduction of the QMS. 
 "When the first Polynesian settlers arrived in New Zealand there was no problem. Fish were 
 abundant, there weren't all that many people to eat them and fishing was hard. Even in the 
 early twentieth century, tiny fishing boats would chug out from coastal ports," Jim Anderton 
 said.  
 By the early 1980s, however, many inshore fisheries, such as snapper on the east coast, were in 
 serious trouble. "We reached a turning point – our fisheries had limits and we’d reached them. 
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 We have known about the problem of over-exploitation of open resources at least since Aristotle, 
 who said "That which is common to the greatest number has the least care bestowed upon it".  
 Jim Anderton noted that New Zealand was not the first country to introduce the idea of a 
 QMS, but it was the first to apply it to an entire fishery. "Introducing a regulated market at 
 that time was all the more radical because it was a time when regulation was not fashionable in 
 New Zealand when open slather was the approach to just about everything else."  
 He acknowledged that current times are not the easiest for fishing. "But imagine if the pressure 
 was compounded by collapsing fish stocks? The QMS has helped to preserve our fisheries 
 resource. It is an example of a truly sustainable way to run an economy." 
(SOURCE: <http://www.scoop.co.nz/stories/PA0705/S00639.htm>New Zealand Government) 
 It is interesting to compare the two different views. 
 The Green Party see the fishing industry as the villain who “…doesn’t want to fund 
research that might tell them that they have to cut back…” and “…a few very powerful fishing 
interests… who fight against … sustainability..." and whose “…attitude is evidenced by their 
opposition to the Fisheries Amendment Bill…” Given that the Green party see foresters, 
farmers, industrialists and almost any profitable commercial interests as equally bad 
villains as the fishing industry, it is not easy to understand what the Green party wants 
from fisheries research other than closure of the fishing industry. 
 The Labour Party, in contrast, see the fishing industry as being properly 
regulated. If a government department properly regulates an industry, how can the 
government be criticised for bad management? 
 At least the Green Party recognised that “…good research into the health of fish 
stocks…” is the essential prerequisite for successful management. It may be wrong to 
make any assumptions about what the Green party means by the “health” of fish stocks, 
but we assume that “health” is an anthropomorphism meaning knowledge of the 
biological properties of fish stocks. Unfortunately, knowledge of the biological properties 
of fish stocks represents an expensive undertaking that the fishing industry could not 
afford to fund, even though the fishing industry has the most to lose. Perhaps the Green 
Party could pressure their Labour Party partners to increase the amount of government 
money that goes into fish research. This would certainly be a productive way of making 
good on their concerns over the  “health” of the fish stocks around New Zealand. 
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Commentary II: Maximum Sustainable Yield May Be Marx's Last 
Stand.  
 Picture the situation in 1898 when the International Council for the Exploration 
of the Sea was formed in Copenhagen. The wealth created by Europe's industrial 
revolution and Europe's colonisation of most of the world's resources was as enormous 
as the poverty of Europe was pervasive. Millions were migrating out of Europe to escape 
to a new life free of the despotism of class and wealth that was characteristic of the  
developed European nations. Many in Europe believed that financial acumen and 
capitalism developed by the mainly Scots economists of the English Enlightenment had 
created a deeply flawed society. In particular, there were severe doubts that capitalism 
was anything but a temporary state between what was fondly remembered as the 
benevolent world of the early 1700s, albeit grossly incorrectly, and some future ideal 
(although as yet unknown) state of affairs. Amongst the rapidly developing newly 
educated middle class, itself a product of capitalism, there was a fierce debate that had 
been set off by Ricardo and Malthus. Ricardo, an economist, working entirely from 
supposition, raised the issue of how and when did a capitalist economy actually come to 
equilibrium? Malthus' response was the now familiar dire prediction that rising 
population would consume capitalism, along with everything else. Parson Malthus' 
apocalyptic vision was of an overcrowded earth, barely able to breathe for a glut of 
people. Malthus’ apocalypse struck a deep chord in educated Europe at a time of high 
birth rates in the impoverished working class that was flooding already overcrowded 
cities. It was pretty much an earlier version of the global warming panic in the current 
newly educated middle class. The rest of the world, of course, did not have access to 
Malthus and continued to push for their own industrialisation with its inevitable better 
living standards and positive population growth rates. 
 In Europe and the USA, in particular, the Malthusian apocalypse resulted in a 
great deal of opting out of the wealthy industrial society into various beautifully 
conceived utopian micro-societies. They usually lasted only as long as the money supply 
used to found them; not unlike so many of our modern eco-friendly-organic-
naturopathic lifestyle communities. But it was Marx, good old miserable Marx, who hit 
upon the idea that would save us all from the perils of capitalism. Not that any idea is all 
that easy to find in Marx. The first volume of Das Kapital came out in 1867, volumes II 
and III in1885 and 1894, and the final volume IV in 1910. Engels wrote the last three 
volumes from Marx's notes. It is far from clear how much is due to Engels and how 
much to Marx. Anyone who reads Marx will realise that an interpreter is needed, which 
Engels and Lenin both provided. 
 In the Marxist view, Malthus' problem would simply never happen. The fault of 
capitalism raised by Ricardo, that capitalism would never reach equilibrium, was 
perceived by Marx as being the cause of the collapse of capitalism itself. The inevitable 
collapse of the venial self-interest of capitalists was a forgone conclusion driven by the 
fundamental disequilibrium of capitalism itself. Capitalism's collapse would initiate the 
revolution of the proletariat who while being not quite the workers themselves are more 
like workers on behalf of workers who would organise fair shares for everyone. 
Everyone except the capitalists would be ready to do this because they would be so 
appalled by the horrifying last days of capitalism. Sure enough, what might be seen as the 
class-driven part of capitalism took a battering in the period 1914-1918. The internal 
