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Executive summary

Caveats…

The experience of marine reserves both in NZ and overseas is that they do provide benefits. It is difficult to use single species management to restore ecosystems that are poorly understood (e.g. where the relevant, ecologically pivotal species are not known). Marine reserves therefore allow benefits to be provided with a high level of certainty although there is poor understanding of the marine environment. However there are three key caveats: 
· Marine reserves are not a solution to all marine problems. No site-specific management tool, whether under the Marine Reserves Act, Resource Management Act, or Fisheries Act, can effectively manage the ecological effects of sedimentation from erosion, general pollution, and climate change. Similarly, any marine management tool depends on the RMA to manage land-based threats. 

· In NZ, the Marine Reserves Act is intended as a conservation rather than a fisheries management tool. NZ’s marine reserves have been neither selected nor designed for potential fisheries benefits. 

· The full benefit of marine reserves will occur only when they are properly designed. The Bill therefore contains a principle that a proposed site should be of a size, design and condition (or potential condition) that can be reasonably expected to provide effective protection. 

Marine reserves can…

1
Help to conserve biodiversity (ecosystem, species and genetic): 
Marine reserves–
(a) Protect all components of a marine community (rather than single species);

(b) Protect habitats on which species depend, and provide a refuge for exploited species;

(c) Allow communities to recover to a more natural state with more natural ecological processes (e.g. a population’s size and age structure, predator-prey relationships, food chains), due to decreased human-induced mortality and habitat destruction (however, “natural” does not necessarily mean stable, as populations can fluctuate due to environmental changes or seasonal patterns);
(d) Show a consistent, well documented pattern of higher densities, size, biomass and diversity of fish and invertebrate species within them. Effects are often rapid, but may vary according to the characteristics of the species (e.g. their mobility, place in food chain).
(e) Increase the probability that species, habitats and communities that are rare or vulnerable, or that are disturbed or exploited elsewhere, are able to persist. 
(f) Can help to retain genetic diversity of a species’ population in that area (genetic diversity can be lost in smaller populations, and fishing tends to select for smaller individuals and earlier maturity
). 
Full protection is critical to achieving the full range of benefits possible—areas without full protection do not provide the same benefits.
2
Contribute to better management of the marine environment

Marine reserves contribute to better management of the marine environment because they–
(a) Contribute to better understanding of the marine environments;
(b) Provide bench marks against which to measure the effects of exploitation and development.
(c) Help to separate out and better understand what are natural fluctuations and what are human-induced changes. 
(d) Allow fisheries biologists to study the behaviour and ecology of exploited species without the confounding effects of fishing.
(e) Insure against management mistakes by acting as a source for recruitment should a species become locally extinct, or depleted. 
3
Contribute to fisheries management
There is a growing body of international research that shows reserves have positive effects on the size and abundance of local marine species and fish stocks. 
(a) There is some scientific evidence that marine reserves have helped to enhance or maintain fisheries yields in adjacent areas, through:

(i) Spillover of individuals into the surrounding area; and

(ii) The export of larvae and juveniles—however benefits from this will occur mostly when the stock sizes of nearby fisheries are depleted. The main benefit of this export may be maintaining the genetic diversity of stocks.
(b) Potentially, local fishers that may be affected in the short term by the establishment of the reserve should also be the beneficiaries of any adult spillover and larval export
.
(c) Reserves can provide information to improve management elsewhere (e.g. measures of natural mortality, reproduction, maximum size, trophic interactions).
(d) Reserves can also protect key habitats or life stages (e.g. spawning and nursery areas).
4
Provide other direct and indirect benefits: 
Marine reserves–
(a) Protect areas for future generations; 
(b) Restore people’s experience of what is “natural” in marine systems, which otherwise is constantly slipping. 
(c) Provide opportunities for enjoyment, inspiration, aesthetic enrichment, ‘wilderness’ experiences, and education;

(d) Provide potential for eco-based economic activity and indirect economic benefits;
Benefits of marine reserves: Discussion and examples

Conserving marine biological diversity
Improving abundance, size, diversity and productivity

International reviews
A recent study
 reviewed changes in fish and invertebrates in 89 marine reserves worldwide, from 0.2 ha to 85,000 ha in size. Compared to equivalent, unprotected sites, in these reserves:

· The number of species was 23% higher; 
· The average size of individual animals was 31% higher; 

· Population densities were on average almost double; and

· Biomass was nearly triple. 
Even small reserves had positive effects, but larger reserves had greater overall benefits.
Other international overviews of marine reserves are listed in the references
, 
, 
.  

