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1. Summary. 
 
Marine sanctuaries or no-take marine reserves are the major functional 
element of any marine park zone. Marine sanctuary zones have been shown 
to lead to gains for fish, fishers and society (Sanchirico and Wilen, 2001).  
 
Many benefits stem from the creation of marine sanctuaries. These include 
reducing the variation in the marine biomass of an area, therefore leading to 
lower variation in the average catch of target species by commercial and 
recreational fishers and charter operators within the Marine Park generally.  
 
The protection of habitat features such as corals, bryozoans, crinoids and 
sponges, and iconic animals such as Grey Nurse sharks, Black Cod and 
Dolphins provide great interest to recreational divers and tourists. Tourist 
operators generally benefit from the long-term protection of areas from 
intense fishing. Indeed, international experience shows that sanctuaries within 
marine parks generate significant economic benefits to the regions where they 
are created, due to substantial increases in tourist numbers. These tourists 
generally stay longer and so, spend more than the current day or weekend 
visitors who frequent the Port Stephens-Great Lakes Region.  
 
Nevertheless, all these benefits stem form the protection of marine 
biodiversity. Some of these observed benefits within sanctuary zones are: 
 

1. Increasing abundance, size, age, diversity and spawning biomass of 
fish, plant and invertebrate species. 

2. Eliminating mortality of non-target species. 
3. Assisting in fished species population recovery.  
4. Protecting species from genetic changes and altered sex ratios. 
5. Reducing the risk of populations or habitat being destroyed by a 
catastrophe. 

6. Allowing for scientific study of unfished areas. 
7. Protecting rare and threatened species. 
8. Protecting essential and vulnerable habitats. 

 
These observed benefits within sanctuary zones lead to further benefits 
outside of the area protected. 
 
The observed benefits to areas outside and nearby sanctuary zones are: 
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1. Increase in tourism, especially derived from diving and trophy fishing. 
2. Less seasonal variation in tourist numbers. 
3. New opportunities for marine research and conventions. 
4. Biomass spillover to areas outside.  
5. Enhancing fished populations through increased larval output, 
exporting species to fishery grounds. 

6. Decreasing annual catch variability. 
7. Maintaining or enhancing yields in fished areas.  
8. Increasing catch per unit effort. 
9. Protecting against stock collapse and recruitment failure. 
10. Reducing the cost of fisheries management mistakes. 
11. Increasing size and number of trophy fish caught near to sanctuary 
zones.  

12. Substantially increasing resource rent. 
 
Overwhelmingly, studies have found that the larger the sanctuary zone, the 
greater the benefits to both the biodiversity within the sanctuary zone and to 
fishers and fisheries outside or nearby marine sanctuaries, as well as regional 
tourism. 
 
To maximise the above proven benefits of marine sanctuary zone protection, 
at least 20% of all habitat types existing in the Manning Shelf Bioregion, and 
most experts suggest 30% to 50%, must be protected from fishing and 
associated impacts within marine sanctuaries. 
 
The total area of the NSW jurisdiction of the Manning Shelf Bioregion is 263, 
657 ha. This is only 30% of the entire Manning Shelf.  The Port Stephens 
Great Lakes Marine Park is only 36.87% of this area, or 97,200 ha.  
 
To achieve the minimum of 20% reservation of the NSW managed proportion 
of the Manning Shelf within the single declared PS-GL Marine Park, 
corresponding to 52, 729 ha, or about 54% of the Park needs to be 
established in sanctuary zones. 
 
However, many marine scientists and resource economists suggest far higher 
percentages for sanctuary protection if they are to achieve the best outcomes 
for sustainable fisheries, tourism and biodiversity protection. 
 
To achieve this outcome the existing fishing effort cannot be allowed to be 
displaced to other areas outside of sanctuaries. A sustainable outcome must 
incorporate a significant reduction in overall commercial fishing effort through 
an adequate and equitable buyout formula.  
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The $10 million dedicated for the buyout of commercial fishing effort in the 
Park may be inadequate for this to occur.  The amount needed may be closer 
to $20 million to $25 million. A further $10 million to $15 million could be 
allocated from this years sale of recreational fishing licenses. 
 
Further buyout funding could be allocated from existing commercial licence 
charges associated with shared fisheries, environmental management and 
environmental assessment fees, or levies imposed on commercial operators 
within the Marine Parks. 
 
A low interest government loan of $10 million to $15 million could be repayed 
over say a 15 year period. 
 
 

2. Benefits of marine sanctuaries to biodiversity.   
 
 
Protection from fishing allows animals and plants in marine sanctuaries to 
survive longer and grow larger, in turn allowing them to reproduce and 
proliferate more effectively. Habitats can recover inside sanctuaries and better 
sustain the plants and animals that rely on them and the plentiful prey in 
reserves can support more predators. Marine sanctuaries are currently the 
only marine management tool that provides this unique combination of effects, 
promoting the recovery of entire ecosystems. 
 
Halpern (2002) compared the results of 89 separate studies to show that; 
 

“…values for all four biological measures are significantly higher inside 
reserves compared to outside (or after reserve establishment versus before) 
when evaluated for both the overall communities and by each functional 
group within these communities (carnivorous fishes, herbivorous fishes, 
planktivorous fishes/invertebrate eaters, and invertebrates).” 
 

On average, Halpern (2002) found that the density - or number of animals in 
an area – triples, and the number of species is 1.7 times higher in marine 
sanctuaries than in unprotected areas. In addition, he found that the average 
body size of animals is 1.8 times larger in reserves than in fished areas. 
These findings include not just fished species but non-fished species, plants, 
and invertebrates.  
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The relationship between body size and the number of young is well known. 
Bigger body size is one of the most important biological changes in marine 
reserves, because large fishes and invertebrates can produce enormous 
numbers of young.  
 
For many marine fishes and invertebrates, small increases in body size can 
lead to large increases in the number of eggs produced. For example, a 23-
inch vermilion rockfish can produce 17 times more young than a 14-inch fish 
(PISCO, 2002).  
 
As Halpern (2002) concludes: 
 

“Overwhelmingly, reserves were associated with higher values of density, 
biomass, organism size, and diversity of species for overall trends and for all 
four functional groups [studied].” 

 
However, the most consistent positive changes found in these studies 
occurred for carnivorous fishes (more often the most important target 
species). For example, the biomass of carnivores was 3.12 times higher 
inside the reserve than outside.  
 
Halpern et al, (2004) state that: 
 

“Marine reserves affect areas outside reserve boundaries via the 
displacement of fishing effort and the export of production….For a settlement-
limited fishery, export of increased production from within reserves can offset 
the effects of displaced fishing effort.”  

 
Many well documented examples of the ecological benefits of sanctuary 
zones are available in the literature. Below, we provide a few examples of 
these.   
 

2.1 Case study 1 –California USA. 

 
After fishing was banned in the Anacapa Island Ecological Reserve 
(California) in 1978, studies found that by 2000 that lobsters  were six times 
more numerous, red urchins grow 1.7 times larger, and some fish are three 
times more plentiful in the reserve than in nearby fished waters: and kelp 
plants, which form crucial habitats for other species, grow five times more 
densely and persist longer in the reserve than in waters nearby (PISCO, 
2002).  
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In 1997/98, Beers and Ambrose (2003) compared fish populations inside and 
outside five no-take marine reserves at three island and two mainland sites in 
southern California. They concluded that; 
 

“For all five reserves, there were on average 16 times more harvestable P. 
clathratus (bass) and 8 times more harvestable Semicossyphus pulcher 
(California sheephead) inside than outside... Habitat characteristics of the 
reserve and control areas were not significantly different. This study 
demonstrates that southern California no-take areas lead to increased 
numbers and sizes of harvested fish species.”  

 

2.2 Case study 2 – Washington USA. 

  
In 1990, areas of the San Juan Islands of Puget Sound (Washington) were 
declared no-take Marine Sanctuaries . Studies on the effectiveness of the 
sanctuary area found that biomass of the fish studied was two to four times 
greater inside the protected areas than outside. Reproductive fish were ten 
times more abundant in the reserves. Further, small numbers of previously 
absent fish species had begun to appear. (PISCO, 2002). 
 

2.3 Case study 3 – Queensland, Australia 

 

In 1987 no-take marine sanctuaries were established in the central Great 
Barrier Reef  within the Palm and Whitsunday Island groups. Williamson et al. 
(2004)  estimated the density and biomass of coral trout, Plectropomus spp 
(the major target of the hook and line fisheries on the Great Barrier Reef) on 
inshore fringing reefs in these areas after studying them for 3-4 years before 
(1983-1984), and 12-13 years after (1999-2000) the establishment of these 
no-take reserves in 1987. 
 
They found that: 

 
“…the density and biomass of coral trout increased significantly, (by factors of 
5.9 and 6.3 in the Palm Islands, and 4.0 and 6.2 in the Whitsunday Islands) in 
the reserve sites, but not the fished sites, between 1983-1984 and 1999-
2000. In 1999-2000, density and biomass of coral trout and a secondary 
target of the fisheries, Lutjanus carponotatus, were significantly higher in the 
protected zones than in the fished zones at both island groups. The density 
and biomass of non-target fish species (Labridae, Siganidae and 
Chaetodontidae) did not differ significantly between reserve and fished zones 
at either island group. This is the most convincing data to date that the 
management zoning of the world's largest marine park has been effective, at 
least for coral trout on inshore reefs.” 
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2.4 Case study 4 – Western Australia. 

 
In 1994 four reef observation areas or marine protected areas (MPAs) were 
established in four clusters of islands and reefs off the central coast of 
Western Australia, near to the Houtman Abrolhos Islands, to examine their 
value in protecting vulnerable reef fish species, including the sub-tropical 
wrasse, Choerodon rubescens, and the coral trout, Plectropomus leopardus.  
 
While these Marine Protected Areas are clearly an effective tool for increasing 
the local abundance of reef fishes, the spatial and temporal scales required 
for their success varies among species (Nardi et al.2004) 
 
These authors found that: 
 

“Although there were no significant increases for P. leopardus for the first 
three years of closure, after eight years of protection there were significantly 
larger numbers of P. leopardus in the closed areas. There was a three-fold 
increase at the Easter Group and a seven-fold increase at the Wallabi Group, 
relative to open fishing areas, attributed primarily to reduced fishing mortality. 
Significant closed areas (17% of the P. leopardus habitat) provided 
substantial stock-wide impacts”.  
 
 

3. Benefits of marine sanctuaries to fisheries and 
tourism.   
 
 
Numerous studies have been undertaken in long-established marine 
sanctuaries and Reserves (where no fishing is allowed) to determine how 
successful no-take marine sanctuaries have been in providing benefits 
additional to that of protecting biodiversity. These studies invariably have 
found that the observed ecological benefits within a marine sanctuary area 
translate to significant ecological and economic benefits outside the 
sanctuary. 
 
Hastings and Botsford (1999) found that:  
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“For populations with sedentary adults (invertebrates and reef fishes), 
reserves have important advantages for sustainability, making marine 
reserves the preferred management approach…Modelling studies suggest 
that reserves should increase the spawning stock biomass and that higher 
densities inside the reserve should lead to spillover to areas outside. Fish size 
and diversity are also assumed to increase inside reserves because individual 
fish can grow larger and rarer species will be protected.”  

 
The relationship between body size and the number of young is well known. 
Bigger body size is one of the most important biological changes in marine 
sanctuaries, because large fishes and invertebrates can produce 
logarithmically larger numbers of young.  
 
The bigger and more abundant animals living in marine sanctuaries can 
produce more young than their smaller neighbors in unprotected waters. As a 
result, marine reserves can support higher growth rates which lead to 
recruitment in surrounding fished areas.  
 
Marine reserves also to lead to an increase in the abundance of spawners 
providing insurance against recruitment failure and maintaining or enhancing 
yields in fished areas (Bohnsack, 1998).  
 
The benefits of no-take marine sanctuaries go well beyond the protection of 
biodiversity (Brunckhorst & Bridgewater 1995). They can also add 
considerable economically value to the region where they are established 
(Farrow 1996).  
 