collapse of the German economy that lead to the end of WWI and the Bolshevik 
Revolution in Russia had many convinced that the death throes of capitalism were at 
hand.  
 How much of what was in motion in the European economy in the early 20th 
century was due to the historical inevitability of Marxist prophecies is unclear, but Marx's 
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style of argument, dialectical materialism, was presented as a scientific achievement as 
had been Malthus' dire predictions. As science, Marxism was neither tainted by money 
nor corrupted by class. For the rapidly increasing numbers of the educated middle and 
lower classes, with neither inherited money nor inherited class power, Marxism was 
manna from heaven. For most educated people, including many with class and money, 
being a communist, or at least a fellow traveller, was as de rigueur in those days as being a 
cab-sav socialist is today. Almost every area of knowledge among the newly educated 
middle and lower classes became permeated with Marxism. Most of it failed to stick, 
either because people recognised dialectical materialist methods as junk science, or 
because simple maturity changed people's ideologies. But in fisheries management 
science, the Marxist dialectical materialist view has not only held on, but even expanded 
into becoming government policy in New Zealand, at least, and in some other countries 
as well. 
 Following the Bolshevik revolution, Nicolai Baranov who was a Marxist 
theoretician and party member published a paper in Russian that identified an entirely 
new Marxist principle upon which fisheries could be scientifically managed (Baranov, 
1918). Arguing entirely from the Marxist dialectical first principles, Baranov credits Lenin 
with inspiring his model that adheres exactly to the Marxist dialect as laid out by Engels. 
Baranov showed how catches could be increased by the very act of fishing, by actually 
increasing fishing pressure. Baranov's colleague, the notorious Lysenko, used the very 
same argument to show that increasing harvesting pressure could increase farming 
output. Thousands of farmers were executed for demonstrating that Lysenko's model 
was incorrect; and many thousands more died from starvation when Lysenko's model 
failed. 
 Whether Baranov's model actually lead to any increases in fish catch in Russia is 
unknown, but such Marxist principles were credited with the inspiration for the dramatic 
increases in production of everything from wheat harvest to steel production that were 
such a regular feature of Russian propaganda. Whether any of this was true or not, the 
growing numbers of Marxist idealists in Europe and the USA (whom Lenin 
contemptuously described as "useful idiots") hailed Baranov as the long-sought source of 
scientific principle of management of fisheries. Beverton and Holt, among others, 
embraced Baranov's model for its ideological purity (Holt was a communist), while 
replacing its dialectical arguments with a more anodyne algebra (Beverton and Holt, 
1957). 
 Baranov introduced the dialectical materialist argument into fisheries 
management by simply identifying the dialectical equilibrium conditions of thesis 
combined with antithesis leading to the synthesis. Baranov proposed that at equilibrium, 
recruitment R (the dialectical synthesis) equals stock in hand S (the dialectical thesis) 
combined with total mortality Z (the dialectical antithesis) so that R = S Z. Thus, for a 
given stock size S, an increase in total mortality Z by increased fishing pressure must be 
compensated by increased recruitment R.  
 The key to Baranov's argument is that the system must be in equilibrium. This 
concept is borrowed from physics. The physicist can construct systems in which the 
balance of forces can only be realised if the system is in equilibrium. For example, under 
ideal equilibrium conditions Ohm's Law and Boyle's Law can be almost exactly realised 
by experiment. No such equilibrium condition occurs in nature. The survival of all 
species of plants and animals depends on their ability to adapt in the face of competition. 
Any tendency towards equilibrium is constantly negated by mutation and natural 
selection. From a modern perspective, the necessity for equilibrium conditions would 
make Baranov's approach would be difficult to sustain if it were introduced today. But in 
Baranov's day, equilibrium or “The Balance of Nature”, was considered a near-normal 
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condition for populations in the wild. In part, this was the result of religious and 
philosophical sentiments at the time, but statistical theorists also helped to implant the 
idea of equilibrium in Nature. The statisticians Galton and Pearson were hugely 
influential in biological thinking at the time. Pearson's observations of the apparent 
universality of Quetelet's distribution (now the Normal distribution, the epitome of 
equilibrium), and Galton's discoveries of inter-generational regression of measured 
characters to a central value, both emphasised the idea of equilibrium in nature. It was 
not until Charles Elton's investigations of mouse plagues in central Europe in the 1930s, 
because they were the exceptions to the equilibrium rule of the "Balance of Nature", that 
Elton was able to develop modern ecology theory in which equilibrium plays a minor 
part. 
 Ricker (1975) provides the sequence from Baranov's original imputation of a 
dialectical materialist foundation to fisheries management, through the various algebraic 
re-arrangements of Baranov's model, to the Beverton and Holt (1957) version that is 
used in its various updated versions in the management of the Tasman Bay-Golden Bay 
fishery today. Beverton and Holt (1957) did, to their credit, show what they believed to 
be an example of the Baranov effect in operation; thus providing an experimental test of 
their hypothesis. But whether what they observed was caused by the inevitability of the 
dialectical materialist argument, or some other felicitous effect, is not known. 
 Most fisheries management models based on Baranov follow the general 
mathematical form outlined in Ricker (1975). Quoting Ricker (1974: pp 252-253) after 
recruitment, the fish catch in numbers is equal to the fishing rate multiplied by the 
average population, which can be converted into yield by weight in the form, 
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The parameters in both of these equations are named as if they are all valid, independent 
variables that relate to the biology of the fish or the activity of the fishery. In fact, they 
are nothing of the sort. They are all derived either from estimated age measurements (age 
type measurements in the Parameter Table below), or from estimated biomass 
measurements (biomass type measurements in the Parameter Table below). Note that r 
in the Parameter Table is not the natural rate of increase as we have used the term in the 
Hannesson model, but the age at recruitment.  