In marine reserves in NZ

· A study of spiny lobsters in the marine reserves at Leigh, Hahei and Mayor Island, and at Tawharanui marine park, modelled changes and estimated that lobster biomass had conservatively increased 5–10% each year of protection (depending on water depth)
. 
· Blue cod and snapper are larger and more abundant in the Leigh
, Hahei and Long Island marine reserves, and snapper above legal size were up to 10 times more abundant than in similar, unprotected areas
. 
· A study of snapper in Leigh and Hahei marine reserves and Tawharanui marine park during 1997–1999, compared these areas to adjacent unprotected sites. It estimated that legal size snapper were 14 times more abundant, and concluded that marine reserves were effective at protecting within them an exploited species previously thought to be too mobile to respond to area-based protection
.

Unpublished data from DOC’s monitoring of marine reserves supports the above research. 

· In Te Tapuwae o Rongokako marine reserve in 2002 there were 50% more lobsters than when the reserve was established in 1999. 

· In Kapiti marine reserve (established 1992), lobster and butterfish are more abundant, blue cod larger, and reef fish are larger and more abundant than outside the reserve. 

· In Te Angiangi marine reserve (established in 1997), in the first four years after protection, lobster populations increased about 40% per year, and are now approximately six times more abundant within the reserve, paua abundance has significantly increased, and blue moki and butterfish are also more abundant.
Comparison with partially protected areas

Full protection is critical to achieving the full range of benefits possible—areas without full protection do not provide the same benefits
.

Mimiwhangata marine park

Snapper in Mimiwhangata Marine Park in Northland, which allows limited fishing, have not increased in either number or size
.
Mimiwhangata marine park (established 1984) prohibits commercial fishing, nets and longlines, but allows recreational fishing with unweighted single hook lines, trolling and spearing on a limited number of species (including snapper). A study of the fish life in the park concluded
:

· The abundance and size of snapper in the park was the same as in adjacent areas;

· The park had fewer and smaller snapper than either Cape Brett or the Mokohinau Islands which are open to fishing;

· Five species were more common inside, and five more common outside the marine park, but this was probably due to differences in habitat rather than an effect of the marine park;
· Fishing pressure is at least as high in the park as elsewhere, and may be higher, causing an opposite result to the one intended (possibly due to a perception fish are larger and more plentiful in the marine park, and as parks are often placed in areas that are pleasant to fish in); 

· The partial fishing restrictions in Mimiwhangata marine park are ineffective as conservation tools either for species in the park that tend to be heavily targeted by fishers, or for fish communities in general within the marine park.
Poor Knights Island marine reserve

The Poor Knights Islands marine reserve (PKIMR), allowed recreational fishing in most of the reserve from 1981 (when it was established) to October 1998. Trends in the number, size and biomass of fish at this marine reserve following the cessation of recreational fishing
 were compared to trends at the Mokohinau Islands and Cape Brett. The study used two methods to gather data: baited underwater videos (BUV) which allows sampling of carnivorous fish (e.g. snapper and terakihi) not amenable to visual methods, and underwater video census by divers (UVC) which gives a more accurate picture of the whole range of fish species present. 

For snapper between 1998 and 2002, the authors concluded that:

· Total snapper numbers increased significantly in the reserve: by 12 times using the BUV method; and by 6.3 times using the UVC method taking seasonal variation into account;

· The BUV method detected 9.4 times as many snapper over legal size (270 mm), although the UVC method did not detect an increase; 

· Both methods showed that snapper over legal size (270 mm) were far more common in the reserve than compared to the two other sites, and that large snapper (over 400 mm) were increasingly common in the reserve but very rare at the two other sites;

· The number of juvenile snapper increased at Cape Brett, but the number of legal size snapper did not significantly change at the Mokohinau Is and Cape Brett.

Five other fish species increased in number at the reserve (depending on method), and eight species decreased significantly. The authors suggested that the latter could possibly be the result of natural mortality, or of competitive or predatory interactions with snapper or other species.  