Marine sanctuaries have been shown to benefit tourism (Agardy 1993; Davis 
& Harriot 1996; Davis & Tisdell 1996), the replenishment of fisheries and the 
protection of the natural resource bases of fisheries (Harmelin et al. 1995), as 
well as nursery and recruitment habitats (Alcala & Russ 1990; Bohnsack 
1994; Bennett & Attwood 1991; Fairweather 1991; Jones et al. 1992; Agardy 
1994; Clark 1996; McClanahan & Kaunda-Arara 1996; Russ & Alcala 1996).  
 

3.1 Case study 1 – Spain.  

 
The Medes Islands in the Mediterranean Sea were protected in 1983 as a no-
fishing area by the Spanish Government. By 1989, the increase in diving 
activities was spectacular, reaching 2000 divers per day and more than 200 
000 divers per year (Ribera 1992).  However, a new law was introduced in 
1990 which increased the size of the MPA and a maximum limit of 500 divers 
per day was established (about 50 000 dives per year) due to the significant 
impacts these divers were having on the marine environment.  
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Economic activities in L’Estartit, the small village on the mainland opposite the 
Medes Islands, are exclusively related to tourism on the islands; these include 
diving centres, hotels, restaurants, snorkelling tours and glass-bottom boating. 
Even with the reductions in diver numbers, it has been estimated that all this 
economic activity represents a direct income of about US$7 million per year 
(Capellà et al. 1998). 
 
In 1996, 10 of the diving centres operating in the area had 125 employees 
and 17 boats with a total capacity of 725 passengers (each diving boat also 
containing an auxiliary pneumatic boat), representing an investment of 
US$3.6 million (Costa Brava Sub 1997 cited in Badalamenti, et al, 2000). In 
L’Estartit, a reduction in the seasonality of tourism has been observed when 
compared to other tourist resorts in the area (Ribera 1992).  
 
Another marine sanctuary was established also over the Columbretes islands 
located 30 miles from the Spanish mainland. Since the creation of the Marine 
Reserve an increase in the inflow of recreational boats has been observed 
from the reports taken daily by the Reserve keepers (Goñi 1998, cited in 
Badalamenti et al. 2000).  
 
The main activity of these boats is sports fishing (72% of boats in 1996). At 
the time of the creation of the Marine Reserve in 1990, sports fishing was a 
marginal activity. Now this is one the main recreational pursuits in the area 
after diving (Goñi1998 cited in Badalamenti et al. 2000). 

 

3.2 Case study 2 – Italy. 

 
With the establishment of the 16,000 ha no-take marine reserve in Ustica, off 
the coast of Sicily in 1987, many new activities have been initiated and pre-
existing ones improved.  
 
Badalamenti et al. (2000) found that the new activities flowing from the 
establishment of the reserve included:  
 

• the development of a visitor centre and an aquarium;  
• the training of Reserve guides;  
• glass-bottomed boat tours for tourists; 
• the renovation of a medieval tower to use as an international 
conference centre; 

• the creation of a marine laboratory;  
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• the obtaining of funding for research activities in the Reserve;  
• the stipulation of an accord with the University of Palermo;  
• summer courses in marine biology and underwater archaeology;  
• a summer school in marine chemistry and practical fieldwork classes in 
marine ecology organized by the University of Palermo;  

• classes given by fishers on the construction and use of traditional set 
gears;  

• marine-based didactic activities for school children organised at a 
national level; 

•  a convention on underwater activities;  
• a festival of underwater photography;  
• facilities for divers including diving centres, and 
• a decompression chamber and underwater trails.  
 

While no data on tourism are available, Badalamenti et al. (2000) found that 
anecdotally, an increase in tourism of about 35 000 visitors in the first four 
years seems to have occurred. 
 

3.3 Case study 3 – Florida, USA. 

 
In 1962, the U.S. government banned all access to portions of the Merritt 
Island National Wildlife Refuge to create a security zone at Cape Canaveral. 
In the late 1980s, biologists compared the marine reserve to nearby fished 
waters and found that fish in the reserve were older, bigger, and 2 to 13 times 
more abundant (PISCO, 2002).  
 
PISCO (2002) reported that: 
 

“Fish tagged inside the reserve were recaptured outside, demonstrating 
spillover of adults and juveniles. More world records of some popular sport 
fish are caught near marine reserves than in all other areas of Florida 
combined. The rest of the state has yielded no new world records for black 
drum since 1985, despite a variety of statewide management measures, while 
areas near the reserve continue to produce bigger and bigger fish. Red drum 
and spotted sea trout show similar results; a disproportionate number of 
Florida’s recent record-breaking fish come from waters near the reserve.”  
 

Johnson et al. (1999) sampled several sites in this area, in both fished and 
unfished areas, from 1986 to 1990. The study found that catch per unit effort 
was consistently higher in the unfished areas. 
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During the study, these authors tagged nearly 13,000 fish from 14 species.  
Less than 1%, or 125 tags, were returned by the end of the study. Tag returns 
showed that some fish tagged inside the protected areas moved beyond 
them, a few as far as 20 - 40 miles from where they had been tagged. In 
addition, several world record fish (red and black drum) were caught by sport 
fishers near the sanctuary during the period of the study (Johnson et al. 
1999).  
 
Johnson et al. (1999) suggested that: 
 

“Given that game fish inside the unfished areas were generally larger, it is 
possible that these trophy fish came from the protected areas. The fact that 
the study team frequently saw sport fishermen fishing along the edge of the 
protected areas suggests that they knew these areas were sources of larger 
fish.” 
 

3.4 Case study 4 – Hawaii, USA. 

 
The Coconut Island Marine Reserve (no-take) in Kaneohe Bay, off the Island 
of Oahu, Hawaii was established more than a decade ago. It has been found 
that giant trevally (Caranx ignobilis) appear to move to the Coconut Island 
marine reserve from the adjacent bay floor upon attaining a size of 
approximately 20-25 cm fork length. After several years spent frequenting the 
reserve, giant trevally were found to move out of the bay into deeper water.  
 
Wetherbee et al. (2004) found that: 
 

“Tracked fish spent considerable time within the marine reserve moving along 
the reef slope, but frequently ventured outside of the reserve boundaries. The 
recapture rate for tagged fish was 11%, with an average time at liberty of 346 
days. Nearly one-third of recaptured fish were caught at distances greater 
than 3 km from the tagging site with maximum values demonstrating long-
term (more than 7 years) and long-distance (30 km) movements.”  
 

3.5 Case study 5 – The Philippines. 
 

The Sumilon Island Marine Park, in the Philippines, was declared in 1977. 
Fishing and collecting are prohibited in the core area and allowed in the 
surrounding buffer only by “ecologically sound methods” with approval (Salm 
and Vlark 1984).  
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Alcala (1979) found that, despite the closure of 30% of the area to fishing, 
then total yield of reef fish increased from 3,633kg in 1976 to was 6,900kg in 
1977 and 6,948 kg in the first 10 months of 1978.  
 
A no-take marine reserve was established at Apo Island, Philippines in 1983. 
Since then studies have found significant spillover of fish to surrounding 
areas.  
 
For example, 18 years after the establishment of the reserve, the biomass of 
the surgeonfish Naso vlaminghii tripled. During that time, the biomass of N. 
vlamingii increased by a factor of 40 outside but close to the reserve 
boundaries (200 to 250 m) but not at greater distances (250 to 500 m) (Russ 
et al. (2003).  
 
Russ et al (2003) found tha: 
 

“In 2000/2001 hook-and-line catch per unit effort (CPUE) for N. vlamingii was 
45 times higher within 200 m of the reserve boundary than for all other fishing 
grounds combined, with 62.5% of the hook-and-line catch records being 
recorded within 200 m either side of the reserve, in just 11% of the reef 
fishing area.”  

 
These reports indicate that neither communities, tourist operators, or fishers 
should be concerned that large sanctuary zones will reduce their businesses 
profitability or fishers ability to catch fish in areas adjacent to marine 
sanctuariues. Indeed, the establishment of sanctuary zones has been 
observed to lead to substantially increased fish catches of substantially bigger 
fish. They have also invariably led to significant business opportunities in and 
around Marine Parks and sanctuaries.  
 
Fishers’ concerns about sanctuary zones generally stem from the loss of 
fishing grounds that sanctuary zones represent. However, the increased 
overall catch provided by sanctuary zones, given time, have been found to 
offset this initial loss. 
 
For example, Grafton et al. (2004) found that the establishment of a sanctuary 
zone: 
 

“…reduced the effects of the negative shocks on the fishery, effectively 
smoothing the harvest of biomass, improving the resource rent 
generated in the fishery. “ 

 
Grafton et al. (2005) further state that whilst the use of protected areas 
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will not guarantee against a population collapse, they can generate economic 
benefits through the buffer effect of higher stocks. 
 
Similar results were obtained by Greenville and MacAulay (2005) who found 
that the establishment of protected areas in a multi-species fishery, open to 
uncertain stock collapse events, improved the level of resource rent.  
 

 

5. Reducing fishing effort. 
 
 
Displacing fishing  effort to other areas will lead to greater impacts in areas 
outside of reserves unless overall fishing effort is reduced (see De Martini, 
1993; Horwood et al., 1998; Horwood, 2000).  
 
Bohnsack (2000) found that; 
 

“Establishing no-take marine reserves (NTRs) displaces fishing effort to 
surrounding areas, creating concerns about short-term impacts on resources 
and fishers before long-term benefits can accrue. 

 
…NTRs protected sedentary species in approximate proportion to the total 
habitat closed to fishing but provided less protection as species mobility 
increased. These differences in protection due to mobility were greater for 
reserves covering small percentages of total habitat. Predicted short-term 
displacement impacts on fishers were low for reserves covering small 
percentages of the total habitat, but they increased exponentially as the 
percentage of total habitat closed increased.”  
 

However, this author concluded that: 
 

“When combined with traditional management tools, no-take reserves offer 
increased flexibility for supporting fisheries and protecting resources.”  

The NSW Marine Parks Authority has been allocated a mere $10 million for 
buyouts of professional fishing effort in the Port Stephens-Great Lakes Marine  
Park. This is well below what is needed.  To provide the fishers who remain 
fishing in the area with long-term sustainable catches, large sanctuary zones 
are required. Buyouts proportional to the level of sanctuary and habitat 
protection in the Park are required. Therefore, for the establishment of 
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sanctuary zones covering 50% of the Marine Park, would require buying out 
50% of the commercial fishing effort within the Marine Park. 

However, it is not only professional fishers that impact fisheries and marine 
habitats, recreational anglers also have a profound affect. For example, in 
NSW more black-spotted pigfish, yellowtail kingfish, mulloway, bream, 
dolphinfish, teraglin and pearl perch are caught by recreational anglers than 
professional fishers (Anon 2005).  
 

 

This is a serious implication. Since the introduction of restricted NSW fisheries 
in 1997 the number of fishing businesses in the industry has been reduced 
from about 2,800 to about 1,300 in 2004. This has been achieved through 
transfer and amalgamation programs and Marine Park and recreational 
fishing haven buyout processes. However, it is generally recognised within 
industry that further adjustment is required and the preferred approach is 
through a buyout program. 
 
Catch per unit effort, however, has not increased in a corresponding manner. 
 
Chart 4. Catch per unit effort for combined NSW Fisheries -kg by fisher month by fisher between 1984 and 

2004 

Catch (Kg) per Effort (Fisher.month) by Fishery
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Catch per unit effort has increased somewhat from 1997 (from about 1,200 kg 
per fisher month to 1,700 kg per fisher month in 2004), further buyouts are 
desperately required to allow those in the industry to sustain their businesses 
on an ecological basis.  
 
 
 
 
 
 
The buyout program associated with the PS-GL MP sanctuary zoning process 
can therefore be seen as part of an ongoing program of reducing professional 
fishing effort along the NSW coast.  
 
This process is being assisted by the Recreational Fishing Saltwater Trust 
Expenditure Committee (RFSTEC) funded through sales of recreation fishing 
licence sales. The RFSTEC has identified latent, real, surplus and excess 
fishing effort or pressure as a major long-term risk to the sustainable 
management of fisheries.  
 
The Department of Primary Industries (Fisheries) is currently developing a 
strategy for a buyout scheme. It was noted at a recent RFSTEC meeting that 
the buyout program need not be restricted to estuary commercial fishing 
entitlements associated with Recreational Fishing Havens. (RFSTEC, 2004).  
 