Parameter Table 
Abbreviation Parameter name Parameter type 
Y Yield Weight based=biomass 
F Rate of fishing Weight based =biomass B1 
N0 Cohort strength Weight based = biomass B2 
M Mortality rate Age based A1 
r Age at recruitment Age based A2 
W Average asymptotic fish weight Weight based = biomass B3 
K Growth curve coefficient Age based A3 
Z Natural mortality Age based A4 
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 When age and the biomass terms are substituted for the equation parameters, 
(e.g. biomass for N0 and age for K), then equation (2) has the general format 
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This rather long equation reduces to the general hyperbolic form: 
   Yield = (f (biomass=B1-3)) * (f (age=A1-4))  (3) 
 Equation (3) requires that the Yield Y be some product of some function of 
biomass multiplied by some function of age. This, of course, exactly what equation (1) 
states when it is expressed in English: if fish catch in weight equals yield, then if “fishing 
rate” is equated to growth rate (i.e. fish are caught at the same rate as they recruit), then 
Yield = biomass * f (growth rate)= biomass*f (age). This means that if the Yield Y 
declines faster than biomass declines, then age must increase; or, if the yield is held 
constant then biomass must be inversely related to age. This is simply a mathematical 
property of the hyperbolic form of the basic equation. This is a hyperbolic property of 
the mathematics of the fisheries management model, and does not reflect the biological 
properties of the fish. But it does go some way to explain why age estimates are so 
fungible and appear to track biomass. The yield equation (2) simply disguises the basic 
relation between yield biomass and age by its apparent complexity and the biological-
sounding parameter names. It is, in fact, an almost entirely a-biological way to manage a 
fishery. 
 Baranov’s model, and the MSY model that it leads to, were both products of 
their times and the philosophies and biases of the European cultures from which they 
originated. We in New Zealand are a different culture in a different time. We need to 
invent management models based on the biology of our fish resources, not on the 
political economics of Europe of nearly a hundred years ago. 
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Commentary III: Review of Marine Reserves 
The table is organised into seven columns: (1) date, (2) citation, (3) model type, (4) is the 
model parameterised? (5) Are there quantitative model predictions? (6) Is there an 
experimental test of the predictions of the model? (7) Comments. The terms used are 
self-explanatory. The classification into model type is in relation to the needs of the P. 
auratus fishery in the Tasman Bay-Golden Bay region. 