The authors concluded that the partial protection in the marine reserve prior to 1999 had been ineffective at protecting species targeted by fishers, in particular snapper. 

Sugar Loaf Islands (Nga Motu) Marine Protected Area

The Sugar Loaf Islands (Nga Motu ) Marine Protected Area (SLIMPA) covers 749 ha of sea bed, foreshore and water around the Sugar Loaf Islands off the Port Taranaki breakwater, New Plymouth. SLIMPA comprises two zones: 

· The conservation area (code: CA) is an area 500 m in diameter located around Waikaranga/Seal Rocks.  In this area all fishing is prohibited except for trolling and spear fishing (commercial and recreational) for kingfish and kahawai. In most respects therefore, the conservation area can be regarded as “no-take”.  

· In the outer management zone (code: OCA), commercial fishing, except trolling for kingfish and kahawai, and recreational set netting and longlining are prohibited.  Recreational fishing, diving and potting for rock lobster are common activities in this area. 

Spoil dumping and activities that may disturb the foreshore and seabead, including anchoring by commercial vessels, mining and drilling, are restricted throughout SLIMPA. 

Over the summer of 1999/2000 a pilot monitoring programme was undertaken in SLIMPA. Further monitoring was carried out over the 00–01, 01–02 and 02–03 summers by the Department. No other research seeking to establish the efficacy of the protected area is known to have been carried out. It is too early to draw firm conclusions from these studies, which have yet to be written up and peer reviewed, but the monitoring work was carried out in accordance with technically appropriate methods piloted by Auckland University.  A further caveat is that although the comparison areas outside SLIMPA were chosen to be as similar as possible to the sites in SLIMPA, it was not possible to find areas that were exactly comparable. In contrast, habitat types were similar in the conservation area and the outer management zone.

The following are the preliminary, early conclusions from this study:

· Total abundance and diversity of reef fishes:

· SLIMPA has significantly greater total abundance and number of species of reef fishes compared with the comparison sites outside SLIMPA;

· However total abundance within SLIMPA appears to be almost entirely due to the greater abundance and diversity of species that are not targeted either by commercial or recreational fishers (e.g. red moki, spotty, sweep, demoiselles);

· This indicates that habitat complexity, rather than the fisheries restrictions within SLIMPA, may be responsible for the differences in total abundance and species of reef fishes observed between SLIMPA and the comparison sites.  

· Abundance of individual fish species:

· Within the conservation area, there appears to be a greater abundance of snapper, blue cod and rock lobster, compared with the rest of SLIMPA;

· There are apparently consistently and significantly higher densities of blue code and snapper within the largely ‘no-take’ conservation area , compared with the rest of SLIMPA and the outside comparison sites.

These findings are consistent with studies elsewhere (including those at Mimiwhangata and the Poor Knights), that partial protection can provide little or no protection to species within the site that are popular exploited species.

The Sugar Loaf Islands do provide important fish habitat, and it is reasonable to conclude that the SLIMPA has been successful in protecting this habitat from development or the adverse impacts of other activities. However, overall, SLIMPA provides only limited protection for natural biological processes that are important for maintaining the full range of marine biodiversity. This is because, over most of SLIMPA, the natural abundance and size of predator populations (e.g. rock lobster, snapper, blue cod) have been heavily modified by fishing. 

The depletion of these predators has a cascading effect through the food chain. As has been demonstrated at Leigh marine reserve, this can cause the loss of kelp forests dues to increased grazing by urchins. This may explain the relative absence of the kelp forests that anecdotal evidence from divers indicates were once widespread around the Nga Motu/Sugarloaf Islands.  

Recovery of habitats

Benthic communities are especially sensitive to the removal of predators (which are often the fished species—for example, snapper, lobster and blue cod)
. 

Following protection, the populations of species within reserves tend to recover to more natural behaviour, interactions, population sizes and age structures (for example, fishers tend to target specific species, ages and sizes). These population changes can in turn lead to changes in the structure of the community. 
In Leigh marine reserve in 1978, the sea floor between 5 and 9 metre depths was mostly rock flat barrens dominated and maintained by sea urchins. Between 1978 and 2000 these barrens all changed to habitats dominated by large brown seaweed—kelp forest or shallow mixed seaweeds. A report on these habitat changes concluded they were probably due to lobster and snapper preying on urchins, causing a decline in sea urchin densities, and thereby allowing seaweed regeneration (a “trophic cascade”). The densities of a limpet and a gastropod species in the reserve have also changed, probably a response to the habitat changes, and therefore another indirect effect of the above trophic cascade. The change from barrens to seaweed habitat has been slow, as one urchin/m2 is sufficient to maintain a barren. 
 