There is approximately $1.5 million dollars available in the Saltwater Trust that 
Is likely to be committed to removing commercial fishing effort from high 
interaction areas such as the Clarence, Manning, Camden Haven and 
Hastings areas on the north coast and the area from Tuross through to 
Bermagui on the south coast. However, this was reduced to $1.2 million in 
June 2005 (see ACRF, 2005) 
 
Nevertheless, there is a total of $20 million available that could be allocated to 
buyouts now, through the Recreational Fishing Haven fisher buyout loan (see 
RFSTEC, 2004). Furthermore, the total income from recreational licence sales 
in 2004-05 was $10 million (RFSTEC, 2005).   
 
This year’s recreational licence sales should be allocated to buyouts of 
commercial licences within the PS-GL Marine Park.  Should this money be 
allocated, $20 million could be used for commercial fishing buyouts in the 
Park. This would provide a much better socio-economic and ecological 
outcome. 
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Commercial fishers who remain fishing in the Park will, however, have to 
burden reduced fishing areas, within which significantly increased catches 
associated with the establishment of sanctuaries may not become realised for 
several years. 
 
To help fund transitional arrangements for those wishing to be bought out of 
the industry, an industry loan scheme is proposed. Currently, commercial 
fishers pay a base licence fee of about $550 (see appendix 1, table 2). 
However, for those whose fishing businesses are secured by being able to 
fish within the Marine Park, an additional fee might be imposed. This would 
need to reflect the increased catch per unit effort and reduced catch variability 
derived from fishing nearby sanctuary zone. The funding derived from such a 
fee could be brought forward through loan arrangements paid back over 
subsequent years.  
 
Through such a loan scheme, those commercial fishers who wish to be 
bought out of the industry can be assisted by those who wish to remain fishing 
in the Park and who may have to wait for three to five years before the 
substantial fishery benefits of the sanctuaries are realised. 
 
Similar loan schemes could operate to increase the amount of buyout funding, 
such as a permit fee for commercial operators within the park. For example, a 
$10 million low interest government loan (<5% pa) could be allocated by the 
NSW government to ensure adequate commercial fisheries buyouts are 
achieved as part of the Zoning Plan.  Such an arrangement would ensure the 
establishment of 50% of the Park in sanctuaries. This loan could be serviced 
through moderate sales of permits to all commercial operators within the Park. 
The  funding of adequate commercial fisher buyout would not, thereby have to 
borne by fishers alone, but all commercial operators in the Park, whose 
businesses would be expected to grow considerable from the additional 
tourism generated by sanctuaries. 
 
 

6. Marine sanctuaries as a fisheries management tool. 
 
 
We accept that the current scope of the Zoning Plan process is too limited to 
take into account fish life cycles and larval transport mechanisms to establish 
a zone plan that would provide specifically targeted benefits to fisheries 
management in the Region. However, larger sanctuary zones will provide a 
correspondingly larger benefit to fishers, tour operators, divers and 
biodiversity protection.  
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Apart from these benefits it is necessary to establish large sanctuary zones to 
assist in fisheries management generally. In the absence of fully-protected 
marine sanctuaries, it is impossible for scientists to study “natural” marine 
ecosystems. That being the case, determining sustainable catch levels for 
different species and habitat requirements becomes guess-work, 
extrapolating from historic industry data.  
 
The case for creating many large marine sanctuaries in NSW is compelling: 
Only when we have an example of all marine environments undisturbed by 
fishing activity, will we be able to set informed sustainable limits on the fishing 
industry to prevent it from becoming unviable.  
 
In terms of the long-term survival of marine environments, in the face of 
human-induced climate change, the more sanctuary protected marine areas, 
the better.  
 
As Murray et al. (1999) conclude; 
 

Multiple reserves, or replication, reduce risk that populations or habitat are 
destroyed by a catastrophe, assists successful reproduction and is critical for 
rigorous scientific testing and improved management.  

 
 
Indeed, Murray et al (1999) suggests that; 
 

No-take reserve networks can complement existing management practices, 
improve efforts to interrupt declining trends in fishery populations, and help 
improve marine ecosystems for future generations. Ecosystems are now 
suffering decreased biodiversity and habitat degradation, and species' 
populations are declining in size and number.  
 

Sanctuary zones are seen as one of the few mechanisms that can address 
declining fish catches and catch per unit effort. 
 

 

7. Size of sanctuary zones. 
 
 
Overwhelmingly, studies have found that the larger the sanctuary zone, the 
greater the benefits. In the US, targets range up to 80% of the total 
management region in marine sanctuaries for the protection of fisheries (see 
table 1). 
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Table 1. Summary of studies estimating marine reserve area relative to the 
conservation of management objective - reproduced from Table 6.3 in NRC 2001. 

Citation Criteria 

% 

sanctuary  mean 

Ballantine 1997  Typical terrestrial  10% 10 

Lauck et al. 1998    Uncertainty in stock assessment 31-70% 50 

Roughgarden 1998  Recruitment overfishing  75% 75 

Guenette et al. 2000  
Spatial model, with and without additional regulations 
(cod). 20% 20 

Mangel 2000  Maintain stock at target levels 20-30% 25 

Goodyear 1993  Prevent recruitment overfishing  20% 20 

Mace 1994  Precautionary approach 40% 40 

Mace and Sissenwine 1993  Prevent recruitment overfishing 35% 35 

Sumaila 1998  Bioeconomic model, cost-benefit (cod)  30-50% 40 

DeMartini 1993  Yield-per-recruit model, adult mobility (coral reef fishes) 20-50% 35 

Man et al. 1995 Metapopulation model  20-40% 30 

Soh et al. 1998  Target high biomass areas (rockfish)  4-16% 10 

Foran and Fujita 1999  Fecundity and recruitment (Pacific ocean perch)  25% 25 

Guenette and Pitcher 1999  Fecundity and recruitment (cod)  30% 30 

Pezzy et al. 2000  Bioeconomic model (coral reef fish)  21-40% 30 

Sladek Nowlis and Roberts 1997, 1999   Fishing intensity (reef fish) 40% 40 

Sladek Nowlis 2000  Fishing intensity (Caribbean white grunt)  30% 30 

Sladek Nowlis and Yoklavich1998  Catch enhancement (Pacific rockfish) 20-27% 24 

Holland and Brazee 1996  Bioeconomic model (red snapper)  15-29% 23 

Hannesson 1999  Bioeconomic model (cod)  50-80% 65 

Polacheck 1990  Yield/recruit model, adult dispersal (cod)  10-40% 25 

Hastings and Botsford 1999  Reproductive output (sea urchin)  35% 35 

Botsford et al. 1999 Vulnerability to recruitment overfishing (sea urchin)  8-33% 21 

Attwood and Bennett 1995 Increase spawning stocks (recreational surf zone fishing) 33% 33 

Quinn et al. 1993 Allee  effects and dispersal (sea urchin)  50% 50 

Daan 1993 Reduce fishing mortality by fishing  
10-14% 
(cod) 25% 20 

Turpie et al. in press  Species representation, complementarity (fish)  10-36% 23 

Bustamente et al. 1999  Representative habitats  36% 36 

Ward et al. 1999  Habitats and species assemblages 40% 40 

Halfpenny and Roberts (in review) Habitat representation or replication  10% 10 

Trexler and Travis 2000  Selective pressure from fishing  10-20% 15 

Roberts in review  Dispersal distance  30% 30 

MEAN   31% 

 
 
In NSW, the usefulness of predictive models is still limited by a lack of 
biological data for most species, and scientists are frustrated by limited 
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resources for research and a perceived reluctance of managers to adopt more 
precautionary approaches to uncertainty (Tilzey and Rowling, 2001). 
 
A 10% error factor should, therefore, be considered before any arbitrary 
sanctuary zone can be established. This is because natural variation in 
marine resources (such as fishable stocks) is known to exceed one tenth. The 
year to year variation, due to natural changes in weather and other 
uncontrollable factors, is generally much more than 10%. The implications of 
this are many and subtle, but it means that any arrangements made for using 
these resources must have at least a 10% safety factor built into them, if they 
are to be sustainable.  
 
Because of economic and political pressures, it is very difficult to build a 
safety factor into actual extraction quotas, indeed they are often set with a risk 
factor of damage or collapse. This may be acceptable to the particular 
industry and the immediate economic conditions. We need a separate and 
additional system to provide for the overall public interest in long-term 
sustainability. 
 
Starr (1998) states that;  
 

Reserves should be large enough to contain fish during their lifespan. The 
lack of knowledge about reef fish movement patterns, especially in deep 
water, makes it very difficult to make clear recommendations about how large 
reserves should be. 

 
However, Halpern (2002) concludes that; 
 

Equal relative differences in biological measures between small and large 
reserves nearly always translate into greater absolute differences for larger 
reserves, and so larger reserves may be necessary to meet the goals set for 
marine reserves.  

 
In the US, Martell et al (2000) have developed a general spatial model for 
estimating effects of age-dependent seasonal migration and dispersal on 
harvest mortality rates, including the effects of fishing effort movement in 
response to local abundance changes. The simulations suggest the 
sanctuaries of less tha 1% of spawning grounds are too small to provide year-
round protection of fishes with high exchange rates, large home ranges, or 
seasonal migrations for spawning. These species require very large marine 
reserves (Martell et al, 2000). 
 
Greenville and MacAulay (2005) found that resource rent was improved even 
under optimal management for certain sized protected areas. However, they 
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suggest that for sub-optimal management, larger protected areas are required 
to maximize the resource rent generated in the fishery. We would challenge 
anyone who suggests that fisheries management in NSW is optimal. 
 
In 2001 (see NRC, 2001), Marine Reserves Working Group (MSWG) and the 
US Natural Research Council (NRC) considered the goals for conservation of 
ecosystem biodiversity and sustainable fisheries as they developed a 
recommendation for reserve size for a Channel Islands Marine Reserve. Both 
the MRWG science panel and the NRC panel agreed that a network of no-
take marine reserves would improve the conservation of ecological 
communities, provide insurance against uncertainty associated with fisheries 
management, and provide a means to evaluate the effects of natural versus 
human impacts through long-term monitoring.  
 
In their review the NRC panel found that most theoretical and empirical 
studies indicate that protecting between 20 to 50 % of fishing grounds will 
minimize the risk of fisheries collapse and maximize long term sustainable 
catches.  
 
The science advisory panel to the MRWG recommended protecting at least 
30%, and possibly as much as 50%, of each of the representative habitats in 
each bioregion of the Channel Islands to achieve the conservation and 
fisheries goals established by MRWG.  
 
Both science panels concluded that reserve networks must incorporate 
reserves of a variety of sizes to meet multiple goals for conservation and 
fisheries.  
 
The NSW marine jurisdiction incorporates only 30% of the Manning Shelf 
Bioregion.  To achieve the minimum of 20% reservation of this jurisdiction 
within the PS-GL Marine Park recommended by marine scientists and 
resource economists, corresponds to about 50% of the Park established in 
sanctuary zones.  
 
However, many marine scientists and resource economists suggest far higher 
percentages for sanctuary protection if they are to achieve the best outcomes 
for sustainable fisheries and biodiversity protection. 

 

7.1 Above 50% of a bioregion in sanctuary protection. 
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Halpern et al (2004) developed a simple mathematical models that indicate 
net fisheries benefits can accrue at closures up to and perhaps beyond 50% 
of total stock area through the export of production, given documented 
average increases in biomass within reserves.  
 

 

7.2 Between 30%-50% of a bioregion in sanctuary protection. 

 
Most of the literature on adequate proportions of Bioregions to be established 
as marine sanctuaries suggest between 30% and 50% as ideal.  
 
Research by Ward et al. (1999) supports this position;  
 

Habitats and species assemblages can be used as surrogates for biological 
diversity when designing marine reserves. However, simulations showed that 
the number of species protected in a reserve design increased with the levels 
of representation within the surrogates (e.g habitats or species assemblages). 
Therefore, the more habitats used as surrogates for biodiversity, the more 
taxa were eventually reserved. Nevertheless, to protect all the species of 
concern over 40% protection of all habitats was required.  