Date Citation Model type Parameters? Quantitative 
predictions? 

Experimental 
test of 
predictions? 

Comments 

1991 Roberts, C. M & 
N. V. C. Polunin.  

Theoretical N/A N/A N/A Draws attention to the 
complex outcomes that are 
likely products of marine 
reserves. 

1993 DeMartini, E. E.  Theoretical Yes No No Model based on transfer 
rates from reserves as a 
function of fish density. 

1993 Polunin, N. V. C. 
& C. M. Roberts.  

Practical N/A N/A Yes A dive-survey (visual 
counts) showed an 
increase in coral reef fish 
abundance in two marine 
reserves four years after 
the reserves were created. 

1994 Attwood, C. G. & 
B. A. Bennett.  

Theoretical Yes Yes Yes The authors report: “the 
estimate of emigration from the 
reserves implies that the 
unharvested reserve population 
is restocking adjacent exploited 
areas with adult fish”. 

1995 Dufour, Y. et al.  Practical N/A N/A Yes Report that between 1980 
and 1992, nine species of 
fish in the marine reserve 
increased in abundance 
while another nine species 
of fish in the marine 
reserve decreased in 
abundance. This paper is a 
welcome anodyne to the 
widespread assumption 
that marine reserves will 
always lead to an increase 
in abundance. 

1996 Alder, J.. Philosophical 
& 
geopolitical 

N/A N/A N/A A discussion of the 
practicalities of assessment 
of the effect of tropical 
marine reserves in the 
context of local and 
regional reporting 
structures. 

1996 Rakitin, A. & D. 
L. Kramer.  

Practical N/A N/A Yes A practical test of marine 
reserves by comparing fish 
size distribution inside and 
outside of the reserve. 

1997 Macpherson E. et 
al. 

Practical N/A N/A N/A The authors made a direct 
diving census of mortality 
patterns of juveniles of 
three species of Diplodus. 
They concluded: The results 
of this study indicated that 
mortality rates in protected 
areas did not differ significantly 
from those in unprotected areas, 
suggesting that marine reserves 
are not necessarily a sink for 
post-settlement fish. 

1997 Macpherson E. et 
al. 

Practical N/A N/A N/A The authors made a direct 
diving census of mortality 
patterns of juveniles of 
three species of Diplodus. 
They concluded: The results 
of this study indicated that 
mortality rates in protected 
areas did not differ significantly 
from those in unprotected areas, 
suggesting that marine reserves 
are not necessarily a sink for 
post-settlement fish. 
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1998 Arias-González, J. 
E.  

Theoretical N/A N/A N/A The key issue of “natural rate of 
increase, r” of populations is 
addressed in the context of 
models of trophic pathways 
and how they may function to 
maintain abundance in 
protected and unprotected 
reef ecosystems. This is a 
more realistic, albeit more 
difficult, approach than the 
manipulation of the available 
fisheries data to manufacture 
a logically consistent estimate 
of r. 

1998 Nowlis, J. S. & C. 
M. Roberts.  

Theoretical Yes Yes No A theoretical model with 
strong (i.e. testable) 
predictions of effects. 