The productivity of seaweed habitats in the reserve increased by 58% between 1978 and 1996 due to these habitat changes
.
A very similar predatory fish/lobster – urchin – kelp food chain effect was found in the Anacapa Island Ecological Reserve in southern California, where kelp plants form crucial habitats for other species. These kelp forests grow five times more densely and persist longer in the reserve than in waters nearby 
.  Food chain effects have also been reported from reserves in Kenya, Chile and the Mediterranean
.  

Whereas changes to individual species in a reserve following protection are often rapid
, it can take 15–20 years to establish more stable and natural food webs.
Variable effects

Organisms that make up marine habitats (e.g. kelp forests, bryozoan beds, sponges), that are sedentary species (e.g. paua, kina, shellfish), or that are moderately mobile (e.g. lobster, blue cod), will benefit most from marine reserves. Pelagic and/or highly migratory species are unlikely to benefit unless the reserve contains key sites such as spawning grounds or nursery areas.  

Pelagic and/or highly migratory species are unlikely to benefit unless the reserve contains key sites such as spawning grounds or nursery areas.  This is because behaviour can change with age (for example, large kingfish may develop home ranges), and migratory fish often aggregate in spawning grounds, migratory pathways, nursery areas, or other sites. Establishing reserves at such key places could potentially protect migratory fish during these vulnerable stages, similar to wildlife refuges on land that help to protect migratory birds. 

In addition, knowledge of the biology and behaviour of marine species is changing. For example, trevally, snapper, and kingfish were once thought to be nomadic or pelagic, but are now known to be wholly or partially resident on reefs. 

Populations of species not fished elsewhere may not change unless they respond to overall ecosystem changes sparked by protection. Longer lived species in a reserve may also take longer to show any benefits. Populations of some species may reduce if they are preyed on by other species whose populations are increasing (for example lobster and snapper prey on kina).
Contribution to fisheries management
There is extensive international literature on whether marine reserves benefit nearby fishing. Although this literature does not provide a clear and simple answer to this question, there is increasing evidence that reserves do provide benefits to adjacent areas
.
Larval export and maintenance of genetic diversity
Larger animals tend to produce more eggs. For example:

· In NZ, the larger and more abundant snapper in Leigh marine reserve may produce 35 times the eggs per unit coastline compared to similar areas nearby
. 
· An overseas example is reserves in the coastal waters of Nova Scotia and the Bay of Fundy—these protect just 10% of the lobster population, but these protected animals are estimated to account for over 50 percent of the larvae produced in the entire region
. 
The export of larvae, juveniles and adults have their greatest effect over a limited distance as:

· The young and larvae of many marine species do not disperse far. 

· The average dispersal distance may be 10 times lower than previously assumed
. 
· Larvae are often retained in features such as permanent eddies;

· Many larvae can remain near good habitat by swimming. 

This means that high egg production within reserves can sustain the populations inside the reserve, and may also contribute to the recruitment of young individuals in local fisheries. In turn, this means that:

· The same local fishers that may be affected in the short term by the establishment of the reserve should also be the beneficiaries of any adult spillover and larval export; and
· Networks of reserves will be more effective (for both conservation and fisheries enhancement) than a single large reserve, especially if the network includes a variety of representative habitats.

However, there is only a weak link between spawner biomass and recruitment in most fisheries. A reserve will therefore usually contribute most to maintaining/enhancing recruitment outside it when stock sizes outside the reserve are severely depleted
.
Genetic diversity

A recent study
 looked at snapper in Tasman Bay from 1950 (just after the fishery began) to 1998, during which time biomass reduced by 85% and numbers by 75%. The authors found a significant loss of genetic diversity, despite an estimated minimum population of more than 3 million fish. They concluded the genetically effective population size (which determines the genetic properties of a population), was about 180 individuals—about 100,000 times lower than the census population size—and that perhaps very few fish contribute successfully to the next generation. 
The most important contribution of increased egg production in marine reserves is therefore likely to be helping to maintain genetic diversity. This diversity may be crucial to the long term ability of a population to adapt to a changing environment.    
In addition, fishing tends to target certain ages and sizes of fish. Studies show that heavily exploited fisheries frequently show a decrease in the size and age of fish at maturity, which may be caused by genetic changes
. 