 

7.2.1 Case study 1 Channel Islands – USA. 

 
The US Science advisory panel working for the Marine Reserve Working 
Group, undertaking the assessment for the dedication of the Channel Island 
National Marine Sanctuary in 2000, identified that between 30% and 50% of 
all marine habitats in the assessment area must be protected in no take zones 
to minimize the risk of fisheries collapse and maximize long term sustainable 
catches. 
 

7.2.2 Case study 2 Dry Tortugas. 

 
Dahlgren and Sobel (2000) modeled the present biomass in fished and 
unfished areas of the Dry Tortugas to estimate the size of reserves required to 
meet management objectives. They concluded that 30-40% of the region of 
influence needed highest level protection to elevate overexploited stock to 
sustainable target levels. 
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7.2.3 Case study 3 Galapagos Islands 

 
Bustamante et al. (1999) (cited in Roberts and Hawkins, 2000) developed a 
reserve design for protecting coastal habitats in the Galapagos archipelago 
whose objective was to protect sites for tourism and sites of high biological 
importance. Their design included representing all coastal habitat types in 
each of five biogeographic zones encompassed by the archipelago in the 
reserve. They estimated that it was necessary to protect 36% of the region 
from fishing to achieve the conservation objective. 
 

7.2.4 Case study 4 South Africa. 

 
Using data from Turpie et al. (2000), Roberts and Hawkins (2000) estimate 
that setting-aside 10-36% of the coast of South Africa would maximize long-
term persistence of coastal fish species. A system covering 10% of the South 
African coast could be designed to represent over 95% of the species. 
However, this system would not represent a number of narrowly distributed, 
endemic species. A reserve system covering 29% of the coast would 
represent all species and a reserve system of at least 36% would protect all 
species at the core regions of their ranges (a common goal for conservation) 
 

7.2.5 Case study 5 Manning Shelf – NSW. 

 
Greenville (in press) classified possible protected areas [sanctuary zones] of 
the Manning Shelf Bioregion into; 
 
1. Small sized protected areas, which are equal to 15 to 30 percent of the 
total fishing grounds. 

2. Medium sized protected areas, which are equal to 35 to 50 percent of 
the total fishing grounds; and,  

3. Large sized protected areas, which are greater than 55 percent of the 
total fishing grounds. 

 
This author found that the establishment of protected areas (sanctuary zones) 
in the Manning Shelf Bioregion has different effects on the predator and prey 
species.  
 
He found that; 
 

Small sized protected areas are less likely to yield hedge benefits to the 
fishery, with medium to large more likely. The reason for this is that smaller 
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sized protected areas do not increase biomass greatly above exploited levels, 
reducing the ability for biomass in the protected area to reduce normal 
fluctuations in populations caused through environmental stochasticity.  
 

In conclusion Greenville (in press) suggests that for the two fisheries studied 
(Ocean Prawn Trawl –OPT - and Ocean Trap and Line -OTL) the creation of a 
marine protected area in the Manning Bioregion is likely to have different 
distributional effects. As these two fisheries target different trophic groups (ie 
OPT  = prey species and OTL= predator species), the protected area is less 
likely to increase harvests for the OPT and fishery rent post establishment, 
but the Ocean Trap and Line Fishery; 
 

…is more likely to benefit from protected area creation as increased prey and 
the removal of fishing pressure increased the biomass of these species in the 
fishery. 
 

For the two fisheries as a whole, Greenville (in press) found that; 
 

The creation of certain sized protected areas can yield some hedge benefits 
in terms of overall harvests and resource rent. However, for this to occur, a 
minimum size is required. Small sized protected areas are less likely to yield 
hedge benefits to the fishery, with medium to large [ie 35% to 50% of the 
Manning Bioregion] more likely.  
 

7.3 Between 20%-30% of a bioregion in sanctuary protection.. 

 
From experience with the Great Barrier Reef Marine Park Zoning Plan, 
Ferandes et al (2005) suggests that due to the diverse national, cultural, 
political, and economic obstacles that may impede establishing large no-take 
reserves (eg Christie et al. 2003), raising the specter that calls for protection 
of 30–50% of marine habits in a Bioregion may be unachievable. 
 
International experience has seen 20% of management areas or bioregions 
being established as sanctuary zone protection in an attempt to minimize the 
initial short-term impact on fishing industries. 
 
Models developed by Mangel (2000) in the US, indicate that for stocks that 
are initially heavily fished ( ie 35% of their carrying capacity) reserves of 20-
30% guarantee a high level of persistence for time horizons of 20-100 years 
and provide higher levels of cumulative catch than management with no 
reserves. 
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Although the establishment of 20% of a bioregion as marine sanctuary is 
critisised, anything less is unlikely to meet the objectives of the Park.  
 

 

 

7.3.1 Case study 1 southern US continental shelf and coral reefs. 

 
In the United States, for example, the Reef Fishery Plan Development Team 
(RFPDT 1990) recommended the protection of 20% of the continental shelf off 
the southern United States.  
 
In 2000, the US Coral Reef Task Force (USCRTF 2000) recommended 20% 
of coral reefs, and associated habitats receive protection in reserves.  
 
Although 20% is widely critisised as being arbitrary and unscientific (NRC 
2001), is it widely quoted (see appendix 1). The main criticisms for the 
reservation of 20% in marine sanctuaries is that it assumes that 20% of the 
target habitat is equivalent to 20% of the unfished stock, and that the stock 
will persist at 20% of its natural carrying capacity, which comes from a fishery 
model that indicated recruitment overfishing could be avoided by maintaining 
20% or above of their unfished biomass (Goodyear et al, 1993). This model, 
however, remains uncertain in several areas.  
 

1. It is difficult to determine the true size of an unexploited stock. 
 
2. Estimates of fish mortality may be inaccurate, especially if target 
species are caught as a by catch in other fisheries (Guenette et al 
1998). 
 
3. Not all species will persist when populations are reduced to 20% of 
their natural carrying capacity. 
  
4. Several studies suggest that stocks should be kept at 60-75% of 
their natural population size of reserves when used as the primary 
management measure (Hannesson 1998, Luack et al 1998).  
 
5. Without other management approaches, highly mobile species and 
migratory species will require very large no take zones of between 70-
80% of a bioregion (NRC 2001). 
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7.3.2 Case study 2 Great Barrier Reef Marine Park (GBRMP). 
 

In the 344,400 km2  GBRMP, the network of marine reserves (no-take 
sanctuaries) contains at least 20% of all described “bioregions” of the Park 
which corresponds to 33% of the area overall.  
 
Ferandes et al (2005) suggests that; 
 

Although state-of-the-art technology and relatively good data were used to 
establish the GBRMP, neither was perfect or necessary to implement the 
conceptual approach underpinning the protective. 

 

8. Conclusion. 
 
 
Clearly, no-take marine sanctuaries are effective mechanisms for the 
protection of biodiversity and sustainable fisheries. So too, have they been 
shown to be effective in introducing new economic activities and 
opportunities.  
 
These benefits are all derived from the protection of biodiversity that exists in 
an area. The objective of the Zoning Plan for the PS-GL Marine Park must be 
to ensure the protection of all species represented in the Park. This objective 
cannot be met unless adequate representative surrogates are protected.  
 
Although, marine sanctuaries will protect a representative portion of marine 
biodiversity within an area of influence, the level of representativeness will 
depend on the surrogates used in the process of identification and the level of 
detail available of the extant taxa. Limited and misleading correlations can 
blur the distinction between a marine sanctuary which will be effective and 
one which is politically expedient and easily implemented and monitored.  
 
To allow for flexibility of reserve design within a predetermined management 
unit, larger reserves will contain more species and larger populations which 
are more likely to survive periodic disturbances.   
 
Achieving adequate proportions of all habitat types is difficult to determine 
without detailed assessments of all extant taxa. This data is clearly 
unavailable. To avoid the risk that important species, populations and habitats 
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are not protected due to a lack of detail in the assessment process, large 
areas of the Park must be reserved in sanctuaries.   
 
For conservation goals, the benefits of a sanctuaries increase with size. Large 
reserves protect more habitat and populations, providing a buffer against 
losses from environmental fluctuations or other natural factors that may 
increase mortality or reduce population. Larger marine sanctuaries provide a 
correspondingly larger benefit for sustainable catches and tourism. 
 
Initial benefit to fisheries does not, however, necessarily increase with the size 
of the reserve. The maximum short to medium term benefit of no take zones 
for fisheries, in terms of sustainability and yield, occurs when the reserve is 
large enough to export sufficient larvae, and small enough to minimize the 
initial economic impact to fisheries. Despite these initial impacts to fishers, to 
maximize the medium to long term benefit, it is necessary to protect a larger 
area.  
 
To alleviate this short term impact on commercial fishers, more funding is 
required to provide compensation to commercial fishers who necessarily must 
be bought out of their fishing businesses. As recreational fishers will be one of 
the main beneficiaries of a larger marine sanctuary, they must shoulder more 
of the financial cost of these buyouts. The $10 million in expected recreational 
licence sales generated overt the past 12 months must be directed to the 
buyout of commercial fishing in the PS-GL Marine Park. Other arrangements 
can be established to augment the contribution of recreational fishers to the 
buyouts of commercial fishers. This would include a levy on commercial 
operators within the Marine Park (including commercial fishers, tour operators 
etc) which could repay a low interest government loan over the next 15 years. 
 
An adequate proportion of all representative habitats in the Bioregion has 
been suggested by marine scientists and resource economists as between 
20% and 50%. This equates to a minimum 50% in area of all habitat types 
identified in the Port Stephens –Great Lakes Marine Park. We consider this  
as the minimum sanctuary protection to achieve the objectives of the Park. 
 
 



 
 

The Hunter Community Environment Centre 

 

THE ECONOMIC AND ECOLOGICAL BENEFITS 

OF ESTABLISHING 

50% 

OF THE PORT STEPHENS –GREAT LAKES MARINE PARK 

IN 

SANCTUARY ZONES 

 

 

28 

 

 

 

Bibliography and sources 
 
Advisory Council on  Recreational Fishing , 2005. Draft Minutes 34th MEETING . NSW Department of Primary 
Industries , Cronulla http://www.fisheries.nsw.gov.au/__data/assets/pdf_file/36875/ACoRF-34.pdf 
Agardy, M.T. 1993. Accommodating ecotourism in multiple use planning of coastal and marine protected areas. 
Ocean and Coastal Management 20: 219–39. 
Agardy, M.T. 1994. Advances in marine conservation: the role of marine protected areas. Trends in Ecology and 
Evolution 9(7):267–70. 
Allison GW, Lubchenco J, Carr MH. 1998. Marine reserve are necessary but not sufficient for marine 
conservation. Ecological Application 8: 79–92. 
Alcala, A.C. 1979. Fish yields of Sumilon Islands Reserve: Implications for coral reef management in the 
Philippines. Paper presented at the 14th Pacific Science Congress, Aug.-Sept. 1979. Khabarovsk, USSR. 
Alcala, A.C. & Russ, G.R. 1990. A direct test of the effects of protective management on abundance and yield of 
tropical marine resources. Journal du Conseil pour l’Exploration de la Mer 46:40–7. 
Allison, G.W., Lubchenco, J. and Carr, M.H. 1998. Marine reserves are necessary but not sufficient for marine 
conservation. Ecol. Appl. 8:S79–S92. 
Alverson, D.L., Freeberg, M.H., Murawski S.A. and Pope, J.G. 1994. A global assessment of fisheries bycatch 
and discards. FAO Fish. Tech. Pap. No. 339. 233 pp. 
Andrew, N.L. Graham, K.J.  Hodgson K.E. and Gordon G.N.G. 1997. Changes over twenty years in relative 
abundance of species and size composition of catches from fishery independent surveys on SEF trawl grounds off 
New South Wales. Final report to Fisheries Research and Development Corporation -  New South Wales Fisheries 
Final Report Series No. 1.http://www.fisheries.nsw.gov.au/sci/outputs/fisheries_services/s_changes_20yrs_sef.htm 
Anon, 2000. Locating Potential Reserves In The Channel Islands Marine Reserves. Working Group Meeting. 
Santa Barbara, California. http://cinms.nos.gov/marineres/SPpdfs/SP_092500.pdf 
Anon 2001. How large should marine reserves be. Marine Reserves CINMS. Channel Island National Marine 
Sanctuary . http://www.cinms.nos.moaa.gov/marineres/SPpdfs/questions1A.pdf 
Anon, 2002. Environmental Impact Statement on the Estuary Prawn Trawl Fishery 2002. Public Consultation 
Document. NSW Fisheries. http://www.fisheries.nsw.gov.au/com/ept/ept-public-consultation.htm 
Anon, 2002. Environmental Impact Statement on the Ocean Haul Fishery 2002. Public Consultation Document. 
NSW Fisheries. http://www.fisheries.nsw.gov.au/com/ohf/oh_public.htm 
Anon, 2002. North American Agenda for Action: 2003–2005 Conservation of Biodiversity. 
http://www.cec.org/files/pdf/BIODIVERSITY/224-03-05_en.pdf 
Anon, 2004b. Ocean Conservancy. http://www.oceanconservancy.org/dynamic/learn/wildlife/sawfish/sawfish.htm 
Anon, 2004. Environmental Impact Statement on the Estuary General Fishery 2001. Public Consultation 
Document.  NSW Fisheries. http://www.fisheries.nsw.gov.au/com/egf/est_public.htm 
Anon, 2005. Assessment of Current Operations of the NSW Ocean Trap and Line Fishery for Review against the 
Requirements of the Environment Protection and Biodiversity Conservation Act 1999 – NSW Department of 
Primary Industries, September 2005 - pg 58 

Auster, P. J., R. J. Malatesta, R. W. Langton, L. Watling, P. C. Valentine, C. L. S. Donaldson, E. W. 