1998 Cocklin, C. et al.  Political N/A N/A N/A Deals with political and social 
implementation of marine 
reserves. 

1998 Allison, G.W et al.  Theoretical N/A N/A N/A Deals with marine reserves 
from a conservation 
perspective. 

1998 Russ, G. R. & A. 
C. Alcala.  

Practical N/A N/A N/A This paper supports the key 
assumption of marine 
reserves for heavily exploited 
fish populations that such 
populations have sufficient 
resilience to grow back to 
virgin stock levels if 
exploitation ceases. 

1998 Lauck, T. et al.  Theoretical N/A N/A N/A A theoretical conservation 
exercise on a hypothetical 
population with the 
Precautionary Principle in 
mind 

1998 Zeller, D. C. & G. 
R. Russ.  

Practical  N/A N/A N/A Tracking fish movement 
across marine reserve 
boundaries. 

1998 Sumaila, U. R.  Theoretical Yes Yes No A venture into the economic 
trade-offs involved in 
allocating areas of open 
fishing into marine reserves. 

1999 Miller, R. B. & T. 
J. Willis.  

Statistical 
data 
reification 

N/A N/A N/A Deals with the statistics of 
sampling by angling in the 
proximity of small marine 
reserves. 

1999 Chapman, M. R. & 
D. L. Kramer.  

Practical N/A N/A Yes Examines the effect of marine 
reserves as a function of the 
observed decrease in size 
across (inside to outside) of 
the marine reserve boundary. 
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1999 Guénette, S. & T. 
Pitcher.  

Theoretical Yes N/A N/A An entirely theoretical model 
using the conventional 
fisheries management models 
that have lead to the need for 
marine reserves. 

1999 Carr, M. H. & P. 
T. Raimondi.  

Theoretical N/A N/A N/A A discussion of marine 
reserves put in place without 
consideration of their fisheries 
management context. 

1999 Edgar, J. E & N. S. 
Barrett.  

Practical Yes Yes Yes The authors show that the 
abundance of organisms 
increases in marine reserves, 
but in addition organisms 
show size distribution that 
may reflect a stable biomass 
without a changing size 
distribution. 

1999 Parrish, R.  Theoretical N/A N/A N/A Argues against marine 
reserves based on likely 
outcomes assessed from past 
behaviour of fisheries. 

2000 Polaskey, S. et al.  Theoretical N/A N/A N/A Choice of reserves based on 
the local richness of species. 

2000 Dayton, P. K. et al.  Philosophical N/A N/A N/A A discussion of the context of 
the need for marine reserves. 

2000 Bohnsack, J.A.  Philosophical  N/A N/A N/A A general discussion of the 
impact of marine reserves on 
parameters usually measured 
in fisheries research. 

2000 Soh, S-K. et al Theoretical Yes Yes No A theoretical model of the 
effects of reserves that is 
based on conventional 
fisheries management models. 
 

2000 Roberts, C. M Political N/A N/A N/A Deals with scientific 
optimality versus political 
compromise. 

2000 Tuck, G. N. & H. 
P. Possingham.  

Theoretical N/A N/A No A theoretical model of marine 
reserves that focuses on the 
transfer of fish in and out of 
the reserves. 

2000 Pastoors, M. A. et 
al.  

Practical N/A N/A N/A “ In contrast to the expected 
positive effects, yield and spawning 
stock biomass have decreased”. 

2000 Macpherson, E. et 
al.  

Practical N/A N/A N/A The authors reported: “… the 
relationships between M and 
growth parameters and maximum 
lifespan were unclear, and 
considerable caution is therefore 
recommended when indirect methods 
of estimating M are based on these 
parameters”. 

2000 Eklund, A.-M. et 
al. 

Practical N/A N/A N/A Miss-siting the marine reserve 
endangered the reserve 
spawners that moved out of 
the reserve to spawn. 
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2000 Mangel, M.  Theoretical Yes No No A model is developed to 
determine the fraction of the 
fishery area allocated to 
marine reserves. The model is 
developed in the context of 
conventional fisheries 
management modelling 
procedures. 

2000 Mangel, M.  Theoretical  N/A N/A N/A Theoretical model that 
attempts to blend maximum 
sustained yield with marine 
reserves. 

2000 Tuya, E. C. et al.  Practical  Yes Yes Yes Parallels Edgar and Bennett 
(1999), an increase in size of 
sea urchins but otherwise little 
effect. 