Another study of snapper in Leigh and Hahei marine reserves and Tawharanui marine park during 1997–1999, estimated that snapper egg production (modelled using some assumptions about the biology of snapper in the area) was 18 times higher than adjacent unprotected sites
.  It concluded that the fact that these reserves retained high densities of large, older snapper supported the concept of reserves as tools for mitigating losses in genetic diversity caused by size-selective fishing.

Spillover

A pattern of greatest abundance inside reserves and just across their boundaries has been found for fishes and invertebrates at several marine reserves in the United States, Kenya, Barbados, Philippines, Japan, and elsewhere. Moreover, the practice of fishing boats congregating along the borders of marine reserves and “fishing the line” has been observed for example at reserves in California, Florida, New England, Spain, Belize, and New Zealand (e.g. Kapiti marine reserve)
.
In Leigh marine reserve, tagged lobsters were found to make extended excursions beyond the reserve to offshore sandflats. Some commercial fishes who potted nearby targeted these lobsters and there was no change in the catch per unit effort for lobster fishers fishing off the reserve compared to coastal reefs nearby.  Lobsters caught next to the reserve were fewer but larger, and days with low returns were offset by days with very high returns
.
Appendix 1: 
Snapper and marine reserves

“University of Auckland researchers say the big increase in snapper in Leigh marine reserve is probably due to fish migrating from offshore waters, which may move out of the reserve again.”

Juvenile snapper settle into shallow water, in estuaries, reefs and sandy habitats with a lot of biogenic structure. In contrast, most of the adult population of snapper in New Zealand is demersal (i.e. inhabits open sedimentary habitats). They occur down to about 90-100 m depth.
Mature fish are probably highly mobile and undertake seasonal inshore-offshore movements associated with spawning. However when these fish encounter reefs an unknown proportion become resident or semi-resident on them. Fish of a wide size/age range may do so, and on any reef there appears to be a resident component and a temporary or transient component. Research at Leigh Marine Reserve has shown some fish have returned to the same patch of reef after a prolonged absence (homing has not been conclusively demonstrated yet, but it is inferred from the ongoing increases in abundance observed in marine reserves).
This process of inshore-offshore movements and fish becoming resident on reefs is occurring all along the coast. However outside reserves this pattern of resident large fish is not so apparent as they are targetted by fishers. The data from Northland marine protected areas (Leigh and Poor Knights Islands Marine Reserves, Tawharanui and Mimiwhangata Marine Parks) indicate snapper are removed by fishing almost as soon as they arrive on the reef in unprotected areas. 
In marine reserves the natural movement patterns are protected, and the resident fish therefore increase in numbers and size. 

The relative importance of recruitment (fish arriving as larvae), versus the gain and retention of fish from outside the reserve, will vary depending upon how much suitable nursery habitat (for the species in question) any particular reserve contains. For example:
· At the Poor Knights Islands Marine Reserve, the increase in snapper numbers appears to be almost entirely due to the immigration and retention of adult fish. There is a wide size range of fish ranging from about 1kg to 12–14kg but little indication of juveniles (as there is little of the type of habitat juveniles prefer).
· At Leigh and Hahei, where there is a reasonable amount of juvenile snapper habitat, larval settlement and recruitment appear to contribute a reasonable number of fish to the reserve population (i.e. small juveniles are common in suitable habitat).  
Other species are known to increase through recruitment in marine reserves. For example:
· Red moki recruit into coastal reserves in Northland from the plankton and tend to be more abundant in reserves than outside them. 
· Blue cod also appear to recruit into reserves from the plankton (documented for Long Island Marine Reserve). The subadults and adults of this species have limited movement as, so the main method of recovery in species like this (especially most benthic invertebrates) is through larval recruitment. 
However, numerous studies of colonisation of artificial reefs has shown that adult reef fish colonise these structures within hours, even when they are hundreds of metres or even several km from the nearest reef. Larval recruitment usually takes longer and is seasonally variable. This indicates that there is always some adult dispersal occurring for many, probably most species of reef fish. 
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