Langton, A. N. Shepard, and I. G. Babb. 1996. The impacts of mobile fishing gear on seafloor habitats in the 
Gulf of Maine (Northwest Atlantic): implications for conservation of fish populations. Reviews in Fisheries 
Science 4:185-202. 
Auster, P. 1998. A Conceptual Model of the Impacts of Fishing Gear on the Integrity of Fish Habitats. 
Conservation Biology, 6:1198-1203 

Badalamenti, F.; A. A. Ramos, E. Voultsiadou, J.L. Sánchez Lizaso, G. D’anna1, C. Pipitone, J. Mas, J.A. 

Ruiz Fernandez, D. Whitmarsh and S. Riggio, 2000. Cultural and socio-economic impacts of Mediterranean 
marine protected Areas. Environmental Conservation 27 (2): 110–125  
Babcock, R.C. and Hayward, A.J. 1986. Larval development of certain gamete-spawning scleractinian corals. 
Coral Reefs 5:111–116. Ballantine W.J. 
Ballantine W.J. 1991. Marine reserves – the need for networks. NZ J. Mar. Freshw. Res. 25:115–116. 



 
 

The Hunter Community Environment Centre 

 

THE ECONOMIC AND ECOLOGICAL BENEFITS 

OF ESTABLISHING 

50% 

OF THE PORT STEPHENS –GREAT LAKES MARINE PARK 

IN 

SANCTUARY ZONES 

 

 

29 

 

Ball, I.R. and Possingham. 2002. MARXAN-A Reserve system selection tool. 
http://www.piscoweb.org/outreach/events/osu_reserve_refs.html 
Beamish, F.W.H. 1966. Muscular fatigue and mortality in haddock, Melanogrammus aeglefinus, caught by otter 
trawl. J. Fish. Res. Bd Can. 23: 1507–1519. 
Beers, I. and R.F. Ambrose. Southern California no-take marine reserves enhance target fish populations. 
Manuscript in preparation, summarized here.http://www.nfccfisheries.org/monterey/scienceArticles.html#effective 
Bennett, B.A. & Attwood, C.G. 1991. Evidence for recovery of a surf-zone fish assemblage following the 
establishment of a marine reserve on the southern coast of South Africa. Marine Ecology Progress Series 75(2–3): 
173–81. 
Bohnsack, J.A. 1993. ‘Marine reserves; they enhance fisheries, reduce conflicts and protect resources’. Oceanus 
36, 63–71. 
Bohnsack, J.A. 1994. How marine fishery reserves can improve reef fisheries. In: Proceedings of the 43rd Gulf 
and Caribbean FisheriesInstitute, ed. M.H. Goodwin & G.T. Waugh, pp. 217–40. Miami, Charleston, USA. 
Bohnsack, J.A. 1998. Application of marine reserves to reef fisheries management. Aust. J. Ecol. 23, 298–304. 
Bohnsack, J. 2000. A comparison of the short-term impacts of no-take marine reserves and minimum size limits. 
Bulletin of Marine Science 66(3): 635-650.  
Bonfil, R,. 1994. Overview of World Elasmobranch Fisheries. FAO Fisheries Technical Paper No. 341, Rome. 
FAO. 119pp. 

Bradbury, R. Cooke, J. Erlandson, nJ. A. Estes, T. P. Hughes, S. Kidwell, C. B. Lange, H. S. Lenihan, J. M. 

Pandolfi, C. H. Peterson, R. S. Steneck, M. J. Tegner, and R. R. Warner. 2001. Historical overfishing and the 
recent collapse of coastal ecosystems. Science 293:629-638. 
Bradstock, M. and D. P. Gordon. 1983. ‘Coral-like bryozoan growths in Tasman Bay, and their protection to 
conserve local fish stocks’. New Zealand Journal of Marine and Freshwater Research 17:159-163. 
Breen, D.A and R.P. Avery. 2001. Draft Biodiversity Assessment of the Manning Shelf Marine Bioregion. NSW 
Marine Parks Authority.  
Breen, D. A., Avery, R. P., and Otway, N. M. 2004. Broad-scale biodiversity assessment of the Manning Shelf 
Marine Bioregion. NSW Marine Parks Authority. 
Broadhurst, M.K., 2000. ‘Modifications to reduce bycatch in prawn trawls: A review and 
framework for development’. Reviews in Fish Biology and Fisheries 10: 27–60, 2000. 
Broadhurst, M.K., 2002. Reducing unwanted bycatch in the prawn fisheries of New South Wales. Poster 
produced for general display. http://www.fisheries.nsw.gov.au/sci/outputs/fisheries_services/s_bycatch_prawn.htm 
Broadhurst, M., 2003. ‘Reducing unwanted bycatch and improving size selectivity in NSW prawn fisheries’. 
Professional Fisherman, October 2003: 16-17. http://www.fisheries.nsw.gov.au/sci/outputs/fisheries_services/341-
bycatch-prawns.htm 
Brunckhorst, D.J. & Bridgwater, P.B. 1995. Marine bioregional planning: a strategic framework for identifying 
marine reserve networks, and planning sustainable use and management. In: Proceedings of the Symposium on 
Marine Protected Areas and Sustainable Fisheries conducted at the Second International Conference on Science 
and the Management of Protected Areas, ed. N.L. Shackell & J.H. Martin, pp. 105–16. Halifax, Nova Scotia, 
Canada: Dalhousie University. 
Bustamente, R.H., P. Martinez, F. Rivera, R. Bensted-Smith, and L. Vinueza. 1999. ‘A proposal for the initial 
zoning of the Galapagos Marine Reserve’. Charles Darwin Research Station Technical Report. October 1999. 
Butman, C. A. and J. T. Carlton, editors. 1995. Understanding marine biodiversity: a research agenda for the 
nation. National Academy Press, Washington, DC. 

Roberts, Mandy Andelman,, George  Branch, Rodrigo h. Bustamante, Juan Carlos Castilla, Jenifer Dugan, 

Benjamin  S. Halpern,, Kevin  D Lafferty, Heather Leslie, Jane  Lubchenco,  Deborah  Mcardle, Hugh  P. 

Possingham, Mary Ruckelshaus, and Robert  R. Warner.. 2003.  Ecological criteria for evaluating candidate 
sites for marine reserves Ecological Applications, 13(1) Supplement, 2003, pp. S199–S214 q 2003  
Camhi, M., Fowler, S., Musick, J., Brautigam, A. and Fordham, S. 1998. Sharks and their Relatives. Ecology 
and Conservation. Occasional Paper of the IUCN Species Survival Commission No.20. 
Capellà, J., Donaire, J.A., Muñoz, J.C. & Ullastres, H. 1998. Turisme Sostenible a la Mediterània: Guia per a 
la Gestió Local. Barcelona: Brau Edicions: 156 pp. 
Cappo, M., Alongi, D., Williams, D.McB., and Duke, N., 1998. A Review and Synthesis of Australian Fisheries 
Habitat Research. Major threats, issues and gaps in knowledge of marine and coastal fisheries habitats – a 
prospectus of opportunities for the FRDC 331 “Ecosystem Protection Program”. Volume 2: Scoping Review. 
Report to the Fisheries Research & Development Corporation by the Australian Institute of Marine Science. 
Carr, H and Raimondi, P. 1998. ‘Concepts relevant to the design and evaluation of fishery reserves’ . In Marine 
Harvest Refugia for West Coast Rockfish: A Workshop, ed. By Mary Yoklavich. NOAA Technical Memorandum 



 
 

The Hunter Community Environment Centre 

 

THE ECONOMIC AND ECOLOGICAL BENEFITS 

OF ESTABLISHING 

50% 

OF THE PORT STEPHENS –GREAT LAKES MARINE PARK 

IN 

SANCTUARY ZONES 

 

 

30 

 

NOAA-TM-NMFS-SWFSC-255, pp. 27-31. National Marine Fisheries Service, Southwest Fisheries Science 
Center. 
Carr MH, Reed DC. 1993. Conceptual issues relevant to marine harvest refuges: Examples from temperate reef 
fishes. Canadian Journal of Fishery and Aquatic Sciences 50: 2019–2028. 
Carr, M and Raimondi, P. 1999. ‘Marine protected areas as a precautionary approach to management’ CalCOFI 
Rep. 40: 71-76. 
Chopin, F.S. and Arimoto, T. 1995. ‘The condition of fish escaping from fishing gears – a review’. Fish. Res. 
21:315–327. 
Clark, C.W. 1996. ‘Marine reserves and the precautionary management of fisheries’. Ecological Applications. 6: 
369-370. 
Connell S.D. and Jones G.P.. 1991. The influence of habitat complexity on post recruitment 
processes in a temperate reef fish population. J. Exp. Mar. Biol. Ecol., 151 (1991) 271-294 
Creese, R.G. and Breen, D.A., 2003. ‘Marine Protected Areas in NSW: Challenges for research’. Pp 120-128 In: 
"Conserving marine environments: out of sight out of mind" edited by Pat Hutchings and Dan Lunney. Royal 
Zoological Society of NSW, Mosman, NSW.   
Cresswell, I.D. and Thomas, G.M. (eds.) 1997. Terrestrial and Marine Protected Areas in Australia. 
Environment Australia Biodiversity Group, Canberra. 120pp. 
Cummins, S. P; Roberts, D. E; Ajani, P; Underwood, A. J. 2004. Comparisons of assemblages of 
phytoplankton between open water and seagrass habitats in a shallow coastal lagoon. Marine & Freshwater 
Research. 55(5). 2004. 447-456. 
Daan, N. 1993. Simulation study of the effects of closed areas to all fishing, with particular reference to the North 
Sea ecosystem. Pages 252-258 in K. Sherman, LM Alexander, and BD Gold (eds). Larger Marine Ecosystems: 
Stress, Mitigation, and Sustainability. AAAS Press, Washington, DC. 
Dayton, P.K., Thrush, S.F., Agardy, M.T. and Hofman, R.J. 1995. Environmental effects of marine fishing. 
Aquat. Cons.: Mar. Freshwater Eco. 5:205–232. 
Dayton, P.K., E. Sala, M.J. Tegner and S. Thrush. 2000. Marine reserves: Parks, baselines, and fishery 
enhancement. Bulletin of Marine Science 66(3): 617-634.  
Davis, D. & Harriot, V.J. 1996. Sustainable tourism development or a case of loving a special place to death? 
Scuba diving in the Julian Rocks aquatic reserve, Eastern Australia. In: Practising Responsible Tourism. 
International Case Studies in Tourism Planning, Policy and Development, ed. L.C. Harrison & W. Husbands, pp. 
423–43. Toronto, Canada: Ryerson Polytechnic University and John Wiley & Sons Inc. 
Davis, D. & Tisdell, C. 1995. Recreational scuba-diving and carrying capacity in marine protected areas. Oceans 
and Coastal Management 26(1): 19–40. 
DeMartini, E.E. 1993. Modeling the potential of fishery reserves for managing Pacific coral reef fishes. Fish. 
Bull. 91, 414–427. 
De Groot, S.J. 1984. The impact of bottom trawling on benthic fauna of the North Sea. Ocean Manage. 9, 177–
190. 
Doherty, P.J., 1983. Tropical territorial damselfishes: is density limited by aggression or recruitment. 
Ecology, Vol. 64, pp. 176-190. 
Fairweather, P.G. 1991. Implications of ‘supply-side’ ecology for environmental assessment and management. 
Trends in Ecology and Evolution 6: 60–3. 
Farrow, S. 1996. Marine protected areas emerging economics. Marine Policy 20(6): 439–46. 
FAO. 1992. Yearbook of Fishery Statistics, Vol. 74. FAO, Rome, 677 pp. 