2001 Jennings, S.  Theoretical N/A N/A N/A A review of the basic 
parameters that might be used 
to assess the effects of marine 
reserves. The paper identifies 
the “rate of natural increase, r” as 
the key to any predictions of 
marine reserve effects. 
Stearn’s formula for r is too 
idealised to be useful; and 
Jennings’ suggestion that r be 
estimated from fisheries data 
is too circular to be useful in 
predictions. 

2001 Willis, T. J. et al.  Practical N/A N/A N/A Demonstrates side fidelity of 
tagged snapper within a small 
marine reserve. 

2001 Starr, R. M. et al.  Practical N/A N/A N/A Draws attention to the need 
to record movement of fish 
inside marine reserves to 
understand likely out-
migration effects. 

2001 McClanahan, T. R 
& R. Arthur.  

Practical N/A N/A N/A Analysis of abundance and 
diversity in and out of marine 
reserves showed that 
“protection from fishing was the 
single strongest factor affecting fish 
abundance and diversity”. 

2001 Jamieson, G. S. & 
C. O. Levings.  

Political N/A N/A N/A A qualitative approach to 
unifying fishing needs and 
conservation principles in 
marine reserves. 



Creating a role for marine reserves in the management of snapper (Pagrus auratus) in the Tasman Bay-Golden Bay region of New Zealand 
by R. W. Gauldie & Ray Wood 1 September 2008 

 

 57 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

2001 Mackay, T.  Political N/A N/A N/A Marine reserves have been 
practised at the artisan level in 
the Pacific Islands for 
hundreds of years. Mackay’s 
paper draws attention to the 
design and upkeep (both 
physical and political) of 
artisanal marine reserves. 

2001  Lindholm, J. B. et 
al. 

Theoretical Yes No No A theoretical model of 
juvenile fish response to 
beneficial effects of marine 
reserves. 

2001 Davidson, R. J.  Practical N/A N/A Yes Demonstrates increase in size 
and fish density within the 
reserves over the period 1993-
2001. 

2002 Apostolaki, P. et al.  Theoretical Yes Yes No A conventional management 
modelling approach to the 
likely outcome of marine 
reserves. That the failure of 
the same conventional 
management models used in 
this study is the principal 
reason why marine reserves 
are considered necessary is 
not mentioned. 

2002 Briars, R. A. Biological N/A N/A N/A Briars deals with the issue of 
isolating relatively small 
numbers of animals in 
reserves that are sufficiently 
separate to discourage  
recruitment by immigration. 

2002 White, A. T. et al.  Political N/A N/A N/A Discussion of field 
management of reserves. 

2004 Bergman, M et al.  Practical No No No This paper starts with “ Fishers 
… complained that standard 
fisheries survey data … do not 
reflect grounds targeted by 
commercial fishers”. Analysis of 
graphs and maps shows that 
only 20%-46% of the 
commercial fishing grounds 
are within the surveyed area. 
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2004 Wildhaber, M. L. 
& P. J. 
Lamberson.. 

Practical  N/A N/A N/A “Habitat” rarely enters 
fisheries management models 
or marine models except in 
passing as a hidden variable in 
the rate of natural increase 
statistics. This paper draws 
attention to the need to have 
ecology knowledge to deal 
with ecology problems. Such 
as location of fish reserves. 

2004 Nicholson, M. D. 
& S. Jennings.  

Theoretical N/A N/A N/A A key issue in marine reserve 
management is how can the 
effect of the reserve be 
measured. The authors show 
that the power of trawl 
surveys to detect trends in 
biomass is low over 10 year 
time scales. 

2005 Abesamis, R. A. & 
G. A. Russ.  

Practical N/A N/A N/A Tests the fundamental 
assumption of marine 
reserves that enhanced 
populations within the reserve 
will spill over into the open 
fishery. 

2005 Link, J. et al.  Practical N/A N/A N/A Shows little difference 
between the closed to fishing 
and open to fishing areas on 
Georges Bank. 

2006 Smith, M. D. et al.  Practical N/A N/A N/A The authors report: “We find 
that the effect of two recently 
established marine reserves on catch 
is negative and trending downward, 
though the reserves have only been 
in place for 4.5 years”. 

2007 Kaiser. M. J. et al.  Practical N/A N/A Yes Demonstrates greater 
reproductive potential and 
increased body mass of 
individual scallops in a marine 
reserve. 