Fernandes, L A;;;; Day, A , J;  Lewis, A, B; Slegers, S, C; Kerrigan,B, D; Breen, D, E; Cameron, D, A; Jago, 

B, A ; Hall, J, F;  Lowe, D, A; Innes, J, A; Tanzer, J, A; Chadwick, V, A; Thompson, L, A; Gorman, K, A 

Mark Simmons,G Bryony Barnett,H Kirsti Sampson,I Glenn De’ath,J Bruce Mapstone,K; Marsh, K, L; 

Possingham, H M; Ball, I, N; Ward, T O; Dobbs, K A; Aumend, J, A; Slater, D, A and Stapletona, K. 2005 
Establishing Representative No-Take Areas in the Great Barrier Reef: Large-Scale Implementation of Theory on 
Marine Protected Areas. Conservation Biology Volume 19, No. 6, December 2005 
Ferrel. D.J and Sumpton, W. 1997. Assessment of the fishery for snapper in Queensland and New South Wales. 
Final Report, FRDC Project 93/074. NSW Fisheries Research Institute, Cronulla. 
Francour P., Jean-Georges Harmelin, JG.Pollard, D And  Sartoretto, S.. 2001.A review of marine protected 
areas in the northwestern Mediterranean region: siting, usage, zonation and Management. Aquatic Conser_: Mar. 
Freshw. Ecosyst. 11: 155–188 (2001) 
Fletcher, W. and McVea, Tracy (Eds). 2001. Status of Fisheries Resources 2000. NSW Fisheries. 



 
 

The Hunter Community Environment Centre 

 

THE ECONOMIC AND ECOLOGICAL BENEFITS 

OF ESTABLISHING 

50% 

OF THE PORT STEPHENS –GREAT LAKES MARINE PARK 

IN 

SANCTUARY ZONES 

 

 

31 

 

Gains, S et al. 2000. Scientific Consensus Statement on Marine Reserves and Marine Protected Areas. National 
Centre for Ecological Analysis and Synthesis. University of California. Santa Barbara. 
http://www.nceas.ucsb.edu/Consensus/.pdf 
Gibbs, P. 2004. Summary of “Broad-scale interactions between fishing and marine mammals, reptiles and 
avifauna in NSW marine waters” (Con2002/057) Incomplete. NSW Fisheries and the National Parks Service 
under the NSW Biodiversity Strategy. 
Gibson, P. T., Worthington, D. G., Blount, C. and Andrew, N. L., 2002., Incidental damage of blacklip abalone 
(Haliotis rubra) by commercial divers in New South Wales, Australia. Journal of Shellfish Research. 21(2): 787-
792.  
Gillanders, B.M., Ferrell, D.J. and Andrew, N.L. 1997.Determination of ageing in kingfish in New South 
Wales. Final Report, FRDC Project 95/128. NSW Fisheries Research Institute, Cronulla. 
http://www.fisheries.nsw.gov.au/sci/outputs 
Gillanders, B.M., Ferrell, D.J., Andrew, N.L. 2001.Estimates of movement and life-history parameters of 
yellowtail kingfish (Seriola lalandi): how useful are data from a cooperative tagging programme? Marine and 
Freshwater Research 52:179-92. 
Goñi, R. 1998. Report on the evolution of human activities in the marine reserve of Columbretes Islands. 
Unpublished report, Instituto Español de Oceanografía. Centro Oceanográfico de Baleares: 5 pp (mimeo). Cited in 
Badalamenti, et al (2000).  
Graham, K, and Andrew, N. 2001.Changes in the relative abundance of sharks and rays on South East Fishery c 
trawl grounds after twenty years of fishing. Marine and Freshwater Research, 52: 549-61. 
Grafton, R.Q., Ha, P.V. and Kompas, T. 2004, ‘Saving the seas:the economic justification of marine reserves’, 
Economics and Environment Network working paper no. EEN04-02, Canberra. 
Grafton, R.Q., Kompas, T. and Ha, P.V. 2005, Cod Today and None Tomorrow: The Economic Value of a 
Marine 
Reserve, Contributed Paper at the 49th Annual Conference of the AARES, Coffs Harbour, NSW, The Australian 
National University, Canberra. 
Gray, C.A., Pease, B.C.. Stringfellow, S.L. Raines, L.P.  Rankin, B.K. Walford. T.R. 2000. Sampling estuarine 
fish species for stock assessment. Final report to Fisheries Research and Development Corporation - Project 
Number 94/042. New South Wales Fisheries - Final Report Series No. 18. 
http://www.fisheries.nsw.gov.au/sci/outputs/fisheries_services/s_sampling_fish_estuaries.htm 
Gray, C. A., Johnson, D.D., Young, D.J. and Broadhurst, M. K., 2003. Bycatch assessment of the Estuarine 
Commercial Gill Net Fishery in NSW. Final Report to Fisheries Research and Development Corporation. Project 
No. 2000/172. NSW Fisheries Final Report Series No. 55. ISSN 1442-0147. 58pp. 
http://www.fisheries.nsw.gov.au/sci/outputs/fisheries_services/375-bycatch.htm 
Greenville, J.W. and MacAulay, T.G. 2005, A Stochastic Model of a Multi-Species Marine Protected Area: 
Potential use as a Tool for Fisheries Management, Contributed Paper at the 49th Annual Conference of the 
AARES, Coffs Harbour, NSW, University of Sydney, Sydney. 
Greenville, J.W. (in press) Economics of Marine Protected Areas as a Tool for 
Fisheries Management (appendix 1) 
Graham, K.J., Andrew, N.L. and Hodgson, K.E., 2001. Changes in the relative abundance of sharks and rays on 
Australian South East Fishery trawl grounds after twenty years of fishing. Journal of Marine and Freshwater 
Research 52(4): 549-561. 
Gray, Charles A. 2001. Spatial variation in by-catch from a prawn seine-net fishery in a south-east Australian 
coastal lagoon. Marine & Freshwater Research. 52(7). 2001. 987-993. 
Halpern, B. 2002. The impact of marine reserves: do reserves work and does reserve size matter? Ecological 
Applications, in press. http://www.nfccfisheries.org/monterey/scienceArticles.html#effective 
Halpern, B. S; Gaines, S. D; and Warner, R. R. 2004. Confounding effects of the export of production and the 
displacement of fishing effort from marine reserves Ecological Applications. 14(4). August 2004. 1248-1256 
Harmelin, J.G., Bachet, F. & Garcia, F. 1995. Mediterranean marine reserves: fish indices as tests of protection 
efficiency. Marine Ecology 16(3): 233–50. 
Hannesson, R. 2002. The economics of marine reserves, Natural Resource Modeling, 15, 273-290. 
Hardin, G. 1968. The tragedy of the commons. Science 162(3859):1243-48. 
Harriott, V. J., Smith, S. D. A., and Harrison, P. L. 1994. Patterns of coral community structure of sub-tropical 
reefs in the Solitary Island Marine Reserve, Eastern Australia. Marine Ecology Progress Series 109, 67.76. 
Harriott, V.J., Banks, S. A, Mau, R.L., Richardson, D., and Roberts, L.G, 1999. Ecological and conservation 
significance of the subtidal rocky reef communities of northern New South Wales, Australia. Mar. Freshwater 
Res., 50, 299.306 



 
 

The Hunter Community Environment Centre 

 

THE ECONOMIC AND ECOLOGICAL BENEFITS 

OF ESTABLISHING 

50% 

OF THE PORT STEPHENS –GREAT LAKES MARINE PARK 

IN 

SANCTUARY ZONES 

 

 

32 

 

Henry, G.W. and Lyle, J.M., 2003. The National Recreational and Indigenous Fishing Survey. Final Report to 
the Fisheries Research & Development Corporation and the Fisheries Action Program. Project No. 1999/158. 
NSW Fisheries Final Report Series No. 48. ISSN 1440-3544. 188pp.  
Hastings A and Botsford L, 1999. Equivalence in Yield from Marine Reserves and Traditional Fisheries 
Management. Science 284:1537-1538 www.sciencemag.org 
Hoese, D.F., Bray, D., Allen, G.R., Allen, C., Cross, N. and Paxton, J.R. (in press) Zoological Catalogue of 
Australia 7 Pisces (Part 2). 
http://www.fisheries.nsw.gov.au/sci/outputs/fisheries_services/s_Fishing_Survey_03.htm 
Holt, S., and M. Segnestram. 1982. The sea must live: Why coastal and marine protected areas are needed. Paper 
presented at 3rd World Conference on National Parks, Coastal and Marine Workshop, Bali, Indonesia. 
Horwood, J.W. 2000. No-take zones: A management context. In: Kaiser, M.J. and de Groot, S.J. (eds.), The 
Effects of Fishing on Non-Target Species and Habitats: Biological, Conservation and Socio-Economic Issues. 
Blackwell Science, Oxford, pp. 302–311. 
Horwood, J.W., Nichols, J.H. and Milligan, S. 1998. Evaluation of closed areas for fish stock conservation. J. 
App. Ecol. 35, 893– 903.Hughes, T. 
Irish, K. E. and E. A. Norse. 1996. Scant emphasis on marine biodiversity. Conservation  Biology 10:680. 
IUCN, 2004. Intercessional plan 2005 – 2008. International Union for the Conservation of Nature – Global  
Jackson, J. B.C., M. X. Kirby, W. H. Berger, K. A. Bjorndal, L. W. Botsford, B. J. Bourque, R. H.  

Jennings, S. 2001. Patterns and prediction of population recovery in marine reserves Reviews in Fish Biology and 
Fisheries 10: 209–231, Marine Program. Switzerland.  
Jennings, S. 2000. Patterns and prediction of population recovery in marine reserves. Rev. Fish Biol. Fish. 10: 
209–231. 
Jimenez, J. 1996. Las islas Columbretes del Parque Natural a laReserva Marina. In: Estudios Sobre Áreas 
Marinas Protegidas e Islas del Mediterráneo Español, pp. 67–71. Madrid: Ministerio de Agricultura, Pesca y 
Alimentación. 
Johnson, D,   Funicelli, N and Bohnsack, J. 1999. Effectiveness of an existing estuarine no-take fish sanctuary 
within the Kennedy Space Center, Florida . North American Journal of Fisheries Management. 19: 436-453. 
http://www.nfcc-fisheries.org/monterey/scienceArticles.html#effective 
Jones, J.B. 1992. Environmental impact of trawling on the seabed: a review. NZ. J. Mar. Freshwat. Res. 26: 59–
67. 
Jones, G.P., Cole, R.C. & Battershill, C.N. 1992. Marine reserves: do they work? In: International Temperate 
Reef Symposium, ed. C.N. Battershill, D.R. Schiel, G.P. Jones, R.G. Creese & A.B. MacDiarmid, pp. 29–45. 
Wellington, New Zealand, NIWA Marine. 
Katz, C.H., Cobb, J.S., Spaulding, M. 1994. Larval behaviour, hydrodynamic transport and potential offshore-to-
inshore recruitment in the American lobster Homarus americanus. Mar. Ecol. Prog. Ser. 103, 265–273. 
Kennelly, S.J. and Broadhurst, M.K., 2002. Bycatch begone: changes in the philosophy of fishing technology. 
Fish and Fisheries 3(4): 340-355. http://www.fisheries.nsw.gov.au/sci/outputs/fisheries_services/s_bycatch.htm 
Kennelly, S.J., Liggins, G.W. and Broadhurst, M.K., 1998. Retained and discarded bycatch from oceanic prawn 
trawling in New South Wales, Australia. Fisheries Research 36: 217- 236. 
Kennelly, Steve and Tracy McVea. (Eds) 2003. Status of Fisheries resources, 2001-2001. NSW Fisheries. 
Koblentz-Mishke, O.J., V.V. Valkovsinky, and J.C. Kabanova. 1970. Plankton primary production of the world 
oceans. Pages 189-193 in W.S. Wooster, editor. Scientific exploration of the South Pacific. National Academy of 
Sciences Press, Washington, D.C. 

Koenig, C.C. F.C. Coleman, C.B. Grimes, G.R. Fitzhugh, K.M. Scanlon, C.T. Gledhill, M. Grace. 2000. 
Protection of fish spawning habitat for the conservation of warm-temperate reef-fish fisheries of shelf-edge reefs 
of Florida. Bulletin of Marine Science. 66(3): 593-616.  
Last, P.R and Stevens, J.D., 1994. Sharks and Rays of Australia. CSIRO, Melbourne. 513pp. 
Leis, J.M. 1986. Vertical and horizontal distribution of fish larvae near coral reefs at Lizard Island, Great Barrier 
Reef. Mar. Biol. 
90, 505–516. 
Leis, J.M. 1991a. The pelagic stage of reef fishes: the larval biology of coral reef fishes. In: Sale, P.F. (ed.), The 
Ecology of Fishes on Coral Reefs. Academic Press, San Diego, pp. 183–230. 
 Leis, J.M. 1991b. Vertical distribution of fish larvae in the Great Barrier Reef lagoon, Australia. Mar. Biol. 109, 
157–166. 
Levy, S. 1998. Watery wastelands. New Scientist 158:40-44. 
Liggins, G.W., 2001. Discarded catch in a multi-species trawl fishery. Ph.D. thesis, University of Sydney. Centre 
for Research Ecological Impacts of Coastal Cities (Usyd) www.eicc.bio.usyd.edu.au 



 
 

The Hunter Community Environment Centre 

 

THE ECONOMIC AND ECOLOGICAL BENEFITS 

OF ESTABLISHING 

50% 

OF THE PORT STEPHENS –GREAT LAKES MARINE PARK 

IN 

SANCTUARY ZONES 

 

 

33 

 

Man, A., Law, R. and Polunin, N.V.C. 1995. Role of marine reserves in recruitment to reef fisheries; a 
metapopulation model. Biol. Conserv. 71, 197–204. 
Martell, S.J.D., C.J. Walters, S.S. Wallace. 2000. The use of marine protected areas for conservation of lingcod 
(Ophiodon elongatus). Bulletin of Marine Science 66(3): 729-743.  
McAllister, D. E. 1995. Status of the World Ocean and its biodiversity. Sea Wind 9:1-72. 
McClanahan, T.R. & Kaunda-Arara, B. 1996. Fishery recovery in a coral-reef marine park and its effects on the 
adjacent fishery. Conservation Biology 10(4): 1187–99. 
McGarvey. R. 2004 Estimating the emigration rate of fish stocks from marine sanctuaries  using tag-recovery 
data. Fishery Bulletin (Seattle). 102(3). July 2004. 464-472. 
McLoughlin, K., Walker, T. and Punt, A. 1998. Southern Shark Fishery. pp85-91. In: Caton, A., McLoughlin, 
K. and Staples, D. (Eds.) Fishery Status Reports 1998: Resource Assessments of Australian Commonwealth 
Fisheries. Bureau of Rural Sciences, Canberra. 
McNeill SE, Fairweather PG. 1993. Single large or several small marine reserves? An experimental approach 
with seagrass fauna. Journal of Biogeography 20: 429–440. 
Murawski, S.A., R. Brown, H-L Lai, P.J. Rago, L. Hendrickson. 2000. Large-scale closed areas as a fishery-
management tool in temperate marine systems: The Georges Bank experience. Bulletin of Marine Science 66(3). 
Murray, S.N., R.F. Ambrose, J.A. Bohnsack, L.W. Botsford, M.H. Carr, G.E. Davis, P.K. Dayton, D. 

Gotshall, D.R. Gunderson, M.A. Hixon, J. Lubchenco, M. Mangel, A. MacCall, D.A. McArdle, J.C. Ogden, 

J. Roughgarden, R.M. Starr, M.J. Tegner, M.M. Yoklavich 1999. No-take Reserve Networks: Sustaining 
Fishery Populations and Marine Ecosystems. Fisheries 24(11):11-25 
Greenville, J.W. (in press) Economics of Marine Protected Areas as a Tool for 
Fisheries Management. Agricultural and Resource Economics, The University of Sydney, E-mail: 
j.greenville@agec.usyd.edu.au 
Musick, J.A., Burgess, G., Cailliet, G., Camhi, M. and Fordham, S. 2000b. Management of sharks and their 
relatives (Elasmobranchii). Fisheries 25(3): 9-13. 
Morgan, L. E., L.W. Botsford, C.J. Lundquist, J.F. Quinn. 1999. The potential of no-take reserves to sustain 
the red sea urchin (Strongylocentrotus franciscanus) fishery in northern California. Bulletin of Tohoku National 
Fisheries Research Institute, Special Issue 62: 83-94.  
Nardi, K. ;Jones, G. P.,Moran; M. J; and Cheng, Y. W. 2004. Contrasting effects of marine protected areas on 
the abundance of two exploited reef fishes at the sub-tropical Houtman Abrolhos Islands, Western Australia. 
Environmental Conservation. 31(2). June 2004. 160-168. 
National Research Council. 2001. Marine Protected Areas: Tools for Sustaining Ocean 
Ecosystems. National Academy Press. Washington D.C. 272 pages. 
Newton, G. 1999. Australia’s fisheries - a finite resource. Australian Marine Science Association Bulletin 146: 20-
22. 
Norse, E. A., editor. 1993. Global marine biological diversity: A strategy for building 
conservation into decision making. Island Press, Washington, DC. 
Norse. E. 2001.  A Zoning Approach To Managing Marine Ecosystems in Improving Regional Ocean Governance 
in the U.S. Proceedings of Workshop on Improving Regional Ocean Governance in the United State. 
http://www.mcbi.org/marineprotected/OceanZoning_from_RegionalProceedings.pdf 
Otway, N. M. 1999. Identification of candidate sites for declaration of aquatic reserves for the conservation of 
rocky intertidal communities in the Hawkesbury Shelf and Batemans Shelf Bioregions. Final report to 
Environment Australia for the Marine Protected Areas Program (Project No. OR22). NSW Fisheries Final Report 
Series No. 28. ISSN 1440-3544. http://www.fisheries.nsw.gov.au/sci/outputs/aqua_sust/s_intertidal_hawkbb.htm 
Otway, N. and Macbeth, W. 1999. ‘Physical effects of hauling on seagrass beds’. Final report to the Fisheries 
Research and Development Corporation - Project Number 1995/149 & 1996/286 -New South Wales Fisheries 
Final Report Series No. 15. http://www.fisheries.nsw.gov.au/sci/outputs/aqua_sust/s_hauling_seagrass.htm 
Otway, N. and Parker, P. 2000. The biology, ecology, distribution, abundance and identification of marine 
protected areas for the conservation of threatened Grey Nurse Sharks in south east Australian Waters. 
http://www.fisheries.nsw.gov.au/sci/outputs/aqua_sust/s_greynurse_conserv.htm 
Otway, N. 2001. Grey Nurse Shark. Nature Australia 26 (12): 20-21. 
Otway, N.M., Burke, A.L., Morrison, NS. and Parker, P.C., 2003. Monitoring and identification of NSW 
Critical Habitat Sites for conservation of Grey Nurse Sharks. Final Report to Environment Australia. Project No. 
22499. NSW Fisheries Final Report Series No. 47. ISSN 1440-3544. 62pp. 
Pankhurst, N.W. and Sharples, D.F. 1992. Effects of capture and confinement on plasma cortisol concentrations 
in the snapper, Pagrus auratus. Aust. J. Mar. Freshwater Res. 43:345–356. 
Parker, P. G. 1995. Structure of reef fish assemblages at Julian Rocks, Northern New South Wales. Master of 
Philosophy Thesis, Griffith University, Queensland. 



 
 

The Hunter Community Environment Centre 

 

THE ECONOMIC AND ECOLOGICAL BENEFITS 

OF ESTABLISHING 

50% 

OF THE PORT STEPHENS –GREAT LAKES MARINE PARK 

IN 

SANCTUARY ZONES 

 

 

34 

 

Partnership for Interdisciplinary Studies of Coastal Oceans. 2002. The Science of Marine Reserves. 
http://www.piscoweb.org. 22 pages 
Pollard, D.A., 1990. The conservation status of Australian marine fishes – protected fish species in New South 
Wales, with particular emphasis on the black cod and the grey nurse shark. Australian Society for Fish Biology 
Newsletter 20(2): 28-29. 
Pollard, D.A. 1991. Grey Nurse - the world’s first protected shark? In: Woon, P. and Pepperell, J. (eds.) 
Conference Schedule and Abstracts. Sharks Down Under Conference, Taronga Zoo, Sydney. February 2001. 
Pogonoski, J. J., Pollard, D. A. and Paxton, J. R. 2001.Conservation Overview and Action Plan for Australian 
Threatened and Potentially Threatened Marine and Estuarine Fishes. Report to Environment Australia, Project No. 
00016388  http://www.deh.gov.au/coasts/species/marine-fish/pubs/marine-fish.pdf 
Quinn, J.F., Wing, S.R. and Botsford, L.W. 1993. Harvest refugia in marine invertebrate fisheries: models and 
applications of the red sea urchin, Stongylocentrotus franciscanus. Am. Zool. 33, 537–550. 
Recreational Fishing Saltwater Trust Expenditure Committee 2004.  FINAL MINUTES 14TH meeting 
21/09/04 Cronulla Fisheries Centre, Cronulla. 
http://www.fisheries.nsw.gov.au/__data/assets/pdf_file/13685/RFSTEC_14.pdf] 
Recreational Fishing Saltwater Trust Expenditure Committee, 2005.FINAL MINUTES 18TH MEETING. 
http://www.fisheries.nsw.gov.au/__data/assets/pdf_file/49242/rfstec_18.pdf 
Reise, K. 1982. Long term changes in the macrobenthic invertebrate fauna of the Wadden Sea: are polychaetes 
about to take over? Netherlands Journal of Sea Research 16:29-36. 
Ribera, M.A. 1992. Réserve des Iles Medes et frequentation touristique régionale. In: Economic Impact of the 
Mediterranean Coastal Protected Areas, Ajaccio, September 1991, ed. J. Olivier, N. Gerardin & A. Jeudy de 
Grissac, pp. 51–7. France: MEDPAN Secretariat publication. 
Richardson, D. L., Harriott, V. J., and Harrison, P. L. (1997). Distribution and abundance of giant sea 
anemones (Actinaria) in subtropical eastern Australian waters. Marine and Freshwater Research 48, 59-66. 
Riesen, W. and K. Reise. 1982. Macrobenthos of the subtidal Wadden Sea: revisited after 55 years. Helgolanders 
Meersuntersuchungen 35:409-423. 
Roberts, C.M. and J.P. Hawkins. 2000. Fully-protected marine reserves: a guide. WWF 
Endangered Seas Campaign. 1250 24th Street, NW. Washington, DC 20037, USA and 
Environment Department, University of York, York YO10 5DD, UK. 
Rowling, K.R. 1996. Assessment of the NSW dropline fishery. Progress Report - 1993 to 1995. NSW Fisheries 
Research Institute, Cronulla. 
Rowling, K.R. 1997. Monitoring of the 1997 fishery for eastern gemfish. NSW Fisheries Research Institute, 
Cronulla 
Rowling, K. R. 2001.Comment on 'Spawning dynamics of the eastern gemfish (Rexea solandri) in relation to 
regional oceanography'.Marine and Freshwater Research, 52: 623-30. 
Rowling, K. R., and Makin, D. L. 2001.Monitoring of the fishery for Gemfish Rexea solandri, 1996 to 2000. 
Final report to the Australian Fisheries Management Authority. NSW Fisheries Final Report Series No. 27. ISSN 
1440-3544. http://www.fisheries.nsw.gov.au/sci/outputs/fisheries_services/s_gemfish.htm 
Rowling, K. R and Raines, L. P. 2000. Description of the biology and an assessment of the fishery of Silver 
Trevally Pseudocaranx dentex off New South Wales. Final Report to Fisheries Research and Development 
Corporation. Project No. 97/125. NSW Fisheries Final Report Series No. 24. ISSN 1440-3544. 
http://www.fisheries.nsw.gov.au/sci/outputs/fisheries_services/s_silver_trevally.htm 
Rowley, R.J. 1994. Case studies and reviews, marine reserves in fisheries management. Aquat. Conserv. Mar. 
Freshw. Ecosys. 4, 233–254. 
Russ, G.R. & Alcala, A.C. 1996. Do marine reserves export adult fish biomass? Evidence from Apo Island, 
central Philippines. Marine Ecology Progress Series 132: 1–9. 
Russ, G. R.; Alcala, A. C.;and  Maypa, A. P. 2003. Spillover from marine reserves: The case of Naso vlamingii 
at Apo Island, the Philippines. Marine Ecology-Progress Series. 264 December 15, 2003. 15-20 
Sainsbury, K. J. 1987. Assessment and management of the demersal fishery on the continental shelf of 
northwestern Australia. Pages 465-503 in J. J. Polovina and S. Ralston, editors. Tropical snappers and groupers: 
biology and fisheries management. Westview Press, Boulder, Colorado. 
Sainsbury, K. J. 1988. The ecological basis of multispecies fisheries and management of a demersal fishery in 
tropical Australia. Pages 349-382 in J. A. Gulland, editor. Fish Population Dynamics, 2nd edition. Wiley, New 
York. 
Sainsbury, K. J. 1991. Application of an experimental approach to management of a tropical multispecies fishery 
with highly uncertain dynamics. ICES Marine Science Symposium 193: 301-320. 
Salm, V. R. and Clark J. R. 1984. Marine Coastal Protected Areas; A Guide for Planners and Managers. 
International Union for the Conservation of Nature. Switzerland. 



 
 

The Hunter Community Environment Centre 

 

THE ECONOMIC AND ECOLOGICAL BENEFITS 

OF ESTABLISHING 

50% 

OF THE PORT STEPHENS –GREAT LAKES MARINE PARK 

IN 

SANCTUARY ZONES 

 

 

35 

 

Sanger, Andrew. 1999. ‘Recommendation: PRISTIS ZIJSRON - GREEN SAWFISH’, Fisheries Scientific 
Committee. Ref. No. FR11. File No. FSC 99/19.  
http://www.fisheries.nsw.gov.au/fsc/recommend/FR11%20Sawfish.pdf  
Sanchirico, J.N. and Wilen, J.E. 2001. A bioeconomic model of marine reserve creation, Journal of 
Environmental Economics and Management 42, 257-76. 
Sastry, AN. 1983. Pelagic larval ecology and development. In: Verberg, F.T. and Verberg, W.B. (eds.), The 
Biology of Crustaceans, Vol. 7. Academic Press, New York, pp. 214–282. 
Scandol, J. 2003. Monitoring for Fishery Management Strategies in 2003/04. NSW Fisheries (FSC2003/123). 
Scandol, J. (in prep.) Towards ecosystem-based fishery management in NSW using spatial ecosystem simulation. 
(FSC2002/113). NSW Fisheries and the University of British Columbia. 
www.fisheries.nsw.gov.au/sci/projects/towards_ecosystem-based.htm 
Shanks, A.L. 1995. Orientated swimming by megalopae of several eastern North Pacific crab species and its 
potential role in their onshore migration. J. Exper. Mar. Biol. Ecol. 186, 1–16. 
Sharp, G.D. 1988. Fish populations and fisheries: their perturbations, natural and man-induced. Pages 155-202 in 
H. Postma and J. J. Zijlstra, editors. Continental shelves, ecosystems of the world 27, Elsevier Science Publishers, 
Amsterdam. 
Smith, K.A. 2002. Review of eastern sea garfish and other commercially significant garfish species in New South 
Wales - their fishery and biology. NSW Fisheries Resource Assessment Series No. 13. 29 pp. ISSN 1440-057X. 
http://www.fisheries.nsw.gov.au/sci/outputs/fisheries_services/s_sea_garfish.htm 
Smith, A.K. and Pollard, D.A. (1996). The best available information – some case studies from NSW, Australia, 
of conservation-related management responses which impact on recreational fishers. Marine Policy 20 (3): 261-
267. 
Smith, A., Pollard, D. and Gillanders, B.,1996. The Blue Groper in NSW. Fishnote DF/63, NSW Fisheries, 
Sydney. 
Starr, R 1998. Design Principles For Rockfish Reserves On The U.S. West Coast . In Marine Harvest Refugia for 
West Coast Rockfish: A Workshop, ed. By Mary Yoklavich. NOAA Technical Memorandum NOAA-TM-NMFS-
SWFSC-255, pp. 50-63. National Marine Fisheries Service, Southwest Fisheries Science Center 
Steffe, A.S., Murphy, J.J., Chapman, D.J., Tarlinton, B.E., Gordon, G.N. and Grinberg, A. 1996. An 
assessment of the impact of offshore recreational fishing in New South Wales waters on the management of 
commercial fisheries. Final Report, FRDC Project No. 94/053. NSW Fisheries, Cronulla. 
Stevens, J.D., 1999. Management of shark fisheries in northern Australia. pp456-479. In: Shotton, R. (Ed.) Case 
studies of the management of elasmobranch fisheries. FAO Fisheries Technical Paper 378, part 1. FAO, Rome. 
Stewart, J. Ferrell, D.J. and Andrew, N.L. 1998 Ageing yellowtail and blue mackerel in NSW. Final Report, 
FRDC Project 95/151. NSW Fisheries Final Report Series No. 3, NSW Fisheries Research Institute, Cronulla. 
Stewart, J.; Ferrell, D.J. 2001.Age, growth, and commercial landings of yellowtail scad (Trachurus 
novaezelandiae) and blue mackerel (Scomber australasicus) off the coast of New South Wales, Australia. New 
Zealand Journal of Marine & Freshwater Research 35:541-551. 
Stobutzki, I.C. 2001. Marine reserves and the complexity of larval dispersal Reviews in Fish Biology and 
Fisheries 10: 515–518, 2001. 
Taylor, M. 1990. Cooperation and rationality: Notes on the collective action problem and its solutions. pp. 222-
249 in K. Cook and M. Levi, eds. The Limits of Rationality. Chicago, Illinois: University of Chicago Press. 
Tilzey, R.D.J. and Rowling, K.R. 2001. History of Australia's South East Fishery: a scientist's perspective. 
Marine and Freshwater Research 52:361-75. 
Vas, P. (1995). The status and conservation of sharks in Britain. Aquatic Conservation: Marine and Freshwater 
Ecosystems 5: 67-79.  
Walker, T.I., 1998. Can shark resources be harvested sustainably? A question revisited with a review of shark 
fisheries. Marine and Freshwater Research 49: 553-72. 
Walsh, J. J. 1988. On the nature of continental shelves. Academic Press, New York. 
Ward, T.J., M.A. Vanderklift, A.O. Nicholls, and R.A. Kenchington. 1999. Selecting marine reserves using 
habitats and species assemblages as surrogates for biological diversity. Ecological Applications 9:691-698. 
Watling, L and Norse E, 2003. Disturbance of the Seabed by Mobile Fishing Gear: A Comparison with Forest 
Clear-Cutting. http://www.mcbi.org/destructive/Disturbance%20Watling%20Norse.pdf 
Wetherbee, B. M; Holland, K. N; Meyer, C. G.; and Lowe, C. G. 2004. Use of a marine reserve in Kaneohe 
Bay, Hawaii by the Giant trevally, Caranx ignobilis. Fisheries Research (Amsterdam). 67(3). May 2004. 253-263.  
Williams R. 2004. Summary of “Distribution/biodiversity within major NSW coastal fish habitats (Con2000/005). 
Incomplete. NSW Fisheries, Natural Heritage Trust, Coasts & Clean Seas, NSW Transport 



 
 

The Hunter Community Environment Centre 

 

THE ECONOMIC AND ECOLOGICAL BENEFITS 

OF ESTABLISHING 

50% 

OF THE PORT STEPHENS –GREAT LAKES MARINE PARK 

IN 

SANCTUARY ZONES 

 

 

36 

 

Williamson, D. H, Russ, G. R, and Ayling, A. M. 2004. No-take marine reserves increase abundance and 
biomass of reef fish on inshore fringing reefs of the Great Barrier Reef. Environmental Conservation. 31(2). June 
2004. 149-159. 
Wilkinson, J. 1997. Pre 1990 historical comments adapted from "Commercial Fishing in NSW: Origins and 
Development to the Early 1990s" by. NSW Parliamentary Library Research Service. 
Wilson, B.R. and Allen, G.R., 1987. Major components and distribution of marine fauna. pp43-68 In: Dyne, G.R. 
and Walton, D.W. (Eds.) Fauna Of Australia - General Articles Vol. 1A. Australian Government Publishing 
Service, Canberra. 
Wolanski, E. and Sarsenski, J. Larvae dispersal in coral reefs and mangroves. Amer. Sci. 85, 236–243. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
Appendix 1. Table 2. Commercial Fisher Fees as at 1 July 2003  
(see http://www.fisheries.nsw.gov.au/__data/assets/word_doc/5315/licencing-policy.doc) 
Purpose Elements Amount ($) Notes 

Commercial fishing licence   

New licence  Fee 
Research  
Fishery  
Total 
 
Fee for unlicensed crew members, 
per person 
 

443 
122 
221 
$786 
 
+$56 
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Purpose Elements Amount ($) Notes 

Licence renewal Fee 
Research  
Fishery  
Total 
 
Fee for unlicensed crew, per crew 
person 
 
Late fee 

221 
122 
221 
$564 
 
+$56 
 
 
+$111 
 

The late fee applies for 
applications received more 
than 30 days after licence 
expiry date. 

Conditional skipper’s endorsement $33  

Fishing boat licence   

New licence OR 
 
Boat replacement 

Maximum boat length: 
3 metres 
4 metres 
5 metres 
6 metres 
7 metres 
 
+1 metre max. length 
 
Fee for unlicensed crew, per crew 
person 
 

 
$155 
$178 
$201 
$224 
$247 
 
+$23 
 
+$56 

 

Licence renewal Maximum boat length of: 
3 metres 
4 metres 
5 metres 
6 metres 
7 metres 
 
+1 metre max. length 
 
Late fee 
 

 
 
$44 
$67 
$90 
$113 
$136 
 
+$23 
 
+$111 

The late fee applies for 
renewal applications received 
more than 30 days after 
licence expiry date. 

Boat licence transfer  $277 Fee per licence transferred 

Boat registration  $111  

Crew registration  $111 Person is registered for 2 
years 

Net registration  $23  

Duplicate licence  $11 GST included 

Abalone & lobster fisheries   

Registration of share transfer 
and other dealings. 

 $214  

Registration of share mortgage  $375  

Fisher nomination  $321  

Quota transfer  $161  

Fishery management charge, 
per share 

Abalone fishery 
 
Lobster fishery 

$250 
 
$58 
 

Charge applies per share held 
in each fishery 

Sea urchin and turban shell (SUTS) fishery   

Fisher nomination  $321  

Fishing business charge  Payable annually 

Environmental assessment 
charge 

1 fishery 
2 fisheries 

$159 
$318 

The number of fisheries in 
which the business is 
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Purpose Elements Amount ($) Notes 

3 fisheries 
4 fisheries 
5 fisheries 
 
+1 fishery 
 

$425 
$532 
$639 
 
+$107 

endorsed determines fee. 

Fisheries Resource 
Conservation & Assessment 
Council  

 $85 Fee applies once per business 

Share management rental 
charge 

 $107 Fee applies once per 
business. 
 

Total fishing business charge 1 fishery 
2 fisheries 
3 fisheries 
4 fisheries 
5 fisheries 
 
+1 fishery 
 

$351 
$510 
$617 
$724 
$831 
 
+$107 

 

 

 


